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INTRODUCTION

Opioid alkaloids and peptides, such as morphine and the
endogenous opioid peptides, including b-endorphin and the
dynorphin peptides, modulate the function of lymphocytes and
other cells involved in host defense and immunity. In recent
years, investigations from several laboratories have indicated
that opioids can operate as cytokines, the principal communi-
cation signals of the immune system. All of the major proper-
ties of cytokines are shared by opioids, i.e., production by
immune cells with paracrine, autocrine, and endocrine sites of
action, functional redundancy, pleiotropy, and effects that are
both dose and time dependent (45). If opioids have a direct
effect on immune function, they must act through opioid re-
ceptors expressed on immune cells. Evidence indicates that
opioid receptors expressed by immune cells are often the same
as or similar to neuronal-type opioid receptors, particularly k-
and d-opioid receptors. Studies also point to the existence of
novel opioid receptors or binding sites on lymphocytes that are
selective for morphine. Opioids and their receptors appear to
function in an autocrine or paracrine manner. For example,
opioid peptides generated from immune-derived proenkepha-
lin A may act in a manner similar to that for cytokines, capable
of regulating many functions of both granulocytes and mono-
nuclear cells. The immunomodulatory effects of b-endorphin
have been shown to depend on both naloxone-sensitive and
naloxone-insensitive receptors, suggesting both brain-type and
non-neuronal-type opioid receptors on immune cells. Mea-
surements of the mRNAs that encode the neuronal types of
opioid receptor have detected rather low levels of receptor
mRNA in immune cells. Likewise, the use of radiolabeled
binding assays has not been successful in detecting opioid re-
ceptors on mixed populations of lymphocytes, probably be-
cause the receptor is expressed at a low density on a restricted
subpopulation of lymphocytes. Further identification and char-
acterization of receptors and signal tranduction pathways that
account for some of the unique properties of opioid binding
and immunomodulation represent major research challenges.

FUNCTIONAL EVIDENCE FOR PRESENCE OF
k-OPIOID RECEPTORS ON LYMPHOCYTES

k opioids modulate both cellular and humoral immune re-
sponses. The endogenous k-opioid-selective peptide dynorphin
has been shown to increase macrophage superoxide produc-

tion (53), modulate macrophage oxidative burst (61), enhance
macrophage tumoricidal activity (25, 29), and increase the level
of production of the cytokine interleukin-1 (IL-1) from bone
marrow macrophages (1). In the macrophage cell line P388D1,
the k-opioid-selective agonist U50,488 inhibited the synthesis
of IL-1 and tumor necrosis factor alpha (TNF-a) (4). U50,488
failed to modulate IL-6 production in these cells. Both T cells
and macrophages are targets for k-opioid agonists for produc-
tion of inhibition of T-cell-mediated antibody production (27).
These studies suggest that k-opioid receptors on T cells and
macrophages are involved in maintenance of the homeosta-
sis of the cells. Overstimulation of the k-opioid receptors on
T cells and macrophages by exogenous opioids or endoge-
nous opioid peptides may alter the levels of many cytokines.
Changes in cytokine levels may lead to the suppression of
antibody production (47, 60).

With cocultures of human fetal brain cells and a chronically
human immunodeficiency virus type 1 (HIV-1)-infected pro-
monocytic line, U1, the endogenous k-opioid peptide dynor-
phin A(1-13) and the k-opioid alkaloid U50,488 promoted
HIV-1 expression (14). Pretreatment with the k-opioid-se-
lective antagonist nor-binaltorphimine (nor-BNI) complete-
ly blocked this enhancement. The stimulation of HIV-1 expres-
sion was largely blocked by antibodies to the cytokines TNF-a
and IL-6 but not by IL-10. In addition, dynorphin stimulated
TNF-a and IL-6 expression in the brain cell cultures at both
the mRNA and the protein levels, suggesting that k-opioid
agonists enhanced HIV-1 expression by increasing the levels of
TNF-a and IL-6. In contrast to the chronically infected U1
cells, U50,488, dynorphin A(1-13), and dynorphin A(1-17) in-
hibited HIV-1 expression in acutely infected human microglial
cell cultures (16). This inhibition was blocked by the k-opioid-
selective antagonist nor-BNI. Collectively, these studies strong-
ly suggest the presence of k-opioid receptors on T cells, mac-
rophages, and microglia.

EVIDENCE FROM BINDING AND MOLECULAR
STUDIES FOR PRESENCE OF k-OPIOID RECEPTORS

ON CELLS FROM IMMUNE SYSTEM

Demonstration of radioligand binding of k opioids to a
mixed population of lymphocytes has been difficult, probably
due to the low density of opioid receptors on lymphocytes and
the fact that only small subpopulations of lymphocytes may
express the receptor. Consequently, cell lines have been used
to characterize the presence of k-opioid receptors on immune
cells. Fiorica and Spector (23) identified (2)-[3H]bremazocine
binding sites on the EL-4 thymoma cell line; however, this
binding site was not stereoselective, and U50,488 concentra-
tions of greater than 1 mM were needed to observe complete
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inhibition of binding. The macrophage cell line P388D1 ex-
pressed binding sites for the k-opioid agonist [3H]U69,593, but
neither the endogenous opioid peptide dynorphin nor the
antagonist naltrexone completely displaced binding (12).
However, the mouse R1.1 thymoma cell line, derived from a
thymoma from a C58/J mouse, expressed a single site with
high-affinity binding for [3H]naloxone and [3H]U69,593 (8).
The order of potency of competing ligands, including dynor-
phin peptides, was consistent with the presence of a k-opioid
receptor. This binding site was further characterized with (2)-
[3H]bremazocine, which also bound with a high affinity to a
single binding site on R1.1 membranes (33). Competition
experiments showed that the site was stereoselective and
displayed a binding profile consistent with that of the brain
k1-opioid receptor described by Clark et al. (20), particular-
ly because the site had a high affinity for binding for both
U50,488 and a-neo-endorphin. In addition, (2)-[3H]bremazo-
cine binding to R1.1 membranes was potently inhibited by both
mono- and divalent cations (33), similar to results reported for
k-opioid binding to brain membranes (44). The nucleotides
GTP and GDP and the nonhydrolyzable analog guanylyl-59-
imidodiphosphate further reduced the level of (2)-[3H]brema-
zocine binding in the presence of NaCl, whereas other nucle-
otides were ineffective (33). That study suggested that the
k-opioid binding site on R1.1 membranes was coupled to a G
protein, as has been reported for brain k-opioid receptors (41).
The R1.G1 and the R1EGO cell lines, two derivative cell lines
obtained from the mouse R1.1 thymoma, express the k-opioid
receptor at densities that are three- and sixfold greater than
the density at which it is expressed by the parent R1.1 cell line,
respectively, (34). These three thymoma cell lines were nega-
tively coupled to adenylyl cyclase through a pertussis toxin-
sensitive G protein (34). By using the R1.1 and related cell
lines, radioligand binding and second messenger studies have
demonstrated that a cell derived from the immune system can
express a brain-type k-opioid binding site.

The k-opioid receptor is a member of the family of seven
transmembrane receptors that are coupled to G proteins. A
partial k-opioid receptor amino acid sequence was deduced
from cDNA sequences from human and monkey lymphocytes
(18). Recently, the full-length nucleotide sequence for the
k-opioid receptor expressed on the R1.1 thymoma cell line was
reported (5, 6). The nucleotide sequence shares 99.8% se-
quence homology and the deduced amino acid sequence shares
100% sequence homology with the reported murine brain
k-opioid receptor (66). Another mRNA population obtained
from the R1.1 cells possesses a 30-bp insertion 15 bp upstream

of the initiation codon. This 30-bp insertion is also present in
the cDNA of the rat brain k-opioid receptor (38). These results
suggest that multiple k-opioid receptor mRNA species are
present in the R1.1 cell line. Splice variants of the k-opioid
receptor may exist on cells from the immune system and may
provide a source for protein heterogeneity. The R1.1 cell line
is negative for the cell surface phenotypic markers CD4 and
CD8, characteristics of thymocytes in one of the early stages of
differentiation (6). By cell fractionation techniques, CD42/
CD82 thymocytes were isolated, and analysis by reverse tran-
scription-PCR showed that these primary immature thymo-
cytes also expressed mRNA for the k-opioid receptor (6). The
full-length sequence for the k-opioid receptor has also been
detected on human fetal microglia, the resident macrophages
of the brain (16). There was 100% identity between microglial
cell cDNA and the human brain k-opioid receptor gene (67).
Human microglia were also shown to express the k-opioid
receptor protein, as detected by flow cytometry with the fluo-
rescent opioid fluorescein isothiocyanate (FITC)–acrylacet-
amide 2-(3,4-dichlorophenyl-N-methyl-N-[1-3-(aminophenyl)-
2-(1-pyrrolidinyl)ethyl]acetamide (AA) (Fig. 1) (16). These
studies demonstrate that cDNA for the brain-type k-opioid
receptor is present on cells from the immune system and that
these cells express the k-opioid receptor protein. Thus, a clear
molecular basis for the effects of opioid alkaloids and peptides
that bind to k-opioid receptors has been established.

In order to detect the expression of k-opioid receptors on a
mixed lymphocyte population, such as thymocytes and spleno-
cytes, an indirect immunofluorescence method that is more
sensitive than radioligand binding assays was developed in this
laboratory (35). By using a fluorescein-conjugated arylacet-
amide, a high-affinity k-opioid agonist shown in Fig. 1, fol-
lowed by amplification of FITC-AA binding with biotinylated
antifluorescein immunoglobulin G and extravidin-R–phyco-
erythrin (Fig. 2), specific labeling of k-opioid receptors on
thymocytes from C57BL/6ByJ mice was detected by flow cy-
tometry (31, 35). The k-opioid selective antagonist nor-BNI
inhibited greater than 50% of the phycoerythrin fluorescence,

FIG. 1. Structure of FITC-AA. FITC was condensed with the arylacetamide
2-(3,4-dichlorophenyl)-N-methyl-N-[1-(3-aminophenyl)-2-(1-pyrrolidinyl)ethy-
l]acetamide as previously described (35). FITC-AA was a k-opioid-selective
ligand used to label the k-opioid receptor on lymphocytes.

FIG. 2. Amplification procedure used to detect k-opioid receptors on cells
from the immune system. Unfixed mouse thymocytes (31, 35), splenocytes (32),
peritoneal macrophages (32), or human microglia (16) were incubated with
FITC-AA followed by centrifugal washes to remove unbound FITC-AA. Biotin-
ylated antifluorescein was then added, followed by washing of the cells. Finally,
extravidin-R–phycoerythrin was added. Phycoerythrin fluorescence was mea-
sured by flow cytometry (35). This procedure amplified the signal by having
multiple phycoerythrin molecules for each FITC-AA molecule that bound to the
k-opioid receptor. IgG, immunoglobulin G; PE, phycoerythrin.
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while m- and d-opioid-selective antagonists did not inhibit
the labeling. Double-labeling experiments with fluorescent
antibodies directed against the cell surface markers CD4 (T
helper) and CD8 (T cytotoxic) and labeling of the k-opioid
receptor were performed with thymocytes from 6- to 8-week-
old C57BL/6ByJ mice. Greater than 80% of the thymocytes
were positive for both CD4 and CD8 cell surface markers (31).
The k-opioid receptor was expressed on greater than 60% of
the CD41/CD81 thymocytes. That study demonstrated that
the majority of mouse thymocytes express the k-opioid recep-
tor, but at a density that is too low to be detected by radio-
ligand binding. These findings are consistent with those ob-
tained with the R1.1 thymoma cell line, which expresses the
k-opioid receptor (8).

To address whether mature lymphocytes expressed the
k-opioid receptor, unfixed primary splenocytes from 6- to 8-
week-old C57BL/6ByJ male mice were incubated with the flu-
orescein-containing k-opioid-selective ligand FITC-AA, as de-
scribed above for the labeling of thymocytes. Amplification of
FITC-AA binding to the k-opioid receptor was attained by
adding a biotin-conjugated antifluorescein antibody, followed
by the addition of extravidin-R–phycoerythrin. As mentioned
above, greater than 60% of immature thymocytes (CD41/
CD81) demonstrated specific k-opioid receptor labeling. How-
ever, less than 25% of either T-helper or T-cytotoxic splenic
lymphocytes expressed the k-opioid receptor (32). Likewise,
only 16% of all splenic B lymphocytes expressed the k-opioid
receptor (32). These findings demonstrate a decrease in k-opi-
oid receptor expression upon maturation of mouse lympho-
cytes. However, recent studies have shown that mitogen acti-
vation of splenocytes increased k-opioid receptor expression
on both CD41 and CD81 cells, suggesting that the k-opioid
receptor may modulate the functions of activated T cells (7).
Interestingly, resident peritoneal macrophages showed a great-
er magnitude of specific receptor labeling compared to either
thymocytes or splenocytes, and approximately 50% of the rest-
ing macrophages expressed the k-opioid receptor (32). Also,
human microglia, the brain’s macrophages, possess a high lev-
el of k-opioid receptors, which have been shown to modu-
late HIV-1 expression in microglia (16). Taken together,
these findings demonstrate the diversity in the expression of
the k-opioid receptor on immune cells at various stages of
differentiation, with preferential expression demonstrated by
thymocytes, resident peritoneal macrophages, and microglia.
The detection of high levels of opioid receptors on peritoneal
macrophages and microglia correlates with the modulation of
TNF-a and IL-1 production by k opioids (4).

FUNCTIONAL EVIDENCE FOR PRESENCE OF
D-OPIOID RECEPTORS ON LYMPHOCYTES

Methionine-enkephalin stimulated chemotaxis in human
peripheral blood mononuclear and polymorphonuclear leu-
kocytes (24, 63). Studies of human T-lymphocyte chemotaxis
have shown that both leucine-enkephalin and methionine-
enkephalin and the enkephalin analogs [D-Ala2, D-Leu5]en-
kephalin and [D-Pen2, D-Pen5]enkephalin stimulated chemo-
taxis (30). The stimulation of chemotaxis was concentration
dependent and was inhibited by the opioid antagonist nalox-
one. Stefano et al. (58) observed that [D-Ala2, D-Met5]en-
kephalinamide stimulated immunocytes obtained from he-
molymphs of the mollusc Mytilas edulis such that the cellular
area was increased and the immunocytes clustered, with a peak
effect achieved with the opioid peptide at 10 pM. These effects
were blocked by naloxone. Similar effects were observed with

other d-selective opioid peptides, but the effects were not con-
centration dependent (59).

The expression of proenkephalin A mRNA by concanavalin
A-stimulated thymocytes was modulated in a biphasic manner
by the d-opioid agonist deltorphin I (40). Deltorphin I concen-
trations between 10213 and 10211 M increased the level of pro-
enkephalin A mRNA expression, while concentrations of 1029

to 1027 M inhibited proenkephalin A mRNA expression. The
d-opioid antagonists naltrindole and naltriben blocked both
the enhancing and inhibiting effects of deltorphin I, suggesting
the direct involvement of d-opioid receptors. IL-2 secretion
from CD41 cells was also suppressed by d-opioid agonists (52).

Both the endogenous enkephalin-like agonists produced by
thymic T cells (39, 40) and the addition of d-opioid selective
peptides have been shown to exert complex effects on T-cell pro-
liferation. Deltorphin at picomolar concentrations enhanced
concanavalin A-stimulated splenocyte proliferation, an effect
blocked by the d-opioid selective antagonist naltrindole (11,
46). In contrast, three enkephalin analogs, including deltor-
phin, inhibited the proliferation of highly purified CD41 and
CD81 murine T cells that were activated by cross-linking the
T-cell receptor complex with anti-CD3-ε (52). This effect was
blocked by the d-opioid-selective antagonist naltrindole. In
order to observe inhibition of T-cell proliferation, it was nec-
essary to pretreat the purified lymphocytes with the d-opioid
peptides before the activation of the cells with anti-CD3-ε. In
summary, these investigations suggest that murine T cells ex-
press the d-opioid receptor and that activation of these recep-
tors may enhance or inhibit T-cell proliferation, depending on
the conditions, such as conditions in which purified cells versus
accessory cells are present.

EVIDENCE FROM BINDING AND MOLECULAR
STUDIES FOR PRESENCE OF D-OPIOID RECEPTORS

ON CELLS FROM IMMUNE SYSTEM

As with the k-opioid receptor, the observation of classical
brain-type d opioid binding of a 3H-labeled d-selective opioid
ligand to a mixed population of lymphocytes has not been
achieved. [3H]deltorphin binding to a single high-affinity bind-
ing site on membranes from human peripheral blood poly-
morphonuclear leukocytes has been reported (59). This high-
affinity binding site for d opioids also had a high affinity for
the m-opioid-selective peptide [D-Ala2, (Me)Phe4, Gly-(ol)5]
enkephalin. This result brings into question whether the [3H]
deltorphin binding site was the classical brain-type d-opioid re-
ceptor binding site or a unique binding site.

Simian peripheral blood mononuclear cells express the d-
opioid receptor mRNA identical to the d-opioid receptor mRNA
expressed by brain cells (17). Another laboratory has reported
that d-opioid receptor transcripts were undetectable in human
peripheral blood lymphocyte and monocyte populations after
PCR amplification but were found at low levels in human T-
cell, B-cell, and monocyte cell lines (26). In addition, d-opioid
receptor transcripts were found in murine splenocytes and on
some B- and T-cell lines. Human peripheral blood lymphocytes
and several human lymphoid cell lines expressed d-opioid re-
ceptor transcripts that were nearly identical to the known se-
quence from the human brain (65). Sharp et al. (55) have
reported that the sequence of a PCR transcript amplified from
enriched mouse splenic and lymph node T cells had 98% iden-
tity with the mouse brain d-opioid receptor (21).
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FUNCTIONAL EVIDENCE FOR PRESENCE OF
m-OPIOID RECEPTORS ON LYMPHOCYTES

Many studies have used the prototypic ligand morphine to
study the effect of this clinically relevant opiate on immune
function. While being a m-opioid-preferring ligand, morphine
is not selective for the m-opioid receptor. Morphine increased
the rate of mortality among infected mice (15, 62). Also, mor-
phine inhibited the cytolytic activity of natural killer cells and
mitogen-stimulated proliferation (2, 3, 22, 64; Y. Shavit, F. C.
Martin, L. H. Angarita, R. P. Gale, and J. C. Liebeskind, Soc.
Neurosci. Abstr. 12:339, 1986). Morphine was shown to affect
the brain-immune axis by modulating an IL-1b-dependent path-
way (13). After chronic exposure in vivo, morphine attenuated
lymphocyte proliferation (9), natural killer cell cytotoxicity (37;
Shavit et al., Soc. Neurosci. Abstr. 12:339, 1986), antibody and
serum hemolysin formation (28), and the phagocytic properties
of peripheral mononuclear leukocytes (62). Morphine is known
to activate the hypothalamic-pituitary-adrenal axis and release
glucocorticoid, which is immunosuppressive (10). Therefore,
not knowing if an effect is centrally mediated or peripherally
mediated, or both, has complicated studies of chronic mor-
phine administration.

EVIDENCE FROM BINDING AND MOLECULAR
STUDIES FOR PRESENCE OF m-OPIOID RECEPTORS

ON CELLS FROM IMMUNE SYSTEM
Binding studies with lymphocytes suggest that morphine may

bind to a site that is not the classical brain m-opioid receptor
(42, 50, 57). Morphine receptors expressed on resting thymo-
cytes have a low affinity for morphine, with a Kd value of
approximately 100 nM (48, 50). IL-1 activation of thymocytes
increased the level of [3H]morphine binding to the thymocytes.
The existence of a low-affinity, naloxone-insensitive morphine
binding site designated m3 on human peripheral blood macro-
phages has been reported by Makman et al. (43). Two mor-
phine binding sites have been observed on the murine macro-
phage/monocyte cell line Bac 1.2F5 (50).

Sedqi et al. (51) were the first to report the existence of
mRNA for the m-opioid receptor on rat peritoneal macro-
phages. Chuang et al. (19) reported the presence of mRNA for
the m-opioid receptor in human T- and B-cell lines, CD41 T
cells, monocytes, macrophages, and granulocytes. In addition,
transcripts have been found in simian peripheral blood mono-
nuclear cells and granulocytes (19). Collectively, these investi-
gations demonstrate that mRNAs for the k-, m-, and d-opioid
receptors are expressed on cells from the immune system.

CONCLUSION
By understanding the synthesis of opioid peptides by lym-

phocytes and the localization of the multiple opioid receptors
on lymphocytes, the mechanisms involved in opioid-mediated
regulation of immunocompetence will be determined. Al-
though the roles of opiates and opioids in the physiological and
pathological functions of the immune system are only begin-
ning to be unraveled, multiple lines of evidence indicate that
the opioid receptors expressed by immune cells are often the
same or identical to the neuronal opioid receptors. Further
identification and characterization of the receptors and the
signal transduction pathways that account for some of the
unique properties of opioid binding and immunomodulation
represent major research challenges that lie ahead (56). Elu-
cidation of mechanisms such as these may provide unique
therapeutic opportunities through the application of opioid
immunopharmacology.
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