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Abstract An examination of the localization and distribu-
tion of �-endorphin and opioid receptors in patients with
rheumatoid arthritis (RA) and osteoarthritis (OA). Immu-
nohistochemical staining, reverse transcription polymerase
chain reaction (RT–PCR) analysis, and in situ hybridization
were performed using synovial tissues obtained from RA
and OA patients. Immunohistochemical staining showed
that �-endorphin was strongly expressed in synovial lining
cells and in a few lymphocytes and macrophages surround-
ing the vessels, whereas µ- and δ-opioid receptors were
expressed in lymphocytes and macrophages. However, we
detected the weak expression of these opioid peptides in
synovial tissues of OA patients. RT–PCR analysis showed
that preproopiomelanocortin (POMC) mRNA, a precursor
of �-endorphin, was strongly expressed in synovial tissues of
RA patients, but these PCR products of synovial tissues
obtained from OA patients were weakly detected com-
pared with those from RA patients. POMC mRNA was
also expressed in synovial tissues in RA patients. In in situ
hybridization, the expression of POMC mRNA was
detected in macrophages, synovial lining cells, and fibro-
blasts in synovial tissues of RA patients as well as �-endor-
phin. In RA patients, �-endorphin and µ- and δ-opioid
receptors are synthesized and located in synovial lining
cells, lymphocytes, and macrophages surrounding the
vessels in synovial tissues, and may play a role in the regula-
tion and modulation of inflammation.
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Introduction

Recent studies have shown that the neuroimmune system is
connected with the pathogenesis of rheumatoid arthritis
(RA).1 When RA patients are under some mental or social
stress, their immune system may become highly active.2–4

Since the mechanism by which stress affects the action of
the immune system includes T cells, B cells, or monocytes,
it is believed that neuropeptides are secreted from a nerve
ending through the hypothalamus, i.e., a peripheral nervous
system,5,6 or that the immune cells responsible are influ-
enced by the hypothalamus, i.e., corticotropin releasing
factor (CRF), pituitaries, adrenocorticotropic hormone
(ACTH), adrenal cortex, or the cortisol system.7

Endogenous opioid peptides as well as neuropeptides
are also morphine-like in that they combine with morphine
receptors.8 These peptides, �-endorphin, enkephalin, and
dynorphin, have been identified in the adrenal medulla,
interstitial mucosa, and sympathetic nerves, as well as in
brain structures.9 Endogenous opioid peptides and their re-
ceptors have been reported to be produced in brain struc-
tures as well as several other organs. Three major classes, µ,
δ, and k, of opioid receptors have been defined according to
their ligand-binding affinities: µ- and δ-opioid receptors are
specific to �-endorphin.10,11 Several investigators have re-
ported that opioid peptides, as studied using immuno-
histochemistry, were localized and secreted from synovial
tissues of RA patients.12,13 We studied the expression and
distribution pattern of �-endorphin and its receptors, µ- and
δ-receptors, in synovial tissue of RA and osteoarthritis
(OA) patients using immunohistochemistry, reverse tran-
scription polymerase chain reaction (RT–PCR) analysis,
and in situ hybridization.

Material and methods

Specimens were obtained from 12 patients diagnosed as
having RA (stages III and IV) according to the criteria of
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the American College of Rheumatology, and with a disease
duration of 10–20 years, and also from patients with OA,
after obtaining their informed consent. Synovial tissues
were obtained by synovectomy (knee-joint) or total knee
joint arthroplasty using the method prescribed by the
Ethical Committee of Nippon Medical School. These
samples were used for immunohistochemical observation,
RT–PCR analysis, and in situ hybridization.

Immunohistochemical observation

The tissues were fixed in 4% paraformaldehyde in phos-
phate-buffered solution (PBS) for 16–18h at 4°C, and
then immersed in 30% (w/v) sucrose in PBS containing
0.02% (v/v) diethylpyrocarbonate (Sigma, St. Louis, MO,
USA) at 4°C for 16–18h and frozen at �80°C until
use. Frozen sections were then cut using a cryostat micro-
tome at a thickness of 6µm and mounted onto 3-
aminopropylmethoxysilane-coated slides. An anti-�-
endorphin polyclonal antibody (Organon Teknika NV,
USA) was used at a 1 : 100 dilution in 0.1% BSA. An anti-µ-
opioid receptor polyclonal antibody and anti-δ-opioid
receptor polyclonal antibody (Santa Cruz Biochemicals,

Santa Cruz, USA) were used at a 1 :2000 dilution in 0.1%
bovine serum albumin (BSA). The streptavidin–biotin–
peroxidase complex method was carried out using an ABC
kit (Nichirei, Tokyo, Japan). Sections without primary anti-
bodies were prepared as negative controls.

RT–PCR analysis

Total RNA was extracted from the tissues, and cultured
synoviocytes using Isogen (Nippon Gene, Tokyo, Japan),
and poly (A) mRNA was isolated using a poly AT tract
mRNA isolation kit (Promega, Madison, WI, USA). The
first strands of cDNA were synthesized from 100ng
polyadenylated RNA with a 1st Strand cDNA synthesis kit
(Boehringer Mannheim, Mannheim, Germany). The cDNA
sequence of �-endorphin is so short that �-endorphin
mRNA expression cannot be detected precisely. We there-
fore used preproopiomelanocortin (POMC) �-endorphin
precursor gene in the RT–PCR analysis. Oligonucleotide
primers were produced using a DNA synthesizer according
to the human POMC cDNA sequence.14,15 The sequences
of the primers were 5�-CCTCAGCCTGCCTGGAAGA
TGC-3� and 5�-CGAGGATGAGGTACCTCGAGAA

Fig. 1. Immunohistochemical staining for �-endorphin in synovial tis-
sues in rheumatoid arthritis (RA). Synovial lining cells are proliferat-
ing, and �-endorphin are strongly detected mainly in synovial lining

cells (A, �200), a few lymphocytes and macrophages (B, �200), and
vascular endothelial cells (C, �100; D, �200)
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GG-3� for POMC. A 50-µl aliquot of the reaction mixture
contained 5µl 10 � PCR buffer (Takara, Tokyo, Japan),
1µl 200 µM deoxynucleoside triphosphate (dNTP), 2.5 units
of Ampli Taq DNA polymerase (Takara), 1µg template
cDNA, and 100 pmol each of 5� and 3� primers. PCR was
carried out in a thermal cycler (Perkin-Elmer Cetus,
Norwalk, CT, USA) for 30 cycles, each cycle consisting of
1min at 95°C, 1 min at 55°C, and 2min at 72°C, and the PCR
products were analyzed on a 2% agarose gel.

In situ hybridization

Probe preparation

According to human POMC cDNA, a 48-mer oligonucle-
otide encoding position 7106–7153 was synthesized for use
as an antisense probe,14,16,17 and the sequence of the oligo-
nucleotide was 5�-GCCCACCGGCTTGCCCCAGCGGA
AGTGCTCCATG GAGTAGGAGC GCTT-3�. In addi-
tion, the oligonucleotide with the reverse sequence was syn-
thesized for use as a sense probe. Then the oligonucleotides
were labeled with digoxigenin (DIG)-deoxyuridine triphos-
phate (dUTP) by the 3�-tailing method using a DIG oligo-
nucleotide tailing kit (Boehringer Mannheim). The labeling

reaction mixture consisted of the following components:
100pmol oligonucleotide, 4µl tailing buffer, 4µl 25mM
CoCl2, 1µl digoxigenin-dUTP (1mM stock solution,
Boehringer Mannheim), 1µl 10nM d-adenosine triphos-
phate and 50 units of terminal transferase. Water was added
to a final volume of 20 µl. The mixture was incubated at
37°C for 15min and then placed on ice. The reaction
was stopped by adding 2µl of the reaction mixture (1µl
glycogen solution with 200µl 200mM ethylene
diaminetetraacetate (EDTA) solution, pH 8). Ethanol
precipitation was then performed.

Hybridization and detection

The tissue sections were rehydrated with PBS, and incu-
bated in PBS with 0.2 N HCl for 20min and with proteinase
K (5µg/ml, Sigma) for 30 min at 37°C. The sections were
then postfixed in 4% paraformaldehyde/PBS for 5 min, and
quenched twice in PBS with glycine (2 mg/ml), before stor-
age in 50% (v/v) deionized formamide/2 � SSC. The sec-
tions were incubated for 16h at 37°C in a buffer consisting
of 600mM NaCl, 1mM EDTA, 10mM Tris-HCl (pH 7.6),
120µg/ml herring sperm DNA (Boehringer Mannheim),
200µg/ml yeast RNA (Boehringer Mannheim), 1 �

Fig. 2. Immunohistochemical staining for µ,δ-receptor in synovial tissues in RA. µ- and δ-receptor are clearly detected in lymphocytes and
macrophages (µ-receptor: A, �80; B, �150. δ-receptor: C, �80; D, �150)
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Fig. 3. Immunohistochemical staining for �-endorphin in synovial
tissues in osteoarthritis (OA). �-endorphins are slightly detected
mainly in synovial lining cells (A, �40), a few lymphocytes and
macrophages and vascular endothelial cells (B, �100)

Denhardt’s solution, 10% (w/v) dextran sulfate (Sigma
Chemical), and 100–300 ng/ml labeled oligonucleotide
probe. The sections were then washed twice with 50%
formamide/2 � SSC for 30min at room temperature (RT),
and once with 2 � SSC for 30min at RT. For immunological
detection, a nucleic acid detection kit (Boehringer
Mannheim) was used. The sections were washed briefly
with buffer 1 (100mM Tris-HCl, 150mM NaCl, pH 7.6) and
incubated with 1% (w/v) blocking reagent in buffer 1 solu-
tion for 30min at RT. After washing again briefly with
buffer 1 solution, the sections were incubated with a 1/4000
dilution of a polyclonal sheep antidigoxigenin Fab fragment
conjugated to alkaline phosphatase in buffer 1 solution for
30min at RT. The sections were washed three times with
buffer 1 solution for 15min at RT, and equilibrated with
buffer 3 (100mM Tris-HCl, 100 mM NaCl, 50mM MgCl2,
pH 9.5) for 2 min. The sections were then incubated in a
staining solution containing nitroblue tetrazolium and
BCIP in a dark box for 5–6h. The reaction was stopped by
adding Tris-EDTA buffer (10mM Tris-HCl, 1mM EDTA,
pH 8), and the sections were mounted onto an aqueous
mounting medium (Mutoh Chemical, Tokyo, Japan).

Results

Immunohistochemical observation

Immunohistochemically, �-endorphin was mainly localized
and strongly expressed in synovial lining cells, and also in a
few lymphocytes and macrophages surrounding the blood
vessels (Fig. 1), while µ- and δ-receptors were located in
lymphocytes and macrophages in synovial tissues of the RA
patients (Fig. 2). However, we only detected slight traces of
�-endorphin in the synovial tissues of OA patients (Fig. 3).

RT–PCR analysis

The products of PCR amplification for POMC mRNA were
strongly expressed in synovial tissues of RA patients at
284bp. In these tissues of the OA patients, all the POMC
mRNA were weakly expressed compared with those of the
RA patients. POMC mRNA in the human thalamus and
pituitary (positive control) were also detected in RA
patients (Fig. 4). We thus confirmed that �-endorphin is
produced in synovial cells.

In situ hybridization

In situ hybridization for POMC mRNA was performed
under stringent conditions using frozen synovial sections
from RA and OA patients. In the RA patients, the expres-
sion of POMC mRNA with an antisense probe appeared in
macrophages and synovial lining cells as a homogeneous
staining in the cytoplasm (Fig. 5).

Discussion

The presence of cytokines such as IL-1-�, IL-6, and angio-
genic factors such as b-FGF and VEGF has been shown in
RA synovial tissues.18 These cytokines are thought to play
an important role in the infiltration of immune cells into

Fig. 4. Reverse transcription – polymerase chain reaction (RT–PCR)
for preproopiomelanocortin (POMC) mRNA in synovial tissues in
RA. A band of each lane near 284bp shows that POMC mRNA exists
in synovial tissues of RA, OA, and human thalamus and pituitary
(positive control). The first lanes each show a molecular weight
marker. Lane A shows human thalamus, B shows human pituitary, C
and D show RA, and E and F show OA. First lane, 1kb DNA ladder
(Gibco BRL, USA)
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synovial tissues, and the destruction of bones and cartilage
in RA patients.

Opioid peptides have been shown to exert various physi-
ological effects such as analgesic effects on mental function,
endocrine effects, and effects on lymphocytes, but much
remains unknown. Sharp19 reported that T cells produce
opioid immunopeptides that control pain at sites of inflam-
mation, and Jones et al.20 reported that in active RA there
were substantial changes in opioid receptor binding in the
brain. Using the immunohistochemistry of synovial tissues
from the RA patients, Koiwa et al.12 showed the localization
of �-endorphin mainly in synovial lining cells and also in a
few synovial interstitial cells, and detected it at high concen-
trations in the supernatant of fluids from cultured synovial
tissues from RA patients. Immunohistochemical findings
have shown that neurofilaments are also present around the
blood vessels in synovial tissues of RA and OA patients,5

whereas neurofilaments have previously been found only in
interstitial cells in synovial tissues of RA and OA patients.
Gronblad et al.21 speculated that RA patients show a
marked release of neuropeptides (methionine–enkephalin
and leucine–enkephalin) from neuronal terminals into
synovial cells.

In this study, we showed the localization and production
of �-endorphin, µ- and δ-opioid receptors in the synovial

Fig. 5. In situ hybridization for POMC mRNA in synovial tissues in RA. Positive signals are shown in macrophage, fibroblasts, vascular smooth
muscle cells, and synovial lining cells. A, sense; B, C, D antisense. A, �100; B, �100; C, �100; D, �200

tissues of RA and OA patients using immunohistochemical
staining, RT–PCR analysis, and in situ hybridization. In RA
patients, immunohistochemical observations showed the
localization of �-endorphin mRNA expression in synovial
lining cells, perivascular lymphocytes, and macrophages of
synovial tissues. Using in situ hybridization, POMC mRNA
was expressed in synovial lining cells and perivascular mac-
rophages, fibroblasts, and lymphocytes, as well as the sites
shown by immunohistochemistry. µ- and δ-opioid receptor
mRNA were detected in lymphocytes and macrophages in
synovial tissues. On the other hand, in OA patients, the
localization of �-endorphin was detected slightly by
immunohistochemistry, and POMC mRNA was also de-
tected slightly by RT–PCR and in situ hybridization.

The amounts of opioid peptides produced by macroph-
ages and lymphocytes are reported to increase in inflam-
matory tissues, suggesting that they are produced by
inflammatory cells.7,19,22 Opioid peptides thus produced are
believed to relieve inflammation and inhibit the production
and release of bradykinin, a mediator of inflammation and
pain, by reducing the amount of released substance P, a
pain-producing substance.23

µ- and δ-receptors are mainly present in lymphocytes,
macrophages, and polymorphonuclear leukocytes of im-
mune or inflammatory cells. �-endorphin, Met-enk, and
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Leu-enk exert various effects by binding to the µ- or δ-
opioid receptor, such as the promotion of monocyte chemo-
taxis, the stimulation of the natural killer activity, and an
increase in antibody production by lymphocytes. Stein and
co-workers24–27 have reported that lymphocytes, T and B
cells, and macrophages found in inflammatory infiltrates of
the rat hindpaw injected with Freund’s complete adjuvant
are immunoreactive for �-endorphin, enkephalin, and
dynorphin.

Gunji et al.28 reported that k-opioid receptor mRNA in
the peripheral blood are mainly expressed in lymphocytes,
monocytes, and natural killer cells in patients with RA.
Moreover the expression level of k-opioid receptor mRNA
is lower in RA patients than in healthy volunteers. The
expression of k-opioid receptor mRNA is correlated with
NK cell activity in RA patients, and the expression of k-
opioid receptor mRNA is related to anti-inflammatory ef-
fects in RA patients. IL-1 stimulates the hypothalamus and
induces secretion of CRF, which affects the pituitary glands,
which not only produce and secrete ACTH, but also release
opioid peptides, and are closely related to the endocrine
system.29–31 In this study, synovial tissues were obtained
from RA patients treated with steroids. This may have
served as a negative feedback, resulting in the inhibition
of CRF and opioid peptide production. Mediators of
inflammation, such as corticotropin-releasing hormone and
IL-1, stimulate the release of �-endorphin from immune
cells in inflamed local lymph nodes.32,33 These findings sug-
gest that �-endorphin, an opioid peptide, is locally pro-
duced in synovial lining cells, macrophages, fibroblasts, and
lymphocytes in synovial tissues of patients with RA, and
exerts its effects by binding to µ- and δ-opioid receptors and
other specific receptors present on the surface of lympho-
cytes and monocytes which have infiltrated into synovial
tissues. Thus, �-endorphin may play an important role in
the regulation and modulation of inflammation.
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