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The vanilloid receptor-1is expressed in rat spinal dorsal horn astrocytes
Stephane Doly*, Jacqueline Fischer, Chiara Salio, Marie Conrath

CNRS UMR 7101, Neurobiologie des Signaux Intercellulaires, Universite” Pierre et Marie Curie, 7
Quai Saint Bernard, 75252 Paris, France

Abstract

The vanilloid receptor-1 (TRPV1), expressed by nociceptive fibers, is a transducer of thermal and
chemical nociceptive messages. However, endogenous ligands excite TRPV1 receptors localized
on central nociceptive terminals and interneurons. Using immunocytochemistry at the
ultrastructural level, we show that TRPV1 is also expressed in spinal glial cells characterized as
astrocyte by double labeling with glial fibrillary acid protein. Quantification of the labeling shows
that the most numerous labeling is neuronal and that 7% of the total TRPV1 labeling is localized in
astrocytes. The total absence of staining in TRPV1 knock out mice strongly suggests that true
TRPV1 protein is present in astrocytes. The localization of TRPV1-containing astrocytes apposed
to nociceptive C-terminals suggests that they may be involved in the control of pain transmission.

Keywords: Astrocyte; Capsaicin; Glial fibrillary acidic protein; Immunocytochemistry; Spinal cord,
Ultrastructure

The vanilloid receptor-1 (TRPV1) is a ligand-gated cation channel sensitive to capsaicin [6]. It is
also activated by heat, protons [6] and inflammatory mediators [9]. TRPV1 is expressed by
nociceptive primary neurons [6] where it is involved in transduction of nociceptive stimulations [6].
Several arguments led us to hypothesize that TRPV1 receptors may also be expressed by
astrocytes. (1) Recent studies have shown that TRPV1 is expressed not only by primary
nociceptive neurons but also by instraspinal neurons [15]. (2) TRPV1 and the cannabinoid
receptor-1 (CB1), co-localized in a subpopulation of dorsal root ganglion cells [2], are linked by a
common endogenous ligand anandamide [18]. And CB1 receptors have already been
demonstrated in spinal astrocytes [12]. (3) Finally, TRPV1 is essential for the development of
inflammatory hyperalgesia at both peripheral [5] and spinal levels [14]. And spinal astrocytes are
known to be activated in experimental models that produce hyperalgesia [17]. In order to verify this
hypothesis, we have investigated the presence of TRPV1 immunoreactivity in astrocytes in the
dorsal horn of the rat spinal cord.

The experiments were performed on 12 adult male Wistar rats in accordance with the European
Community Council Directive (86/609/EEC). Under anesthesia, rats were perfused intracardially
with 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PB, pH 7.4). Lumbar spinal cords
were dissected out and postfixed in the same fixative. Free floating vibratome sections (50 mm
thick) were preincubated in 0.02 M saline phosphate buffer (pH 7.4) containing 6% bovine serum
albumin (PBS-BSA), then incubated for 15 h at 4 8C with (1/1000) goat anti-TRPV1 antibodies
(Santa Cruz, USA). Sections were incubated for 1 h in 1/250 biotinylated horse anti-goat 1gG
(Vector, USA) and then incubated for 1 h in 1/250 avidin-biotinylated peroxidase complex (Vector,
USA). The peroxidase reaction was processed with 0.04% (w/v) 3,30-diaminobenzidine (Sigma,
France) and 0.01% (v/v) hydrogen peroxide in 0.5 M Tris—HCI (pH 7.4). The specificity of the
reaction was controlled by preabsorption of the antibodies (1/1000) with 100 mg/ml immunizing
peptide. The antibodies’ specificity was controlled on spinal cord sections of three mice invalidated
for the TRPV1 gene (produced by Caterina et al. [5] and purchased from Jackson Lab., USA).
Three wild type mice were processed in parallel. For electron microscopy, immunolabeled sections
were postfixed with 1% osmium tetroxide and embedded in araldite. Ultrathin sections were
stained with lead citrate and examined using a Jeol EM.

The TRPV1 labeling was quantified directly under the electron microscope in the two superficial
layers from 12 ultrathin lumbar sections from six different animals. Cellular processes were
classified as axon, axon terminals, perikarya, dendrites or glia according to morphological criteria
previously described [11].
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Fig. 1. (A) TRPV1 immunolabeling in the lumbar (L4) dorsal horn of the rat spinal cord.
Immunoreactive fibers are dense in the two superficial layers of the dorsal horn (dh), particularly in
lamina | and lli while lamina lio is less labeled. (B) TRPV1 immunoreactivity in the mouse lumbar
spinal cord. Notice the labeling of the two superficial layers. (C) Absence of TRPV1 labeling in a
mouse in which the TRPV1 gene has been invalidated. (D) Double labeling TRPV1 (red)/GFAP
(green) in the region corresponding to the insert in (A). Colocalization is indicated in yellow
(arrows). Four examples are shown at higher magnification. Scale bars 250 mm in (A), (B), (C) and
50 mm in (D).

All elements containing a peroxidase reaction product associated with a subcellular organelle
were counted, even if it was restricted to a small group of neurotubules (often seen in dendrites) or
to a few synaptic vesicles. Counting was made in dorsal horn lamina | (n:3388) and lamina Il
(n:2395). The total surface area examined was 221 000 mmz2. For double labeling TRPV1/glial
fibrillary acidic protein (GFAP), sections were incubated in a mixture of 1/1000 goat anti-TRPV1
antibodies and 1/1000 rabbit GFAP (DAKO, Denmark) for 15 h. Sections were incubated in 1/250
biotinylated anti-goat antibodies (Vector, USA) for 1 h and then in 1/400 streptavidin-Cy3 (Sigma,
France) for 1 h. Finally, sections were incubated in 1/400 donkey anti rabbit-FITC (Santa Cruz,
USA) for 1 h. The images were collected with an MRC 600 confocal microscope (Bio-Rad).

For ultrastructural TRPV1/GFAP double labeling, sections were incubated in 1/1000 rabbit anti-
GFAP antibodies, for 15 h and then in 0.8 nm gold-labeled anti-rabbit IgG antibodies (1/100)
(Aurion, France) for 4 h in PBS-BSA. Gold was intensified by the silver intensification kit (Sigma,
France). Sections were then fixed in 2.5% glutaraldehyde. TRPV1 labeling was performed as seen
above using the avidin-biotin-peroxidase method. The following control experiments were
performed: (1) antigen/antibody preabsorption (see above); (2) omission of the primary antisera to
test the background brought by the second antibodies; (3) reciprocal labeling (gold for TRPV1,
peroxidase for GFAP). TRPV1 immunoreactivity was concentrated in the dorsal horn, particularly in
lamina I. The outer part of lamina Il was weakly labeled whereas the inner part was intensely
labeled (Fig. 1A). Antigen/antibody preabsorbtion resulted in a total absence of staining. A total
absence of staining was observed in TRPV1 knock out mice, whereas wild type mice displayed a
pattern of immunoreactivity comparable to that observed in the rat (Fig. 1B,C). Double labeling
TRPV1/GFAP revealed co-localization in the dorsal horn (Fig. 1D). Under the electron microscope,
numerous presynaptic labeling (in axon and axon terminals) but also a consistent postsynaptic
labeling (cell bodies, dendrites) was observed. TRPV1 labeling was also observed in glial cells
(Fig. 2), identified by their amorphous shape, lack of vesicles and synaptic contacts, and presence
of microfilaments. The gliallabeling was localized in the cytoplasm; it appeared as patches of grey
precipitate. Labeled astrocytes were found as foot processes on blood vessels (Fig. 2A). They
might surround primary afferent terminals (Fig. 2B). Double labeling (silver-gold for GFAP and
peroxidase for TRPV1) showed a co-localization in the same glial process (Fig. 2C).
Antigen/antibodies preabsorption led to a total absence of labeling. Moreover, the reciprocal



labeling (gold for TRPV1, peroxidase for GFAP) gave the same results (not shown).






Fig. 2. TRPV1 labeling in glial cells at the electron microscope level. In (A), a labeled astrocytic foot
is apposed to a capillary. In (B), a labeled glial process surrounds a primary afferent axon terminal
(C), presumably the center of a C1 glomerulus. In (C) a double labeling TRPV1/GFAP is shown.
GFAP labeling (gold, pointed by thin arrows) appears as dense black particles, peroxidase-TRPV1
labeling (large arrows) appears as grey precipitate. Scales bars: 250 nm.

Finally, no labeling was present under the electron microscope in knock out mice either in neuronal
or in glial cells. The quantitative analysis showed that the main labeled neuronal profiles in laminae
I and Il were axons and terminals. In laminae | and Il axons represented 42.1% and 39.4% of the
total immunoreactive elements, respectively; axon terminals represented 35.1% and 22.5%. The
postsynaptic labeling, in dendrites and cell bodies, was less frequent in lamina | than in lamina Il.
In lamina I, 16.3% of the total labeling was localized in dendrites, whereas in lamina Il the labeled
dendrites represented up to 30% of the total labeling. In contrast, the percentage of glial labeling
was nearly constant over the two laminae (7.4% in lamina | and 7% in lamina Il). Our results show
that TRPV1 immunoreactivity in the rat dorsal horn is observed not only in neuronal but also in glial
cells. The absence of immunoreactivity in the dorsal horn of TRPV1 knock out mice (at both light
and electron microscope levels) suggests that true TRPV1 is expressed in glial cells. Double
labeling with GFAP shows that TRPV1 glial cells are astrocytes. The quantification of TRPV1
labeling at the ultrastructural level shows, in agreement with previous data, that the most numerous
immunoreactive processes were neuronal (in axons and axon terminals). It also shows that the
post-synaptic labeling, in dendrites and cell bodies, is substantial, particularly in lamina Il. Finally it
demonstrates that the glial labeling corresponds to a relatively high percentage (about 7%) of the
total labeling in both laminae. Such a nonneuronal localization of TRPV1 has been previously
described in peripheral tissues for example in cardiomyocytes [8] or epithelial cells [4]; we
demonstrate here that a non-neuronal localization of TRPV1 also occurs in the central nervous
system. The presence of immunoreactive astrocytic feet apposed to blood vessels suggests that
endogenous vanilloids may play a role in the control of blood pressure at the spinal level. Several
data already shows that anandamide is involved in the control of blood pressure through TRPV1
and/or CB1 receptors [10]. Some TRPV1-labeled astrocytes are apposed to C fiber terminals
suggesting that they could be involved in pain modulation. Anandamide, a potential TRPV1
endogenous ligand [13], has been shown to inhibit astrocytic gap junctions in the striatum, and
hence modulates glutamate synapses, through a non-CB1 mechanism [16]. It remains to
determine whether such a mechanism also occurs in the spinal cord and whether TRPV1 is
involved. Astrocytic TRPV1 receptors in the spinal cord may be also involved in inflammation and
central sensitization, and actually, it has been shown that capsaicin stimulates NO release from
isolated dorsal root ganglion neurons [3]. Moreover, in several models of pathological pain a ‘glial
reaction’ consisting of a drastic swelling of astrocytes leading to the release of proinflammatory
substances is observed [17]. CB1 and TRPV1 receptors are co-expressed in numerous C-fibers [2]
and a physiological balance between the two receptors has been suggested. Anandamide may
regulate CGRP release from capsaicin sensitive fibers in vivo through TRPV1 or CB1 receptors,
depending on anandamide concentration but also on the state of the receptors [1]. At the spinal
level, anandamide has been shown to modulate capsaicin-sensitive fibers in a concentration-
dependent manner, inhibitory through CB1 and excitatory through TRPV1[13]. In addition, several
allosteric interactions by pro-inflammatory substances may enhance the effect of anandamide on
TRPV1 (see Ref. [7]). In order to bring further insights into the role of CB1/ TRPV1 receptors in
pain modulation we are currently investigating their expression after acute and chronic
inflammation. Are TRPV1 mRNAs up-regulated only in the central end of primary fibres [14] or also
in astrocytes and/or spinal neurons? Are CB1 receptors modified in the same conditions?

References

[1] J. Ahluwalia, L. Urban, S. Bevan, I. Nagy, Anandamide regulates neuropeptide release from
capsaicin-sensitive primary sensory neurons by activating both the cannabinoid 1 receptor and the
vanilloid receptor 1 in vitro, Eur. J. Neurosci. 17 (2003) 2611-2618.

[2] J. Ahluwalia, L. Urban, M. Capogna, S. Bevan, |. Nagy, Cannabinoid 1 receptors are expressed
in nociceptive primary sensory neurons, Neuroscience 100 (2000) 685—688.



[3] L.A. Birder, A.J. Kanai, W.C. De Groat, DMSO: effect on bladder afferent neurons and nitric
oxide release, J. Urol. 158 (1997) 1989-1995.

[4] L.A. Birder, A.J. Kanai, W.C. De Groat, S. Kiss, M.L. Nealen, N.E. Burke, K.E. Dineley, S.
Watkins, 1.J. Reynolds, M.J. Caterina, Vanilloid receptor expression suggests a sensory role for
urinary bladder epithelial cells, Proc. Natl. Acad. Sci. USA 98 (2001) 13396-13401.

[5] M.J. Caterina, A. Leffler, A.B. Malmberg, W.J. Martin, J. Trafton, K.R. Petersen-Zeitz, M.
Koltzenburg, A.l. Basbaum, D. Julius, Impaired nociception and pain sensation in mice lacking the
capsaicin receptor, Science 288 (2000) 306—313.

[6] M.J. Caterina, M.A. Schumacher, M. Tominaga, T.A. Rosen, J.D. Levine, D. Julius, The
capsaicin receptor: a heat-activated ion channel in the pain pathway, Nature 389 (1997) 816-824.
[7] M. Di, V.T. Bisogno, L. De Petrocellis, Anandamide: some like it hot, Trends Pharmacol. Sci. 22
(2001) 346-349.

[8] M. Dvorakova, W. Kummer, Transient expression of vanilloid receptor subtype 1 in rat
cardiomyocytes during development, Histochem. Cell Biol. 116 (2001) 223-225.

[9] S.W. Hwang, H. Cho, J. Kwak, S.Y. Lee, C.J. Kang, J. Jung, S. Cho, K.H. Min, Y.G. Suh, D.
Kim, U. Oh, Direct activation of capsaicin receptors by products of lipoxygenases: endogenous
capsaicin-like substances, Proc. Natl. Acad. Sci. USA 97 (2000) 6155-6160.

[10] B. Malinowska, G. Kwolek, M. Gothert, Anandamide and methanandamide nduce both
vanilloid VR1- and cannabinoid CB1 receptor-mediated changes in heart rate and blood pressure
in anaesthetized rats, Naunyn Schmiedebergs Arch. Pharmacol. 364 (2001) 562-569.

[11] A. Peters, S.L. Palay, H.D. Webster, The Fine Structure of the Nervous System: Neurons and
their Supporting Cells, Oxford University Press, New York, 1991, 406 pp.

[12] C. Salio, S. Doly, J. Fischer, M.F. Franzoni, M. Conrath, Neuronal and astrocytic localization of
the cannabinoid receptor-1 in the dorsal horn of the rat spinal cord, Neurosci. Lett. 329 (2002) 13—
16.

[13] M. Tognetto, S. Amadesi, S. Harrison, C. Creminon, M. Trevisani, M. Carreras, M. Matera, P.
Geppetti, A. Bianchi, Anandamide excites central terminals of dorsal root ganglion neurons via
vanilloid receptor-1 activation, J. Neurosci. 21 (2001) 1104-1109.

[14] C. Tohda, M. Sasaki, T. Konemura, T. Sasamura, M. Itoh, Y. Kuraishi, Axonal transport of VR1
capsaicin receptor mRNA in primary afferents and its participation in inflammation-induced
increase in capsaicin sensitivity, J. Neurochem. 76 (2001) 1628-1635.

[15] J.G. Valtschanoff, A. Rustioni, A. Guo, S.J. Hwang, Vanilloid receptor VR1 is both presynaptic
and postsynaptic in the superficial laminae of the rat dorsal horn, J. Comp Neurol. 436 (2001) 225—
235.

[16] L. Venance, D. Piomelli, J. Glowinski, C. Giaume, Inhibition by anandamide of gap junctions
and intercellular calcium signalling in striatal astrocytes, Nature 376 (1995) 590-594.

[17] L.R. Watkins, E.D. Milligan, S.F. Maier, Glial activation: a driving force for pathological pain,
Trends Neurosci. 24 (2001) 450-455.

[18] P.M. Zygmunt, J. Petersson, D.A. Andersson, H. Chuang, M. Sorgard, V. Di, D. Julius, E.D.
Hogestatt, Vanilloid receptors on sensory nerves mediate the vasodilator action of anandamide,
Nature 400 (1999) 452-457.



