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Abstract

Several lines of evidence show that endogenous and exogenous cannabinoids modulate pain
transmission at the spinal level through specific cannabinoid-1 (CB1) receptors. Since anatomical
data concerning spinal CB1 receptors are rather contradictory, we studied the cellular and
subcellular localizations of the CB1 receptors by immunocytochemistry. Results show a dual pre-
and postsynaptic localization of CB1 receptors. Presynaptic receptors are evidenced by the
labeling of (1) heterogeneous dorsal root ganglion neurons and (2) axons of Lissauer's tract.
Postsynaptic receptors are shown by the labeling of humerous interneurons in the outer part of
lamina Il. Double immunolabelings show that lamina Il outer CB1 neurons, probably islet cells, may
also contain GABA or nitric oxide synthase. Numerous CB1-containing neurons in lamina X are
also immunostained with anti-nitric oxide synthase (NOS) antibody. Under the electron
microscope, CB1 immunoreactivity is exclusively localized postsynaptically in both somatic and
dendritic compartments. The absence of labeling on primary ajerent axon terminals is discussed
and compared to the absence of labeling on terminals or vesicle-containing dendrites of islet cells,
where a presynaptic localization was expected according to data of the literature.
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The role of cannabinoids in modulating pain sensitivity was suggested by numerous behavioral
studies demonstrating analgesic ejects of cannabinoids in rodents (Buxbaum, 1972; Bloom et al.,
1977; Moss and Johnson, 1980; Martin et al., 1993, 1995). It was also shown that the selective
cannabinoid agonist WIN 55,512-2 induces a suppression of noxious stimulus-evoked activity in
wide dynamic range neurons (Hohmann et al., 1995, 1998) and of c-Fos protein immunoreactivity
(Tsou et al., 1996) in rat lumbar dorsal horn. Exogenous cannabinoids are analgesic in models of
persistent infEammatory pain (Calignano et al., 1998; Jaggar et al., 1998) or neuropathic pain
(Herzberg et al., 1997). Cannabinoids are anti-hyperalgesic (Richardson et al., 1998a,b) and anti-
allodynic (Martin et al., 1999b,c) in dijerent chronic pain models. In addition, cannabinoid-1 (CB1)
receptor knockout mice exhibited hypoalgesia in hotplate and formalin tests (Zimmer et al., 1999).
This antinociceptive action is mediated partly through spinal mechanisms since a direct action on
spinal nociceptive neurons has been demonstrated by both behavioral (Richardson et al., 1998a,b;
Welch et al.,, 1998) and electrophysiological studies (Hohmann et al., 1998). Moreover,
cannabinoids remain analgesic after spinal transection (Smith and Martin, 1992). Two genes
encoding G protein-coupled receptors that bind cannabinoids were identi¢ed: the CB1 receptor
(Devane et al., 1988; Matsuda et al., 1990) expressed in both central and peripheral nervous
systems and the CB2 receptor expressed in peripheral tissues and cells of the immune system
(Munro et al., 1993; Shire et al., 1996). The cloning of the CB1 receptor allowed the study of its
localization in the rat brain and spinal cord by in situ hybridization (Mailleux and Vanderhaeghen,
1992; Matsuda et al.,, 1993; Hohmann et al., 1999; Hohmann and Herkenham, 2000) and
immunocytochemistry (Dove-Pettit et al., 1998; Tsou et al., 1998; Katona et al., 1999; Ong and
Mackie, 1999a,b; Egertova and Elphick, 2000; Farquhar-Smith et al., 2000). Moreover, the
development of synthetic agonists and antagonists of the CB1 receptors opened the possibility of

studying the distribution of cannabinoid binding sites (Mailleux and Vanderhaeghen, 1992; Thomas
et al.,, 1992; Glass et al.,, 1997; Herkenham et al., 1991; Hohmann and Herkenham, 1999;
Hohmann et al., 1999). Nevertheless, the distribution of CB1 receptors in the spinal cord is still far
from being completely known. The density of cannabinoid binding sites in the spinal cord appeared
rather low compared to otherregions in rat (Herkenham et al., 1991; Mailleux and Vanderhaeghen,
1992) and human brains (Glass et al., 1997). The work of Hohmann et al. (1999) clearly
demonstrated the presynaptic localization of about half of the CB1 receptor binding sites on
primary ajerent terminals, part of them being sensitive to capsaicin treatment (Hohmann and



Herkenham, 1998). They have also shown that a subpopulation of dorsal root ganglion (DRG) cells
express the CB1 receptor mRNA (Hohmann and Herkenham, 1999a). However,
immunocytochemical distribution in the rat dorsal horn remains controversial since the laminar
distribution in the study of Tsou et al. (1998) is dijerent from that observed by Farquhar-Smith et al.
(2000). In addition, the latter authors did not confirm the peripheral origin of half of the CB1
receptor binding sites. We have thus reexamined the distribution of the CB1 receptor in the rat
spinal cord with immunocytochemistry by using specific antibodies directed against the N-terminal
sequence of the CB1 receptor (Tsou et al., 1998; Twitchell et al., 1997) at the light and electron
microscope levels focussing on the dorsal horn. To further characterize the chemical nature of CB1
receptorcontaining neurons, double labelings were performed using antibodies directed against
markers of spinal interneurons such as GABA and NO.

EXPERIMENTAL PROCEDURES

The experiments were performed in agreement with the European Community Council Directive
(86/609/EEC).

Primary antisera

The anti-CB1 receptor antibodies were obtained by immunization of rabbits with the N-terminal 77
amino acids of the cloned rat CB1 receptor fused to glutathione S-transferase (Twitchell et al.,
1997). Its specificity has been fully characterized on cell culture and transfected cell lines (Twitchell
et al., 1997). Moreover, its speci¢city has also been demonstrated on rat brain membranes and the
pattern of staining observed by immunocytochemistry is highly consistent with previous data (Tsou
et al., 1998). To perform double immuno£uorescence we used a mouse monoclonal anti-nitric
oxide synthase (the biosynthetic enzyme of nitric oxide or NOS) and mouse monoclonal GABA
antibodies (Sigma, France).

Tissue preparation

Adult male Wistar rats were deeply anesthetized with 60 mg/kg i.p. of sodium pentobarbital
(Sano¢, Libourne, France) and intracardially perfused with 50100 ml of 9xNaCl containing 0.1%
sodium nitrite followed by 800 ml of 4% paraformaldehyde in 0.1 M phosphate bujer (PB), pH 7.4.
Spinal cords and DRG were dissected out and postfixed overnight in the same fixative at 43C.
Spinal cords were washed in 0.02 M phosphate-bujered saline (PBS) and then cut using a
vibratome in 50 Wm thick sections. DRG were cryoprotected by overnight incubation in 20%
sucrose and cut using a cryostat in 12-pm sections which were collected on gelatin-coated slides.
Immunocytochemistry

Free-floating spinal cord sections were preincubated in 0.02 M PBS containing 6% normal goat
serum (NGS) and 1% bovine serum albumin (PBS-NGS-BSA) for 30 min at room temperature and
then incubated with an affinity-purified polyclonal rabbit anti-CB1 receptor antibody (Twitchell et al.,
1997), diluted (1/500-1/1000) in PBS-NGS-BSA for 15 h at room temperature. For light microscopy
0.1% Triton X-100 was added to the preincubation and incubation media. After washing in
PBSNGS-BSA, sections were incubated in 1/250 biotinylated antirabbit IgG (Vector Laboratories,
Burlingame, CA, USA) for 1 h. Sections were then washed in PBS and incubated for 1 h with the
avidin-biotin-peroxidase complex (Vector), diluted (1/100) in PBS. After washing in 0.5 M Tris"HClI,
pH 7.4, sections were incubated in the same buffer supplemented with 0.03% (w/v) 3,3P-
diaminobenzidine (Sigma, France) and 0.01% (v/v) hydrogen peroxide. The reaction proceeded at
203C and was stopped by washing in Tris buffer after 5-7 min of incubation. Sections were then
washed in PBS, transferred onto glass slides and mounted in PBS-glycerol. Immunocytochemistry
for DRG sections was performed as described above, directly on gelatin coated slides. Slides were
kept in a wet chamber during the immunocytochemical procedure.

Double immunofluorescence

For double immuno£uorescence, spinal cord vibratome sections were preincubated in PBS-NGS-
BSA for 30 min, and then incubated overnight in a mixture of two primary antibodies : rabbit anti-
CB1 receptor (1/500) and mouse anti-NOS (1/1000) or mouse anti-GABA (1/1000), diluted in PBS-
NGS-BSA. After repeated washings in PBS, the sections were incubated for 2 h in a mixture of the
two appropriate secondary antisera: 1/200 antirabbit IgG conjugated to cyanin 3 (Institut Pasteur,
France) and 1/100 anti-mouse IgG conjugated to fluorescein isothiocyanate (Institut Pasteur). The
sections were then rinsed twice in PBS, postfixed for 10 min in 4% PAF, washed in PBS and
mounted with Vectashield (Vector). Confocal laser scanning microscopy was performed using a



TCS-4D confocal imaging system (Leica Instrument, Heidelberg, Germany), equipped with an
argon-krypton ion laser. Cells were observed with a Leica plan apochromat U40 oil immersion
objective with a numerical aperture of 1.4. Image elaboration was done with Adobe Photoshop 5.0.
Controls

Omission of the primary antibodies (CB1, NOS, GABA) in the incubation medium resulted in a
complete absence of immunostaining. Preabsorption of the diluted anti-CB1 antibody (1/500) with
1 pg/ml of the immunizing conjugate for 3 h at room temperature before addition of the sections
totally inhibited the labeling. The speci¢city of anti-NOS and anti-GABA antibodies has been tested
by preincubation of the primary antibody with 1 ug/ml NOS or GABA which resulted in an absence
of immunolabeling (NOS and GABA were performed from Santa Cruz Biotechnology, Santa Cruz,
CA, USA).

Electron microscopy

Immunoperoxidase staining. Small blocks of the dorsal horn, dissected from sections labeled with
immunoperoxidase, were postfixed for 45 min at room temperature with 2% osmium tetroxide in
0.2 M PB. After 10 min washing in 0.1 M PB, blocks were dehydrated in graded alcohol, then
incubated successively in alcohol/araldite (v/v), araldite (Fluka, Switzerland) and
araldite/accelerator (2%) at 373C. Finally, blocks were embedded in araldite/accelerator (2 days, at
603C). Ultrathin sections were obtained using an LKB ultramicrotome. The sections, about 70 nm
thick, collected on copper grids, were counterstained with lead citrate for 10 min in a dried chamber
at room temperature, and examined with a Jeol electron microscope (JEM 100 CX).

Immunogold staining.

Free-floating sections were preincubated in PBS-NGS-BSA for 30 min at room temperature. The
sections were then incubated overnight in rabbit polyclonal anti-CB1 antibody (1/500) in PBS-NGS-
BSA at room temperature. They were washed in the same medium supplemented with 0.1% fish
gelatin (IGSS quality, Amersham, France) and then incubated for 4 h at room temperature in the
same medium containing 1/100 goat anti-rabbit IgG conjugated to 0.8 nm colloidal gold (Aurion,
France). After repeated washings in PBS-NGSBSA-gelatin followed by a washing in 0.1 M PB, the
sections were post¢xed for 10 min in 2.5% glutaraldehyde in 0.1 M PB. After washing in 0.1 M PB
and then in citrate bujer pH 4.2, gold was intensited by the silver intensi¢cation kit (Sigma) under
light microscopic control for 5-15 min. After washing in citrate buffer and postfixation in 1% sodium
thiosulfate in distilled water, the sections were finally incubated in 1% osmium tetroxide in 0.1 M
PB for 15 min and then embedded as previously described.

RESULTS

Light microscopy

In the DRG, numerous cell bodies of large, medium and small size were immunoreactive and no
difference could be evidenced between the cervical, thoracic or lumbar levels (Fig. 1). While the
large and medium-sized cells appeared more numerous, the most striking observation was the size
variability of these immunoreactive cell bodies.

At all levels of the spinal cord, the most intense CB1 receptor immunoreactivity was detected in the
superficial layers of the dorsal horn (Figs. 2 and 3). In order to recognize the subdivisions of the
dorsal horn, several transverse sections were labeled for substance P which classically labels
lamina | and the outer part of lamina Il (llo) (not shown). The heaviest CB1 receptor labeling was
observed in laminae | and llo, while the inner part of lamina Il (Ili) and lamina Il showed a lower
labeling (Figs. 2 and 3). When present, Lissauer's tract showed a marked immunoreactivity (Fig.
2). A moderate immunoreactivity was observed in the dorsolateral funiculus (Fig. 3A) and in lamina
X around the central canal (not shown). Other laminae are almost devoid of labeling.
Immunoreactive cell bodies were observed in laminae | and Il (Fig. 3). They were particularly
abundant in lamina llo (Figs. 2B, 3 and 4), although occasional immunoreactive cell bodies were
also observed in laminae | (Fig. 3Ab) and lli (Fig. 2B). Lamina Ilo neurons looked like typical
interneurons, being round in shape and small in size (10-12 um). They were observed in the whole
dorsomedial extent of the lamina at all spinal levels. In addition, numerous large fusiform
immunoreactive cell bodies might be observed in lamina X around the central canal (Fig. 4, lower
panel). No cell bodies were observed in other laminae. In order to further characterize the chemical
nature of these cell bodies, double labeling was performed by using antibodies directed against



markers of spinal interneurons such as GABA and NO. The immunolabelings were then observed
with a confocal laser scanning microscope. The results clearly showed that many CB1 receptor-like
neurons of lamina llo were double-labeled for GABA (Fig. 4, upper panel).

Fig. 1. CB1 receptor-like immunoreactivity in a DRG at the cervical level. A low power micrograph
(A) shows that immunoreactive cell bodies are relatively numerous and very heterogeneous in
size. At higher magni¢cation (B), we observe that large (large arrows), medium (thin arrows) and
small (arrowheads) cells may be immunoreactive. Scale bars= 100 pum.

They are small (10712 Wm), round neurons often clustered. In addition, NOS coexisted in most
CB1 lamina Il neurons (Fig. 4, middle panel). These neurons had the same size and morphology
than those double-labeled for CB1 and GABA. Neurons double-labeled for NOS and CB1 were
also observed in lamina X (Fig. 4, lower panel).

Electron microscopy

No differences in labeling were found after using either horseradish peroxidase or gold as marker.
The labeling was mostly observed in postsynaptic sites such as dendrites (Figs. 5 and 6) and
perikarya (Fig. 6A).
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Fig. 2. CB1 receptor-like immunoreactivity in the dorsal horn of the lumbar segment. At lower
magnification (A), an important immunoreactivity is observed in Lissauer's tract (arrows) and in the
two superficial layers. At higher magnification (B) immunoreactive cell bodies (thin arrows) are
observed in lamina Il. The approximate boundaries between laminae are indicated by dotted lines.

Scale bars =250 um.

Anyway, a number of thin unmyelinated axons were immunoreactive (Fig. 5A, B). By contrast,
labeled axon terminals were never observed. Whatever the marker used, the immunoreactivity was
mainly intracytoplasmic and only rarely associated with the plasma membrane. In this latter case, it
was generally observed on undijerentiated plasma membranes rather than associated with
synaptic thickenings. However, the labeling might be occasionally observed in close proximity to
both asymmetric (Figs. 5B and 6B) or symmetric (Fig. 6C) synapses. The intracytoplasmic labeling
was localized on microtubules (Figs. 5C, D and 6A), the Golgi apparatus (Fig. 6A), and endosomes
(Fig. 6B).

Fig. 3. CB1 receptor-like immunoreactivity in the dorsal horn of the rat spinal cord. At the cervical
segment (A) the labeling is very intense in the superficial laminae particularly in the lateral part of
the horn (dh). The dorsolateral funiculus (dIf) presents a moderate immunoreactivity. The medial
and lateral parts of the dorsal horn, square inserts a and b respectively, are shown at higher
magnification (Aa and Ab) to evidence the immunoreactive cell bodies in lamina Il (Aa) and lamina



| (Ab). In B, a cervical section stained with preabsorbed antisera (see Experimental procedures) is
shown. Scale bars= 250 pm (A, B); 50 um (Aa, Ab).
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Fig. 4. Double labeling under the confocal laser scanning microscope. CB1 receptor
immunoreactivity appears in red (central column), while green fluorescence (left column)
represents GABA (upper panel) or NOS (middle and lower panels) immunoreactivity. In the dorsal
horn GABA is expressed in all CB1 neurons of the dorsal horn. They are small (10-12 um) and
round neurons. The middle panel shows the colocalization of NOS and CB1 receptors in the dorsal
horn. All neurons seem double-labeled in lamina Ilo (small arrows) and in lamina Ili. In the lower
panel, an example of a neuron double-labeled in lamina X is shown. Scale bars=10 pm (two upper
panels); 15 pm (lower panel).

DISCUSSION

Pre- and postsynaptic CB1 receptor localization in the rat dorsal horn

Our results have shown that in the dorsal horn of the rat spinal cord CB1 receptors are localized
both pre- and postsynaptically. A presynaptic localization of cannabinoids on primary afferent fibers
can be inferred from the observation of several CB1 receptor-like-containing cell bodies in the DRG
and of an intense CB1 receptor immunoreactivity in Lissauer's tract. Although at the moment some
discrepancies occur in neuroanatomical data concerning a presynaptic localization (see the
Introduction), Hohmann and Herkenham have shown a moderate reduction of CB1 receptor
binding sites in the dorsal horn after capsaicin treatment (Hohmann and Herkenham, 1998) or after
rhizotomy (Hohmann et al., 1999). Moreover, they have observed numerous DRG cells expressing
CB1 receptor mRNA (Hohmann and Herkenham, 1999a). These results have been recently
confirmed using immunocytochemistry on in vitro DRG cells arising from adult rats (Ahluwalia et
al., 2000). In line with these data, we have shown that the CB1 receptor-immunolabeled DRG cells
are heterogeneous in size and shape. Since the major excitatory transmitter of primary afferent
fibers is glutamate, and since cannabinoids have been shown to modulate synaptic plasticity at
glutamatergic synapses and interfere with long-term depression (Auclair et al., 2000), cannabinoids
in the spinal cord may play a similar role in controlling glutamatergic afferences.

In the present research, a postsynaptic localization of CB1 receptors was shown in the rat spinal
cord at both the light and electron microscope levels. In particular, in agreement with in situ
hybridization experiments (Mailleux and Vanderhaeghen, 1992), several CB1 receptor-
immunopositive cell bodies were found in lamina Il of the dorsal horn, where, at the ultrastructural
level, the CB1 receptor immunoreactivity was mainly observed in somatic and dendritic
compartments.

CB1 receptors in GABA and NO interneurons
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Flg 5 Ultrastructural CBl receptor peroxidase labeling in the dorsal horn. (A) The
immunoreactivity is localized in dendrites (arrows) postsynaptic to an unlabeled axon terminal (a)
and in small neurites (arrowheads), presumably unmyelinated axons (ua). (B) CB1 receptor-like
immunoreactivity is observed in a dendrite (d) receiving two synaptic contacts of the symmetric
(with axon al) and asymmetric (with axon a2) types. Immunoreactivity is also observed in
unmyelinated axons (ua). (C) The immunoreactivity is observed in two dendrites: in d1, the labeling
(arrow) is localized close to the plasma membrane in a region clearly distinct from the synaptic
specialization ; in d2, the labeling is associated with microtubules and restricted to a small part of
the cytoplasm. (D) Another example of cytoplasmic labeling in a dendrite (d) postsynaptic to an
unlabeled axon terminal (arrowheads). Scale bars=500 nm.

The distributions of NO and GABA immunoreactivities are in agreement with those previously
described (Aimar et al., 1998; Barber et al., 1982; Bernardi et al., 1995; Todd and McKensie, 1989;
Valtschanoj et al., 1992a,b; Vizzard et al.,, 1994a,b), attesting to the specificity of the
immunoreactions. Double-labeling experiments show that CB1 cell bodies in the rat spinal cord
may also contain GABA (lamina IlI) or NOS (laminae Il and X). Since all NO lamina Il terminals
have been shown to contain GABA (Valtschanoj et al., 1992a,b), and since we observe that all
CB1 neurons of lamina Il are also labeled for NOS, CB1 interneurons could contain both NOS and
GABA. NO and GABA lamina Il neurons belong to the best characterized inhibitory interneurons of
the dorsal horn, the islet cells (Barber et al., 1982; Magoul et al., 1987; Valtschanoff et al., 1992a,b;



Vizzard et al., 1994a,b; Bernardi et al.,, 1995; Malcangio and Bowery, 1996; Aimar et al., 1998).

it B, P
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Fig. 6. Ultrastructural CB1 receptor gold labeling in the dorsal horn. (A) The immunoreactivity is
observed in dendrites (d) and soma (s). Only a few grains are localized close to the plasma
membrane (arrow), others are seen in the cytoplasm, occasionally on the Golgi apparatus (g). (B)
An immunoreactive dendrite (d1) is postsynaptic to an unlabeled axon terminal (a), a grain (arrow)
is observed near the postsynaptic dijerentiation (small arrowheads). Another labeled dendrite (d2)
shows a labeled endosome (large arrowhead). (C) Two labeled dendrites (d1 and d2) are
contacted by several unlabeled axons by both symmetric (between two thin arrows) and
asymmetric (arrowheads) contacts. Scale bars=500 nm.

neurons may thus be islet cells although no immunoreactive vesicle-containing dendrites, the
typical morphological feature of islet cells (Gobel et al., 1980; Todd, 1988), were observed. We
have found, in addition, a group of CB1 receptor-immunoreactive cell bodies in lamina X and
shown that they also contain NO. These neurons may be ascending neurons, very numerous in
this region (Nahin et al., 1983). This is further suggested by results of Farquhar-Smith et al. (2000)
who observed CB1 receptor-immunoreactive cell bodies in lamina X after spinal transection. The
colocalization of CB1 receptors with GABA and/or glutamate has been demonstrated by



immunocytochemistry in the cortex, striatum, hippocampus and cerebellum of rat (Dove-Pettit et
al., 1998; Tsou et al., 1998; Egertova and Elphick, 2000) and primate brains (Ong and Mackie,
1999b). Double immunocytochemical or in situ hybridization labelings indeed have largely
confirmed the presence of CB1 receptors in GABAergic neurons in rat hippocampus (Tsou et al.,
1999; Hajos et al.,, 2000) and striatum (Hohmann and Herkenham, 2000), and in mouse
hippocampus, amygdala and entorhinal cortex (Marsicano and Lutz, 1999). Moreover, in human
Huntington's disease, a parallel degeneration pattern was observed in both GABA and CB1
neurons of the basal ganglia (Glass et al., 2000). In lamina Il, GABA presynaptically inhibits
primary afferent inputs (Malcangio and Bowery, 1996) through vesicle-containing dendrites
contacting glomerular afferent terminals (Todd and McKensie, 1989; Bernardi et al., 1995). In
contrast, NO synthesis, linked to Nmethyl-D-aspartate receptor activation, has been correlated to
the maintenance of hyperalgesia in chronically suffering rats (Moore et al., 1991; Meller et al.,
1992). The functional meaning of CB1 receptors in spinal GABA- and NO-containing neurons
remains to be determined. In the hippocampus, CB1 receptor agonists presynaptically inhibit
GABA release through CB1 receptors, localized on axon terminals of basket cells (Katona et al.,
1999). By contrast, the exclusive somatic and dendritic localizations of CB1 receptors in the dorsal

horn suggest a postsynaptic action of cannabinoids on NO and GABA interneurons, although the
possibility that our antibody may detect CB1 receptors only at synthesis and transport sites cannot
be ruled out. Our results are not in agreement with those of Farquhar-Smith et al. (2000), who have
shown a different laminar distribution of CB1 receptor immunoreactivity with two bands at lamina |
and at the border between laminae Ili and Ill, separated by a band of lower immunoreactivity at
lamina llo. This discrepancy may be accounted for by different immunocytochemical procedures
and/or antibodies used. A spliced variant of the human CB1 receptor (CB1A), with a shorter N-
terminal tail (Shire et al., 1995), has been described. Our antibody, directed against the N-terminal
tail of the receptor, is unable to recognize the truncated form, while the antibody of Farquhar-Smith
et al. (2000), directed against the C-terminal sequence, is able to recognize both CB1 and CB1A
receptor isoforms. It would thus be possible that both CB1 receptor and CB1A are expressed in the
dorsal horn with a different laminar distribution. Moreover, if these two isoforms exist their different
laminar distribution suggests that they would control different primary afferent terminals.
Interestingly, anandamide and tetrahydrocannabinol seem to act at different receptor sites to
modulate endogenous opioids in a model of chronic pain (Smith et al., 1998), further suggesting a

heterogeneity of cannabinoid binding sites in the spinal cord. The reexamination of cannabinoid
receptor distribution in the DRG using several antibodies directed against different epitopes of the
CB1 and CB2 receptors would shed light to answer this question.

The localization of the epitope recognized by the antibody also has important consequences for the
subcellular localization of the receptor using immunocytochemistry. An epitope localized at the N-
terminal part of the receptor would be poorly detected when the receptor is expressed at the
plasma membrane since this would require the penetration of the antibody in the extracellular
space, a very narrow compartment (Zerari et al., 1998). Consequently, the present subcellular
study may drastically underestimate the plasma membrane localization of CB1 receptors and may
reflect principally synthesis, transport and storage sites. A fast turnover of the receptor may also be
responsible for a low detection at the plasma membrane and indeed the spinal cannabinoid system
is tonically active (Martin et al., 1999a). Whereas CB1 receptors are synthesized in numerous DRG
cells (the present study and Hohmann and Herkenham, 1999a), transported centrally (Hohmann
and Herkenham, 1998, 1999b), the number of labeled axon terminals observed here is lower than
one might expect. It has to be noted however that a relatively low level of capsaicin-sensitive
binding sites (16%) was observed by Hohmann and Herkenham (1998). Ong and Mackie (1999a),
using the same antibody, also described an exclusively postsynaptic localization for CB1 receptors
in the primate spinal cord. Moreover, recent results on the vanilloid VR1 receptor showed the same
discrepancy between cell body (in DRG) and central terminal (in the dorsal horn) expression of the
receptor (Valtschanoff et al., 2001). This absence, or at least low immunoreactivity, in central axon
terminals could perhaps be explained by a preferential addressing of VR1 receptors to the
periphery (Guo et al., 1999).

CONCLUSION



We have shown the presence of CB1 receptor-like immunoreactivity on heterogeneous primary
afferent DRG cells suggesting a presynaptic control of different sensory messages, including
nociceptive, by cannabinoids. A postsynaptic control of nociceptive information is achieved by
cannabinoid modulation of GABA and/or NO lamina Il islet cells. Comparison of our results with
data in the literature suggests that a CB1A receptor variant with a truncated N-terminal tail exists in
the rat dorsal horn.
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