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Abstract

Autosomal dominant mutations that increase amyloid-B(1-42) (APB42) cause familial Alzheimer’s disease (AD), and the most common
genetic risk factor for AD is the presence of the €4 allele of apolipoprotein E (apoE). Previously, we characterized stable preparations
of AB42 oligomers and fibrils and reported that oligomers induced a 10-fold greater increase in neurotoxicity than fibrils in Neuro-
2A cells. To determine the effects of apoE genotype on Af342 oligomer- and fibril-induced neurotoxicity in vitro, we co-cultured wild
type (WT) neurons with glia from WT, apoE-knockout (apoE-KO), and human apoE2-, E3-, and E4-targeted replacement (TR) mice.
Dose-dependent neurotoxicity was induced by oligomeric Ap42 with a ranking order of apoE4-TR >KO =apoE2-TR =apoE3-TR>WT.
Neurotoxicity induced by staurosporine or glutamate were not affected by apoE genotype, indicating specificity for oligomeric Ap42-
induced neurotoxicity. These in vitro data demonstrate a gain of negative function for apoE4, synergistic with oligomeric A(342, in mediating

neurotoxicity.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Autosomal dominant mutations in the amyloid precursor
protein (APP) and presenilin genes, which result in an over-
all increase in production of the peptide amyloid-(1-42)
(AB42), cause the familial form of Alzheimer’s disease (AD)
[73]. Although amyloid deposits are a defining patholog-
ical hallmark of AD, plaque density in both AD patients
and transgenic mice exhibits an imperfect correlation with
neurodegenerative pathophysiology and cognitive symptoms
[1,8,14,23,31,56]. Therefore, recent research has focused on
soluble oligomeric assemblies of Af42 as the proximate
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cause of neuronal injury, synaptic loss and the eventual
dementia associated with AD [33]. AB42 oligomers have now
been incorporated as an early, causal factor in the pathogene-
sis of AD in revisions of the “amyloid hypothesis [18,20,72].
However, the relative contributions of fibrillar and oligomeric
AB42 to the disease process remain unresolved. To directly
assess the conformation-dependent differences among A42
assemblies in vitro, we have developed protocols for the
preparation of homogenous unaggregated, oligomeric, and
fibrillar assemblies of AB42 [75], and demonstrated that
in vitro, oligomeric AB42 is ~10-fold more toxic than the
fibrils in a neuroblastoma cell line, Neuro-2A cells [9].
Oligomeric AB42 also caused a significant increase in the
inflammatory response when compared to fibrils in cultured
primary rat glial cells [86]. In addition, oligomeric A342
inhibited long-term potentiation (LTP) at the medial per-
forant path in the dentate gyrus of hippocampal slices while
equivalent doses of unaggregated peptide had no effect [84],
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further demonstrating an AB42 conformation-dependent
mechanism.

The €4 allele of apolipoprotein E (apoE), a lipid trans-
port protein in the plasma, is the only established genetic risk
factor for AD. Three major apoE isoforms exist in humans
that differ at two residues: apoE2 (Cys!!'2, Cys'®), apoE3
(Cys''2, Arg!®), and apoE4 (Arg'!?, Arg!®). Inheritance
of one or two copies of the &4 allele is associated with a
dose-dependent risk for AD, as well as an earlier onset of
the disease [7,69]. ApoE2, on the other hand, offers cog-
nitive protection from aging, as well as AD [7,67]. The
conformation of apoE has been shown to vary based on
the source of the protein, i.e. synthetic, recombinant, glial-
secreted, CSF, or plasma. Like AB42, the conformation of
apoE results in functional heterogeneity, particularly with
regard to the affinity of apoE for specific apoE receptors
[6,15,28,29,41,70], members of the low-density lipoprotein
(LDL) receptor (LDLR) gene family [34]. Because of this
conformational specificity, cultured glial cells isolated from
human apoE-targeted replacement (TR) mice were the source
of apoE-containing particles for the in vitro experiments
described herein. Human apoE-TR mice are perhaps the
most biologically relevant transgenic mouse model for human
apoE [78,79]. ApoE-knock out (apoE-KO) mice [60,62] have
been used to assess the role of apoE in CNS function and
are the background for a number of transgenic mouse lines
where heterologous promoters drive the expression of human
apoE [3,27,66,74,80,81]. However, in the apoE-TR mice,
only the coding domain of human apoE replaces the cod-
ing domain of mouse apoE. This is particularly important
as apoE is part of a 48kb multi-gene complex and this
extensive DNA sequence is critical for the expression of
apoE in the brain, and includes, for example, two regula-
tory sequences 3.3 and 15 kb downstream of the apoE gene
that are required for the expression of apoE by astrocytes
[19]. Thus, in apoE-TR mice, human apoE is expressed in
a conformation and at physiological levels in a temporal
and spatial pattern comparable to endogenous mouse apoE
[78,88].

To determine the effect of apoE isoform on AR42
oligomeric- and fibrillar-induced neurotoxicity in vitro, we
co-cultured wild type (WT) neurons with glia isolated from
WT, apoE-KO, and human apoE2-, E3-, and E4-TR mice. Our
results demonstrate that oligomeric AB42 induced significant
neurotoxicity in co-cultures with WT, KO, apoE2-, E3-, and
E4-TR glia, an effect that was dose-dependent. Compared to
comparable doses of oligomeric AB42, fibrillar AB42 did not
induce significant neurotoxicity. Oligomer-induced neuro-
toxicity was significantly higher when cultured with apoE4-
TR glia compared to apoE-KO, E2- or E3-TR glia. WT
co-cultures exhibited the least neurotoxicity. Additionally,
apoE isoform did not affect staurosporine or glutamate neuro-
toxicity, suggesting that the effect of apoE isoform is specific
to oligomeric APB42-induced toxicity. This study provides
direct evidence for a gain of negative function for apoE4,
synergistic with oligomeric AB42 in mediating neurotoxic-

ity. Overall, these findings provide an additional functional
link between conformational states of AB42 and apoE iso-
forms in mediating neuronal loss, and possibly the pathology
of AD.

2. Materials and methods
2.1. Peptide

AB42 peptide was purchased from rPeptide, Inc. (Athens,
GA) as lyophilized powder. Peptide was prepared as previ-
ously described [75] to generate A342 oligomers and fibrils.
Briefly, peptide is initially solubilized in HFIP, aliquoted, and
stored at —20 °C as an HFIP film. Aliquoted peptide is resus-
pended with anhydrous DMSO to 5SmM and diluted with
phenol red-free F12 media (oligomers) or 10 mM HCI (fib-
rils) to a concentration of 100 wM. Peptide for the oligomer
preparation was incubated at 4 °C and for the fibril prepara-
tion at 37 °C, both for 24 h prior to use.

2.2. Animals

Timed pregnant WT C57B1/6 mice were purchased from
Jackson Labs. Timed pregnant mice of the genotypes apoE-
KO, apoE2-TR, apoE3-TR, and apoE4-TR were obtained
from our breeding colonies maintained at Taconic labora-
tories. The apoE-TR mice have been backcrossed to C57B1/6
greater than eight times to establish a strain background con-
sistent with the WT and apoE-KO mice and are maintained
in a homozygous background [79].

2.3. Neuron:glia primary co-cultures

Glial cultures were prepared from the cortices of 1-2-
day-old neonatal WT, apoE-KO, E2-, E3-, or E4-TR mice, as
previously described [24,40,43]. Cells were maintained in o-
minimum essential medium (-MEM, Invitrogen, Carlsbad,
CA) containing 10% fetal bovine serum (Invitrogen), 2 mM
glutamine, and antibiotics (100 U/ml penicillin, 100 pg/ml
streptomycin). Confluent ‘secondary’ cultures were used to
seed 24-well plates at 5 x 10* cells/well. The following day,
glia were rinsed twice with PBS to remove serum-containing
media, and neurobasal media containing B27 supplements
was added to the cultures (NB/B27, Invitrogen). This change
in media was done at least 24 h prior to addition of the neu-
rons. These tertiary glial cultures have ~95-97% astrocytes
and ~2-5% microglial cells [26].

Neuron cultures were prepared as previously described
[32] with the following modifications. Cortices were dis-
sected from E14-E16 WT mouse embryos, incubated with
0.25% trypsin for 10 min at 37 °C, and then triturated with
a fire polished Pasteur pipette. FBS was added (10%) to the
dissociated cells to stop trypsinization. Cells were then pel-
leted, resuspended in NB/B27, and counted. Cells were plated
(5 x 10%) onto poly-L-lysine-coated 10 mm round glass cov-
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erslips. Coverslips contained three paraffin ‘dots’ on one
side (same side on which the neurons are plated) to sus-
pend it over the glial cell layer without contact [2]. Cells
were allowed to adhere to the coverslips for 1-4h in a
humidified 37 °C incubator with 7% CO,. Coverslips were
rinsed with PBS and transferred to 24-well plates containing
the glial cells, neuron side down. Cytosine-(3-D-arabinoside
(5 .M) was added to the co-cultures ~24 h later to inhibit
division of non-neuronal cells. Co-cultures were maintained
by changing three-fourth of the media at 3-4 days in
culture.

2.4. Toxicity experimental design

AB42 was added to co-culture media at 6-8 days in vitro
(DIV), media at this point would have been ‘conditioned’ fora
minimum of 3 days. Individual well volumes were adjusted to
accommodate the treatment samples so that the final volumes
were equivalent. AR42 oligomers and fibrils were used at 5,
10, and 20 pM final concentrations. Endpoint determination
was at 24, 48, and 72 h following treatment. In experiments
examining AB42 toxic effects on neurons incubated with WT
glia versus no glia, neurons were harvested from the same
dissection and cultured under the same conditions until treat-
ment with AB42. Upon AB42 treatment, the coverslips with
neurons were transferred to a new 24-well plate. Conditioned
media from a parallel set of co-cultures was filter sterilized
and used to set up the AR42 treatment concentration in the
new 24-well plate. Toxicity studies were also performed with
24 h exposure to glutamate and staurosporine (Sigma). Stau-
rosporine was applied to cultures at concentrations of 0.003,
0.01, 0.03, 0.1, 0.3, and 1 pM, and glutamate was added at
concentrations of 0.005, 0.05, 0.5, 5, 50, and 500 wM. Appro-
priate vehicle controls were used in all experiments. Six to
eight separate experiments were performed with a minimum
of three replicates for each experiment.

2.5. Cell toxicity assays

Neurotoxicity was assessed by measuring ATP using a
ViaLight Plus kit (Cambrex). Cell lysis reagent (40% in
media) was applied directly to the neuron-containing cov-
erslips, after removal from co-culture dishes. Neuron lysate
was transferred to a 96-well plate and reactions were car-
ried out according to the manufacturer’s instructions. Results
are expressed as percent survival of AR42-treated cultures,
with vehicle-treated controls corresponding to 100% sur-
vival. Although neurotoxicity as assessed by MTT and ATP
assays for the present co-culture model are virtually identi-
cal [47], only the results from the ATP assay are reported
here to ensure that the report of direct effects of Af on the
MTT assay did not influence the assessment of neurotoxi-
city [44]. For both the ATP and MTT assays, a reduction
in metabolic activity is an indicator of cellular toxicity. The
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; Roche) assay colorimetrically measures conver-

sion of MTT into formazan through succinate dehydrogenase
activity in functional mitochondria [55]. The ATP assay uses
luciferase, which catalyzes the formation of light from ATP
and luciferin. The emitted light intensity is linearly related
to the ATP concentration. Selected results were further con-
firmed by propidium iodide staining for apoptotic nuclei, as
previously described (data not shown) [32]. For statistical
analysis, an unpaired Student’s 7-test with unequal variance
was used.

3. Results

3.1. Oligomeric AB42, but not fibrillar AB42 induced a
dose-dependent increase in neurotoxicity independent of
apoE genotype

In all apoE genotypes, oligomeric AB42 induced a sig-
nificant dose-dependent increase in neurotoxicity. Dose- and
time-dependent effects are shown in Fig. 1 comparing 24, 48
or 72 h treatment with 5, 10, or 20 wM oligomeric and fibril-
lar AB42 in co-cultures of WT neurons with glia from either
WT (Fig. 1A) or apoE-KO (Fig. 1B) mice. Based on these
time course data, Fig. 2 compares the effect of 48h treat-
ment with 5, 10, or 20 uM oligomeric and fibrillar AB342
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Fig. 1. Oligomeric AB42, but not fibrillar AB42, induced a dose- and time-
dependent increase in neurotoxicity in the presence of WT glia (A) and KO
glia (B). Cortical neurons from WT C57BL/6 mice were co-cultured with
glial (~95% astrocytes) cells from WT or apoE-KO mice. AB42 oligomers
or fibrils were added to cultures at 5 wM (H), 10 uM () and 20 pM (J) and
incubated for 24, 48, and 72 h. Results are expressed as percent survival of
AB42-treated cultures with vehicle-treated controls corresponding to 100%
survival. Neurotoxicity was assessed using the ATP assay as described in
Section 2. *Significant difference between oligomers and fibrils at equivalent
dose and time (p <0.05).



1142 A.M. Manelli et al. / Neurobiology of Aging 28 (2007) 1139-1147

m
N

QOligomers Fibrils

120
100
80 *#

60 5
40

20

Neuron survival (% control)

—
>

=

o

m
W

120
100
30 # i
60
40

20

Neuron survival (% control)

—
(v2]

-

o

oY

120

100

80

60 .

40

20

Neuron survival (% control) M

5 10 20 5 10 20
(©) AB42 (UM)

Fig. 2. Oligomeric AB42, but not fibrillar AB42, induced a dose-dependent
increase in neurotoxicity in the presence of apoE2-TR glia (A), apoE3-
TR glia (B) and apoE4-TR glia (C). Cortical neurons from WT C57Bl/6
mice were co-cultured with glia from apoE2-, E3-, or E4-TR mice and
exposed to 5uM (H), 10 uM (M), and 20 pM (O) AB42 oligomers or
fibrils for 48 h. Results are expressed as percent survival of AB42-treated
cultures with vehicle-treated controls corresponding to 100% survival. Neu-
rotoxicity was assessed using the ATP assay as described in Section 2.
*Significant difference between oligomers and fibrils at equivalent dose
(p<0.05). *Significant difference between E4 and E2 or E3 at equivalent
dose (p<0.05).

on co-cultures of neurons from WT mice with glia from
apoE2-TR (Fig. 2A), apoE3-TR (Fig. 2B) and apoE4-TR
(Fig. 2C) mice. Oligomeric AB42 induced a significant dose-
dependent increase in neurotoxicity in apoE2-TR, apoE3-TR,
and apoE4-TR glial co-cultures. Neurotoxicity was quan-
tified by measuring ATP levels as described in Section 2.
Results are expressed as means &= S.E.M. for percent change
from vehicle-treated control cultures for each dose and time
point.
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Fig. 3. AB42 oligomer-induced neurotoxicity is higher in the absence of
glia. WT cortical neurons either alone () or in co-culture with WT glia (H)
were treated with AB42 oligomers (5, 10, or 20 wM) for 48 h. *Significant
difference between presence and absence of glia (p <0.04).

3.2. AB42 oligomer-induced neurotoxicity is higher in
the absence of glia

Glia, under basal as well as activated states, have an
important paracrine role in regulating neural homeostasis.
To determine the trophic or toxic effects of glia in our acute
in vitro co-culture model, WT neurons were cultured with
or without WT glia. The effect of 48-h treatment with 5, 10,
or 20 uM oligomeric AB42 on WT neurons in the absence
of glia or the presence of WT glia is shown in Fig. 3. Neu-
rotoxicity was significantly increased in the absence of glia
compared to the presence of WT glia, an effect that was seen
at all AB42 concentrations (p <0.04).

3.3. Neurons co-cultured with apoE4-expressing glia
showed the highest oligomeric AB42-induced
neurotoxicity

Fig. 4 directly compares the effect of apoE and apoE iso-
form on oligomer-induced neurotoxicity. Co-cultures were
treated with 10 wM oligomeric AB42 for 48 h. Under these
conditions, oligomeric AB42 did not induce a significant
increase in neurotoxicity in co-cultures of WT neurons
with WT glia. Conversely, in the presence of apoE-KO glia
and apoE2-, apoE3-, and apoE4-TR glia, oligomeric Af342
caused significant neurotoxicity. Finally, the presence of glia
from apoE4-TR mice caused a significant increase in neu-
rotoxicity compared to co-cultures with glia from apoE-KO
and apoE2- and apoE3-TR mice.

3.4. ApoE genotype does not affect staurosporine or
glutamate neurotoxicity

We next determined whether the effect of apoE geno-
type on oligomeric AB42-induced neurotoxicity was specific
to AB42, or a general synergism with neurotoxic insult. In
dose—response studies with staurosporine, a general protein
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Fig. 4. Neurons co-cultured with apoE4-expressing glia showed the high-
est oligomeric AB42-induced neurotoxicity. Cortical neurons from WT
C57BL/6 mice were co-cultured with glia (~95% astrocytes) from WT (H),
apoE-KO (7 ), apoE2-TR (), apoE3-TR (M), or apoE4-TR () mice.
Oligomeric AB42 (10 pM) was added to cultures and incubated for 48 h.
Results are expressed as percent survival of AB42-treated cultures with
vehicle-treated controls corresponding to 100% survival. Neurotoxicity was
assessed using the ATP assay as described in Section 2. *Significant differ-
ence between WT and apoE-KO (p <0.04). ** Significant difference between
apoE-KO and apoE4 (p <0.04). *Significant difference between E4 and E2
or E3 (p<0.05).

kinase-C (PKC) inhibitor that results in apoptotic cell death,
we observed a dose-dependent (0.003—1 p.M) increase in neu-
rotoxicity after 24 h of treatment. No significant differences
in neurotoxicity were observed between neurons co-cultured
with apoE-WT, -KO, or human apoE2-, E3-, and E4-TR
glia (Fig. SA). Glutamate, a non-specific agonist for NMDA
receptors, induced dose-dependent (0.005-500 wM) excito-
toxicity measured at 24h (Fig. 5B). Again, no significant
differences were seen among the various apoE co-culture
pairings.

4. Discussion

One of the aims of the present study was to deter-
mine the effect of AB42 conformation on neurotoxicity.
Utilizing two distinct aggregation protocols developed in
our lab, we consistently generate homogenous preparations
of AB42 oligomers or fibrils [75]. These distinct assem-
blies are derived from chemically identical and structurally
homogeneous starting material and allow for well-controlled
comparative structure—function studies. In co-cultures of
WT neurons with glia expressing different apoE genotypes,
oligomeric APB42, but not fibrillar AB42, induced a dose-
dependent increase in neurotoxicity independent of apoE
genotype (Figs. 1 and 2). In addition, A342 oligomer-induced
neurotoxicity is higher in WT neurons cultured without glial
cells compared to co-cultures of WT neurons with WT glia
(Fig. 3). In these primary co-cultures, neurons are more resis-
tant to both oligomeric and fibrillar AB42-induced toxicity
compared to data from the Neuro-2A neuronal cell line. We
previously demonstrated in this cell line that treatment with
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Fig. 5. ApoE genotype does not affect glutamate-induced (A) or
staurosporine-induced (B) neurotoxicity. Neurotoxicity in WT mouse cor-
tical neurons following 24-h treatment with increasing concentrations of
(A) staurosporine, or (B) glutamate was assessed using the ATP assay as
described in Section 2. Neurons in co-culture with glia from WT (W), apoE-
KO (4), apoE2-TR (4), E3-TR (x), or E4-TR () mice.

oligomeric AB342 for 20 h resulted in significant neurotoxicity
at 10nM (20%), 50% toxicity at 100 nM, and >80% toxicity
at the maximal dose of 15 uM [9]. Fibrillar AB42-induced
toxicity in the Neuro-2A cells exhibited a dose-dependent
decrease in cell survival between 0.1 and 10.0 puM, with
50% toxicity at ~5 M. In the present culture model, 10 uM
oligomeric AB42 treatment for 48 h induced only 50% neuro-
toxicity in the absence of glia, the most vulnerable condition.
In co-cultures, fibrillar AB42 does not induce significant tox-
icity at the time and doses measured. While these differences
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in the neurotoxic response of Neuro-2A cells and primary
neuron:glia co-cultures could reflect differences in experi-
mental conditions, it is likely a result of the presence of glia
in the co-culture model. In vivo, glia play a supportive role
in neuronal homeostasis and in the present in vitro experi-
ments, acute low dose oligomeric AB42 neurotoxicity was
completely blocked by the presence of WT glia. This obser-
vation is a bit surprising as we have previously demonstrated
that glial cultures treated with oligomeric Ap42 for 24-72h
resulted in an increase in several inflammatory markers that
could potentially be toxic to neurons, including iNOS, NO,
TGFR, TNFa, and IL-1P [86]. However, the neurotrophic or
neurotoxic effects of glia likely result from the interaction of
a number of factors, particularly acute versus chronic treat-
ment, and results will vary with the in vitro or in vivo model
used. In the present co-culture model, the presence of glia
provides a protective effect from neurotoxicity induced by
acute treatment with oligomeric A342.

Compositional and structural differences in apoE vary
with the material source (purified, recombinant, cultured
astrocytes, CSF or plasma) and, like AB42, the conforma-
tion of apoE has been shown to result in functional het-
erogeneity in vitro [15,41,70]. We previously isolated and
characterized the unique apoE-containing lipoprotein par-
ticles secreted by cultured glial cells and in human CSF
[36]. As glia are the primary apoE-synthesizing cell type in
the brain [4,11,16,17,57,58,61,63,76], the endogenous apoE-
containing particles secreted by cultured glia are a physiolog-
ically relevant source for in vitro models of neural cell func-
tion. For these reasons, we co-cultured WT neurons with glia
expressing no apoE (apoE-KO), mouse apoE (WT), or human
apoE2, -E3, or -E4 from apoE-TR mice. Our results sup-
port the overall hypothesis that apoE4 potentiates oligomeric
AB42-induced neurotoxicity and demonstrate both a loss of
positive function for apoE (comparing neurotoxicity in co-
cultures with WT apoE glia versus apoE-KO glia) and a gain
of negative function for apoE4 (comparing neurotoxicity in
co-cultures with apoE-KO glia versus apoE4 glia) (Fig. 4).
ApoE isoform effects appear specific for AR42-mediated
neurotoxicity, as neurotoxicity induced by treatment with
staurosporine and glutamate showed no apoE isoform effect.
While our previous studies and those from other investigators
have demonstrated that apoE inhibits A-induced neurotoxi-
city [32,45,54,87], the exact conformational species of AR342
mediating these effects was not known, nor addressed, and
likely contained a mixture of oligomeric, globular, fibrillar,
and aggregated fibrillar assemblies [75]. In the present study,
the neurotoxic effects of homogenous conformational species
of AB42 were studied together with the regulatory role of
glial-derived human apoE.

In terms of apoE isoform-specific modulation of
oligomeric AP42-induced effects on neuronal viability, we
have previously demonstrated that oligomeric AB42 and
apoE4 act synergistically to impair LTP in vitro [84]. The key
findings in the present study are a similar synergy between
oligomeric AB42 and apoE4 on neurotoxicity in vitro. Sev-

eral factors could contribute to the apoE isoform-dependent
regulatory effects on oligomeric AB42-induced neurotoxic-
ity. (1) In regard to apoE:AB42 complex formation, it has
been established that in vitro AB42 has a greater affinity for
apoE?2 and apoE3 than for apoE4 [35,37,38,77,83]. In addi-
tion, the amount of SDS-stable apoE:AB42 complex forma-
tion is apoE3:oligomers > apoE3:fibrils > apoE4:oligomers >
apoE4:fibrils [46]. These results are consistent with the
hypothesis that apoE3 preferentially binds oligomers, the
toxic species of AB42, and inhibits their toxicity likely
through interactions with apoE receptors, either increasing
clearance or altering signaling. Evidence for the latter is
that apoE:AB42 complexes have been shown to differentially
modulate cell-death pathways [5,13,42,59,89]. (2) ApoE iso-
forms differentially alter synthesis, clearance and neurotoxic-
ity of administered oligomers and fibrils. As discussed above,
apoE:AB42 complexes could alter apoE receptor binding
and subsequent clearance, intracellular AB42 deposition, or
cellular signaling of AB42 in an isoform- and conformation-
dependent manner [10,15,22,35,41,46,64,65,69,70]. The role
of apoE in intraneuronal A3 accumulation is also suggested
by several in vitro studies using smooth muscle cells (SMC).
ApoE and A co-localize in SMC from both brain vessels in
amyloid affected brains and in vitro following acute incu-
bation with AR [49,50,85]. In addition, apoE4 increased
intracellular AB accumulation in SMC [52,53], an effect
potentiated by TGFB1 [51]. Exogenous apoE has also been
shown to reduce AP42 levels by 20-30% in conditioned
media primarily by altered synthesis and, to a lesser extent,
via clearance and/or degradation of AB42 [30]. In vitro, sev-
eral recent studies have demonstrated that apoE2 and E3 but
not E4 protect neurons against cell death induced by non-
fibrillar AB42 with no effect on fibrillar-induced toxicity
[13,48]. We have also demonstrated that oligomeric Af42-
induced neurotoxicity is significantly greater in Neuro-2A
cells treated with exogenous apoE4 [48]. Recently, apoE4-
dependent increases in A42 levels have been demonstrated
both in vitro [90] and in vivo [12]. (3) Another potentially
relevant hypothesis is that the &4 allele may be associated
with lower apoE levels in vitro [68] and in vivo [71]. Low-
ered apoE levels in culture may not be adequate to facili-
tate clearance/degradation of administered AB42, resulting
in the apoE4-mediated potentiation of neurotoxic effects.
Alternatively, we have recently demonstrated that apoE3 and
apoE4 recycle differently, and apoE4 can traffic into late
endocytic compartments where it may promote intracellular
AB42 accumulation and toxicity in neurons [41]. Previous
characterization of the apoE-TR mice demonstrate compara-
ble basal levels of expression of apoE2, apoE3 and apoE4,
both in vivo and in vitro [10,78,79]. Although not measured
in the present study, it is possible that oligomeric AB42
induced isoform-specific changes in apoE expression. (4)
AB42-induced release of pro- and anti-inflammatory factors
from glial cells [21,82] could also have an effect on neuro-
toxicity in co-cultures. We have previously demonstrated that
apoE receptors are necessary for apoE3-mediated protection
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against AB-induced, glial-mediated inflammation [25,39,40]
and that oligomeric APB42 induces a greater inflammatory
effect than fibrillar AB42 in vitro [86]. Here, we demonstrate
in vitro a general protective role for glia in acute oligomeric
AP42-induced neurotoxicity, an effect further modulated by
the apoE genotype of the glial cell.

Collectively, the data from the present investigation pro-
vides evidence for a gain of negative function for apoE4,
synergistic with oligomeric AB42 in mediating neurotoxic-
ity. It will be of interest to delineate the cellular and molecular
basis for apoE4-dependent regulation of oligomeric AR42-
mediated neurotoxicity using this co-culture model.

Acknowledgements

The authors would like to thank Francesca Davis, Lisa
Jungbauer, and Daxa Patel for assistance in the preparation
of this manuscript. This work was supported by NIH/NIA
RO1 AG19121 and PO1 AG021184, Project 3 (MJLD).

References

[1] Arriagada PV, Marzloff K, Hyman BT. Distribution of Alzheimer-
type pathologic changes in nondemented elderly individuals matches
the pattern in Alzheimer’s disease. Neurology 1992;42(9):1681-
8.

[2] Banker G, Goslin K. Culturing nerve cells, vol. xiii. Cambridge, MA:
MIT Press; 1991. p. 453.

[3] Bowman BH, Jansen L, Yang F, Adrian GS, Zhao M, Atherton SS, et
al. Discovery of a brain promoter from the human transferrin gene and
its utilization for development of transgenic mice that express human
apolipoprotein E alleles. Proc Natl Acad Sci USA 1995;92:12115-9.

[4] Boyles JK, Pitas RE, Wilson E, Mahley RW, Taylor JM. Apolipoprotein
E associated with astrocytic glia of the central nervous system and with
nonmyelinating glia of the peripheral nervous system. J Clin Invest
1985;76:1501-13.

[5] Butterfield DA. Amyloid beta-peptide (1-42)-induced oxidative stress
and neurotoxicity, implications for neurodegeneration in Alzheimer’s
disease brain. A review. Free Radic Res 2002;36(12):1307-13.

[6] Buttini M, Orth M, Bellosta S, Akeefe H, Pitas RE, Wyss-Coray T,

et al. Expression of human apolipoprotein E3 or E4 in the brains of

ApoE—/— mice, isoform-specific effects on neurodegeneration. J Neu-

rosci 1999;19(12):4867-80.

Corder EH, Saunder SM, Risch NJ, Strittmatter WJ, Schmechel

DE, Gaskell Jr PC, et al. Protective effect of apolipoprotein E type

2 allele for late onset Alzheimer disease. Nat Genet 1994;7:180-

4.

[8] Cummings BJ, Cotman CW. Image analysis of beta-amyloid load

in Alzheimer’s disease and relation to dementia severity. Lancet

1995;346(8989):1524-8.

Dahlgren KN, Manelli AM, Stine Jr WB, Baker LK, Krafft GA, LaDu

MIJ. Oligomeric and fibrillar species of amyloid-beta peptides differen-

tially affect neuronal viability. J Biol Chem 2002;277(35):32046-53.

[10] DeMattos RB, Brendza RP, Heuser JE, Kierson M, Cirrito JR, FryerJ, et
al. Purification and characterization of astrocyte-secreted apolipopro-
tein E and J-containing lipoproteins from wild-type and human apoE
transgenic mice. Neurochem Int 2001;39(5-6):415-25.

[11] Diedrich JF, Minnigan H, Carp RI, Whitaker JN, Race R, Frey W, et
al. Neuropathological changes in scrapie and Alzheimer’s disease are
associated with increased expression of apolipoprotein E and cathepsin
D in astrocytes. J Virol 1991;65:4759—-68.

[7

—

[9

—

[12] Dodart JC, Marr RA, Koistinaho M, Gregersen BM, Malkani S, Verma
IM, et al. Gene delivery of human apolipoprotein E alters brain Abeta
burden in a mouse model of Alzheimer’s disease. Proc Natl Acad Sci
USA 2005;102(4):1211-6.

[13] Drouet B, Fifre A, Pincon-Raymond M, Vandekerckhove J, Rosseneu
M, Gueant JL, et al. ApoE protects cortical neurones against neurotoxi-
city induced by the non-fibrillar C-terminal domain of the amyloid-beta
peptide. J Neurochem 2001;76(1):117-27.

[14] Forloni G, Lucca E, Angeretti N, Della Torre P, Salmona M.
Amidation of beta-amyloid peptide strongly reduced the amyloido-
genic activity without alteration of the neurotoxicity. J Neurochem
1997;69(5):2048-54.

[15] Fryer JD, Demattos RB, McCormick LM, O’Dell MA, Spinner ML,
Bales KR, et al. The low density lipoprotein receptor regulates the level
of central nervous system human and murine apolipoprotein E but does
not modify amyloid plaque pathology in PDAPP mice. J Biol Chem
2005;280(27):25754-9.

[16] Fujita SC, Sakuta K, Tsuchiya R, Hamanaka H. Apolipoprotein E is
found in astrocytes but not in microglia in the normal mouse brain.
Neurosci Res 1999;35(2):123-33.

[17] Gearing M, Rebeck GW, Hyman BT, Tigges J, Mirra SS. Neu-
ropathology and apolipoprotein E profile of aged chimpanzees, impli-
cations for Alzheimer disease. Proc Natl Acad Sci USA 1994;91(20):
9382-6.

[18] Golde TE. Alzheimer disease therapy, can the amyloid cascade be
halted? J Clin Invest 2003;111(1):11-8.

[19] Grehan S, Tse E, Taylor JM. Two distal downstream enhancers direct
expression of the human apolipoprotein E gene to astrocytes in the
brain. J Neurosci 2001;21(3):812-22.

[20] Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s dis-
ease, progress and problems on the road to therapeutics. Science
2002;297(5580):353-6.

[21] Harris FM, Tesseur I, Brecht WJ, Xu Q, Mullendorff K, Chang
S, et al. Astroglial regulation of apolipoprotein E expression in
neuronal cells. Implications for Alzheimer’s disease. J Biol Chem
2004;279(5):3862-8.

[22] Hoe HS, Harris DC, Rebeck GW. Multiple pathways of apolipoprotein
E signaling in primary neurons. J Neurochem 2005;93(1):145-55.

[23] Hsia AY, Masliah E, McConlogue L, Yu GQ, Tatsuno G, Hu K, et al.
Plaque-independent disruption of neural circuits in Alzheimer’s disease
mouse models. Proc Natl Acad Sci USA 1999;96(6):3228-33.

[24] Hu J, Castets F, Guevara JL, Van Eldik LJ. S100 stimulates inducible
nitric oxide synthase activity and mRNA levels in rat cortical astrocytes.
J Biol Chem 1996;271:2543-17.

[25] Hu J, LaDu MIJ, Van Eldik LJ. Apolipoprotein E atten-
uates beta-amyloid-induced astrocyte activation. J Neurochem
1998;71(4):1626-34.

[26] Hu J, Van Eldik LJ. S100 beta induces apoptotic cell death in cultured
astrocytes via a nitric oxide-dependent pathway. Biochim Biophys Acta
1996;1313(3):239-45.

[27] Huber G, Marz W, Martin JR, Malherbe P, Richards JG, Sueoka
N, et al. Characterization of transgenic mice expressing apolipopro-
tein E4(C112R) and apolipoprotein E4(L28P; C112R). Neuroscience
2000;101(1):211-8.

[28] Innerarity T, Hui D, Bersot T, Mahley RW. Type III hyperlipoproteine-
mia: a focus on lipoprotein receptor-apolipoprotein E2 interactions.
Adv Exp Med Biol 1986;201:273-88.

[29] Innerarity TL, Mahley RW. Enhanced binding by cultured human
fibroblasts of apo-E-containing lipoproteins as compared with low den-
sity lipoproteins. Biochemistry 1978;17(8):1440-7.

[30] Irizarry MC, Deng A, Lleo A, Berezovska O, Von Arnim CA,
Martin-Rehrmann M, et al. Apolipoprotein E modulates gamma-
secretase cleavage of the amyloid precursor protein. J Neurochem
2004;90(5):1132-43.

[31] Irizarry MC, Soriano F, McNamara M, Page KJ, Schenk D, Games
D, et al. AR deposition is associated with neuropil changes, but
not with overt neuronal loss in the human amyloid precursor pro-



1146 A.M. Manelli et al. / Neurobiology of Aging 28 (2007) 1139-1147

tein V717F (PDAPP) transgenic mouse. J Neurosci 1997;17:7053—
9.

[32] Jordan J, Galindo MF, Miller RJ, Reardon CA, Getz GS, LaDu MJ.
Isoform-specific effect of apolipoprotein E on cell survival and beta-
amyloid-induced toxicity in rat hippocampal pyramidal neuronal cul-
tures. J Neurosci 1998;18(1):195-204.

[33] Klein WL, Krafft GA, Finch CE. Targeting small Abeta oligomers,
the solution to an Alzheimer’s disease conundrum? Trends Neurosci
2001;24(4):219-24.

[34] Krieger M, Herz J. Structures and functions of multiligand lipoprotein
receptors, macrophage scavenger receptors and LDL receptor-related
protein (LRP). Annu Rev Biochem 1994;63:601-37.

[35] LaDu MJ, Falduto MT, Manelli AM, Reardon CA, Getz GS, Frail DE.
Isoform-specific binding of apolipoprotein E to 3-amyloid. J Biol Chem
1994;269:23404-6.

[36] LaDu M]J, Gilligan SM, Lukens SR, Cabana VG, Reardon CA, Van
Eldik LJ, et al. Nascent astrocyte particles differ from lipoproteins in
CSF. J Neurochem 1998;70:2070-81.

[37] LaDu MJ, Lukens JR, Reardon CA, Getz GS. Association of human,
rat, and rabbit apolipoprotein E with beta-amyloid. J Neurosci Res
1997;49(1):9-18.

[38] LaDu MI, Pederson TM, Frail DE, Reardon CA, Getz GS, Falduto MT.
Purification of apolipoprotein E attenuates isoform-specific binding to
B-amyloid. J Biol Chem 1995;270:9030-42.

[39] LaDu MJ, Shah JA, Reardon CA, Getz GS, Bu G, Hu J, et
al. Apolipoprotein E and apolipoprotein E receptors modulate A
beta-induced glial neuroinflammatory responses. Neurochem Int
2001;39(5-6):427-34.

[40] LaDu MJ, Shah JA, Reardon CA, Getz GS, Bu G, Hu J, et al.
Apolipoprotein E receptors mediate the effects of beta-amyloid on
astrocyte cultures. J Biol Chem 2000;275(43):33974-80.

[41] Ladu M1J, Stine Jr WB, Narita M, Getz GS, Reardon CA, Bu G.
Self-assembly of HEK cell-secreted ApoE particles resembles ApoE
enrichment of lipoproteins as a ligand for the LDL receptor-related
protein. Biochemistry 2006;45(2):381-90.

[42] Lauderback CM, Kanski J, Hackett JM, Maeda N, Kindy MS, But-
terfield DA. Apolipoprotein E modulates Alzheimer’s Abeta(1-42)-
induced oxidative damage to synaptosomes in an allele-specific manner.
Brain Res 2002;924(1):90-7.

[43] Levison SW, McCarthy KD. Characterization and partial purification
of AIM, a plasma protein that induces rat cerebral type 2 astroglia
from bipotential glial progenitors. J Neurochem 1991;57(3):782—
94.

[44] Liu Y, Schubert D. Cytotoxic amyloid peptides inhibit cellular
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)
reduction by enhancing MTT formazan exocytosis. J Neurochem
1997;69(6):2285-93.

[45] MalJ, Brewer Jr HB, Potter H. Alzheimer A beta neurotoxicity: promo-
tion by antichymotrypsin, ApoE4; inhibition by A beta-related peptides.
Neurobiol Aging 1996;17(5):773-80.

[46] Manelli AM, Stine WB, Van Eldik LJ, LaDu MJ. ApoE and Abetal—-42
interactions, effects of isoform and conformation on structure and func-
tion. J Mol Neurosci 2004;23(3):235-46.

[47] Manelli AM, Sullivan PM, LaDu MJ. Amyloid-betal-42 induced neu-
rotoxicity in cells co-cultured with glia from apoE targeted replacement
mice. Program No. 407.18; 2003.

[48] Manelli AM, Sullivan PM, LaDu MIJ. Effect of Abeta structure and
human apoE isoform on primary co-cultures of neurons and glia. Pro-
gram No. 442.2; 2004.

[49] Mazur-Kolecka B, Frackowiak J, Carroll RT, Wisniewski HM. Accu-
mulation of Alzheimer amyloid-beta peptide in cultured myocytes is
enhanced by serum and reduced by cerebrospinal fluid. J Neuropathol
Exp Neurol 1997;56(3):263-72.

[50] Mazur-Kolecka B, Frackowiak J, Krzeslowska J, Ramakrishna N,
Haske T, Emmerling MR, et al. Apolipoprotein E alters metabolism
of AbetaPP in cells engaged in beta-amyloidosis. J Neuropathol Exp
Neurol 1999;58(3):288-95.

[51] Mazur-Kolecka B, Frackowiak J, Le Vine III H, Haske T, Evans
L, Sukontasup T, et al. TGFbetal enhances formation of cellu-
lar Abeta/apoE deposits in vascular myocytes. Neurobiol Aging
2003;24(2):355-64.

[52] Mazur-Kolecka B, Frackowiak J, Wisniewski HM. Apolipoproteins
E3 and E4 induce, and transthyretin prevents accumulation of the
Alzheimer’s beta-amyloid peptide in cultured vascular smooth mus-
cle cells. Brain Res 1995;698(1-2):217-22.

[53] Mazur-Kolecka B, Kowal D, Sukontasup T, Dickson D, Frackowiak J.
The effect of oxidative stress on accumulation of apolipoprotein E3 and
E4 in a cell culture model of beta-amyloid angiopathy (CAA). Brain
Res 2003;983(1-2):48-57.

[54] MiyataM, SmithJD. Apolipoprotein E allele-specific antioxidant activ-
ity and effects on cytotoxicity by oxidative insults and beta-amyloid
peptides. Nat Genet 1996;14(1):55-61.

[55] Mosmann T. Rapid colorimetric assay for cellular growth and survival,
application to proliferation and cytotoxicity assays. J Immunol Meth
1983;65(1-2):55-63.

[56] Mucke L, Masliah E, Yu GQ, Mallory M, Rockenstein EM, Tatsuno G,
et al. High-level neuronal expression of abeta 1-42 in wild-type human
amyloid protein precursor transgenic mice, synaptotoxicity without
plaque formation. J Neurosci 2000;20(11):4050-8.

[57] Mufson EJ, Benzing WC, Cole GM, Wang H, Emerich DF, Sladek
Jr JR, et al. Apolipoprotein E-immunoreactivity in aged rhesus mon-
key cortex, colocalization with amyloid plaques. Neurobiol Aging
1994;15(5):621-7.

[58] Nakai M, Kawamata T, Maeda K, Tanaka C. Expression of apoE mRNA
in rat microglia. Neurosci Lett 1996;211:41-4.

[59] Nunomura A, Perry G, Aliev G, Hirai K, Takeda A, Balraj EK, et al.
Oxidative damage is the earliest event in Alzheimer disease. J Neu-
ropathol Exp Neurol 2001;60(8):759-67.

[60] Piedrahita JA, Zhang SH, Hagaman JR, Oliver PM, Maeda N. Gen-
eration of mice carrying a mutant apolipoprotein E gene inactivated
by gene targeting in embryonic stem cells. Proc Natl Acad Sci USA
1992;89:4471-5.

[61] Pitas RE, Boyles JK, Lee SH, Foss D, Mahley RW. Astrocytes syn-
thesize apolipoprotein E and metabolize apolipoprotein E-containing
lipoproteins. Biochim Biophys Acta 1987;917:148-61.

[62] Plump AS, Smith JD, Hayek T, Aalto-Setala K, Walsh A, Verstuyft JG,
etal. Severe hypercholesterolemia and atherosclerosis in apolipoprotein
E-deficient mice created by homologous recombination in ES cells. Cell
1992;71(2):343-53.

[63] Poirier J, Hess M, May PC, Finch CE. Astrocytic apolipoprotein E
mRNA and GFAP mRNA in hippocampus after entorhinal cortex
lesioning. Mol Brain Res 1991;11:97-106.

[64] Qiu Z, Crutcher KA, Hyman BT, Rebeck GW. ApoE isoforms
affect neuronal N-methyl-D-aspartate calcium responses and toxic-
ity via receptor-mediated processes. Neuroscience 2003;122(2):291—
303.

[65] Qiu Z, Hyman BT, Rebeck GW. Apolipoprotein E receptors mediate
neurite outgrowth through activation of p44/42 mitogen-activated pro-
tein kinase in primary neurons. J Biol Chem 2004;279(33):34948-56.

[66] RaberJ, Wong D, Buttini M, Orth M, Bellosta S, Pitas RE, et al. Isoform-
specific effects of human apolipoprotein E on brain function revealed
in ApoE knockout mice, increased susceptibility of females. Proc Natl
Acad Sci USA 1998;95(18):10914-9.

[67] Raber J, Wong D, Yu GQ, Buttini M, Mahley RW, Pitas
RE, et al. Apolipoprotein E and cognitive performance. Nature
2000;404(6776):352-4.

[68] Ramaswamy G, Xu Q, Huang Y, Weisgraber KH. Effect of domain
interaction on apolipoprotein E levels in mouse brain. J Neurosci
2005;25(46):10658-63.

[69] Rebeck GW, Reiter JS, Strickland DK, Hyman BT. Apolipoprotein E
in sporadic Alzheimer’s disease, allelic variation and receptor interac-
tions. Neuron 1993;11(4):575-80.

[70] Ruiz J, Kouiavskaia D, Migliorini M, Robinson S, Saenko EL, Gorla-
tova N, et al. Characterization of the apoE isoform binding properties of



A.M. Manelli et al. / Neurobiology of Aging 28 (2007) 1139-1147 1147

the VLDL receptor reveal marked differences from LRP and the LDL
receptor. J Lipid Res 2005.

[71] Schiele F, De Bacquer D, Vincent-Viry M, Beisiegel U, Ehnholm C,
Evans A, et al. Apolipoprotein E serum concentration and polymor-
phism in six European countries, the ApoEurope Project. Atheroscle-
rosis 2000;152(2):475-88.

[72] Selkoe DJ. Alzheimer’s disease is a synaptic failure. Science
2002;298(5594):789-91.

[73] Selkoe DJ, Podlisny MB. Deciphering the genetic basis of Alzheimer’s
disease. Annu Rev Genomics Hum Genet 2002;6:6.

[74] Smith JD, Sikes J, Levin JA. Human apolipoprotein E allele-
specific brain expressing transgenic mice. Neurobiol Aging
1998;19(5):407-13.

[75] Stine Jr WB, Dahlgren KN, Krafft GK, LaDu MJ. In vitro charac-
terization of conditions for amyloid-beta peptide oligomerization and
fibrillogenesis. J Biol Chem 2003;278:11612-22.

[76] Stone DJ, Rozovsky I, Morgan TE, Anderson CP, Hajian H, Finch
CE. Astrocytes and microglia respond to estrogen with increased
apoE mRNA in vivo and in vitro. Exp Neurol 1997;143:313—
8.

[77] Stratman NC, Castle CK, Taylor BM, Epps DE, Melchior GW, Carter
DB. Isoform-specific interactions of human apolipoprotein E to an
intermediate conformation of human Alzheimer amyloid-beta peptide.
Chem Phys Lipids 2005;137(1-2):52-61.

[78] Sullivan PM, Mace BE, Maeda N, Schmechel DE. Marked regional
differences of brain human apolipoprotein E expression in targeted
replacement mice. Neuroscience 2004;124(4):725-33.

[79] Sullivan PM, Mezdour H, Aratani Y, Knouff C, Najib J, Reddick
RL, et al. Targeted replacement of the mouse apolipoprotein E gene
with the common human APOE3 allele enhances diet-induced hyper-
cholesterolemia and atherosclerosis. J Biol Chem 1997;272:17972—-
80.

[80] SunY, Wu S, Bu G, Onifade MK, Patel SN, LaDu MJ, et al. GFAP-apoE
transgenic mice: astrocyte specific expression and differing biological
effects of astrocyte-secreted apoE3 and apoE4 lipoproteins. J Neurosci
1998;18:3261-72.

[81] Tesseur I, Van Dorpe J, Bruynseels K, Bronfman F, Sciot R, Van Lom-
mel A, et al. Prominent axonopathy and disruption of axonal transport
in transgenic mice expressing human apolipoprotein E4 in neurons of
brain and spinal cord. Am J Pathol 2000;157(5):1495-510.

[82] Teter B. ApoE-dependent plasticity in Alzheimer’s disease. J Mol Neu-
rosci 2004;23(3):167-80.

[83] Tokuda T, Calero M, Matsubara E, Vidal R, Kumar A, Permanne B, et al.
Lipidation of apolipoprotein E influences its isoform-specific interac-
tion with Alzheimer’s amyloid B-peptide. Biochem J 2000;348:359-65.

[84] Trommer BL, Shah C, Yun SH, Gamkrelidze G, Pasternak ES, Blaine
Stine W, et al. ApoE isoform-specific effects on LTP, blockade by
oligomeric amyloid-betal—42. Neurobiol Dis 2005;18(1):75-82.

[85] Urmoneit B, Prikulis I, Wihl G, D’Urso D, Frank R, Heeren J, et al.
Cerebrovascular smooth muscle cells internalize Alzheimer amyloid
beta protein via a lipoprotein pathway, implications for cerebral amy-
loid angiopathy. Lab Invest 1997;77(2):157-66.

[86] White JA, Manelli AM, Holmberg KH, Van Eldik LJ, LaDu MIJ.
Differential effects of oligomeric and fibrillar amyloid-betal-42 on
astrocyte-mediated inflammation. Neurobiol Dis 2005;18(3):459-65.

[87] Whitson JS, Mims MP, Strittmatter WJ, Yamaki T, Morrisett JD,
Appel SH. Attenuation of the neurotoxic effect of A beta amy-
loid peptide by apolipoprotein E. Biochem Biophys Res Commun
1994;199(1):163-70.

[88] Xu P-T, Schmechel D, Rothrock-Christian T, Burkhart DS, Qiu H-L,
Popko B, et al. Human apolipoprotein E2, E3, and E4 isoform-specific
transgenic mice, human-like pattern of glial and neuronal immunore-
activity in central nervous system not observed in wild-type mice.
Neurobiol Dis 1996;3:229-45.

[89] Yao J, Petanceska SS, Montine TJ, Holtzman DM, Schmidt SD, Parker
CA, et al. Aging, gender and APOE isotype modulate metabolism
of Alzheimer’s Abeta peptides and F-isoprostanes in the absence of
detectable amyloid deposits. J] Neurochem 2004;90(4):1011-8.

[90] Ye S, Huang Y, Mullendorff K, Dong L, Giedt G, Meng EC, et al.
Apolipoprotein (apo) E4 enhances amyloid {beta} peptide production
in cultured neuronal cells: apoE structure as a potential therapeutic
target. Proc Natl Acad Sci USA 2005.



	Abeta42 neurotoxicity in primary co-cultures: Effect of apoE isoform and Abeta conformation
	Introduction
	Materials and methods
	Peptide
	Animals
	Neuron:glia primary co-cultures
	Toxicity experimental design
	Cell toxicity assays

	Results
	Oligomeric Abeta42, but not fibrillar Abeta42 induced a dose-dependent increase in neurotoxicity independent of apoE genotype
	Abeta42 oligomer-induced neurotoxicity is higher in the absence of glia
	Neurons co-cultured with apoE4-expressing glia showed the highest oligomeric Abeta42-induced neurotoxicity
	ApoE genotype does not affect staurosporine or glutamate neurotoxicity

	Discussion
	Acknowledgements
	References


