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Therapeutic approaches in AD: Targeting A� aggregation and its cellular 
responses  
All of the genetic alterations linked to AD alter A� in a way that increases its 
production and its propensity to aggregate into amyloid fibrils (98). Since A� is 
central to AD pathogenesis, targeting A� appears to be the most promising 
therapeutic approach. AD can be prevented or more effectively treated by (1) 
prevention of A� aggregation, (2) break down / removal of the toxic aggregate (via 
�-sheet breakers or A� immunotherapy), (3) decrease in A� production or (4) 
enhancement of A� clearance and degradation. The therapeutic approach with the 
most promising results so far is tackling A� via immunotherapy. Based on the 
results presented in this thesis and the current knowledge on A� aggregation and 
toxicity we will discuss several of the therapeutic approaches for AD.  
Data presented in this thesis show the important role of the aggregation state of 
A�. In chapter 5 we designed a novel multivalent A� aggregation inhibitor with 
increased potency compared to the monovalent inhibitor. Using a multivalent 
aggregation inhibitor might be a useful therapeutic strategy. This approach and the 
use of other aggregation inhibitors will be discussed below.  
First, we will discuss the cellular mechanisms affected by A�. We have shown that 
A� activates the ER stress response when applied in oligomeric form (chapter 2) 
or when produced intracellularly (chapter 4). ER stress has been implicated in 
many other neurodegenerative disorders as well. In chapter 3 we show that uptake 
of oligomeric A� into the cell is an important determinant of A�-induced toxicity 
in AD. Manipulation of the UPR and targeting A� uptake into the cell as a 
therapeutic approach for AD will therefore be discussed in the following sections 
(Figure 1).  

 
The ER stress response as a target for therapeutic intervention in 
neurodegeneration 
The involvement of ER stress in neurodegeneration has been shown in many 
neurodegenerative diseases. Our group showed that the unfolded protein response 
is activated in Parkinson’s disease (123). Recently, evidence for ER stress 
induction was found in a mouse model (overexpressing SOD1G93A) for 
amyotrophic lateral sclerosis (ALS) and in sporadic ALS patients (151). Also in 
the neurodegenerative lysosomal storage disorder infantile neuronal ceroid 
lipofuscinoses (INCL) the involvement of ER stress in the neurodegenerative  
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process has been shown (155,345). Polyglutamine (polyQ) proteins, the 
aggregating proteins involved in a group of  neurodegenerative disorders (the 
polyglutamine disorders) such as Huntington's disease and the spinocerebellar 
ataxias, form cytosolic aggregates and induce ER stress via impairment of the 
proteasome (171,230,318). We have previously shown that ER stress is involved in 
Alzheimer’s disease (124). Results presented in this thesis (chapters 2 and 4) 
show that A� is most likely responsible for the ER stress induction found in AD. 
We find that both intra- and extracellular A� activate the ER stress response 
(Figure 1). ER stress could thus be an important mechanism in many 
neurodegenerative disorders including A� induced neuronal loss in AD.  
Increasing evidence for involvement of ER stress in neurodegenerative disorders, 
suggests that targeting ER stress for therapeutic intervention could have great 
potential in these diseases. Cells activate the UPR in response to ER stress. 
Therefore we speculate that a therapeutic approach that would activate the cell’s 
own defence system against ER stress, the UPR, might prevent ER stress induced 
neuronal death. Initially, the molecular pathways of the UPR are a protective 
response against accumulation of misfolded proteins: (1) translation block of 
proteins prevents further accumulation of proteins in the ER, (2) increased 
degradation of misfolded proteins by the proteasome relieves the ER of misfolded 
proteins and (3) induction of expression of ER molecular chaperones helps to 
correctly refold misfolded proteins. However, during prolonged accumulation of 
misfolded proteins a negative response of the UPR comes in to play: (4) the 
apoptotic arm of the UPR is activated. These different pathways of the UPR are all 
potential therapeutic targets. Already some chemical compounds have been 
developed that induce specific UPR pathways. Recently, the compound salubrinal 
was identified as an inhibitor of eIF2� de-phosphorylation, thereby blocking 
protein translation. Salubrinal was shown to protect against ER stress-induced cell 
death (18,354), and therefore maybe useful in the treatment of diseases involving 
ER stress. Salubrinal is protective in a Parkinson’s disease cell model (294), 
indicating its potential for the treatment of neurodegenerative diseases. A 
drawback is that constitutive phosphorylation of eIF2� is unlikely to present a 
long-term treatment opportunity (354), therefore more selective targeting should be 
investigated. Targeting of the apoptotic arm of the UPR was recently shown to 
protect against ER stress-induced neurodegeneration. Deletion of the BH3-only 
pro-apoptotic protein puma protects motoneurons from ER stress-induced 
apoptosis and delays motoneuron loss in ALS mice (151). 
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Pharmacological induction of molecular chaperones may also protect against 
aggregate toxicity (299). The therapeutic potential of such a strategy is best 
illustrated by treatment of SODG93A mice, a model for amyotrophic lateral 
sclerosis, with arimoclomol, a co-inducer of heat shock proteins (150). This 
treatment resulted in decreased neuronal loss and consequently improved 
motorfunction, as well as increased lifespan. Three recent papers showed the 
involvement of the cytosolic chaperonin TRiC in polyglutamine aggregation and 
toxicity (14,157,311). Overexpression of TRiC  prevents polyglutamine toxicity by 
altering the aggregation state of the polyQ expansion proteins into non-toxic 
oligomers.  
The role of chaperones has also extensively been studied in AD. Overexpression of 
several small chaperones also inhibit A� toxicity both in vitro and in vivo 
(73,189,190,206,350,351). In a recent study the effect of ER chaperones on A� 
was studied (126). Overexpression of GRP78 or inhibition of its basal expression 
decreased and respectively increased the level of A� in conditioned medium. 
Overexpression of some (150 kDa oxygen-regulated protein and calnexin) ER 
chaperones also resulted in decreased A� production (126). These results indicate 
that non-toxic inducers of ER and cytosolic chaperones may be therapeutically 
beneficial for AD treatment, either by reducing A� production or by reducing A� 
toxicity.  
A recently identified molecular chaperone inducer (BiP inducer X (Bix)) was 
shown to protect neurons from ER stress (173). Also valproate and lithium, drugs 
widely prescribed in the treatment of bipolar disorder, increase levels of 
BiP/GRP78 and other ER chaperones (17,117,152,339), without evoking the UPR. 
In addition it has been shown that lithium inhibits A�-induced ER stress in rabbit 
hippocampus (81). Although valproate increases ER chaperones it has been 
reported that ER stress induced cellular dysfunction is reduced by valproate 
through inhibition of GSK-3�/�, a major tau kinase (152). The ability of lithium, 
another inhibitor of GSK-3�/�, to protect cells from ER stress induced cellular 
dysfunction as well, suggests a similar mechanism (152).  
In addition to the effects on ER stress and GSK3 activity, both valproate and 
lithium have been shown to inhibit A� production (304). The effects of lithium on 
A� production in vitro are controversial (71,254), however, there is evidence 
showing that lithium may have a beneficial effect on preventing A� pathology in 
vivo. Lithium reduces A� levels in APP/PS1 double-transgenic mice (254); 
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however, the effect of this treatment on plaques was not reported. In another study, 
administration of lithium or valproate to prepathological mice for 6 months 
prevented A� deposition in single APP transgenic mice (304).  
Valproate and lithium could work protective in AD by reducing A� production, 
inhibiting ER stress induction and reducing tau phosphorylation by GSK-3�. 
Clinical trials have been started investigating the effect of valproate on AD 
patients. However, in these studies valproate was used as a symptomatic treatment 
for agitation and aggression in dementia. Data from these studies indicate that 
lower dosages of valproate were ineffective, higher dosages were associated with 
an unacceptable rate of adverse events (112,200,258,260,312). There is no data 
available on the effect of valproate (or lithium) on ER stress, GSK-3� activity and 
A� and tau pathology in these patients.  
A very interesting finding was reported by Kondo and colleagues. They report that 
a transcription factor called OASIS specifically stimulates BiP/GRP78 
upregulation (a positive response), but downregulates the ER stress induced cell 
death pathways (167). OASIS is specifically induced in astrocytes, but a structural 
homologue of OASIS has been found in neurons as well (168), and present an ideal 
therapeutic target by stimulating positive and downregulating negative responses 
through a single protein. 
 
Inhibition of A� uptake as a potential therapeutic target 
One of the earliest abnormalities in AD brains is the occurrence of enlarged 
endosomes. This feature has been suggested to be directly linked to A� since it was 
observed in AD brain that the appearance of enlarged endosomes coincided with an 
initial rise in soluble A�, which preceded amyloid deposition (33). Double-
immunofluorescence studies showed that intracellular A� localized principally to 
rab5-positive endosomes in neurons from AD brains and was prominent  
in enlarged endosomes (33). In addition, A� generation increases substantially 
when endosome enlargement is induced in cells by overexpressing Rab5 (89). This 
suggests a close connection between the process of endocytosis and A�. We show, 
in vitro, that extracellular oligomeric A� can induce toxicity and for that 
internalization by the cell is required (chapter 3, see also Figure 1). Our results 
show that inhibition of A� internalization reduces the presence of A� inside the 
cell and protects against A� toxicity, suggesting that uptake of A� into the cell is 
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Figure 1: Aggregation specific effects of A� 
A� peptide can exist in diverse assembly states. These different assembly forms greatly differ 
in their neurotoxic potential while also the molecular mechanisms they activate are shown to 
be specific for the aggregation state. While monomeric A� is thought to be non-toxic, other 
aggregation states are toxic: Oligomers induce neurotoxicity from outside the cell as wells as 
from the inside. Internalization of A� by the cell (possibly via NAchRs or other receptors) 
contributes to oligomer toxicity. A� oligomers induce toxicity via ER stress; intracellular 
produced A� also affects the ER stress response. Fibrillar A�, present in plaques, is generally 
considered to be less toxic. Fibrils cannot enter subcellular space of neurons, but can confer 
toxicity by microglial activation. Both oligomers and fibrils show extensive cell surface 
binding, most likely explaining part of their toxicity. See text for more details. See Color 
figures 

 
an important determinant of A�-induced toxicity. These data suggest that 
interference in A� endocytosis may be an interesting therapeutic target. Interfering 
in the endocytic process is beneficial in another way: when endocytosis is inhibited 
and APP internalization is blocked (170,250,298), A� production is reduced as 
well  (29). However, generic inhibition of endocytosis is unlikely to present a long-
term treatment opportunity: endocytosis is of key importance for general cell 
function, so any broad interference with endocytic activity is likely to be disruptive 
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of many key neuronal functions; therefore more selective targeting should be 
investigated.  
The alpha 7 nicotinic Acetylcholine receptor (�7nAChR) may be a suitable 
candidate as a drug target for early intervention in AD (148). We show that 
inhibiting A� uptake in a neuronal cell model protects against A� toxicity (chapter 
4), although it remains to be shown whether the effects observed in our study are 
dependent on this specific �7nAChR (see Figure 1). However, there is increasing 
evidence from in vitro studies implicating this receptor in internalization of A�. 
For example, A�42  has high affinity for the �7nAChR (337). Following an 
interaction of A�1-42 with �7nAChR, this complex is internalized via endocytosis 
and colocalizes in prominent aggregates in pyramidal neurons (225,336). In vitro it 
was shown that the rate and extent of A�1-42 internalization was directly related to 
the �7nAChR protein levels. Internalization of A�1-42 in this study could also be 
blocked by means of an inhibitor of endocytosis (225). Pre-treatment of cells or 
brain tissue with �7nAChR ligands, prevent the formation of the �7nAChR:A�1-42 

complex and subsequent intracellular accumulation of A�1-42 in neurons. A� 
toxicity is also reduced, indicating that uptake of A� contributes greatly to A� 
toxicity (225,336). These in vitro findings indicate the importance of this receptor 
in A� internalization. 
Findings from post mortem brain tissue from AD and control subjects also strongly 
implicate the �7nAChR in AD pathogenesis. Intraneuronal A�1-42 accumulation 
has been shown to primarily target those pyramidal neurons in the entorhinal 
cortex and hippocampus  that express the �7nAChR (46,54,64,196,252,336,337). 
The �7nAChR protein level is greatly reduced in hippocampus of AD patients as 
compared to age-matched controls (7,91,109,347), most likely due to increased 
internalization of A� by these �7nAChRs. In addition, in vitro and in vivo studies 
have shown that �7nAChR also affects tau pathology via nicotine, but also via A� 
(108,241,338). Combined, these data provide compelling evidence for the 
involvement of �7nAChR in intraneuronal A�42 accumulation and downstream 
effects such as tau pathology. Inhibiting exogenous A�1-42 from entering vulnerable 
pyramidal neurons in vivo by targeting �7nAChR is thus a suitable target to 
prevent A� uptake into pyramidal neurons.  
AD patients show cholinergic deficits due to depletion of �7- and �4-containing 
nAChRs on cholinergic projection neurons and on neurons within cortical regions 
including the hippocampus (64,251,262). Since the cholinergic system plays an 
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important role in the regulation of learning and memory processes it became a 
target for the design of anti-Alzheimer drugs. Current treatments for AD (AChE 
inhibitors) are based on increasing cholinergic transmission. Cholinesterase 
inhibitors enhance cholinergic transmission indirectly, by inhibiting the enzyme 
which hydrolyses acetylcholine. Therefore, reducing �7nAChR levels in order to 
prevent A� uptake in pyramidal neurons will only worsen cholinergic deficits and 
therefore is not the best strategy as a therapeutic for AD. Another possibility could 
be the development of a decoy nAChR-like binding site (specific for A�, and not 
its natural ligand) to prevent potentially neurotoxic A�-nAChRs interactions. This 
approach will not only inhibit A� toxicity, but will potentially also inhibit loss of 
�7nAChRs and subsequent cholinergic deficits. Recently, a similar approach was 
successfully tested in vivo using a recombinant soluble A� binding LRP-domain 
(276).  
 
Targeting A� aggregation 
It is now well established that A� has to be in an aggregated state to exert its toxic 
effect. This suggests that prevention of A� aggregation may inhibit A� 
neurotoxicity. Different strategies have been developed for interference in the 
aggregation process of A�: the use of small molecule aggregation inhibitors and 
peptide based aggregation inhibitors. It should be noted that the potency of A� 
aggregation inhibitors may be underestimated in the in vitro assays which require 
micromolar concentrations of A� for aggregation. Much lower levels of the 
compound might be able to block aggregation in the brain where steady state A� 
levels are in the low nanomolar range. These inhibitors may inhibit A� aggregation 
in AD brains at much lower concentrations. The potential therapeutic use of both 
types of aggregation inhibitors will be discussed below. 
 
Small molecule aggregation inhibitors 
Many small molecule inhibitors of in vitro A� aggregation have been identified 
(300). In most cases, the compounds inhibit A� aggregation into amyloid fibrils, 
although not always by a direct interaction with A�. For example, clioquinol (CQ), 
which is postulated to both inhibit A� fibril formation and also disaggregate 
preformed fibrils by binding zinc and copper. Zinc and copper have been shown to 
enhance A� aggregation in AD (23,24). CQ is a moderate metal chelator capable 
of crossing the blood–brain barrier, and it was believed that CQ solubilized the A� 
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plaques by stripping them of their metal content. This drug was also shown to 
inhibit A� accumulation in an AD transgenic mouse model (37). Clioquinol is now 
being tested in a phase II clinical trial. Alzhemed (3-aminopropane-1-sulfonic 
acid), another compound that prevents �-sheet formation is currently in a phase III 
AD trial. This molecule inhibits the interaction of A� with glycosaminoglycans 
(217), which have been shown to enhance A� aggregation. Curcumin, a natural 
product that is the main component of the spice tumeric, is an A� aggregation 
inhibitor with many different properties that includes antioxidant, metal-chelating, 
cholesterol lowering, and anti-inflammatory properties (75,264). In addition, 
curcumin interferes with chaperone function in the ER (ref). Curcumin inhibits 
formation of amyloid beta oligomers and fibrils, binds plaques, and reduces 
amyloid in vivo (362). Based on its efficacy in reducing A� deposition in mouse 
models of AD, it is being tested as a potential AD therapy (194).  
 
Peptide based aggregation inhibitors 
An attractive starting point for the development of a peptide based inhibitor of A� 
aggregation is the structure of the A� peptide itself because it binds to other A� 
peptides during aggregation. Different peptide based aggregation inhibitors have 
been generated, based on different sequences within the A� peptide.  
Several publications have dealt with the important role of the C-terminal sequences 
of A� in amyloid polymerization (9) and the seeding of plaque formation 
(138,139). The 42-amino acid form of the peptide (with the sequence IA at the end) 
is much more prone to aggregation than the 40-amino acid form (296). These 
results lead to the design of the pentapeptide amide GVVIA, which contains the 
final sequence of the 42-amino acid form of the amyloid. A modified version of 
this peptide, RVVIA, has a G to R substitution at the N-terminus which improves 
the solubility and the ability to form salt bridges (114). These peptides were both 
shown to inhibit A� aggregation and toxicity (114). Another example of an A� 
based aggregation inhibitor is the pentapeptide RIIGL (76), which is based on the 
IIGL sequence of A�(31-34) plus an extra arginine, to increase the solubility of the 
peptide. This peptide was shown to be an effective inhibitor of both A� 
aggregation and A� toxicity (76). 
The most promising peptide inhibitors of A� aggregation are based on residues 16-
20 of A�, KLVFF. The hydrophobic core at residues 16-20 of A�, KLVFF, is 
crucial for the formation of �-sheet structures by A�. Tjernberg et al demonstrated 
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that the pentapeptide A�(16-20) Ac-KLVFF was able to bind full-length A� and 
prevent its assembly into fibrils (320). This KLVFF sequence has served as a lead 
compound for the development of inhibitory agents aimed at preventing A� 
aggregation (203,367). Several variations on this KLVFF peptide have been 
designed. Murphy et al. for example, designed a peptide with a 'recognition 
element' homologous to the A� peptide, but with a 'disrupting element' of at least 4 
lysine residues, tagged to the C-terminus, designed to interfere with A� 
aggregation (79,203,248). These compounds alter fibril morphology and reduce A� 
toxicity, by accelerating A� aggregation to remove toxic, soluble oligomers (153). 
The most likely explanation for the reduction of A� toxicity, is that acceleration of 
A� aggregation leads to larger A� aggregates which are not as easily internalized 
as soluble oligomers (chapter 3). This approach may be useful as well for 
preventing uptake of oligomeric A� species. However, Moss et al disputed some of 
the these findings using KLVFFKKKKKK, which did not reduce A� toxicity, even 
though the peptide did enhance protofibril to fibril aggregation (223). Another 
variation on this KLVFF-theme was studied by several research groups who 
investigated the effect of incorporation of N-methyl amino acids into peptide-
inhibitors of amyloidosis (as reviewed in (207)). These methylated KLVFF-derived 
peptide inhibitors also prevent A� fibril formation and break down preformed 
fibrils. They have the added advantages of high proteolytic resistance, solubility 
and blood-brain barrier permeability (1,85). 
In the study in chapter 5 we have used a first generation dendrimer to enhance the 
inhibitory property of KLVFF. We designed a highly potent first generation 
KLVFF dendrimer, using native chemical ligation (324), thereby generating a 
small, well defined molecule capable of making multivalent interactions. Our 
compound was shown to be much more potent in inhibiting A� aggregation and 
breaking down A� fibrils then the monomeric KLVFF peptide. Thus, our studies 
indicate that dendrimers may be a valuable tool that can increase the therapeutic 
efficacy of many aggregation inhibitors.  
Delivery across the blood-brain barrier (BBB) is an important feature for a 
therapeutic agent for AD. An analogue of the KLVFF peptide, LPFFD (iA�5p), 
protected against proteolytic degradation and with increased BBB permeability, 
has been successfully used in a rat model of brain amyloidosis. It was shown to 
prevent A�-induced spatial memory impairments with partial reduction of amyloid 
deposits (35,257,292,301). Designing a dendrimer-iA�5p compound may result in 
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a more potent A� aggregation inhibitor with increased therapeutic efficacy, but if 
this compound will still be able to cross the BBB needs further investigation.   
 
In vivo imaging for early diagnosis  
A definite diagnosis of AD can only be made post mortem. Therefore, more and 
more research is directed to diagnose AD in earlier stages. Recently, sensitive 
diagnostic tools to recognize early stages of the disease have been developed: 
Positron emission tomography (PET) and single-photon emission computed 
tomography (SPECT). A number of research groups have tried to develop 
radiolabeled imaging agents, especially aimed at targeting A�.  Apart from A�, 
specific molecular pathways affected by A� early in AD pathogenesis, such as ER 
stress and cholinergic transmission, are interesting targets as well.  
Neuronal nicotinic acetylcholine receptors (nAChRs) have become an important 
target for diagnostic neuroimaging and drug development because of its 
involvement in learning and memory processes and neurodegenerative diseases 
(49,86). Early in the course of AD, a reduced uptake of radioligands to nicotinic 
receptors in frontal and temporal cortex has been observed relative to age-matched 
healthy control subjects (236). Early detection of changes of nAChR-levels may be 
crucial for a potential therapeutic intervention in neurodegenerative diseases. In 
vivo imaging based on radiolabeled nicotinic receptor ligands is regarded as a 
helpful tool for the investigation of the role of nAChR in normal and diseased brain 
(49,86). Nicotine, an agonist of nicotinic receptors, was the first labeled with 11C 
for PET imaging of nAChRs for early diagnosis of AD (94,238). PET imaging 
demonstrated significantly lower binding of [11C]nicotine in the frontal cortex, 
temporal cortex and hippocampus of AD patients compared with controls (236). 
The main problems with [11C] nicotine PET imaging lie in the relatively high level 
of nonspecific binding and fastclearance of the tracer. Therefore, numerous 
attempts have been made to develop better radiotracers for imaging of nicotinic 
receptors (16,92,125). Several alternative nAChR probes have now been tested 
with  18F- or 123I-labeled derivatives of A-85380 being the most promising ones for 
neuroimaging in humans and AD patients so far (125,239). 
A previous study from our lab has shown that ER stress is activated in AD as early 
as Braak stage III in the temporal cortex (124), preceding tangle formation, 
suggesting it is a relatively early response. In addition we show that oligomeric and 
not fibrillar A� can induce ER stress, another indication that ER stress is involved 
early in AD pathogenesis (chapter 2). In vivo imaging of ER stress would be a 
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very interesting approach for diagnosing AD at earlier stages. However, ER stress 
induction and the activation of the protective unfolded protein response, occurs 
inside neurons. Major technical advances are required to use PET and SPECT for 
detection of intracellular targets, but a search for differentiated expression of cell 
surface markers under ER stress maybe an interesting option to pursue.  
The most promising therapeutic approaches target A� directly leading to a 
reduction of A�. Unfortunately, A� levels in brains of AD patients can only be 
measured after post mortem histopathological analysis. This makes it difficult to 
measure therapeutic efficacy. One of the most promising efforts to tackle this 
problem is the in vivo imaging of A�. Imaging of A� in vivo will be useful not only 
for diagnosis but for monitoring efficacy of a therapeutic treatment as well as 
evaluation of progression of AD patients. Most of these agents were based on 
fluorescent agents known to bind amyloid plaques, such as Thioflavin T and 
Congo Red. Although most of the ligands showed excellent in vitro properties for 
A� aggregates, they were limited by penetration of blood-brain-barrier (BBB), 
poor brain uptake, high non-specific binding and low specific binding. Chemical 
modifications were made in order to keep its amyloid binding characteristics and to 
enhance uptake by the brain. One of the most promising agents described so far is 
the so-called “Pittsburgh compound B” (or PIB). PIB showed specific binding of 
amyloid plaques in transgenic mouse model of AD and was rapidly removed from 
the normal brain tissue (209). PIB was also successfully tested in baboons (210). 
The radioligand was then used to image amyloid plaques in AD patients and 
showed significantly greater cortical uptake into amyloid deposits compared to 
control healthy volunteers. High accumulations in parietal, temporal and occipital 
cortices and striatum were also observed  (160). 
Ideally one would like to measure low- or non-fibrillar A� in vivo, since these A� 
species are believed to be involved early in AD pathogenesis. However, the 
radioligands currently used for in vivo amyloid imaging specifically target �-sheets 
in A� aggregates and thus bind to fibril-rich plaques and do not target low- or non-
fibrillar A�; hence, AD is still difficult to diagnose in its early stages. Designing 
novel radioligands targeting these A� species will allow us to diagnose AD at 
much earlier stages than we can now. A recent study showed that different analogs 
of Congo Red and Thioflavin T are capable of detecting A� oligomers (205). 
Improving the binding affinity of these ligands, may facilitate the in vivo imaging 
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of pre-fibrillar A� intermediates and the identification of individuals with early 
AD.  
Another possibility for the development of ligands detecting A� aggregation 
intermediates may be the use of peptide aggregation inhibitors, such as an 
radiolabeled analog of dendrimeric KLVFF, since it affects at least three different 
A� aggregation states. This is most like due to increased binding properties of this 
multivalent inhibitor, as has been shown previously for a different multivalent 
KLVFF-based inhibitor (367). Whether conjugates bearing multiple copies of 
KLVFF are useful as an imaging agent for Alzheimer’s disease depends on their 
BBB permeability, brain uptake, and binding specificity. A major drawback for the 
use of KLVFF based imaging agents is that these peptides also interfere in the 
aggregation process of A�. This is an unwanted side-effect for an in vivo imaging 
agent. Using dendrimers with existing A� imaging agents attached to it may be a 
better approach. Such a multivalent imaging agent may have increased binding 
properties and therefore enhance specific binding to A� and thus lower non-
specific binding in normal brain tissue. 
 
Conclusion 
Several lines of evidence suggest that A� plays a central role in AD pathogenesis. 
There is an increasing amount of evidence showing the importance of intermediate 
aggregation species of amyloid � (A�) in the pathogenic cascade of AD. Different 
A� assembly forms may mediate diverse toxic effects at different stages of the 
disease. For example, we have shown that oligomeric A� (applied extracellularly) 
mildly activates the UPR (chapter 2). and that intracellularly produced A� 
sensitizes neuroblastoma cells for ER stress toxicity (chapter 4). . These 
observations in combination with our previous study showing activation of the 
UPR in AD brain before tangle formation, indicate that ER stress is involved in 
neurodegeneration most likely early in AD pathogenesis.  
Other important issues concerning A� toxicity still under debate are the subcellular 
localization of action of A� and the relative contribution of the different 
aggregation species of A� on neurodegeneration in AD. This thesis touched upon 
these two issues. We have studied aggregation specific effects of A� toxicity and 
found that the aggregation state of A� is linked with the subcellular localization 
and toxicity. The data presented in this thesis shine new light on the role of the 
aggregation state of A�. The differential effects between oligomers and fibrils 
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found in many studies, can most likely be contributed to their subcellular 
localization: in our study we find that oligomers readily enter the cell, whereas 
fibrils remain outside. In fact our data indicates that aggregation state, subcellular 
localization and toxicity are related.  
Our studies indicate that interference in the aggregation of A� as well as 
preventing the uptake of A� may be viable therapeutic approaches. The continuing 
research on the role of the aggregation state of A� will further unravel the 
molecular mechanism underlying aggregation specific toxic effects of A�. This 
will contribute to the development of future preventive and therapeutic strategies 
and diagnostic tools.  


