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Abstract

The interleukin-1 system (IL-1) is a prominent pro-inflammatory pathway responsible for the
initation and regulation of immune responses. Human genetic and preclinical studies suggest a
critical role for IL-1p signaling in ethanol drinking and dependence, but little is known about the
effects of chronic ethanol on the IL-1 system in addiction-related brain regions such as the central
amygdala (CeA). In this study, we generated naive, non-dependent (Non-Dep) and dependent
(Dep) male mice using a paradigm of chronic-intermittent ethanol vapor exposure interspersed
with two-bottle choice to examine 1) the expression of IL-1p, 2) the role of the IL-1 system on
GABAEergic transmission, and 3) the potential interaction with the acute effects of ethanol in the
CeA. Immunohistochemistry with confocal microscopy was used to assess expression of IL-1f in
microglia and neurons in the CeA, and whole-cell patch clamp recordings were obtained from
CeA neurons to measure the effects of IL-1p (50 ng/ml) or the endogenous IL-1 receptor
antagonist (IL-1ra; 100 ng/ml) on action potential-dependent spontaneous inhibitory postsynaptic
currents (sIPSCs). Overall, we found that IL-1f expression is significantly increased in microglia
and neurons of Dep compared to Non-Dep and naive mice, IL-1p and IL-1ra bi-directionally
modulate GABA transmission through both pre- and postsynaptic mechanisms in all three groups,
and IL-1p and IL-1ra do not alter the facilitation of GABA release induced by acute ethanol.
These data suggest that while ethanol dependence induces a neuroimmune response in the CeA, as
indicated by increased IL-1f expression, this does not significantly alter the neuromodulatory role
of IL-1B on synaptic transmission.
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Introduction

The interleukin-1 system (IL-1) is a prominent pro-inflammatory pathway responsible for
the initation and regulation of immune responses, but it has also received much attention for
its pleiotropic neuromodulatory effects under physiological and pathophysiological
conditions. In particular, its main cytokine ligand, IL-1B, has emerged as a key regulator of
the ethanol-induced neuroimmune response, contributing to ethanol drinking and the
development of ethanol dependence. Human genetic studies have found polymorphisms in
genes encoding components of the IL-1p signaling pathway (i.e. IL-1ra (//Zrr) and I1L-1p
(//1b)) associated with increased susceptibility to alcoholism®, and I1L-1 levels are elevated
in the periphery and brain of alcoholic patients?4. Therefore, elucidating the mechanistic
role of IL-1p in ethanol drinking and dependence is critical for understanding disease
progression, as well as for the identification of novel therapeutic targets.

IL-1p is produced by caspase-1 cleavage of the inactive IL-1f precursor in response to
specific immune receptor activation including: TLR4/IL-1R1, purinergic receptor or
inflammasome complex®—9. IL-1p exerts its effects by binding to its cognate IL-1R1
receptor, which subsequently associates with the IL-1R1 accessory protein (IL-1RAcCP) to
activate intracellular signaling through multiple effectors including: MyD88, PI3K/AKT,
p38 MAPK, and NF-xB1%-12, Of note, IL-1R1 can also bind a second ligand, IL-1a.. IL-1f/
IL-1R1 signaling can be negatively regulated by other members of the IL-1 system,
including an endogenous receptor antagonist (IL-1ra) and a second IL-1 receptor (IL-1R2).
Specifically, IL-1R2 lacks an intracellular domain and does not initiate downstream
signaling when activated by 1L-1p13, but rather promotes receptor internalization* and thus,
effectively serves as a decoy receptor.Additionally, IL-1ra, a homologue of IL-1pB, prevents
IL-1p signaling, as it binds IL-1R1 with a similar affinity as IL-1p, but does not induce
IL-1R1 signaling2. Therefore, IL-1p activity is under the control of multiple intrinsic
regulatory mechanisms to ensure tight coordination of its signaling.

Preclinical studies using animal models of ethanol drinking and dependence provide strong
support for the link between the IL-1p system and acute and chronic ethanol-induced
changes in the brain815-19, Specifically, IL-1ra administration prevents ethanol-induced
neuroinflammation in the cerebellum of mice given five weeks of ethanol2°. Moreover, brain
expression of several genes encoding components of the IL-1R1 pathway are altered in mice
with a genetic predisposition to ethanol consumption?L. Nevertheless, the contribution of
individual components of the I1L-1 system to ethanol drinking and preference can vary. For
example, mice deficient in IL-1ra (i.e. /L-Irnknockout mice) have reduced ethanol
preference and drinking!’. In contrast, IL-1R1 (/L1r1) knockout mice display unchanged
ethanol preference and drinking?2, but have altered ethanol-induced sedation and withdrawal
severity22, In addition, infusion of IL-1ra into the basolateral amygdala reduces binge
ethanol consumption in naive mice23 and intracerebroventricular injection of IL-1B
potentiates ethanol withdrawal-induced anxiety?4. While these data provide compelling
evidence for the role of IL-1p signaling in ethanol dependence, little is known regarding the
mechanisms by which this system modulates critical brain regions associated with ethanol
drinking and the development of dependence.
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The central nucleus of the amygdala (CeA), a predominantly GABAergic region, is
implicated in both the escalation of ethanol drinking in dependent animals and withdrawal-
associated anxiety-like behaviors2>:26 We have demonstrated that neuroadaptations in
GABA.-mediated transmission in the CeA are implicated in the development of ethanol
dependence?’-29, IL-1R1 is expressed in the CeA30 and it has been shown that excitotoxic
stimuli or systemic immune challenge induces IL-1@ and IL-1ra expression in the CeA 31.32,
We also reported that IL-1p and IL-1ra bi-directionally modulate (both increase or decrease)
electrically-evoked and action potential-independent GABAergic transmission (mIPSCs) in
the CeA33:34 of ethanol naive mice. Moreover, in neurons where IL-1p decreased action
potential-independent GABA release, acute ethanol’s ability to facilitate GABA release was
abolished. A similar loss in acute ethanol’s effects on action potential-independent GABA
transmission was observed in CeA neurons of 1L-1ra knockout mice33:34, However, 1L-18
did not alter the facilitatory actions of ethanol on evoked GABA responses33, suggesting that
this interaction may be less robust when measured across the CeA synaptic network.
Therefore, in the present study we hypothesized that the IL-1 system in mouse CeA is
dysregulated by ethanol drinking and dependence. Specifically, we investigated the role of
IL-1p signaling on action potential-dependent GABA transmission (sIPSCs) and its
interaction with acute ethanol in the mouse CeA, and whether these neuromodulatory
actions are altered with ethanol dependence. Additionally, we hypothesized that ethanol
dependence would induce a peripheral immune response characterized by increased pro-
(i.e. IL-1B) and decreased anti-inflammatory cytokines and increased central IL-1f in the
CeA.

Male C57BL/6J (n= 111; 9-10 weeks) mice were obtained from The Jackson Laboratory
(ME) and group-housed in a temperature and humidity-controlled vivarium on a 12 hour
light/dark cycle with food and water available ad /ibitum. All protocols involving the use of
experimental animals in this study were approved by The Scripps Research Institute (TSRI)
Institutional Animal Care and Use Committee and were consistent with the National
Institutes of Health Guide for the Care and Use of Laboratory Animals.

Chronic-intermittent ethanol two-bottle choice paradigm

To induce ethanol dependence, we used the chronic intermittent ethanol two bottle choice
(CIE-2BC) paradigm. This method consistently produces ethanol dependence in C57BL/6J
mice35-37, as exhibited by their increased ethanol drinking, anxiety-like behavior and reward
deficits. We exposed 78 mice to a limited access ethanol (15% wi/v) two-bottle choice (2BC)
paradigm followed by either chronic intermittent ethanol (CIE) exposure in vapor chambers
(La Jolla Alcohol Research, La Jolla, CA), to induce ethanol dependence (Dep, n =38), or
air exposure in identical chambers (Non-Dep, n = 40). The remaining 33 mice were ethanol
naive and were not exposed to any ethanol either by drinking or vapor exposure.

To establish baseline drinking in the ethanol-exposed mice, we performed 2BC testing 5
days per week for 4 consecutive weeks. Mice were singly housed 30 minutes before the
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lights were turned off and given limited access (2 hours) to two drinking tubes containing
either 15% ethanol or water. Following this baseline phase, the mice were divided into two
balanced groups with equal ethanol and water consumption (Figure 1). The Dep and Non-
Dep groups were exposed to CIE vapor and air, respectively. Mice in the Dep group were i.p.
injected with 1.75 g/kg ethanol + 68.1 mg/kg pyrazole (alcohol dehydrogenase inhibitor)
and placed in vapor chambers for 4 days (16 hours vapor on, 8 hours off). Naive and Non-
Dep mice were injected with 68.1 mg/kg pyrazole in saline. After pyrazole injection, naive
mice were placed back in their home cages, while Non-Dep mice were transferred into air
chambers for the same intermittent period as the Dep group. The vapor/air exposure was
followed by 72 hours of abstinence and 5 days of 2BC testing. This regimen was repeated 2—
3 additional times for a total of 3—4 full rounds. On the third or fourth day of vapor exposure
tail blood was collected to determine blood ethanol levels (BELS). Ethanol drip rates in the
vapor chambers were altered such that BELs progressively increased over the vapor rounds
to a final target of 200-250 mg/dL. Before euthanasia, Dep mice were exposed to a single
ethanol vapor exposure (16 hours) (Figure 1A), and tail blood was collected to determine
terminal BELSs.

Immunohistochemistry and confocal microscopy

We perfused mice (7= 4 naive, n= 3 Non-Dep and 7= 3 Dep) with ice-cold PBS followed
with Z-Fix fixation solution (Anatech Ltd., Battle Creek, MI). After perfusion, brains were
postfixed in Z-Fix at 4°C for 72 hours, cryoprotected with 30% sucrose at 4°C for ~72 hours
(until brains sank), flash frozen with 2-methylbutane on dry ice, and stored at —80°C. From
each mouse, sequential coronal sections (35 pm) containing the CeA, starting at
approximately Bregma —1.20 mm to Bregma —1.55mm, were cut on a cryostat and free-
floating brain sections were stored in cryoprotective solution (50% v/v phosphate buffer,
30% wi/v sucrose, 1% wi/v polyvinylpyrrolidone, 30% v/v ethylene glycol) at —20°C until
staining. Every third section collected was subsequently used for immunostaining. Brain
sections were blocked in 10% normal donkey serum in PBS, incubated in an unconjugated
Fab fragment donkey anti-mouse to block endogenous mouse IgG for 2 hours at room
temperature, and subsequently incubated in mouse anti-NeuN (1:500, MAB377, Millipore,
MA) overnight at 4°C. The following day, sections were incubated in biotin conjugated-fab
fragment donkey anti-mouse secondary followed by Alexa Fluor 568-conjugated
streptavidin. Then, sections were incubated in rabbit anti-1L-1p (1:500, ab9787, Abcam,
MA) and guinea pig anti-lba-1 (1:500, ab107159, Abcam) antibodies overnight at 4°C
followed by incubation in a secondary antibody solution containing Alexa Fluor 488-
conjugated donkey anti-rabbit and Alexa Fluor 647-conjugated donkey anti-goat and
Hoechst 33342 (1:1000) for 1 hour at room temperature. Antibody specificity for IL-13 was
confirmed by preabsorption with recombinant mouse 1L-1p, which blocked further staining
with the IL-1p antibody. This antibody has been previously used for immunohistochemistry
in mouse38:39 and detects both the inactive, precursor and active form of IL-1p%0. The Iba-1
antibody#142 and NeuN antibody*344 have been extensively used in mice.

We used the Zeiss LSM 780 and Zeiss LSM 880 Airyscan Confocal microscope (Carl Zeiss
Microscopy, NY USA) for image acquisition and Imaris (Bitplane, MA USA) and Image
Pro Premier (Media Cybernetics, MD, USA) software for image analyses. Analysis was
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conducted in a treatment/group blind manner and applied consistently across all treatment
groups. All images were acquired as z stacks with both a 40x (1.4 na) and 63x (1.4 na)
objective, at 0.4 um and 0.3 pum step sizes, respectively. Using a module within the Zeiss Zen
software, z stacks [obtained with a 40x objective] of image panels of the entire CeA were
tiled and auto-stitched into a 3D mega image. The tiled mega images were imported as
maximum intensity projections, which were used to define and outline the CeA based on
fiducial markers and Allen Mouse Brain Atlas*® (as seen in Figure 2A). Specifically, the
medial boundary was limited by the optic tract/substantia innominate and the lateral
boundary by the external capsule which is directly adjacent to the basolateral amygdala
(BLA). The dorsal and ventral boarders were determined by the striations of the caudo-
putamen and stria terminalis, respectively.

Prior to acquisition of all the sections, a sample section from naive, Non-Dep and Dep mice
were pre-screened blindly to determine which group had roughly the greatest IL-1p signal.
The group with the greatest signal (visual intensity) was used to set and determine the power
(P) and gain (G) setting to be used by the confocal system to acquire a full signal dynamic
range of 0.256 (signal intensity) per each 8-bit image. Those power and gain setting were
incorporated into a method of acquisition in the ZEN software that was used for all of the
other groups in the study Settings were as follows: [Blue P=1, G=600; Green P=3, G=750;
Red P=2, G=800; FR P=3, G=800], which was used consistently across all samples.

Sample size was based on previous immunohistochemical studies conducted in the
CeA36:46_Using Image Pro Premier (IPP), cell bodies of neurons (based on NeuN and DAPI
signals outlined and dilated in IPP) and microglia (based on dilated Iba-1 and DAPI signal
outlined and dilated in IPP) were auto-traced within the defined CeA (Figure 2B). Auto-
traced outlines of the cells were used as regions of interest from which the total signal above
background was extracted for the IL-1p signal. The total cellular area and mean fluorescence
intensity of IL-1f in each cell was scored and plotted as integrated density (ID) (average
area x mean fluorescence intensity/100), which was estimated separately for approximately
800 neurons and 200 microglial cells per section The average ID/cell per section for 3-4
sections from each mouse, containing both the left and right hemisphere CeA, was used for
statistical analysis and graphing®’-°0,

Slice Preparation

Mice were anesthetized with 3-5% isofluorane, decapitated, and the brains were quickly
removed and placed in ice-cold oxygenated (95% O, and 5% CO,) high-sucrose cutting
solution containing (in mM): 206 sucrose, 2.5 KCI, 2.5 CaCl,, 7 MgCl,, 1.2 NaH,P04, 26
NaHCOs, 5 glucose, 5 HEPES; pH 7.3. Coronal slices (300 uM) containing the CeA were
cut using a Leica 1200S vibratome (Leica Microsystems, Buffalo Grove, IL) and incubated
in artificial cerebrospinal fluid (ACSF) containing (in mM): 130 NaCl, 3.5 KClI, 1.25
NaHoPOy4, 1.5 MgSQOy, 2 CaCl,, 24 NaHCOs, 10 glucose; pH 7.3 at 37°C for 30 minutes
and then at room temperature for at least 30 minutes before use.
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Whole-cell patch clamp recordings

We recorded from 148 neurons in the medial subdivision of the CeA that were visualized
with infrared differential interference contrast (IR-DIC) optics. First, whole-cell current-
clamp recordings were used to determine firing properties of the cell using a step protocol
consisting of incremental hyperpolarizing to depolarizing current injections as previously
described®1:52, Then, whole-cell patch clamp recordings were obtained in the sample cells
using a voltage-clamp, gap-free acquisition mode using Multiclamp 700B amplifier,
Digidata 1440A and pClamp 10 software (Molecular Devices, Sunnyvale, CA). Glass
pipettes were pulled to a resistance of 3—-6 MQ and filled with an internal solution containing
(inmM):135 KCI, 5 EGTA, 2 MgCl,, 10 HEPES, 2 Mg-ATP, 0.2 Na-GTP; 290-300
mOsms; pH 7.2-7.3. GABAa-mediated spontaneous inhibitory postsynaptic currents
(sIPSCs) were pharmacologically isolated with glutamatergic transmission blockers (20uM
6,7-dinitroquinoxaline-2,3-dione, DNQX and 30 pM DL-2-amino5-phosphonovalerate,
AP-5) and a GABAGR receptor blocker (1 uM CGP55845A). CeA neurons were voltage-
clamped at —60 mV. Series resistance was not compensated, and cells with a series resistance
> 20 MQ or with a > 20% change during the recording, as monitored by 10 mV pulses, or
with a holding current = 100 pA were excluded.

Frequency, amplitude and kinetics of sSIPSCs were analyzed using Mini Analysis
(Synaptosoft Inc., Fort Lee, NJ), and each sIPSC was visually confirmed. Three minute time
intervals were binned together to obtain average sIPSC characteristics. The maximum effect
during minute 6 through 15 of drug application was taken, and changes greater or equal to
15% were considered as an increase or decrease. Data were analyzed and graphed in Prism
6.01 (GraphPad, San Diego, CA). Data are presented as mean + standard error (SEM), and n
represents sample number of cells or mice as indicated. Slices from each mouse were used
for different experiments to increase biological diversity in each experimental group.

Multiplex assay of the peripheral cytokine/chemokine levels.

Drugs

Trunk blood was collected, during isolation of the brain for electrophysiological
experiments, and used to assay peripheral cytokine levels. Briefly, blood was allowed to
coagulate for 10-15 minutes at room temerature, centrifuged at 1,000g for 10 minutes at
4°C, and collected sera were stored at —80°C. Duplicates of each sample were tested using
MAP Mouse Cytokine/Chemokine Magnetic Bead Panel kit (MCYTOMAG-70K;
MilliporeSigma, Burlington, MA) and the Luminex 200 System (Luminex Coorporation,
Austin, TX). The assay was conducted by the Metabolic Core at The Scripps Research
Institute Florida (Jupiter, FL) following the manufacturer’s protocol. Results are presented
as mean + SEM (pg/ml) and 7 represents the number of samples.

We purchased CGP55845A, DNQX, and AP-5 from Tocris Bioscience (Ellisville, Ml),
recombinant mouse IL-1p from Biolegend (San Diego, CA), recombinant human IL-1ra
from Peprotech (Rocky Hill, NJ), and ethanol from Remet (La Mirada, CA). Drugs were
dissolved in ACSF by adding a known concentration of the stock solutions. Drug
concentrations for IL-1pB, IL-1ra, and ethanol were selected based on our previous
reports33:53,
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Ethanol dependence dysregulates peripheral immune cytokine levels.

We used the chronic intermittent ethanol two bottle choice (CIE-2BC) paradigm to generate
ethanol dependent mice for this study (Figure 1). This method consistently produces ethanol
dependence in C57BL/6J mice32-37, as exhibited by their increased ethanol drinking,
anxiety-like behavior and reward deficits. All experiments in this study were conducted
across three groups: 1) naive mice (7= 33) that did not receive any ethanol, 2) Non-Dep
mice (/7= 40) that received only two-bottle choice to control for the vapor exposure, and 3)
Dep mice (= 38) that received two-bottle choice and chronic-intermitent ethanol vapor
exposure. Dep mice achieved an average BEL across the four rounds of CIE of 203.60

+ 5.79 mg% (Figure 1B). We observed a significant escalation (p < 0.01, one-tailed t-test) in
the average daily ethanol intake during the last round of 2BC in Dep (3.07 £ 0.30 g/kg)
compared to Non-Dep (2.07 + 0.25 g/kg) mice (Figure 1C, inset) indicative of a
dependence-like phenotype. Additionally, Dep mice (26.90 £ 0.04 g) had a significantly
(Fz83=0.07; p<0.001; one-way ANOVA) decreased terminal weight compared to naive
(31.12 £ 0.51 g) and Non-Dep (29.87 + 0.44 g) mice. To assess changes in peripheral
immune activation in this model of ethanol dependence, we measured levels of an array of
cytokines including IL-1 related elements in blood serum. Several cytokine levels were
altered in Non-Dep and Dep mice compared to naive mice (Table 1). In particular, we found
that the peripheral IL-1 system was dysregulated; specifically, IL-1a levels in serum of Dep
(224.20 + 26.74 pg/mL, n= 22) compared to naive (380.40 + 44.39 pg/mL, n= 20) and
Non-Dep (406.30 + 45.43, n=17) mice were significantly (£ 55 = 1.33; p< 0.01; one-way
ANOVA) decreased (Table 1). Although overall no changes in peripheral I1L-1p levels
among the groups were observed, likely due to greater variability within the Dep group
(Table 1), other pro-inflammatory cytokines including interferon gamma-induced protein 10
(IP-10) and tumer necrosis factor alpha (TNF-a) levels significantly and trended towards an
increase compared to naive, respectively. Anti-inflammatory cytokines including 1L-4,
IL-10, IL-13, leukemia inhibitory factor (LIF) decreased with chronic ethanol exposure
compared to naive, while IL-5 trended towards an increase compared to naive. Thus, our
CIE-2BC paradigm effectively generates ethanol-dependent mice and induces peripherial
alterations in pro-inflammatory and anti-inflammatory cytokines.

Ethanol dependence increases IL-1f expression in CeA neurons and microglia.

We first asked whether neurons and microglia in the CeA produce IL-1pand if chronic
ethanol exposure alters the expression of IL-1Busing immunohistochemistry and confocal
microscopy. We found that IL-1p co-localizes with neuronal (NeuN) and microglial (Iba-1)
markers (Figure 2), suggesting that both cell-types produce IL-1Bin the CeA. IL-1p staining
was increased in neurons of Non-Dep (12.28 + 2.55 ID/cell; 7= 9 sections), and to a greater
degree in Dep (20.98 + 3.70 ID/cell; n= 9 sections) mice (Figure 2C, D) compared to naive,
which showed very low expression of IL-1p in neuronal cell bodies (0.81 = 0.24 I1D/cell; n=
15 sections). One-way ANOVA showed a significant effect of chronic ethanol treatment on
IL-1p staining in CeA neurons (Fz 3y = 13.30; p< 0.0001; 12 = 0.62) and Tukey posthoc
test determined significant differences among all three treatment groups. In microglia, we
observed a similar pattern of IL-1p staining, with low IL-1p expression in naive (0.27 £ 0.08
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ID/cell), higher levels in Non-Dep (4.27 £ 0.81 ID/cell), and the highest levels in Dep (8.21
+ 2.03 ID/cell) mice (Figure 2E). One-way ANOVA also showed a significant effect of
chronic ethanol treatment on IL-1 staining in CeA microglia (Fz 32 = 9.54; p < 0.0001; n?
= 0.52) and Tukey posthoc test determined significant differences among all three treatment
groups. These findings suggest that IL-1p levels in CeA neurons and microglia are sensitive
to varying degrees of ethanol exposure and thus may be a critical neuroadaptation
contributing to the development of ethanol dependence.

Ethanol dependence does not alter the dual effects of IL-1p on spontaneous action
potential-dependent GABA transmission in the CeA.

First, we compared baseline sIPSC characteristics between naive, Non-Dep and Dep mice.
We found that the sIPSC amplitude was significantly (p < 0.05) decreased in Non-Dep
compared to naive and Dep mice, and sIPSC rise time was significantly increased in Non-
Dep compared to naive mice (Table 2). No significant differences were observed in the
frequency and decay time of sIPSCs across groups. We next asked whether the increased
expression of IL-1p observed with chronic ethanol exposure at the cellular level is
associated with alterations in the neuromodulatory role of IL-1 on GABAergic
transmission in the CeA. In previous work from our lab, we demonstrated that CeA neurons
from naive B6129SF2/J mice have cell-specific pre- and postsynaptic responses to
exogenous IL-1p characterized by mixed effects on mIPSC frequency and amplitude,
respectively33, In line with those findings, here we found that IL-1B (50 ng/mI33) had mixed
effects on action potential-dependent sIPSC frequency in naive C57BL/6J mice (Figure 3A,
C-E). IL-1p significantly increased (p < 0.001; one sample t-test; 51.7 + 7.3%) sIPSC
frequency in 42% (10 of 24 cells) and decreased (p < 0.001; one sample t-test; 28.7

+ 1.74%) it in 42% (10 of 24 cells) of neurons in naive mice, suggesting that IL-1p can have
dual effects on GABA release probabilities®®. Of note, we examined and compared sIPSC
kinetics (rise and decay time) in all experiments in this study; but overall, while a few
significant changes were observed, no obvious conclusions could be made and therefore are
not reported.

Similar to naive mice, in Non-Dep mice, IL-1Bsignificantly increased (p < 0.05; one sample
t-test; 54.7 + 15.2%) and decreased (p < 0.001; one sample t-test; 37.3 + 2.4%) sIPSC
frequency in 27% (7 of 26 cells) and 54% (14 of 26 cells) of neurons, respectively.
IL-1palso significantly increased (p < 0.001; one sample t-test; 77.7 £ 17.4%) and decreased
(p<0.001; one sample ttest; 39.0 + 5.4 %) sIPSC frequency in 56% (15 of 27 cells) and
37% (10 of 27 cells) of Dep neurons, respectively. To compare the magnitude of IL-1p’s
effect on sIPSC frequency among the treatment groups, we used an one-way ANOVA and
found no significant differences in either increases or decreases (£ 37)= 1.07; p>0.05).
Additionally, we used the Chi-square test to determine if there was a significant difference in
the distribution of neuronal responses to IL-1p, and we did not observe any significant
differences (p > 0.05) among the three treatment groups. Collectively, these data
demonstrate that ethanol dependence does not affect IL-1p’s regulation of CeA GABA
release at the synaptic and cellular population level.
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We also examined the effect of IL-1p on sIPSC amplitude, independent of frequency effects,
and observed dual effects in naive, Non-Dep and Dep mice (Figure 3B, F-H). In naive mice,
IL-1Bsignificantly increased (p < 0.001; one sample t-test; 32.5 + 4.6%) and decreased (p <
0.01; one sample t-test; 31.7 £ 6.1%) sIPSC amplitude in 29% (7 of 24 cells) and 25% (6 of
24 cells) of neurons, respectively. In Non-Dep mice, IL-1Bsignificantly increased (p < 0.05;
one sample t-test; 44.1 + 13.4%) in 31% (8 of 26 cells) and decreased (v < 0.05; one
samplpe t-test; 22.6 + 1.4%) sIPSC amplitude in 7% (2 of 26 cells) of neurons. In Dep mice,
IL-1p also significantly increased (p < 0.01; one sample t-test; 40.2 + 8.5%) and decreased
(p<0.001; one sample t-test; 25.1 £ 1.6%) sIPSC amplitude in 33% (9 of 27 cells) and 26%
(7 of 27 cells) of neurons, respectively. Changes in amplitude did not correlate with changes
in frequency in any of the groups. Overall, there were no significant differences in the
magnitude of IL-1p’s effect on amplitude in the distribution of responses to IL-1pacross the
treatment groups. Additionally, we found no significant correlation between IL-1p’s effect
on sIPSC frequency or amplitude and the cell type, assessed by firing properties. Therefore,
IL-1pB can bi-directionally modulate CeA GABA transmission through independent pre- and
postsynaptic mechanisms, and chronic ethanol exposure does not significantly alter the
neuromodulatory role of IL-1Bon GABA transmission in this region.

Ethanol dependence does not alter the dual effects of IL-1ra on spontaneous action
potential-dependent GABA transmission in the CeA.

To assess changes in basal regulation of spontaneous GABAergic transmission by the IL-1
system with chronic ethanol, we used IL-1ra, an endogenous antagonist of IL-1R1. We
found that IL-1ra (100 ng/mlI33) had mixed effects on sIPSC frequency in the CeA of naive
mice (Figure 4A, C-E). Specifically, IL-1ra increased sIPSC frequency (p> 0.05; one
sample t-test; 51.5 + 21.0% ) in 29% (4 of 14 of cells) but did not reach statistical
significance, and significantly decreased (v < 0.001; one sample t-test; 25.4 + 2.1%) sIPSC
frequency in 50% (7 of 14 cells) of neurons, similar to the IL-1ra-induced dual effects on
mIPSC frequency we observed in naive B6129SF2/J mice33. Notably, here, the percentage
of cells that responded to IL-1ra (antagonist) with a decreased sIPSC frequency in naive
mice was similar to the percentage of cells that responded to IL-1p (agonist) with an
increased frequency, and vice versa (Figure 3E, 4E).

Similar to naive, IL-1ra increased sIPSC frequency (p > 0.05; one sample t-test; 48.1 + 24.2)
in 36% (5 of 14 cells) but did not reach statistical significance, and significantly decreased
(0 <0.001; one sample t-test; 35.3 + 4.4%) sIPSC frequency in 57% (8 of 14 cells) of
neurons in Non-Dep mice (Figure 4A, C-E). Finally, in Dep mice, IL-1ra significantly
increased (p < 0.01; one sample t-test; 36.4 = 5.4%) sIPSC frequency in 42% (5 of 12 cells)
and decreased (p < 0.01; one sample t-test; 37.8 £ 6.6%) it in 50% (6 of 12 cells) of neurons.
We did not observe corresponding changes in amplitude of sIPSCs. One-way ANOVA and
Chi-square test (p> 0.05) determined no significant differences in the magnitude of IL-1ra’s
effect on sIPSC frequency and the distribution of cellular responses to IL-1ra among the
treatment groups. Overall, these data suggest that tonic IL-1R1 activity regulates CeA
GABA transmission in naive mice, and chronic ethanol exposure does not alter these
neuromodulatory effects, consistent with the I1L-1f results (Fig. 3).
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We also examined the effect of IL-1ra on sIPSC amplitude, independent of frequency
effects, and found that IL-1ra had dual effects on sIPSC amplitude in naive, Non-Dep, and
Dep mice (Figure 4B, F-H). In naive mice, IL-1ra increased sIPSC amplitude (57.3

+ 35.6%) in 29% (4 of 14 cells) but did not reach statistical significance, and significantly
decreased (p < 0.01; one sample t-test; 18.5 + 1.1%) sIPSC amplitude in 21% (3 of 14 cells)
of neurons. Similarly, IL-1ra increased sIPSC amplitude (p > 0.05; one sample t-test; 45.5
+19.9%) in 21% (3 of 14 cells) but did not reach statistical significance, and significantly
decreased (p < 0.05; one sample t-test; 19.0 £ 3.6%) sIPSC amplitude in 21% (3 of 14 cells)
of neurons in Non-Dep mice. In Dep mice, IL-1ra significantly increased (p< 0.01; one
sample t-test; 25.8 + 3.3%) sIPSC amplitude in 42% (5 of 12 cells) and decreased (17.9
+2.8%) it in 16% (2 of 12 cells) of neurons but did not reach significance. Changes in
amplitude did not correlate with changes in frequency.The magnitude of IL-1ra’s effects on
amplitude or the distribution of cellular responses to IL-1ra did not differ among the
treatment groups (tested by one-way ANOVA and Chi-square (o > 0.05) tests). No
significant correlation between IL-1ra’s effect on sIPSC frequency or amplitude and the cell
type, assessed by firing properties, were observed. Overall, IL-1ra bi-directionally modulates
sIPSCs, suggesting that the IL-1 system modulates GABAergic transmission in the CeA
under basal conditions through pre- and post-synaptic mechanisms, and chronic ethanol
exposure does not significantly alter this basal regulation.

IL-1 system and acute ethanol signal through distinct mechanisms to regulate CeA
spontaneous GABA release, and this persists with ethanol dependence.

We and others have shown that acute ethanol facilitates GABA release in the CeA of naive
and ethanol-dependent rodents33:34.53.55.56 and this increased local inhibition drives both
ethanol drinking and dependence-induced behaviors?”-28, Therefore, we lastly asked whether
the IL-1 system modulates the acute ethanol sensitivity of CeA GABAergic synapses and if
this changes with CIE-2BC. Acute application of ethanol (44 mM>3) significantly increased
CeA sIPSC frequency in naive (p < 0.001; one sample t-test; 40.9 + 6.4%) in 75% (9 of 12
cells), Non-Dep (p < 0.01; one sample t-test; 25.8 £ 2.9%) in 40% ( 4 of 10 cells), and Dep
(0 <0.01; one sample t-test; 40.3 = 5.3%) mice in 44% (4 of 9 cells) of neurons (Figure 5).
Overall, there were no statistical differences in the magnitude of ethanol’s effect on sIPSCs
frequency as assessed by one-way ANOVA. There was also no statistical difference in the
number of cells responding to acute ethanol with an increase in SIPSC frequency using the
Chi-square test, confirming that there is a lack of tolerance to acute ethanol’s facilitation of
GABA release in CeA neurons following chronic ethanol exposure with the CIE-2BC
paradigm.

With regards to a potential interaction between the IL-1 system and ethanol, we previously
reported mixed results in the CeA of naive mice that appeared to be dependent on the mode
of neurotransmission studied (action potential-independent vs. electrically-evoked).
Specifically, IL-1p occludes ethanol’s facilitation of GABA release in CeA neurons that
displayed a decrease in mIPSC frequency in response to IL-1f; however, IL-1p did not alter
the ethanol-induced increase of evoked GABA responses33. Thus, here we applied either
IL-1B or IL-1ra, and then co-applied ethanol (44 mM) to investigate the effects on action
potential-dependent neurotransmission with the synaptic network intact (Figure 5D, E). This
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serial experimental design allowed us to first measure each neuron’s response to either IL-1p
or IL-1ra and subsequently determine the same neuron’s response to co-application of acute
ethanol. We found no correlation between a neuron’s response (including increase, decrease,
or no change) to either IL-1p or IL-1ra and ethanol co-application, such that ethanol can still
increase GABA transmission despite IL-1R1 manipulation. Overall, these data show that the
acute ethanol sensitivity of GABAergic synapses in the CeA is not modulated by IL-1 or
IL-1ra in naive, Non-Dep or Dep mice, suggesting that IL-1p/IL-1ra and ethanol signal
through distinct downstream effectors to modulate spontaneous action potential-dependent
GABA release.

Discussion

In this study, we examined whether the CIE-2BC paradigm alters peripheral cytokines,
impacts IL-1p expression, and modulates IL-1p’s effect on GABAergic transmission, and its
interaction with ethanol-induced facilitation of spontaneous GABA release in the CeA. We
found that CIE-2BC alters peripheral cytokine levels. In the CeA, IL-1p expression in
neurons and microglia is sensitive to ethanol exposure, such that dependent mice displayed a
significantly greater expression of IL-1 compared to naive and non-dependent mice.
Baseline sIPSC frequency was not significantly altered with CIE-2BC, but a significant
decrease in sSIPSC amplitude was observed in non-dependent mice compared to naive and
dependent mice. Additionally, IL-1p and IL-1ra bi-directionally modulate spontaneous
GABA transmission through both pre- and postsynaptic mechanims in all groups. Moreover,
IL-1p and IL-1ra do not affect the facilitation of GABA release by acute ethanol. These
electrophysiological findings highlight the basal regulation of spontaneous GABAergic
transmission in the CeA by IL-1R1, and the persistence of IL-1p’s regulation of spontaneous
GABAergic transmission following chronic ethanol, suggesting a possible divergence in the
ethanol sensitivity of IL-1p’s immunological versus neuromodulatory role in this brain
region.

To our knowledge, this is the first study to report a parallel determination of changes in
multiple serum cytokines including elements of the IL-1 system in the periphery, and a
functional characterization of the IL-1 system in the amygdala (IHC and electrophysiology)
in the same animals generated using the CIE-2BC paradigm. We found that the peripheral
IL-1 system is dysregulated with increased IL-1p, although not significant due to a great
degree of variance, in ethanol dependent mice, while IL-1a levels were significantly
decreased compared to naive mice. Additionally, peripheral TNF-a levels were increased,
although not significant due to a great degree of variance, in ethanol dependent mice, and
IL-10 levels were decreased, in agreement with a general inflammatory state induced by
CIE-2BC. Notably, similar changes in peripheral circulating levels of IL-1p, TNFa and
IL-10 have been observed in human alcoholics 759, While the simultaneous quantification
of multiple cytokines using Luminex can provide detailed insight into changes in the
peripheral immune response, results can vary depending on collection and processing of
samples®, which is an important limitation of this technique. Of note, we did not observe
any significant differences in serum protein concentration across groups using the CIE-2BC
paradigm (data not shown). Moreover, changes in peripheral cytokine levels do not
necessarily correlate to changes in the CNS, where cytokines are locally produced and
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regulated. IL-1p has several non-immunological, neuromodulatory roles in the CNS
including: neurogenesis, induction of neurotrophic factors, and synaptic33-3461and circuit
plasticity®2. Here, we show that antagonizing IL-1R1 using IL-1ra bi-directionally
modulates sIPSCs, indicating that the receptor plays an important tonic role in regulating
spontaneous GABAergic transmission in the CeA through pre- and postsynaptic
mechanisms. Indeed, active IL-1p can be detected under basal conditions in the brain63, and
there is evidence for a physiological role of IL-1f in modulating excitability and
neurotransmission to regulate memory formation and sleep®4-58. Additionally, IL-18
signaling is associated with anxiety and depression®9-72, and it is possible that changes in
IL-1R1’s modulation of basal neurotransmission in the CeA could contribute to the
expression of these disorders.

Interestingly, these neuromodulatory effects of IL-1R1 agonism (by IL-1f) and antagonism
(by 1L-1ra) appear to be synapse-specific, as both compounds elicited mixed sIPSC
frequency and amplitude responses, with no correlation between the two effects. It is known
that IL-1p has brain region-specific effects, either increasing or decreasing GABAergic
transmission in other brain regions®1.:69.70.73 This is likely due, in part, to expression of
IL-1B and IL-1R1 on many different cellular populations including astrocytes, microglia,
and neurons. Therefore, IL-1p could be working directly through neuronal IL-1R1 to alter
synaptic release and GABAA receptor function or indirectly through IL-1p-induced release
of other cytokines/neuromodulators from neurons or glial cells. We speculate that the overall
effect of IL-1R1 signaling on synaptic transmission may reflect a complex combination of
several cellular effects. Moreover, it is possible that there are differences in the expression
and/or coupling of downstream effectors of IL-1R1 within these different cellular
populations. However, since there is minimal expression of IL-1R1 on glial cells under basal
conditions’4 73, and IL-1P activates neurons at concentrations a thousand-fold lower than
necessary for non-neuronal cells; we hypothesize that IL-1p is predominantly acting through
neuronal IL-1R1 to modulate spontanous GABAergic transmission in the CeA of naive
mice, though this was not directly tested in these studies.

IL-1B expression is increased in the brain following various insults and neurological
conditions and, in some cases, blocking IL-1p and/or IL-1R1 signaling improves outcomes
and recovery’®-78  directly implicating it in the pathogenesis of these diseases. Consistent
with this, we found a significant increase in IL-1f expression, including both active and
inactive precursor forms of IL-1pB, with ethanol exposure in the CeA in non-dependent and
to a greater degree in dependent mice. Of note, increased expression of IL-1p in ethanol
dependent mice compared to naive and non-dependent mice is likely due to a combination of
the greater ethanol intake and vapor exposure in these mice, which cannot be parsed out as
escalated ethanol intake reflects a dependence phenotype. Increased expression of IL-1f in
microglia, the resident immune cells in the brain and a major producer of I1L-1874, support
their increased function and role in the ethanol dependence- induced neuroimmune response.
Increased IL-1B expression in microglia and microglial activation has been associated with
numerous psychiatric disorders’®:80, However, the extent of activation of microglia is
determined by concurrent changes in their morphology and expression of other microglial
markers (e.g., CD11b, CD45, CD68, etc.), which we did not directly examine in this study.
The importance of activated microglia in the development of ethanol dependence has been
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supported by studies showing the presence of activated microglia in the human alcoholics®!
and animals exposed to ethanol%.79.82-87 gpecifically, in animal studies inhibition of
microglial activation prevented the development of ethanol-related behaviors87-92,
Interestingly, the CeA is also involved in feeding behaviors®3:94, and neuroinflammation in
this region could contribute to feeding. Surprisingly, despite the increased expression of
IL-1B in neurons, we did not observe any significant ethanol dependence-induced changes in
IL-1B’s regulation of spontaneous GABAergic signaling in the CeA. Although, we did not
find any correlation between the effects of IL-1p/IL-1ra and neuronal cell type as defined by
their firing characteristics, we cannot rule out that the same neuronal populations responded
to IL-1p in the same way across all three groups. Critically, IL-1 signaling is tightly
regulated by various IL-1 system components (e.g. endogenous antagonist IL-1ra and decoy
receptor IL-1R2) and so chronic ethanol-induced concurrent changes in negative regulators
of IL-1p signaling could compensate for the elevated IL-1f expression. Future studies will
assess potential changes in IL1R1 expression, localization (i.e. pre- and postsynaptic
compartments) and activated intracellular pathways. Of note, a limitation of this study is that
only one concentration of IL-1p was used to determine its synaptic effects. It is possible that
other concentrations may reveal changes in the sensitivity of IL-1R1 (e.g. alterations in
receptor function and expression) and subsequently associated changes in synaptic responses
following chronic alcohol. Moreover, given the pleiotropic effects of IL-1p, we speculate
that IL-1p may also simultaneously regulate several signaling systems with opposing
functions, leading to an overall maintenance of IL-1R1’s function and regulatory tone at
CeA GABAergic synapses. For example, IL-1f can induce the release of corticotropin-
releasing factor>:96 and interact with the endocannabinoid system®%7-190 and we have
previously shown that these two signaling systems modulate CeA GABAergic transmission
in opposing directions and are sensitive to chronic ethanol exposure29101.102_Conceivably,
IL-1pB’s interaction with these specific targets and other neuromodulatory systems could
result in no net change in sIPSCs across the treatment groups. Overall, these findings
highlight the sensitivity of IL-1p expression to ethanol exposure, as well as the critical
functional role this system plays in maintaining homeostasis at CeA GABA synapses after
chronic exposure.

A major hallmark of the ethanol dependent-state is the persistent CeA sensitivity to the acute
effects of ethanol33:3453, Specifically, acute ethanol increases CeA GABA release to a
similar extent in naive and ethanol-dependent rodents (as shown here), and this local
inhibition has been directly implicated in ethanol drinking and dependence-induced
behaviors?’-29, We have previously shown in the CeA of B6129SF2/J mice, that neurons
that responded to IL-1B with a decrease in action potential-independent GABA release
(pharmacologically isolated synapses) no longer display an acute ethanol-induced increase
in vesicular GABA release in the presence of IL-1p. Notably, in the same animals, we found
that IL-1p significantly decreased electrically-evoked GABAergic responses (action
potential-dependent network driven transmission) and did not alter the acute ethanol-induced
increase in evoked GABA responses. These findings suggest a role for IL-1R1 in
differentially modulating acute ethanol effects at pharmacologically-isolated GABA
synapses versus across the CeA synaptic network. To gain further mechanistic insight into
the contribution of network activity to the interaction between the IL-1 system and acute

Brain Behav Immun. Author manuscript; available in PMC 2020 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patel et al.

Page 14

ethanol, here we examined spontaneous action potential-dependent GABAergic transmission
wherein the network activity is intact. We found that IL-1p and IL-1ra do not modulate the
sensitivity of spontaneous action potential-dependent GABAergic transmission to acute
ethanol in naive, non-dependent and dependent mice. This is consistent with the previously
mentioned evoked network-dependent GABA responsesi03 and the potentially distinct
downstream signaling effectors of IL-1p and ethanol. Indeed, we previously demonstrated
that acute ethanol’s facilitation of GABA release is mediated through distinct calcium
channels for different modes of neurotransmission, that is P/Q-type calcium channels for
mIPSCs and L-type calcium channels for sIPSCs194.105_|n addition to calcium entry and
intracellular concentration rise, spontaneous action potential-dependent and -independent
neurotransmission likely results from distinct presynaptic neurotransmitter release
mechanisms (e.g., vesicle fusion machinery, spatial segregation of the vesicles and/or vesicle
populations, synaptic vesicle pool dynamics)196:107, Moreover, presynaptic molecular
pathways are critical in mediating GABA release and in our case, acute ethanol facilitates
GABA release through PKA and PKC mechanisms198-111 \while IL-18 canonically signals
through PI3K/AKT and p38 MAPK, which have been shown to modulate GABAergic
transmission in other brain regions12-115, previously in other models of CIE vapor
exposure>>104 e have observed increased baseline vesicular GABA release in Dep
compared to naive. However, in this study with CIE-2BC we did not observe this baseline
difference between Naive, Non-Dep and Dep. Although this was unexpected, it is not
surprising given differences in the model and potential cell-type specific effects of ethanol
dependence®2. Overall, our findings highlight the complex, reciprocal interaction between
the neuroimmune reponse and acute and chronic ethanol.

Conclusion

While the prospect of targeting the IL-1p system to treat alcohol use disorders is
encouraging, it is tempered by the fact that the IL-1 system has an important physiological
role in regulating cellular function, in addition to its pathological role in the immune
response. Our findings highlight the significantly increased IL-1p expression in the CeA
after chronic to ethanol, the complex basal regulation of GABAergic transmission by IL-1R1
and how the neuromodulatory effects of IL-1f on synaptic transmission persist after chronic
ethanol, suggesting a possible divergence in the sensitivity of IL-18’s immunological versus
neuromodulatory role to ethanol in this brain region.
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Highlights

. Chronic ethanol exposure increased IL-1p expression in CeA neurons and
microglia.

. IL-1p bi-directionally modulated GABAergic transmission through pre- and
postsynaptic mechanisms in naive, non-dependent and dependent mice.

. IL-1R1 regulation of basal GABAergic transmission was unaltered by chronic
ethanol.

. IL-1p and IL-1ra did not modulate acute ethanol’s facilitation of GABA
release.
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Figure 1. Chronic-intermittent ethanol two-bottle choice paradigm.
A. Schematic illustrating the chronic-intermittent ethanol two-bottle choice behavioral

paradigm used to induce ethanol dependence in C57BL/6J mice. B. Average blood ethanol
levels (BEL) achieved during weeks of chronic intermittent ethanol vapor exposure and
terminal BEL for Dep mice. C. Ethanol intake during two-bottle choice testing,
demonstrating a significant escalation in the average ethanol intake in dependent (Dep, n=
38) compared to non-dependent (Non-Dep, 7= 40) mice during the last week of 2-bottle
choice (inset). #, p< 0.01 by one-tailed t-test.
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Figure 2. IL-1p expression in neurons and microglia in the CeA of naive, non-dependent and
dependent mice.

A. Allen Mouse Brain Altas images and corresponding serial tiled and stitched confocal
image depicting the amygdala including the central nucleus of the amygdala (CeA, blue) and
basolateral amygdala (BLA, green). B. 40X magnified panel from outlined CeA showing
IL-1p staining and auto-traced cell body outlines (red) from naive (top), Non-Dep (middle)
and Dep (bottom) mice. C. Representative 3D rendered 63X confocal images of IL-1p
(green) co-labeling with NeuN (orange) and Iba-1 (red) in the CeA of naive (/ef?), Non-Dep
(middle), and Dep (right) mice. D and E. Quantification of IL-1p co-labeling with NeuN and
Ibal, respectively in naive, Non-Dep, and Dep mice. ## p<0.001; # p<0.01; # p<0.05
by one-way ANOVA with Tukey post-hoc test for multiple comparisons.
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Figure 3. IL-1p effects on GABAergic transmission in the CeA of naive, non-dependent, and
dependent mice.

A. Representative traces of spontaneous action potential-dependent inhibitory postsynaptic
currents (sIPSCs) during baseline and during application of IL-1p (50 ng/mL) from CeA
neurons of naive mice showing an increase (top row) and decrease (bottom row) in sIPSCs
induced by IL-1B. B. Average sIPSC from a single naive cell showing either an increase
(top) or decrease (bottom) in amplitude induced by IL-1f. C and D. IL-1p-induced increase
and decrease, respectively, in SIPSC frequency plotted as a percent of baseline for naive,
Non-Dep, and Dep mice. E. Percent of CeA neurons responding to IL-1p with an increase,
decrease or no change in sIPSC frequency. F and G. IL-1B-induced increase and decrease,
respectively, in sSIPSC amplitude plotted as a percent of baseline. H. Percent of CeA neurons
reponding to IL-1p with an increase, decrease or no change in sIPSC amplitude. #, p < 0.05;
## p<0.01;%# p<0.001 by one-sample t-test; 7= 24 — 27 cells from 14 — 15 mice per
group, and the exact number of cells in each condition is reported in the bars.
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Figure 4. IL-1ra effects on GABAergic transmission in the CeA of naive, non-dependent, and
dependent mice.
A. Representative traces of spontaneous action potential-dependent inhibitory postsynaptic

currents (sIPSCs) during baseline and during application of IL-1ra (100 ng/mL) from naive
mice showing an increase (top row) and decrease (bottom row) in sIPSCs induced by IL-1ra.
B. Average sIPSC from a single naive cell showing either an increase (top) or decrease
(bottom) in amplitude induced by IL-1ra. C and D. IL-1ra-induced increase and decrease,
respectively, in sSIPSC frequency plotted as a percent of baseline for naive, Non-Dep, and
Dep mice. E. Percent of CeA neurons reponding to IL-1ra with an increase, decrease or no
change in sIPSC frequency. F and G. IL-1ra-induced increase and decrease, respectively, in
sIPSC amplitude plotted as a percent of baseline. H. Percent of CeA neurons reponding to
IL-1ra with an increase, decrease or no change in sIPSC amplitude. #, p< 0.05; #, p< 0.01;
##  n<0.001 by one-sample t-test; 7= 12 — 14 cells from 8 — 10 mice, and the exact
number of cells in each condition is reported in the bars.
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Figure 5. IL-1p and IL-1ra do not alter acute ethanol’s effect on GABA release in the CeA of
naive, non-dependent, and dependent mice.

A. Representative traces of spontaneous action potential-dependent inhibitory postsynaptic
currents (sIPSCs) during baseline and after application of ethanol (44 mM) from naive mice.
B. Ethanol-induced effect on sIPSC frequency plotted as a percent of baseline for naive,
Non-Dep, and Dep mice. C. Percent of CeA neurons reponding to ethanol with an increase,
decrease or no change in sIPSC frequency. D. Frequency of sIPSCs plotted as a percent of
baseline during IL-1p (50 ng/mL) application (black circles, n=9-12 cells) and during
IL-1B co-application with ethanol (red circles) for each cell in naive, nondep and dep mice.
E. Frequency of sIPSCs plotted as a percent of baseline during IL-1ra (100 ng/mL)
application (black diamonds, 7= 7-9 cells) and during IL-1ra co-application with ethanol
(red diamonds) for each cell. #, p< 0.01; ## p<0.001; 7= 8 — 12 cells from 8 — 11 mice,
and the exact number of cells in each condition is reported in the bars.
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Table 1.

Cytokine levels (pg/mL) in terminal blood serum collected from naive, Non-Dep and Dep mice.

pg/ml Naive Non-Dependent Dependent
IL-1a 380.4 + 44.39 406.3 £ 46.43 2042 + 26.74 *##
IL-18 3.39+0.62 1.94+041 479 +2.61
G-CSF 583.7 + 204.7 581.4 +294.2 3105+ 76.4

Eotaxin 577.7+41.8 451.4 + 33.0* 381.2 + 28.1**

GM-CSF  4.03%12 07+05 7141
IFNy 0.08 +0.05 0.02+0.02 0.8+0.5
IL-2 0.72+0.4 0.01+0.01 n.d.

IL-3 036+0.2  0.007%0.007 052+05
IL-4 0.98+0.03 0.86+0.01" 0.80+0.03*
IL5 3.03£0.43 248 £0.70 25.58 + 17.67
IL-6 17880 242 +135 9.66 + 2.82
IL-7 2.92+247 7.02+6.54 0.65+0.63
IL-9 1503+26.0  197.8+488 121.1+143
IL-10 201038 0.97+020" 0.61+025™"
IL-12 (p40)  9.48+3.98 2.45+0.58 5.55 + 4.32
IL-12 (p70)  353+106 (08 +008™" 129+ 093"
LIF 093+021 (g0, 013™  045+011%
IL-13 37.9+501 31.0+3.09 935 +247%
LIX 43603516  4663%2452 ooy, oo
IL-15 5905463  5L6£600  1og, ¢ oo e H
IL-17 091£021  002+001™"  038+0.19™"
IP-10 1261+110  103.6+8.17 2581 4 450"
KC 1459+516  2254+854 88.1+25.1
MCP1 19.2£8.90 117451 13.2£5.27
MIP-la  40.3+333 29.2+392 138356
MIP-1b 1954263 145+226 26.1+453
M-CSF 1119805 208510238 289.3+115.7
MIP2  1119+116  783+4.03 50551267
MIG 39.0+3.28 4524529 107.9+28.1
RANTES  20.1+2.28 16.7+2.78 11.4+213%
VGF 246+032 2796+ 0.46 2.28+0.33
TNFa 0.41£0.20 0.11+0.07 171£1.10
.
p<0.05
-
p<0.01

Aok

£ <0.001 compared to Naive
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#p< 0.05
##p< 0.01

###p < 0.001 for Non-Dep versus Dep by one-way ANOVA and Tukey posthoc test; 7= 17 — 22 mice.
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Table 2.

Baseline sIPSC characteristics in Naive, Non-dependent and Dependent mice.

Frequency Amplitude Rise Time  Decay Time

Naive  128+0.13 67.70+327 235+007 7.94+042
Non-Dep 143£016 5513+213% 267+008" 7-93+042

Dep 1.58 +£0.21 65.88 + 3'4# 2.51+0.46 7.96 £0.46

*
p < 0.05 compared to Naive

#p< 0.05; for Non-Dep versus Dep by one-way ANOVA and Tukey posthoc test; 7= 53 — 60 cells.
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