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SUNTO. — 1l dolore ¢ una risposta dell’organismo ad un insulto, esterno o interno. La
sua funzione ¢ quella di avvertire e proteggere 'organismo da ulteriori danni. L Asso-
ciazione Internazionale per lo Studio del Dolore ha definito il dolore come “esperienza
sensoriale o emozionale spiacevole, associata ad un potenziale o reale danno tissutale o
descritto come tale”. Il dolore neuropatico ¢ un tipo di dolore cronico che origina di-
rettamente da un danno al sistema nervoso stesso, centrale o periferico. E’ un tipo di
dolore a lungo termine, con alta incidenza e di difficile trattamento farmacologico. 1
meccanismi fisiopatologici alla base del dolore cronico hanno identificato i neuroni sen-
soriali afferenti come il bersaglio primario per la terapia. Tuttavia, anche le cellule gliali
centrali o periferiche (ad esempio le cellule di Schwann) sembrano essere fondamentali
per il controllo del dolore. T circuiti nervosi, che coinvolgono I'acido y-aminobutirrico
(GABA) e i suoi recettori GABA-B, sono stati a lungo considerati in studi preclinici di
dolore acuto e cronico. I recettori GABA-B coinvolti nelle vie del dolore sono recettori
sopraspinali e spinali, presinaptici e postsinaptici. I recettori GABA-B sono presenti an-
che nei gangli dorsali spinali e negli assoni periferici. Di recente si ¢ dimostrato che i re-
cettori GABA-A e GABA-B sono funzionalmente attivi anche sulle cellule di Schwann.
L attivazione dei recettori GABA-A controlla la sintesi di GABA, attivando un mecca-
nismo autocrino che regola la mielinizzazione periferica operata dalle cellule di
Schwann. Lattivazione dei recettori GABA-B, invece, induce meccanismi autonomi e
non-autonomi delle cellule di Schwann. I recettori GABA-B controllano la struttura e
Pespressione delle proteine mieliniche. Inoltre, i recettori GABA-B inducono modifica-
zioni indirette del compartimento neuronale periferico, controllando il numero di fibre
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amieliniche, deputate alla trasmissione nocicettiva, quindi partecipando al dolore peri-
ferico. Queste osservazioni sono importanti per lo sviluppo della futura farmacoterapia
del dolore, che dovrebbe tenere in considerazione il coinvolgimento delle cellule gliali
e i meccanismi neuropatologici alla base del dolore cronico.

ABSTRACT. — Pain is an adaptive sensation that normally appears as a warning, activated
in response to a damage of the organism. Pain serves to protect the organism to further
tissue injuries. The International Association for the Study of Pain (IASP) defined pain
as “an unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage” (see definition on the TASP
homepage at www.iasp-pain.org). Pain can be generally divided into two categories,
acute and chronic pain: acute pain is properly a sudden warning pain which signals that
something is wrong in the body. If the cause is not removed acute pain may develop in
chronic pain, which is persistent and debilitating.

When a damage or a dysfunction affects directly the central or the
peripheral nervous system, so that the pain becomes the pathology, it is
termed neuropathic pain. It can be described as burning, tingling,
shooting, stabbing, or shocking. Injury to the brain, brain tumors, dia-
betic neuropathy as well as herpes zoster are among the pathologies
that may cause this type of pain [1]. Neuropathic pain is often under-
diagnosed and undertreated, and it is associated with suffering, disabil-
ity, impaired quality of life, and increased cost. Neuropathic pain is a
long-term process that results difficult to treat.

The increasing knowledge of the mechanisms of pain identified
the primary afferent neurons as an important target for the develop-
ment of novel analgesics. However, neuropathic pain is an heteroge-
neous process, in terms of etiological factors, molecular mechanisms,
but also cells involvement [2]. The central (z.e., astrocytes, oligodendro-
cytes) and peripheral glial cells (z.e., Schwann cells) are fundamental for
the regulation of neuronal activity and also for the control of the noci-
ceptive transmission.

y-aminobutiric acid (GABA) is generally considered the main
inhibitory transmitter in the nervous system, being involved in the pro-
cessing of nociceptive information. These effects are mediated through
activation of ionotropic (Z.e. GABA-A) and metabotropic (z.e. GABA-
B) receptors. In particular, the importance of GABA-B receptors in
nociceptive processing was well documented in the early 90’s, in a series
of preclinical studies in which the GABA-B specific agonist baclofen
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proved to be antinociceptive in models of acute and chronic pain [3,4].
These effects are likely mediated by spinal and supraspinal GABA-B
receptors. The supraspinal effects appear to reflect depression of
ascending adrenergic and dopaminergic inputs to the brainstem, and
facilitation of descending nor-adrenergic input to the spinal cord dorsal
horn [5]. At spinal cord level, the baclofen-induced analgesic effect is
attributed to the activation of presynaptic GABA-B receptors, localized
on the terminals of peptidergic primary afferents fibers, which deter-
mine the suppression of transmitter release [6]. GABA-B receptors are
also involved in the inhibitory effects of other co-neurotransmitters on
glutamatergic synaptic transmission and pain [7]. However, postsynap-
tic mechanisms are involved. Indeed, the decrease of dorsal horn neu-
ron excitability and the regulation of intrinsic neuronal properties [8,9]
suggest an additional postsynaptic GABA-B mechanism on pain.
GABA-B receptors exert a basal inhibition that is induced by a tonic
excitatory control through the group I metabotropic glutamate recep-
tors (mGluR), thus resulting in a dynamic balance of inhibitory and
excitatory inputs on the dorsal horn neurons [9]. Both GABA-B recep-
tors and group I mGluRs modulate inwardly rectifying potassium (Kir)
channels, L-type and N-type voltage-gated calcium channels [10,11].
The contribution of GABA-B receptors to the nociceptive processing
was further explored with GABA-B1 knock-out mice [12]. Acute
mechanical and thermal thresholds to painful stimuli were reduced in
knock-out animals. Thus, tonic GABA-B receptor activation appears to
contribute to the establishment of a nociceptive threshold. However,
the use of baclofen in clinical practice has been limited due to a rapid
tolerance and the possible desensitization of GABA-B receptors.

In the mid-70’s the studies on the presence of GABA and its
receptors outside the central nervous system were performed. Indeed,
the accumulation of >H-GABA was shown in Schwann cells of the
taste buds of the amphibian necturus maculosus [13]. At the peripher-
al nervous system (PNS) level, the presence of GABA-B receptors has
been then demonstrated in the rat dorsal root ganglion (DRG), in
peripheral axons, in autonomic nerve terminals and in pig nodose
ganglion cells [14-19]. Recently, we showed that Schwann cells
express different active isoforms of GABA-B receptors, such as -1a, -
1b, -1c, and -2 [20,21]. Exposure of Schwann cells to the specific
GABA-B agonist baclofen, instead, decreases the cell proliferation
and the percentage of Schwann-BrdU immunopositive cells. Baclofen
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also decreases the levels of the specific PO and PMP22 peripheral
myelin proteins, suggesting a GABA-B mediated control of peripheral
myelination [21]. Interestingly, the presence of possible autocrine
GABA-B mediated mechanisms in the PNS has been suggested by the
capability of Schwann cells to synthesize GABA. It may activate
autocrinally either the GABA-B or the GABA-A receptors, regulating
the Schwann cell development [22]. Therefore, the PNS is a potential
target for GABA’s action, suggesting that GABA-A and GABA-B
receptors cross-interact in a complex mechanism influencing the
Schwann cell biology [23].

Given the thermal hyperalgesia and the lack of allodynic behavior
observed in GABA-B1 knock-out mice, this type of animals has been
used to assess the peripheral contribution of GABA-B receptors to the
nociceptive processing [24]. Indeed, the morphologic and biomolecu-
lar analysis of GABA-B1 knock-out mice further evidences the role of
this receptor in the PNS. GABA-B1-deficient mice exhibited morpho-
logical and molecular changes in peripheral myelin, including an
increase in the number of irregular fibers and in the expression levels
of PMP22 and PO [24]. In particular, these mice presented a high num-
ber of small myelinated fibers and small neurons of the lumbar DRG
[24], suggesting a role for GABA-B in the control of the peripheral
nociceptive fibers. Although, GABA-B receptors may have activational
effect in PNS, the possibility that the sensory nerve fiber dysmyelina-
tion contributes to the nociceptive phenotype is plausible. A peripheral
co-regulation between GABA-A and GABA-B receptors in the control
of Schwann cell physiology may contribute to add more complexity to
these mechanisms [25]. GABA-A receptors, in fact, are present in
Schwann cells, they participate in the control of myelin protein expres-
sion and they show opposite effects to GABA-B activation [25]. A sim-
ilar cross-interaction between GABA-A and GABA-B receptors may
explain the decrease in antinociceptive potency of baclofen in those
mice lacking the GABA-A 3 subunit [26]. In a model of diabetic neu-
ropathy, bearing peripheral demyelination and neuropathic pain, the
increased glutamatergic input from primary afferents to dorsal horn
neurons is the result of a reduction in presynaptic GABA-B receptors
[27]. However, in the PNS of GABA-B1 knock-out mice not only the
peripheral myelin but also the neuronal compartment was modified
[24]. Electron microscopy analysis of the lumbar DRG, where the soma
of the sensory neurons that synapse the lamina I-IV of the spinal dorsal
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horn are located, showed an increase in small neurons [24]. The small
sensory neurons of the DRG with thin myelinated axons usually origin
the Ad fibers [28]. The altered morphological findings in the PNS of
GABA-B1 knock-out mice, such as the high number of myelinated
fibers of small caliber might be ascribed to an increase in Ad and C
fibers. Moreover, the neuropathologic analysis of the skin, revealed that
the number of intraepidermal unmyelinated sensory fibers, mostly rep-
resenting C fibers, is normal in GABA B1 knock-out mice. In agree-
ment, the immunolabeling of the peripheral nerves for specific neu-
ropeptides (e.g. CGRP) or neurofilaments (z.e. NF200) confirmed that
likely Ad-sensory fibers are increased in the GABA-B1 knock-out mice.
However, some extrasynaptic roles for GABA-B receptors in nocicep-
tion have been also demonstrated at the spinal level. Post synaptic
effects of GABA-B1b-containing receptors have been demonstrated in
somatosensory neurons, whereas GABA-B2/GABA-B1b dimers specif-
ically induce postsynaptic, long-lasting inhibition of dendritic Ca?*
spikes [29]. The involvement of calcium channels in GABA-B-mediat-
ed control of neuronal activity has been documented in the spinal cord.

In conclusion, chronic and neuropathic pains are still far from the
identification of clinic reliable therapies. The involvement of glial cells
in the neuropathologic and molecular mechanisms of pain should be
taken in consideration to improve the future pharmacotherapy of neu-
ropathic pain. We showed that the GABAergic system (GABA and its
GABA-A and GABA.B receptors) is functionally present in Schwann
cells. GABA-A receptors, via activation of the PK-A and PK-C signal-
ing pathways, control the GABA synthesis in Schwann cells and supply
an autocrine loop that, in turn, regulates peripheral myelination.
GABA-B receptors induce either Schwann cell autonomous or non-
autonomous mechanisms. GABA-B receptors control myelin structure,
myelin protein expression and Schwann cell structure. Moreover,
GABA-B receptors induce Schwann cell mediated changes in the neu-
ronal compartment, controlling the number of unmyelinated fibers,
thus participating actively to the peripheral nociception. Future phar-
macotherapy of neuropathic pain should necessarily take in account
these issues.
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