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Abstract

Background: Dysregulation of thearticotropin releasing factor (CRF) system has been
observed in rodent models of binge drinking, with a large focus on CRF-Receptor 1
(CRER1). The role of CRBinding Protein (CRFBP), a key regulator of CRF activity,

in binge“drinkings less well understoodh humans, single nucleotide polymorphisms in
CRHBPare associated with alcohol use disorder and sinésged alcohol craving,

suggesting a role for CRF-BP in vulnerability to alcohol addiction.

M ethiods;, The role and regulatioof CRFBP in binge drinkingvereexamined in
mice exposed to the drinking in the dark (DID) paradigisingin situ hybridization, the
regulation of CRBBP, CRFR1, and CRF mRNA expressiaras determined in the stress
and rewardssystesrof C57BL/6J mice after repeated cycles of DID. To determine the
functiomalrele of CRFBP in binge drinking, CRF-BP knockout (CHER KO) mice
were exposed to 6 cycles of DID, during which alcohol consumption was measured and
compared tavild-type mice.

Results;, CRFBP mRNA expression was significantly decreased in the prelimbic (PL)
and'infralimbic (IL) medial prefrontal cortgmPFC)of C57BL/6J micefter 3 cycles
and in_.he"PL mPFC after 6 cycles of DIDNo significant changes @RF or CRFR1
MRNA levels were observed in mPFC, ventral tegmental area (VTA), bed nucleus of the
stria terminak (BNST), or amygdala after 3 cycles of DIBRFBP KO micedo not
show significant alterations in drinking compareavitol-type mice acros$ cycles of
DID.

Conclusions: Theseresults revealiat repeated cycles of binge drinkiaiger CRFBP
MmRNAsexpressionn the mPFCa region responsible for executive function and
regulation=ef emotion and behavior, including respotseatress. Welmserved a
persistentiecrease in CRBP mRNA expression in the mPFC after 3 and 6 DID cycles,
whichsmay allow for increased CRF signaling at CRF-R1amdribute toexcessive
binge-like'ethanol consumption.

Key Words: Corticotropin Releasing Fact@RFBinding Protein, Ethanol, Binge
Drinking, Drinking in the Dark
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The National Institute on Alcohol Abuse and Alcoholism (NIAAA) defines binge
drinking as a pattern of drinking that results in blood ethanol concentré@gQs) of 80
mg/dL or higher. Binge drinking has belatked tomany adversesocial and health
consequences, including arcreased risk dfransitionng to alcohol dependencstress
is a keyenvironmental factor in thdevelopment of alcohol addiction, and has been
linked . _binge drinking, drinking during dependence, and relapse to drinking after
abstinencen‘clinical and preclinical modeldeyes et al., 2012 owery and Thiele,
2010;Phillips et al., 2015Uhart and Wand, 2009). The key central nervossesy
regulator of thestress response is corticotropin relegdactor (CRF)This 41 amino
acid peptidenediates its effects through twegeotein coupled receptors, CRF Receptor
1 (CRFR1)‘and CRF Receptor 2 (CRF-R2), and its activity is modulat€tR¥y
binding protein (CRMBP). Single nucleotide polymorphisms @RHBPandCRHR1
have been associated with alcohol use disorder and stress-induced alcoholograving
consumption (Blomeyer et al., 2Q@noch et al., 20Q&Ray, 2011 Ray et al., 2013),
supportingsthe role for these key moleculesumerabilityto alcohol addiction.

Dysregulation of the CRF system has been observed in rodent modelseof bing
drinking,and alcohol dependence, with a large focus in the literature on CHeR1.
exampleglevatedCRFR1 mRNA expressiom the amygdaléas been observed in rats
with a history of alcohol dependence (Sommer et al., RGaBthermoreperipheral
administration of CRF-R1 antagonists reduced binge drinking in a drinking in the dark
(DID) paradigm (Sparta et al., 20085 well as dependeng®luced alcohol
consumption (Funk et al., 2007). CRF receptor regulati@xadéssivalcohol
consumption appears to be brain reggpecific, with the amygdala, bed nucleus of the
stria terminalis (BNST), ventral tegmental area (VTA), and medial prefrontal cortex
(mPFC).as.major sites of action. For example, injection@RE-R1 antagonist into the
central nucleus of the amygdala (CeA), but not thelaseral amygdala (BLA), resulted
in decreased bge drinking Lowery-Gionta et al., 2012 Likewise, intraVTA
administration of a CRF-R1 antagonist led to decreased binge drildpagd et al.,

2013). Silberman and colleagues (2013) have shown enhanced CRF activ#flax of
projecting BNST neurons after alcohol withdrawal. Lastly, CRF neurons in the mBFC ar
upregulatedafter abstinence frormtermittent access tethanol (George et al., 2012).
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Although lesawvell characterizedCRFR2 has alsteen mplicated in binge drinking
(AlbrechetSouza et al., 2015 owery et al., 2010) and alcohol dependence (Funk and
Koob, 2007)While it is clear thaCRF and th€CRF receptors play a role in alcohol
addiction, the role of CRBP has been less studied.

CREBP is a 3/kDa-secretedylycoprotein that binds CRF anuet CRFlike
ligand Urocortin dwith anequalor greater affinitythan CRF receptorft is estimated
that'40-60% of CRF in the human brain is bound by GBRHBehan et al., 1997), and
CRFBP celocalizes with CRF or CRF receptors at numerous sites (i.e., amygdala and
BNST), suggesting potentisites of interaction in stress arelvard pathway@Potter et
al., 1992) Multiple rolesfor CRFBP have been proposed. In cultupsaitary cells,
CRFBPattenuates CRR1 activity (Cortright etal., 1995 Potter et al., 1991Sutton et
al., 1995) suggesting an inhibitory rofer CRFBP. In support of this, CRBP deficient
mice display increased anxidtgarolyi et al., 1999)consistent with increasdike levels
of CRF.However,in vivoandslice studies have revealed a potential facilitatory role for
CRFBPpparticularlyin the VTA, with administration of th€RFBP ligand inhibitor,
CRFs.33/decreasing CRimediated potentiation of NMDA excitatory postsynaptic
currens.onVTA dopamineneurons Ungless et al., 2003Similarly, intraVTA
administration of CRE33 decreasethinge drinking AlbrechetSouza et al., 20)%nd
CRFinduced relaps® cocaineseeking (Wang et al., 2007).

Thus, while a role for CRF receptors in binge drinking has been established, the
role forxCREBP, a key reglator of CRF receptor activitjhas not beewell
characterizedTherefore, in the current study, we souighdetermine the reland
regulation of CRF-BP in the DID mouse model of binge drinkig examinedhe
regulation of the CRF system, includi@RBP, CRFR1,and CRAMRNA expression
after repeated cycles of DIiD brain regions of the stress and reward system
Additionally; CRFBP KO mice were utilized to determittee functional role of CRBP
in modulating ethanol consumption in the DID paradigm.

Materialsand M ethods
Animals — 3eycleDID experiment
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Six to eightweek old male C57BL/6J mice were purchased from The Jackson
Laboratory (Bar Harbor, ME) and used for ay&le DID experiment. Mice were
maintained on a 14/10 light/dark cycle and had access to food and water ad libitum,
except when noted. Mice weeacclimated to single housing for >2 weeks prior to the
start of DID. All mouse experiments were conducted according to NIH guidelines for
animal care'and were approved by the University of Michigan Committee on Use and
Care of Animals.
Animals="6eycleDID experiment

CRF-BP knockout mice (CRF-BP KO; Karolyi et al., 1999) were bred in our
facility and-have been backcrossed onto a C57BL/6J background for >17 generations.
CRFBPheterozygotes (Het) were crossed to generatetwié, Het, and CRBP KO
mice. To generate sufficient numbers of mice of similar age for-thlé DID study,
thesewild-type progeny were crossed to generate wild-type mice, and Het x KO and KO
x KO crossegvere used to generate CIBIP KO mice Mice were 1014 weeks old at the
start ofsthesexperimenthese mice were switcheoh a 12/12 light/dark cycle to be more
consistentwith other DID studies in the literature. Mice had access to food and water ad
libitumy.except when noted, and were acclimated to single housing for >2 weeks prior to
the start’of DID. At the end of the 6-cycle DID experiment, the brains of thetypdd-
mice were used fan situ hybridization analyses.
Drinking in the dark:

Male,C57BL/6J mice3-cycleDID; n=12 (6/group)) and male CR#P KO and
wild-typeeortrols 6-cycleDID; KO (EtOH: n=17, HO: n=10);wild-type (EtOH: n=13,
H,0: n=13)) were tested in a DID protocol (Rhodes et al., 2005). On daysite were
given access to a sing® mL centrifuge tube of 20% ethanol (v/v) for 2 hours, starting 3
hours into.the dark cycle. On day 4, mice were given access to 20% ethanol for 4 hours.
Control mice received a singk® mL centrifuge tube of water instead of 20% ethanol.
Mice received only watdor the las 3 days (days F) of each cycleRepeated DID
consisted of 3 or 6 cycles in total. Centrifuge bottles were fitted with a rubber stiogiper
contained a sipper tube with two ball bearings (Ancare Corp., Bellmore, M¥)empty
cages were placed in theperiment room andach received bottle of 20% ethanol
during DID to control for spillagéom the sipper tubes. These control volumes were
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averaged and subtracted from the experimental volumes before converting to g/kg. All
bottles were weighed and reded immediatelypefore andafter each drinking session.
Blood ethanol concentration

For the 3eycle DID experiment40 pL of blood was collected via tail snip
immediately after the drinking session on day 4 of cycle 3. For tlyel6-DID
experiment; 40 uL of blood was collected on day 4 of cycle 5 to eliminate any potential
effects'of'blood collection on gene expression 24 hours Blieod samples were placed
into a tube'that contained U 0.5M EDTA, centrifuged, and thelasma was removed
and stoed at-20 °C until useBECs weradetermined by an Analox alcohol analyzer
(Analox:Instruments, Atlanta, GAor the 3eycle DID experimenand alcohol
dehydrogenase assay (Pointe Scientific, IBanton, MI; Cat. #: A7504-39) for the 6-
cycle DID experiment.

Tissue processing and situ hybridization:

Mice were euthanized 24 hours after 3 or 6 cycles oftDI&ssess neuroadaptive
changesithat occur after binge drinkoygles(including consumption and withdrawal)
rather thanthe direct effeat$ ethanol consumptiomdrains were removed, frozen in 2
methylbutane, and stored at -8D dntil use. Brains were sectioned via cryostat at 14 um
and collected in series of six slides (4 sections/slide). Every sixth slide was stained with
cresyl violet todetermine anatomical location and orientation. For each brain region of
interest, adjacent slides were analyzed for CRF,-RRFand CRFBP mRNA
expressionusing situ hybridization similar to what has beatescribed previously
(Hermanwet'al., 199(beasholtz et al., 1991). Braiactions were podixed in 4%
paraformaldehyde for 1 hour an@shed three times in 2x saline sodium citrate (SSC)
buffer. . Sections were then incubated in 0.25% acetic anhydride in 0.1 M triethanolamine
for 10 min, washed three times in 2x SSC, dehydrated in ethanol and air-dried. CRF,
CRFR1,and CRFBP antisenseRNA riboprobes were generated wits-UTP and®S-
CTP (1250 Ci/mmol; PerkinElmer Inavaltham, MA from plasmids as described
previously,(pGem4ZPst578, Seasholtz et al., 1991; pTOPO CRM/&tphal et al.,

2009; MCRHBP666, Burrows et al., 1998ections were hybridizeslith the**S{abeled
riboprobes (2 x 10cpmislide) in 50% formamide hybridization buffer (Ameresco
Framingham, MAwith 20mM DTT overnight at 55 °C. After hybridizatiosections
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were washed three times witlk SSCandtreated with RNase A200 pg/ml for 1 hour
at 37 C. Slides were then washed in decreasing salt solutiondX2and 0.5x SSC) and
a high-stringency wash was performed in 0.1x SSC at 65 °C for 1 hour. Slides were then
dehydrated in ethanol, air-dried, and exposed to BioMaxaMti@radigraphy film
(Carestream Health Inc., Rochester, Nof)3-14 days depending aiboprobe and brain
region,
In situ hybridization analyses

Autoradiography films were scanned and analyzed using densitometry in ImageJ.
A set of macros were utilized that enabled background to be selected and a mask created
so thatonly,signajreater thar3.5 standard deviations above backgrosndeasured
Mean optical densitymean OD) area, and integrated optical density (IOD; mean optical
density x area of signal) were calculated for each brainmeggé and right
hemispheresBrain regions of interesor in situ hybridization analyses weselected
based on anatomical landmargaxinos and Franklin, 200frpbm adjacentresyl violet
stainedrsectionSpatial expression profilegere generated for each probe and brain
region of interest to mal®D signalspanning the rostral to caudal extent of eaembr
regionsLheseexpression profilesere used taletermine bregma coordinates (Paxinos
and Franklin, 2001) for analysis iof situ hybridization experimentst the 10D signal
for a particular riboprobeariedsignificantlyrostral to caudal, then theearwhere the

signalwashighestwasalsoused for analysis.

Statisticalanalyses

Given that then situ hybridization experiments were performed independently
for eachriboprobe,brain regionand cycle number (3 or 6 DID cyclef)ese data were
analyzed via independent studetegts A two-way repeated measures analysis of
variance (ANOVA) was used to analyze D data. When significant main effects
were observed, Tukey HSD post-hoc analyses were performed for multiple comparisons.
All dataare reported as means + SEM, and significant values were accepted at p<0.05 for

all statistical tests.

Results
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Regulation ofCRF, CRFR1, and CRBP mRNA expressiafter 3 cycles of DID

To determine how CRBP, CRFR1, and CRFareregulatedwithin thestress and
rewardsystens after binge drinking, ale C57BL/6J mice underwent acgcle DID
paradigm. On the fourth day of cycle 3, mice consumed an average 5.45 + 0.8# g/kg
ethanol‘and,exhibited an average BEC of 84.1 £ 11.7 myldie were sacrificed 24
hours lateandin situhybridization experiments were performed to determine CRF,
CRFR1, and CRFEBP mRNA expression in the BNST, VTA, mPFC, and amygdala.
Spatial expression profilegere generated for eadboprobe and brain region of interest
to maplODs spanning rostral to caudal for each brain region. These expression profiles
were used to determine bregma coordinates for further analysisiofditie
hybridization data.

In the BNST, CRF, CRIR1, and CRF-BP mRNA signal vagieostral to caudal
(Figuresl)=Interestingly, CRF mRNA expression@Qvas highesbetween bregma
coordinates0.38 ar@l14in anterior nucleiwhereas CRIR1 and CRFBBP mRNA
expressiawerehighest more caudally in posterior nudbeitweerbregma coordiates
-0.10 and -0.34. 10D signal from sections within these designated bregma coordinates
were averaged to generate one value per mouse for each riboprobe. Independent student
t-testS.revealed that there were no differences in CRF;RREnd CRF-BP expression
between ethanol and control mice after 3 cycles of DID (Table 1; represemiatiite
autoradiegrams in Figure 1). Additionally, further analyses revealed that XpiREssion
was unaltered in the dorsal and venBBIST nucleiof ethanol mie compared to
controls (data not shown).

Expression profilesf CRF and CRR1in the VTA did not show significant
variation.in.expressiqrso signal was averagadross the rostral to caudal extent of the
VTA. CRFand CRFR1 expression in the VTA did not differ between ethanol and
control'mice (Table 1; representativesitu autoradiograms in Figure 2). CAFR 10D
was highestrom bregma coordinate8.28to -3.52in the midto-posterior VTA where
IOD signal'was averaged for analysis (Figure 2). There was a trend for a decrease in
CRFBP IOD in ethanol mice compared to control mice, but this did not reach statistical
significance (Table 1; t(8) = 2.25, p=0.055). However, @¥mean OD was
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significantly decreased ithe VTA of ethanol mice compared to control mice (p<0.05;
data not shown).

CRF, CRFR1, and CRBP mRNA expression patterns in the prelimit.) and
infralimbic (IL) mPFC did not vary rostral to caudal, so signal was averaged fr
multiple.sectionso generate one value (representative autoradiograms in supplementary
Figure'1). Expression in tieL andIL mPFC was analyzed from coordinates 2.34 to 1.54
and™.981t0"1.54, respectively. Independent studiststrevealed that CRBP IOD in
the PL7andIL mPFGvassignificantly decreased in ethanol mice compared to control
mice (Table 1 and Figure 3; prelimbic, t(8) = 4.64, p<0.01 and infralimbic, t(8) = 2.51,
p<0.05): There were magnificant differences iICRF and CRR1 mRNA expession
levelsintthe'mPFC between ethanol and control mice.

In the BLA/lateral amygdala (LA)CeA, andbasomedial amygdal8MA), CRF
R1 and CRFBP expression weranalyzel frombregmacoordinates.94 to-1.82, and
in the CeA, CRF expression was anatys®m coordinates -0.82 to -1.82presentative
autoragdioegrams in supplementary figure 2). CRF mRNA was not detectible in the
BLA/LA and BMA andherefore wasot included in the analysi$here were some
rostralte caudalariations in CRF, CRIR1, andCRFBP signalin the amygdala,
however, nsignificantchanges in expressiavere observed in any of the amygdala
nucleiafter 3 cycles of DID (Table)1

RegulationsofCRFBP mRNA expressiafter 6 cycles of DID

To test whether altered CREP expression in the mPFC persists beyond 3 cycles
of DIDsmale mice underwent adycle DID paradigm anah situ hybridization was
perfermed.on brains collected 24 hours after the last exposure to alcdettmine
changesi'CRF~BP mRNA expression in the BNST, VTA, mPFC, and amygdala.
Similar to 3'cycles of DID, there was a significant decrease inBRk thePL mPFC
of ethanoltreated mice compared to controlable 2; Figure 4; t(10) = 2.6, p<0.05).
However,CRFBP mRNAexpression wasnchangedn thelL mPFCof ethanoltreated
mice after 6 cycles of DIDCRFBP was not significantly altered in the BNST, VTA, and
amygdala of ethanol treated mice compared to controls (Takdartar to what was
observed after 3 cyclex DID.
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Functional role of CRF-BP in DID using CRBP KO mice

To test theunctional role ofCRFBP in binge drinking CRFBP KO mrce
(Karolyi et al., 1999) andild-type mice underwent a 6ycle DID paradigmOverall,
alcohol consumption did not signifantly differ between CRBP KO andwild-type
mice aeross.6 cycles of DID, as revealed by a lack of a main effect of genotype in a two
way repeated-measures ANOVA (Figure 5; data shown for day 4 of each cycle).
However, there was a significant main effettycle number (F(5, 140) = 6.97,
p<0.0001),and a signif@nt interaction effedqt-(5, 140) = 2.46, p<0.05posthoc
analysegevealed thatvild-type mice drank significantly more ethanol on day 4 of cycle
5 compared to cycle 2 (p<0.001) and CRF40 mrce drank more ethanol on cycles 4,
5, and 6 compared to cycle 1 (cycles 4 and 5, p<0.05; cycle 6, p<0.0001), and cycle 6
compared to cycle 2 (p<0.0RFBP KO and wildtype mice did not display
significant-differences in alcohol consumption at any ofatltdD cycles. Additionally,
there weremno differences in average BEC betwalel-type (78.5 £ 11.7 mg/dL) and
CRFBP KO.mice (72.4 + 8.5 mg/dLY.hese results suggdbatthetotal absence of
CRFBP does not significantly alter binge drinking in the DID paradigm.

Discussion

In this study, we examined the regulation of CB#¥-CRFR1, and CRFMRNA
expression in brain regions of the stress and resystdns after repeated cycles of binge
drinking. While there were no detectable changes in CRF orRRFRNA levels in
amygdalaxVTA, BN$, or mPFC after 3 cycles of DID, we provide the first evidence
thatrepeated cycles of binge drinking alter GBFMRNA expression in the mPFC.
CRFBP"MRNA expression was significantly decreased in the PL and IL mPFQ@ after
cycles of DID and in the PL mPFC after 6 cycles of DID. DecreasedEBFRiRay allow
for increased CRF signaling at CRF-R1 in this region, well known for its roles in
executive functionimpulse contrgland stress response regulation. We also examined
binge drinking in CRABP deficient mice and observed no detectable differences from

wild-type mice acros8 DID cycles.
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The CRF system midely expressed throughout stress and reward pathways
(Chan et al., 20Q0/an Pt et al., 200D In the present study, we characterized CRF,
CRFR1, and CRFEBP mRNA expression in serial sections throughout the mPFC, BNST,
VTA, and amygdala, key brain regions that have been implicated in excessive alcohol
consumption (George et al., 2012; Lowery-Gionta et al., 2012; Silberman et al., 2013
Spartaetl.42013). In the BNST, CRR4 and CRFBBP mRNA expressioarehighest in
the caudalaspects of the BNST in posterior nuclei, whereas CRF mRNA expigssi
highest at'more rostral coordinates in anterior nuclei. In the amygdalaBERHRNA is
detectedn CeA, BLAILA, and BMA, major sites of CRF (CeA) and GRE (BLA/LA,

CeA and BMA) mRNA expression (Chan et al., 2000; Van Pett et al., 2000). In the
mPFC,wefound that CRBP mRNA is expressed at high levels in the PL and IL mPFC.
CRF R1 is highly expressed in the PL mPFC, but expresdewvat levels in the IL

mPFC, and CRF expression is low throughout the mAPRE€seexpression profike
revealsites of ceexpression of CRBP with CRF or CRFR1, predicting sites for
interactionsiand modulation of CRFediated activities.

In the VTA, (RFBP expressiois highly expresseth the midto-posterior VTA,
consistent with previous studies in rat (Wang and Morales,)2008 detecte€RFR1
MRNAwn a similar region within the mouse VTA (Figure 2), whereas CRF mRNA is
detected only at low levels throughout the V' M#hile CRF mRNA expression is low in
cell bodies of the VTAFigure 2 and George et al., 2012), studies in rat have shown
immunereactive CRF peptide in axons and axon terminals that make contact with
dopaminergic and non-dopaminergic neurons in the VTA, suggesting CRF release in this
region/(Tagliaferro and Morales, 2008). AdditionalBR~BP and CRFR1 mRNAare
expressed in dopaminergieurons of th& TA (Refojo et al., 2011Wang and Morales,
2008)..Logether, these resudtgygest that CRay regulate th activity of dopamine
neurons.in.the VTAvia interactions with CRIBP and CRF receptarButure studies in
our laberatory will utilize duaih situ hybridization techniques to characterize the co-
expression. of CRBP with CRF, CRFR1, and other neurotramgters/neuropeptides at
the cellular level in the VTA, BNST, amygdala, and mPFC to provide further insight
the functional role of CRIBP at each site istress and reward pathways.
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Dysregulation of the CRF system in the VTA has been previously linked to binge
drinking. Sparta and colleagues (2013) observed increasedRCREtivity in the VTA
after DID, as determined by increased GREmediated potentiation of NMDA currents
by CRF. Moreover, injection of a CRF-R1 antagonist into VTA reduced binge drinking
during DID.(Sparta et al., 2013). In the current study, we observed a trend (p=0r0b5)
decrease in CRBP mRNA levels in the VTA after 3 cycles of DIB.decrease in CRF
BP expression in the VTA could leadittcreased free CRF available for GRE
activatiomwhich may contribute to excessive alcohol consumption during DID.
However, other studies suggest a facilitatory role for ®RFn the VTA, particularly
via CRER2y For exampldn vitro slice studies hae shown that bot€RFandCRF~BP
are required foCRFR2-mediated potentiation of NMDA currents in dopamine neurons
of theVTA, an effect that occurretirough the protein kinase C signaling pathway
(Ungless et al., 2003). Similarly, pharmacological iittoh of CRFBP via CRE33in
the VTA reduced binge drinkin@A\lbrechetSouza et al., 2015) and CRF-induced relapse
to cocainerseeking (Wang et al., 2007), possibly via an interaction with CRERRR?2
MRNA'is detected in VTA by qRRCR Korotkova et al., 2008Jngless et al., 2003),
but is'net detected witim situ hybridization under basal conditions (G. Stinnett,
unpublished datayan Rett et al., 2000)Together, these data suggest that the effects of
CRFBP on CRF receptor signaling may depend upercellular context, witCRF
receptor subtypand signaling pathwags possible determinangsdditional studies will
be required\to determine the interactions betw&Rfk, CRFBP, and CRF receptois
the VTAsand their regulation by binge drinking.

Strikingly, the largest change in CRF-BP expression in binge drinking occurred in
the mRPFC, with aignificant decrease in CRBP mRNA levels while CRIR1 and CRF
MRNA levels remained unchanged. The mPFC is responsible for executive function and
regulation of emotion and behavior, and impairment of this region has been linked to
excessive alcohol consymion (George et al., 201&oldstein and Volkow, 2011). The
mPFC isiinterconnected with numerous brain regions of the stress and rewars, syste
including the amygdala, BNST, and VTA, and therefore may represent a potential site
where the stress system can influence maladaptive behaviors such as excessive alcohol
intake. In support of this, dysregulation of the CRF system in the mPFC has been linked
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to excessive alcohol consumptidtats genetically selected to prefer alcohol displayed
lower concentrations of CRF in the mPFC compared to non-preferring rats, suggesti
that CRF levels in this region may contribute to alcohol preference (Etlats 1992).

In a separate study, George and colleagues (2012) found that abstinence from intermitte
access to.ethanol in rats reited both CRF and GABA neurons in the mPFC and

resulted. in.a discomction between the mPFC and Céihumans, a variant in the CRF-

R1 geneCRHR1 was linked to increased right ventrolateral PFC activity, lower negative
emotionality; and decreased binge drinking and alcodlated problems3laser et al.,
2014).The present studgxtends our current knowledge the role of the CRF system in

the mPFGCain excessive alcohol consumption, revealing that binge drinking regulates

CRFBP'MRNAexpression in this region.

The mPFC is also sensitive to stress, playing a key role in the limbic forebrain
circuit thatregulates stress systems including the hypothalaituitary-adrenal axis
(HPA)rAectivation of thePL mPFChas been shown to dampen the HPA alosnés et
al., 2011) whereas lesions of tiRL. mPFC enhance activation of the HPA aRadley
et al., 2008 Jaferi and Bhatnag#2007)determined that CRF receptors in the mPFC
contributesto the regulation of the HPA axis, as administration of saleative CRF
receptor.antagonist decreased HPA activity after acute and chronic restraint stress. Acute
and chronic admiistration of alcohol alters HPA axis activity, resulting in altered plasma
corticosterone level€(lis, 1966 Richardson et al., 20Q&ivier, 1993. As stress, CRF
and glucocarticoids have been shown to regulate BRExpession (reviewed in
(Westphal and Seasholtz, 20Q@hanges in CRF and/or corticosterone levels aftege
drinking may contribut¢o altered CRIBBP mRNA expression ihe mPFCThe
observed.decrease in CBIP mRNA expression could lead to increased free CRF
availableto bind to and acate CRFR1 receptors in the mPFC, which may contribute to
excessivéinge-like ethanol consumptioHence, CRFR1 antagonist administration into
the mPFC may reduce ethanol consumption in binge drinking paradigms. In support of
this hypothesis, aecentstudy has shown thatdministration of a CRIR1 antagonist into
the mPFQGattenuates thearly life stressnduced increase in alcohgdlf-administration

in an operant binge drinking paradigm (Gondré-Lewis et al, 2016).
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394 It should be emphasized thiae studies shown here evaluate CRF, ¢RFand
395 CRFBP mRNA levels. Changes in mRNA are not always revealed as changes in protein
396 levels with a similar temporal pattern. It should also be noted that our erpressilies
397 examined mRNA changes at 24 hours attelast binge alcohol exposure to assess
398 neuroadaptie changes rather than the acifects of ethanolThis could account for

399 differencesbetween our data and other studies detecting changes in CRF mRNA or
400 immunoreactivity aD-2 hours after alcohol exposure (Funk et al., 2006; Lack et al.,
401 2005;L'owery-Gionta et al., 2012 Finally, it should be noted that CRF peptieeelsin
402 axon terminals of projection neurons are not assessed by our cellular mRN&easeas
403 This may dbe particularly important when considering CRF levels in areasezhvictin
404 CRFterminals, such as VTA, CeA, and BNST (Beckerman et al., 2013; Tagliafetro
405 Morales, 2008).

406 Wefound no difference in alcohol consumptiotween male CRIBP KO mice

407 and wildtype mice after repeated cycles of DlMddicating that théotal absence of

408 CRFBP does not alter binge drinking in this paradigmcontrast to these results,

409 Albrechet-Souza and colleagues (2015) found that administration of the CRF-BP ligand
410 inhibitor,"€RFs.33, into the VTA, but not the CeA, decreased alcohol consumption in a
411 DIDgparadigm, suggesting that CRFR mayfacilitate bingelike ethanol consumption.

412  One significant difference between these studies is the method by whicBEERF

413 inhibitedw=inithe study by Albrechet-Souza et al. (2015), ®RHs sitespecifically

414  inhibited inthe VTA or CeA using CREs. In the present study a constitutive CBP-

415 KO mouse model was utilized, resulting in global alterations in CRF sigrthlmgould

416 mask the influence of one particular brain region on alcohol drinking behavior.

417 Additionally,;theCRFBP KO mice are deficient i@RFBP throughout development,

418 therefore’eampensatory changes in CRF signaling could be occurring.

419 Overall, the current results expand our knowledge on the role of the CRF system
420 in aleohol binge drinking. We discovered an enduring decreaSBRHFBP mRNA

421 expressiontin the mPFC after both 3 and 6 DID cyctdecting a dysregation of the

422 CRF system that coultbntributeto escalated ethanol intake. We also demonstrated that
423 CRFRBP KO mice do not display altered binge drinkatgoss6 cycles of DID. Future

424  studies will utilize viral and genetic approaches to conditionally andgéeHically

This article is protected by copyright. All rights reserved



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454

knockdown and/or overexpress CBP-to further elucidatés role inbinge drinking and
alcohol dependence.
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Figurel egends

Fig. 1. Representativan situ hybridization autoradiogram images for CRF (A), CRE-

(B), and CRFBP (C) in the bed raleus of the stria terminalis (BNST) of ethatir@ated
mice twentyfour hours after 3 cycles of DID. Brain regions of interest are outlined in
black. The coordinates for the autoradiograms are 0.26 for CRF and -0.22 for CRF-R1
and CRFBRP, relative to bregma. Spatial expression profiles were generated (D) to
compare roestral to caudal patterns of CRF, CRF-R1, andBFRRRNA expression in

the BNSI of ethandlreated mice after 3 cycles of DID (n&dprobe; data represent the
meanzSEM). 10D values in pandD are plotted relative to the lowest value for each
riboprobe. Intensities in panels® cannot be directly compared, as riboprobes were not
equal in _specific activity and exposure times were varied to yield optimal et

results;

Fig. 2.[Represerdtivein situ hybridization autoradiogram images for CRF (A), CRE-

(B), and CREBP (C) in the ventral tegmental area @)Tof watertreatedmice. Brain
regions.of interest are outlined in black. The coorésdbr each autoradiogram a840
relative b bregma. Expression profiles were generated (D) to compare rostral to caudal
patterns«of CRF, CRF-R1, and CBIP expression in the VTA of control mice after 3
cycles of BID (n=45/probe; data represent the mea®EM). IOD values in panel D are

plotted relative to the lowest value for each riboprobe.
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Fig. 3. Decreased CRBP expression in the medial prefrontal cortex (mPFC) after 3
cycles of DID. Coronal section from the Paxinos and Franklin (20@1l)se brain atlas

(A) at bregma coordinate 1.54 and corresponding represeritasita hybridization
autoradiogram images (B) comparing CRF-BP expression in etlraatdéd mice to

water controls at 24 hours after 3 cycles of DID. €BHFIOD was significantly
decreased.in the prelimbic (PL) and infralimbic) (nPFC of ethanetreated mice
comparedto water controls (O)he boxed areas for quantification of PL and IL mPFC
were determined using the characteristics of cells in layer 2 of the cortex from adjacent
cresylvioletstained sections (Van De Werd et aD10).Data represent the mean +

SEM. *p<0:05 and ** p<0.01 compared to respective water controls using independent

studentdtests.

Fig. 4. Decreased CRBP expression in the medial prefrontal cortex (mPFC) after 6
cycles of DID. Coronal section from the Paxinos and Franklin (20@1)se brain atlas

(A) at bregma coordinate 1.54 and corresponding represeritasita hybridization
autoradiogram images (Bpmparing CRF-BP expression in ethatrelated mice to
water‘eontrols at 24 hours after 6 cycles of DIERFBP IOD was significantly

decreased in the prelimbic (PL) mPFC of etharnedted mice compared to water

controls (C).The boxed areas for quantification of PL and IL mPFC were determined
using the characteristics of cells in layer 2 of the cortex from adjacent cresw violet
stainedsseetions (Van De Werd et al., 2010). Data represent the mean + SEM. * p<0.05
compared:to respective water control usaimgndependent studenteist.

Fig. 5. Comparison of ethanol consumption between GRAKO and wildtype (WT)

mice after.6.cycles of DID. A twavay repeated measures ANOVA did not reveal a
significant. genotype effect, however there was a significant effent of cycle number
and interactionData represent the mean = SEMday 4 of each cycle (CRBP KO,

n=17; WiT,;,n=13). * p<0.0001 main effect of cycle number; # p<0.05 interaction effect.
Table 1.

CRF CRF-R1 CRF-BP
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H-.0 EtOH H,0 EtOH H,0 EtOH
BNST 168.7 £11.4| 158.0 £12.2] 43.5+4.8 39.9+6.2 67.2+3.0 |80.8+7.3
VTA 22.9+3.9 26.0+21 452 +2.2 50.1+4.7 85.1+£9.2 61.1+5.4#
PL mPEC 4.4+05 55+£0.9 279+1.1 246+£1.3 459+1.2 30.2 £ 3.2%
IL mPFC 3.7£05 44+04 4.4 +0.8 31+£1.0 705+£54 |50.1£6.0*
BLA/LA ND ND 83.3+11.6 | 86.4+9.8 49.1+8.4 60.6 £ 10.7
CeA 101.1+£7.1 | 81.6+7.2 36.0+4.9 33451 48+15 6.8+2.1
BMA ND ND 108.0£9.7 | 105.2+94 110625 151+4.0
Table 2.

CRF-BP

H,O EtOH
BNST 100.4£9.0 | 90.1+124
VTA 57.4+3.2 529131
PL mPFC 63.3£4.6 50.6 £1.8*
IL mPFC 99.2 £6.7 88.7+3.4
BLA/IZA 139.5+£18.3| 177.5+29.9
CeA 11.1+£0.9 13.3+25
BMA 29.6 £4.3 37.7x+7.3
Table legends

Table L.Summary ofn situ hybridization data (represented as integrated optical density)
for CRECRFR1, and CRMBP twentyfour hours after 3 cycles of DID. Data represent

the mean + SEM (n=8/group). * p<0.05 and # p=0.055 compared to respective water

controls‘using independent studeiests.Values within bolded lines represent

independent experiments. 10D values should not be directly compared across

independent experiments as riboprobe specific activity and exposure times are not equal.

BNST, bed nucleus of the stria termisaVTA, ventral tegmental area; PL mPFC,
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prelimbic medial prefrontal cortex; IL mPFC, infralimbic medial prefrontal corteXd,BL
basolateral amygdala; LA, lateral amygdala; CeA, central nucleus of the aayygdal

BMA, basomedial amygdala; ND, not detected.

Table 2.Summary oin situ hybridization data (represented as integrated optical density)
for CREBP.after 6 cycles of DID. Data represent the mean = SEM-@igbup).

* p<0.05'compared to respective water control using an independent stteint t-
Values'within bolded lines represent independent experiments. |OD values shdagd not
directly compared across independent experiments as riboprobe specific activity and
exposure dimes are not equUBNST, bed nucleus of the stria terminalis; VTA, ventral
tegmental area; PL mPFC, prelimbic medial prefrontal cortex; IL mPFC, infralimbic
medial prefrontal cortex; BLA, basolateral amygdala; LA, lateral amygdala; CeA, central

nucleus of the amygdala; BMA, basomedial amygdala.
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