
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The aggregation state of β-amyloid in Alzheimer’s Disease

Chafekar, S.M.

Publication date
2008

Link to publication

Citation for published version (APA):
Chafekar, S. M. (2008). The aggregation state of β-amyloid in Alzheimer’s Disease. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-aggregation-state-of-amyloid-in-alzheimers-disease(8010c68b-8bb9-44c8-b2fe-84b4659c9f10).html


 

 

 
 

 
 

CHAPTER 4 

 
 
 
 
Increased A�1-42 production sensitizes neuroblastoma 

cells for ER stress toxicity 
 

(Submitted) 
 
 
 
 
 
 
 
 
Sidhartha M. Chafekar1, Rob Zwart1, Rob Veerhuis3, Hugo Vanderstichele4, Frank 
Baas1,2 and Wiep Scheper1,2  
 
1Neurogenetics Laboratory and 2Department of Neurology, Academic Medical 
Center, University of Amsterdam, Amsterdam, The Netherlands. 
3Department of Clinical Chemistry, VU university medical center, Amsterdam, 
The Netherlands. 
4Innogenetics, Technologiepark 6 9052, Gent, Belgium 



Increased A�1-42 production sensitizes neuroblastoma cells for ER stress toxicity 

76 

Abstract 
Alzheimer’s disease (AD) is characterized by the aggregation and subsequent 
deposition of misfolded �-amyloid (A�) peptide. The unfolded protein response 
(UPR) is activated by misfolded protein stress in the endoplasmic reticulum (ER). 
In previous studies we demonstrated mild activation of the UPR by extracellularly 
applied oligomeric but not fibrillar A�1-42. In addition, we showed that oligomeric 
A�1-42 is internalized by cells, whereas fibrillar A�1-42 remains on the outside of the 
cell. Inhibition of A� uptake specifically inhibits toxicity of A�1-42 oligomers, 
underscoring the importance of intracellular A�. Therefore, in the present study, 
we investigated the connection between intracellularly produced A� and the ER 
stress response, using human neuroblastoma cells overexpressing either wild type 
APP695 (APPwt) or APP695V717F (APPmut). Both cell lines secrete higher levels 
of A�1-40 and A�1-42 compared to the parental line. In addition, APPmut produces 
more A�1-42 than APPwt. Whereas the basal levels of UPR markers are not 
different, we find augmented UPR induction in response to ER stress in both APP 
overproducing cell lines compared to the parental cell line, with the strongest UPR 
activation in APPmut cells.  In addition, we find increased ER stress toxicity in 
APPmut cells. The difference in ER stress mediated toxicity between the APPwt 
and APPmut cell lines is alleviated by pretreatment with �-secretase inhibitor, 
indicating that it is dependent on A� production. Our data indicate that increased 
A�1-42 production sensitizes cells for ER stress toxicity in neuroblastoma cells. 
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Introduction 
One of the most prominent neuropathological hallmarks in brains of Alzheimer’s 
disease (AD) patients is the deposition of senile plaques. These plaques are 
extracellular lesions primarily composed of aggregated �-amyloid peptide (A�). 
Genetic and neuropathological studies provide strong evidence for a central role of 
A� in the pathogenesis of AD (3,132,288,313).  
A� is generated by sequential secretase cleavages from the larger Amyloid 
Precursor Protein (APP), a highly conserved and ubiquitously expressed 
transmembrane protein. APP is cleaved first by �-secretase at the N-terminus of 
the A� sequence, generating CTF� consisting of 99 amino acids, followed by �-
secretase cleavage releasing the A� peptide. The cleavage by �-secretase releases 
A� peptides of different sizes, with A�1-40 and A�1-42 being the most common forms 
(3,96,286). In familial forms of AD (FAD) mutations in APP and the presenilins 
change the processing of APP such that the A�1-42/A�1-40 ratio increases. A�1-42 was 
shown to aggregate more readily than A�1-40 in vitro (99), which may explain why 
subtle changes in the A�1-42/1-40 ratio induce AD pathology. Transgenic mice that 
express high levels of A�1-42 in the absence of APP overexpression, show massive 
amyloid pathology, in contrast to transgenic A�1-40 mice (215). These experiments 
underscore the importance of A�1-42 in amyloid deposition, and it was suggested 
that A�1-42 is required as a “seed” for further aggregation of A� in vivo.  
Extracellular deposition of A� has long been considered as the major contributor to 
neurodegeneration in AD. However, there is accumulating evidence from post-
mortem AD and transgenic mouse brains demonstrating the presence of A� within 
neurons (as reviewed in (283)). A� is produced intracellularly in a variety of 
subcellular compartments, including the endoplasmic reticulum (ER), trans-Golgi 
network and the endo-lysosomal system (90,103,184,280,358,360). A� in 
aggregated form has been found intracellularly as well, indicating that A� 
aggregation can occur inside the cell (266). The importance of intracellular A� is 
illustrated in a triple transgenic AD mouse model (3xTg) (15). In these mice, 
deficits in synaptic plasticity, learning, and memory  become manifest before 
plaques are formed and appear to be induced by the buildup of intraneuronal A� 
(15,242,243). A modified amyloid cascade hypothesis has been formulated, 
emphasizing the role of intraneuronal A� as the key factor in AD pathogenesis 
prior to extracellular A� deposition (353). It is unkown whether intraneuronal A�  
originates from retention and subsequent aggregation of intracellularly generated 
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A� or from re-uptake of extracellular A�. 
The A� peptide may confer toxicity via different molecular mechanisms (121), one 
of which is the ER stress response. Accumulation of aggregation-prone proteins in 
the endoplasmic reticulum (ER) triggers a cellular stress response called the 
unfolded protein response (UPR) (74,274). Under normal cellular homeostasis, the 
ER chaperone BiP (or GRP78) is bound to three sensor proteins at the ER 
membrane. When the UPR is initiated BiP dissociates from the sensors and these 
three proteins and their downstream pathways are subsequently activated: 1) The 
ER membrane kinase PERK is autophosphorylated, resulting in the 
phosphorylation of the translation factor eIF2�. This leads to translational 
attenuation to prevent the further accumulation of proteins in the ER. 2) The 
transcription factor ATF-6, is processed and then translocates to the nucleus and 
induces transcription of multiple genes involved in protein folding and 
degradation. 3) The endonuclease IRE1 is autophosphorylated, resulting in splicing 
of the mRNA encoding the transcription factor XBP-1, which activates the 
expression of several genes including components of the ER associated 
degradation machinery. During prolonged ER stress the apoptotic arm of the UPR 
is activated. This involves activation of the Jun kinase pathway (323) or the C/EBP 
homologous transcription factor CHOP/GADD153 (369), as well as ER stress-
specific caspases (119,226).  
We have previously shown upregulation of the UPR markers BiP and 
phosphorylated PERK in neurons in the brain of AD patients. In the temporal 
cortex activation of the UPR is observed from Braak stage 3, indicating that it is an 
early phenomenon in the pathology of AD (124).  Activation of the UPR is found 
in non-tangle bearing neurons, suggesting that it precedes tangle formation and 
might be connected with earlier pathogenic events, like A�. In vitro studies 
indicate that A� toxicity involves the ER stress response. Knock-down of BiP 
increases cell death induced by A�25-35 in rat hippocampal neurons (305,365), 
indicating that  the ER chaperone BiP may protect against A� toxicity. A� appears 
to activate ER-stress specific caspases, since A� induced cytotoxicity is reduced in 
caspase-12 deficient cortical mouse neurons (226). Caspase 4, the human 
homologue of caspase-12, is also activated by A� (119). Together, these findings 
point towards a role for ER stress in the cellular response to A�. The first direct 
connection between A� and ER stress comes from our recent study demonstrating 
moderate induction of ER stress by oligomeric A�1-42 (36) (chapter 2). In addition, 
we showed that oligomers are selectively internalized by neuronal cells (Chafekar 
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et al. 2007, submitted, chapter 3). Inhibition of uptake specifically inhibits toxicity 
of A�1-42 oligomers, underscoring the importance of intracellular A�. Therefore, in 
the present study, we investigated the interaction of intracellularly produced A� 
with the ER stress response. 
 
Materials and Methods  
Cell culture, constructs and transfections 
Cell culture reagents were purchased from Gibco BRL (Gaithersburg, MD, USA). 
SK-N-SH human neuroblastoma cells were maintained in DMEM supplemented 
with 10% foetal calf serum (FCS), 100 U/ml penicillin, 100 μg/ml streptomycin 
and 300 μg/ml glutamine.  
SK-N-SH cells stably expressing APP695 or APP695 with the Indiana mutation 
(V717F) (224) in pCEP4 (kind gift from Dr. T. Hartmann, Heidelberg, Germany) 
were obtained by co-transfection with pcDNA3 using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to manufacturer’s protocols. Separate 
colonies were selected using 500μg/ml G418 (Invitrogen) and expression of the 
APP transgenes was established by Western blotting. The stable SK-N-SH/APP 
cells were maintained in the same medium as SK-N-SH cells supplemented with 
50 μg/ml G418. For experiments the cells were differentiated for 5 days in medium 
containing 10�M Retinoic Acid. 
 
Aß measurements 
A�1-40 and A�1-42 levels in culture media from the untransfected, wtAPP and 
mutAPP SKNSH cells were determined in the “INNO-BIA plasma Aß forms” 
assay (Innogenetics, Gent, Belgium). In this LUMINEX assay fluorescent beads 
coated with monoclonal antibodies either specific for the C-terminal part of A�1-42 
or A�1-40 were used to capture the Aß in standard and samples, and a monoclonal 
antibody specific for the N-terminal sequence 1-3 (clone 3D6) within A� was used 
for detection, allowing the quantification of A�1-40 and A�1-42 levels in the samples. 
 
MTT assay 
The cytotoxicity of tunicamycin (Sigma) was assessed by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
Differentiated SK-N-SH, APPwt or APPmut cells were incubated with 
tunicamycin concentrations as indicated for 24 hours. Cells were incubated with 
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MTT (0.25 mg/ml) for two hours at 37�C and the formazan-salt generated by 
viable cells as a result of conversion of MTT was dissolved in DMSO and the 
absorbance was measured at 570 nm. 
 
Western blot analysis 
For cell lysates, SK-N-SH cells were scraped in ice-cold lysisbuffer [1% Triton X-
100 and protease inhibitor cocktail (Roche, Indianapolis, IN) in PBS]. The total 
lysate (supernatant) was obtained after centrifugation at 12.000g at 4�C for 5 min. 
Protein concentration was determined with a Bradford protein assay. Equal 
amounts of protein were analyzed on 8% SDS-PAGE gels and blotted onto PVDF 
membrane using a semi-dry electro blotting apparatus. Blots were pre-incubated 
with Blotto [5% non-fat dried milk in PBST (0.05% Tween-20 in PBS)] for 1 hour 
and subsequently incubated with mouse monoclonal anti-APP (22C11, Chemicon, 
Temecula, CA, USA). Alternatively, blots were incubated with rabbit anti-
eukaryotic elongation factor 2� (eEF2�) antibody (Cell Signaling Technology, 
Beverly, MA, USA) in [PBS, 5% BSA, 0.1% Tween-20]. The blots were washed 
four times in PBST and incubated for 1 hour with HRP-conjugated goat anti-rabbit 
or rabbit anti-mouse IgGs (Dako, Glostrup, Denmark). Blots were washed four 
times in PBST and once in PBS before analysis using Lumi-LightPLUS Western blot 
substrate from Roche Diagnostics (Mannheim, Germany) and a LAS-3000 
luminescent image analyzer (Fuji Photo Film (Europe) GmbH, Düsseldorf, 
Germany). Western blot data were evaluated and quantified using Advanced Image 
Data Analyzer (AIDA, version 3.45.039, Raytest GmbH, Straubenhardt, 
Germany).  
 
RNA isolation and real-time quantitative PCR (qPCR) 
Cells were harvested in 1 ml Trizol reagent (Invitrogen, Carlsbad, CA, USA) and 
RNA was isolated according to manufacturer’s protocol.  For cDNA synthesis 1 �g 
of RNA was denaturated at 70°C for 10 min with 2.5 nM OligodT12-VN in a total 
volume of 10 �l. Denatured RNA was incubated with a mixture of  0.5 mM 
dNTPs, 2 mM MgCl2, 1x first strand buffer (RT, Invitrogen, Carlsbad, CA, USA), 
100 U SuperscriptII enzyme (RT, Invitrogen, Carlsbad, CA, USA) in total reaction 
volume of 25 �l at 42°C for 1h. SuperscriptII enzyme was inactivated at 70°C for 
15 min. 
qPCR was performed using the LC 480 LightCycler (Roche Molecular 
Biochemicals, Indianapolis, IN, USA). Oligonucleotide primers (Sigma-Genosys, 
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Haverhill, UK) and probes were identified using the ProbeFinder of Roche 
Universal Human ProbeLibrary at https://www.roche-applied-
science.com/sis/rtpcr/upl/adc.jsp and are listed in Table 1. 
For the qPCR 1 �l cDNA was spindried in a Lightcyler® 480 Multiwell Plate with 
in triplicate. Subsequently, 5 �l of qPCR mixture was added, containing 0.1 �M 
probe, 0.4 �M forward primer, 0.4 �M  reverse primer, 2.5 �l Lightcycler® 480 
Probes Master (Roche Molecular Biochemicals, Indianapolis, IN, USA). For 
detection of BiP and CHOP mRNA levels a monocolor hydrolysis probe from the 
Roche Universal Human ProbeLibrary was used. For analysis of spliced XBP-1 
mRNA (XBP-1s) SybrGreen mastermix was used. After centrifugation at 1500 
RPM for 2 minutes plates were sealed and run in the Lightcycler® with a 
customized integration time of 0.4 s. After denaturation at 95°C, amplification was 
performed using 45 cycles of denaturation (95°C for 0 s), annealing (55°C for 30 s) 
and elongation (72°c for 1 s). PCR efficiencies for each primer/probe set were 
determined by assaying serial dilution standard series of cDNA according to 
manufacturer’s protocol. Expression levels were normalized using GAPDH. 
 
Target Accession # Primer 5’-3’ Universal 

Probe # 
Product  
length 

BiP NM_005347.2 F catcaagttcttgccgttca 
R tcttcaggagcaatgtcttgt 

#10 99 

CHOP  NM_004083 F aaggcactgagcgtatcatgt 
R tgaagatacacttccttcttgaaca

#21 105 

GAPDH NM_002046 F tccactggcgtcttcacc 
R ggcagagatgatgaccctttt 

#45 78 

XBP-1s NM_005080.2 F gctgagtccgcagcagg 
R tgcccaacagggatatcagac 

n.a. 82 

. 
Results and Discussion 
To assess whether intracellularly produced A� affects the UPR, human SK-N-SH 
neuroblastoma cell lines overexpressing wt APP695  (APPwt) or V717F FAD 
mutant APP695 (APPmut) (308) were established. Both lines show strong 
overexpression of the APP transgenes to similar levels (Fig. 1A). In addition, both 
lines produce more A� than the parental line, demonstrated by ELISA of the media 
(Fig. 1B). Overexpression of APPwt or APPmut leads to an almost twofold 
increase of A�1-40 levels (1057 pg/ml and 1019pg/ml, respectively), compared to 
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the parental line (580 pg/ml). In addition, A�1-42 levels are more than twofold 
increased in APPwt compared to untransfected SK-N-SH (255 pg/ml and 98 pg/ml, 
respectively). The A�1-42 level of the APPmut line (591 pg/ml) is 5-fold higher than 
that of the untransfected SK-N-SH and 2.3-fold higher compared to the APPwt line 
(Fig. 1B). This effect of the APP mutation is in good accordance with results from 
others (308). Treatment with the �-secretase inhibitor L685,458 nearly abolishes 
the production of A�1-40  as well as A�1-42  (Fig. 1B), thus providing a model to 
assess the effect of intracellularly produced A� on ER stress.  
 

 
 

Figure 1: Increased A� production in neuronal APP cell lines 
Differentiated SK-N-SH cells untransfected (con) or stably expressing APP695 (wt) or 
APP695V717F (mut) cultured 24 h in the absence (-) or presence (+) of the �-secretase 
inhibitor L685,458. A. Western blot of showing overexpression of the APP transgenes, 
eEF2� is used as a loading control. B. Levels of A�1-40 and A�1-42 secreted in the media 
determined by ELISA.   
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Figure 2: UPR activation is increased in A� overproducing cell lines 
Differentiated SK-N-SH cells untransfected (con) or stably expressing APPwt or APPmut 
were treated with tunicamycin at the concentrations indicated for 24 h. The levels of the UPR 
marker transcripts BiP (A), XBP-1s (B) and CHOP (C) were determined by qPCR and are 
normalized for GAPDH.  
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First, the expression of the UPR markers BiP, spliced XBP-1 (XBP-1s) and CHOP 
in the APPwt and APPmut cell lines was determined by qPCR (Fig. 2). The basal 
expression levels of the UPR markers in the APP overexpressing cell lines are not 
different from those in untransfected SK-N-SH. To induce ER stress, cells were 
treated with tunicamycin (TM), an inhibitor of N-glycosylation. Treatment with 0.2 
μg/ml TM greatly induces the levels of the UPR marker BiP to a similar extent 
(>35-fold) in both APP cell lines and the untransfected parental line SK-N-SH 
(Fig. 2A). The BiP mRNA levels are higher in the APPmut line than in APPwt and 
SK-N-SH at 0.5 μg/ml TM. The BiP mRNA levels at 0.5 μg/ml TM are not very 
different from those at 0.2 μg/ml TM suggesting that induction was reaching 
plateau at 0.2μg/ml TM. Greater differences are observed in induction of XBP-1s 
and CHOP mRNA under ER stress. The APPwt cells show a much stronger 
induction of XBP-1s at 0.2 �g/ml TM (18.1 ± 2.7, compared to 8.2 ± 0.8 in the 
untransfected SK-N-SH cells, Fig. 2B). The levels of XBP-1s do not further 
increase in these cells when treated with 0.5 μg/ml TM. CHOP induction in the 
APPwt cells was also higher with increasing concentrations of TM (18.4 ± 3 
compared to 10.8 ± 1.2 in untransfected cells at 0.2 �g/ml TM, Fig. 2C).  The 
APPmut line demonstrates an even stronger induction of both XBP-1s (25.9 ± 1.8 
at 0.2 �g/ml, increasing to 34.7 ± 4.0 at 0.5 �g/ml TM, Fig. 2B) and CHOP (30.6 ± 
2.636.0 at 0.2 �g/ml ± 5.1 at 0.5 �g/ml, Fig. 2C). A possible explanation why only 
a small differential effect of TM on BiP induction in APP cells could be found is 
that maximum induction of BiP is reached at  0.2 �g/ml TM. This result 
corroborates other studies, where both TM and thapsigargin induced ER stress did 
not show any changes in BiP induction in APP cells relative to untransfected 
control cells (44,164), although we cannot exclude that it is due to differential 
effects of APP/A� on the UPR markers. The effect of APPwt overexpression on 
CHOP induction after a TM insult has previously been shown (44). However, in 
that study the effect of mutant APP on CHOP induction was not investigated. Our 
data show enhancement of induction of BiP, XBP-1s and CHOP in the presence of 
FAD mutant APP.  
To determine whether the augmented UPR induction in the APP cell lines has 
functional implications, the cell lines were treated with increasing concentrations 
of TM and the effects of ER stress induction on viability were determined. We 
observed a concentration-dependent effect of TM on viability of all three cell lines 
tested. In addition we find that the APPwt cells respond to ER stress in a similar 
way as the parental SK-N-SH neuroblastoma cell line (Fig. 3). The APPmut cells,  
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Figure 3: Increased A�1-42 production sensitizes cells for ER stress toxicity 
Differentiated SK-N-SH cells untransfected (con) or stably expressing APPwt or APPmut 
were treated with tunicamycin at the concentrations indicated for 24 h. Viability was 
determined using an MTT assay and is depicted as percentage of control. The graph 
represents the mean ± S.D. for n=6 from triplicate wells from two independent experiments.  
� p<0.05 (Student’s t-test).  

 
Figure 4: Inhibition of �-secretase alleviates the higher ER stress toxicity in APPmut 
cells 
Differentiated APPwt or APPmut cells were pre-incubated with L685,458 24 h before 
treatment with tunicamycin at the concentrations indicated for 24 h. Viability was analyzed 
by MTT assay and is depicted as percentage of control. The graph represents the mean ± S.D. 
for n=4 from two independent experiments. �� p<0.001, � p<0.01 (Student’s t-test).  
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however, are much more sensitive for ER stress toxicity (Fig. 3), confirming 
results from a previous study where neuroblastoma cells expressing mutant APP 
(containing the Swedish APP mutation) also showed increased sensitivity for ER 
stressors relative to APPwt (164). The increased sensitivity of the APPmut cells for 
ER stress induction by TM corresponds with the increased induction of CHOP (a 
pro-apoptotic UPR marker) by TM we found in these cells. Since the APPwt and 
the APPmut lines show similar levels of APP overexpression, the higher ER stress 
sensitivity of the APPmut line is unlikely to be caused by increased APP levels. To 
test whether this can be contributed to increased A� production or whether it is due 
to overexpression of APP, we assessed TM toxicity in the APP cells in presence of 
the �-secretase inhibitor L685,458, thus preventing A� production. The difference 
in ER stress mediated toxicity between the APPwt and APPmut cell lines is 
alleviated by pretreatment with �-secretase inhibitor, indicating that this is 
dependent on A� production (Fig. 4). Because the main difference between the 
APPmut line and the APPwt cell line is an increase in A�1-42 production, this 
suggests a connection with the production of A�1-42. We have previously shown 
that A�1-42 can activate the UPR, when applied extracellularly in oligomeric form 
(36). Increased A�1-42 production has previously been shown to enhance sensitivity 
for different toxic insults (62). A synergistic effect of TM with A�1-42 corroborates 
with our previous finding that TM contributes specifically to oligomer-specific 
A�1-42 toxicity (36) (chapter 2).  
Effects of A�1-42, but not other A� variants like A�1-40 on Ca2+ homeostasis in the 
ER have also been reported (307). Interestingly, this could be induced by both 
extracellular and intracellularly produced A�1-42. Re-uptake of secreted A�1-42 was 
required for the effect, as it could be blocked with A�1-42 specific antibodies in the 
culture media. Whether the association of A� with the UPR in these APP lines is 
caused by re-uptake of extracellular A� or by intracellularly produced and retained 
A� remains to be shown. In a recent study we have shown as well that inhibition of 
uptake of A� oligomers reduces cell death, indicating the importance of 
intracellular A� in toxicity (Chafekar et al. 2007, submitted, chapter 3). In a 
transgenic AD mouse model overexpressing hAPP carrying the same FAD 
mutation as used in our study (V717F), A� can be found intraneuronally (366). 
The increase of A�1-42 levels in the APPmut line may lead to increased 
intraneuronal accumulation of A�, because A�1-42 is a highly fibrillogenic peptide 
that may provide a seed for further aggregation. Aggregation and accumulation of 
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A� in the ER may directly affect the quality control systems in the ER. In fact, 
targeting of A� to the ER (using an artificial fusion of A�1-42  to a signal peptide 
(SP)) results in export from the ER by ERAD (284), showing that it is recognized 
by ER quality control as aberrant. In another study, that uses viral delivery of a 
similar SP-A�1-42, ER targeted A�1-42 was shown to be toxic (206). However, 
whether increased A� production in this cell line results in intraneuronal A� 
aggregates residing in the ER, awaits further study. 
In summary we show that intracellularly produced A� enhances UPR activation 
during ER stress and increases the sensitivity for ER stress toxicity. ER stress 
could thus be an important mechanism of A� induced neuronal loss in AD 
pathogenesis, since both intracellularly produced A� and extracellular A� affect 
the ER stress response. Better understanding of the role of ER stress in AD 
pathology will create the possibility for targeted therapeutic intervention. 
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