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Abstract Endogenous opiate alkaloids, such as morphine, and their peptide counter-
parts have been implicated in a wide variety of pharmacological and physi-
ological functions. In addition to their use in the treatment of pain, opioids, 
appears to be important in the growth regulation of normal and neoplastic 
tissue. This review will focus on the infl uence of endogenous and exogenous 
opioids on tumour growth, with emphasis on immunoregulatory and anti-
proliferative mechanisms.

Introduction
Endogenous opiate alkaloids, such 

as morphine, and their peptide coun-
terparts have been implicated in a 
wide variety of pharmacological and 
physiological functions [1]. Opiate al-
kaloids appear to represent one of 
the immune and vascular inhibitory/
anti-infl ammatory systems in an or-
ganism whereas opioid peptides appear 
to have proinfl ammatory capabilities 
[1–3]. Thus, from an immune perspec-
tive, these signalling molecules are po-
tential candidates as tumour growth 
modifi ers. This article will focus on 
morphine’s infl uence on the regula-
tory mechanisms involved in tumour 
growth.

Endogenous opioid peptides 
infl uence tumour growth
Since 1983, numerous studies have 

demonstrated that endogenous opioid 
peptides are involved in the growth 
regulation of tumour cells. In several 
studies, Zagon et al demonstrated that 
[MET5] enkephalin, also termed opioid 
growth factor (OGF), through inter-
action with the OGF receptor (OGFr) 
[4], inhibits cell proliferation in a vari-
ety of cancer cell lines in vitro [5] [6–8] 
and in vivo [9,10]. Using immunocy-
tochemistry they demonstrated that 
OGF and the OGF receptor were pres-
ent in a variety of tumour cells [6,10], 
suggesting that growth regulation by 
endogenous opioid peptides is auto-
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crine. Further experiments by this group revealed that 
OGF was tonally active because persistent blockade 
of opioid-receptor interaction with the potent opioid 
antagonist, naltrexone, or the removal of OGF, using 
antibodies to this peptide, resulted in an increase in 
the number of tumour cells [5,8]. It appears that the 
mechanism of OGF’s action on tumour growth is re-
lated to a strong infl uence on cell proliferative events, 
since previous studies have demonstrated that bind-
ing of OGF to the OGF receptor depressed both DNA 
synthesis and mitosis within hours [11,12]. Recently 
Bisignani et al raised the question whether one mecha-
nism contributing to the proliferation of cancer cells 
is a defect in the machinery producing this tumour-
suppressing element [5]. 

In this regard, in 1989 Zagon et al characterized 
this opioid receptor, designated at that time Zeta and 
now OGFr, which binds [MET5] enkephalin and un-
like other opioid receptors is directly involved in the 
proliferation of cells [4]. Receptor displacement studies 
demonstrated that the binding of [MET5] enkephalin 
was not infl uenced by ligands selective for µ-, δ-, and κ- 
receptors, suggesting a specifi c interaction of [MET5] 
enkephalin and its receptor. Furthermore, they dem-
onstrated that sodium and guanine nucleotides inhib-
ited binding of [ MET5] enkephalin, and suggested that 
this opioid binding site may have some similarities in 
molecular organization to other opioid sites in brain 
tissues, neoplastic tissues and cells. In earlier studies of 
opioid agonist binding, they argued that both sodium 
and guanine nucleotides have been found to be neces-
sary for functional coupling of the opioid binding site 
to regulatory units such as adenylate cyclase. In ad-
dition, their study demonstrated that the binding site 
for [MET5] enkephalin is proteinaceous in character 
because protein inhibitors were necessary for optimal 
binding reactions, and binding was reduced by prote-
olysis of the preparation with trypsin.

Exogenous morphine infl uences tumour 
growth 
 Morphine is widely used as an analgesic to treat 

pain in a variety of patients including those with can-
cer. However, there is evidence that morphine has ex-
tra-analgesic actions and signifi cantly alters tumour 
growth. Ishikawa et al demonstrated that morphine 
(10 mg/kg) given daily for 10 days, enhanced the 
growth of several different tumour cell lines in vivo 
[13]. However, other studies suggest that the analgesic 
qualities of morphine contribute to the control of me-
tastasis following surgery. Page et al demonstrated that 
pre- and postoperative administration of morphine sig-
nifi cantly attenuated the metastatic-enhancing effects 
of surgery [14–16]. In addition, intermittent bolus of 
morphine administration to animals was associated 
with a reduction in the growth of tumour cells that 
gained access to the circulation during the surgical pro-
cedure [17]. The authors proposed that the most likely 

explanation was a direct morphine effect on host resis-
tance to metastatic tumour growth.

Hatzoglou et al demonstrated that morphine de-
creases the cell growth of human breast cancer cells in 
vitro, despite the lack of µ receptors in the cancer cells 
as determined by a limited screening with pharmaco-
logical agents [18]. They raised the question whether 
this antiproliferative effect of morphine could be me-
diated through interaction with other receptor sys-
tems. In a further study they showed, that morphine 
may exert its antiproliferative effect on breast cancer 
cells through interaction with the somatostatin recep-
tor SSTR2, suggesting a functional interaction of mor-
phine with the inhibitory somatostatinergic system 
[19]. Previous studies have demonstrated a direct in-
hibitory effect of somotostatin analogues on the growth 
of human cancer cells [20–22]. The possible interaction 
of morphine with other receptor systems is supported 
by the fi ndings of Maneckjee and Minna. They found 
that the inhibitory effects of morphine on the growth 
of lung cancer could be reversed by nicotine, suggesting 
an interaction between the opioid system and acetyl-
choline receptors [23]. In addition, Zagon et al demon-
strated in receptor binding studies that only a few tu-
mours express µ opioid binding sites [24]. Thus, given 
the knowledge at that time, it seems that µ opioid re-
ceptors do not play a signifi cant role in opioid mediated 
regulation of tumour growth. However, new evidence 
from our group suggests that other physiologically ac-
tive µ opioid receptor splice variants may be present 
and operational in immune and vascular tissues that 
had gone previously undetected [25].

Morphine and apoptosis
The molecular mechanism by which morphine in-

fl uence tumour growth in vivo and in vitro is not clear. 
One hypothesis is that morphine promotes apoptosis 
in tumour cells. Maneckjee and Minna demonstrated 
that treatment of human lung cancer cells with 0.1–1 
µM morphine or methadone resulted in morphological 
changes and cleavage of DNA into nucleosome-sized 
fragments characteristic of apoptosis [26]. Sueoka et al 
demonstrated that morphine attenuated the growth of 
various cancer cell lines in vitro through inhibition of 
tumour necrosis factor (TNF)-α mRNA expression and 
TNF-α release [27]. Transcription of TNF-α gene is in 
part regulated by the transcription factor, nuclear fac-
tor κB (NFκB) [28].

In a further study, they demonstrated that the 
anticancer activity of morphine and the fi ve times 
more potent morphine derivatives, (–)-3-Acetyl-6β-
acetylthio-N-cyclopropyl-methylnormorphine (KT-90), 
(–)-6β-acetylthiomorphine (KT 87) was mediated 
through apoptosis associated with inhibition of nu-
clear factor κB (NFκB) in human cancer cell lines [29]. 
NFκB is a DNA binding protein that induces expres-
sion of genes for several infl ammatory mediators 
such as TNF-α and augments transcription of various 
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genes involved in cell proliferation. Recently it was 
demonstrated that inhibition of NFκB attenuates 
apoptosis resistance in lymphoid cells [30]. Further-
more, we demonstrated that morphine can directly in-
hibit NFκB actions via the liberation of nitric oxide 
[31,32], introducing another variable in the morphine 
signalling cascade that may explain morphine’s anti-
proliferative and apoptotic actions. Figure 1.

Morphine infl uences natural killer (NK) 
cell activity
The role of NK cells in both the metastasis enhanc-

ing effects of surgery and the attenuation of these 
effects by morphine was investigated by Page et al 
[15]. Surgery induced a suppression of whole blood NK 
cytotoxic activity and a decreased number of circulat-
ing Large Granular Lymphocytes (LGL)/NK cells mea-
sured 4 h postoperatively [15]. The authors observed 
that in LGL/NK depleted animals, morphine had no 
impact on tumour cell retention. They suggested that 
LGL/NK cells play a critical role in morphine’s anti-
metastatic effects. In addition, Provincialli et al re-
ported that “chronic” morphine treatment in cancer 
patients was accompanied by a decrease in the in vitro 
NK cell cytotoxic activity [33] while the treatment 
signifi cantly increased Lymphokine Activated Killer 
(LAK) cell activity when compared to healthy controls 
[33].

Morphine infl uence’s on DNA synthesis
It has previously been demonstrated that µ-, δ-, 

and κ- opioid agonists attenuate thymidine incorpora-
tion into DNA in glial [34] and developing neural cells 

[35–38]. Furthermore, Barg et al showed that mor-
phine inhibited DNA synthesis through inhibition of 
thymidine incorporation in C6 rat glioma cells that ex-
press opioid receptors [39]. Their results imply that 
inhibition of phosphoinositol signal transduction and 
CA 2+ mobilization is responsible for reduction in thy-
midine incorporation [40]. This fi nding is in accor-
dance with previous reports demonstrating that opioid 
peptides and opiate alkaloids can inhibit phosphoino-
sitol turnover [34,41–43] 

Endogenous morphine, nitric oxide and 
the regulation of tumour growth
Morphine has been shown to be involved in immu-

nomodulation. Studies have demonstrated that mor-
phine, not opioid peptides, via the µ3 opiate receptor 
is coupled to constitutive nitric oxide release in endo-
thelial and immunocompetent cells [44,45]. Recently, 
expression of this opiate receptor subtype was demon-
strated for the fi rst time in human specimens of can-
cer tissue (non-small-cell lung carcinoma) [46]. The 
authors demonstrated that activation of the µ3 opiate 
receptor by opiate alkaloids in tumour cells leads to 
a rapid and substantial release of NO [46]. They sug-
gested that the anti-cancer effects of morphine were 
mediated by nitric oxide through the µ3 receptor. How-
ever, they also speculated that increased nitric oxide 
production in lung carcinoma may indicate that tu-
mours use endogenous opiates that bind to the µ3 re-
ceptor and thereby down regulate the host immune re-
sponse to tumour growth.

Several studies have demonstrated that morphine 
is produced endogenously in various human and mam-

Figure 1. 
How morphine might alter tumour growth.
Morphine stimulates intracellular Ca2+ tran-
sients, that, in turn activates constitutive ni-
tric oxide synthase (cNOS) and liberate nitric 
oxide (NO). NO may have a direct effect on tu-
mour growth. Furthermore, NO inhibits disas-
sociation of the IκBα inhibitor omplex, NFκB 
binding to the respective DNA promotor re-
gion and the subsequent expression of pro-
infl ammatory cytokines. Thereby stimulating 
apoptosis and downregulation of the carcino-
genic effects of TNFα.
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malian tissues. It binds to the opioid-peptide insen-
sitive µ3 receptor and functions as a signalling mole-
cule involved in immune down regulation [3,47–49]. It 
is demonstrated that morphine through activation of 
constitutive nitric oxide synthase (cNOS) liberates ni-
tric oxide. Nitric oxide, in turn, inhibits binding of the 
DNA transcription factor NFκB to DNA and thereby 
down regulating the expression of genes for several 
infl ammatory cytokines [3,31,32]. Figure 1. Further-
more, NO stabilizes the NFκB inhibitor, IκBα, which 
prevents its degradation. In addition, inhibition of 
NFκB attenuates apoptosis resistance as described pre-
viously and with that promotes down regulation of tu-
mour growth. Figure 1. 

 Regarding the effect of nitric oxide on tumour 
growth regulation, previous studies have shown that 
nitric oxide produced by immune and endothelial cells 
is tumouricidal possibly by inducing apoptosis [50]. 
Other studies have demonstrated that upregulation 
of the expression of inducible NO synthase (iNOS) in 
hepatic metastases and metastatic melanoma cells is 
associated with apoptosis, suppression of tumourige-
nicity, and abrogation of metastasis [51,52]. However, 
other studies have demonstrated tumour promoting ef-
fects of nitric oxide, and overall, NO seems to play a 
variety of contradictory roles in tumour growth regula-
tion [53,54]. Contradicting results have also been ob-
tained regarding the functional interaction between 
the opioidergic and the nitric oxide system. Kampa et al 
demonstrated that opioid agonists, active on κ-opioid 
receptors decrease NO2– /NO3-release and NOS activ-
ity in vitro [55]. Based on their results and reports 
demonstrating nitric oxide involvement in tumour pro-
gression and metastasis, the authors suggested opiates 
as potential in cancer treatment. 

 Recently, Gobert et al demonstrated that the vigor-
ous host response, i.e. up regulation of iNOS, to the 

human gastric pathogen Helicobacter pylori failed to 
eradicate the organism [56]. This was due to bacterial 
arginase down-regulating eukaryotic nitric oxide pro-
duction. We surmise a similar process may be occurring 
with tumours, explaining the contradictory results. 
That is, certain tumours have a process to neutralize 
nitric oxide tumouricidal actions. In this regard the 
generation of NO through activation of nitric oxide 
synthase (NOS) has been shown to be antiprolifera-
tive [57]. However, the mechanism by which increased 
NOS activity and the production of nitric oxide causing 
cytostasis is not clear. The intermediate NG-hydroxy-
L-arginine (NOHA) in the oxidation of arginine is a 
strong inhibitor of the enzyme arginase. One of the 
products of arginase catalyzing L-arginine is L-orni-
thine. L-ornithine can be subsequently used by the 
enzyme ornithine decarboxylase (ODC) to form poly-
amines, which are essential components of cell prolif-
eration. Figure 2. Cells that have been activated with 
cytokines show a signifi cant increase in NOHA and ni-
tric oxide or its oxidized metabolites [57]. Therefore, 
NOHA may be playing a role as a biological inhibitor of 
endogenous arginase activity, thereby promoting down 
regulation of tumour cell proliferation. Figure 2. This 
may explain the mechanism by which activation of 
NOS is involved in cytostasis. In addition, it has been 
demonstrated that NO is a potent inhibitor of ODC, 
thereby suggesting that the antiproliferative action of 
NO is attributed to inhibition of polyamine formation 
[57]. Figure 2. 

Few breast cancer cells lines were shown to have 
high arginase activity and very low NOS activity [58]. 
Nitric oxide derived from macrophages is known to 
have tumouricidal activity and polyamines may pro-
mote the growth of tumour cells [59]. Therefore, it 
appears that arginase may be playing a role in pro-
moting tumour growth by inhibiting the production of 
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Figure 2. The mechanisms by which L-arginine metabo-
lites infl uence cell proliferation.
L-arginine is the common substrate for two enzymes, argi-
nase and nitric oxide synthase (NOS). Arginase conversts 
L-arginine to L-ornithine. L-ornithine can be subsequently 
used by ODC to form polyamines which is essential for cell 
proliferation. NO is a potent inhibitor of ODC, suggesting 

that the antiproliferative role of NO is attributed to inhibi-
tion of polyamine formation. L-arginine is also metabolized 
by NOS to L- citrulline and NO via an intermediate, NOHA. 
NOHA interferes with cell proliferation by inhibition of argi-
nase and arginine-derived polyamines. Arginase promotes 
polyamine formation and suppress tumour cytotoxicity by 
reducing NO production.
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nitric oxide. The signifi cance of this phenomenon is en-
hanced by our early discussion concerning morphine’s 
ability to stimulate cNOS derived NO release, since 
this action may not be observed in the presence of ar-
ginase. In this regard, a biomedical strategy recogniz-
ing this process may be designed, strengthening a role 
for opiate as a new tumouricidal agent. 
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