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The analgesic property of opiates has been known since
ancient times. Only recently has an appreciation of the
broad effects of opioids on the inflammatory response
emerged. Acting largely through m-, k- and d-opioid
G protein-coupled receptors on T lymphocytes and
macrophages, cognate ligands modulate many activities
of these cells, including cytokine production. In addition
to acting as chemotactic stimuli, opioids can, through
the process of heterologous cross-desensitization, act
as stop signals in leukocyte trafficking. When administered into the central nervous system, certain chemokines can cross-desensitize to the analgesic effect of
opioids. We propose that opioids should be considered
members of the cytokine family and that future research
on opioids could yield new therapies for inflammatory
and infectious diseases, including HIV-1 infection.
The earliest written records of the recreational and
medicinal effects of opium date from ,4000 BC . To this
day, the most important medicinal property of opium is
relief of pain, one of the four cardinal signs of inflammation
(rubor et tumor cum color et dolor) defined by Cornelius
Celsus (53 BC to AD 7). Although opium-induced inhibition
of chemotaxis of leukocytes was described over a century
ago [1] by an investigator in the laboratory of Elie
Metchnikoff, only recently has an understanding emerged
of the mechanisms whereby opioids affect not only pain but
regulate all of the signs of inflammation. In this Opinion,
we argue that opioids share many of the properties of
cytokines and chemokines, and that had they been
discovered first by immunologists rather than pharmacologists, opioids would be considered a class of messenger
molecules (cytokines) of the immune system.
Exogenous and endogenous opioids
The opioids refer to a group of exogenous and endogenous
compounds that function through the activation of one or
more of the opioid receptors. Opium is a crude extract of
the seed capsules of the poppy, Papaver somniferum, which
contains the opiate alkaloids morphine and codeine. Heroin,
Corresponding author: Thomas J. Rogers (rogerst@astro.temple.edu).

the most commonly abused opiate, is a metabolite of
morphine.
There are three major opioid receptors types, which
were identified by molecular cloning techniques. These
m-, k-, and d-opioid receptors are members of the Gi
(inhibitory) protein-coupled seven transmembrane receptor (GPCR) superfamily. The major endogenous cognate
ligands for these receptors are: endomorphin-1 and -2
[m-opioid receptor (MOR) agonists], leu- and met-enkephalin
[d-opioid receptor (DOR) agonists] and dynorphin [k-opioid
receptor (KOR) agonist]. b-endorphin is an additional
endogenous opioid, which interacts with both MOR and
DOR, and which has at least one poorly defined non-opioid
receptor expressed in the immune system [2]. There is both
functional and molecular evidence that clearly shows that
each of the opioid receptor types are expressed by cells of
the immune system [3]. Although certain neuronal cells in
tissues of the nervous system express the opioid receptors
at a high density, they are also expressed at lower levels
by neutrophils, monocytes, macrophages and T cells. The
level of expression is still sufficient to mediate several
biological effects, including the rapid induction of mitogenactivated protein kinases (MAP kinases) and cellular
chemotaxis [4,5]. It is clear that MOR signaling leads to
the activation of the MAP kinase ERK (extracellular
signal-related kinase) but conflicting results have been
reported regarding the capacity of KOR to activate this
kinase [4,6]. The distinctions between the signaling pathways among the opioid receptors remain poorly understood. The level of T-cell expression of these receptors
increases dramatically following activation through the
T-cell receptor (TCR) [7]. The co-expression of both opioid
and chemokine GPCRs appears to have particular significance for cells of the immune system, for reasons that will
be described here.
Opioids, cytokines and the inflammatory response
A great deal of attention has been directed in recent
years to an understanding of the role of opioids in the
function of the immune system. Both endogenous and
exogenous opioids have been documented to alter antibody
responses, cell-mediated immunity, phagocytic activity,
chemotaxis and respiratory burst responses of neutrophils
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and mononuclear phagocytes (reviewed in Ref. [8]). However, opioids exert a major part of their effects on the
immune response by modulating cytokine production.
Studies of the effects of endogenous and exogenous opioids
have shown that the opioids possess the capacity to alter
the expression of a large number of cytokines and cytokine
receptors (Table 1).
It is important to recognize that analysis of the
activities of more highly selective MOR and KOR ligands
suggests that the two receptors for these agonists
might mediate divergent effects on the function of cells
of the immune system. For example, recent studies [9]
show that administration of the MOR-selective agonist
DAMGO ([D-ala2, N-Me-Phe4, Gly-ol5]enkephalin) to human
peripheral-blood mononuclear cells results in a dosedependent induction of the expression of the proinflammatory chemokines CCL5 (RANTES), CCL2 [monocyte
chemotactic protein-1 (MCP-1)], and CXCL10 [interferoninduced protein-10 (IP-10)]. These studies show, moreover,
that DAMGO induces the expression of these chemokines
by cells infected with either R5- or X4-strains of HIV-1. It
Table 1. Pro- and anti-inflammatory effects of the opioidsa
Opioid

Selectivity

Effect

Morphine (exogenous)

MOR . KOR . DORb

"
"
"
"
"
"
"
"
#
#
#
#
#
"
"
"
#
#
"
"
"
"
"
#
#
#
#
#
#
"
"
"
"
"
"

b-endorphin (endogenous)

MOR, KOR

Endomorphin-1,2
(endogenous)
DAMGO (exogenous)

MOR

U50 488H (exogenous)

KOR

DPDPE or deltorphin
SNC80 (exogenous)

DOR

a

MOR

#
#
#

#

#

IL-12p40
IL-12p70
IL-6
CCR3
CCR5
TGF-b
IL-1
TNF-a
IL-8
IL-2
IFN-a
IFN-g
CCL4
IL-2
IL-1
IFN-g
IL-10
IL-12
CCL2
CCL5
CXCL10
CCR5
CXCR4
IL-1
IL-6
TNF-a
IL-2
IL-7R-a
CXCR4
CCR2
IL-4
IL-6
TNF-a
NO
IL-2

Refs [9– 12,40–43] and reviewed in Refs [8,13].
b
Abbreviations: DAMGO, [D-ala2, N-Me-Phe4, Gly-ol5]enkephalin; DPDPE,
[D-Pen2, D-Pen5]enkephalin; IL, interleukin; NO, nitric oxide; SNC80,
(þ )-4-((a R)-a-((2S,5R)-4-allyl-2,5-dimethyl-1-peperazinyl)-3-methoxybenzyl)-N,
N-diethyl-benzamide; TGF, transforming growth factor; TNF, tumor
necrosis factor; U50 488H, trans-3,4-dichloro-N-methyl-N[2-(1-pyrolidinyl)
cyclohexyl]benzeneaceamide methanesulfonate.
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has been suggested that the induction of these chemokines
by DAMGO probably promotes the inflammatory response
in general and leads to the mobilization of uninfected
susceptible cells to sites of HIV-1 infection specifically.
Finally, recent studies show that the expression of both
CCR5 and CXCR4, the two major HIV-1 coreceptors, is
also strongly induced in peripheral-blood monocytes,
CD3þ lymphoblasts or astroglial cells by either DAMGO
or morphine [10,11]. The opioid-induced elevation in
the expression of CCR5 in monocytes and T cells is
associated with a significant increase in susceptibility to
HIV infection [10].
The results of studies with MOR-selective ligands are in
stark contrast to the effects reported for the KOR-selective
opioid ligand U50 488H (trans-3,4-dichloro-N-methylN[2-(1-pyrolidinyl) cyclohexyl]benzeneaceamide methanesulfonate). This opioid agonist inhibits the expression of
the proinflammatory cytokines interleukin-1 (IL-1), IL-2,
IL-6 and tumor necrosis factor-a (TNF-a) (reviewed in
Ref. [8]). Finally, in contrast to the effect observed with
MOR agonists, U50 488H inhibits the expression of
CXCR4 by CD4þ T cells, and this effect is associated
with a decrease in susceptibility to infection with an X4strain of HIV-1 [12]. U50 488H also inhibits the expression
of CCR5 by both peripheral-blood monocytes and CD3þ
lymphoblasts (I. Szabo et al., unpublished).
The immunomodulatory activity of the opioids is clearly
mediated (to a great degree) by regulatory events at the
level of cytokine and cytokine receptor expression. It has
been suggested that the endogenous opioids act collectively (and possibly b-endorphin in particular) to promote
a shift to the Th2 cytokine response pattern [13]. However,
we propose that the opioids selectively promote pro- or
anti-inflammatory effects depending on the involvement of
MOR or KOR. At this time, the influence of DOR agonists
on the inflammatory response suggests similarity with the
effects of MOR agonists (Table 1).
Juxtaposition of the opioid and chemokine receptors
It is a common misconception that the chemokine receptors are expressed only by cells of the immune system,
although the opioid receptors are exclusively expressed
by neuronal cells. As we have stated, functionally active
opioid receptors are clearly expressed by cells of the
systemic immune system (Fig. 1). In addition, receptors for
both the opioids and chemokines are expressed on glial
cells, the intrinsic immune system of the brain. Microglia,
the resident macrophages of the brain, are found in
numbers similar to neurons. These glial cells have the
capacity to change rapidly from a ramified or quiescent
form to an ameboid morphology and to migrate towards
sites of inflammation or injury. However, only recently has
it been appreciated that these cells express chemokine
receptors, including CCR5, and that chemokines, such as
CCL3 [macrophage inflammatory protein-1a (MIP-1a)],
CCL4 (MIP-1b) and CCL5, appear to direct their movement within the brain [14]. Astroglial cells are the predominant cell type within the central nervous system
(CNS) and although they also express chemokine receptors, their migratory capacity is limited when compared
to that of microglia. Nonetheless, when activated, both of

118

Opinion

TRENDS in Immunology

Vol.24 No.3 March 2003

Blood-brain barrier
DOR

Neuron

KOR

CCL3
CCL4
CCL5
T cell

MOR KOR

CCL3
CCL4
CCL5
CCL2
CCL22
CX3CR1

Monocyte

Microglial
cell
CCR5 CCR2
KOR
CXCR4 MOR

MOR
DOR
KOR
CXCR4
CCR5

CX3CL1
Axon
TRENDS in Immunology

Fig. 1. Opioid and chemokine receptor expression by T cells, monocytes, microglial cells and neurons. Neuron–microglial cell communication occurs through the release
of various chemical mediators, including the production of CX3CL1 (fractalkine) by neurons and the production of additional chemokines, such as CCL3, CCL4 and CCL5, by
microglial cells. The chemokines produced by microglial cells (and astrocytes) in the brain act as chemoattractants and/or activators of circulating T cells and monocytes.
The production of CCL2 is a potent chemoattractant for the passage of monocytes through the blood–brain barrier. In addition, endogenous opioids, produced in the brain
and by cells of the immune system, act to regulate circulating immune cells and microglial-cell inflammatory activities. Abbreviations: DOR, d-opioid receptor; KOR,
k-opioid receptor; MOR, m-opioid receptor.

these glial-cell types produce a variety of chemokines,
which not only direct traffic within the brain but also
signal lymphocytes and phagocytic cells to enter the brain.
Recent studies have demonstrated that microglial cells
[15,16] and astrocytes [17] also express MOR and KOR
and that opioids affect the migratory activity of microglia
[16,18]. Although opioid receptors on neurons have
been the presumed targets of opioids in pain relief, glial
cells might have a primary role in this phenomenon [19].
The proposition that opioids and chemokines are messenger molecules involved in cross-talk between glia and
neurons is supported by the finding that neurons also
express chemokine receptors, such as CXCR4 and CCR5
(Fig. 1), which appear to contribute to nervous system
development [20].
Studies using either molecular or biochemical techniques have shown that the opioid peptides can be
produced directly by cells of the immune system [21,22].
It is also apparent that the opioids accumulate in
immune tissues, such as the spleen and thymus, and
that b-endorphin, the enkephalins, endomorphins and
dynorphin are strongly expressed at sites of inflammation
[23 – 25], not only in the nervous system but also outside
the CNS. Recent work suggests that there is a preferential
homing of b-endorphin-producing CD4þ T cells to sites of
peripheral inflammation [23]. This might be owing to the
apparent capacity of intercellular adhesion molecule-1
(ICAM-1), which is upregulated by vascular endothelial
cells during inflammation, to promote the migration of
b-endorphin-producing cells [26].
http://treimm.trends.com

Opioids regulate immune responses by heterologous
desensitization
As mentioned, the receptors for opioids and chemokines
are both members of the GPCR superfamily. These receptors possess the capacity to cross-regulate receptor function through the process of heterologous desensitization.
This process is defined by the ability of a given GPCR to
become activated by an agonist, and to initiate a signaling
process, which leads to the inactivation (desensitization) of
an unrelated GPCR in the absence of agonist for the target
receptor. It is now clear that cross-talk occurs among the
GPCRs used by a large number of diverse ligands, including prostaglandin E2, certain chemokines, opioids and
histamine. This process has been described for the crosstalk among several of the chemoattractant receptors;
however, it has become clear that a hierarchy exists,
which defines the relative capacity of these receptors to
induce heterologous desensitization [27]. This appears,
from the studies reported, to be inversely related to the
hierarchy, which defines the susceptibility to heterologous
desensitization. For example, the high affinity formylpeptide receptor induces a strong heterologous desensitization effect but this receptor is relatively insensitive to
the desensitization induced by other GPCRs [27]. The
precise signaling pathways that mediate heterologous
desensitization remain poorly defined.
Recent reports have shown that the opioid receptors are
capable of inducing heterologous desensitization of several
of the chemoattractant receptors. For example, morphine
induces desensitization of complement receptors [28], and
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both MOR and DOR agonists induce desensitization of the
chemokine receptors CCR1, CCR2, CXCR1 and CXCR2
but not the high affinity formyl-peptide receptor [5]. This
cross-desensitization effect suggests that the opioids possess the capacity to regulate the functional responses of
immune cells to a large number of chemotactic stimuli. We
suggest that this has significant implications for the function of the immune system because the mobilization of
leukocytes is required for the induction or maintenance
of an immune response. There are even more obvious
implications for the regulation of innate inflammatory
responses, in which the migration of phagocytic cells is
crucial. Recent studies have shown that both MOR and
DOR agonists induce desensitization of CCR5 but not
CXCR4 [29]. This desensitization is associated with a
short-term decrease in susceptibility to R5- but not
X4-strains of HIV-1, and it appears that the reduced
susceptibility is due to inhibition of viral uptake by viral
target cells. These results would suggest that the desensitization process results in a loss of CCR5 coreceptor
function (i.e. inhibition of viral attachment and/or
internalization).
Injecting-drug users, including those who are heroindependent, are a major risk group for HIV-1 infection.
Although the impact of substance abuse on the progression
of HIV-1 infection is controversial [30], data from a variety
of cell culture models suggest that MOR ligands could
enhance replication of this virus [31,32]. KOR [15,33] and
DOR [34] ligands, however, appear to suppress HIV-1
expression in vitro. Because CXCR4 and CCR5 are key
coreceptors involved in the entry of HIV-1 into CD4þ
lymphocytes and macrophages, respectively, it is not surprising that these receptors have come under scrutiny
regarding opioid-induced effects on viral expression. Evidence has been provided in recent studies that MOR
ligands induce a sustained enhancement of HIV-1 expression in mononuclear phagocytes by upregulating CCR5
[10,32] and that KOR ligands inhibit upregulation of
CXCR4 in CD4þ cells [12], thereby inhibiting viral entry
into these target cells. In addition to altering expression
of these chemokine coreceptors, it is postulated that
opioid-mediated desensitization of the functional activity of chemokine receptors is involved in altered viral
entry (Fig. 2).
Chemokines regulate opioid receptor function by
heterologous desensitization
Not surprisingly, certain chemokines can cross-talk with
the opioid receptors and mediate heterologous desensitization. Because the opioid receptors are Gi-linked GPCRs,
they mediate a chemotactic response in several diverse
cell populations [5,35]. Using chemotaxis as a functional
endpoint, studies have been carried out to determine the
capacity of chemokines to inhibit the functional activity
of MOR or DOR [35]. The results show that CCR2,
CCR5, CCR7 and CXCR4 are able to successfully crossdesensitize the chemotactic responses of leukocytes to the
cognate ligands for both MOR and DOR. Based on these
results, obtained from studies of the somatic immune
system, studies were also carried out to determine whether
chemokine – opioid receptor cross-talk might take place in
http://treimm.trends.com
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the CNS. Results showed that administration in the periaqueductal grey matter of the brain of chemokines CCL5
(a ligand for CCR1 and CCR5) or CXCL12 [stromal
cell-derived factor-1 (SDF-1), a CXCR4 ligand), induces
desensitization of the analgesic activity of brain MOR [35].
Additional results suggest that the desensitization of the
opioid receptors can be maintained as long as there is a
sustainable source of chemokine (e.g. at the site of any
inflammatory response). In this manner, the administration of chemokines into one of the crucial pain centers
of the brain leads to an increase in sensitivity to a
pain stimulus.
The capacity of chemokine receptors to mediate crossdesensitization of the opioid receptors has significant
implications for the evolution of the inflammatory response
on several levels. Obviously, in situations where chemokines
are produced at elevated levels, there is the potential for
inhibition of the analgesic activity of opioid receptors and
an elevated sensation of pain (a cardinal sign of inflammation). It should be appreciated that chemokines and
chemokine receptors are produced by several cell populations. For example, recent reports suggest that CXCR2,
CXCR4, CCR1, CCR4, CCR5, CCR9 and CX3CR1 are
broadly expressed in the brain [20,36]. Moreover, many of
these chemokine receptors are also expressed by microglia
and astrocytes in the brain, including CCR2, CCR5 and
CXCR4 [14,37], and these cells are known to be a prominent source of several of the proinflammatory chemokines in the brain [37]. Both neurons and microglial cells
act as sources of chemokines (Fig. 1), and based on the
observation that glial cells can upregulate opioid receptors
and that neurons express chemokine receptors, we predict
that opioids and chemokines will be among the chemical
messengers involved in neuron –glia communications [38].
The capacity of microglial cells to generate chemokines,
such as CCL2, CCL5 and CCL22 [monocyte-derived chemokine (MDC), a CCR4 ligand] appears to be crucial for the
transmigration of HIV-infected blood-derived monocytes
into the brain parenchyma [37]. Indeed, although brain
cells are a constitutive source of several chemokines, the
expression of these crucial mediators is greatly elevated as
a part of neuroinflammatory response states, including
bacterial meningitis, herpes virus encephalitis, multiple
sclerosis and HIV dementia (reviewed in Ref. [37]). Of
course, several inflammatory cytokines are also produced
in neuroinflammatory disease states, including TNF-a
and IL-1 (reviewed in Ref. [39]). The combination of TNF-a,
IL-1, prostaglandin E2 and proinflammatory chemokines,
together with the inhibition in the normal analgesic activity of the opioid receptors, would lead to a heightened
sensation of pain. We suggest that the increased sensation
of pain associated with these and related disease states, as
well as inflammatory condition states in the periphery, is a
result, in large part, of the cross-desensitization of opioid
receptors mediated by these chemokines.
Concluding remarks
It has become apparent in recent years that the opioids are
central participants in the inflammatory response in the
brain and in the periphery. It is well known that the
endogenous opioids are produced in the brain, however, it
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Fig. 2. Model describing the influence of opioids on HIV replication. MOR activation of macrophages and potentially T cells and microglia initiates an increase in the
expression of chemokines CCL2, CCL5 and CXCL10, which might act to attract susceptible T cells, monocytes and/or macrophages or microglia to the site of HIV infection.
m-opioid receptor (MOR) ligands also signal an upregulation in the expression of the major HIV coreceptors CCR5 and CXCR4. By contrast, k-opioid receptor (KOR)
activation directly (and probably indirectly) inhibits the expression of proinflammatory cytokines and chemokines. This results in a depressed state of cellular activation
and reduced HIV replication. In addition, KOR signals an inhibition of the expression of CCR5 and CXCR4, leading to reduced HIV binding and reduced chemotaxis of
potentially susceptible target cells.

must also be appreciated that cells of the immune system
are an important source of these peptides. It should also
be understood that the expression of opioid receptors by
cells of the immune system leads to the regulation of the
immune response on several levels. We have discussed the
capacity of the opioids to regulate cytokines and cytokine
receptors at the level of expression. It is apparent that the
opioids also regulate the immune response at the level of
GPCR function, by inducing (and acting as a target for)
heterologous desensitization with other crucial GPCRs.
We propose that increased awareness and understanding
of the immunomodulatory activities of the opioids, and
in particular of their involvement in the inflammatory
response, will lead to development of new therapies for
inflammatory and infectious diseases, including viral
infections, such as HIV-1.
Acknowledgements
We acknowledge support in the form of research grants from the National
Institutes of Health, Institute on Drug Abuse: DA06650 (T.J.R.), DA11130
http://treimm.trends.com

(T.J.R.), DA14230 (T.J.R.), P30DA13429 (T.J.R.), DA09924 (P.K.P.) and
DA04381 (P.K.P.).

References
1 Cantacuzene, J. (1898) Nouvelles researches sur le mode de destruction des vibrions dans l’organisme. Ann. Inst. Pasteur Microbiol. 12,
273 – 300
2 Shahabi, N.A. et al. (1990) Murine splenocytes express a naloxoneinsensitive binding site for b-endorphin. Endocrinology 126, 1442–1448
3 Bidlack, J.M. (2000) Detection and function of opioid receptors on cells
from the immune system. Clin. Diagn. Lab. Immunol. 7, 719– 723
4 Bohn, L.M. et al. (2000) Mitogenic signaling via endogenous k-opioid
receptors in C6 glioma cells: evidence for the involvement of protein
kinase C and the mitogen-activated protein kinase signaling cascade.
J. Neurochem. 74, 564 – 573
5 Grimm, M.C. et al. (1998) Opiates transdeactivate chemokine receptors:
d and m opiate receptor-mediated heterologous desensitization. J. Exp.
Med. 188, 317 – 325
6 Gutstein, H.B. et al. (1997) Opioid effects on mitogen-activated protein
kinase signaling cascades. Anesthesiology 87, 1118 – 1126
7 Sharp, B.M. et al. (1997) Detection of basal levels and induction of
d-opioid receptor mRNA in murine splenocytes. J. Neuroimmunol. 78,
198 – 202

Opinion

TRENDS in Immunology

8 McCarthy, L. et al. (2001) Opioids, opioid receptors and the immune
response. Drug Alcohol Depend. 62, 111 – 123
9 Wetzel, M.A. et al. (2000) m-opioid induction of monocyte chemoattractant protein-1, RANTES and IFN-g-inducible protein-10
expression in human peripheral-blood mononuclear cells. J. Immunol.
165, 6519 – 6524
10 Steele, A.D. et al. m-opioid modulation of HIV-1 coreceptor expression
and HIV-1 replication. Virology. (in press)
11 Mahajan, S.D. et al. (2002) Morphine regulates gene expression of
a- and b-chemokines and their receptors on astroglial cells via the
opioid m receptor. J. Immunol. 169, 3589 – 3599
12 Lokensgard, J.R. et al. (2002) k-opioid receptor agonist inhibition of
HIV-1 envelope glycoprotein-mediated membrane fusion and CXCR4
expression on CD4þ lymphocytes. Biochem. Pharmacol. 63, 1037–1041
13 Sacerdote, P. et al. (2001) Role of b-endorphin in the modulation of
immune responses: perspectives in autoimmune diseases. Adv. Exp.
Med. Biol. 63, 1037– 1041
14 Bajetto, A. et al. (2001) Chemokines and their receptors in the central
nervous system. Front. Neuroendocrinol. 22, 147– 184
15 Chao, C.C. et al. (1996) k-opioid receptors in human microglia
downregulate human immunodeficiency virus 1 expression. Proc.
Natl. Acad. Sci. U. S. A. 93, 8051 – 8056
16 Chao, C.C. et al. (1997) Activation of m-opioid receptors inhibits
microglial-cell chemotaxis. J. Pharmacol. Exp. Ther. 281, 998 – 1004
17 Sheng, W.S. et al. (1997) Immunomodulatory role of opioids in the
central nervous system. Arch. Immunol. Ther. Exp. 45, 359– 366
18 Hu, S. et al. (2000) Morphine inhibits human microglial cell production
of, and migration towards, RANTES. J. Psychopharmacol. 14, 238–243
19 Watkins, L.R. et al. (2001) Glial activation: a driving force for
pathological pain. Trends Neurosci. 24, 450 – 455
20 Westmoreland, S.V. et al. (2002) Developmental expression patterns of
CCR5 and CXCR4 in the rhesus macaque brain. J. Neuroimmunol.
122, 146 – 158
21 Linner, K.M. et al. (1995) Met-enkephalin-containing peptides encoded
by proenkephalin A mRNA expressed in activated murine thymocytes
inhibit thymocyte proliferation. J. Immunol. 154, 5049– 5060
22 Cabot, P.J. (2001) Immune-derived opioids and peripheral antinociception. Clin. Exp. Pharmacol. Physiol. 28, 230– 232
23 Mousa, S.A. et al. (2001) b-endorphin-containing memory-cells and
m-opioid receptors undergo transport to peripheral inflamed tissue.
J. Neuroimmunol. 115, 71 – 78
24 Mousa, S.A. et al. (2002) Immunohistochemical localization of
endomorphin-1 and endomorphin-2 in immune cells and spinal cord
in a model of inflammatory pain. J. Neuroimmunol. 126, 5 – 15
25 Cabot, P.J. et al. (2001) Methionine-enkephalin-and dynorphin
A-release from immune cells and control of inflammatory pain. Pain
93, 207 – 212
26 Machelska, H. et al. (2002) Opioid control of inflammatory pain
regulated by intercellular adhesion molecule-1. J. Neurosci. 22,
5588 – 5596

Vol.24 No.3 March 2003

121

27 Ali, H. et al. (1999) Chemoattractant receptor cross-desensitization.
J. Biol. Chem. 274, 6027 – 6030
28 Liu, Y. et al. (1992) Effects of in vivo and in vitro administration of
morphine sulfate upon rhesus macaque polymorphonuclear cell
phagocytosis and chemotaxis. J. Pharmacol. Exp. Ther. 263, 533 – 539
29 Steele, A.D. et al. (2002) Interactions between opioid and chemokine
receptors: heterologous desensitization. Cytokine Growth Factor Rev.
13, 209 – 222
30 Donahoe, R.M. and Vlahov, D. (1998) Opiates as potential cofactors in
progression of HIV-1 infections to AIDS. J. Neuroimmunol. 83, 77 – 87
31 Peterson, P.K. et al. (1999) Endomorphin-1 potentiates HIV-1 expression in human brain cell cultures: implication of an atypical m-opioid
receptor. Neuropharmacology 38, 273– 278
32 Li, Y. et al. (2002) Methadone enhances human immunodeficiency
virus infection of human immune cells. J. Infect. Dis. 185, 118 – 122
33 Peterson, P.K. et al. (2001) k-opioid receptor agonist suppression of
HIV-1 expression in CD4þ lymphocytes. Biochem. Pharmacol. 61,
1145– 1151
34 Sharp, B.M. et al. (2001) Immunofluorescence detection of d-opioid
receptors (DOR) on human peripheral-blood CD4þ T cells and
DOR-dependent suppression of HIV-1 expression. J. Immunol. 167,
1097– 1102
35 Szabo, I. et al. (2002) Heterologous desensitization of opioid receptors
by chemokines inhibits chemotaxis and enhances the perception of
pain. Proc. Natl. Acad. Sci. U. S. A. 99, 10276 – 10281
36 Meucci, O. et al. (1998) Chemokines regulate hippocampal neuronal
signaling and gp120 neurotoxicity. Proc. Natl. Acad. Sci. U. S. A. 95,
14500 – 14505
37 Asensio, V.C. and Campbell, I.L. (1999) Chemokines in the CNS:
plurifunctional mediators in diverse states. Trends Neurosci. 22,
504– 512
38 Fields, R.D. and Stevens-Graham, B. (2002) New insights into
neuron – glia communication. Science 298, 556 – 562
39 Inui, A. (2001) Cytokines and sickness behavior: implications from
knockout animal models. Trends Immunol. 22, 469 – 473
40 Azuma, Y. and Ohura, K. (2002) Endomorphins 1 and 2 inhibit IL-10
and IL-12 production and innate immune functions, and potentiate
NK-kB DNA binding in THP-1 differentiated to macrophage-like cells.
Scand. J. Immunol. 56, 260 – 269
41 Peng, X. et al. (2000) Morphine enhances interleukin-12 and the
production of other proinflammatory cytokines in mouse peritoneal
macrophages. J. Leukocyte Biol. 68, 723 – 728
42 Pacifici, R. et al. (2000) Pharmacokinetics and cytokine production in
heroin and morphine-treated mice. Int. J. Immunopharmacol. 22,
603– 614
43 Gomez-Flores, R. et al. (2001) Increased tumor necrosis factor-a and
nitric oxide production by rat macrophages following in vitro
stimulation and intravenous administration of the d-opioid agonist
SNC 80. Life Sci. 68, 2675– 2684

Managing your references and BioMedNet Reviews
Did you know that you can now download selected search results from BioMedNet Reviews directly into your chosen referencemanaging software? After performing a search, simply click to select the articles you are interested in, choose the format required
(e.g. EndNote 3.1) and the bibliographic details, abstract and link to the full-text will download into your desktop reference manager
database.
BioMedNet Reviews is available on institute-wide subscription. If you do not have access to the full-text articles in BioMedNet
Reviews, ask your librarian to contact reviews.subscribe@biomednet.com
http://treimm.trends.com

