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Context-Dependent Toxicity of Amyloid-p Peptideson MouseCerebellar Cells

Silvia Alasia, Patrizia Aimar, Adalberto Merighi@haura LossF
Department of Veterinary Morphophysiology and igtt Nazionale di Neuroscienze (INN),
University of Turin,Turin, Italy

Abstract. Alzheimer’s disease (AD) is the major cause oheetia in old people. AD pathology is
characterized by amyloid-(A ) deposits in several regions of the brain, andslihave been
hypothesized between [Atoxicity and apoptosis. Cerebellar granule cell&Cs) have been widely
used asn vitro tools for molecular studies correlating apoptosithvAD, although the cerebellum

is a relatively spared area of the brairvivo. We have used mixed neuronal-glial cerebellauce#
(NGCCs) and organotypic cerebellar cultures (OC&spined from postnatal mice to assess the

toxic effect of the A3 oligomer 1-40 (A3 1-40) after propidium iodide uptakie vitro. Our results

demonstrate that NGCCs, which are primarily comgosé CGCs, are resistant to A 1-40

challenge (5-10 f.LM) when cultured in physiolodic® mM) extracellular KCI ([K]e )
concentrations, i.e., in a condition in which CG@wlergo full maturation. Conversely, when 10
f.LM A B 1-40is given to NGCCs cultured in elevated (25 mM)[ (and thus maintained in an
immature state), there is a statistically significancrease in cell death. Cell death is by apagptos
as demonstrated by ultrastructural examination. ©@rf@ resistant to B challenge in any of the
conditions tested (variation of [§e, presence or absence of serum, or addition oh#peilysin
blocker phosphoramidon). Altogether these obseaymatiead us to conclude that cerebellar cells in

an organotypic context may be less susceptibleatoadie by A3, raising the question whether

isolated CGCs are a reliable assay in drug disgastedies of AD.
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INTRODUCTION
Alzheimer’s disease (AD) is a progressive neuroeleegative disease and the major cause of
dementiain old people. AD pathology is characterized &wyyloid-g (A B) deposits in certain



regions of the brain in five subsequent phases,iavalves the neocortex (phase I); the allocortical
brain regions (phase Il); the diencephalic nudieg striatum, and cholinergic nuclei of the basal
forebrain (phase Ill); a number of brainstem nu@ease 1V); and the cerebellum (phase V) [1]. The
cerebellum is apparently spared from significamttAxicity, although plaques are also found in this
area of the brain [2] in the final stage of theedse and many patients die before reaching this
condition. A g deposits in the cerebellar cortex are primarilynio in the molecular layer, much less
frequently in the granule cell layer [1], and tdke form of diffuse plaques composed of non-fifrill

A B [3]. In addition, cerebellar neurons have beg@omed to be more resistant to soluble oligomeric
A B, which also displays potent neurotoxic effectsggdcompared to other neurons in brain [5].
Cultured cerebellar granule cells (CGCs) have beielely used asn vitro models for molecular
studies that correlate apoptosis with AD [6]. Nuouslines of evidence have, in fact, linked AD
neurode-generation with apoptosis [7]. In fact,h#ts beersuggested that caspases represent a
bridge betweemmyloid and tau Alzheimer pathologies, i.e 3 pep- tides activate caspases which,
in turn, cleave tau, and, via phosphorylation of, taitiate tangle pathology in both AD and other
tauopathies [8]. In addition, date accumulating in support for a role of intradeit calcium
dysregulation [9] and disturbances in bedlimediated autophagy [10] in AD.

We have previously studied apoptosis in the norpwdtnatal cerebellum. Studies vitro on
organotypiccerebellar cultures (OCCs) have helped us to sbete light on the mechanisms of
programmed celdeath affecting CGCs and other types of neuronsglihe maturation of the
cerebellar cortex. In additiome have recently demonstrated that a calcium-r{adst-translational
regulation of BCL2, one of the moshtensively investigated anti-apoptotic factorsisaas a
mechanism of neuronal survival in CGCs [11], prdbahrough a beclin 1-mediated autophagic
process imormal [12] and diseased [13] conditions. Theref@€Cs represent a useful model for
analysis of the cellular and molecular mechanisiné\ @ toxicity under controlled experimental
conditions.

Since the cerebellum is only affected in the Eage of AD in humans, and since rodents are
incomplete models [14] in that they only exhibin&tionalanomalies similar to those observed in
the preclinicalstages of AD [15], it is important to assess théabiulity of currentin vitro/ex vivo
rodent preparations fofurther studies on A toxicity in cerebellum. There- fore, we have
investigated here the response of cultured moussbeklar neurons to toxic @\ peptide fragments.
Our results demonstrate a context-dependent tgxa€iA B not only in relation to species, but also
to the type of cultures (dissociated cells versugamotypic), medium composition and the

concentration of extracellular potassium.



MATERIALSAND METHODS

All experiments were performed in agreement wité Italian and European Union regulations on
animal welfare and have been authorized by theiaftalMinistry of Health (ref.
600.8/82.20/AG1826) and tiBoethics Committee of the University of Turin.

Animal and tissue preparation

CD1 mice at postnatal day 6—7 (P6-P7) were eutkdnizith an overdose of sodium pentobarbital
(60 mg/100 g body weight). The brain was quickmoved and placed in ice-cooled Gey's
solution supplemented with glucose and antioxidéfais 500 ml: 50% glucose 4.8 mL, ascorbic

acid 0.05g, sodium pyruvate 0.1 g).

Chemicals and general reagents

Eagle Basal Medium, Hanks balanced salt soluti&ey’s solution, CMF-Tyrode’s solution, ascorbic
acid, sodium pyruvate, horse and fetal calf serum, bodmexyribonuclease | (DNase ), trypsin
0.05% with EDTA 0.02%, antibiotic antimycotic solution, propidum iodide (PI), glucose,

phosphoramidon, cytosing-D-arabinofuranoside (ARA-C), and all other cherfscevere from

Sigma-Aldrich (St. Louis, MO, USANeurobasal Medium A and B27 supplement were f@itcd®
(Invitrogen, Carlsbad, CA, USAR-amyloid protein 1-40 and 40-1 were from Bachemb@hdorf,
Switzerland). Millicell-CM inserts were from Millqre (Billerica, MA, USA).

Mixed Neuronal-Glial Cerebellar CulturgslGCCs)

After isolation from the brain, the cerebellvmas minced into small pieces while still submerged
in ice-cooled CMF-Tyrode’s solution, digestedarsolution containing 0.05% trypsin (with 0.02%
EDTA) and DNAse | for 14 min at room temperaturel YRtriturated in CMF-Tyrode’s solution
in the presence of 10% fetal calf serum. Cells weraly suspended in: i) 50% Eagle basal
medium, 25% horse serum, 25% Hanks balanced salt solufici% glucose, 0.5% 200 mM L-
glutamine, 1% antibiotic/antimycotic solutionrfedium } or ii) 90% Eaglebasal medium, 10%

fetal calf serum, 0.1% glucos®,5% 200 mM L-glutamine, 1% antibiotic/antimycosolution

(medium 2 Cells were then plated at a density of 2 ® pér cn? onto poly-lysine (0.05 mg/mL)-



coated multi-well plates. Four days after platihf,f.LM ARA-C was added to culture medium, to

limit glial proliferation. This type of preparation majcbn-tains CGCs with less than 10% glia [16].
Organotypic Cerebellar Cultures (OCCs)

While the brain was kept submerged in ice-codBay’s solution, the cerebellum was isolated and
immediately cut in 40Qm-thick parasagittal slices withMcllwain tissue chopper (Metrohm USA,
Riverview,FL, USA). Slices were plated onto Millicell-CM ingg(three slices per insert). Each insert
was subsequentlplaced inside a 35-mm Petri dish containing 1 mLcofture medium, and
incubated at 34C in 5% CQ for up to 8 dayn vitro (DIV). CulturemediunB was: 50%Eagle basal
medium, 25% horse serum, 25% Hatedanced salt solution, 0.5% glucose, 0.5% 200 mM L
glutamine, 1% antibiotic/antimycotic solution. Guk medium4 was: 95% Neurobasal Medium A,
2% B27 supplement 50X, 2% 100 mM L-glutamine, af8tibiotic/antimycotic solution.

In both NGCCs and OCCs, KCI concentrationmedia varied from 5 to 25 mM according to
different sets of experiments (Table 1). Media were changede a week, and sections were

allowed to equilibrat¢o thein vitro conditions for at least 6 days before &eatment.
Incubation with & peptides

Synthetic peptides A 1-40 (neurotoxic activdorm) and A 40-1 (inactive form) were dissolveid

sterile distilled water at a concentration om@/mL and then diluted to 1 mg/mL (231uB1) with

phosphate- buffered saline (PBS). Prior to tisey were incubated for 5 days at’@7to induce fibril
formation. In OCCs, a 100L aliquot of mediumsupplemented with & 1-40 or AB 40-1 was applied
directly to the top of slices at the beginningeaperiment to ensure sufficient exposure toapgregated
peptide. Slices remained submerged wliifd only for a few minutes, as the medium rapidijfuses to
the bottom of dishin all preparations, & 40-1served as an internal control.

Assessment of cell ded®nopidium iodide (PI) uptake

Cell toxicity was determined in function of te&tent of neuronal uptake of the fluorescent dye
P1. NGCCs and OCCs were stained with P1 {i\bin culture medium) for 20 min, prior to imagingd
analysisCells exhibiting red fluorescent nuclei were corsatlas apoptotic.

NGCCs analysis was carried out by directly countihg number of Pl-labeled cells in 5 fields

(10X magnification, 1.2 mr%) for each culture dish. Theverage density of dead cells per fm



and the ratidoetween the number of Pl-labeled cells and thd tethnumber were then calculated
for each sample. Values were finally averaged ansamgples. For OCC#yur inserts (i.e., a total of
12 slices) were subjectedttee same treatment in each experiment.

Pl uptake was observed with a fluorescence micpes¢€TR 6000, Leica Microsystems, Wetlzar,
Germany), using a Texas red filter set. PhotograpHOX were obtained with a Leica DFC 310
digital camera. Cell counting and slice areas were cabkulaith the ImageJ software (NIH,
Bethesda, MA, USA).

Electron Microscopy

After treatment with A3 peptides, 8 DIV NGCCs were fixed with 2% glutaedigde and 1%
paraformaldehyde in phosphate buffer (PB — 0.1MW7p4) for 30 min at RT. Cells were then washed
in PB, removed from cover slides with a cell scragel separated by centrifugation for 40 min at 130
g. The pellet was post-fixed in osmium ferrocyanftlevolume of 2% aqueous osmium tetroxide : 1

volume of 3% potassium ferrocyanide) for 1 h & dwashed in maleate buffer (pH 6) for 20 min at

4°C, dehydrated in increasing concentrations of ethamashed in propylene oxide and embedded
in Araldite. Ultrathin sections were collected ondg and observed with a CM Ilélectron

microscope (Philips, Amsterdam, NL).

Statistical analysis

Statistical analysis was performed on raw data,omih the SPSS software (IBM, Armonk, NY,

USA). Student’d-test for independent groups was used winenconditions at a time were matched.
ANOVA was applied to compare data divided in more than twaugs. Data were reported as
means = SEM, withn indicating the number of samples process$tdalues <0.05 were considered
statistically significant.

RESULTS

The rationale and results of experiments sanamarized in Table 1.

NGCCs

Under conventional culture conditions [17] (Tabl&xdp. 1), incubation with 5 or 0M A B 1-40



resulted in a clearly evident cell injury at thghti (Fig. 1A—D) and electron microscopic level (Fig
1E-H). After quantitative analysis (Fig. 2A lefthe number of dead cells in cultures treated with

the active A3 fragment (5uM) was significantly higher than in control conditi [33.90 + 2.05
cell/mm?2 (A B 1-40) versus 20.97 £2.05 ceII/nﬁ‘r(A B 40-1); n=5, p<0.01]. The application of 10
MM B 1-40(Fig. 2A right) produced a similar effect [76.54.45 cell/mn? (A B 1-40) versus 46.19

+5.01 cell/mn? (A B 40-1); n=13, p<0.001]. Both conditions induced a 60% increaseceéti
death, thereby underlining a nangnificant dose-dependent response f1A40at 5and 1QuM.

Table 1
Ab challenge to murine NGCCs and OG@witro

AB
Exp
# challenge
1 AP40-1 and
AB1-40

5and 10
1LY

3 AP40-1 and
AB1-40

10 pM

5 AB40-1 and

AB1-40
5and 10
1Y

Culture conditions
Medium 1 (horse serum

25mM KCI)-6DIV

followed by Medium1

AB-2 DIV

Medium 1 (horse serum
or25mMKCl) 2, 4

or 8 DIV

Medium 1 (horse serum

5mM KCl)-6DIV followed
by Medium1 (horse
serum

5mM KCl) AB 2 DIV

Medium 2 (calf serum 5

or 25 mM KCl)- 6 DIV

Medium 2 (calf serum
5 mM KCl)- 6 DIV
followed

by Medium 2 (calf serum

5mM KCl) AB-2 DIV

NGCCs

Experiment rationale/ RESULTS
Testing response to Ab under

conventional culture

conditions(depolarizing)/
INCREASE IN PI
UPTAKE (Fig. 2A)
Testing survival in depolarizing

(25mM)and non-depolarizing

(5mM) conditionsin relation to DIV/

INCREASE IN PI
UPTAKE (25mM versus 5mM)
at 8 DIV (Fig. 2C)
Testing response to Af3 under
better survival (non-depolarizing)
conditions/

NEGATIVE (Fig. 2E)

Testing survival in depolarizing

(25mM)and non-depolarizing

(5mM) conditionsin relation to serum/

DECREASE IN CELL
NUMBER AND INCREASE
IN PI UPTAKE(25 mM versus
5 mM) (Fig. 2G-H)
Testing response to AP in

best survival conditions of Exp.

4/NEGATIVE (Fig. 21)

Culture conditions
Medium 3( horse serum
5mM KCl) 6 DIV followed by
Medium 3 (horse serum
5mM KCL) AB-2DIV
AB 2DIV
Medium 1 (horse serum 5 or

25mM KCI) - 8 DIV

Medium 3( horse serum

25mM KCl) DIV followed by

Medium 3 (horse serum

25mM KCL) Ab-2DIV

N/A

Medium 3( horse serum
5mM KCl)6 DIV followed by

Medium 4

(serum free 5mM KCl)

0OCCs

Experiment rationale/ RESULTS
Testing response to Ab under
conventional culture conditions
(depolarizing)/

NEGATIVE (Fig. 2B)

Testing survival in depolarizing
(25mM) and non-depolarizing
(5mM) conditions/
INCREASE IN Pl UPTAKE
(25 mM versus 5 mM)
at 8 DIV (Fig. 3D)
Testing response to Ab under

depolarizing conditions/

NEGATIVE (Fig. 2F)

N/A

Testing response to Ab under
serum free conditions/

NEGATIVE



6

N/A Medium 3( horse serum Testing response to Ab under

AP40-1 and N/A
AB1-40 S5mM KCl)6 DIV followed tissue metalloprotease block/
10 UM by Medium 3 NEGATIVE (Fig. 2J)

(horse serum 5mM KCL) A/

Phosphoramidon-2 DIV

Fig. 1. Ap-induced cell death in mouse NGCCs. A, C) Dyingscebserved by differential interference contrast
microscopy (arrows) are darkemnd display a certain degree of shrinkage. B, D¢ Fame cells examined under
fluorescence microscopy, display an intense PlaarcstainingNote the higher number of dead cells after chabeng
with AP 1-40. E-H) TEM demonstrates that NGCCs for the mosttainonCGCs easily recognizable by typical
ultrastructural features: very small size, nucleitt large clumps of heterochromatin at peripharyevident nucleolus,



and a scant cytoplasmic rim. Apoptotic CGCs (arjoslisplay chromatin condensation and marginatigtppdasm and

nuclear shrinkage. An apoptotic CGC with two chaedstic semilunar clumps abutted to the nucleaekpe is shown

in G. A healthy (F) and a dying (H) CGC are showhigher magnification. & = amyloid-f3; CGC = cerebellar granule
cell; NGCCs = neuronal-glial cerebellar cultures=Propidium iodide. TEM = transmission electroicroscopy. Scale
bars: A-D=1%m; E, G=1m; F, H=2um.
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Figure 2. Quantitative analysis of Pl uptake antldensity in mouse NGCCs and OCCs aftep Anduced cell death.
NGCCs and OCCs have been cultivated in medium 1 medium 3 respectively unless otherwise stated and
challenged with the inactive (control: (A40-1) or the active peptide fragment (A1-40). For NGCCs,n =
number of samples (for each sample the average dmibity was calculated in 5 different microscdjatds from

the same culture). For OCGs;: number of inserts (each insert containing 3 s)ic8) Left: Pl uptake (ceIIs/m%) in
NGCCs after 5 f.LM AB 40-1 (white bar) versus 10 f.LM £ 1-40 (grey bar). Student'$-test,n =5, **p < 0.01.



Right: Pl uptake (ceIIs/mﬁ) in NGCCs after 10 f.LM A3 40-1 (white bar) versus 1AM A (3 1-40 (grey bar).
Student’s t-test,n = 13, ***p< 0.001. B) Left: Pl uptake (cells/mfnin OCCs after M A B 40-1 (white bar)

versus 1M A (3 1-40 (grey bar). Student'stest,n=7, p>0.05. Right: Pl uptake (cells/nﬂhin OCCs after 10
UM A B 40-1 (white bar) versus 1@M A [ 1-40 (grey bar). Student'd-test, n = 7, p > 0.05. C) Pl uptake

(ceIIs/mm’-) in NGCCs grown in 5 mM KCI (white bars) and 25 nidCI (grey bars) at 3, 6, and 8 DIV. Student’s
t-test,n=10, *p<0.01. D) PI uptake (ceIIs/m?w) in OCCs grown in 5 mM KCI (white bar) and 25 mMCK(grey

bar) at 8 DIV. Student's-test,n=9, **p<0.001. E) PI uptake (cells/n%yin NGCCs grown in 5 mM KCI after
10 uM A B 40-1 (white bar) versus 1M A B 1-40 (grey bar). Student's-test, n=9, p> 0.05. F) Pl uptake

(ceIIs/mm?) in OCCs grown in 25 mM KCI after (M A B 40-1 (white bar) versus 1AM A B 1-40 (grey bar).

Student'st-test,n=9, p>0.05. G) Cell survival (cells/m%‘) in 8 DIV NGCCs grown in medium 2 at 5 mM KCI
(white bar) and 25 mM KCI (grey bar). Student'gest, n=15, **p < 0.001. H) Cell survival (percentage of PI
uptake) in 8 DIV NGCCs grown in medium 2 at 5 mM IK@hite bar) and 25 mM KCI (gray bar). Studernt's

test,n=10 **p<0.001. I) Left: Pl uptake (cells/m?n) in NGCCs after 5f.LM AB 40-1 (white bar) versus 10
UM A B 1-40(grey bar). Student'stest,n=5, p>0.05. Right: Pl uptake (cells/nﬁhin NGCCs after 1M A 3 40-
1 (white bar) versus 10f.LM £ 1-40 (grey bar). Student’stest,n=5, p> 0.05. J) Pl uptake (cells/rr%)ﬂn OCCs

under control condition (ctr, white bar), i® A  40-1+10uM phospho-ramidon (grey bar); M A 3 1-40+10uM
phosphoramidon (black bar) andiM phosphoramidon (striped bar). ANOVA= 6, p> 0.05. A = amyloid-3; ctr =
control; NGCCs = neuronal-glial cerebellar cultyr€Cs = organotypic cerebellar cultures; Pho =sphoramidon;
Pl= propidium iodide.

In a second set of experiments (Table 1 Expn@ Fig. 2C), the number of dead cells in 5
and 25 mM KCI was not significantly different ataBd 6 DIV [3 DIV: 41.80 +8.96 cell/mén

(5 mM) versus 43.15+5.28 ceII/n?r‘(uZS mM); 6 DIV: 30.55 +£5.28 ceII/m?n(5 mM) versus 27.62
+3.92 cell/mnd (25 mM); n=10, p>0.05], whereas at 8 DIV, a significant increaseell death
was observedh 25 mM KCI [17.89 + 3.21 cell/mf (5 mM) versus 35.74 + 2.58 cell/nfn(25
mM); n=10,p<0.01]. Therefore the effect of ;\1-40 (10pM) was tested under these conditions
of better cell survival (Table 1 Exp. 3 and Fig.) 2iad Ap 1-40was found to be ineffective as
the number of dead cells was not different whenpmamed to control conditions [27.05 + 6.27
cell/mmé (A B 1-40) versus 40.17 +12.21 celI/r‘r?n(A B 40-1); n=9,p>0.05]. NGCCs were then

grown with a different serum. The degree of celitbewas first evaluated in tladsence of &

(Table 1 Exp. 4) and in relation to cell densityg(F2G) and percentage of Pl uptake (Fig. 2H).
In this set of experiments, a rise to 25 mM KClueed cell density [571.02 +52.05 ceII/r%mZS

mM KCI) versus 1275.88 +127.24 ceII/rﬁr(B mM KCI); n=15,p < 0.001], and augmented the
percentage of dead cells [8.16 £0.90% (25 mM)ue2.46 +2.69%=10,p< 0.001] in a dose-
dependent fashion (Fig. 3). WhengA-40(Table 1 Exp. 5 and Fig. 21) was applied, it wa#l st

ineffective in inducing cell death |gM: 46.81 +12.83 ceII/ml%(AB 1-40) versus 57.65+£12.61
cell/mm? (AB 40-1D;n=5, p>0.05, and 1QM: 31.28+5.71 ceII/mr%(A B 1-40) versus 33.48 +

3.71 cell/mn? (A B 40-1); n=5,p>0.05].

OCCs



When OCCs were conventionally culturgid] (Table 1 Exp. 1), the number of dead cealiter
challenge with A3 1-40 (Fig. 2B) was not significantly higher than in cartconditions [SuM:

12.45 + 6.67cell/mr (A B 1-40 versus 10.48 4.790e|l/m?n(A B 40-1); n=7, p>0.05, and 10
MM: 20.09 £5.42 cell/mr (A B 1-40) versus 13.22 £3.11 ceII/r’r%T(A B 40-1); n=13,p>0.05].

It is worth noting that these culture conditions revanore favorable to cell survival than
maintenance 25 mM KCI (Table 1 Exp. 2 and Fig. 2D) [Pl uptag3.58 + 4.34 cell/mr 5
mM) versus 64.95 +4.81 ceII/n’?rr(ZS mM); n=9, p < 0.001]. However, even in 25 mM KCI
(Table 1 Exp. 3 and Fig. 2F), OC@sre resistant 10M A 3 1-40[10.71£2.94 ceII/mr%(A B1-
40) versus 17.25 +5.97 ceII/rT?n(A B 40-1); n=9, p> 0.05], as they were when maintained in
serum-free medium (Table 1 Exp. 5) [15.27 £ 3.78/men2 (AB 1-40) versus 13.98 +4.12
cell/mmé (A B 40-1); n=6,p > 0.05]. Notably, the density of dead cells was aibected by the

medium.
In a last set of experiments (Table 1 Expar@l Fig. 2J), incubation with the metalloprotease

inhibitor phosphoramidon (3eM) alone or incombination with A3 1-40 (10uM) had no effect
on the density of dead cells [9.51 £ 2.70 cell/?nl(ntr); 11.85 + 2.52 cell/mf (AB 1-40 +

phosphoramidon); 9.36 £ 3.02 ceII/rﬁr(oA B 40-1 + phosphoramidon); 8.026 + 2.37 cell/m
(phosphoramidonn =6, p> 0.05].

40+ °

Pl uptake (cells/imm?)
N w
il e

=Y
(=]

L

q @

5 10 15 20 25
KCI (mM)

Fig. 3. Dose-dependent toxicity of KCl on mouse NEBCRegression analysis of the ratio between
PIT-nuclei and the totatell number in 8 DIV NGCCs grown in medium 2 at2B, and 25 mM

KC| demonstrates a negative effect of KCI on salivival (R2 =0.617). NGCCs = neuronal-glial
cerebellar culture?l = propidium iodide.

DISCUSSION



This study demonstrates that vitro A g toxicity on cerebellar cells is strictly dependeipbn
the type of preparation (isolated versus organojypnedium composition, and concentration of
extracellular potassium. This highlights the cautibat should be exercised when using CGCs as

tools for analysis of AD neurodegeneration.

Response of NGCCs t@¢ A-40

Ap protein toxicity has extensively been studiedrimary cultures of several types of CNS cells
including cortical [19, 20], hippocampal pyramidal—23], striatal [24], basal forebrain [25, 26],
and cerebellaj27-31] neurons. Previous work on isolated CGCEGCCs has highlighted a strict
correlation between A and apoptosis, since it was initially demonstrdted A3 induces apoptosis
[27], and also that an increased amyloidogenic etieer occurs in apoptotic CGCs [32]. In
addition, multiple caspases, the effector proteasegapoptosis, are activated in cultured CGCs
undergoing cell death [33].

Rat CGCs die when maintain&d vitro in physiological KCI (3.5-5 mM) under non-depolang
conditions, and, to avoid this, they are usualljftivated in high KCI (25 mM) under sustained
depolarization for use in apoptosis studies [27-34f show here that mouse NGCCs are

susceptible tdb—10uM A B 1-40 only when maintained in 25 mM KCI. Interestingliywas

previously demonstrated thalifferently from rat, isolated mouse CGCs can agwvive in vitro
in the presence of 5 mM KCI [34However, in both species, these neurons develoacome
mature in a temporally regulated manner urpdessiological KCI, whereas elevated KCI blocks thei
differentiation during immaturity [35-39]. Growtlf €GCs in elevated KCI profoundly alters the
expression/repression pattern of a wide number &NAs and maintains high levels of
expression of mRNAg/pical of immature neurons [39].

Thus our data demonstrate that mouse CGCs ardigerisi A challenge only when kept in an
immature state. Because work on rat CGCs has fuedlty been carried out in comparable
conditions of immatu- rity, it might be of interetst consider the possibility that mature rat CGCs

are also resistant tofAchallenge.

Response of OCCs t@#A40

Much of the work on A peptide toxicity in organotypic cultures has besarried out on
hippocampal neurons [40-44]. These studies hawesémton some cellular mechanisms involved
in the neurodegeneration induced by,Awhich involves activation of caspases 3 [45] dxd



[46]. Bruce and colleagues have highlighted thé taat only cultures equivalent to postnatal day
35 (defined as mature) were damaged by exposwarious concentration (from 10 to gM) of

A B 1-42 or AB 1-40 whereas those equivalent to postnatal day l4ngkbfas immature) were
resistant to amyloid challenge in serum-free medu®j. However, other serum-free studies have
shownthat, even after a relatively short incubatianvitro (7 DIV), cultures were sensitive to the
same A3 peptides [41, 44, 45, 47]. When a differenp peptide (25-35) was used, still after a
short maintenancm vitro, results were also quite heterogeneous with vemgdd effects (in some
cases only after a long incubation time) accordmgome authors [43, 46], but much stronger
according to others [48, 49]. In another study [58}ic effects were similar for A 1-42and AB 25-

35. There are no data available about the responS€sCGs to AB. In this paper, mouse OCCs
were resistant to 5-3M A B 1-40 challenge, independent of culture conditions. lagieg with

our experiments, it isvorth noting that no toxicity was found on hippogahorganotypic cultures
treated with 1-1QM A g in fibrillary and/or oligomeric forms after an ssation of cell death with
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tet@diumbromide reduction assay [51JThese
authors then concluded that failure off penetration into tissue was not responsible foirthe
negative result. Another possible explanation Faresistance of OCCs to f\could be related

to the presence of tissue proteases in cultureoh lsleces. The zinc-dependent metalloprotease
neprilysin plays a role in regulatingpAprotein clearance in brain, and it was demongsirtat the
production of neprylisin is increased in the agedebellum [52], as compared to other brain
regions that are earlier targets of AD patholodjy However, we have demonstrated here that
neprylisin is not responsible for the lack of tatgian OCCs, since inhibition by phosphoramidon sloe
not affect resistance to A 1-40 Altogether, these observations lead us to sperdlat when
cerebellar neurons are cultured in a complex envikent, they are lessusceptible to damage by
A B, again raising some cautions against the condideraf isolated CGCs as a reliable assay in
drug discovery studies in AD.

Probing the biology of AD in transgenic mice Ipasvided valuable insights into specific aspects of
AD pathogenesis [14, 53, 54]. Specifically, these isgigave pointed to the roles ofpAand tau,
and support a model in whichpAis not directly responsible for neuronal death chhis instead
triggered by formation of abnormal tau species.hWespect to the cerebellum,pAdeposition in
AD patients is a very late event, and it will becegsary to devote further experiments to better

clarify the susceptibility of aged CGCs t®A
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