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Inhibitory interneurons with differential plasticities at their connections tune excitatory-inhibitory balance in the spinal nociceptive system

Introduction

Nociceptive information conveyed from the periphery by primary afferents is integrated in the dorsal-horn of the spinal-cord before being forwarded to the brain where it can lead to pain perception. Among sensory neurons, C-and Aδ-primary afferents conveying nociceptive information mostly project to networks within dorsal-horn superficial layers (laminae I-III). In lamina II (LII), primary afferents synapse with local excitatory or inhibitory interneurons [24; 30; 33; 34]. In turn, LII inhibitory interneurons contact either excitatory or inhibitory interneurons [24; 33; 34; 44; 54]. Inhibitory interneurons in these networks play a critical role in the processing of nociceptive information, and alteration of inhibition is associated with physiological/pathological pain states [23; 39; 48; 50]. LII interneurons are inhibited by both GABAergic and glycinergic connections but local inhibitory connections between LII neurons are mostly GABAergic [27; 33].

Sensory neurons projecting to these networks encode the intensity of adequate stimuli using an action-potential frequency code [1; 2; 7; 51]. In other regions of the central nervous system, the processing of such frequency-coded information is known to involve frequency-selective synapses [13; 26; 29]. These synapses display short-term plasticity (STP) processes changing dynamically their efficacy over time as a function of the delay between presynaptic actionpotentials [6; 37]. Therefore, networks in the spinal nociceptive system are also expected to display short-term plasticity in order to process frequency-coded sensory information. Surprisingly, this question has been little addressed experimentally, and has mostly used simple paired-pulse stimulation protocols [8; 20; 24; 43; 53] and very rarely protocols using trains of stimulations [9; 20; 27; 53]. Data on the impacts of stimulation trains in information processing in the dorsal-horn are also pending to fully understand the mechanisms engaged by the rapidly-expanding stimulation approaches used in pain alleviation such as spinal-cord stimulation [17; 22]. Together with other targets, this approach has indeed been suggested to activate inhibitory LII interneurons [START_REF] Daniele | Low-threshold primary afferent drive onto GABAergic interneurons in the superficial dorsal horn of the mouse[END_REF].

The objective of the present study was to examine short-term plasticities of GABAergic connections onto LII neurons, and to determine whether such plasticities were different when the synapses involved an excitatory or an inhibitory postsynaptic (target) neuron. To this end, we prepared acute slices from mice expressing enhanced green fluorescent protein (eGFP) under the control of the GAD65 promoter [START_REF] Cui | Modulation of synaptic transmission from primary afferents to spinal substantia gelatinosa neurons by group III mGluRs in GAD65-EGFP transgenic mice[END_REF]. We recorded from either eGFP-expressing (eGFP+) or eGFP negative (eGFP-) neurons, and also performed simultaneous recordings of eGFP+ and eGFPneurons while stimulating single presynaptic GABAergic neurons.

Our results indicate that GABAergic connections onto eGFP+ neurons of LII display different short-term plasticities than those onto eGFP-neurons, favoring inhibition at frequencies occurring during intense nociceptive stimulation and favoring excitation at frequencies occurring during nociceptive stimulation of low intensity.

Methods

Animals

For all experiments, we used male heterozygous C57BL/6 BAC transgenic mice eGFP under the control of the GAD65 promoter obtained from Ferenc Erdelyi and Gabor Szabo (Institute of Experimental Medicine, Budapest) [START_REF] Cui | Modulation of synaptic transmission from primary afferents to spinal substantia gelatinosa neurons by group III mGluRs in GAD65-EGFP transgenic mice[END_REF]. In these mice, ̴ 80% of LII eGFP+ neurons are GABAimmunopositive and ̴ 60% of GABA-immunopositive neurons are eGFP+ [START_REF] Cui | Modulation of synaptic transmission from primary afferents to spinal substantia gelatinosa neurons by group III mGluRs in GAD65-EGFP transgenic mice[END_REF]. These mice were interbred at the local animal facility, The Chronobiotron (agreement number: A67-2018-38). The animals were housed at room temperature (22-25°C) with a 12hr light/dark cycle with free access to food and water. All procedures used were in accordance with laws for laboratory animal welfare and approved by the local ethical committee of the University of Strasbourg (CREMEAS;

agreement number: APAFIS#8138-2016121008385362 v3).

Slicing procedure

Adult transgenic mice (5-9 weeks) were anaesthetized with urethane (1.9 g.kg -1 ). Under deep anesthesia, intracardiac perfusion was performed with oxygenated ice-cold (~4°C) sucrose artificial cerebrospinal fluid (sACSF) bubbled with carbogen (95% O2, 5% CO2) containing (in mM):

248 sucrose, 26 NaHCO3, 11 glucose, 2 KCl, 2 CaCl2, 1.3 MgSO4, 1.25 KH2PO4, 2.5 kynurenic acid.

The lumbar part (L3-L5) of the spinal cord was removed by laminectomy and 400 µM thick transverse slices were cut with a vibrating microtome (Leica, VT1200S). Slices were kept until recording at room temperature (~25°C) in oxygenated ACSF containing in mM: 126 NaCl, 2.5 KCl, 2 CaCl2, 2 MgCl2, 26 NaHCO3, 1.25 NaH2PO4, 10 glucose.

Patch-clamp recordings

After recovery (~1 h), slices were transferred to the recording chamber, maintained at 32 ± 1°C and continuously perfused by oxygenated ACSF at 3-4 ml/min. In order to isolate GABAergics IPSCs, glycinergic and glutamatergic ionotropic transmissions were blocked by adding in ACSF 1 µM strychnine and 10 µM 6-cyano-7nitroquinoxaline-2,3-dione (CNQX) respectively. Whole-cell patch recordings were made from inhibitory (eGFP+) and putative excitatory (eGFP-) LII neurons.

Recording and extracellular stimulation electrodes (4-7 MΩ) were pulled from borosilicate glass capillaries (1.2 mm inner diameter, 1.69 mm outer diameter, Warner Instruments, Harvard Apparatus) using a P1000 electrode puller (Sutter Instruments). Recording electrodes were filled with, in mM: 140 KCl, 2 MgCl, 10 HEPES, 2 MgATP; pH 7.3. In experiments using increased stimulation amplitudes, 1 mM QX314 was added to this intrapipette solution to prevent spiking of the recorded neuron. Junction potentials were not corrected. Whole-cell patch clamp recordings (in current-clamp and voltage-clamp recording modes) were made using a Multiclamp 700A amplifier (Molecular Devices). Signals were low-pass filtered at 5 kHz, sampled at 20 kHz, digitized using a BNC-2110 data acquisition card (National Instruments) and acquired with the Strathclyde electrophysiology software (WinWCP, John Dempster, University of Strathclyde, Glasgow, UK).

Experimental design

Our recordings started in the current-clamp mode. Holding current was adjusted in order to keep the recorded neuron at a membrane potential of -60 mV. In this mode, firing patterns were determined in response to 1 s-long depolarizing current injections through the recording electrode pA in 20 pA steps). For some experiments in the current-clamp mode, we simulated excitatory synaptic potentials (EPSPs) by injecting EPSCs current traces. These EPSCs current traces were constructed by averaging excitatory postsynaptic currents evoked by local electrical extracellular stimulation (EPSCs) recorded in LII neurons (same protocol as for eIPSCs described below) with 10 µM bicuculline and 1 µM strychnine. In these conditions, average eEPSCs was of 88.9 ± 10.6 pA with a rise time of 2.1 ± 0.3 ms and a decay time constant of 5.7 ± 0.9 ms (n = 4 neurons). To simulate the convergence of excitatory inputs as suggested by [START_REF] Grudt | Correlations between neuronal morphology and electrophysiological features in the rodent superficial dorsal horn[END_REF] who recorded C-fibrers mediated EPSCs in islet cells of above 400 pA, we injected the current corresponding to 4 times the average eEPSC we measured.

After this initial phase, neurons were recorded in the voltage-clamp mode at a holding potential of -60 mV. Monosynaptic IPSCs were evoked by local extracellular electrical stimulation. This stimulation was performed by applying current steps (0.25 ms; 0.10-0.40 mA; average 0.21 ± 0.01 mA) via a patch-pipette filled with ACSF. This stimulation electrode was placed at a distance of 20-150 µm from the cell body of the recorded neuron. For each recorded neuron, the lowest amplitude of stimulation evoking inhibitory postsynaptic currents was determined. This amplitude was increased by 0.05 mA to evoke inhibitory postsynaptic currents (eIPSCs) for each stimulation applied. Synaptic contacts were identified as monosynaptic unitary connections when the following criteria were satisfied: (1) all-or-none appearance of eIPSCs, (2) absence of increase in eIPSC amplitude when minimal stimulation amplitude was increased by 0.05 mA, (

disappearance of eIPSCs when stimulation polarity was inverted, and (4) constant latency of the eIPSCs.

The same criteria were applied for simultaneous recordings of pairs of eGFP-and eGFP+ neurons connected by the same presynaptic neuron.

For all neurons, paired-pulse stimulations were applied with an inter-stimulation interval (ISI) of 200 ms repeated every 10 s. In a subset of neurons, paired-pulse stimulations with multiple ISIs were applied (ISIs of 20, 50, 75, 100, 200, 300 ms) and pairs of stimulation were separated by 10 s. Trains of 11 stimulations repeated 10 times were used in most experiments. Unless otherwise stated, trains applied at 5 Hz were repeated every 20 s whereas trains applied at 50 Hz were applied every 60 s.

Data quantification and analysis

Action-potential firing patterns were analyzed offline using Clampfit 10 (Molecular Devices, USA).

Neurons firing multiple spikes during the whole duration of the depolarizing current step and displaying a constant interval between each spike were classified as Tonic-firing type (tonic) (Fig. 1A); neurons with a burst of spikes at the beginning of depolarizing current step and showing a decrease in inter-spike interval duration during the step as well as a progressive reduction of spike amplitudes were classified as Initial bursting type (IB) (Fig. 1A); neurons fulfilling neither of these criteria were classified as "Other type" of firing pattern.

eIPSCs were also analyzed offline using Clampfit 10. Synaptic inhibitory transmission was quantified by measuring the amplitude of individual eIPSCs. To take into account baseline changes due to eIPSCs summation, the amplitude immediately before stimulation was subtracted from the peak amplitude of each eIPSC. Unless otherwise stated, stimulation protocols were applied ten times in each neuron and the within-cell average across trials was calculated by averaging eIPSCs amplitudes from these ten repetitions. When protocols consisted of trains of stimulations, amplitudes of eIPSCs of the same rank in the train were averaged. These within-cell average across ten trials were used for statistical analysis (Fig. S1).

Averaging amplitudes of raw eIPSCs gives greater weight to connections in which eIPSCs display larger amplitudes. Therefore, in addition to analyzing raw eIPSCs amplitudes, we calculated normalized eIPSCs amplitudes. These were calculated by normalizing for each neuron the averaged eIPSCs amplitudes to the averaged amplitude of the first eIPSCs in the train. This allowed to analyze relative changes in amplitude during trains regardless of the initial raw amplitude values of eIPSCs.

Both raw and normalized eIPSCs amplitudes were used for statistical analysis.

For paired-pulse stimulation experiments, the paired-pulse ratio (PPR) was calculated as the amplitude of the second eIPSC divided by the amplitude of the first eIPSC.

The weighted decay time constant (τw) was calculated as described in Labrakakis et al. [START_REF] Labrakakis | The heterogeneity in GABAA receptor-mediated IPSC kinetics reflects heterogeneity of subunit composition among inhibitory and excitatory interneurons in spinal lamina II[END_REF] from biexponential fits using equation 1.

Equation 1. τw = (τf•Af + τs•As)/(Af + As)
where τf and τs are the fast and slow decay time constants, respectively and Af and As the corresponding amplitudes used as weighting factors.

For experiments with GABAB and A1 antagonists, trains of stimulations were repeated before, during and after perfusion of the antagonists. Ten trains were applied in control conditions and the antagonist was subsequently applied for 10 minutes. The effect of antagonists was measured after at least 3 minutes of perfusion. For each neuron, amplitudes of eIPSCs of the same rank in the two conditions (i.e. control vs. antagonist) were averaged. Results are expressed as mean ± SEM.

For some experiments, we recorded miniature IPSCs. These synaptic events were detected using WinEDR (V3.8.6, Strathclyde Electrophysiology Software, John Dempster, University of Strathclyde, Glasgow, UK) with an amplitude threshold detection algorithm and were visually inspected for validity. Peak amplitude of miniature IPSCs was determined using WinWCP (version 5.4.5). Events were detected during at least 200 s.

Statistics

Statistical analysis were performed using averaged eIPSCs amplitudes (i.e. within-cell average across trials) of each neurons (Fig. S1). These were calculated for each neuron by averaging amplitudes of eIPSCs of the same rank (2 ranks for paired-pulse experiments, 11 ranks for trains of stimulations). The number of neurons is given as the n-value in the result section.

Student's t-test was used to compare amplitudes of isolated eIPSCs, decay time constants and mIPSCs after having tested for data normality (Kolmogorov-Smirnov test, p > 0.05).

For paired-pulse protocols, the proportions of neurons displaying a facilitation (PPR>1.1), a depression (PPR<0.9) or no change in PPR (0.9-1.1) were analyzed with a log-linear analysis performed on the 3-way contingency Non-linear regression analysis [START_REF] Motulsky | Fitting Models to Biological Data Using Linear and Nonlinear Regression[END_REF] was used to analyze PPR values as a function of ISIs and changes in eIPSCs amplitudes during stimulation train protocols. Individual data of all neurons were always used for curve fitting and average values were used for illustration (Fig. S1).

PPR values as a function of ISIs for eGFP+ and eGFP-neurons were fitted with the equation 2.

Equation 2. Y=A1+((A1-A2)*EXP(-X/A3))

where A1 corresponded to Y value for ISI=0; A2 corresponded to the asymptotic value of the fit;

and A3 corresponded to the exponential decay constant of PPR value as a function of ISI.

Parameters A1, A2 and A3 were determined by nonlinear curve fitting using KyPlot 6.0 (KyensLab, Tokyo, Japan). A global fit on the same data was also performed using the same equation. This global fit was compared to the sum of fits from separated data obtained from eGFP+ and from eGFP-neurons.

Non-linear curve fitting was used to analyze and compare changes in eIPSCs amplitudes during stimulation train protocols. This analysis was performed using averaged eIPSCs amplitudes of each neurons.

Amplitudes of eIPSCs as a function of their respective rank in the train were fitted using the equation 3.

Equation 3. Y=A1+A2*(1-EXP(-X/A3))
where A1 corresponded to Y value of the 1 st eIPSCs of the train, A2 corresponded to the change in amplitude for the curve asymptote, A3 corresponded to the constant of the exponential function.

A1 and A2 are in pA for fits of raw eIPSCs amplitudes and are dimensionless for fits of normalized eIPSCs amplitudes. A3 unit is the rank of stimulation in the train.

To define whether STP was expressed during trains of stimulations, i.e. whether significant changes in amplitude occurred during the train, fits with Equation 3 were compared with linear fits with slope values forced to 0. When fits with Equation 3 provided statistically significant improvements with respect to the linear fit with slope value forced to 0, the connections were considered as displaying a significant STP during the corresponding protocol [START_REF] Motulsky | Fitting Models to Biological Data Using Linear and Nonlinear Regression[END_REF].

To compare two different conditions (e.g. eGFP-vs. eGFP+ or presence/absence of antagonists) data from each conditions were fitted with Equation 3, either individually (sum of two functions)

or pooled (one single function). When the sum of two individual fits provided statistically significant improvements with respect to the fit of pooled data, the two conditions were considered as having distinct effects [START_REF] Motulsky | Fitting Models to Biological Data Using Linear and Nonlinear Regression[END_REF]. Fits of pooled data are illustrated (in black) when the two conditions were not different whereas individual fits are illustrated (in color) when the two conditions were significantly different. For illustration purpose, these fits are illustrated together with the averages of "cross-trial averages".

In the result section, p-value of model comparisons are given as well as the corresponding number of neurons (n). The significance level used for all analysis was set at 0.05. The goodnessof-fit was also compared by calculating for both conditions Bayesian Information Criterion (BIC), Akaike Information Criterion (AIC), and the corresponding sample-size bias-corrected values (AICc) [START_REF] Spiess | An evaluation of R2 as an inadequate measure for nonlinear models in pharmacological and biochemical research: a Monte Carlo approach[END_REF]. CNQX and CGP55845 were dissolved in DMSO, DPCPX was dissolved in ethanol and strychnine in water; all were prepared as x10000 concentrated stock solutions. For experiments with these antagonists, analysis of changes in normalized eIPSCs amplitudes allowed to detect modulations engaged during the train (phasic modulation). All substances were diluted to their final concentration in ACSF at the beginning of each experiment.

Results

Firing properties of eGFP+ and eGFP-neurons 6 , Fig. 1B). The average firing frequency of both eGFP-IB neurons and eGFP+ Tonic neurons was above 50 Hz during the first 200 ms of 80 pA current steps (95.1 ± 11.9 Hz and 52.4 ± 5.7 Hz, respectively, Fig. 1C). When EPSPs were simulated by injection of EPSCs at 50 Hz during 200 ms, the proportion of EPSPs triggering an action-potential was of 79.1 ± 13.0 % in eGFP-neurons (n = 7) and of 100.0 ± 13.0 % in eGFP+ neurons which occasionally discharge more than one action potential per simulated EPSP (n = 4; Fig. 1DE). These data indicate that neurons of LII are able to discharge action-potentials at several tens of hertz, at least during few hundreds of milliseconds.

LII

GABAergic synaptic transmission in LII

Average amplitude of pharmacologically-isolated eIPSCs (Fig. 2A) was not significantly different when recorded in eGFP-neurons (-60. In the same preparation, amplitude of miniature IPSCs (mIPSCs, Fig. 2C) was not significantly different when recorded in eGFP-neurons (-16.7 ± 0.9 pA; n = 9) or in eGFP+ neurons (-17.8 ± 1.2 pA; n = 22) unpaired Student's t-test, t = 0.526, df = 29, P = 0.603. Therefore, eIPSCs amplitude represented on average 3 times the amplitude of mIPSCs.

Postsynaptic target-specific paired-pulse plasticity at GABAergic connections in LII

Short-term synaptic plasticity was first examined using paired-pulse stimulation protocols with various ISIs.

Inhibitory connections onto eGFP+ or eGFP-neurons can either display paired-pulse facilitation (PPR > 1.1), paired-pulse depression (PPR < 0.9) or no change in paired-pulse ratio (PPR: 0.9-1.1).

Proportions of neurons in each category were significantly different in eGFP-and eGFP+ neurons (Fig. 2D; χ 2 = 11.97; P = 0.003), with a larger proportion of paired-pulse facilitation in eGFPneurons.

Values of PPR at various ISIs were significantly different in eGFP+ and eGFP-neurons (non-linear curve fitting, P = 7.2•10 -3 , Table S1, Fig. 2E). In eGFP+ neurons, average PPR values were close to 1 at all tested ISIs whereas in eGFP-neurons, average PPR values were above 1.1 for ISIs below 100 ms and progressively decreased at longer ISIs.

These data indicate that GABAergic connections onto eGFP-neurons preferentially displayed facilitation at short ISIs, and that GABAergic connections onto eGFP+ neurons preferentially displayed depression at long ISIs. Although PPR revealed differences between connections onto eGFP+ and eGFP-neurons, incoming information from the periphery is usually under the form of trains of action-potentials rather than isolated pairs of impulses. In the following experiments we therefore examined the effect of trains of stimulations.

Short-term plasticity during 5 Hz activation of GABAergic connections in LII.

We examined the short-term synaptic plasticity expressed by GABAergic connections onto LII neurons during their repeated activation at low frequency. We applied trains of 11 stimulations at 5 Hz (Fig. 3A). These trains were repeated 10 times at an interval of 20 s. For these experiments, 54 eGFP-and 49 eGFP+ neurons were recorded (averages from individual neurons, Fig. S4A-D, Table S2).

Evolution of eIPSCs amplitudes during 5 Hz trains remained similar in the first five and the last five trains for both eGFP-and eGFP+ neurons, indicating that no train-to-train plasticity was engaged under these experimental conditions (P = 0.889, eGFP-; P = 0.312, eGFP+, Table S2, Fig. 3). Moreover, eIPSC2/eIPSC1 remained unchanged in the first five and the last five trains for connections on both eGFP-and eGFP+ neurons (PeGFP-= 0.678, PeGFP+ = 0.223, Wilcoxon Signed Rank Test for Paired Data, Fig. S6). Therefore, for each neuron, amplitudes of eIPSCs of the same rank in all 10 trains were averaged.

Average amplitude of the first eIPSCs of 5 Hz trains was not significantly different when recorded in eGFP-or eGFP+ neurons (P = 0.349). However, evolution of normalized eIPSCs amplitudes during 5 Hz trains was significantly different in eGFP-or eGFP+ neurons (P = 1.94•10 -14 , Table S2, Fig. 3B). Such significant difference between eGFP-and eGFP+ neurons was also observed in experiments where stimulation amplitudes were increased from 0.20 mA to 0.45 mA (11 eGFPneurons and 11 eGFP+ neurons, Pnormalized = 8.70•10 -15 , Table S3, Fig. S5) indicating that changes in stimulation efficacy during trains of stimulations were unlikely to influence our results.

In eGFP-neurons, amplitudes of normalized eIPSCs did not significantly change (Fig. 3B,S3A)

indicating that no plasticity was expressed during the train (Pnormalized= 0.451, Table S2).

Contrasting with these data, the amplitude of normalized eIPSCs recorded from in eGFP+ neurons significantly decreased during the train (Pnormalized= 2.04•10 -6 , Fig. 3B) decreasing by 20% at the asymptote (see parameters of the curve fitting Table S2). Similar data were obtained for raw eIPSCs amplitudes (Fig. S3A, Table S2).

These data indicated that on average, GABAergic connections onto eGFP-neurons displayed no plasticity during 5 Hz trains, whereas connections onto eGFP+ displayed strong depression.

Short-term plasticity during 50 Hz activation of GABAergic connections in LII.

We examined the short-term synaptic plasticity expressed by GABAergic connections onto LII neurons during their repetitive activation at high frequency (n = 27 eGFP-neurons and n = 19 eGFP+ neurons). We applied trains of 11 stimulations at 50 Hz (Fig. 4A). These trains were repeated 10 times (averages from individual neurons Fig. S1E-H). In a first set of experiments, trains were repeated with long inter-train intervals of 60 s in order to limit the development of train-to-train plasticities. In these conditions, evolution of eIPSCs amplitudes during 50 Hz trains remained similar in the first five and the last five trains for both eGFP-and eGFP+ neurons (PeGFP-= 0.278; PeGFP+ = 0.391, Fig. 4). This indicates, that no train-to-train plasticity was engaged under these experimental conditions allowing to average the traces of the 10 trains for each neurons.

Nevertheless, whereas the plasticity remained similar in the first five and the last five trains, eIPSC2/eIPSC1 significantly decreased for connections onto eGFP-neurons but not onto eGFP+ neurons (PeGFP-= 0.048, PeGFP+ = 0.098, Wilcoxon Signed Rank Test for Paired Data, Fig. S6) suggesting that the facilitation observed in eGFP-neurons during paired-pulse stimulation at short intervals (Fig. 2E) is replaced by other types of plasticities during repeated trains of stimulation at 50 Hz.

Evolution of eIPSCs amplitudes during 50 Hz trains was significantly different in eGFP-or eGFP+ neurons for both normalized amplitudes (P = 1.88•10 -9 , Table S4, Fig. 4B) and raw amplitudes (P = 3.73•10 -8 , Table S4, Fig. S3C). In eGFP-neurons, amplitudes of normalized eIPSCs did not significantly change indicating that no plasticity was expressed during the train (Pnormalized= 0.647, Table S1.4). By contrast, the amplitude of normalized eIPSCs recorded in eGFP+ neurons significantly decreased during the train (Pnormalized= 9.03•10 -6 , Table S4, Fig. 4B), decreasing by 28 % at the asymptote (see parameters of the curve fitting, Table S4). Similar data were obtained for raw eIPSCs amplitudes (Fig. S3C, Table S4).

These data indicated that on average, GABAergic connections onto eGFP-neurons displayed no plasticity during 50 Hz trains whereas connections onto eGFP+ strongly depressed.

Comparison of plasticities at 5 Hz and 50 Hz

The evolution of normalized eIPSCs amplitudes during 5 Hz and 50 Hz trains was significantly different for both eGFP-neurons (P = 5.23•10 -3 , Table S5, Fig. 3B,4B) and eGFP+ neurons (P = 2.76•10 -10 , Table S5, Fig. 3B,4B) indicating that the characteristics of the effects depended on the frequency (see parameters of the curve fitting, Table S5). In eGFP+ neurons, the decrease of normalized eIPSCs during 5 Hz and 50 Hz differed in both the magnitude and the kinetic of the depression. The decrease of normalized amplitudes at the asymptote was of 20 % with 5 Hz protocols whereas it was of 28 % with 50 Hz protocols. In these neurons, 90 % of asymptotic values were reached at the 11 th stimulation with 5 Hz protocols and before the 5 th stimulation with 50 Hz protocols.

These data indicate that plasticities expressed by GABAergic connections depended on both the neurochemical identity of the postsynaptic target neuron and the frequency of electrical activity of the presynaptic GABAergic neuron.

Summation of eIPSCs during trains at 50 Hz

During 50 Hz trains, the eIPSCs had not fully returned to baseline at the onset of the following stimulation, a situation that resulted in their summation. We therefore reanalyzed our data measuring summed eIPSCs amplitudes from the basal holding current of each train (Fig. 4C,S3E;

statistics Table S4). Evolution of summed eIPSCs amplitudes during 50 Hz trains was significantly different in eGFP-or eGFP+ neurons for both normalized amplitudes (P = 4.90•10 -7 , Fig. 4C) and raw amplitudes (P = 4.12•10 -8 , Fig. S3E).

Amplitudes of summated eIPSCs significantly increased during 50 Hz trains in eGFP-neurons (Pnormalized = 1.15•10 -5 , Fig. 3E; Praw = 3.98•10 -10 , Fig. S3E). At the asymptote, the increase in raw amplitude was of 123.33 pA and represented an increase by 2.29 folds of the normalized amplitudes. Importantly, only 86.5 % of the asymptotic value was reached at the end of the train (i.e. 11 th eIPSC) suggesting that further summation was still possible with longer lasting trains. In eGFP+ neurons, no significant increase was detected for normalized summed eIPSCs (Pnormalized = 0.076, Fig. 4C) but raw summated eIPSCs significantly increased during 50 Hz trains (Praw = 0.67•10 -3 , Fig. S3E). In these neurons, the increase in raw summed amplitude was of 44.47 pA and 95 % of the asymptotic value was reached before the 6 th eIPSC indicating that maximal summation is reached with few eIPSCs.

This difference between eGFP-and eGFP+ neurons in eIPSCs-summation during 50 Hz trains was not caused by differences in deactivation kinetics of isolated eIPSCs since these were similar in eGFP-and eGFP+ neurons (see above).

These data indicated that GABAergic connections onto eGFP-and eGFP+ neurons displayed different characteristics of short-term plasticities under high frequency activity: connections onto eGFP+ neurons showed strong depression and limited summation whereas connections onto eGFP-neurons showed no depression and large summation.

Distinct short-term plasticity in simultaneously recorded eGFP-and eGFP+ neurons.

We next defined whether connections from a given presynaptic neuron displayed distinct shortterm plasticities when the postsynaptic neuron was eGFP-or eGFP+. To this end, we performed simultaneous recordings of eGFP-and eGFP+ neurons and searched for a presynaptic neuron connecting the recorded ones. For each pair of neuron, we substracted the normalized eIPSCs amplitudes recorded on eGFP+ neurons from those recorded on eGFP-neurons (Fig. 5).

For both 5 Hz and 50 Hz trains, the relative eIPSCs amplitude difference was significantly larger than zero (P5Hz = 1.26•10 -5 , n = 6 pairs; P50Hz = 6.21•10 -6 , n = 4 pairs, Table S7), indicating that eIPSCs recorded in eGFP+ neurons depressed relatively to eIPSCs simultaneously recorded in eGFP-neurons.

These data indicated that synapses involving the same presynaptic neuron expressed postsynaptic-target specific plasticities.

Target-specific short-term plasticity involving GABAB receptors

We next assessed whether the short-term plasticity of GABAergic connections onto LII neurons may involve GABAB receptors activated by synaptically released GABA (Fig. 6, S7, statistics Table S8). The protocols of 10 trains of stimulations used in the previous experiments were applied twice, i.e. before and during bath application of 10 µM CGP55845, a GABAB receptors antagonist.

First, trains at 5 Hz were repeated every 20 s whereas trains at 50 Hz were repeated every 60 s.

When evolution of raw eIPSCs amplitudes was considered, no significant effects of CGP55845 indicating that GABAB receptors were not tonically controlling these connections under these conditions.

Since GABAB receptors may be activated in a phasic manner by the GABA released during the train of activity, we also analyzed effects of CGP55845 on eIPSCs amplitudes normalized to the firsts eIPSCs of the control trains (Fig. 6, S7, Table S8). Normalized eIPSCs recorded in eGFPneurons were not modified in presence of CGP55845 during both trains at 5 Hz and at 50 Hz (PeGFP-, 5 Hz = 0.900, n = 6; PeGFP-, 50 Hz = 0.232, n = 12, Fig. 6A,B). Interestingly, in presence of CGP55845, amplitudes of normalized eIPSCs recorded in eGFP+ neurons during trains at 5 Hz were significantly increased by 38 % with respect to control trains (P = eGFP+, 5 Hz = 1.11•10 -10 , n = 8, Fig. 6C). A weak effect of CGP55845 was observed during trains at 50 Hz (PeGFP+, 50 Hz = 6.05•10 - 3 , n = 6, Fig. 6D).

Since trains at 5 Hz were repeated every 20 s and trains at 50 Hz every 60 s, the longer delay for 50 Hz trains may be involved in the lack of CGP55845 effect at this frequency.

Nevertheless, CGP55845 had no effect when trains at 50 Hz were repeated every 20 s (P = 0.330; n = 7, Fig. 6E) indicating that the effect of CGP55845 was not depending on the delay between trains.

Importantly, during trains at 50 Hz repeated every 20s, control eIPSCs amplitudes were larger that during protocols repeated every 60 s (P = 2.75•10 -9 ), and similar to amplitudes recorded in presence of CGP55845 during trains at 5 Hz repeated every 20 s (P = 0.380). This suggested that facilitating mechanisms engaged at 50 Hz might have overcome an inhibition by GABAB receptors (compare amplitudes Fig. 6D and6E).

These results indicated that under our experimental conditions, GABAB receptors are involved in a phasic modulation of GABAergic connections between LII neurons. This involvement of GABAB receptors is target-specific, it only occurs at synapses between two GABAergic neurons and at low stimulation frequency (i.e. at 5 Hz).

Target-specific and frequency dependent tonic inhibition involving adenosine A1 receptors

Since synaptic vesicles contain ATP which can be rapidly hydrolyzed into adenosine by extracellular ectonucleotidases [START_REF] Dunwiddie | Adenine nucleotides undergo rapid, quantitative conversion to adenosine in the extracellular space in rat hippocampus[END_REF], we checked whether the short-term plasticity of GABAergic connections onto LII neurons might involve the activation of adenosine A1 receptors (Fig. 7, S8, statistics Table S8). Protocols of 10 trains of stimulations as described previously were applied twice: before and during bath application of 10 µM DPCPX, an antagonist of A1 receptors.

In eGFP-neurons (Fig. 7A-C), DPCPX significantly increased raw eIPSCs amplitudes during trains at 5 Hz repeated every 20 s (PeGFP-, 5 Hz = 6.28•10 -16 , n = 9, Fig. 7A) and trains at 50 Hz repeated every 20 s (PeGFP-, 50 Hz = 2.40•10 -3 , n = 9, Fig. 7C) but not during trains at 50 Hz repeated every 60 s (P eGFP-, 50 Hz = 0.119, n = 7, Fig, 7B). In these neurons, no effect of DPCPX was detected on eIPSCs amplitudes normalized to the firsts eIPSCs of the control trains (Fig. S8), neither at 5 Hz every 20 s (PeGFP-, 5 Hz = 0.777, n = 9, Fig. S8C), nor at 50 Hz every 20 s (PeGFP-, 50 Hz = 0.050, n = 9, Fig. S8I), nor at 50 Hz every 60 s (P eGFP-, 50 Hz = 0.600, n = 7, Fig. S8F). Effects on raw but not normalized amplitudes indicated that adenosine tonically controlled GABAergic connections onto eGFPneurons. This tonic control was only engaged when trains were repeated every 20 s and not every 60 s indicating that the tone of adenosine controlling GABAergic connections onto eGFP-neurons was linked to the activity of these synapses.

In eGFP+ neurons (Fig. 7D-E), DPCPX increased raw eIPSCs amplitudes during both trains at 5 Hz repeated every 20 s (PeGFP+, 5 Hz = 1.56•10 -2 , n = 9, Fig. 7D) and trains at 50 Hz repeated every 60 s (PeGFP+, 50 Hz = 3.70•10 -2 , n = 7, Fig. 7E). At both frequencies, the effect of DPCPX on eGFP+ neurons was statistically significant (p-value < 0.05), but the hypothesis of a difference did not unambiguously correspond to the most parsimonious explanation of the data (only AIC but not AICc was lower, see Table S8). In these eGFP+ neurons, no effect of DPCPX was detected on eIPSCs amplitudes normalized to the firsts eIPSCs of the control trains (Fig. S8) at 5 Hz every 20 s (PeGFP+, 5 Hz = 0.191, n = 9, Fig. S8L), but a weak effect was detected at 50 Hz every 60 s (PeGFP+, 50 Hz = 3.70•10 -2 , n = 7, Fig. S8O). Effects on raw but not normalized amplitudes indicated that adenosine tonically controlled GABAergic connections onto eGFP+ neurons. On these neurons, effect of adenosine was kept when trains were repeated every 60 s.

Interestingly, the tonic control by adenosine was significantly larger on connections onto eGFPneurons than on connections onto eGFP+ neurons (P = 2.73•10 -8 ; Fig. 7F, Fig. 7F). The average increase in amplitude during 5 Hz trains was of 47.3 ± 2.9 pA in eGFP-neurons whereas is was of 15.8 ±1.5 pA in eGFP+ neurons.

These data indicated that A1 receptors could tonically inhibit GABAergic connections in LII.

This tonic inhibition was stronger on connections onto eGFP-neurons. In these neurons, this tonic control was only engaged when trains were repeated at short intervals.

DISCUSSION

Short-term plasticity is of major importance in information processing in sensory systems where the average number of spikes per unit of time encodes the intensity of adequate stimuli [1; 2; 7; 51]. Using mice expressing eGFP under the control of the GAD65 promoter, we demonstrate that LII GABAergic connections onto putative inhibitory neurons (eGFP+) display different short-term plasticities than those onto putative excitatory neurons (eGFP-). Importantly, in the transgenic mice we used, ̴ 80% of LII eGFP+ neurons were shown to be GABA-immunopositive and ̴ 60% of GABA-immunopositive neurons express eGFP [START_REF] Cui | Modulation of synaptic transmission from primary afferents to spinal substantia gelatinosa neurons by group III mGluRs in GAD65-EGFP transgenic mice[END_REF]. Therefore, eGFP+ neurons mainly represent GABAergic neurons, and eGFP-neurons excitatory neurons, although the matching is not perfect.

This may however partly explain the larger data dispersion observed in eGFP-neurons (e.g. Fig. S4BD).

Nevertheless, the strong difference in short-term plasticity we observed when comparing eGFPand eGFP+ neurons will probably have an impact on the excitation/inhibition balance within LII networks, and affect the processing of nociceptive information within the dorsal horn.

Action-potential firing patterns

Most of eGFP+ neurons we recorded from displayed a tonic action-potential firing pattern.

Other groups have reported this firing type in a majority or in a large proportion of LII neurons identified as inhibitory by immunohistochemistry [START_REF] Yasaka | Populations of inhibitory and excitatory interneurons in lamina II of the adult rat spinal dorsal horn revealed by a combined electrophysiological and anatomical approach[END_REF], expression of GAD67 [START_REF] Daniele | Low-threshold primary afferent drive onto GABAergic interneurons in the superficial dorsal horn of the mouse[END_REF], GAD65 [10; 24], other genetic markers [START_REF] Hantman | Morphological and physiological features of a set of spinal substantia gelatinosa neurons defined by green fluorescent protein expression[END_REF] or assumed from their morphology [START_REF] Grudt | Correlations between neuronal morphology and electrophysiological features in the rodent superficial dorsal horn[END_REF]. A very low proportion of tonic-firing neurons has nevertheless been recorded in a single study in GAD67+ neurons [START_REF] Heinke | Physiological, neurochemical and morphological properties of a subgroup of GABAergic spinal lamina II neurones identified by expression of green fluorescent protein in mice[END_REF].

We mostly recorded putative excitatory neurons displaying non-tonic firing, as did other groups [16; 52]. Nevertheless, in our experiments, eGFP-neurons were mostly IB, whereas in the same transgenic line these neurons mostly displayed a delayed firing [START_REF] Cui | Modulation of synaptic transmission from primary afferents to spinal substantia gelatinosa neurons by group III mGluRs in GAD65-EGFP transgenic mice[END_REF]. Such difference may be linked to distinct intracellular composition as well as distinct initial holding potential as it has already been shown in lamina II [START_REF] Yasaka | Populations of inhibitory and excitatory interneurons in lamina II of the adult rat spinal dorsal horn revealed by a combined electrophysiological and anatomical approach[END_REF]. Our data also indicate that both eGFP-and eGFP+ neurons can fire at 50 Hz, and GABAergic neurons reliably trigger eIPSCs during stimulations at this frequency.

Inhibitory connections between LII interneurons

Local inhibitory connections between LII neurons are mostly GABAergic, glycinergic transmission occurring in only 1 / 15 inhibitory contacts recorded by Lu and Perl [START_REF] Lu | A specific inhibitory pathway between substantia gelatinosa neurons receiving direct C-fiber input[END_REF], and possibly in 1 / 3 inhibitory contacts recorded by Labrakakis et al. [START_REF] Labrakakis | Inhibitory coupling between inhibitory interneurons in the spinal cord dorsal horn[END_REF]. We therefore focused on GABAergic connections since we aimed at examining the short-term plasticity of inhibitory connections between LII neurons. Interestingly, spontaneously active inhibitory connections are dominated by GABAergic transmission in most LIIo neurons, whether these are dominated by glycinergic transmission in most neurons at laminae IIi/III border [START_REF] Takazawa | Synaptic pathways and inhibitory gates in the spinal cord dorsal horn[END_REF], glycinergic connections onto LII neurons most likely originating from neurons the cell bodies of which are localized in other laminae.

Paired-pulse plasticity

During paired-pulse stimulation experiments at short ISIs, GABAergic connections onto eGFPneurons preferentially facilitated whereas, at long ISIs, GABAergic connections onto eGFP+ neurons preferentially depressed. In primary cultures of rat laminae I-III, paired-pulse inhibition of GABAergic eIPSCs was preferentially observed (84%), but facilitation occasionally occurred (16%) [START_REF] Hugel | Convergent control of synaptic GABA release from rat dorsal horn neurones by adenosine and GABA autoreceptors[END_REF]. Inhibitory eIPSPs in laminae II-V of Syrian hamsters, with no distinction between GABAergic and glycinergic transmissions, preferentially displayed facilitation [START_REF] Zhang | Short-term modulation at synapses between neurons in laminae II-V of the rodent spinal dorsal horn[END_REF]. These facilitating connections may correspond to glycinergic eIPSPs since LII glycinergic synapses display strong paired-pulse facilitation for 50 ms ISIs [START_REF] Kloc | NMDA receptor activation induces long-term potentiation of glycine synapses[END_REF]. Thus, in LII, inhibitory connections showing paired-pulse facilitation may preferentially involve GABAergic synapses onto excitatory neurons, or glycinergic connections onto inhibitory neurons. In the dorsal-horn, paired-pulse depression of glycinergic eIPSCs has previously been shown in rat lamina I, with a maximal depression at ISIs of 150-200 ms and involving GABAB autoreceptors [START_REF] Chery | GABA(B) receptors are the first target of released GABA at lamina I inhibitory synapses in the adult rat spinal cord[END_REF].

Frequency-dependent STP

Our results indicate that GABAergic connections onto eGFP+ neurons strongly depress during trains of activity at both low (5 Hz) and high (50 Hz) frequency. In these neurons, trains at high frequency induce a larger depression reaching its maximum faster than during trains at low frequency. By contrast, GABAergic connections onto eGFP-neurons do not depress, allowing summated eIPSCs to reach larger amplitudes at high frequency.

We have reported previously that trains at 2.5 Hz induced a depression of eIPSCs in primary cultures of superficial dorsal-horn neurons from rats [START_REF] Hugel | Convergent control of synaptic GABA release from rat dorsal horn neurones by adenosine and GABA autoreceptors[END_REF]. During 10 Hz stimulations, either a depression or a facilitation of eIPSPs were recorded in laminae II-V of Syrian hamsters [START_REF] Zhang | Short-term modulation at synapses between neurons in laminae II-V of the rodent spinal dorsal horn[END_REF].

With 20 Hz stimulations, eIPSCs onto GABAergic interneurons in LII of adult mice showed a facilitation during the first train, and a depression during subsequent trains [START_REF] Labrakakis | Inhibitory coupling between inhibitory interneurons in the spinal cord dorsal horn[END_REF].

Although in eGFP+ neurons we observed a tendency of such a facilitation-depression switch it was not statistically significant (Fig. S6), suggesting that the facilitation described by other studies may have involved a glycinergic component which has been shown to display a potentiation in LII neurons in response to 2 Hz stimulations [START_REF] Kloc | NMDA receptor activation induces long-term potentiation of glycine synapses[END_REF]. Interestingly, we observed a facilitationdepression switch for the second eIPSCs during repeated trains at 50 Hz in eGFP-neurons (Fig. S6) suggesting that the facilitation observed in eGFP-neurons during paired-pulse stimulation at short intervals is replaced by other types of plasticities during repeated trains of stimulation at 50 Hz. Such combination of short-term facilitation and depression at different repetitions, frequencies and time scales have been observed in other structures and may be relatively common [START_REF] Anwar | Functional roles of short-term synaptic plasticity with an emphasis on inhibition[END_REF].

Interestingly, in recordings performed at room temperature, GABAergic eIPSCs recorded in eGFP+ neurons display slower decay kinetics than those recorded in eGFP-neurons [START_REF] Labrakakis | The heterogeneity in GABAA receptor-mediated IPSC kinetics reflects heterogeneity of subunit composition among inhibitory and excitatory interneurons in spinal lamina II[END_REF]. Such slower kinetic would allow a better summation of overlapping eIPSCS. Nevertheless, in our conditions, eIPSCs kinetics were similar in eGFP+ and eGFP-neurons. Moreover, at high frequency, summated eIPSCs in eGFP-neurons reached larger amplitudes than summated eIPSCs in eGFP+ neurons, ruling out an involvement of different decay kinetics to explain a higher degree of summation of eIPSCs in eGFP-neurons.

Modulation by GABAB and A1 receptors

Our results indicate that GABAergic connections onto LII neurons can be under a tonic inhibitory control by A1 adenosine receptors. This inhibition is much stronger on connections onto eGFPneurons than onto eGFP+ neurons. In eGFP-neurons, this inhibition only occurred when trains were delivered at short intervals. This suggests that the tone of adenosine inhibiting these connections is built-up by ongoing activity and decays when activity decreases. These data were consistent with our previous work showing that in cultured dorsal-horn neurons, presynaptic A1 autoreceptors control a subset of GABAergic synapses in an activity-dependent manner [START_REF] Hugel | Convergent control of synaptic GABA release from rat dorsal horn neurones by adenosine and GABA autoreceptors[END_REF].

Tonic inhibition by adenosine receptors is not restricted to inhibitory transmission, glutamatergic synapses in LII are also under an inhibitory tone of adenosine, even under low electrical activity within the network [START_REF] Tian | Excitatory synaptic transmission in the spinal substantia gelatinosa is under an inhibitory tone of endogenous adenosine[END_REF].

Whereas inhibition of GABAergic connections by A1 receptors was tonic, we showed that GABAB receptors can be engaged in a phasic depression of GABAergic eIPSCs during trains of activity.

This depression involving GABAB receptors is target-specific: occurring only in connections onto eGFP+ neurons. Interestingly, although GABAB receptors-mediated inhibition was phasic (it developed during trains), it was only seen when trains were applied at both low-frequency and short intervals (5 Hz, 20 s). This suggests that this inhibition is activity-dependent, but that underlying inhibitory mechanisms might have been surmounted by facilitation occurring during during trains at high-frequency (compare amplitudes Fig. 6D and6E).

These results were consistent with previous work showing that presynaptic GABAB receptors decrease inhibitory synaptic transmission in the superficial dorsal-horn [8; 15; 20], and that a tone of GABA activating GABAB receptors can occur in the dorsal-horn under various conditions [14; 31; 35; 42].

Interestingly, intrathecal administration of GABAB and A1 agonists have antinociceptive effects [21; 45; 46] which may involve the types of modulation of short-term plasticity described in the present work.

Impact of frequency and target-specific STPs of GABAergic connections onto LII neurons.

GABAergic connections onto inhibitory or excitatory neurons display very distinct frequencydependent STPs which can engage target-specific G-protein coupled receptors when bursts of activity occur at short intervals. Similar differential STPs involving synapses contacting excitatory and inhibitory neurons have been described in other structures of the central nervous system and have been shown to directly impact the dynamic properties of networks and their excitation/inhibition balance [4; 5; 25; 32; 36; 40; 41]. Therefore, these synapse-specific shortterm plasticities and their modulation under various levels of activity are of crucial importance to understand information processing by a network receiving frequency-coded information from the periphery.

At low frequency, corresponding to the activity at low intensity of sensory stimulation under basal physiological conditions, the inhibitory control onto putative excitatory neurons remains constant whereas it depresses onto putative inhibitory neurons. At high frequency, the inhibitory control is increased by summation onto excitatory neurons whereas it remains constant onto inhibitory neurons. Since the latter fire action-potentials in a tonic manner, they are expected to be able to follow higher frequency of excitatory inputs. Therefore, in basal physiological conditions, both STP and firing properties of inhibitory interneurons of LII might concur to favor inhibitory controls of nociceptive information, particularly at high intensity of sensory and the corresponding analysis are given in Supplementary Table 1. neurons. Details of regressions and the corresponding analysis are given in Supplementary Table 1. B. Short-term plasticity during stimulation trains at 50 Hz. Left: representative average current trace simultaneously recorded in an eGFP-neuron (blue) and eGFP+ neuron (green). Right: for each pair of eGFP-and eGFP+ neuron and for all ranks during the train, the difference in relative eIPSCs amplitude is calculated. This difference is significantly larger than zero indicating that the relative increase in amplitude during the train at 50 Hz is larger in eGFP-than in eGFP+ neurons (P < 0.001: ***; n = 4 pairs). Linear regressions of the data were compared with a linear regression with a slope set at 0 which would correspond to no differences in eIPSCs amplitudes in eGFP-and eGFP+ neurons. Details of regressions and the corresponding analysis are given in Supplementary Table 1. given in Supplementary Table 1. Groups similar or statistically different?

Fit of group data with « Equation 3 »

Plasticity or no plasticity during the train?

Linear fit of group data with slope = 0 ✔ p-value of model comparisons are symbolized in the figures and given in the text. Other criteria of model/fit goodness (BIC, AIC, AICc) are given in the supplementary tables.

Best model p-value

Best fit p-value p-value

Supplementary figure S1. Data quantification, analysis and statistics.

Stimulation protocols were applied ten times in each neuron and the within-cell average across trials was calculated by averaging eIPSCs amplitudes from these ten repetitions. These withincell average across ten trials were used for statistical analysis. Non-linear regression analysis was used to analyze changes in eIPSCs amplitudes during stimulation train protocols. To compare two different conditions (e.g. eGFP-vs. eGFP+ or presence/absence of antagonists) data from each conditions were fitted with Equation 3, either individually (sum of two functions) or pooled (one single function). When the sum of two individual fits provided statistically significant improvements with respect to the fit of pooled data, the two conditions were considered as having distinct effects. To define whether STP was expressed during trains of stimulations, i.e. whether significant changes in amplitude occurred during the train, fits with Equation 3 were compared with linear fits with slope values forced to 0. When fits with Equation 3 provided statistically significant improvements with respect to the linear fit with slope value forced to 0, the connections were considered as displaying a significant STP during the corresponding protocol. Details of all models (number of neurons, degree of freedom, Residual sum of squares, AIC, AICc, BIC) as well as details of model comparison (F, P, differences in AIC, AICc and BIC) are given in Supplementary table 1. Individual data of all neurons were always used for curve fitting and average values were used for illustration. A majority of eGFP+ neurons were of tonic-firing type (Tonic) whereas a majority of eGFP-neurons were of initial bursting type (n = 67 eGFP+ neurons and 61 eGFP-neurons). A. Average raw eIPSCs amplitudes of GABAergic eIPSCs recorded in eGFP-neurons (blue) and eGFP+ neurons (green) during 5 Hz protocols. B. Relative amplitudes of GABAergic eIPSCs recorded in eGFP-and eGFP+ neurons (amplitudes normalized after eIPSCs of rank 1, same neurons as in A). C. Average raw eIPSCs amplitudes of GABAergic eIPSCs recorded in eGFP-neurons (blue) and eGFP+ neurons (green) during 50 Hz protocols. D. Relative amplitudes of GABAergic eIPSCs recorded in eGFP-and eGFP+ neurons (amplitudes normalized after eIPSCs of rank 1, same neurons as in C). E. F. Same data as in C-D, but with eIPSCs measured from the basal current level before the first eIPSC (summated eIPSCs amplitudes). Results of non-linear regressions used to compare conditions are given as P > 0.5: n.s. and P < 0.001: ***. Details of regressions and the corresponding analysis are given in Supplementary Table Evolution of eIPSCs amplitudes during the trains were significantly different in eGFP-and eGFP+ neurons as it was observed with lower amplitudes of stimulation (Fig. 3). This indicated that changes in stimulation efficacy during trains of stimulations were unlikely to influence our results. 
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  plasticity of GABAergic connections during trains at 5 Hz and 50 Hz.
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  . For 5 Hz protocols: n = 54 eGFP-and n = 49 eGFP+ neurons. For 50 Hz protocols: n = 27 eGFP-and n = 19 eGFP+ neurons.

  Stimulation rank in the train Stimulation rank in the train Stimulation rank in the train Left: Average raw eIPSCs amplitudes of GABAergic eIPSCs. Right: Relative amplitudes of GABAergic eIPSCs (amplitudes normalized after eIPSCs of rank 1, same neurons as left). A-D: train of stimulations at 5 Hz. Same data as in Fig. 3. n = 54 eGFP-and n = 49 eGFP+ neurons. E-H: trains of stimulations at 50 Hz. Same data as in Fig. 4. n = 27 eGFP-and n = 19 eGFP+ neurons. A, B, E, F: eIPSCs recorded in eGFP-neurons. C, D, G, H: eIPSCs recorded in eGFP+ neurons. Average amplitudes from individual neurons are in grey. Supplementary figure S4. Short-term plasticity of GABAergic connections during trains at 5 Hz and 50 Hz: individual neurons. rank 2 eIPSCs in the first five and the last five trains. A. During 5 Hz trains, eIPSC2/eIPSC1 remained similar in the first five and the last five trains for connections on both eGFP-and eGFP+ neurons (PeGFP-= 0.678, PeGFP+ = 0.223, Wilcoxon Signed Rank Test for Paired Data). B. During 50 Hz trains, eIPSC2/eIPSC1 remained similar in the first five and the last five trains for connections on eGFP+ neurons (PeGFP+ = 0.098, Wilcoxon Signed Rank Test for Paired Data), but significantly decreased by 18% for eGFPneurons (PeGFP-= 0.048, Wilcoxon Signed Rank Test for Paired Data). This suggests that the facilitation observed in eGFP-neurons during paired-pulse stimulation at short intervals (Fig. 2E) is replaced by other types of plasticities during repeated trains of stimulation at 50 Hz.
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  Ctrl v s. DPCPX : *** Ctrl v s. DPCPX : * Ctrl v s. DPCPX : * Ctrl v s. DPCPX : ** Supplementary figure S8. Effect of an A1 adenosine receptor antagonist on GABAergic eIPSCs during 5 Hz and 50 Hz trains. legend next page Supplementary figure S8. Effect of an A1 adenosine receptor antagonist on GABAergic eIPSCs during 5 Hz and 50 Hz trains. legend next page Average amplitudes of GABAergic eIPSCs during trains at 5 Hz and 50 Hz before (blue and green) and during bath application of 10 µM DPCPX (pink), an A1 receptor antagonist. For each neuron, trains of 11 stimulations were repeated 10 times in control condition and 10 times during bath application of DPCPX. A, D, G, J, M. Type of neuron (eGFP-or eGFP+), frequency of stimulation (5 Hz or 50 Hz) and interval between trains (20 s or 60 s) applied in B-C, E-F, H-I, K-L, N-O, respectively. B, E, H, K, N. Average raw eIPSCs amplitudes. C, F, I, L, O. Average relative eIPSCs amplitudes. B, H. DPCPX significantly increased raw eIPSCs amplitudes recorded in eGFP-neurons during trains at 5 Hz repeated every 20 s (B, n = 9 neurons) and 50 Hz repeated every 20 s (H, n = 9 neurons) but had no effect on raw eIPSCs amplitudes recorded during trains at 50 Hz repeated every 60 s (E, n = 7 neurons). This indicated a tonic inhibition of GABAergic connections onto eGFP-neurons by adenosine depending on the delay between trains of stimulation. K, N, in eGFP+ neurons, DPCPX significantly increased raw eIPSCs amplitudes during 5 Hz trains repeated every 20 s (K) and 50 Hz trains repeated every 60 s (N). This indicated a tonic inhibition of GABAergic connections onto eGFP+ neurons. C, F, I, L, O Except during 50 Hz trains repeated every 60 s where a weak significant effect was recorded (O), no effect of DPCPX was detected in relative eIPSCs amplitudes, neither in eGFP-nor in eGFP+ neurons indicating that inhibition involving A1 receptors did not changed during the train. Evolution of eIPSCs amplitudes during trains were compared with non-linear regression. Details of regressions and the corresponding analysis are given in Supplementary
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condition using Statistica 13 (StatSoft, USA). The χ 2 values and p-values given in the text correspond to those of marginal associations between the two parameters examined. To compare amplitudes of the two first eIPSCs during stimulation trains protocols, Wilcoxon Signed Rank Test for Paired Data was used since data were not always normally distributed.
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plasticity of GABAergic connections during trains of stimulations at 5 Hz with increased amplitudes of stimulation.

  For this experiment, stimulation amplitudes were set at 0.45 mA (versus 0.21 mA on average for all other experiments). A. Average raw eIPSCs amplitudes of GABAergic eIPSCs recorded in eGFP-neurons (blue) and eGFP+ neurons (green). B. Relative amplitudes of GABAergic eIPSCs recorded in eGFP-and eGFP+ neurons (amplitudes normalized after eIPSCs of rank 1, same neurons as in A). n = 11 eGFP-and n = 11 eGFP+ neurons.

	Supplementary figure S6.
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figure S7. Effect of a GABA B receptor antagonist on GABAergic eIPSCs during 5 Hz and 50 Hz trains.

  Average amplitudes of GABAergic eIPSCs during trains at 5 Hz and 50 Hz before (blue and green) and during bath application of 10 µM CGP55845 (orange), a GABA B receptors antagonist. For each neuron, trains of 11 stimulations were repeated 10 times in control condition and 10 times during bath application of CGP55845. A, D, G, J, M. Type of neuron (eGFP-or eGFP+), frequency of stimulation (5 Hz or 50 Hz) and interval between trains (20 s or 60 s) applied in B-C, E-F, H-I, K-L, N-O, respectively. B, E, H, K, N. Average raw eIPSCs amplitudes. C, F, I, L, O.

		n.s.	n.s.
	D G J	Ctrl v s. CGP55845 : *** n.s. onto eGFP-neurons, neither during trains at 5 Hz (A-C, n = 6 neurons) nor during trains at 50 Hz n.s. n.s. n.s. E (D-F n = 12 neurons). G-O: in eGFP+ neurons CGP55845 did not changed raw eIPSCs amplitudes (H, K, N), but it significantly increased relative eIPSCs amplitude during 5 Hz trains repeated every 20 s (I, n = 8 neurons), indicating a phasic inhibition involving GABAB receptors during these trains. Evolution of eIPSCs amplitudes during trains were compared with non-linear regression. Details of regressions and the corresponding analysis are given in Supplementary Ctrl v s. CGP55845 : *Average relative eIPSCs amplitudes. A-F: CGP55845 had no effect on GABAergic connections Table 7. P > 0.5: n.s. and P < 0.001: ***.
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Supplementary Figures and table legends

Supplementary figure S2.

Action-potential firing patterns in eGFP+ (left) and eGFP-(right) neurons.

A majority of eGFP+ neurons were of tonic-firing type (Tonic) whereas a majority of eGFPneurons were of initial bursting type (n = 67 eGFP+ neurons and 61 eGFP-neurons). For this experiment, stimulation amplitudes were set at 0.45 mA (versus 0.21 mA on average for all other experiments). A. Average raw eIPSCs amplitudes of GABAergic eIPSCs recorded in eGFP-neurons (blue) and eGFP+ neurons (green). B. Relative amplitudes of GABAergic eIPSCs recorded in eGFP-and eGFP+ neurons (amplitudes normalized after eIPSCs of rank 1, same neurons as in A). n = 11 eGFP-and n = 11 eGFP+ neurons.

Supplementary figure S3.

Short-term plasticity of

Evolution of eIPSCs amplitudes during the trains were significantly different in eGFP-and eGFP+ neurons as it was observed with lower amplitudes of stimulation (Fig. 3). This indicated that changes in stimulation efficacy during trains of stimulations were unlikely to influence our results. 

Supplementary figure S7. Effect of a GABAB receptor antagonist on GABAergic eIPSCs during 5

Hz and 50 Hz trains.

Average amplitudes of GABAergic eIPSCs during trains at 5 Hz and 50 Hz before (blue and green) and during bath application of 10 µM CGP55845 (orange), a GABAB receptors antagonist. For each neuron, trains of 11 stimulations were repeated 10 times in control condition and 10 times every 60 s (E, n = 7 neurons). This indicated a tonic inhibition of GABAergic connections onto eGFP-neurons by adenosine depending on the delay between trains of stimulation. K, N, in eGFP+ neurons, DPCPX significantly increased raw eIPSCs amplitudes during 5 Hz trains repeated every 20 s (K) and 50 Hz trains repeated every 60 s (N). This indicated a tonic inhibition of GABAergic connections onto eGFP+ neurons. C, F, I, L, O Except during 50 Hz trains repeated every 60 s where a weak significant effect was recorded (O), no effect of DPCPX was detected in relative eIPSCs amplitudes, neither in eGFP-nor in eGFP+ neurons indicating that inhibition involving A1 receptors did not changed during the train. Evolution of eIPSCs amplitudes during trains were compared with non-linear regression. Details of regressions and the corresponding analysis are given in Supplementary Table 1. P > 0.5: n.s., 0.05 > P > 0.01: *, P < 0.001: ***.

Supplementary tables 1-7. Data analysis, model comparison and statistics.

The tables correspond to the different figures illustrating the comparisons. In these figures, the averaged eIPSCs amplitudes in the two conditions are illustrated, but statistical analysis were performed using averaged eIPSCs amplitudes of each neurons. These values were calculated by averaging eIPSCs amplitudes of the same rank obtained from reiterations of the protocols. The reiterations used for the average are indicated in the column Protocol repetition (usually iterations 1-10). For protocols using trains of stimulations, the frequency of stimulations is given (5 Hz or 50 Hz) as well as the time between protocols (20 s or 60 s) in the column Protocol interval. The Type of data column indicates whether data were averaged raw eIPSCs amplitudes (Raw) or averaged normalized amplitudes (Norm). The eGFP condition column indicates whether the data compared were from eGFP-(-) or eGFP+ (+) 

The column

3B, 4B

Norm - In these figures, the averaged eIPSCs amplitudes in the two conditions are illustrated, but statistical analysis were performed using averaged eIPSCs amplitudes of each neurons. These values were calculated by averaging eIPSCs amplitudes of the same rank obtained from reiterations of the protocols. The reiterations used for the average are indicated in the column Protocol repetition (usually iterations 1-10). For protocols using trains of stimulations, the frequency of stimulations is given (5 Hz or 50 Hz) as well as the time between protocols (20 s or 60 s) in the column Protocol interval. The Type of data column indicates whether data were averaged raw eIPSCs amplitudes (Raw) or averaged normalized amplitudes (Norm). The eGFP condition column indicates whether the data compared were from eGFP-(-) or eGFP+ (+) neurons or both (+ and -). The Drug condition column indicates whether the data compared were recorded without (Control) or with CGP55845 or DPCPX, or both. The Model column indicates the two models compared. N neurons corresponds to the number of neurons (eGFP-(-) or eGFP+ (+)). N obs corresponds to the number of observations. In experiments with trains of stimulations, the number of observations per neuron and per condition was of 11 for raw data and 10 for normalized data. k corresponds to the number of parameters in the model. A1, A2 and A3 are the parameters calculated by non-linear regression (two A1, A2 and A3 are given when a sum of two regressions are used). SS is the residual sum of squares calculated with the model. df is the degree of freedom of the model. AIC is Akaike information criterion; AICc is the AIC corrected for small samples; BIC is the bayesian information criterion. F is the value of the F-distribution of the comparison between the two models. p is the corresponding p-value. dAICc is the decrease in AICc provided by the model indicated in that line with respect to the model in the line above. A positive value indicate that the model correspond to the most parsimonious explanation with respect to the model in the line above.
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