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Abstract
Somatostatin (SST) in spinal cord has been linkath the inhibition of

nociceptive neurotransmission in several experialeptradigms. The SST2
receptor (SSTR2) is the main SST receptor subtygbasuperficial dorsal horn
(DH) and is activated, besides to the naive peplbigéhe SST synthetic analogue
octreotide (OCT). In the present work, we have istidhe central effects of
SSTR2 activation on capsaicin (CAP)-induced glutamalease in mouse Dih
neurons of the lamina Il of DH, CAP (#8M) induced a strong increase of mMEPSC
frequency that was significantly reduced (70%) byTOGSSTR2 involvement was
assessed by using the specific antagonist C¥4806. No differences were observed
between frequency increase in CAP alone vs. CAthenpresencef CYN 154806

+ OCT. The effect of OCT was further investigategdsibudying c-fos expression in
spinal cord slices. The CAP-induced increase in densityro§ immunoreactive
nuclei in the superficial DMias strongly prevented by OCT.

SSTRZ2a (a splicing variant of SSTR2) immunoreatstiwas found in both pre- and
post-synaptic compartments of laminae I-Il synapdeg light and electron
microscopy, SSTR2a was mainly localized ontm-peptidergic isolectin B4 (IB4)-
positive primary afferent fibres (PAFs). A subsettbEm was alséound to express
the CAP receptor TRPV1.

These data show that the SST analogue OCT inlil&i3-mediated activation of
non-peptidergic nociceptive PAFs in lamina Il. Qilata indicate that SSTR2a
plays an important role in the pre-synaptic modomtof central excitatory
nociceptive transmission in mouse.
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1. Introduction

Somatostatin (SST) is a small peptide widely disiieéd in brainand peripheral
tissues. SST can be detected in several areas aktitral nervous system (CNS),
including the spinal cord, whereakhibits a variety of physiological effectSglmer
et al., 2000Viollet et al., 2008 by binding to a specific group of G-protein couble
receptors Ratel and Srikant, 1997; Olias et al., 2004heselatter have been
cloned and characterized, eventually leadingth® discovery of five different
molecules (referred to as SSTR1#mt have been collected into two main families
on the basis dftructural and functional feature¥idllet et al., 1995; PatelLl999.
The effects of SST in spinal cord are usually assed with an inhibition of
nociceptive neurotransmission in several experialeparadigms Carlton et al.,
2001; Su et al.,, 2001; Malcanges al., 2002 and the peptide, as well as its
synthetic analoguectreotide (OCT), have been shown to evoke analgesmany
clinical situations, including several differenpgs of pathological pairPénn et al.,
1992; Paice et al., 1996; Dahaba et al., 2009

Morphological studies in rat have shown that SST &%TRs areexpressed in
primary afferent fibres (PAFs) and neurons in spéal cord dorsal horn (DH;
Segond Von Banchet et al., 1998swells as in dorsal root ganglia (DR@ar et
al., 2004, these anatomical localization being supportie¢he role of the peptide
in the control of nociceptive information.

More precisely, SSTR2a is contained in a denseoar&taf processes as well as in
small round neuronal cell bodies within teaperficial DH, whereas SSTR2b is
prominent throughout the spingitey matter in the somas and proximal dendrites of
relatively large neuronsS¢hulz et al., 2000 In DRGs, expression of SSTR1-4
receptors has been shown in small and large sieé#doodies Bar et al.,2004;
Senfaris et al., 1995

Electrophysiological studies in rat so far haveyorgportedpost-synaptic SST-
induced hyperpolarisation in a sub-populatcdrDH neurons, and, in general, have
failed to show any significanEST-mediated pre-synaptic effect at PAF central
endings Kim et al.,2002; Jiang et al., 2003

Carlton and colleagues (2004pve demonstrated that the activation of SSTR2
expressed peripherally on rat PAFs reducegpthenociceptive effects of capsaicin
(CAP), the pungent vanilloid of hot chili pepp&aterina et al., 1997; Tominaga et
al., 1998. Given that the CAP receptor, TRPV1 is also higbkpressed in the
central projections of nociceptive neurons givimgerto C and AdPAFs Michael
and Priestley, 1999; Guo et al., 200lone mayhypothesize that SST also
modulates the central effects of thanilloid. These latter are mainly due to CAP-
induced neurotransmitter releadérijan and Dray, 1992; Yang et al., 1998; Ferrini
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et al., 200Y at the synapse between PAFs and DH neurons.

In this paper, we devised a series of experimaentssessvhether or not activation
of mouse pre-synaptic SSTR2a in lamihaf the DH may challenge the effects of
TRPV1 on spinal excitatongeurotransmission.

2. Methods

All experimental procedures were approved by tladiam Ministry of Health and
the Committee of Bioethics and Anim&Velfare of the University of Torino.
Animals were maintainedccording to NIH Guide for the Care and Use of Lrabmry

Animals.

2.1. Electrophysiology

Post-natal CD1 mice (P8-P12; n = 29) were deeplpesthetized with an
intraperitoneally administered lethal dose of sodpentobarbital (30 mg/kg). The
thoracic and lumbar regions of thlepinal cord were removed and constantly
maintained submergad ice-cold artificial cerebro-spinal fluid (ACSF) rdaining:
NaCl 125 mM, KCI 2.5 mM, NaHC@ 25 mM, NakbPO4 1 mM, glucose 25 mM,
MgCl2 1 mM, CaCp 2 mM, saturated with 95% #65% CCO» during the entire
procedure. Three hundred and fifty micrometer-tldokonal slices were cut with a
vibrating microtome. Slicewere allowed to recover in oxygenatd@SF at 35 °C
for at least30 min and maintained at room temperature until iseingrecording
slices were constantly perfused (2 mi/min) with geyated ACSF. Lamina Il
neurons were visually identified with a fixed stageight microscope (Axioskop 1,
Zeiss, Gottingen, Germany) equipped with infrareddgent contrast optics (Luigs
and Neumann, Ratingen, Germany) using a 40x water irsimerobjective
(Achroplan, Zeiss, Gottingen, Germany). Patch pgsetere obtained from single-
filament borosilicate capillaries (WHerlin, Germany) using a vertical puller (PC-
10; Narishighe, TokyaJapan), and their resistances ranged from 4 to 7dvide
filled with the intracellular solution.

Miniature excitatory post-synaptic currents (MEPS@sre recorded with a low
chloride intracellular solution, containin@sMeSQ 145 mM, EGTA 5 mM, MgCk

2 mM, HEPES 10 mM, ATPNa 2 mM and 0.1% Lucifer Yellow (LY; Sigma

Chemicals, St. Louis,MO, USA) pH 7.2 (with CsOH). Guanosine’ 5[b-
thioldiphosphatd GDP-b-S; 1 IM) was added to the pipette to comipety inhibit
the binding of GTP by G-proteins and prevent pgsaptic effects mediated by SST
receptors. mMEPSCs were isolated in presendetaddotoxin (TTX; 1uM) at the
holding potential of65 mV.

Whole-cell patch-clamp recordings were obtained hwiain Axopatch 200B
amplifier (Molecular Devices, Foster City, CASA), sampled at 10 kHz and
filtered at 2 kHz. Analysis waperformed off-line with Minianalysis software
(Synaptosoft Inc.Decatur, GA, USA).
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Recordings were included for subsequent analydis ibaccessresistance was
stable throughout the recording session.

For data analysis, amplitude and frequency of mEPf@Controltraces and after
CAP application were compared within 200s timetervals, using the
Kolmogorov—Smirnov test for statistical signific@cNeurons were classified as
responsive when the distribution of inter-eventiaal and/or amplitude values
following CAP administration were significantly different coangd to thecontrol
(P <0.01).

Pooled data were reported as mean + SEM, with icatidg thenumber of neurons.
Wilcoxon matched-pairs test was used to cpare frequency and amplitude values
of grouped neurons (P < 0.05).

Differences between normalized data (expressed psr@nt-age of the predrug
control value £ SEM) were analyzed with Kruskal-Wi¢atest and Dunn’s test post
hoc. Data were considersaynificantly different when P < 0.05.

All drugs were bath applied. CAP, OCT, CYN 15480&l al'TX were from Tocris
(Bristol, UK). All other drugs were purchasedm Sigma Chemical<CAP was used
at 2uM final concentrationKerrini et al., 200 CYN 154806 has recently been
proved to be effective in blockinghouse SSTR2 in vivoTgerashima et al., 2009
The antagonist wagsed on slices at @M final concentration on the basis of
sliceexperiments in ratMori et al., 201) and mouseGammalleriet al., 2004 The
same concentration was also effective in bloc&J R2 in cultured rat trigeminal
ganglion neuronsT@akeda et al.2007) and in CHO-K1 cell membranes expressing
recombinant human SSTR2 or rat SSTR2a andHerjiuk et al., 2000

2.2.Light and electron microscopy

All immunohistochemical studies were carried outR8+12(n = 4) and P21-23
(n =4) CD1 miceThe reason for studying post-natal mice at differsges is be-
cause nociceptive circuits are subjected to subatampost-natal functional
maturation, particularly as regarding to C fibresivatg (see Fitzgerald, 200}
which is completed around the third pas&tal week in rat/mouse. Nonetheless, we
have recently showthat the response to CAP is unchanged in slicesairadat
from P8-12 or P21-23 miceFé€rrini et al., 201D Given that healthglices are
more easily obtained from more juvenile mice, wanted to make ourselves sure
that there were no obvious differences in expressioSSTR2a in these animals
hampering electrgphysiological studies.

Under deep pentobarbital anaesthesia, mice werduseer through the
descending aorta with Ringer solution, followed dotd fixative. The latter
consisted of 4% paraformaldehyde 02 M phosphate buffer (PB) for light
microscopy and 4% paraformaldehyde +0.01% glutataide for electron
microscopy. Afterperfusion, the lumbar spinal cord was cut in sedmeand,
after careful dissection, post-fixed for 2 additional l®oun the samaldehyde
mixture. Coronal sections were cut on a vibratomathickness of 7um.
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The following primary antibodies have been usedatgmti- SSTR2a (1:100 —
Santa Cruz, Biotechnology, Santa Cruz, CA), raabit-SST (1:1000 — raised against
SST-28;Merighi et al., 198 rab- bit anti-CGRP (1:1000 Merighi et al., 199},

rat anti-SP (1:500 BD Pharmingen, Franklin Lakes, NJ, USA), rabbiti-dmPV1
(1:1000 — Alomone Labs, Jerusalem, Israel), ralaoiti-Fos (1:100 — Abcam,
Cambridge, UK). Lectin from Bandeiraea simplicifo(iGriffonia simplicifolia),
biotin conjugated (IB4; 1:250 - Sigm&hemicals) was also used in
immunohistochemical procedures.

The anti-SSTR2a antibody was raised against a fgpseiquencet C terminus of
human SSTR2 that shares 100% homology withnloeise SSTR2aMVgller et al.,
2003. This sequence is lacking in tineouse SSTRZ2b, a truncated isoform of the
receptor Mgller et al.,2008 and is totally unrelated to the sequences of seou
SSTR1(Yamada et al., 1992SSTR3 Yasuda et al., 1992SSTR4 Echwabe et al.,
1996 and SSTR5Kaumeister et al., 1998

Immunocytochemical controls consisted in omissibrpmmary antibodies. Double
immunofluorescence stainings were performed by tioe-procedures as described
elsewhere Kerrini et al.,, 2007, 20)0Immunofluorescence was acquired using a
Leica TCS SP5 confocdadser scanning microscope. Green and red fluorescenc
were thermerged using Photoshop 7.0.1 (Adobe Systems, SanGaé, USA).
Pre-embedding immunostaining for SSTR2a visuabmati at the electron
microscope was performed with FluoronanogoldSteptavidin (Nanoprobes,
Yaphank, NY, USA) as described prewiisly Salio et al., 2006

2.3.Fos response to slice functional stimulation

Fos activation was studied in spinal cord slicgsrasiously de- scribedvgergnano
et al., 2008 Briefly, spinal cord acute slicegere obtained from two P8-12 CD1
mice and subjected to one dhe following experimental treatments: (i)
maintenance in ACSF for 3 h (control); (ii) incuioatwith CAP 2uM for 10 min
and thenwashing in ACSF for 3 h (CAP); (iii) pre-incubatiavith OCT 1uM for 30
min, then incubation with CAP and washing as abioveonstant presence of OCT
(CAP + OCT). Slices were then fixed, embedded iraffiar wax and processed for
DAB immunocytochemistry. Immunostained sectionsemainotographed with a 20x
objective.

The boundaries of the dorsal horn laminae werendatedaccording to criteria set
by Molander et al. (1984) and Paxinesmd Watson (1998)The cell density

(number of cells/ml%) within the superficial DH (laminae I-Il) was calculatedhwit
the Image&oftware (NIH, Bethesda, Maryland, USA). Analysiaswerformedblind

to the treatment. Statistics was performed with-wag ANOVA (Bonferroni post
hoc, P < 0.05). Data were expressednaan + SEM, with n indicating the number
of DH slices examined.

3. Results



3.1.Effects of OCT on mEPSCs after CAP pulses

The effect of OCT was studied after specific preag§ic activation of nociceptive
pathways by CAP. Pre-synaptic effects were isoldtgdblocking post-synaptic
SSTRs with a competitive G proteinhibitor dissolved in the recording pipette
(GDP-b-S, 1 mM) andoy bath-application of TTX (JuM) to block action
potentialmediated neurotransmission. All tested neurons wesponsivao CAP
application with a significant increase of mMEPSEgfiency (Kolmogorov—Smirnov
test, P <0.01).

In lamina Il neurons, incubation with CAP (@1 — 1 min,Fig. 1A) induced a strong
increase in MEPSCs frequency from 0.36 = 0.09té122.89 =+ 3.35 Hz (n = 7,
Wilcoxon test, P < 0.055ig. 1D, whitebars). A small increase in mMEPSC amplitude
was observed in only 3 out of 7 neurons (Kolmogef&mwirnov test, P < 0.01),
mainly due to a relative increase of large mEPSCs aftpsatain; howeverthe
overall change in the mean amplitude was not saamtfi (con- trol: 39.29 + 8.79 pA,
CAP: 40.37 £ 6.45 pA, Wilcoxon test, P > 0.0%g. 1E, white bars). When the same
experiment was performed presence of OCTHg. 1B), CAP induced a smaller
(albeit still significant) increase of frequencyngoared to control (from 1.01 + 0.35
Hz to 5.94 + 2.08 Hz, n= 8, Wilcoxon test, P <3)Big. 1D, black bars). Similarly
to the observations made after CAlBne, mMEPSC amplitude was increased in only
4 out of 8 neuron@Kolmogorov—Smirnov test, P < 0.01), but not in fhmled data
(control: 23.52 + 1.91 pA, CAP + OCT: 26.93 = 3dA&, n = 8, Wilcoxon test, P >
0.05,Fig. 1E, black bars). To investigate any possible invmigat of SSTR2, a third
series of experiments was pdormed in presence of CYN 154806, a specific
SSTR2 antagonigtl uM; Cammalleri et al.,, 2004; Takeda et al., 200ahd OCT
(Fig. 1C). In presence of CYN 154806+OCFHiq. 1C), CAP inducedn increase of
MEPSC frequency (from 0.85 = 0.19 Hz to 10.69 8342 n = 10, Wilcoxon test, P
< 0.05,Fig. 1D, grey barshs well as in amplitude (from 24.06 = 1.36 pA imtol

to 31.96 + 2.74 pA, Wilcoxon test, P < 0.0%g. 1E, grey bars).

To allow comparisons of the CAP effects under theva experimental conditions,
we normalized electrophysiological data followirdge tCAP pulse with their own
controls Fig. 2. Asevidenced irFig. 2A—C, normalized data turned out to give an
accurate estimate of the CAP effect under diffengimhrmacological conditions.
The frequency increase induced by CAP al(ta82.86 +£ 932.47%, n = Fig. 2D,
white bar) was significantlynore intense than the effect of CAP in the presevfce
OCT (1087.75 = 455.10%, n = 8, Kruskal-Wallis test widkhnn’s posthoc test, P

< 0.05, Fig. 2D, black bar). Conversely, no difference®re observed between
frequency increase in CAP alone vs. CAP presence of CYN 154806+OCT
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(2296.40 = 956.54%, n = 18yuskal-Wallis test with Dunn’s post hoc test; P.05,
Fig. 2D, grey bar). No differences were observed among naeth mEPSC
amplitude values (CAP: 109.57 + 8.51%g 2E, white bar, CAP + OCT: 113.12 =
5.88%, Fig. 2E, black bar, CAP + OCT + CYN54806: 132.30 + 8.28%, Kruskal—
Walllis test with Dunn’s positoc test, P > 0.0%;ig. 2E, grey bar).

In brief, these observations indicate that OCT aistriation pre-synaptically
reduces the effect of CAP by about 70%, and tfinatreduction is largely mediated
by SSTR2 activation.

3.2.Distribution of SSTR2a immunoreactivity in DH

Since our electrophysiological findings suggested the effect of OCT on CAP-
induced activation of nociceptive PAFs was psgnaptic, and previous studies
have reported a prevalent localization of the remrepubtype SSTR2a in DRGs
(Schulz et al.,1998b; Carlton et al., 2094 we used a primary antibody
specifically raised against this receptor isofornr fastological localization
experiments. The distribution of SSTR2a was studie&8-12 and P21-23 CD1
mice at both light and electron microscope (sedi@e8.2 and Fig. 4) levels. No
differences were observed, thus showing that SSTRR2aot subjected to any
obvious postnatal regulation in nociceptive cirsuit

3.2.1.Light microscopy

SSTR2a immunoreactivity was exclusively found ia guperficial laminae of DH.
A very dense plexus of processes was distributethnmnae | and Il, with no
immunoreactive cell bodies.

In order to better characterize the type(s) of oeak processedisplaying SSTR2a
immunoreactivity, we carried out a seriesdouble labelling immunofluorescence
experiments at the confoaalicroscope, using different markers of non-pepgaer
(IB4) and peptidergic (SP, CGRP, SST) nociceptive PAFs. Thegeseriments
revealed that SSTR2a was mainly expressed in a lgopu of IB4 non-
peptidergic nociceptive PAF$ig. 3A). Examination ofSSTR2a + SFHg. 3) and
SSTR2a + CGRHAAg. ) immunostaineg@reparations confirmed that there were no
SSTRs2a in peptidergiaociceptive PAFs, being the two markers completely
segregated itwo different populations of processes. Finallysubset of SSTRs2a
were at times co-expressed with SST in some nelpooaessesvithin lamina Il
(Fig. D).

We then studied the relation between SSTR2a andvIRBhe vanilloid receptor
activated by CAP and expressed by a clas€PAFs specifically involved in
nociception.

In a first series of double immunofluorescence erpamiswe confirmed that
TRPV1 was expressed by both peptidergic aonl-peptidergic PAFs of laminae
-1l o, these two types of processespectively expressing SPig. 3E) or IB4 Fig.

3F).
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Fig. 1. Effects of OCT on mEPSC after CAP pulsesn(h, 2 uM). (A—C) Representative traces of
MEPSC frequency increase in steady presence of TTXl (A), TTX 1 uM + OCT 1 uM (B), or
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on mMEPSC amplitude in the presence of TTX (whitespa = 7, Wilcoxon matched-pairs test, P >
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CYN 154806 (grey bars, n = 10, Wilcoxon maidipairs test, " P < 0.05). Abbreviations:
CTR, control; CAP¢capsaicin; OCT, octreotide; CYN, CYN 154806.

Then,SSTR2a + TRPV1 immunostained preparations revealew- expression of
the two receptors in fibres localized at the bolmkween lamina § and lamina |

(Fig. 3G).

3.2.2.Electron microscopy

The ultrastructural distribution of SSTR2a was exsd using gre-embedding
fluoronanogold staining protocol. By this approge8,TR2a immunoreactivity was
found in both pre- and post-synaptiempartments of laminae I-Il synapses, with
immunolabelling interminals Fig. 4A and B) and dendrite&(g. 4C).
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Fig. 2. OCT-mediated inhibition of CAP-induced mEP8equency increase. (A—C) Translation
of MEPSCs frequency raw values (Hz, inset panalg)ormalized values (% afontrol). Each

line illustrates the CAP-induced frequency shiftsimgle neurons under different experimental
conditions (TTX in A, OCT in B and OCT + CYN 1548@6C). (D) mEPSC frequency increase
in presence of CAP alone (white bar), CAP + OCHBc¢klbars), and CAP + OCT + CYN 154806

(grey bars; Kruskal-Wallis test with Dunn’s postchSP < 0.05). (E) No differences were
observed among mEPSC amplitudes (Kruskal-Wallisvith Dunn’s post hoc. P > 0.05). Data
are expressed as a percentage of the predrug terhi®eM. Dashed lines represent the control
level. Abbreviations: CTR, control; CAP, capsaidCT, octreotide; CYN, CYN 154806.
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SSTRZ2a-immunoreactive axon terminals appearedarfdaim of C boutons in type
la synaptic glomeruli (GlaRibeiro-da-Silva, 2004Fig. 4A), and innon-glomerular
configuration Fig. 4B). In all SSTR2a-labelled prdiles, gold-intensified particles
were localized along the plasmmeembrane, at synaptic and non-synaptic sites.
SSTR2a-immunopositive dendrites were typically aotegd byunlabelled axonal
terminals at conventional axo-dendritic apeeskKig. 4C).

Quantitative ultrastructural analysis on a totall60 profilesshowed that, in P8-
12 mice, the number of SSTR2a pre-syngptafiles was 57.5% of total (of which
35% in type la glomeruli and 22.5% in non-glomeruéon terminals), while
post-synaptic labelling in dendrites was 42.5%. $\gnificant differences were
observed in P21-23 mice (53.7% in axon terminalswbiich 38.7% type la
glomeruli and 15% non-glomerular axon termind&3% in dendrites).

Finally, we performed a series of double immundlaime experiments
associating the fluoronanogold pre-embedding loatdin of SSTR2a with the
post-embedding immunogold visualization of the IB/ding sites. These
experiments confirmed the lighticroscopy observations on the co-localization of
SSTR2a and IB4and, as an additional information, showed that xquression
only occurred in type la non-peptidergic glomerulrig. 4D). In these
preparations, both labels were localized over tlesmpa membrane, but were
easily distinguishable. IB4 post-embedding immuhelbng was associated with
the presence of gold particles\wdry regular round shapes and constant size (20
nm, see insert dfig. 4D), while SSTR2a pre-embedding immunostaining was i

the form of very electrondense particles of reklltivilarge sizes (25-30 nm) and
irregular shapes (insert &ig. 4D).

33.0CT prevents the CAP-induced increase of Fos immumeactivity in the
superficial DH

The proto-oncogene c-fos is rapidly activated fwolllg membrane depolarization,
and the protein Fos is largely used as a markeneafronal activation Mlorgan
and Curran, 1991, 19%5Several observations in vivo have shown that Fos
immunoreactivity is increased under different conditions of increagmin
stimulation (see for example@oggeshall, 2005 We have previously demonstrated
that Fos immunoreactivity is also increased in @cpinal cord slices when
nociceptive PAFs are stimulated by CAPergnano et al., 2008Therefore, the
effect of OCT on the CAP activation of nociceptpathways at the DH level was
further investigated by studying the c-fos respanseitro (Fig. 4. When slices
were incubated with CAP, the number of Fos immuactiee nuclei was
increased in the superficial laminae of DH in congmarto controls Fig. 4E and

F). However, the Fos response was blocidtn slices were incubated in the
presence of CAP + OCFi(g. 4G) and density of immunoreactive nuclei remained
similar to that incontrols Fig. 4E). Statistic analysis confirmed the histological
data: incubation with CAP (@M — 10 min) induced a significamicrease of Fos
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immunoreactivity in superficial DH (1382 =+ g&lls/mn?, n = 50, Fig. 4H, black

bar) compared to controls (9056 cells/mnd, n = 38; one-way ANOVA, P <0.001;
Bonferroni posthoc test, P < 0.001Fig. 4H, white bar). Notably, following pre-
incubation with OCT (1uM), the effect of CAP was largely prevented (914&

cells/mn?, n = 49; Bonferroni post hoP, < 0.001Fig. 4H, grey bar).

Fig. 3. Distribution of SSTR2a and co-localizationth nociceptive PAF markers in spinal
lamina Il. A: SSTR2a (red) and IB4 (green) are agieely co-expressed (yellow) mociceptive
non-peptidergic primary afferent terminals of lamihi. (B) SSTR2a (red) and SP (green) are
distributed in two different populations of PAFsithwSSTR2grincipally distributed in lamina
Ili and SP in lamina | and laminapll(C) SSTR2a (red) and CGRP (green) are localinetvo
different populations of PAFs. Labelling for CGR® most pronounced in lamina | ando,ll
whereas staining for SSTR2a is denser in lamiha(d) staining for SSTR2a (red) and SST
(green) only partly overlap (yellow) in laminagll(E) SP (red) and TRPV1 (green) are co-
expressed in a population of PAFs distributed mitea I. (F) IB4 (red) and TRPV1 (green) are
co-expressed in a population of PAdistributed at the border between lamina | and thantio.
Labelling for IB4 is most pronounced in laming Mvhereas staining for TRPV1 is denser in
lamina |. (G) SSTR2a (red) and TRPV1 (green) imnmaactivities are localized in a
population of fibres at the border between laminaahd lamina lil. Scale bar: 20Qm.

4. Discussion

In the present study, we have shown that SSTR®axqressetly a population of
TRPV1-positive non-peptidergic PAFs localized a thterface between laminapll

12



and I of the spinal cord DHand that pre-synaptic activation of these receptors

produced a sig- nificant reduction of the CAP-indlcelease of glutamate from
nociceptive PAFs.

4.1.Distribution of SSTR2a

The distribution of SSTR2a in rat DRGs and DH haerbre-ported in several
studies Hchulz et al.,, 1998a,b; Segond von Banchet etl889; Bar et al., 2004,
Carlton et al., 2004 Although the localization of SSTR2a in smallnedium sized
DRG neurondias been confirmed by different autho&chulz et al., 1998IRBar et
al., 2004; Carlton et al., 20p4receptor localization in DHhas been mainly
described within neuronal processes and somatdamina Il. In addition,
ultrastructural and dorsal rhizotomy studies hasded to demonstrate receptor
expression in PAF centrplojections chulz et al., 1998a,b; Zhao et al., 2008

This is the first report describing the expressibi®8TR2a ilrmouse spinal cord. In
this species, we observed, at the light migoepe, the co-localization of SSTR2a
and IB4 in fibres of spinal cord lamina Il. Since4dlB a marker of non-peptidergic
nociceptive PAF$Guo et al., 1999 the present study demonstrates that a specific
sub-population of PAF central projections specifcaxpress theSSTR2a. This
observation was confirmed by: (i) the lack of coaloation between SSTR2a and
SP/CGRP and (ii) the ultrastructurabservation that about 60% of SSTRZ2a-
immunoreactive profiles imamina Il were axon terminals, two thirds of them
being the outons of type la non-peptidergic glomer®il{eiro-da-Silva2004).

42.SSTR2a and TRPV1 receptors irspinal DH

At periphery, SSTRs2a are expressed on nociceptomirtals,and exert a tonic
inhibitory control on the activation of the CARceptor TRPV1 Carlton et al.,
2004). This effect likely involves direct receptor interaction within the same nerve
endings. We have here observed the co-expressiorREV1 and SSTR2a in a
subset of IB4-positive PAF central terminals, irepimg with thenotion that even
though TRPV1 is known to be mainly expressegeptidergic PAFsGavanaugh
et al., 2009, the receptor is also present and functional isul-population of
IB4-positive fibres(Guo et al., 1999; Woodbury et al., 2004; Breesalgt2005;
Vil-ceanu et al., 2010

4.3.Physiological relevance of SSTR2a and TRPV1 co-exgssion inlamina Il

In spite of the robust expression of SSTRs at pneystic sites inamina Il, previous
studies have mainly reported the occurrenceast-synaptic inhibitory effects of
SST in rat DH, but failed to detestgnificant SST-mediated pre-synaptic effects
(Kim et al., 2002jJiang et al., 2003
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Fig. 4. Ultrastructural localization of SSTR2a ipirsal lamina Il and OCT inhibition of the
CAP-induced Fos response in superficial DH. (A) AAB3a-immunoreactive type omerular
terminal (Gla) is surrounded by several unlabellddndrites (d). SSTRZ2a-labelling is
characterized by irregular gold particles of laggees, as a result of the golatensification
procedure, and is prevalently distributed along thlasma membrane. (B) A SSTR2a-
immunoreactive non-glomerular axon terminal (At)htaxts anunlabelled dendrite (d). Gold
particles are distributed over the plasma membrahbpth synaptic and non-synaptic sites. (C)
A SSTR2a-labelled dendrite is post-synapti@atounlabelled type Il glomerular terminal (Gll).
SSTR2a gold-intensified particles are distributesbngl the plasma membrane. (D) A
SSTR2a+IB4-immunoreactive type klomerular terminal (Gla) is surrounded by several
unlabelled dendrites (d). Both the labels are laedl over the plasma membrane, but IB4
post-embeddingmmunolabelling is associated with the presencegofd particles of very
regular round shapes and constant size (20 nmwaria the insert), while SSTR2a pre-
embeddingimmunostaining appears in the form of electrondepasticles of relatively large
sizes (25—-30 nm) and irregular shapes (arrowhedddrinsert). (E—G) Fos immunoreactivity in
superficial DH under CTR condition (E), after CAP madistration (F), and after CAP
administration in presence of OCTuM (G). (H) Mean density of Fos immunoreactive nicle
observed in superficial DH under CTR condition (whitar) compared to CAP (black bar) and
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CAP + OCT (grey bar) experiments (one-way ANOMRgnferroni post hoc, P < 0.001). A

significant increase in cell density was observadraf AP, but not after CAP + oct™p<
0.001. Abbreviations: CTR, control; CAP, capsaicddCT, octreotide; LI, lamina I; LII, lamina
II; dashed lines indicate lamina | and Il profil&cale bars: A—D = 500 nm; insert: 20 nm; E-G
= 100pm.

In the present study, we have used OCT, a mstable synthetic analogue of SST
that is not degraded by cell peptidases so rapikitySST and thus is more suitable
for slice studiesin keeping with previous studieKim et al., 2002; Jiang et al.,
2003, we have been unable to detect any relevant tdetect of OCT on either
MIPSCs or mEPSCs in lamina Il neurons (dadt shown). However, the findings
reported in this work demonstrate that pre-synaft®TRs2 have a role in the
control of laminall excitatory transmission that follows the actieat of nociceptive
PAFs by CAP. Our patch clamp experiments, in fagere performed under
conditions to pharmacologically isolate the presgic effects of OCT by the
addition of a specific inhibitor to blodke intracellular pathway related to G protein
activation of SSTR#& recorded neurons. Although OCT is a high affiragonist
for SSTR2, SSTR3 and SSTRBgnnon et al., 2002 the main involve- ment of
SSTR2 was confirmed in our experiments by using CMM806, a selective
antagonist of this receptor subtype in mo(Berashima et al., 2009; Cammalleri et
al., 2004 and other species (see Sectibh). CYN 154806 significantly blocked the
inhibition exerted by OCT on the CAP-mediated increase of nhitERSjuency. Under
these conditions, we also detected a slight mER®@itadeincrease following CAP
that was not observed in presence of GAdhe. This observation likely reflects the
existence of a toniI8STR2-mediated inhibitory activity on the pre-sytiapelease
of glutamate, which is removed when the receptorlecked. Inother words, under
conditions of action potential block (suchia®ccurs in the presence of TTX) the
more obvious explanatiofor the observed increase in mMEPSC amplitude that
follows a challenge with CAP + CYN 154806 (but neith CAP alone) is that
SSTR2 is normally in a steady (tonic) state of vation in DH, and thus
constantly reduces the glutamate release evoketRBNV1. In keeping with these
findings, previous studies suggesthd existence of release-inhibiting SSTRs2 on

central glutamatergisynapses that similarly affectkevoked glutamate release
(Grilli et al., 2004
Although being specific for SSTR2, it seems unlikiéigt CYN 154806 is able to
discriminate between SSTR2a and b, given that latter is a truncated form of
the receptor lacking about 300 nucleotides betwéemmsmembrane segment
(TMS) VII and theC-terminus, and that peptide agonists (such as GQBAB06)
tendto bind to epitopes evenly distributed along thefaial regions, i.e., both the
amino-terminal neck (ATN) and extracellular loopdlll (see Mgller et al. (2003)
for further discussion). Nonetheledseing SSTR2a the most prominent receptor
subtype in rat nociceptive pathways, and given gpecificity for SSTR2a of the
primary antibody employed in this study (see Sect®P), one can safelgonclude
15



that effects mediated by OCT in electrophysiologegeriments are indeed due to
SSTR2a specific activation.

It is a common notion that the intense excitatoffeats of CAPin DH are
substantially consequence of strong glutamate selé@am TRPV1-expressing
PAFs Urban and Dray, 1992; Yang et dl998. Under inflammatory conditions in
vivo (Zhang et al., 199&his is followed by c-fos activation of DH neuroria. a
differentexperimental paradigm in vitro, i.e. the acute apioord slicewe have
previously demonstrated that CAP stimulation ofio@gtive PAFs up-regulates Fos
expression in DH \{ergnano et al.2008. Such a type of response indicates that at
the CAP concentration used in our studies, chadleafj acute spinal cord slices
mimics an inflammatory condition in vitro.

In the present work, OCT produced a significant cédn of CAP-induced Fos
expression in superficial laminae of DH. Wherdas OCT-mediated reduction of
CAP-induced mEPSC frequency iorease was about 70%, OCT almost completely
blocked the CAP response as measured in terms sfifAmunoreactivity. This
apparent discrepancy is likely due to the contrdrmubf bothpre- and post-synaptic
SSTR2a in c-fos experiments. Nonetheleds®gse observations indicate that
activation of SSTR2a in non-peptidergic nocicept®AFs may also be of relevance
for modulation of the inflammatory response in vivgiven that SST is
physiologically present in DH.

We have chosen to evaluate the SSTR2a central nespto OCTin a slice
inflammatory pain model since numerous preclinicat a@linical studies have
implicated SSTR2 in the response to peripheral rmih@tion (see for exampls et

al., 2006; Paran et al., 2001, 2p0&nd SST is widely recognized as an endogenous
anti-inflammatory peptide (sedalcangio, 2008 Nonetheless, SST has bea&so
linked to the onset of neuropathic paibofg et al., 2006Adler et al., 2009
mainly in response to glial cell-line derivedeurotrophic factor (GDNF)
stimulation. It would be of interest ifuture experiments to assess the involvement
of SSTR2a in neuropathic pain. However, given thalability of a limited number

of selective compounds that may be suitable for cestralies thiamight prove a
very hard task.

44.SST in DH

While previous studies indicated that SST and S§hists havdittle effects on
resting synaptic transmission and transmitter ssdaa vitro Kim et al., 2002;
Jiang et al., 2003 our present observations suggest that OCT itshijgutamate
neurotransmissiorfollowing an intense stimulation of nociceptive Ipaays.
Thesedata are consistent with the observation that SSantinociceptivein
pathological pain NMalcangio, 2003; Pintér et al., 2006I'he comprehension of
the role of SST in pain processing mechanisms ngpticated by the existence of
several SST sources in spir@rd, i.e. the PAFs, the DH interneurons and the
descending projections (s&#alcangio (2003¥or review). Our data demonstrate
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the existence of a specific SSTR2a-mediated pre-synapichanism involved in
the control of the TRPV1 central effects at theelenf non-peptidergic PAFs. In
chronic or pathological pain, the central re- leafs®ST can be increased, as inferred
from the rise of SST in cerebro-spinal fluidnger et al., 19838 Under these
conditions, and inline with our present findings, SST may reach a lloca
concentration in DH sufficiently high to activatetBSTR2a expressed by the non-
peptidergic central terminals of PAFs, eventualymiting the excitatory or
neurotoxic effects of the massive release of glatarthatoccurs as a consequence
of an intense nociceptive stimulation.

45.Conclusions

SST has been proved to modulate the activity ob@gnneuronsiNalcangio,
2003 and its synthetic analogue OCT has recegdined increasing attention in
the clinical treatment of chronic and cancer p&ohivetz et al., 2004; Newsome
et al., 2008; Gachagand Draganov, 2008 but the mechanisms underlying its
effectsare still largely obscure. In animal models, OCTi-agperalgesicffects
were mainly observed following intrathecal admiratbn (Su et al., 2001
suggesting the involvement of spinal rather tpanipheral mechanisms. From
the present study, it derives tl@CT effects are for the most due to interplay with
TRPV1s at laminall synapses. We have recently demonstrated thabn up
activationof central TRPV1s in peptidergic nociceptive PA&xselevant parallel
pathway independent from glutamate transmits neptwe information to
lamina Il neuronsKerrini et al., 200X We demonstrate here that activation of
non-peptidergic nociceptive PAEgpressing TRPV1s is an additional pathway
to modulate glutamate release in inflammatory camat Therefore, our study
fur- ther supports the efficacy of OCT in reducing paamsmission athe spinal
DH level.
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