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ABSTRACT

Biochemical and genetic evidence implicate soluble oligomeric amyloid-beta ( A b )
triggering Al z h e i dis@ase(AB) pathophysiology. Moreover, constitutive deletion of the
Abo-binding cellular prion protein (PrP®) prevents development of memory deficits in
APPg,d P S 1 miEe9a modelof familial AD. Here, we define the role of PrP® to rescueor halt
established AD endophenotypesin a therapeutic diseasemodifying time window after
symptom onset. Deletion of Prnp at either 12 or 16 months of agefully reverseshippocampal
synapseloss,and completely rescuespre-existing behavioral deficits by 17 months. In contrast,
but consistentwith a neuronal function for Abo/PrP° signaling, plaque density, microgliosis
and astrocytosisare not altered. Degenerationof catecholaminergicneuronswasunchangedby
PrP° reduction after diseaseonset. Theseresults define the potential of targeting PrP® as a

diseasemodifying therapy for certain AD-related phenotypesafter diseaseonset.

Keywords: Al z h e idiseasec@llsilarprion protein;tamoxifeninducibleCre-lox system
Abbreviations: APPs,/PSBE9 = Amyloid precursor protein with familial Swedish
mutation/Presenilirl. exon9 deletion; Ab = amyloid-beta;Abo = amyloid-betaoligomers;PrP =

cellularprion protein;Prnp = prion genename

SIGNIFICANCE STATEMENT
The studypresentedherefurther elucidatesour understandingf the Abo-PrF signalingpathwayin
afamilial formof Al z h e idiseasgAD3 by implicating PrP- asa potentialtherapeutidargetfor

AD. In particular, genetic deletion of Prnp rescuedseveral familial AD (FAD) associated
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phenotypesafter diseaseonsetin a mouge model of FAD. This study underscoreshe therapeutic

potentialof PrP" deletiongiventhatpatientsalreadypresensymptomsat thetime of diagnosis.

INTRODUCTION

Al z h e idisemge(@B) is the most commonform of dementiaworldwide with more than 5
million Americars with the disease(Alzheimer's,2012) AD is characterizedoy two hallmark
pathologiesamyloid-b ( A fplaquescomposedf A bpeptideandneurofibrillary tanglescomposed
of hyperphosphorylate@iau (BraakandBraak,1991;Selkoe,2011) Theclinical presentatiorof AD
is characterizedy progressive memoryloss and early death(Molsa et al., 1986; Mayeux, 2003)
Centralto AD is the inability of patientsto form new memorieswith synapticdysfunctionandloss
being tightly correlatedwith symptom progression(Selkoe, 2002; Scheff et al., 2006) Thus
understandindgnow synapsesrelostis key to understandind\D. Geneticandbiochemicalevidence
suggesta soluble high-molecular weight oligomeric amyloid-b peptide ( A b as)a trigger for
synapticdysfunctionin AD (Hardy and Selkoe,2002; Shenget al., 2012; Dohler et al., 2014;
Kostylevetal., 2015) Severalstudiesin rodentmodelshaveshownthatA b oaninitiate a cascade
of deleteriouseffectson synapticfunction (Lambertet al., 1998; Walsh et al., 2002; Lesneet al.,
2006;Shankaret al., 2008) Thesestudieshighlight the importanceof understandind\ b -dependent

synaptotoxicity.

RecentevidencesuggestdrP asa centralproteinin mediatingsynaptotoxicity Previouswork has
shownPrF asa high-affinity binding partnerof A b and mediatorin suppressind.TP (Laurenet
al., 2009) Additionally, congitutive deletion of Prnp can rescuesynapsedensity, survival, and

learningand memory deficits seenin a mousemodel of familial AD (Gimbel et al., 2010) Other
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groupshaveshownPrP to bind A b with high affinity (Chenetal., 2010; Dohler et al., 2014) to
mediatesuppressiof LTP (Barryetal.,2011;Freiretal., 2011;Klyubin etal.,2014) andsuppress
learningandmemory(Chungetal., 2010;Fluhartyet al., 2013) Nevertheless;onflicting reportsof
the role for PrP in mediatingsynaptotoxicity(Balducciet al., 2010; Calellaet al., 2010; Kesselset

al., 2010)havepromptedfurtherstudiesto testthe therapeutigotentialof PrF- asatarget.

Targetirg PrP” for AD treatmentholds the potentialfor diseasemodifying therapy,as opposedo
the symptomaticaction of currentinterventionsapprozedfor AD (YiannopoulouandPapageorgiou,
2013) Severalstudieshave showndirectly or indirectly that A b dinding to PrP leadsto PrP-
MGIuR5 coupling (Um et al., 2013; Haaset al., 2015) and subsequenactivation of intracellular
componentsncludingeEF2(Um etal., 2013;Ma et al., 2014)andFyn (Larsonetal., 2012;Um et
al., 2012;Rushworthet al., 2013; Kaufmanet al., 2015) canleadto dendriticspineloss(Um et al.,
2012;Zhangetal., 2015) suppressedynapticplasticity (Hu etal., 2014;Haasetal., 2015) andTau
phosphorylatior(Larsonet al., 2012;Kaufmanet al., 2015) Multiple groupshavebegunto develop
methodsto targetthe A b -®rF" interactionusing small moleculeapproache¢Fluhartyet al., 2013;
Aimi etal., 2015;0sborneetal., 2016)andimmunotherapyapproacheéChungetal., 2010;Barry et
al., 2011) Theseefforts underscorethe needto understandvhetherthe A b-8rF interactionis

requiredfor AD phenotypemaintenancandprogressiorafterdiseasenset.

In order to test the therapeuticpotential of targeting Prnp, we decidedto take advantageof a
tamoxifen (TMX) inducible Cre-lox systemto partially deletePrnp early after diseaseonset,and

monthsafter diseaseonsetin a mousemodel of familial AD. Partialdeletionof Prnp was ableto
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rescuesynapticandbehavioraldeficitsin a mousemodelof AD at 12 and 16 months.Theseresults

highlight the clinical potentia of targetingthe A b -@rF interaction.

MATERIALS AND METHODS

Animals

All mice were caredfor by the Yale Animal ResourceCenter.Y a | mdiitationalanimal careand
usecommitteeapprovedall experimentsAs previouslydescribed Gimbel et al., 2010) the mouse
strainsusedwere the APP;d P S E N Imge&dh a C57BL/6Jbackgroundandthe ER-Cre mice

(Hayashi and McMahon, 2002) on a C57BL/6J backgroundwere purchasedfrom Jackson
Laboratory(Bar Harbor, ME). The flox-Prnp mice on a C57BI6 backgroundhave beendescribed
(Tuzietal.,2004;Bradfordetal., 2009) All experimentsutilized littermatecontrolmice.The 12MD

cohortcontaineda 2:1 male to femalesexratio while the 16MD cohortcontaineda 1.1:1 male to

femalesexratio. The differential maleto femalesexratioswasnotintentionalbut a causeof random

breedingandselection.

Brain tissuecollection

Immunohistology

Mice wereeuthanizecaindimmediatelyperfusedwith ice-cold phosphatéuffer saline(PBS)for two
minutes, followed by a five-minute perfusionwith ice-cold 4% paraformaldehyd€éPFA). Brains
were dissectedut, cut down the midline into two hemispheresindfixed for 24 hoursin 4% PFA.
Following fixation, brains were cut into 40 um parasagittalsectionsusing a Leica (Wetzlar,

Germany)WT1000SVibratome.Sectionsverestoredin PBSat 4°C until staining.






