Prefrontal CRF1-expressing neurons undergo enduring adaptations underlying aberrant emotional processing and alcohol drinking in abstinence
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Introduction

Dysregulation of prefrontal circuits is thought to underlie aberrant emotional processing contributing to the
persistent vulnerability to alcohol misuse in abstinence. Individuals with an alcohol use disorder (AUD) have reduced
prefrantal volumes™?, and hypofunctionality of the medial prefrontal cortex (mPFC) contributes to loss of control
over intake®. Preclinical studies also implicate the mPFC in anxiety-like behavior and excessive alcohol drinking®®
Hi ver, the discre frontal cell-i nd mechanism. rlying rel remain f; ly unknown.

Corticotropin-releasing factor (CRF) and its cognate type-1 receptor (CRF1) signaling, a prominent brain
stress system, has been implicated in anxiety and AUD, particularly in limbic brain regions™®. Little is known about
CRF-CRF1 in prefrontal circuits in AUD. Functionally, mPFC injection of CRF or CRF antagonists has anxiogenic and
anxiolytic effects, respectively®*?, and deletion of forebrain CRF1 reduces anxiety'. Together, CRF1-expressing mPFC
neurons (mPFC®""*) respond to stress signals, that are dysregulated by chronic alcohol, and are wired to mediate
anxiety; thus, mPFC®""'* are poised to mediate heighten anxiety-like behaviors promoting relapse in abstinence

We tested the hypothesis that withdrawal from chronic alcohol uniquely impacts CRF1-expressing
medial prefrontal cortex neurons underlying AUD-related behaviors contributing to relapse.

Identifying chronic alcohol-induced adaptations that persist into abstinence and drive aberrant behavior will provide
insight into neuronal mechanisms for more efficacious therapeutic intervention, which are currently limited for AUD.

Methods

; Adult male and female CRF1:GFP and CRF:Cre mice were used. All procedures were approved by Scripps Institutional Animal Care and Use Committee and were
consistent with NIH Guidelines
Chronic intermittent ethanol (CIE) inhalation model of alcohol dependence; Dependent mice received 16-hrs of ethancl vapar/day for 4 consecutive days each week for
5-6 weeks. Average blood ethanol levels during CIE were ~184mg/dl. Naive mice received air, and withdrawn mice were 5-8 days into forced abstinence from CIE inhalation,
Viral injections in the brain: Viruses (from Addgene or UNC vector core}, indicated in the figures, were stereotaxically injected into the basolateral amygdala (BLA; AP: -1.5,
DV: -4.9, ML: 3.4) or the mPFC (AP: +1.9, DV: -2.4, ML: 0.05). Experiments were conducted after a minimum recovery period of 4 weeks.
in sty and buffered saline and 4% p perfused brains were cryoprotected in 30% sucrose and used for
in situ hybridization using RNAscope according to the manufacture’s insiructions or immunohistochemistry for staining with rabbit ant-CSF1 (Abcam).
Two-bottle 15% ethanol and water choice drinking (2-BC); Following 3-4 weeks of baseline 2-BC testing, consisting of 5 consecutive days of 2-hr 2-BC sessions, CIE
weeks were interspersed with 2-BC weeks for 56 rounds of this 2-week cycle. To fest eflects of chemogenetic mPFC***'* activatian, i.p. injections of saline or 10mg/kg CNO
(Tocris) were given 30 mins prior to 2-BC testing during baseline and following 5-8 days of withdrawal from CIE.
Novelty-suppressed feeding test to measure anxiety-like behavior: Following 24 hrs of food deprivation, the latency to feed in an novel, open arena and then in the home
cage were measured. Increased latency to feed in the open arena s indicative of increased anxiety-like behavior.
Ex vivo slice and ic circuit Whoale-cell voltage-clamp and current-cl were collected. A K-gluconate internal solution
was used to record spontaneous excitatory post-synaplic potentials (sF_F'SCs) in artificial Derebruspmal fluid tACSF) miniature excitatory postsynaplic potentials (MEPSCs) in
the presence of 30uM bicuculline (BIC) and 0.5uM (TTX).a ility in ACS 2 (ChR2) elicited currents were measured using wide-field
ilumination (Sms, 493nM, 10mW) using a Cs-methanesulionate |nlema| solution and an external solution of ACSF containing 30uM BIC, 0.5uM TTX, and 100uM
4-aminopyridine

Fluorescence activated cell sorting followed by RNA sequencing: The mPFC frem naive and withdrawn CRF 1:GFP mice were microdissected, live GFP+ cells were
isolated with flow cytometry, RNA was isclated from GFP+ cells and sequenced. Transcripts were mapped ta the mouse genome, differential gene analysis was performed,
and gene netwark analysis was performed using Advaita

Results

mPFC - Pri

A B [CMControl
M Caspase
= 250
AAV2flex-aCasp3-TEVP 5 .
L 5 @ 200
[¥] s ©
B B
5 £ 150
S 2
L & 100
b4 &) o g
CRF1:Cre mice S 8 50
& L
o

Arena

Home cage

0
Control Caspase

Figure 1. mPFC®*"* neurons regulate anxiety-like behavior.

A Viral strategy to caspase-ablate mPFGE"'* neurons in CRF1:Cre mice. B. Representative in situ hybridization images depicting Criir1 (green) and DAPI (blue)
expression in the mPFC of control (top) and caspase (bottom) mice. Quantification of Crhr1 expressing neurons. N = 3 mice/group; **p<0.01 by test. Scale bar = 10uM
C. Latency lo feed in novelty-suppressed feeding test in an open arena and home cage in control and caspase mice with a significant main effects of location and group,
and post hoc *p<0.05 by two-way ANOVA, N = 10-15 mice/group.
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Figure 2. Ethanol dependence and withdrawal increase mPFCS®*F'- excitability and glutamate transmission.
A Represantative traces of excitability of mPFC prelimbic layer 2/3 CRF1 non-expressing (mPFC®*"*) neurons from naive, dependent, and withdrawn CRF1:GFP mice
B. Input-output curves. "p<0.05 and *p<0.01 by post hoc analysis from two-way ANOVA. n = 24-35 cells from N = 8-10 mice. C. Representalive traces of SEPSCs. D-G.
sEPSC frequency, amplitude, rise time, and decay time, respectively. “p<0.05 and **p<0.01 by one-way ANOVA. n = 12-22 cells from N = 6-10 mice.
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Figure 6. Withdrawal alters the transcriptome of

mPFCSRF* cells - leading to CSF1 upregulation.

A. Volcano piot of differentially expressed genes (DEGs) in mPFC™*" neurans
from naive and withdrawn CRF 1:GFP mice. B. Gene network analysis of DEGs,
showing that colony-stimulating factor 1 (GSF1; in yellow) is a hub gene

N =5-6 mice

Figure 5. Activation of mPFC?™* cells abolishes
CIEi -induced ion of alcohol.

A. Viral strategy to chemogentically activate mPFC** neurons in CRF1.Cre
mice. B-C Pre- and post-CIE alcohol drinking in control and HM3Dq mice
following saline and CNO injection, respectively. Post hoc ®p<0.05 by two-way
ANOVA. N = 9 mice.
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Figure 7. CSF1 overexpression in mPFCS"* cells
decreases post-synaptic glumatate transmission.

A Viral strategy to overexpress CSF1 in mPFCE" cells in CRF-Cre mice. B
Representative mEPSC from control (black) and CSF1 (red) mice. C-D. mEPSC
frequency and amplitude. **p<0.01 by t-test. n = 14-18 cells from N = 4 mice/group

Figure 8. CSF1 overexpression in mPFCCR™* cells
is sufficient to increase anxiety-like behavior.

A. CSF1 immunostaining in the mPFC of CRF1:Cre mice following viral
overexpression of CSF1 in mPFCEF!* as seen in Fig. 7A. B. Latency to feed in
an arena and home cage in control and CSF1 mice. Post hoc ®p<0 05 by two-way
ANOVA. N = 10-11 mice.
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Figure 3. Ethanol withdrawal selectively decreases mPFC®"*'* excitability and glutamate transmission.
A. Representative traces of excitability of mPFCS®"'* prelimbic layer 2/3 neurons from naive, dependent, and withdrawn CRF1:GFP mice. B. Input-output curves, %p<0.05
by post hoc analysis from two-way ANOVA. n = 29-40 cells from N = 6-10 mice. €. Representative traces of sSEPSCs. D-G. sEPSC frequency, amplitude, rise time, and
decay time, respectively. *p<0.05 and **p<0.01 by ane-way ANOVA_ n = 10-2 cells from N = 6-10 mice.
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Figure 4. Ethanol dependence and withdrawal decreases glutamte release from basolateral amgydala

inputs onto mPFC**'* neurons contributing to the dysregulation of mPFC®"F'* selectively in withdrawal.
A. DIC-IR and fluorescence images of viral injection site and BLA terminals in the mPFC. B-C. Representative traces and summary of paired pulse ratio measured in

the BLA-mPFC®"" pathway. D-E. Average traces of BLA-mediated NMDA and AMPA currents in mPFC=""* cells and summary of AMPA/NMDA ratio. *p<0.01 by
one-way ANOVA. n = 17-39 cells from N = 5-7 mice.

Conclusions and Future Directions

» mPFCS*"* neurons regulate anxiety-like behavior and withdrawal-associated alcohol drinking, highlighting the
potential role of this population in relapse during abstinence.

» mPFC®®'* neurons are selectively sensitive to withdrawal, and their dysregulation is driven in part by the BLA.

» Alcohol withdrawal alters the transcriptome of mPFC*'* neurons - upregulating CSF1

» Selective mPFCSRF'* CSF1 overexpression mimics the observed synaptic neuroadaptations in mPFCSRF1*
neurons in withdrawal and heighens anxiety-like behavior, providing mechanistic insight into AUD-related behavior.

D> Future studies will measure the impact of mPFCS®"'* CSF1 in withdrawal-associated alcohol drinking.

> Future studies will identify discrete circuits comprising mPFCR"* neurons and their role in AUD-related behavior.

Together, these findings highlight mPFC®®F'* neurons as a critical site of enduring neuroimmune
adaptations underlying aberrant behavior in withdrawal potentially contributing to relapse in AUD.
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