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SI Methods
Animals. All procedures were carried out in accordance with the
guidelines of the National Institutes of Health for animal care and
use,andwereapprovedby theBrownUniversity InstitutionalAnimal
Care andUse Committee. C57Bl6 mice (Charles River), glutamatic
aciddecarboxylase 65 (GAD65)-enhancedgreen fluorescent protein
(EGFP) mice [Tg(Gad2-EGFP)DJ31Gsat/Mmucd; Gensat], and
P2X7−/−mice (JAX) were maintained on a 12-h light∕dark cycle and
provided food and water ad libitum. The GAD65-EGFP mice were
obtained from hemizygous GAD65-EGFP mice mated to Swiss
Webster mice in each generation. Behavioral experiments to assess
hyperalgesia were performed using the C57BL6 and the FVB/
N-SwissWebster background, and both experimental groups were
balanced for sex and age. Over 200 mice were used for the ex-
periments, and each experimental group included animals from
different litters.

Electrophysiological Recordings. Mice (postnatal days 15–32) were
briefly anesthetized with isoflurane, followed by i.p. injection of
ketamine (75 mg/kg) and dexmedetomidine (0.5 mg/kg), and
intracardially perfused with ice-cold artificial cerebrospinal fluid
(ACSF) for 1 min before decapitation. The spinal cord was
rapidly removed from the ventral side, embedded in low melting
point agar, and transverse slices (300 μm) were prepared from
lumbar levels (L4–L6). Spinal cord slices were cut in ice-cold
sucrose ACSF containing: 1 mM kynurenic acid, 2.5 mM KCl,
0.5 mM CaCl2, 7 mM MgCl2 6 H2O, 26 mM NaHCO3, 11 mM
dextrose (glucose), 1.3 mM Na ascorbate, and 248 mM sucrose.
Slices were then stored for at least 1 h at room temperature
submerged in oxygenated ACSF containing: 86 mM NaCl, 2.5
mM KCl, 1.2 mM NaH2PO4, 35 mM NaHCO3, 20 mM Hepes,
25 mM glucose, 5 mM Na ascorbate, 2 mM thiourea, 3 mM Na
pyruvate, 1 mM MgSO4, 2 mM CaCl2 (pH 7.3, osm 305). During
electrophysiological recordings, slices were perfused at ∼2 mL/min
at room temperature with ACSF containing: 2.5 mM CaCl2, 1 mM
NaH2PO4, 119 mM NaCl, 2.5 mM KCl, 1.3 mM MgSO4, 26 mM
NaHCO3, 25 mM dextrose, and 1.3 mM Na ascorbate, saturated
with 95% O2/5% CO2 (vol/vol) (pH 7.4) in a submerged re-
cording chamber, and whole cell voltage-clamp experiments
were performed on EGFP-labeled neurons in lamina II, identi-
fied visually by its translucent appearance. In some experiments
unlabeled neurons in lamina II were recorded from as noted; key
experiments were repeated in GABAergic neurons expressing
EGFP under the Gad2 promoter. Targeting nonfluorescent cells
was not a useful strategy for identifying from non-GABAergic
neurons, as the EGFP-labeled cells were only weakly fluorescent
in living slices, and immunohistochemical staining showed many
more Gad65 or GFP positive neurons in lamina II. Patch pipettes
were filled with a KCl-based internal solution and cells were
voltage clamped at −70 mV (in millimoles: 125 KCl, 2.8 NaCl, 2
MgCl2, 2 ATP-Mg2+, 0.3 GTP-Na+, 0.6 EGTA, and 10 Hepes).
Where indicated, 20 mM BAPTA and 4 mM calcium were added
to the internal solution to obtain an intracellular free calcium
concentration of ∼60 nM. For glycinergic inhibitory postsynaptic
currents (IPSCs), ACSF contained: 6,7-dinitroquinoxaline-2,3-dione
(DNQX; 10 μM) and bicuculline (10 μM), to block AMPA and
GABAA receptors; the remaining synaptic currents and miniature
IPSCs were entirely blocked by 1 μM strychnine (Fig. S3). For ex-
citatory postsynaptic currents (EPSCs), ACSF contained picrotoxin
(100 μM) but no DNQX. Glycine-mediated IPSCs were evoked at
0.1 Hz using a stainless steel stimulating electrode placed lateral to

the recording site within lamina II. In whole cell patch-clamp
recordings, the cell input resistance and series resistance were
monitored throughout each experiment; cells were discarded if
these values changed by more than 10% during the experi-
ment. Once a drug was added, as long as the cell was held until
15 min after the addition of the drug, all data were included in
the analysis.
IPSCs and EPSCs were recorded and analyzed using pClamp10.

Miniature IPSCs (mIPSCs) were recorded at −70mV in ACSF
warmed to 28 °C–30 °C with 4 mM strontium replacing Ca2+ in the
extracellular ACSF to increase the frequency of events. Eight
stimuli at 40 Hz were used to elicit asynchronously released stron-
tium mIPSCs (1, 2), and mIPSC amplitudes were measured in the
400-ms period after the synchrounous event elicited by the train. A
total of 200 events per cell were used for analysis (Mini Analysis;
Synaptosoft). mIPSCs were analyzed by an experimenter blind to
animal treatment. Paired-pulse ratios (PPR; EPSC2/EPSC1) were
calculated within 5-min periods of 30 IPSCs each, starting 10 min
immediately before IL-1β addition. The PPR was calculated by
dividing the mean of all 30 EPSC2 amplitudes by the mean of all
30 corresponding EPSC1 amplitudes within each 5-min period.
For animals receiving plantar paw injections (see below), slices

were prepared 90 min after injection. Experiments on slices from
saline-treated animals were interleaved with those from formalin-
treated littermates. All mice used for the hot plate test were
subsequently used for electrophysiology experiments, and some
mice tested with the von Frey method were also checked for
IL-1β–induced long-term potentiation (LTP)—no difference was
seen between these cohorts in GlyR LTP (saline cohort + von
Frey test, IPSC amplitudes: 177.8 ± 20.6%; n = 3 vs. saline co-
hort, no behavioral test 176.0 ± 24.2; n = 6; not significant, n.s.).
Fig. 5C also includes mice that were injected with formalin or
saline that did not undergo behavioral testing and there was no
difference in the corresponding slice electrophysiology results.

Behavioral Testing. Mice were tested for latency to paw flick or
licking behavior on a hot plate (53 °C) before a formalin (0.25 cc,
5%) or saline injection into both hind paws (plantar). Sub-
sequent hot plate tests were conducted at 5 and 35 min after
injection. In a separate cohort of animals, sensitivity to von Frey
filaments was measured. Formalin or saline injections were given
as above. Animals’ sensitivity to von Frey filaments of increasing
stiffness was measured immediately before injection and then at
35 min after injection. Mechanical paw withdrawal threshold was
defined as 6 of 10 responses at a given force (2). True blinding
was not possible because of the swollen paws of the formalin-
treated group compared with saline-treated controls.

Analysis and Statistics. Electrophysiological data are presented as
means ± SEM of the percent change in IPSC amplitude. Po-
tentiation was measured at 14–20 min following application of
IL-1β or other manipulation except as noted. For electrophysi-
ology experiments following in vivo injections, and in experi-
ments using P2X7−/− mice, only one lumbar spinal cord slice per
mouse was used for each experiment, so that reported n numbers
represent the number of animals. Otherwise, the n values in the
manuscript correspond to the number of cells analyzed from at
least three different mice. Significance was determined using
a two-tailed Student t test or ANOVA with a significance level of
P < 0.05. mIPSC amplitudes were statistically compared using
the Student t test and Kolmogorov–Smirnoff test.

Chirila et al. www.pnas.org/cgi/content/short/1401013111 1 of 3

www.pnas.org/cgi/content/short/1401013111


1. Morishita W, Alger BE (1997) Sr2+ supports depolarization-induced suppression of
inhibition and provides new evidence for a presynaptic expression mechanism in rat
hippocampal slices. J Physiol 505(Pt 2):307317.

2. Richner M, Bjerrum OJ, Nykjaer A, Vaegter CB (2011) The spared nerve injury (SNI)
model of induced mechanical allodynia in mice. J Vis Exp: JoVE, 10.3791/3092.

N
or

m
al

iz
ed

 G
A

B
A

R
 IP

S
C

s
A

0

100

200

300

0 10 20 30

Time (min)
40 50

IL-1β

0 10 20 30

Time (min)
40 50

N
or

m
al

iz
ed

A
M

PA
R

 E
P

S
C

s

0

100

200

300

IL-1β

A B

Fig. S1. IL-1β does not potentiate GABAAR- or AMPAR-mediated synaptic currents in lamina II neurons. (A) GABAAR IPSCs were isolated by including 10 μM
DNQX and 1 μM strychnine in the bathing medium, and voltage-clamping the neuron at −70 mV. Bath application of 100 nM IL-1β had little effect on GABAAR
IPSCs (n = 9). Inset shows averaged IPSCs before and after IL-1β application. Calibration: 50 pA, 10 ms. (B) AMPAR EPSCs were isolated by including 1 μM
strychnine and 10 μM bicuculline in the bathing medium and voltage clamping the neuron at −70 mV. Bath application of 100 nM IL-1β had little effect on
AMPAR EPSCs (n = 7). Inset shows averaged EPSCs before and after IL-1β application. Calibration: 50 pA, 10 ms. Error bars indicate mean ± SEM.
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Fig. S2. Images of spinal cord slices from Gad2-EGFP mice. (A) Bright-field view of a spinal cord slice. (B) Recordings from an EGFP+ neuron. (Left) Under
differential interference contrast (DIC) microscopy; middle, fluorescence illumination; (Right) Overlay. (C) EGFP fluorescence showing GABAergic neurons in the
dorsal horn. (D) Double labeling with anti-GFP and anti-GAD65 antibodies, showing overlapping cell populations in lamina II. (E) High-magnification images of
lamina II neurons double labeled with anti-GFP and anti-GAD65 antibodies, showing colocalization in lamina II.
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Fig. S3. IL-1β does not alter the paired-pulse ratio of glycinergic IPSCs from lamina II neurons; strychnine blocks these IPSCs. (A) Normalized paired-pulse ratios
measured in GAD65-EGFP lamina II neurons during IL-1β–induced GlyR LTP (n = 15). Inset shows IPSCs before and after potentiation scaled to the first IPSC.
Calibration: 50 pA, 10 ms. (B) A total of 1 μM strychnine entirely blocks the glycinergic IPSC in GAD65-EGFP lamina II neurons (n = 5). Inset shows example traces
illustrating the block by strychnine. Calibration: 50 pA, 10 ms. Error bars indicate mean ± SEM.
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