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Abstract

Among genetic susceptibility loci associated witltelonset Alzheimer disease (LOAD),
genetic polymorphisms identified in genes encodiipig carriers led to the hypothesis that a
disruption of lipid metabolism could promote dise@sogression. We previously reported that
amyloid precursor protein (APP) involved in AD plomathology impairs lipid synthesis
needed for cortical networks activity and that\ation of peroxisome proliferator-activated
receptoro. (PPARy), a metabolic regulator involved in lipid metalsoh, improves synaptic
plasticity in an AD mouse model. These observatiedss to investigate a possible correlation
between PPAR function and full-length APP expression. Here, veport that PPAR
expression and activation are inversely relate®iR® expression both in LOAD brains and in
early-onset AD cases with a duplication of #¥éP gene, but not in control human brains.
Moreover, human APP expression decred@@ARA expression and its related target genes in
transgenic mice and in cultured cortical cells, le/ldpposite results were observed in APP
silenced cortical networks. In cultured neuronsPARediated decrease or increase in synaptic
activity was corrected by PPARspecific agonist and antagonist, respectively. Afdliated
control of synaptic activity was abolished follogilrPPARx deficiency, indicating a key

function of PPAR in this process.
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Introduction

Alzheimer’s disease (AD) is the most common formdementia, accounting for nearly 70%
of the cases worldwide (1). AD is characterizedh®ypresence in the brain of neurofibrillary
tangles containing paired helical filaments of hyplkosphorylated tau protein and senile
plaques, with an amyloid core of amylgidAp) peptide derived from the amyloid precursor
protein (APP) (2). Synaptic dysfunction seems touodong before the presence of these
neuropathological lesions in the brain of AD paftseand might contribute to cognitive
dysfunction (3). Autosomal dominant mutations fouind APP gene or genes encoding
presenilins, involved in the-secretase-mediated processing of APP iftpaccount for the
majority of rare inherited early-onset AD cases ), in which AB is considered as the main
culprit of the pathologyl). However, genome-wide association studies ides@ified dozens
of genetic susceptibility loci that are associatth higher risk for late-onset AD (LOAD) (4).
Among the most important AD genetic risk factoenetic polymorphisms found first APOE
and later inCLU and ABCA7 genes encoding lipid carriers (4), led to the higpsts that a
disruption of lipid metabolism could promote disegwogression (5). This hypothesis is
sustained by findings reporting that genetic polyphésms inSREBF and PPARA genes,
involved in cholesterol and fatty acid (FA) metabol, were associated with an increased risk
of LOAD (6-8), although the association between ¢gemetic polymorphism identified in
PPARA encoding the Peroxisome Proliferator-Activated épdor o (PPARxY) and AD is
controversial (9). However, several LOAD genetgkriactors are involved in pathways that
are governed by PPARhighlighting a potential link between PP&RInd the etiology of AD
(reviewed in (10)). PPAR belongs to the nuclear receptor superfamily adridrdependent
transcription factors and is broadly implicated anwide variety of biological processes

regulating energy balance, inflammation, FA anccgie metabolism (11), a set of pathways
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previously reported to be also disturbed in LOAR-(#). More recently, a potential role of
PPARux in cognition emerged. Spatial learning and longatenemory deficits observed in
PPARu-knockout mice indicate that PPA&Rs required for normal cognitive function (15).
Moreover, PPAR deficiency affects the expression of a set of ptinaelated proteins
involved in excitatory neurotransmission (16) amedesely impairs hippocampal long-term
potentiation (LTP) (17), an activity-dependent emteanent of synaptic strength involved in
memory processing (18). Accordingly, a growing badyevidence reports that activation of
PPARSs has salutary effects on neurodegeneratieedgiss including AD (19). Administration
of PPARu activators reduces AD-like pathology and cognitieeline in murine models of AD
overexpressing mutated human APP and presenilimked to familial AD (17, 20, 21).
Inasmuch as PPARs expression is modified in ADnsrgR2), we hypothesized that the
function of PPARI could be impaired in AD and may therefore contiebio the progression
of the disease.

In this study, we report th&PARA mMRNA level and the expression of PPARelated target
genes are modified in brains from LOAD and EOADesawith a raréAPP duplication and
thatPPARA expression inversely correlated with the expressichuman APP (hAPP) protein
in AD. We previously demonstrated that increasqatession of hAPP in cortical cells inhibits
both cholesterol turnover and FA biosynthesis nédde neuronal network activity (23). In
addition, we observed that PPARleficiency leads to decreased LTP as well (17¢rafore,
we have investigated whether modificationPBARA expression could be mediated by APP
expression levels. We report tiRRARA mRNA and expression of related PP&ABownstream
target genes are decreased in transgenic micenandtured cortical cells overexpressing non-
mutated human APP, while opposite results werergbdan APP silenced cortical networks.
Moreover, APP-mediated effects BRARA expression and thereby on synaptic activity were

reversed with PPAR specific modulators in cultured cortical cells.
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Results

Human APP-dependent expression and i of PPAGRIn brains from patients with late-onset
Alzheimer disease and in early-onset cases with aplication of the APP locus.

We first analysed the expressionRPARA mMRNA level in human post-mortem brains from
controls and late-onset AD cases (LOABupplemental Table ). A 3-fold increase in the
relative expression oPPARA (2.88+ 0.63) was observed in the frontal cortex of LOAD
compared to non-demented control sampkegure 1A). We next analysed the activation of
PPARx in control and LOAD samples by measuring mRNA I&fCOX1, the first identified
target gene of PPARthat encodes Acyl-CoA Oxidase 1, a rate-limitimgyames involved in
peroxisomal FA oxidation (11). A 5-fold increasetle relative expression &COX1 (4.95+
1.07) gene was measured in the frontal cortex cAD@amples compared to controlsqure
1B). The huge variability in the increased expressioiPPARA andACOX1 measured in AD
brains prompted us to analyse a possible correldiEtweenPPARA and ACOX1 mRNA
expressions in LOAD. We observed a strong coraidbetween PPAdRexpressionFPARA
MRNA) and activationACOX1 expression) in LOADKigure 1C). Moreover, we observed
that theCPT1A (4.97+ 1.37) gene encoding Carnitine Palmitoyltransfeda&ea rate-limiting
enzymes involved in mitochondrial FA oxidation (1&nd PDK4 (3.83 = 0.81) encoding
Pyruvate Dehydrogenase Kinase 4, which regulatesatie-limiting step of glucose oxidation
by switching off the pyruvate dehydrogenase com|ikh, were also increased in the frontal
cortex of LOAD compared to non-demented controlgasySupplemental Figure 1A, two
non-specific PPAR genes known to be nevertheless regulated by RPPAR). Inasmuch as
ACOX1, CPT1A andPDK4 expressions are related to FA and glucose oxidatieese results
corroborate abnormalities in brain FA and glucosetaolism, bioenergetics, and

mitochondrial function reported in AD (12, 13, 25)nce lipid biochemistry is disrupted in AD



131 (10, 26) and given that one of the main neuropatiiocdl characteristics involved in AD
132 pathogenesis implies the APP protein (27, 28), lvine have previously reported to decrease
133 both cholesterol and FA biosynthesis when its esgiom level increases (23), we wondered
134  whether modifications iIPPARA expression observed could be related to human(ARPP)

135  expression. While the global expression level d¢iflength hAPP protein was unchanged in
136 LOAD compared to control$-(gures 1Dand1E), a case by case analysis reveals a tight inverse
137  correlation between hAPP protein dPBARA expressions in LOAD, but not in control brains
138  (Figures 1Fandl1G), suggesting thdPARA expression is regulated by hAPP expression level
139  only in LOAD. From these results, we next analyB8&RA and PPAR downstream target
140 genes expressions in human brains samples fromeeahg-onset AD (EOAD) cases with a
141 microduplication in théPP locus Supplemental Table 2 (27, 29).PPARA, ACOX1, CPT1A

142  andPDK4 mRNA levels were 3 to 4-fold decreased (Gt3515, 0.22+ 0.09, 0.3% 0.10, 0.22
143  £0.15, respectivelyHigures 1H, 11 andSupplemental Figure 1B in EOAD cases compared
144  to controls, in whom a two-fold increase in brafFP protein expression (2.1%30.25) was
145  observed compared to age-matched contféiigufes 1J and 1K), supporting therefore that
146  increase in hAPP expression was concomitant withedese ilPPARA. Altogether these results
147  suggest that non-mutated hAPP expression is inyerserelated with the expression of
148 PPARA and PPAR target genes both in LOAD and EOAD cases, butimabntrol human
149  brains.

150

151  Brain Ppara expression and its downstream target genes are deased in transgenic mice
152  overexpressing wildtype human APP.

153  Among transgenic mouse models created to gain hihdiggo AD pathology, the most
154  commonly used are those overexpressing mutated AR to familial AD (30) resulting in

155  the formation of brain amyloid plaques, one ofplaghological hallmarks observed in the brain
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of AD patients. Because of their intrinsic relasbip, the impact of hAPP expressionRpara
expression was separated from that of amyloid deposby studying the hemizygous
transgenic mouse model overexpressing wildtype fofrmAPP (hAPR~r formerly known as
line 15 mouse strain (31)), a mouse model displggipatial learning and memory deficits with
high cortical level of hAAPP and no evidence f@ deposition (31, 32). By western blot analysis
with an antibody that recognizes human and moude, 2Ro 3-fold higher APP levels were
observed in hAPRr as compared to WT mice at early (3-4 months aléi7 2 0.34), advanced
(6-8 months old: 1.8& 0.21) and late ages (11-12 months old: 26830) Figure 2A and
2B) as expected (32). A trend of a higher expressfdmainPpara was observed together with
a trend of increaseficox1, Cptla andPdk4 mRNA levels along with age in WT micEigures

2C - 2F), indicating that the aged brain retains enhaedtilization compared to young WT
mice, meaning that aging brain could switch to Fddation (33, 34). While a similar profile
was observed in hARR mice at early and advanced ages, a 2 to 5-foldedse inPpara,
Acox1, Cptla andPdk4 mRNA levels was observed (0.4®.04, 0.58t 0.06, 0.5G: 0.10, 0.91

+ 0.06, respectively) in 11-12 months old hARPnice compared to WT littermates at the same
age Figures 2C- 2F), an age at which severe cognitive deficits ateated (32, 35). Metabolic
alterations including deficits for acylcarnitineavie previously been reported in brain of a
transgenic mouse model of AD bearing mutated ARPRSIL transgenes, in which early brain
amyloid deposition and cognitive impairment oc@8)( Nevertheless, our results indicate that
in absence of amyloid deposition, non-mutated hAREexpression is sufficient to induce a
decrease in braiRpara expression and its downstream target genes armggsutherefore that
activation off3-oxidation pathways of FA in the mitochondria midpet perturbed in the brain
of APRwyt mice. Moreover, besides hAPP overexpression, an additiage-dependent

contribution is needed to observe a decrease iextpeession of PPAR downstream target

10
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genes, a decrease similar to that previously obdgemr human brain samples witkPP

duplication.

Wy14643 PPARx agonist prevents human APP-induced decreases in RRa activation
and synaptic activity in cortical cultures.

The finding that activation of all PPARs, but esplg PPARy, has salutary effects on
neurodegenerative disorders including AD (19) dmat &1 promising role of PPARIn AD
therapy emerged (10, 37), we wondered whether RPgyecific agonist could interfere with
hAPP-mediated decrease in PRARrget genes expression observed. To addrespuission,
we expressed neuronal wild-type hAPP isoform itucet rat cortical cells. Full-length hAPP
expression was achieved by transducing primaryicabrtcultures with a recombinant
adenoviral vector at 6 DIV and hAPP expression prabed by immunoblotting at 13-14 DIV
with the hAPP specific WO2 antibodFigure 3A). We have previously shown that transgene
expression was homogeneous, did not affect ceflideand viability and remained stable over
time (38). By using an antibody that recognizes\llmtman and endogenous rat APP, a nearly
2-fold increase in total APP levels (1.&70.15) was observed compared to control cells
transduced with an adenovirus encoding the humeombinant green fluorescent protein
(hrGFP) Figure 3A and 3B). As previously observed in human and mouse biysates
overexpressing hAPP proteiRpara (0.49+ 0.05),Acox1 (0.40+ 0.06),Cptla (0.39+ 0.06)
andPdk4 (0.46+ 0.10) mRNA levels were reduced by about 60 % ifPRAexpressing cells
compared to hrGFP vehicle treated contréigre 3C and3D). It is very well known that
cancers reprogram their metabolism to adapt torenwiental changes. Cptla fuels lipid beta-
oxidation by producing acyl-carnitines in the mhoadria (39). It was recently demonstrated
that in prostate cancer cell models, overexpressidbptla is associated with a significant

increase in intracellular lipase activity (40),tapswhich liberates fatty acids from triglyceride

11
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stores which can then be used feoxidation (41). Consequently, overexpressiorCpfla
increases free fatty acid (FFA) content in theseencells. We measured whether modification
in Cptla expression influences FFA content in autuced cortical cells. In hAPP expressing
cells, a decrease @ptla expression was concomitant with a 70 % decreasellirFA content
(0.32 £ 0.06) compared to hrGFP contr@upplemental Figure 2A, demonstrating that
modification inCptla expression affects fatty acids metabolism in autical cells in culture.
Moreover, since Pdk4 is known to play a role in thetabolic switch from glycolysis to
mitochondrial oxidative phosphorylation (OXPHOS})2decrease iRdk4 observed indicates
that hAPP expressiagnhances glycolysis in cortical cells (42). Cellsrevthen treated with
pirinixic acid (Wy14643), a synthetic PPARagonist (reviewed in (19, 43)). As expected, the
basal expression @fcoxl (1.66+ 0.16),Cptla (1.72+ 0.21), andPdk4 (1.61+ 0.16) genes
were increased in Wy14643 treated hrGFP cells comaa vehicle treated cellBigure 3D).
Moreover, Wy14643 was able to inhibit the hAPP-ratell decrease iAcoxl, Cptla, and
Pdk4 mRNA levels Figure 3D), indicating that the pharmacological modulatidfP® AR is
able to restore hAPP-mediated effects on P@A&get genes expression in cortical cells in
culture.

As PPARx deficiency affects neuronal activity in culturegppocampal neurons (16) and
synaptic plasticity in mice (17), we hypothesizéwhtt decrease in PPARtarget genes
expression could contribute to the hAPP-mediatedhsic transmission silencing of cortical
networks (23, 44, 45). To study the effect of 5aysIhAPP expression on synaptic activity, we
performed whole-cell voltage clamp recordings. Rgsthembrane potential (RMP) was more
negative AVm -8.04mV £ -1.16) (38) Figure 3E) and concomitant decreases in spontaneous
total synaptic activityKigure 3F) frequency (hrGFP, 1.500.37 Hz; hAPP, 0.2% 0.06 Hz;
Figure 3G) and amplitude averages (hrGFP, 3241130 pA; hAPP, 20.98 1.22 pA,Figure

3H) were measured in hAPP neurons compared to hrGi@rots. However, Wy14643

12
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treatment partially prevented the effect of hAPPBregsion on synaptic activityFigure 3F),
restored RMP and increased both frequency (vehigleP, 0.21+ 0.06 Hz; Wy14643 hAPP,
2.58+ 0.51 Hz) and amplitude of synaptic events (veh@®P, 20.93 1.22 pA; Wy14643
hAPP, 27.79+ 0.67 pA), while no significant changes were obedrin Wy14643 hrGFP
compared to vehicle treated contrdigures 3E, G and H. Altogether, these results indicate
that PPARx activation with a specific agonist can prevent RARediated synaptic activity

depression of cortical networks.

GW6471 PPARx antagonist inhibits APP knockdown-induced increase in PPAR
activation and synaptic activity in cortical cultures.

To further investigate the possible modulation BAIRa activation by APP, APP expression
was reduced in cortical cells by using shRNA cartdesigned to target endogenous APP
(shAPP). The knockdown of endogenous rat APP waewaed by transducing cells on 6 DIV
with recombinant lentiviruses encoding shAPP asdrambled shRNA encoding GFP (shScra-
GFP) was used as a negative control. At 13-14 DIdts were probed with an antibody that
recognizes the 19 carboxyl-terminal amino acidsnafogenous APRF{gure 4A). As expected,

a 66.66t 5.7 % reduction of endogenous APP expression @8l(e 4B) with no induction

in the expression of APLP1 and APLP2 for functioc@inpensation for the loss of APP were
observed as we have previously reported (23, 38)k&hAPP cells, APP knockdown induced
a 2-fold increase iPpara (1.89% 0.26),Acox1 (2.19% 0.24) andCptla (1.98+ 0.18) and
robustly increaseBdk4 (4.22+ 0.63) mRNA levels compared to contrdisgure 4C and4D),
indicating that PPAR activation is increased in these cells. ContratyAPP expressing cells,
an increase iCptla expression was concomitant with a 75% increase=iy content (1.7%
0.10) in shAPP cells compared to shScra-GFP coog¢ltd Supplemental Figure 2B. These
results confirm that APP-mediated modification @ptla expression affects fatty acids

13



255 metabolism in cortical cells. Moreover, these lsssuggest that reduction in endogenous APP
256  enhances the transport of FAs into the mitochorfdri@-oxidation and that shAPP cells may
257  be less glycolytic (46). We next used GW6471 tacsally inhibit PPARx activity (47) in
258 order to counteract the shAPP-mediated effect oARRPactivation. The effectivenessd
259  GW6471 was confirmed by the decreased expressiGptaa observed in both treated shAPP
260 (0.69+£ 0.18) and shScra-GFP (0.41.06) cells compared to vehicle-treated contriéigure

261  4C), while no changes were observedooxl andPdk4 mRNA levels. These results indicate
262 that the GW6471 PPAR antagonist partially inhibits APP knockdown-indddacrease in
263 PPARx activation and specifically affec@ptla expression in cortical cells.

264  To address whether increase in PRAdRtivation could contribute to shAPP-mediatedeiase
265 in neuronal activity of cortical networks as regolt(23), we performed whole-cell voltage
266  clamp recordings in APP knocked down neurons asatéd them with GW6471. RMP was
267 more positive AVM -11.20mV +-0.22) Figure 4E) and concomitant increase in total
268  synaptic activity Figure 4F) frequency (shScra-GFP, 1.8®.06 Hz; shAPP, 2.5560.27 Hz;
269  Figure 4G), with no significant change in the amplitude (ste®8GFP, 51.8% 10.49 pA,;
270 shAPP, 51.42+ 3.09 pA, Figure 4H), was measured in shAPP compared to shScra-GFP
271 controls. Moreover, GW6471 restored RMP, frequeany amplitude in treated shAPP to
272 levels similar to vehicle treated controlsgures 4E-H). Altogether, these results indicate that
273  APP expression levels modulate the activation oARE® and thereby synaptic function and
274  that pharmacological approaches targeting P& AdRow to reverse APP mediated effects
275  observed in cortical cells in culture.

276

277  Control of synaptic activity by APP disappears in he absence of PPAR in cortical

278  cultures.

14
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To address whether APP-mediated control of synagitvity could be PPAR dependent,
primary cultures of cortical cells derived from Wahd PPAR deficient Ppara’) mice
(Figure 5A) were transduced with recombinant viruses in otdexxpress hAPH-{gure 5B)

or to repress endogenous AFRyUre 5C). With a similar extent as observed previouslyan
primary cultures, a two fold increase (228.25) and a 60 % reduction (0.£®.02) in total
APP levels were observed in hAPP and shAPP WTiveltd infected WT controls. Moreover,
PPARux deficiency did not affect total APP content in@ed2.24+ 0.22) and decrease (0.45
0.05) observed in hAPP and shAPpara’ compared to hAPP and shAPP WT, respectively
(Figure 5D). Although the knockout of PPARiIncreased averages of total synaptic activity
frequency (4.34 0.51 Hz) and amplitude (64.473.45 pA) in all infected conditions, PPAR
deficiency totally prevented APP-mediated effectsRMPS, synaptic events frequencies and
amplitudes recorded in hAPP and shARfra’ compared respectively to hrGFP and shScra-
GFP controlsKigures 5E-H). Altogether, these results suggest that P&@AdRa downstream

mediator of APP-mediated control on synaptic attivi

15
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Discussion

We report here thaPPARA expression and PPARdownstream target genes are inversely
correlated with hAPP expression in both LOAD anddBQwith a microduplication of th&PP
locus. Such an effect of hAPP expression was diserged in hAPP transgenic mice and in
cortical networks, in which pharmacological apptuw targeting PPAR alleviate APP-
mediated synaptic dysfunction.

The overall increase in the expressiofPBARA mRNA that we have observed in LOAD is not
in agreement with previous results reporting glhbedduced expression level of PPk

AD brains (22). However, a case by case analysisate a tight inverse correlation between
hAPP protein andPPARA expressions in our LOAD samples, but not in contrdins,
suggesting thaPPARA expression is regulated by hAPP expression levglian.OAD. The
large variability of both hAPP protein af®PARA mRNA contents observed in the LOAD
group could probably account in part for the diparecy with the results published by de la
Monte and colleagues (22). Expression, traffickamgl processing of APP are regulated in a
complex way including prominent changes during plaifical states. It was previously
reported that APP expression is upregulated uratedittons of metabolic stress (48), ischemia
(49), brain injury (50) and inflammation (51) andat individual APP expression is
heterogeneous in AD patients (49). Moreover, osulte put forward that APP expression
seems to play a determining role PIRARA expression in LOAD, but not in controls, in which
no correlation between hAPP aRPARA mMRNA contents was observed. Furthermore, our
results demonstrate that in additiorPI8BARA gene expression, expressiol’AGiOX1, CPT1A
and PDK4 PPARy targetgenes, are inversely correlated with hAPP exprasgsien LAOD
samples are analysed individuallyhis inverse correlation between hAPP aRBARA

expression and activation is confirmed in EOAD esasith a rare duplication of th&PP locus.
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We conclude that particular attention should bel paithe level of hAPP expression in each
AD case studied when the expressiorPBARA is considered. Such an inverse correlation
between hAPP andPARA expression was not observed in control brainscatiohg a specific
function of hAPP in AD.

In the brain of AD patients, microglial activatimobserved in the vicinity of senile plaques at
all stages of the disease and is accompanied byased levels of pro-inflammatory molecules
(eg. TNF, IL-1B, IL-6, prostaglandins) (52). Genome-wide assammtstudies identified
inflammation-related genes as potential risk facfor developing AD (53). In addition, it was
recently reported that APP expression is increas®ter inflammatory processes in an AD
transgenic mouse model (51). Therefore, we camxmuée that inflammation could mediate
changes in brain APP expression that could theadiegt PPARA expression in AD samples

analysed.

Increases iIMCOX1 andCPT1A observed in LOAD with a low hAPP contanticate thaf3-
oxidation pathways of very long chain FA in thegesome and short-, medium-, and long-
chain fatty acids in the mitochondria are activasctivation of FA oxidation might take place
to compensate for compromised pyruvate dehydroger@maplex (PDC) to provide alternative
sources of acetyl-CoA to sustain ATP energy supiplgeed, a concomitant increase in the
expression ofPDK4 that catalyses the phosphorylation-dependent ivadicin of the
mitochondrial PDC (24) was observed in LOAD, in wha reduction in PDC activity was
previously reported (54). As mitochondrial PDC cecis glycolysis to oxidative metabolism
(55) and as PDK4 up-regulation facilitates FA ofiola, in particular when glucose is scarce
during energy deprivation (56DK4 increase observed in LOAD brain correlates with th
reduced cerebral glucose utilization found in ADgats (12), in which early brain peroxisomal

and mitochondrial function deficits have been régdreviewed in (22, 57)). Although a shift
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in brain metabolism from glucose-driven energy $ypp a ketogenic/FA oxidation pathways
is reported in LOAD (58), this shift could dependtbe level of APP expression. In addition,
an opposite shift may take place in EOAD carryingiaroduplication of theAPP locus (27,
29). Indeed, an inverse correlation was observédam samples frolAPPdup cases, in which
increase in hAPP is concomitant with decreaseRARARA, ACOX1, CPT1A and PDK4
expression. We conclude that metabolic shifts alesein LOAD and EOAD could rely on
hAPP expression level, suggesting that hAPP byroting PPARA expression and its
downstream target genes might be considered assantéal metabolic mediator in AD, but not
in control brains. Although modifications in braPAPARA, ACOX1, CPT1A and PDK4
expression observed could be mediated by variafiosAPP expression in AD, a role for
hAPP cleavage products including Aau phosphorylation, brain inflammation, synajiss
and amyloid burden reported in AD brains cannotubed out (2).

Interestingly, neuropathological changes obsermediD were reported in patients with Down
syndrome (DS), in whom the presence of an extrmnshsome 21 leads to intellectual
disability. Association between AD and DS is pdigidue to the overexpression of hAPP that
results from the location oAPP gene on chromosome 21 (59). Moreover, mitochohdria
deficits, increase in oxidative stress, impairagtcgbe and lipid metabolism leading to a reduced
rate of energy metabolism were reported in DS éwed in (60)). Recently, severe brain
malformations with pyruvate dehydrogenase defigremcd DS were reported (61) and the
Down syndrome critical region 2 protein was shownnthibit the transcriptional activity of
PPARB in cell line, indicating a potential dysfunctiohRPAR activation in DS, in which hAPP

expression level is increased (62).

APP-dependent modulation of brdd®ARA, ACOX1, CPT1A and PDK4 expression was not

only observed in human AD brain but also in micelded, we show that overall increase in
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APP expression lowers braitpara expression and therelygoxl, Cptl andPdk4 in hAPRyt
mice at late stages (31, 32). An increase in Aaxdression was found in the hippocampus of
young Tg2576 mice, a mouse model of AD harbourimg human Swedish familial AD
mutation that develops parenchymal amyloid placate$1-13 months of age, while Acox1
expression was found to be decreased in old anifedls 64). MoreoverPdk4 decrease
observed in old hARPr mice corroborates the decrease in the PDC reparntedrain
synaptosomes of Tg2576 mice (65). However, decsaageoxl andPdk4 observed in AP
mice rule out a possible involvement of amyloidguies in these mice, which are devoid of

brain A3 deposition (31, 32).

APP-dependent regulationBpara, Acox1, Cptla andPdk4 mRNA observed in hAREr mice,
EOAD with a duplication of théAPP locus and LOAD cases were recapitulated in hAPP
expressing and silenced APP cultured cortical celtficating a critical involvement of APP
expression in the regulation Bpara and its downstream target genes. The diminutidrdkd
observed in hAPP expressing cells indicates th&MhAxpression and/or increase in total APP
content enhances glycolytic metabolism, as repdrtdtuman neuroblastoma cells in which
increase in neuronal hAPP levels mediates @amtlependent Pdk4 downregulation (42).
Conversely, the robufdk4 increase observed in APP-silenced cortical caligests that APP
reduction lowers cell glycolytic capacity (46). V&trons in APP expression therefore modulate
Ppara expression and its downstream target genes inredltcortical cells, strengthening a
potential role of APP expression as metabolic medidoreover, a pivotal role of Pdks and
metabolic flexibility was reported in the brain thdilizes glucose as primary energy source
(24). Astrocytes expressed more Pdks than neurodshave lower PDC activity (66),
indicating that APP-mediated changes in Pdk4 espyasnight occur primarily in astrocytes

in our cultured cells. Moreover, increasedptla observed in APP knocked down cells takes
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place also probably in astrocytes (33), in which BAdation predominantly occurs to
contribute up to 20% of the total brain energy reguent as reported in brain primary cultures
(67). Given that there is a tight metabolic couploetween astrocytes and neurons, a metabolic
transition from glycolysis to OXPHOS could occur AP knocked down cells to provide
adequate ATP level to meet the increased energy@émeeded for the sustained synaptic
activity observed.

While we observed a depressive effect of hAPP egiva on synaptic transmission that could
result from an A-dependent postsynaptic silencing afamino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) (45) and N-methyld3partate (NMDA) receptor-mediated
currents (44), synaptic excitatory transmissiomeased in APP-silenced neurons suggests that
changes in neuronal activity drive changes in n@italflux or vice versa. While energy
metabolism of neurons is mainly aerobic and thaastfocytes mainly anaerobic glycolysis,
OXPHOS was shown to be the main mechanism initfabwiding energy to power neuronal
activity (68). Accordingly, miniature excitatory gisynaptic currents frequency was shown to
be increased in neurons derived from APP knocksoag (69), in which a resistance to a high
fat diet (HFD)-induced obesity was observed ankklihto higher energy expenditure and lipid
oxidation (70). Moreover, changes in synaptic aistiobserved could be mediated by the Cptlc
isoform. Indeed, despite the inability of the brsfrecific Cptlc isoform tB-oxidize long chain
FAs contrary to Cptla (71), Cptlc could enhancelgell currents of shAPP neurons by
increasing the trafficking and the surface expmssif the GIUAL subunit containing AMPA

receptors to enhance AMPA receptors mediated cisr(én).

Our findings also put forward that APP-mediatedngjes in the expression Atox1, Cptla
and Pdk4 are driven by metabolic regulators and in paricl®PARxY. The central role of

PPARux in FA catabolism is very well known (11). PPARhcreases expression of genes
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encoding peroxysomal and mitochondrial enzymesidio Acox1 and Cptl and both PPAR
and PPARB/6 but not PPARy also activate the Pdk4 encoding gene (11). Wertdpat
PPARx modulators are able to reverse APP mediated sftdxsterved in cultured cortical cells.
PPARuy synthetic agonist Wy14643 normalizes the expressioPPARx target genes and
restores synaptic activity depressed in hAPP exgprgscells. This could result from the
proliferation of peroxisomes and/or the expressibperoxisomal enzymes that preven{s A
mediated cell death and/or oxidative stress agtega rat hippocampal and cortical cultures,
respectively (72, 73). Moreover, PPARgonists have been reported to promote the non-
amyloidogenic processing of APP in hippocampal aesiby enhancing the expression of the
a-secretase ADAM10 that preclude$ generation from APP and increases the releadeeof t
soluble APPa fragment (74). Therefore, PPARagonist Wy14643 could promote the
nonamyloidogenic processing of APP alleviating ¢fi@re the A-mediated negative feedback
on synaptic transmission observed in hAPP neurons.

PPARux plays a key role in inflammation and PPAR agonats anti-inflammatory drugs
targeting microglia and astrocytes (11). Howevetivation of PPAR also produces a strong
neuronal signature, by regulating glutamatergic a@hodlinergic mediated dopaminergic
transmission in the brain (7%Ithough our cortical cells in culture contain betaurons and
astrocytes, patch clamp analyses were performetlissxely on neurons, confirming that
modulation of the activity of PPARInfluences neuronal activity.

Furthermore, we report that PPARantagonist GW6471 inhibits APP knockdown-induced
increases in PPAR activation and synaptic activitgortical cultures. GW6471 decreases the
expression of upregulate@ptla without modifying the expression @coxl and Pdk4 of
shAPP cells, pointing therefore to differences leemwWy14643 and GW6471 in their binding
affinity and/or in the recruitment of PPARNnuclear co-activators and/or -repressors (47).

However, we report that GW6471 is able to normalizensive synaptic activity of shAPP
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cells. The knock-down of APP in neuronal precuisals of the hippocampus was previously
reported to affect synaptic GIuN2B-containing NMD@&ceptors (76) and PPAR but not
PPAR3 and PPAR was shown to regulate cyclic AMP response elerbigaling and therefore
hippocampal plasticity-related genes encoding GAEB and GluAl subunits of NMDA and
AMPA receptors (16, 17). From these observation¥6&71 could then affect both GIuUN2B
and GluAl expressions and/or Cptlc-mediated tkaffgcof GIuAl (71) to modulate synaptic
activity of shAPP neurons. Furthermore, we repuat tieficiency of PPAR in cortical cells
abrogates APP-mediated controls of synaptic agtidonfirming that PPAR is an APP-

downstream mediator.

A growing body of evidence suggests that synaptsfuhction may occur long before synapse
loss in early AD and may therefore contribute tgrative dysfunction (3). Abnormalities in
brain activity have been reported in both LOAD &@AD (reviewed in (77)), in which an
increased incidence of seizures has been obsemeddjreater risk for seizures were previously
recorded in patients witAPP duplication and in DS with dementia (78, 79). Sporous
seizures and sharp wave discharges have been etsargeveral transgenic models of AD
expressing APP mutated or not (32). Moreover, AlP&expression, but not a subsequefit A
increase, leads to hypersynchronous network agtimian APP transgenic mouse model of
AD, suggesting that APP overexpression elicitedvodt alterations through an indirect
mechanism (80). Although salutary effects of PlA&hdy agonists on memory have been
reported in several preclinical AD models that express APP, human clinical trials using
PPARy agonists in the treatment of AD are less encouapfyeviewed in (10, 37)). A U-shaped
relationship between APP level and its functions heen put forward given that both mice

overexpressing or lacking APP exhibiter alia, age-dependent deficits in long-term
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potentiation, an activity-dependent enhancemensyofaptic strength involved in memory

processing (18), learning, vulnerability to seizuamd metabolic stress (reviewed in (77)).

As cell energy metabolism and synaptic activity elesely related, it is still questionable
whether a PPAR agonist or antagonist could help for synaptic abwadities associated to
cognitive impairments observed in AD. However, msults put forward that the expression
of APP as a metabolic regulator should be consitigm®ughout the course of the disease, in
which potential APP-mediated metabolic switcheseairiby PPAR could occur. Moreover,
overlapping metabolic dysfunctions reported in Aid anetabolic diseases such as obesity and
type 2 diabetes (for review see (10)) that haven h@entified as AD risk factors, emphasize an
essential role of lipid and glucose metabolism he tetiology of AD. Therefore,
pharmacological modulation of the PPé&Rietabolic regulator could be part of a persondlize

multi therapy that could help AD patients, in fuoatof their level of APP expression.
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Methods

For cell culture, semiquantitative RT-PCR, immurattahg analysis, recombinant viruses and

cell transduction, an extended section is provideslupplemental Methods.

Human tissues and animals

Human tissues.Frontal cortex samples from 10 human control suibjand 11 demented
patients were analysed. All patients were clinicdlagnosed. Neuropathological examinations
were performed on multiple formalin fixed, parafmbedded postmortem frozen brain tissues
and confirmed clinically diagnosed patients as-tatset AD cases. Genetic analyses were
performed on early-onset AD patients wARPP microduplication mapping to chromosome
21g2.1, including the APP locus with no contiguagsne. An overview of the donor
information and postmortem variables is summarine8slupplemental Tables 1 and 2.
Animals. Pregnant Wistar rats were obtained from the U@houanimal facility (Brussels,
Belgium) and PO-P1 pups from PP&Reficient Ppara’) mice(JAX stock #008154) were
utilised (81) for embryonic rat and mouse cortell cultures, respectively. Age-matched non-
transgenic wild type littermates were used as otsitFor Ppara’ mice, genotypes were
confirmed by PCR amplification from mouse tail sggs DNA using KAPA Express Extract
combined with KAPA2G Robust HotStart Ready Mix (Sopem, Belgium#KK7152) by
using the following standard Jackson Labs suggesieters (see Supplemental Table 3).

3-4, 6-8 and 11-12 months old transgenic male exeessing a transgene containing wildtype
human APP (APPWT line I5 mouse strain (31) JAX kt#0604662Wwere used. Genotypes
were confirmed by PCR amplification with the follmg standard Jackson Labs suggested
primers (see Supplemental Table 3). Mice were glouysed under standardized conditions

(12/12h dark/light cycle, not reversed), with free acdes®od (SAFE A03, SAFE Diets) and
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water ad libitum. Temperature in the vivarium was maintained betw2@ and 24°C, and
humidity between 45 and 65%.
Brain mouse tissue collectionBrains from transgenic mice were snap frozen imidigpitrogen

and stored at —80°C until further use (RNA isolatior RT-gPCR and Western blotting).

Reagents and antibodieswhen unmentioned, reagents for cell culture andewedlotting
were purchased from Thermo Fisher Scientific. Aodiles were purchased as indicated in

Supplemental Table 4.

Treatments. At 13-14 DIV, cells were treated for 24 h with i1 Wy14643[[4-Chloro-6-
[(2,3-dimethylphenyl)amino]-2-pyrimidinyl]thio]acet acid (Tocris,#1312), 5uM GW6471
N-((2S)-2-(((12)-1-Methyl-3-ox0-3-(4-(trifluoromettphenyl)prop-1-enyl)amino)-3-(4-(2-
(5-methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy)phenypwyl)propanamide (Tocris#4618) or
vehicle (0.0001% and 0.005% DMSO, respectively). étectrophysiology, cells were treated

with 1pM GW6471.

RNA extraction and Real-time PCR Total RNA was isolated by TriPure Isolation Reagent
(Roche, #11667165001) according to the manufacturer's pobtoBNA samples were
resuspended in DEPC-treated water (1ug/10uL). Revesinscription was carried out with the
iScript cDNA synthesis Kit (Bio-Rad Laboratorigs],708891) using 1 pug of total RNA in a
total volume reaction of 20L. Real-time PCR was performed for the amplificatad cDNAs
with specific primers (Sigma-Aldrich, see Suppletaéiiable 5). Real-time PCR was carried
out in a total volume of 2GL containing 16 ng cDNA template, O of the appropriate
primers and the IQTM SYBR® Green Supermix 1x (BiaeRLaboratories#1708885). The

PCR protocol consisted of 40 amplification cycl@S°C for 30 s, 60°C for 45 s and 79°C for
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15 s) and was performed using an iCycler IQTM roolbr Real-Time PCR detection system
(Bio-Rad Laboratories), used to determine the toles cycle (Ct). Melting curves were

performed to detect nonspecific amplification produ A standard curve was established for
each target gene using four-fold serial dilutiofnerq 100 to 0.097 ng) of a cDNA template

mix prepared in the same conditions. Each samptenesamalized to relative expression level
of ribosomal protein L32 Rpl32). Calculation of Ct, standard curve preparatiord an
guantification of MRNAs in each sample were perfednusing the "post run data analysis"

software provided with the iCycler system (Bio-Rad)

Free fatty acid measurementCells in culture (4.10cells / cnf) were analysed at 13-14 DIV.
Total lipids were extracted according to manufaatuguidelines (Free Fatty Acid
Quantification Kit, #ab65341, Abcam). Briefly, fatty acids were converte their CoA
derivatives and subsequently oxidized with concantitgeneration of color. Octanoate and
longer fatty acids were quantified by colorimet(gpectrophotometry at = 570 nm) with
detection limit 2uM free fatty acid in samples. Relative free fattyda were quantified based

on the protein content.

Electrophysiology. Cells in culture (8.10cells / cnf) were analysed at 13-17 DIV. Total
synaptic activity was recorded in voltage-clamp maqgholding potential -60mV). The
recording bath solution contained 150 mM NaCl,i'8M KCI, 2 mM CacCl2, 2.1 mM MgClI2,
10 mM HEPES, 10 mM Glucose (pH adjusted to 7.4 Wi#OH, osmolarity: 320 mOsm/| at
room temperature). Borosilicate glass capillariesempulled using a P97 horizontal puller
(Sutter Instruments) and had a resistance of 4Bwhen filled with the internal solution. The
internal pipette solution contained 140 mM KCI,idM EGTA, 10 mM HEPES, 4 mM MgCI2,

0.3 mM GTP and 2 mM ATP-NdpH adjusted to 7.2 with KOH, 300 mOsm/I). All cedings
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were performed at room temperature. Data were esdjuising an Axopatch 200B (Axon
Instruments), low-pass filtered at 5 kHz and caéldcat 10 kHz using a Digidata 1322
digitizer (Axon Instruments). Once whole cell cauifation was stablished, liquid junction
potential and capacitance transients were compashsaesting membrane potential measured
in current clamp mode (I = 0) was stable and reggst using the built-in voltmeter in the
Axopatch 200B. Input and series resistance wereitored during the experiment, and
recordings were excluded when any of these parasebanged by >10%. Values obtained
were annotated in the laboratory protocol noteb&#cordings of total synaptic activity were
done for 2 min in a gap-free mode using ClampeXd Hhd analysis was performed offline

using Clampfit 10.1 (Axon Instruments) and ExceidiMsoft Corporation).

Statistics GraphPad Prism (Version 9.0.0 (121) Graph-Pad Soévnc) was used for data
display and statistical analysidle did not predetermine sample siZzHse Shapiro-Wilk test
was used to test for the normality of data. Paramietsting procedures (Studentsest or one-
way analysis of variance (ANOVA) followed by Tukeymnultiple comparison post-test when
many subgroups were compared) were applied for albyndistributed data, otherwise
nonparametric tests were used (Mann-Whitney or kaigvallis tests followed by Dunn’s
multiple-comparison post-test when many subgrougrewompared). Total number of samples
(n) analysed in all experimental conditions (numiiferepeated measurements) is indicated in
figures legends. Results were presented as me&iMtaBd statistical significance was set at
P values< 0.05 (two-tailed tests)P<0.05,[1P<0.01;[11P<0.001). In electrophysiology, for
non-normally distributed data Kolmogorov-Smirnostteas selected. Values®k 0.05 were

considered statistically significant.

Study approval.

27



584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

Human brain autopsy. Human brain tissues were obtained from the GIEIDEEB (Paris)

(https://www.neuroceb.org/ép/the Netherlands (Amsterdamyw.brainbank.nl and the

ULB LHNN (Brussels) Brain Banks. GIE NeuroCEB’s BraBank procedures have been
reviewed and accepted by the Ethical Committee “iBode Protection des Personnes Paris lle
de France VI” and has been declared to the MinistriResearch and Higher Education as
requested by the French law. The Netherlands BBaink received permission to perform
autopsies and to use tissue and medical recoras the Ethical Committee of the VU
University Medical Center. Tissues from the ULB LNNBrain Bank were obtained in
compliance and following approval of the Ethicaln@uittee of the Medical School of the Free
University of Brussels. An explicit informed conséad been signed by the patient or by the
next of kin, in the name of the patient for autopsyl use of their brain tissue for research
purposesAnimals. All animal procedures used in the study wereiedrout in accordance
with institutionaland European guidelines as certified by the logahral EthicsCommittee.
Housing conditions were specified by the Belgiarwlaf 29 May 2013, regarding the
protection of laboratory animals (agreement angeptaaumbers: LA2230419 / LA2230652

and 2018/UCL/MD/035).
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Figure 1. PPARA expression and PPAR downstream target genes in brains from patients
with Alzheimer disease Frontal cortex of postmortem human brain tissues) late-onset
(LOAD, n = 9) and early-onset Alzheimer disease cases witlAR®P duplication locus
(APPdup, n= 2) and respective control subjects (CTL in LOARI &#Pdup cases, g 8 and
2, respectively) were analysed, B, H andl) Quantitative real time PCR analysesP®ARA
andACOX1 mRNA levels. Results were normalizedA6TB mRNA and relative differences
are expressed according to respective CTL as m&kM:(LOAD: PPARA mRNA, P =0.009,
ACOX1 mRNA, P = 0.003; Student’s t-test)Cj mRNA correlation betweeACOX1 and
PPARA in LOAD. (D, J) Human APP (hAPP) expression in human brain |gsdig
immunoblot analysis (see complete unedited blotgha supplemental material)E,(K)
Relative density of hAPP expression compared wittubulin. Results were normalized
compared to respective CTL and are shown as m&iM A Student’s t-test (LOAD: hAPP
protein,P = 0.0608) was used to assess significance of tha.nfeds) Quantification of hAPP
densitometry arbitrary units indicating an invecsgrelation between hAPP expression and
PPARA levels in LOAD. **P < 0.01 and non-significant (nB)> 0.05.
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Figure 2. Human APP expression decreasé¥ara expression and PPAR downstream
target genes in old miceBrain frontal cortex tissues from transgenic naeerexpressing non-
mutated human APP (hARF) and wild type (WT) littermates were analysed &, $-8 and
11-12 months old (mo)A() The expression of hAPP was investigated in mregndysates (n
=6 of each) by immunoblot analysis (see completalitad blots in the supplemental material)
with the specific WO2 antibody recognizing hAPP aanti-APP C-terminal antibody
recognizing both hAPP and endogenous APP (APP}sBiere further probed using anti-
tubulin antibody. B) Relative density of APP expression was compaiddavtubulin. Results
were normalized compared to 3-4 mo WT and are steswmean + SEM. A Kruskal-Wallis
test followed by Dunn’s multiple comparisons pasttwas used to assess significance of the
mean (APP protein expression at 3-4, 6-8 and 1d,P < 0.05). C-F) Quantitative real time
PCR analyses (n 7 of each) foPpara, Acoxl, Cptla andPdk4 mRNA levels. Results were
normalized tdRpl32 mMRNA, compared to 3-4 mo WT and shown as meanM.SEKruskal-
Wallis test followed by Dunn’s multiple comparisgmsst-test was used to assess significance
of the mean (11-12 mo hARP mice: Ppara mRNA, P = 0.012,Acox1 mRNA, P = 0.0008,
Cptla mRNA, P =0.031;Pdk4 mRNA, P =0.022),*P < 0.05, **P < 0.001.
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Figure 3. Pharmacological PPAR activation with the Wy14643 prevents human APP-
induced decreases in the expression of PPARtarget genes and synaptic activity in
cortical cultures. Primary cultures of rat cortical cells expressmgnan recombinant GFP
(hrGFP) or APP (hAPP) treatedl) (or not £) with 20uM PPAR agonist Wy14643 for 24h at
13-14 DIV. A) Representative immunoblot of cell lysates (4 petelent experiments). The
lanes were run on the same gel but were noncontgyu®) APP expressiond tubulin ratios
(n= 8 of eachanalysed in 4 independent experiments) comparbd3d&P control cells (mean
+ SEM); Student’s t-test (APP proteia=0.0608). C, D) Real time PCR analyses fBpara,
Acox1, Cptla andPdk4 mRNA levels (r= 7 of each analysed in 4 independent experiments).
Results were normalized t&pl32 mMRNA and compared to respective untreatedhfGFP
control cells. Results are shown as mean + SEM:veme ANOVA followed by Tukey’s
multiple comparisons testH( hAPP vs ) hrGFP:Ppara mRNA, P < 0.0001,Acox1 mRNA,
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P =0.009,Cptla mRNA, P = 0.026;Pdk4 mRNA, P = 0.003; ¢) hAPP vs ) hAPP:Acox1
MRNA, P =0.039,Cptla mRNA, P = 0.035;Pdk4 mRNA, P =0.022). E) Resting membrane
potential (RMP) (n= 13-15 cells per group analysed in 5 independepem/@xents). )
Representative traces of total synaptic activityl 8) mean values of synaptic events
frequency (n= 15-24 cells per group analysed in 6 independepémrxents). I) Cumulative
probability plot of the amplitude distribution & 15-25 cells per group in 6 independent
experiments)(E - H) Brown-Forsythe and Welch ANOVA tests followed Bynnett's T3
multiple comparisons testP < 0.05, **P < 0.01, ***P < 0.001,P < 0.05.
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Figure 4. Pharmacological PPAR inhibition with the GW6471 prevents APP
knockdown-induced increases in the expression of RIRa target genes and synaptic
activity in cortical cultures. Primary cultures of rat cortical cells expressarghRNA targeting
endogenous APP (shAPP) or a scrambled shRNA eng&@i (shScra-GFP). At 13-14 DIV,
cells were treated+f or not ) with PPARx antagonist GW6471 for 24hA)Y Representative
immunoblot of cell lysates, 4 independent experits¢tine lanes were run on the same gel but
were noncontiguous).Bj APP expression & tubulin ratios (n= 7 of eachanalysed in 4
independent experiments), mean £ SEM; Studengstt{APP protein? < 0.001). C andD)
Real time PCR analyses fBpara, Acoxl, Cptla andPdk4 mRNA levels (n= 6-8 for each
condition analysed in 6 independent experimentssuRs were normalized ®pl32 mMRNA
and compared to respective untreateddshScra-GFP control cells. Results are shown asmme
+ SEM; Brown-Forsythe and Welch ANOVA tests follavdoy Dunnett's T3 multiple
comparisons test<f shAPP vs+) shScra-GFPPpara mRNA, P = 0.006,Acox]1 mRNA, P =
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0.008,Cptla mRNA, P =0.043;Pdk4 mRNA, P =0.0009; ¢) shScra-GFP vs-J shScra-GFP:
Cptla mRNA, P = 0.026; @) shAPP vs <) shAPP:Cptla mRNA, P = 0.010). E) Resting
membrane potential (RMP) én8-10 cells per group analysed in 3 independent@xgnts).
(F) Representative traces of total synaptic actiaiygl G) mean values of synaptic events
frequency (n= 12-17 cells per group analysed in 6 independepe¢mxents). I) Cumulative
probability plot of the amplitude distribution & 15-27 cells per group in 7 independent
experiments)(E - H) Brown-Forsythe and Welch ANOVA tests followed Bynnett's T3
multiple comparisons testP < 0.05, **P < 0.01, ***P < 0.001,P < 0.05.
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Figure 5. Control of synaptic activity by APP in catical cultures disappears in absence of
PPARa. Primary cultures of mouse cortical cells preparedh wild type (WT) andPpara
deficient (Ppara’™) mice and infected with recombinant adenovirusesoding human
recombinant GFP (hrGFP) or APP (hAPP) proteins ibin ¥entiviruses encoding a shRNA
construct designed to target endogenous APP (shaP®)scrambled shRNA encoding GFP
(shScra-GFP) A) At 13-14 DIV, absence of PPARexpression in cultured cells was assessed
by measuringPpara mRNA levels by semi-quantitative RT-PCRB, (C) Representative
immunoblots of cell lysates, 3 independent expeniméhe lanes were run on the same gel but
were noncontiguous). The expression of hAPP wasgtored with the specific WO2 antibody
recognizing hAPP and anti-APP C-terminal antiboglyognizing both hAPP and endogenous
APP (APP). Immunoblots were further probed using-@kP and e tubulin antibodies.[¥)
APP expressiond tubulin ratios (n= 4 of each) compared to hrGFP or shScra-GFP W cell
(mean £ SEM); One-way ANOVA followed by Tukey’s rtiple comparisons test (APP
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protein: WTandPpara’ hAPPP = 0.002; WTandPpara’ shAPP,P = 0.008 ancP = 0.015,
respectively). [£) Resting membrane potential (RMP) measured inaV@Ppara’ transduced
neurons (n= 11 cells per group analysed in 3 independent @xjeeits). F) Representative
traces of total synaptic activity an@) mean values of synaptic events frequency g+11
cells per group analysed in 3 independent expetsnéh) Cumulative probability plot of the
amplitude distribution (= 10-20 cells per group in 3 independent experimaneasured in
WT and Ppara’ transduced neuronsE (- H) Brown-Forsythe and Welch ANOVA tests
followed by Dunnett's T3 multiple comparisons t&pt< 0.05, **P < 0.01, ***P < 0.001 and
non-significant (nsp > 0.05.
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