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Abstract

Modulation of spinal reactive gliosis following peripheral nerve injury (PNI) is a promising strategy to restore synaptic
homeostasis. Oxidized ATP (OxATP), a non selective antagonist of purinergic P2X receptors, was found to recover
neuropathic behavior following PNI. We investigated the role of intraperitoneal (i.p.) OXATP treatment in restoring the
expression of neuronal and glial markers in the mouse spinal cord after sciatic spared nerve injury (SNI). Using in vivo
two photon microscopy, we imaged Ca®'-transients in neurons and astrocytes of the dorsal horn spinal cord at rest and
upon right hind-paw electrical stimulation in sham, SNI and OxATP-treated mice. Neuropathic behavior was
investigated by Von Frey and thermal plantar test. Glial (GFAP, Ibal), GABAergic markers (vVGAT and GAD65/67),
glial (GLT-1 and GLAST) and neuronal aminoacid transporters (EAAC1, vGLUT1) have been evaluated. In SNI mice,
we found 7) increased glial response, i) decreased glial aminoacid transporters and iii) increased levels of neuronal
aminoacid transporters; iv) in vivo analysis of spinal neurons and astrocytes showed a persistent increase of Ca®* levels.
OxATP administration reduced glial activation, modulated the expression of glial and neuronal glutamate/GABA
transporters, restored neuronal and astrocytic Ca>" levels, and prevented neuropathic behavior. In vitro studies validated
that OXATP i) reduced levels of ROS, i7) reduced astrocytic proliferation, iii) increase vVGLUT expression.

All together, these data support the correlation between reactive gliosis and perturbation of the spinal synaptic
homeostasis and the role played by the purinergic system in modulating spinal plasticity following PNI.

Key Words: reactive astrocytosis; neuro-glial network; calcium imaging; synaptic homeostasis; maladaptive plasticity;
nerve injury.



Introduction

It is now well accepted that glial cells are active players of synaptic transmission and plasticity in the central nervous
system (CNS) [1-5] through the formation of a wide neuro-glial network [6-8]. Activated glial cells perturb neuro-glial
network and synaptic homeostasis through the production and release of glutamate, ATP and cytokines, thus
contributing to alteration of the Glutamate/GABA balance and related uptake mechanisms [9-10]. This suggests that
reactive glial cells contribute to circuit dysfunction and induce maladaptive plasticity (i.e. anatomical and functional
changes) in synaptic circuits, leading to abnormal synaptic transmission [11]. This condition is now called gliopathy
[12-17] and has been implicated in the development and maintenance of persistent pain states following peripheral
nerve injury (PNI) [18-20].

Evidence from experimental models indicated the activation of the purinergic system as a mechanism modulating pain
perception, suggesting that purinergic neuro-glial interactions are key modulators of sensory neurotransmission [21]. In
particular, ATP has been implicated in neuropathic pain and inflammation [22-24] and ATP-P2X receptors (P2XRs) i)
are abundantly expressed in spinal neurons and glial cells (mainly expressing P2X7 receptor) [25-27], ii) modulate the
Ca?" increase and the intercellular propagation of astroglial Ca?" signals [28-30], iii) are over-expressed under
conditions of reactive gliosis [31-32], iv) mediate production and release of cytokines [33], v) induce activation of
matrix metalloproteinases [34] and mechanisms of cell death via caspase activation [35].

These data suggests that P2XRs are a potential target for limiting inflammatory responses and P2XRs antagonists may
potentially reduce secondary damage both by directly inhibiting excitatory neuronal damage and by reducing local or
systemic inflammatory responses.

To clarify the link between reactive gliosis and purinergic modulation following PNI, we used the sciatic spared nerve
injury (SNI) model to induce reactive gliosis in the lumbar spinal cord. According to the methods of a recent work by
our group [36], SNI animals were treated with intraperitoneally (i.p.) OXxATP, a non-selective P2XRs antagonist
reported to attenuate proinflammatory response [37], recover spinal glial response and neuropathic behavior following
PNIL.

OxATP treatment restored spinal neuro-glial network homeostasis following PNI. Moreover, two-photon in vivo
microscopy was used to monitor real time changes of intracellular Ca** levels in spinal neurons and astrocytes in sham,
SNI mice and after OXATP treatment. Ca®* levels were significantly increased in spinal neurons and astrocytes of SNI
mice and were restored after OXATP treatment. Finally, in vitro studies showed that OXATP treatment reduced
astrocytes proliferation and basal levels of ROS in neurons and astrocytes.

Material and Methods

Animals
We used adult (25-35 g; Charles River, Italy) male C57BL6-J mice (n=45). Animal care was in compliance with the
Italian (D.L. 116/92) and EC (O.J. of E.C. L358/1 18/12/86) regulations on the care of laboratory animals.

SNI model

Sciatic SNI was made according to the methods of Decosterd and Woolf [38]. Briefly, each mouse (n=30) was
anaesthetized with chlorydrate tiletamine (40 mg/kg) during surgery. The sciatic nerve and its three terminal branches
(the sural, common peroneal and tibial nerves) were exposed on the lateral surface of the thigh. The SNI procedure
comprised axotomy and tight ligation of the tibial and common peroneal nerves leaving the sural nerve intact. For the
sham-operated group (n=15), nerves were exposed but not truncated. Muscle and skin were closed in the specific layers.
Great care was taken to avoid any contact with or stretching of the intact sural nerve.

Animal treatment

According to our previous protocol [36], one day after SNI mice were treated with i.p. OXATP (6 mg/kg). OxATP was
dissolved in sterile distilled water (dH>O) and 100 uL of the resulting solution (containing 0.18 mg of OXATP) was
injected i.p. for each mouse. Animals were divided into three groups: I) group OxATP (n=15): SNI mice treated with
i.p. OXATP daily from day 1 to day 21; 1) VEH group (n=15): SNI animals received i.p. dH,O (vehicle) for 21
days/daily; IIT) SHAM group (n=15): sham-operated animals.

Spinal cord surgery for “in vivo” imaging

Mice belonging to each experimental group (OxATP, VEH, and SHAM; n=5 for each group) were anesthetized
intramuscularly with 40 mg chlorohydrate tiletamine, 15 mg xylazine and 2.5 mg acepromazine per kg/body weight in
0.9% NaCl solution. The anesthetized mouse was immobilized using a spine hanging device (Narishige) [39-40].
Vertebral laminae were carefully drilled to expose the lumbar tract of the spinal cord, leaving the intact dura to protect
the spinal cord. Skin flaps and agar were used for building a reservoir of 37°C normal ringer solution to prevent drying-
out of the spinal cord and allow the use of immersion objectives.

Pressure injection of Ca**- sensitive dye and SR101

Spinal neurons and astrocytes were loaded via pressurized micropipette injection using the AM system Picospritzer
2000 [41-42]. Oregon Green Bapta 1-AM (OGB) (50 pg) was mixed with 5 pl of pluronic acid (F-127- 20% solution in
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DMSO) (Invitrogen, Italy) and then diluted in 45 pl of ACSF to the final concentration (1mM) containing 10 pM
sulforhodaminel01 (SR101) (Sigma Aldrich, Italy) for astrocytes labeling [43]. A pressure-ejection at 5-10 PSI for 60-
90s from a 2-3 pm patch pipette directly inserted into the spinal cord was used to load OGB/SR101 solution, allowing
one hour for loading.

Hind paw stimulation

Two subcutaneous copper needles were inserted into the right hind paw. Stimulus presentation was controlled by an
analog-to-digital converter unit (AD instruments, UK) (pulse duration: 10 ms; amplitude: 1 mA; interpulse intervals,
167ms/6Hz and 1000ms/1Hz). Three 30s resting periods (R1, R2, R3) were allowed between two stimulations lasting
10s (S1, S2) [44].

“In vivo” imaging of the mouse spinal cord

“In vivo” imaging of living spinal cord was accomplished as recently reported by our group [45]. In brief, during
imaging sessions mice were maintained under anesthesia using 1-2% sevoflurane at 37°C using a heating pad. We
focused in the area of superficial laminae of dorsal horn spinal cord at a depth of 200-300 pm from the spinal surface.
Two-photon imaging of the spinal cord was performed using a custom-built two-photon laser scanning microscope. It
consists of a laser, a variable attenuator filter, a scanning unit, an upright microscope, and a photomultiplier-based
detection system. Laser is a tunable titanium: sapphire (Chameleon XR; Coherent), whose wave-length range is from
690 nm to 1040 nm, power about 2.7 W, frequency 76 MHz. It was tuned at 810 nm to efficiently excite SR101 and
OGB. To minimize photo-damage, the excitation laser intensity was kept at a minimum for a sufficient signal-to-noise
ratio (15-20 mW at the sample). The upright microscope is an Olympus BX51WI and is equipped with a water-
immersion objective lens (Olympus) XLUMPIlanFL 20XW, 0.95 NA. The scanning unit is a modified Olympus FV300.
Fluorescence detection system has two channels that allow the simultaneous detection of two fluorescence signals. In
order to efficiently collect SR101 and OGB signals, our system is equipped with a 570nm dichroic mirror and bandpass
barrier filters placed in front of the PMTs (505—-550 nm for OGB channel and 585-675 nm for SR101 channel).
Breathing and heartbeat movement’s artifacts were reduced by keeping the spine blocked in the hanging apparatus and
overcome by triggering image acquisition from the mouse heartbeat (Powerlab, AD Instruments). Imaging frame rate:
30Hz; frame duration 3,3 s.

The brightness and contrast of the acquired images were adjusted. To reduce the background noise associated with
photon or photomultiplier tube noise, a median filter (radius, 1 pixel) was applied to each image. Imagel free software
was used (version 1.42, NIH, USA, http://rsbweb.nih.gov/ij/).

Image processing

Movies were imported into ImageJ, fluorescence traces were analyzed in spinal neurons, astrocytes and surrounding
neuropil and expressed as relative change (AF/F) after background subtraction by exporting data to SigmaPlot 10.0
program (SPSS, Erkrath, Germany). As extensively reported [46], OGB-fluorescence intensity (AF/Fo) directly
correlated to intracellular Ca®* levels. Neuropil ROI (nROI) was drawn according to this main criterion: the absence of
cellular body expressed as SR101 or OGB positive elements in 5 consecutive planes.

Data were expressed as the mean + SEM. Multi-group comparisons were made using an ANOVA with post hoc t-tests.
A p value < 0.05 was considered statistically significant.

Behavioral tests

Animals were habituated to the testing environment daily for at least 2 days before baseline testing. SNI treated mice
(n=10 for each group - OXATP, VEH and SHAM) were tested on day 0 (the day of the SNI), day 1 (the day of the first
1.p. injection of OXATP), on day 7, 14, 21 (the day of the last i.p. injection of OXATP) and day 28, when all animals
were sacrificed.

Thermal nociceptive threshold was measured using Hargreaves’ device [47]. Paw-withdrawal latency in response to
radiant heat (infra-red) was assessed using the plantar test apparatus (Ugo Basile). The heat source was positioned under
the plantar surface of the affected hind paw and activated at a setting of 4.0. The intensity of the infra-red light beam
was chosen to give baseline latencies of 15s in control mice. A cut-off time of 20s was imposed to prevent tissue
damage. The injured hind limb was tested twice at each time point, with an interval of 5 min between stimulations.
Mechanical allodynia was assessed using von Frey filaments (Ugo Basile). Briefly, animals were allowed to habituate
for 30 min before testing. The time of response to a progressive force applied to hind paw limb (30g in 20s) was
evaluated six times on the injured hind limb, with an interval of 5 min between stimulations. The threshold was the
lowest force that evoked a consistent, brisk, withdrawal response. All testing was performed with a blind procedure.

Tissue preparation

On day 28, mice were sacrificed. Mice were deeply anesthetized by i.p. injection of chloral hydrate (300 mg/kg body
weight) and perfused transcardially with saline solution (Tris HCl 0.1M/ EDTA 10 mM) followed by 4%
paraformaldehyde added to 0.1 % glutaraldehyde in 0.01 M phosphate-buffer (PB), pH 7.4 at 4°C. Spinal cords were
removed and post-fixed 2 hr in the same fixative, then soaked in 30% sucrose PBS and frozen in chilled isopentane on
dry ice. Serial sections were cut at the slide microtome (25 um thickness) and collected in cold PBS for
immunohistochemistry.
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Antibodies

The following antibodies have been used for immunodetection: mouse antibodies directed against Glial Fibrillary
Acidic Protein (GFAP) (1:400; Sigma-Aldrich Milano, Italy); rabbit antibodies to ionized calcium binding adaptor
molecule 1 (Ibal) (1:500; Wako Chemicals, USA); guinea pig antibodies to glutamate transporter (GLT1-1) (1:2000;
Chemicon Inc Temecula, CA, USA); guinea pig antibodies raised against vesicular glutamate transporter 1 (vGLUT1)
(1:5000; Chemicon Inc Temecula, CA, USA); mouse antibodies to vesicular GABA transporter (vVGAT) (1:500;
Synaptic Systems, Gottingen, Germany); rabbit antibodies against glutamic acid decarboxylase 65/67 (GAD65/67)
(1:1000; Sigma-Aldrich, Milano, Italy); goat antibodies to neuronal glutamate transporter EAACI1 (1:2000; Chemicon
Inc Temecula, CA, USA).

Spinal cord immunohistochemistry

Lumbar (L4-L6) spinal cord sections were blocked in 10% normal serum (from animal species different from the
species origin of the primary antibody used) in 0.01M PBS/ 0.25% Triton for 1 hr at room temperature. Each primary
antibody (GFAP, Ibal, GLAST, GLT1-1, and EAAC1) was diluted in 0.01 M PBS containing 10% normal serum and
0.25% Triton. Following incubation for 48 hr at 4°C, sections were washed six times (10 min each) in PBS and
incubated with the appropriate biotinylated secondary antibody (Vector Labs Inc., Burlingame, CA, USA; 1:200) for 90
min at room temperature, washed in PBS and processed using the Vectastain avidin-biotin peroxidase kit (Vector Labs
Inc., Burlingame, CA, USA) for 90 min, at room temperature. Sections were then washed in 0.05 M Tris-HCI and
reacted with 3.3-diaminobenzidine tetrahydrochloride (DAB; Sigma, 0.5 mg/ml in Tris-HCI) and 0.01% hydrogen
peroxide. Sections were mounted on chromealume gelatin coated slides, dehydrated and coverslipped.
Immunofluorescence staining was performed as described previously [48]. Sections were incubated with the primary
antibody (VGLUT1, vGAT, GAD65/67) for 48 hr at 4°C. Following washes with PBS, sections were incubated with the
appropriate secondary antibody (Alexa Fluor 488 anti-guinea pig IgG, Alexa Fluor 546 anti-mouse IgG, Alexa Fluor
546 anti-rabbit IgG; Invitrogen, Carlsbad, CA 1:200) for 2 hr. Sections were mounted and coverslipped with
Vectashield (Vector Laboratories).

Confocal microscopy

vGLUT, vGAT and GADG65/67 expression levels were analyzed by using a laser scanning microscope Zeiss LSM 510
Meta (Oberkochen, Germany). Confocal images of dorsal horns of lumbar spinal cord were acquired and captured at a
resolution of 512x512 pixels. The appropriate argon laser fluorescence for visualization of the vGLUT1 was used with
an excitation wavelength of 488 nm and emission filter bandpass 505-530 nm. The HeNe laser fluorescence for the
GADG65/67 and vGAT signal with an excitation wavelength of 546 nm and emission filter long-pass 560 nm was used.

Measurements and statistical analysis

Slides were imaged with a Zeiss Axioskope 2 light microscope equipped with high-resolution digital camera (C4742-
95, Hamamatsu Photonics, Italy). Measurements of markers in the whole dorsal horn of spinal cord were accomplished
using computer assisted image analysis system (MCID 7.0; Imaging Res. Inc, Canada). For glial markers we preferred a
morphometric approach because of the perfect visualization of single positive elements. Therefore, values of GFAP and
Ibal, markers for astrocytes and microglia respectively, were expressed as proportional areas (number of positive
elements relative to the scanned area). The densitometric values of GLT1-1, GLAST, and EAACI1 were expressed as
the total target measured area relative to the scanned area. For confocal images analysis, instead, we used the
densitometric method by MCID (density per standardized 1 pm? area) for quantization of vGLUT1, vGAT and
GADG65/67. Averages were obtained from five randomly selected spinal cord sections for each animal, and comparisons
were made between treatments (group OXATP) versus control groups (VEH/SHAM). Data were exported and
converted to frequency distribution histograms by using the Sigma-Plot 10.0 program (SPSS Erkrath Germany). Data of
all the quantitative analyses were analyzed by one-way ANOVA using all pair wise Holm-Sidak method for multiple
comparisons (*p<0.01; **p< 0.001). All data shown were presented as the mean + SEM. Single images of control and
treated mice were assembled and then the same adjustments were made for brightness, contrast and sharpness using
Adobe Photoshop (Adobe Systems, San Jose, CA).

Primary cortical neurons and astrocytes

Cortical neurons were prepared as previously described [49] with some modifications. Briefly, cortices were dissected
from neonatal (P1-P2) CD1 mice (Harlan Laboratories, Italy), washed in dissociation medium and digested by trypsin
(0.15%) with deoxyribonuclease (DNAse, 1 mg/ml; Sigma) at 37°C for 20 min. After mechanical dissociation, cells
(1x10%ml) were plated onto poly-D-lysine (1 mg/ml) coated dishes in Neurobasal medium (NB; Invitrogen, Italy)
containing B27 (Invitrogen, Italy), bFGF 10 ng/ml (Invitrogen, Italy), glutamine 1 mM (Sigma) and antibiotics (Sigma).
Cultures were maintained at 37°C in 5% CO, and used after 8 days “in vitro” (DIV).

Primary astrocytes were prepared from cortices of neonatal (P1-P2) mice (Harlan Laboratories, Italy) as previously
described [50] with some modifications. After dissection, cortices were washed in Hank's Balanced Salt Solution
supplemented with Hepes/Na pH 7.4 (10 mM), followed by dissociation in trypsin (2.5 mg/ml) with DNase (1 mg/ml)
for 15 min at 37 °C. Astrocytes were maintained in 75cm? flasks in Basal Medium Eagle (BME, Sigma) supplemented
with 10% fetal bovine serum (FBS) and antibiotics, at 37°C and 5% CO,. Pure cultures (> 99%) of type-1 astrocytes
were obtained by shaking flasks at 200 rpm at 37 °C to remove type-2 astrocytes, microglial cells and oligodendrocytes.
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At confluence, cells were plated onto poly-D-lysine coated dishes. Astrocytic activation was achieved by treatment with
Tumor Necrosis Factor a (TNFa) (10 ng/ml). Mixed cultures of astrocytes and microglia (2%) activated with
lipopolysaccharides (LPS, 1 pg/ml) were also used.

To evaluate purity of primary cultures (99-99.5 %) (data not shown), cells were plated onto 12 mm poly-D-lysine
coated coverslip (5000/well) and assessed by immunocytochemistry with anti-BIII-tubulin (1:500, Cell Signaling),
rabbit anti-GFAP (1:500, Millipore) and anti-Iba-1 (1:50, Abcam) as described in [51].

Astrocyte proliferation

Cortical astrocytes or mixed glial cells (astrocytes containing about 2% of microglia) were plated onto poly-D-lysine
coated 35-mm dishes (5000 cells/well). Cells were changed to serum-free medium for 48 hr before addition of the
growth media containing TNFa (10 ng/ml) or LPS (1 pg/ml) in the presence or absence of OxATP (100 uyM). At
specific time-points (2, 5, 6, 7, 9, 12, 14 days), cells were detached with trypsin (0.25%) and the number of viable cells
was counted by trypan blue exclusion.

BrdU-ELISA cell proliferation assay

BrdU incorporation analysis was performed by using the BrdU Cell Proliferation Assay (Chemicon) in 96 multiwell
plates. Cells were plated onto poly-D-lysine coated wells (2000 cells/well), synchronized by serum starvation for 48 h
and exposed to the growth media containing TNFa (10 ng/ml) or LPS (1 pg/ml) in the presence or absence of OxATP
(100 pM). BrdU (10 pM) was added to the wells during the last 24 hr of treatment and plates were processed according
to the manufacturer’s instructions. Samples were read in a microplate reader at 450 nm.

Cell viability

Cell survival was analyzed by the Methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay (Sigma). Reduction of the
yellow tetrazolium salts (MTT) to the purple formazan is dependent on the activity of mitochondrial dehydrogenases by
intact mitochondria and can also be taken as an index of metabolic mitochondrial activity. The assay was performed
according to manufacturer specifications. Briefly, cortical neurons or astrocytes (5000 cells/well) were plated in 96-well
plates (Euroclone) pre-coated with poli-D-lysine. Following treatments, tetrazolium salts (0.5 mg/ml) were added
directly to the culture medium for 4 hr at 37°C. After incubation, MTT solubilization buffer (100 pul) was added to each
well for 18 hr. The absorbance of samples was measured at 570 nm (700 nm reference wavelength) with a Microplate
Reader (BioRad). MTT conversion levels were expressed as a percentage of control.

Determination of ROS

Intracellular production of reactive oxygen species (ROS) in cortical neurons and astrocytes was assessed as previously
described [51] by using the fluorescent probe 2',7'-dichlorodihydrofluorescein-diacetate (DCFH-DA) (Invitrogen,
Molecular Probes). DCFH-DA is cleaved by cellular esterases to the non-fluorescent DCFH, which is oxidized by
peroxides to the highly fluorescent compound, 2°,7’-dichlorofluorescein (DCF). DCFH-DA (10 uM) was added during
the last 30 min of treatments. Cells were then washed with PBS, harvested in 0.25% trypsin and analyzed by FACS
(FACScan, Becton-Dickinson), using the Cell Quest software (BD Bioscience). Flow cytometric measurements were
taken with 10,000 cells contained in the gated regions used for calculations. Data analysis was performed with WinMDI
software.

Western blot analysis

Total cell extracts and western blotting (WB) were performed as previously described [19, 51-52]. Briefly, cells were
washed and scraped in ice-cold PBS and resuspended in lysis buffer (20 mM Tris pH 8.0; 137 mM NaCl; 1% Nonidet-
P40; 10% glycerol; 1 mM DTT) containing protease inhibitors (2 mM PMSF, 0.1 pg/ml leupeptin, 5 pg/ml aprotinin)
and a Phosphatase Inhibitor Cocktail (PhosStop, Roche). Following 20 min incubation on ice, cellular debris were
pelleted by centrifugation at 14,000 g for 10 min at 4°C. Protein concentration was determined by the Bio-Rad protein
assay (Bio-Rad).

Cell lysates (20-25 pg total protein) and lumbar spinal cord tissues were dissolved in loading buffer (50 mM Tris pH
6.8; 2% SDS; 100 mM DTT, 10% glycerol, 0.1% bromophenol blue), separated on 12% SDS-PAGE gels and
transferred to nitrocellulose (Schleicher & Schuell). After blocking with 5% non-fat milk in TBST buffer (10 mM Tris
pH 7.5; 150 mM NaCl; 0.2% Tween-20), blots were probed overnight at 4°C with mouse vGLUT antibody (1:5000;
Synaptic System) and mouse P2X7R antibody (1:500, Abcam) in TBST, followed by incubation for 1 hr at RT with
HRP-conjugated donkey anti-mouse IgG (1:10,000; Amersham Biotech). Detection was carried out by using the
enhanced chemiluminescence system (ECL, Amersham Biosciences). Quantification of results was performed by
densitometry using NIH-ImageJ software. There was no significant difference in the density of actin-loading control
bands between groups.

Results

OxATP-induced reduction of reactive gliosis in the lumbar spinal cord following SNI



Based on the relevance of spinal neuro-glial network rearrangement following PNI, we have used the SNI model to
induce reactive gliosis in the spinal cord and investigate the role of P2XRs in modulating reactive gliosis-induced
perturbation of synaptic homeostasis.

We analyzed sections of dorsal horns of lumbar spinal cord for expression levels of morphological glial markers.
Analysis of spinal cord sections revealed the presence of marked gliosis 28 days after SNI, as demonstrated by the
strong increase of astrocytic GFAP staining (20.56+0.67) and microglial Ibal levels (19.69+0.72) (Fig. 1A-B) in SNI
animals, as compared to the SHAM group (7.37+0.58 and 5.40+0.33 for GFAP and Ibal, respectively) (**p<0.001).
We then investigated the role of OXATP administration in counteracting glial reaction following SNI. Lp.
administration of OXATP for 21 days reduced GFAP and Ibal levels to 10.90+0.94 and 6.79+0.62, respectively (Fig.
1A-B), as compared to VEH animals (**p<0.001).

These data clearly indicate that OXATP reduced both astrocytosis and microglial reaction in the lumbar spinal cord.

OxATP reduces astrocytic proliferation

Proliferation of astrocytes and microglia is a key process of neuroinflammation following brain injury [53]. To assess
whether the decrease of glial reaction by OXATP was due to its activity on glial proliferation, we analyzed the effect of
OxATP on cortical astrocytes activated by TNFa or mixed astroglial cells (astrocytes containing about 2% of microglia)
treated with LPS. Cells were first synchronized by serum starvation for 48 h and then switched back to the growth
media containing TNFa (10 ng/ml) or LPS (1 pg/ml) in the presence or absence of OxATP (100 pM). As shown in Fig
2A, cell number was dramatically increased during a 14-days time-course both in astrocytes cultured in the presence of
TNFa (10 ng/ml) and, to a lesser extent, in LPS-treated glial cultures. Interestingly, we found that chronic co-treatment
with OxATP (100 uM) significantly prevented astrocytes proliferation induced by TNFa (Fig 2A), as well as the
growth of mixed glial cells treated with LPS (1 pg/ml), as compared to their corresponding treatments with TNFa or
LPS alone. The effect of OxATP on glial proliferation was further investigated in the presence of BrdU during a 10-
days time-course. Data in Fig. 2B show that chronic co-treatment with OxATP (100 yuM) determined a strong reduction
of BrdU incorporation both in TNFa-activated astrocytes and in LPS-treated glial cultures, as compared to their
corresponding treatments with TNFa or LPS alone. These data indicate that the decrease of cell number elicited by
OxATP was not the consequence of decreased survival.

OxATP improves neuronal and astrocytic viability

The effect of OXATP on astrocytic viability was further assessed by the MTT assay. We found that treatment with
OxATP (100 pM) up to 72 hr did not change the survival of cortical astrocytes, which instead was strongly decreased
by exposure for 16 hr (ON) to hydrogen peroxide (H>O,, 200 pM), as a positive control (Fig. 3A). It was also interesting
to note that OxATP (100uM) did not affect the survival of cortical neurons, in contrast to the well-known toxic effect of
glutamate (200 uM) which led to a 50% reduction of neuronal viability after 16 hr treatments (Fig. 3A) [54].
Intriguingly, instead, flow cytometry analysis using 2’,7’-dichlorofluorescein diacetate (DCF-DA) staining revealed that
treatment of cortical neurons with OXATP (100 pM) for 6 hr determined a 40% reduction of basal ROS levels (Fig.
3B). A similar effect was also found to occur in cultured astrocytes: FACS fluorescence profiles in Fig. 3C show that
OxATP (100 uM) was able to both decrease basal ROS levels and prevent ROS production induced by a 6-hr exposure
of astrocytes to H,O> (100 uM) (Fig. 3C and D).

OxATP-induced modulation of glial and neuronal glutamate/GABA transporters expression

Based on the role of astrocytes in glutamate re-uptake and maintenance of synaptic homeostasis [55-57], we examined
whether mechanisms of reactive gliosis following SNI involved alteration of glial transporters. IHC analyses revealed a
decrease of GLAST and GLT1 expression levels in SNI animals (19.40+2.19 and 37.66+3.50, respectively), compared
to SHAM group (26.61£3.02 and 78.58+11.19, respectively) (¥*p<0.01; **p<0.001) (Fig. 4A-B).

These data indicate that mechanisms of reactive gliosis involve alteration of gliotransmission. Interestingly, the
reduction of glial glutamate transporters (gGTs) in SNI animals was counterbalanced by an increase of the neuronal
glutamate transporter EAAC1 (19.49+1.30), as compared to SHAM group (15.07+0.77) (*p<0.01; **p<0.001) (Fig.
4C).

In parallel with its potential in reducing astrocytes and microglial reaction, we found that i.p. administration of OxATP
to SNI animals reduced the expression of GLAST and GLT1 (13.13£1.70 and 28.5943.51, respectively), but also
restored the expression of the neuronal transporter EAACI1 (13.46+1.42) compared to VEH group (*p<0.01;
**p<0.001) (Fig. 4).

To further characterize mechanisms of synaptic homeostasis linked to reactive gliosis, we also analyzed vGAT, vGLUT
and GADG65/67 expression in the spinal cord. Interestingly, no difference was found in vGLUT and GAD 65/67 levels,
as revealed by the densitometric values found in SHAM (vGLUT: 2.88+0.29; GAD 65/67: 8.77+0.68) and VEH groups
(vGLUT: 3.11+£0.28; GAD 65/67: 7.63+0.84) (Fig. 5B-C). In contrast, analysis of spinal sections of SNI animals
revealed a significant increase of VGAT (7.24+0.49) compared to SHAM animals (5.83£0.28) (*p<0.01) (Fig. SA). Lp.
administration of OXATP reduced vGAT (4.57+0.56) and GAD65/67 (4.81+£0.64) expression (Fig. 5A and C). vGLUT
expression levels, instead, were strongly increased by i.p. OxATP treatment (7.72+0.65) (Fig. 5B) (*p<0.01;
**p<0.001).

The specific contribution of neuronal and glial components in response to purinergic inhibition was also evaluated on
cortical neurons using the in vitro models of glial activation by LPS or TNFa. WB analysis in Fig. 6A shows that
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vGLUT levels were dramatically reduced in cortical neurons exposed for 24 hr to conditioned medium (CM) from
astrocytes activated by TNFa (10 ng/ml) for 48 hr. A similar reduction of vGLUT expression was also observed in
neurons treated with CM from mixed glial cells treated with LPS (1 pg/ml) (Fig. 6A). These modifications were not
observed when neurons were pre-incubated for 2 hr with OXATP (100 uM) before addition of CM-TNFa or CM-LPS
(Fig. 6A-C). A decrease of vVGLUT expression was also observed in TNFa-activated astrocytes for 72 hr (Fig. 6B), as
well as in mixed glia treated with LPS for 72 hr (Fig. 6B), but not after 24h-treatments (data not shown). Interestingly,
under all experimental conditions the reduction of vGLUT levels was reversed by co-treatment with OXATP (100 uM)
(Fig. 6B-D). These data clearly suggest that the purinergic system, mainly through P2XRs, modulates the expression of
glial and neuronal glutamate transporter vGLUT.

To further investigate the specific contribution of P2XRs to glial activation, WB analysis was used to assess the levels
of the glial P2X7 receptor (P2X7R) in SHAM, SNI and OxATP treated mice. In particular, as indicated in Fig. 7,
P2X7R levels were found to be significantly increased in SNI animals (0.37+0.01) compared to SHAM animals
(0.19+£0.02) (**p<0.001). A significant decrease of P2X7R expression was observed after OxATP treatment
(0.23+0.007), as observed in SHAM animals.

OxATP treatment, in conclusion, was found to modulate the expression of glial purinergic receptors.

In vivo Ca’*imaging of dorsal horn spinal astrocytes

Two-photon Ca*? imaging of astrocytes in superficial laminae (I-11) of the dorsal horn of lumbar spinal cord (Fig. 8A)
was performed at rest and in response to right hind limb stimulation at 1Hz and 6Hz in SHAM mice.

Sensory stimulation at 1Hz increased the mean Ca?*-related fluorescence value (AF/Fy) of astrocytes compared to rest
condition (S1 vs R1 and S2 vs R2, **p<0.001) (Fig. 8B). Stimulation of hind paw at 6Hz did not evoke significant Ca>"
increase in spinal astrocytes compared to resting (Table 1 and Fig. 8C). Lp. treatment with OXATP in SHAM mice did
not significantly change Ca?" levels in spinal astrocytes (data not shown).

To test whether Ca?" transients from astrocytes were contaminated by signals from surrounding neuropil, we assessed
the stimulus-driven Ca’'increase in absolute fluorescence (in raw gray levels) in responsive astrocytes and the
surrounding neuropil (nROI), according to the methods described by Winship et colleagues[58].

We found that, at the stimulation frequency of astrocytic response (1Hz), the mean increase of OGB fluorescence in
astrocytes (0.53+0.19) was significantly higher than that found in the neuropil ROI after stimulation in the same frames
(0.12+0.07) (**p<0.001) (Fig. 8 B). This result prompted us to rule out any influence of neuropil Ca?>" dynamic on the
astrocytic Ca®* transients recorded in the dorsal horn of spinal cord.

Astrocytic Ca’" imaging in SNI and OxATP-treated mice

In SNI animals, spinal astrocytes showed a significant Ca?" increase during 6Hz sensory stimulation compared to the
rest (S1 vs R1, **#p<0.001). Then, Ca*" levels slightly decreased during the remaining imaging session, did not show
any clear fluctuation and remained significantly higher than the baseline (R1) at the end of the imaging session (S1 vs
R3, *p<0.01) (Table 1 and Fig. 9).

The 1Hz stimulation of hind paw induced an increase of astrocytic Ca®* levels only after the first stimulation, becoming
significantly high at the second stimulation (S2) compared to rest (R1) (R2/S2 vs R1, **p<0.001) (Table 1 and Fig. 9).
According to the role of the purinergic system in glutamate-induced Ca?' release [59-60] and synchronization of Ca?"
transients [61], we used OxATP treatment to evaluate changes of astrocytic and neuronal Ca®" levels.

In SNI animals, astrocytic Ca?" behavior and levels were restored by OXATP treatment compared to rest conditions, as
observed in SHAM animals (Table 1 and Fig. 9).

Neuronal Ca’" imaging in SHAM, SNI and OxATP treated mice

According to our imaging protocol, we analyzed the spinal neurons in the same image planes that in SHAM animals
showed Ca®" responses when stimulated at 6Hz. The mean Ca?’-related fluorescence value during resting and
stimulation tasks showed that sensory stimulation increased Ca’?' concentration in neurons compared to the
corresponding resting periods (S1/S2 vs R1/R3, ** p<0.001) (Table 2 and Fig. 8). As expected, we also observed a
concomitant and significant increase of Ca’' levels in the surrounding neuropil during stimulations (0.39+0.03),
compared to rest (0.16+0.03; p<0.001) (Fig. 8).

A stimulus-driven Ca?* elevation during or after 1Hz hind limb stimulation was not observed in spinal neurons, as
compared to resting values. L.p. treatment with OXATP in SHAM mice did not significantly change Ca" levels in spinal
neurons (data not shown).

In SNI animals, at both frequencies Ca?" levels in spinal neurons showed a significant increase compared to rest after
the first stimulation (S1 vs R1, **p<0.001), progressively decreasing during the remaining imaging session. After the
first stimulus (S1), Ca®" levels were significantly higher than the baseline before stimulation (R1), but lower than those
found in astrocytes in the same conditions (Table 2 and Fig. 9).

Lp. OXATP treatment fully restored neuronal Ca>" dynamics to that observed in SHAM animals. We found an increase
of Ca?" levels during 6Hz stimulations compared to rest (S1/S2 vs R1/R3, **p<0.001). Instead, a stimulus-driven Ca>"
elevation at 1Hz was not observed in spinal neurons and we did not detect significant differences with the resting values
(Table 2 and Fig. 9).



OxATP improves behavioral recovery following PNI

Animals were tested for neuropathic behavior on day 0, 1, 7, 14, 21, and 28 after SNI surgery by analyzing thermal and
mechanical sensitivity.

The mean baseline for normal mechanical threshold, recorded before SNI (day 0), was 27.754+0.43 g. In SHAM animals
this value remained virtually unmodified during all 28 days (Fig. 10A). SNI mice, in contrast, showed a significant
reduction in mechanical nociceptive threshold on days after surgery, presenting an early response indicative of an
allodynic state (day 1: 13.68+£0.56 g; day 7: 13.87+0.72 g; day 14: 14.46+0.73 g; day 21:14.93+0.62 g; day 28:
15.25+0.61 g). In the SNI-mice, daily i.p. infusion of OxATP for 21 days reduced mechanical sensitivity (day 7:
16.40+0.47 g; day 14: 18.62+0.62 g; day 21: 22.87+£0.41 g; day 28: 25.84+0.65 g) compared to vehicle treated animals
(**p<0.001) (Fig. 10A).

The Hargreaves test in SNI mice also showed a strong reduction of the reaction time to the thermal stimulus 1,7, 14, 21
and 28 days after injury with a very short time-response to infrared stimulation (day 1: 8.10+ 0.14 s day 7: 8.41+ 0.23 s;
day 14: 8.73+0.28 s; day 21: 8.18+0.19 s; day 28: 8.82+0.23 s), compared to basal values of 14.33+0.25 s, recorded in
SHAM animals and before surgery (Fig. 10B), indicating the onset of a hyperalgesic state. OXATP treatment for 21
days significantly restored thermal sensitivity (day 7: 11.42+0.34 s; day 14: 12.96+0.34 s; day 21: 13.05+0.35; day 28:
13.58+0.45) (**p<0.001) (Fig. 10B).

These data suggest that antagonism of the purinergic system prevents neuropathic behavior.

Discussion

Decades of studies regarding the mechanisms of neuropathic pain following PNI have demonstrated that not only
altered neuronal plasticity but also aberrant functions of glial cells are involved.

Neuro-glial plastic changes following PNI have been showed to induce both neuronal/astrocytic activation and
alteration of neuro-glial interactions, determining maladaptive synaptic plasticity in the spinal somatosensory system
that seems to be directly responsible for neuronal hyperexcitability and enhanced/aberrant synaptic transmission that
sustain neuropathic pain [62-63].

As we previously demonstrated [9-10, 12, 19-20], we here confirm that SNI was associated with 1) the onset and
persistence of reactive gliosis in the lumbar spinal cord (Fig. 1); 2) changes in the expression of glial and neuronal
neurotransmitter transporters as demonstrated by the reduction of gGTs (GLT-1 and GLAST), the increase of both
neuronal glutamate transporter EAACI (Fig. 4), and vGAT (Fig. 5).

We speculate that the reduction of gGTs might be correlated to glial activation (phenotypic changes) and the increase of
EAACI might represent the neuronal attempt to reduce extracellular glutamate levels, and prevent further excitatory
glutamate transmission and excitotoxicity. Similarly, it is conceivable that the increase of VGAT might be an adaptive
response of the CNS to counteract hyperexcitability of glutamate transmission, enhancing the GABAergic tone [9-10,
13]. Behavioral data, indeed, confirmed the onset of neuropathic pain syndrome, as shown by reduced mechanical and
thermal paw withdrawal thresholds (Fig. 10).

To directly investigate the spinal plastic changes following PNI and evaluate their modulation by the purinergic system,
we used two-photon microscopy to assess in vivo Ca®" levels and functionally visualize living astrocytes and neurons in
spinal cord both under resting and sensory-stimulation conditions.

Furthermore, we measured Ca?" modifications following PNI and the role played by the purinergic system.

Recently, an increasing number of in vivo studies has demonstrated that astrocytic Ca?" dynamics play a key role for
synaptic plasticity and modulate synaptic transmission by triggering neurotransmitters release [58, 64-65], suggesting
that astrocytes actively regulate neuroglial network. Moreover, hindlimb-selective sensory-evoked Ca?" signals in
cortical astrocytes were found to operate on a time-scale similar to neurons and ex vivo studies showed that astrocytic
Ca?" signaling is critical to the bidirectional communication between neurons and astrocytes [5-6]. Our data suggest that
peripheral sensory stimulation is associated with Ca?" increase in spinal dorsal horn neurons and astrocytes of SHAM
animals (Fig. 8). PNI-induced reactive gliosis alters Ca?" dynamics in spinal neurons and astrocytes (Fig. 8-9)with a
persistent increase of Ca®* levels, when stimulated at both frequencies.

It has been reported that purinergic-mediated glial functions make a critical contribution to pathologically enhanced
pain processing in the dorsal horns [21, 36,66], suggesting that glial purinergic receptors might be promising targets for
treating neuropathic pain [67]. Among purinergic receptors, the P2XRs subtype was reported to modulate synaptic
plasticity [68], intracellular Ca®' concentrations [69], neurotransmitters release and glial response [70]; nonetheless to
increase GFAP expression with elongation of astrocytic processes, cellular proliferation, microglial activation and
release of proinflammatory cytokines (e.g. TNFa, IL1p) [71-73].

To better understand the role of the purinergic system in modulating/restoring glial reaction and its involvement in the
maintenance of synaptic homeostasis, we used systemic administration of OXATP (a non selective P2XRs antagonist) to
inhibit P2X7R signaling, limit inflammatory response and confer neuroprotection [71,74].

The aim of the current work was to further understand the morpho-functional molecular correlates of pain recovery. In
line with the results of a recent work by our group [36], that validated the experimental design (the fixed dose of 6
mg/kg of OXATP, and the i.p. administration) and the efficacy of this dialdehydic compound in the prevention of the
neuropathic behavior.



In particular, we here confirm that i.p. administration of OXATP for 21 days restores GFAP and Ibal levels (Fig. 1),
showing that this treatment is associated to 7) reduction of gGTs expression (Fig. 4), ii) increased vGLUT expression
(Fig. 5), iii) restored EAAC1 and vGAT levels (Fig. 4-5), and iv) recovery of Ca** dynamics in neurons and astrocytes
(Fig. 8-9), suggesting that purinergic system plays a key role in regulating neuro-glial reaction as well as homeostasis of
spinal Ca®" levels.

These morphological and molecular changes were fitly paralleled by the behavioral recovery of mice, as mechanical
and thermal paw withdrawal thresholds were fully restored by OxATP treatment (Fig. 10). Accordingly, a recent work
first demonstrated that persistent pain and LTP of spinal nociceptive pathways was correlated to hyperalgesia [75]
suggesting that modulation of spinal plasticity represents a putative therapeutic strategy to chronic pain.

In line with other works, phenotypic changes of reactive glial cells include up-regulation of P2XRs, in particular the
P2X7 receptor (Fig. 7) [28-30] and selective blockade of P2XRs has been shown to attenuate microglial activation and
inflammation [24,37,76]. P2XRs inhibition by OxATP reduced glial proliferation induced by TNFa and LPS (Fig. 2)
without affecting cell survival (Fig. 3), down-regulated P2X7 (Fig. 7) while lowered neuronal and astrocytic ROS
production, both under basal conditions and following oxidative stress (Fig. 3). This effect might be linked to the role of
OxATP in modulating Ca?" influx through P2XRs [77].

Together, these data suggest an anti-inflammatory and anti-gliotic action of OxATP, resulting from the blockade of
P2XRs expression and activity.

In line with its potential anti-gliosis effect [36], we here report that OXATP treatment for 21 days induced a significant
reduction of gGTs levels in dorsal horns of spinal cord (Fig. 4), most likely due to the decreased glutamate release.
Therefore we suggest that the inhibition of P2XRs may allow the recovery of astrocytic gGTs function, modulating the
glutamatergic and GABAergic transmission and increasing the transporter levels, as previously postulated [78].
Actually, OxATP-mediated blockade of neuronal presynaptic P2XRs [79] has been previously shown to reduce
glutamate and GABA release [80], vesicular fusion and exocytosis [81]. Accordingly, in the spinal cord of OXxATP-
treated mice, we found a significant increase of vVGLUT expression, as demonstrated also in vitro. Restoring vGLUT
levels involved both astrocytic and neuronal compartments, while vVGLUT expression was dramatically reduced by
TNFo/LPS and CM from activated glia. Thus OxATP-mediated reduction of glutamate release may account for the
adaptive down regulation of gGTs (GLAST and GLT-1) and restored glutamatergic and GABAergic function, as
indicated by the reduction of expression levels of vGAT and GAD65/67 (Fig. 5).

Taken together, our results indicate that OxATP, through P2XRs, modulates glial and neuronal glutamate/GABA
transporters following PNI, inducing long-lasting plastic changes of spinal neuro-glial circuitry. It is now well accepted
that modifications of neuro-glial network strongly contribute to mental disorders [82-84] and neurodegenerative
diseases [11,85-88]. Therefore targeting P2XRs may be helpful to contrast neuroinflammatory reaction and restore
neuro-glial homeostasis.

In conclusion, our findings confirm the importance of phenotypic glial changes following PNI, based on: i) reduction of
gGTs with a concurrent impaired glutamatergic function and perturbation of synaptic circuitry homeostasis; i) further
decrease of glutamate uptake, thus affecting glial function of synaptic protection against excitotoxicity.

Moreover we show that sensory stimulation is associated with Ca?" increase in both spinal neurons and astrocytes,
though Ca?" dynamics are altered in condition of reactive gliosis. Restoring Ca?" levels antagonizing P2XRs, supports
that Ca?" behavior is firmly modulated by purinergic system in conditions of reactive gliosis and maladaptive plasticity.
Therefore, the purinergic system seems to play a key role in regulating neuro-glial reaction and spinal Ca?* dynamics.
Moreover, our data strongly support the relevance of OXATP in modulating glial protective function and its role in
preserving the synaptic circuitry through modulation of glutamatergic and GABAergic components.

In conclusion, these data extend current understanding of reactive gliosis mechanisms in synaptic plasticity following
PNI, shedding light on the emerging role of the purinergic system and glial components (astrocytes and microglia) in
modulating homeostasis of synaptic circuits both under physiological and pathological conditions.
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Figure Legends

Fig. 1 Evaluation of glial markers in the dorsal horn of spinal cord. Sections of the dorsal horns of lumbar spinal cords
were prepared from SHAM and SNI animals treated for 21 days with OXATP (6 mg/kg) or vehicle and immunostained
for GFAP (A) and Ibal (B). Data are the mean + SEM (n=10 for each group); (**p<0.001, VEH vs OXxATP, SHAM vs
VEH; ANOVA and Holm-Sidak test). Scale bar: 50 pm.

Fig. 2 Reduction of astrocyte proliferation by OXxATP. A) Cell count of astrocytes or mixed glial cells treated with
TNFa (10 ng/ml) or LPS (1 pg/ml), respectively, in the presence or absence of OXATP (100 pg/ml) for the indicated
times. Data are the mean + SEM of five independent experiments. B) Proliferation rate of astrocytes or mixed glial cells
stimulated with TNFa (10 ng/ml) or LPS (1 ug/ml), respectively, in the presence/absence of OxATP (100 pg/ml) for the
indicated times. BrdU (10 pM) was added during the last 24 hr of treatments. Data are the mean + SEM of three
independent experiments, each performed with 4-6 sample for each treatment.

Fig. 3 Effect of OXATP on neuronal and astrocytic viability. A) Survival by MTT assay of cortical neurons and
astrocytes following treatment with OXATP (100 pg/ml) for 72 hr. Treatments with H,O> (200 yM, dashed bar) or
glutamate (200 PM, dotted bar) for 16 hr were used as positive controls for astrocytes and neurons, respectively. Data,
expressed as percent of CTR, are the mean + SEM of three independent experiments, each performed with 4-6 sample
for each treatment. B-D) Measurement of ROS levels in neurons (B) and astrocytes (D) under basal conditions or
following treatment with OXATP for 6 h. As a positive control, astrocytes were treated with H,O, (100 pM) for 6 hr.
Cells were loaded with DCFH-DA (10 uM) during the last 30 min of treatments and analyzed by FACS. Flow
cytometric measurements were taken on 10,000 cells. Data, expressed as percent of CTR, are the mean £ SEM of three
experiments in duplicate (* p<0.05, ** p<0.001 versus their respective CTR; ANOVA and Dunnett’s test). C)
Representative FACS fluorescence profiles of astrocytes treated with H>O, (100 uM) in the presence or absence of
OxATP (100 uM).

Fig. 4 Neuronal and glial aminoacid transporter expression. Sections of the dorsal horns of lumbar spinal cords were
prepared from SHAM and SNI animals treated with OxATP (6 mg/kg) or dH>O and immunostained for glial glutamate
GLAST (A) and GLT-1 (B) transporters, or the neuronal glutamate transporter EAAC1 (C). Data are expressed as the
mean + SEM (*p=<0.01; **p=<0.001). Scale bar: 50 pm.

Fig. 5 Expression levels of vGAT, vGLUT, and GAD. Confocal microscopy images of dorsal horns of the lumbar
spinal cord immunostained for vGAT (A), vGLUT (B), and GAD-65 (C). Sections of the dorsal horns of lumbar spinal
cords were prepared from SHAM and SNI animals treated with OXATP (6 mg/kg) or vehicle. Data are expressed as the
mean = SEM (¥p<0.01; **p<0.001). Scale bar: 50 pm.
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Fig. 6 Expression levels of vGLUT in cortical neurons and astrocytes. A) Representative western blot (WB) of cortical
neurons treated with CM from TNFa (10 ng/ml)-activated astrocytes (CM-TNFa) or CM from mixed glial cells treated
with LPS (1 pg/ml) (CM-LPS) in the presence or absence of OXATP (100 pg/ml). B) Representative WB of cortical
astrocytes or mixed glial cells activated by TNFa (10 ng/ml) or LPS (1 yg/ml), respectively, with or without OxATP
(100 pg/ml). Total lysates were processed by WB using anti-vGLUT antibody. Blots were probed with B-actin to
normalize for protein content. C-D). Quantification of WB bands was achieved by NIH-ImageJ. Protein levels of
neuronal (C) and astrocytic (D) lysates, normalized by the actin content, were expressed as percent of CTR + SEM (*
p=<0.05, ** p<0.001 versus their respective CTR; ANOVA and Dunnett’s test).

Fig. 7 Representative western blot and quantitative analysis of glial P2X7R expression in lumbar spinal cord in SHAM,
SNI and OxATP treated mice. SNI mice showed significant increase of P2X7R, compared to SHAM animals; OxATP
treatment restored receptors’ levels (** p<0.001). Quantification of bands was achieved by NIH-ImageJ] and protein
levels, normalized by the actin content, were expressed as percent of CTR £ SEM (** p<0.001).

Fig. 8 Sensory stimulation triggers Ca?" increase in spinal astrocytes. A) Superficial laminae of dorsal horn of lumbar
spinal cord, showing different astrocytes in rest condition (scale bar: 10 um). nROI indicates the selected ROI for
density measures of the surrounding neuropil. B-C) Ca?" levels (AF/Fo) at rest and during 1Hz/6Hz stimulation in
neurons, astrocytes and neuropil. Peripheral stimulation induces Ca?" increase in astrocytes at 1Hz, in contrast neuronal
and neuropil Ca®* levels increase when stimulation occurs at 6Hz. The difference between resting and stimulation time
scales is due to different duration of the session (30 s for resting and 10 s for stimulation). Imaging frame rate: 30Hz;
frame duration 3,3 s.

Fig. 9 Average Ca' levels (AF/Fo) at rest and during 1Hz/6Hz stimulation in neurons and astrocytes of SHAM, SNI
and OXATP treated mice. SNI induced changes of Ca?" dynamics in neurons and astrocytes. I.p. OXATP treatment fully
restored Ca?" levels as observed in SHAM animals (*p <0.01; **p <0.001); (black asterisks: significance for astrocytes;
blue asterisks: significance for neurons; red asterisks: astrocytes vs neurons).

Fig. 10 Prevention of SNI-induced neuropathic behavior by i.p. OXATP treatment. Neuropathic mice were tested by
von Frey (A) and Plantar (B) tests for baseline sensitivity (day 0) and 1, 7, 14, 21 and 28 days after OXATP (6 mg/kg)
administration. Data are the mean + SEM (**p< 0.001, VEH vs OXATP (ANOVA and Holm-Sidak test) (n=10 for each

group).
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Figure 2
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9

1Hz

- dIVYO-£0
F dLVROTS
= AIVYO-TH
= dLVXO-IS
- dANVYO-1H
r INS-£d

r INSIS

r INS-Td
 INS-IS

r INS- T
FaLDEd
F U1
R A e |
FULYIs

- ELDTH

0,6

0,1 4

6 Hz

%k

s

—#— Astrocytes

—#— Neurons

%%
M

= dIVYO-£H
F dLYYO-TS
= dIV¥O-TH
F dLVXO-1S
= dLVYO-1H
r INSEd

F INSTS

- INSTH

- INS-18

r INS'TY
FUL)EY
FaLdTs

F LT
- LIS

- AL

0,7

0,4

Jﬁ.,....—q

0,3

0,2 4

0,1 -

e R
=

25



Figure 10
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Table 1 Astrocytic Ca**-related fluorescence (AF/Fy) (MecantSEM)
Resting/Stimulation SHAM | SNI | OxATP

1H;
R1 0.28+0.01 **p<0.001 | 0.07+0.01 n/s 0.36::0.03
S1 0.41+0.03 0.09+0.03 0.42+0.02 | *p<0.01
R2 0.25+0.04 *¥%p<0.001 | 0.37+0.03 *¥*p<0.001 0.35+0.02
S2 0.47+0.03 0.41+0.01 0.47+0.03 | **p<0.001
R3 0.23+0.01 0.39+0.04 0.34:+0.03

6 Hz
R1 0.32+0.02 n/s 0.23+0.03 **p<0.001 0.36+0.02
S1 0.37+0.03 n/s 0.60+0.03 0.49+0.03 | **p<0.001
R2 0.33+0.02 n/s 0.444+0.03 0.35+0.02
S2 0.39+0.05 n/s 0.41+0.02 0.48+0.03 | **p<0.001
R3 0.36+0.03 n/s 0.39+0.02 *p<0.01 0.35+0.01

n/s: not significant.

Table 2 Neuronal Ca**-related fluorescence (AF/F;) (Mean+SEM)
Stimulation SHAM SNI OxATP
1 Hzg
R1 0.11£0.03 n/s 0.14+0.02 0.07+0.001 n/s
S1 0.16+0.03 n/s 0.47+0.04 [ **p<0.001 0.09:+0.003 n/s
R2 0.110.03 n/s 0.36+0.04 0.08+0.001 n/s
S2 0.15+0.02 n/s 0.33+0.04 0.07£0.002 n/s
R3 0.120.02 n/s 0.33+0.02 0.09+0.003 n/s
6 Hz
R1 0.17+0.07 0.08+0.03 | **p<0.001 0.14+0.03
S1 0.39+£0.03 | **p<0.001 | 0.44+0.04 0.22+0.04 | **p<0.001
R2 0.23+0.03 0.38+0.06 0.15+0.03
S2 0.43+0.05 [ **p<0.001 | 0.32+0.03 0.25+0.03 | **p<0.001
R3 0.16+0.02 0.31+0.02 [ *p=<0.01 0.15+0.02

n/s: not significant.

27




