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ABSTRACT 
 

Alzheimer disease (AD) is a devastating neurodegenerative disorder and the most 
prevalent form of dementia. One hallmark of the disease is the extracellular deposition 
of amyloid β-peptide (Aβ) into senile plaques in the brain. Biochemical and genetic 
studies reveal Aβ as a key player in AD pathogenesis. The most common forms of Aβ 
are 40 (Aβ40) or 42 (Aβ42) residues long. Aβ40 is produced at higher levels than 
Aβ42; while Aβ42 is more hydrophobic, prone to aggregate, and form the toxic species. 
Thus, the length of the hydrophobic C-terminus of Aβ is very important for 
oligomerization and neurotoxicity. Aβ is generated through sequential processing of the 
amyloid β- precursor protein (APP) by the enzymes β- and γ-secretases. The γ-secretase 
cleavage is performed by a transmembrane protein complex containing presenilin (PS), 
nicastrin (Nct), anterior pharynx defective-1 (Aph-1), presenilin enhancer-2 (Pen-2), 
and possibly other components. The biological understanding of γ-secretase remains 
elusive, as does the mechanism by which Aβ causes neurodegeneration in AD. 
 
The work presented in this thesis has focused on studies of γ-secretase activity and 
localization in mammalian brain, as well as on identification and quantification of Aβ 
species that are deposited in AD brains. In paper I, a detailed analysis was performed 
to see how active γ-secretase is best prepared from brain material, and in what 
subcellular fraction the activity is highest. The γ-secretase activity was highly affected 
by detergents; and the fraction containing endosomes, endoplasmic reticulum, Golgi 
and synaptic vesicles revealed the highest activity. It was possible to measure Aβ 
production under the optimized conditions. In paper II, active γ-secretase was further 
studied in detergent resistant membranes (DRMs). Active γ-secretase was localized to 
DRMs in human and rat brain. The size of DRMs containing active γ-secretase, and 
possibly other proteins and lipids, was estimated to be > 2000 kDa. Furthermore, it was 
possible to measure Aβ production in DRMs. In paper III and paper IV the product of 
amyloidogenic γ-secretase cleavage was studied and a detailed investigation performed 
on Aβ species deposited in AD brains. A method was established for quantification of 
C-terminal Aβ species in purified plaque cores and in total amyloid preparations from 
sporadic and familial AD brains. It was found that a longer Aβ species, i.e. Aβ43, was 
more frequent than Aβ40. Immunohistochemistry that was performed supported these 
findings. In paper IV, Aβ species were quantified in six different brain regions 
obtained from two mutation carriers having the I143T PSEN1 mutation, reported here 
in Sweden for the first time. As in paper III, Aβ43 was much more frequent than 
Aβ40.  
 
In conclusion, we have determined the optimal conditions for studies of active γ-
secretase in brain and have showed that this active enzyme complex is localized to lipid 
rafts in human and rat brain. Further, we have found a longer Aβ species, Aβ43, to be 
more frequent than Aβ40 in amyloid depositions in AD brains. This species 
polymerizes rapidly, and we suggest that Aβ43 may be of importance in AD etiology. 
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INTRODUCTION 
 
ALZHEIMER DISEASE 

Alzheimer disease (AD), recognized as the most common form of dementia, is a 

progressive neurodegenerative disorder characterized by memory dysfunction and 

cognitive impairment. AD was originally described by the German physician, Alois 

Alzheimer, who in 1906 found remarkable pathological changes in the post-mortem 

brain from his demented patient Auguste D (Alzheimer, 1907). Age is the major risk 

factor for AD as the number of cases increases exponentially with advancing age. The 

estimated prevalence is around 1 % for people over the age of 65, and 20 % for 

individuals over 85 years of age (Lobo et al., 2000). Due to a global increase in life 

expectancy AD is a growing problem that will bring even greater cost for society and 

more immense suffering for the victims and their families. The duration of the disease 

is 5-15 years and the cause of death is often a secondary illness such as pneumonia. 

There is no cure for AD at present and the current pharmacological treatments are only 

symptomatic.  

 

Neuropathology of Alzheimer disease 

Macroscopically, AD is characterized by cortical atrophy with enlargement of 

ventricles and widening of sulci. The most severly affected brain areas include 

temporal and parietal lobes, and parts of the frontal cortex and the cingulate gyrus. Two 

major neuropathological hallmarks in AD observed at the microscopic level are 

extracellular senile plaques (SPs) and intracellular neurofibrillary tangles (NFTs) 

(Figure 1). Other observations associated with AD pathology include loss of synapses 

and neurons, activated microglia and astrocytes, dystrophic neuritis, and cerebral 

amyloid angiopathy (CAA). SPs are extracellular deposits mainly composed of fibrils 

formed by the β-peptide (Aβ) whereas NFTs are composed of hyperphosphorylated tau 

protein.  

 
Figure 1. The main hallmarks in AD. An extracellular 
senile plaque (arrow) and intracellular neurofibrillary 
tangles (arrow head). Courtesy of Dr. Nenad 
Bogdanovic. 
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Plaques are divided into two major categories based on their morphology - neuritic 

plaques and diffuse plaques. The neuritic plaques stain positive for Congo red, which is 

a β-sheet specific dye for amyloid structures. The definition of amyloid has varied to 

some extent over the years; but amyloid is now defined as an extracellular deposit of 

protein fibrils having a typical organization that features characteristic properties 

observed after staining with Congo red (Westermark et al., 2005). However, the term 

amyloid has wider usage as it may refer also to intracellular depositions in disorders 

termed amyloidoses (Westermark et al., 2005) seen for example, in Creutzfeldt-Jakob 

disease, Parkinson disease and Lewy body dementia.  

 

Neuritic plaques (sometimes called mature plaques or SPs) are associated with typical 

AD pathology, such as dystrophic neurites, activated microglia and reactive astrocytes. 

The plaque cores are mainly composed of Aβ42, which is the species of particular 

importance in early plaque formation (Iwatsubo et al., 1994). The diffuse plaques (also 

referred to as preamyloid plaques) are Congo-negative Aβ42 deposits (Gowing et al., 

1994) that are detectable using immunohistochemical methods. Diffuse plaques have 

been found in healthy, aged humans with normal intellectual status, leading to the 

hypothesis that the diffuse plaques represent precursor lesions to the neuritic plaques 

and might not be toxic. This hypothesis is supported by studies of transgenic mice that 

develop diffuse deposits before neuritic plaques and by studies of patients with Down’s 

syndrome (DS). Individuals with DS develop AD relatively early in life and commonly 

display diffuse deposits already in their teenage years; but they do not show neuritic 

plaques until decades later (Lemere et al., 1996). Another type of plaque are the so 

called cotton wool plaques, which are bigger than both the neuritic and diffuse plaques. 

They consist mainly of Aβ42, are not congophilic, and have most often been observed 

in familial AD (FAD) (Shepherd et al., 2009).  

 

While Aβ42 is the main species in the plaque types described above, Aβ40 is the most 

common peptide in CAA (Suzuki et al., 1994).  

 

Genetics and risk factors of AD 

AD is a complex disorder that results most likely from a combination of environmental 

and genetic factors. Most AD patients have no family history of the disease and are 

classified as sporadic AD cases (SAD). However, a few percent of all AD cases are 

inherited and are classified as familial forms (Saunders, 2001) with mutations in genes 
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encoding the amyloid precursor protein (APP), presenilin 1 (PS1) or presenilin 2 (PS2) 

(Goate et al., 1991; Levy-Lahad et al., 1995; Sherrington et al., 1995). These mutations 

associated with familial AD (FAD) are typically linked to early onset (before 65 years 

of age). A nearly complete penetrance and an increased Aβ42/40 ratio are observed. 

 

In the 1960s it was observed that patients with DS, who carried an extra copy of 

chromosome 21, and consequently an extra copy of the APP gene, later developed AD 

brain pathology (Olson and Shaw, 1969). In 1984, Glenner and Wong published two 

papers reporting on their discoveries of the amino acid sequence of Aβ through 

purification of amyloid from CAA in AD brains and DS brains (Glenner and Wong, 

1984a; Glenner and Wong, 1984b). One year later, Masters and co-workers isolated Aβ 

from plaque cores in AD and DS brains (Masters et al., 1985). Taken together, these 

findings eventually lead to the discovery that Aβ is derived from APP and in 1987 the 

APP gene was mapped to chromosome 21 (Kang et al., 1987). APP was later the first 

gene to be linked to FAD (Goate et al., 1991).  

 

All pathogenic APP mutations linked to FAD reported to date are located within the Aβ 

peptide region or in the close proximity of the protease cleavage sites. They thereby 

influence either APP processing and Aβ production, or the production of Aβ species 

that have increased inclination to assemble into neurotoxic fibrils. To date, 32 

mutations in the APP gene are known (see the AD mutation database for an updated 

list: http://www.molgen.ua.ac.be/ADMutations/). The Swedish mutation (APPSwe) 

(Mullan et al., 1992), which immediately precedes the beginning of the Aβ sequence, is 

a double point mutation that causes substitution of two adjacent amino acids, i.e. 

LysMet to AsnLeu. The APPSwe mutation causes an increased production of total Aβ 

(Citron et al., 1992; Citron et al., 1994; Scheuner et al., 1996). Another example of an 

APP mutation is the Arctic mutation, in which a glutamic acid in the Aβ sequence is 

substituted by glycine at position 22. This mutation gives rise to reduced extracellular 

Aβ levels, both in culture media from transfected cells and in plasma from mutation 

carriers; but appears to give rise to production of soluble aggregation intermediates, so 

called protofibrils, that aggregate rapidly (Kamino et al., 1992; Nilsberth et al., 2001). 

The London mutation is located C-terminally of the Aβ region and causes an amino 

acid substitution from valine to isoleucine (Goate et al., 1991). This mutation gives rise 

to an increased Aβ42/40 ratio. Other examples of APP mutations are the Flemish 

(Hendriks et al., 1992) and Dutch (van Broeckhoven et al., 1990; Levy et al., 1990) 
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mutations both located close to the α-secretase cleavage site. These mutations give rise 

to severe amyloid angiopathy and/or presenile dementia and hereditary cerebral 

hemorrhage with amyloidosis, Dutch Type.  

 

Mutations in the PS1 gene located on chromosome 14 and in the PS2 gene located on 

chromosome 2 are also linked to FAD. To date, 177 pathogenic PSEN1 mutations and 

14 pathogenic PSEN2 mutations are known (see the AD mutation database for an 

updated list: http://www.molgen.ua.ac.be/ADMutations/). The mutations located in the 

presenilin genes are suggested to result in an increased ratio of Aβ42/40 (Scheuner et 

al., 1996). 

 

Besides advanced age, the next most important risk factor for AD is polymorphism in 

the apolipoprotein E (APOE) gene. In humans, the APOE gene has three alleles: ε2, ε3 

and ε4. Carriers of the ε4 allele have an increased risk of developing AD and the ε4 

allele is over represented, both in late onset FAD and in SAD cases. APOE ε4 seems to 

act in a dose dependent manner; carriers of one allele of ε4 have a three-fold risk for 

having AD; while two alleles of ε4 increase the risk 15 times (Corder et al., 1993). The 

mechanism by which the ε4 allele elevates the risk of developing late onset AD is not 

known. However, studies show a higher Aβ burden in the brains from AD patients 

carrying the APOE ε4 allele, suggesting that ApoE binds to Aβ. However, the APOE ε4 

allele is not required for the development of AD, and many other unidentified disease 

genes probably exist. A large number of gene candidates have been suggested, for 

example CLU (also known as APOJ) and PICALM (Harold et al., 2009), but so far no 

association between these and AD has been verified.  

 

There are several other suggested risk factors for AD in addition to advanced age and 

APOE ε4. Head trauma, female gender, cardiovascular disease, high cholesterol diet, 

hypertension, lack of social interactions and low education are some likely risk factors 

(Mayeux R., 2003).  

 

MOLECULAR MECHANISMS OF AD 

 
The Aβ precursor protein, APP 

APP was cloned by Kang and co-workers in 1987 (Kang et al., 1987) and is a type 1 

integral membrane spanning protein that is ubiquitously expressed throughout the body 
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(Dyrks et al., 1988). It has a large extracellular N-terminal domain, a transmembrane 

domain, and a short cytosolic C-terminal domain. APP belongs to a protein family that 

also comprises two homologues in mammals, including APP like proteins (APLP) 1 

and 2 respectively. APP exists in three major isoforms of varying lengths - 695, 751 

and 770 amino acids residues long, and each variant contains the Aβ domain. No other 

APP family member contains the Aβ sequence. The longer isoforms contain a Kunitz 

protease inhibitor domain (Kido et al., 1990). The APP695 isoform is primarily 

expressed in neurons (Weidemann et al., 1989). The biological function of APP still 

remains elusive; although several functions have been proposed, which implicate APP 

in neuronal protection and neural outgrowth (Milward et al., 1992; Olsson et al., 2004), 

as a cell adhesion molecule (Beher et al., 1996; Breen et al., 1991), and in axonal 

transport (Kamal et al., 2001). APP is transported along the secretory pathway, to reach 

the cell surface and undergoes several post-translational modifications, such as 

phosphorylation, N- and O-linked glycosylations and sulfation (Lyckman et al., 1998; 

Olstersdorf et al., 1990; Weidemann et al., 1989). 

 
APP processing and generation of the Aβ peptide 

In 1984, the Aβ peptide was isolated by Glenner and Wong (Glenner and Wong, 1984a; 

Glenner and Wong, 1984b). On the basis of further study, it was concluded that Aβ is 

the main component of senile plaques in brains from patients with AD and DS (Masters 

et al., 1985). The Aβ peptide is a cleavage product of APP, and during its intracellular 

transport, and when reaching the cell membrane, APP can be cleaved by different 

enzymes termed α-, β- and γ-secretases.  

 

The cleavage of APP can be divided into either a non-amyloidogenic pathway or an 

amyloidogenic pathway (Figure 2). In the non-amyloidogenic pathway, APP is cleaved 

by α-secretase in the location between amino acids 16 and 17 within the Aβ region. 

This produces a soluble, secreted αAPP and an 83 amino acid C-terminal fragment, i. e. 

C83. This fragment, C83, is retained in the membrane, and is subsequently cleaved by 

γ-secretase, which produces a fragment called p3 and the APP intracellular C-terminal 

domain (AICD) (Kojro et al., 2005). Importantly, since cleavage by α-secretase occurs 

within the Aβ region, formation of Aβ is precluded. There are several candidates in the 

ADAM (a disintegrin and metalloprotease) family suggested to possess α-secretase 

activity, ADAM9, 10 and 17 (Koike et al., 1999; Lammich et al., 1999; Buxbaum et al., 

1998). 
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The amyloidogenic pathway, on the other hand, leads to Aβ generation. The initial 

cleavage in this pathway is mediated by β-secretase (BACE) (Hussain et al., 1999; 

Sinha et al., 1999; Vassar et al., 1999; Yan et al., 1999) generating soluble βAPP that is 

secreted, and a 99 amino acid C-terminal fragment (C99). Subsequent cleavage of C99 

by γ-secretase liberates Aβ as well as AICD. APP can also undergo cleavage by β-

secretase at the so called β’ site which is located after amino acid 10 yet within the Aβ 

region, resulting in C89 which is further processed by γ-secretase to generate a short 

Aβ variant (Aβ11-x) and AICD. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. APP processing in the non-amylodogenic (left) and the amyloidogenic (right) pathways. APP is 

cleaved by α-secretase in the non-amyloidogenic pathway resulting in the C83 peptide which undergoes 

cleavage by γ-secretase producing the p3 peptide, AICD and the soluble sAPPα fragment. In the 

amyloidogenic pathway APP is cleaved by β-secretase resulting in the C99 peptide. Subsequent cleavage 

by γ-secretase results in the production of Aβ and AICD. 

 
 
The γ-secretase complex 

γ-Secretase is an enzyme complex located in the membrane and contains at least four 

subunits (Figure 3): Presenilin 1 or presenilin 2 (PS1 or PS2), nicastrin (Nct), anterior 

pharynx defective-1 (Aph-1) and presenilin enhancer-2 (Pen-2) (Edbauer et al., 2003). 

Endoproteolytical cleavage of PS between the sixth and seventh transmembrane 

domains gives rise to the N- and C-terminal fragments of PS. These two fragments 

form a heterodimer that is the active version of PS (Fraering et al., 2004). Knockouts of 

both PS1 and PS2 completely inhibit all γ-secretase activity (Herreman et al., 2000), 
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demonstrating that PSs are required for γ-secretase activity. Two aspartic residues 

(Asp257 and Asp385) within transmembrane domain 6 and transmembrane domain 7 

of PS constitute the catalytic site (Wolfe et al., 1999). The second complex member 

identified is Nct, a type 1 transmembrane glycoprotein with a large extracellular 

ectodomain and a short cytoplasmic tail (Yu et al., 2000; Shah et al., 2005). Nct is 

suggested to be involved in stability of the γ-secretase complex, and may function as a 

substrate receptor (Shah et al., 2005). Aph-1 exists as two homologues in humans 

(Aph-1a and Aph-1b) and as three homologues in rodents (Aph-1a, Aph-1b and Aph-

1c). Aph-1 has a topology of seven transmembrane domains, with the N-terminus 

facing the lumen and the C-terminus facing the cytosol (Fortna et al., 2004). Aph-1 

seems to play a role as an initial scaffold in γ-complex assembly; while Pen-2 is 

required for endoproteolytic processing of PS (Takasugi et al., 2003). 

 

The activity of γ-secretase can be reconstituted by co-expression of PS, Nct, Aph-1, and 

Pen-2 in Saccaromyces cerevisiae, which lack endogenous γ-secretase activity. These 

four proteins appear to be necessary and sufficient for γ-secretase activity (Edbauer et 

al., 2003). However, it is possible that other proteins have a regulatory role. For 

instance, TMP21 interacts with γ-secretase and decreases the production of Aβ (Chen et 

al., 2006). Also, CD147, another protein, that is reported to be component of γ-

secretase, regulates the production of Aβ and exclusion of CD147 from the γ-secretase 

complex increases the Aβ production (Zhou et al., 2005).  

 

Inhibition of γ-secretase as a drug target is complicated, because there are around fifty 

type 1 transmembrane proteins, which in addition to APP, are cleaved by γ-secretase. 

Among these are the Notch receptors (Notch 1-4), the Erb-B4 receptor and E-cadherin 

(Suh and Checler, 2002). In all substrates, the γ-cleavage appears to take place in the 

membrane and releases a luminal/extracellular and a cytosolic fragment. This process is 

called “regulated intramembrane proteolysis” (RIP) (Ebinu and Yankner, 2002) and 

requires two cleavage events. The first occurs outside the membrane, often in response 

to ligand binding, which triggers a second intramembrane cleavage that releases a 

cytoplasmic fragment. In some cases, the cytoplasmic fragment translocates to the 

nucleus and activates gene expression. The cell surface receptor Notch-1 for instance, is 

activated by ligands such as Delta or Serrate/Jagged. Notch-1 is cleaved at the 

membrane resulting in the release of an intracellular domain of Notch (NICD). The γ-

secretase-mediated Notch-1 signalling plays an important role in the regulation of 
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developmental cells survival in many organ systems (Jarriault et al., 1995), and 

dysregulation in Notch signalling results in developmental defects (Shen et al., 1997).  

 

The stoichiometry and the size of the γ-secretase complex are currently not known. The 

molecular weight of the complex has been estimated in the range of 250-2000 kDa 

depending on the experimental set-ups and techniques used (Edbauer et al., 2003; 

Kimberly et al., 2003; Farmery et al., 2003). This discrepancy is not sufficiently 

explained by limitations in the techniques: Modulator proteins interacting with the γ-

secretase complex, and/or multimeric subunits or lipids are present and may account for 

the difference. Recent work by Sato and co-workers has suggested a 1:1:1:1 

stoichiometry of the four γ-components (Sato et al., 2007). This is in line with a recent 

study in which the mass of the purified γ-secretase complex has by electron microscopy 

been estimated to 230 kDa at a 12 Å resolution (Osenkowski et al., 2009). 

 

 

 

 

 

 

 

 
 
 

 

 

Figure 3. Schematic drawing of the γ-secretase complex. The stars indicate the active sites in PS, Asp257 

and Asp385. 
 
 

Lipid rafts and AD  

Several studies indicate that cholesterol is an important factor in the pathogenesis of 

AD. High cholesterol levels increase Aβ production and deposition. ApoE is involved 

in cholesterol transport, and the ε4 allele of APOE has been identified as an important 

risk factor for AD (Strittmatter et al., 1993). Cholesterol and sphingolipids are the main 

constituents of lipid rafts, which are small platforms, i.e. microdomains, in the cell 

membranes. These microdomains are more ordered and tightly packed than the 

surrounding bilayer. Lipid rafts are considered to be dynamic platforms for cell 
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signalling, membrane protein sorting, and transport (Simons and Ihonen, 1997). The 

size of lipid rafts is suggested to be in the range of 5-100 nm and they are highly 

dynamic (life-times less than 10 ms) (Prior et al., 2003; Sharma et al., 2004; Eggeling et 

al., 2009), and they are, therefore, difficult to study in cells. The lipid membranes can 

be treated with detergents such as Triton X-100 at 4 ºC, resulting in partial dissolution 

of the membranes. The insoluble parts of the lipid membranes, called detergent 

resistant membranes (DRMs), can be isolated by centrifugation and are thought to at 

least partly reflect the composition of the lipid rafts. Certain proteins are concentrated 

to lipid rafts. Several findings suggest that the trafficking and processing of APP partly 

depends on lipid rafts. Several research groups report that APP, BACE and γ-secretase 

localize to lipid rafts. However, these studies show different results as to the degree of 

localization (Ehehalt et al., 2003; Hattori et al., 2006; Hur et al., 2008; Urano et al., 

2005; Vetrievel et al., 2005; Wahrle et al., 2002). Possible explanations for the different 

results include choice of cell line, overexpression of the proteins of interest, and 

different detergents used for preparation of DRMs.  

 

The amyloid cascade hypothesis 

It has been almost 20 years since Hardy and Higgins first proposed the amyloid 

cascade hypothesis, which since then has been the predominant hypothesis in the field. 

This hypothesis states that the amyloid deposition of Aβ in the brain is the primary 

influence driving AD pathogenesis as manifested in the formation of NFTs, 

inflammatory processes, synaptic deficits, and several toxic events that ultimately give 

rise to dementia and death (Hardy and Higgins, 1992). Initially, it was believed that the 

fibrillar insoluble depositions of Aβ in plaques were the cause of the disease. However, 

the focus has turned towards soluble Aβ oligomers, which are now considered the most 

toxic species and the amyloid cascade hypothesis has consequently been updated 

(Hardy and Selkoe, 2002) (Figure 4).  

 

Several findings using genetic and biochemical data, as well as animal models, 

constitute evidence that Aβ has a causative role in AD. These findings include: Aβ 

oligomers are toxic and the levels of oligomers are increased in AD brains, and that 

synthetic Aβ peptides are also toxic to neurons and synapses (Selkoe, 2002). In 

addition, inherited mutations in the APP gene give rise to an elevated total Aβ 

production, or an increased Aβ42/40 ratio, and cause early onset AD. Inherited 

mutations within the PS1 or PS1 genes result in an increased Aβ42/40 ratio and very 
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early and aggressive forms of early onset AD. Studies also show that transgenic mice 

expressing both mutant tau and APP show an accelerated tau pathology while the 

amyloid plaque deposition is unchanged (Jada et al., 2001). Also, DS patients develop 

AD because they carry an extra copy of chromosome 21 where the APP gene is located 

(Olson and Shaw, 1969). Finally, APOE ε4 allele is a major risk factor for developing 

late onset AD, and brains from patients carrying one or two copies of the ε4 allele have 

a severe Aβ burden (Corder et al., 1993). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. According to the amyloid cascade hypothesis, the central event in AD pathogenesis is the 
accumulation of Aβ which leads to a cascade of pathogenic processes, such as: NFT formation, oxidative 
stress, cognitive disturbances and eventually dementia and death. 
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Aβ aggregation 

Extracellular senile plaques and vascular amyloid are primarily composed of Aβ fibrils. 

Aβ is prone to aggregation and the fibrillogenesis is a nucleation dependent 

phenomenon. Such a process is dependent on a seed and has three characteristic 

features (Jarrett and Lansbury, 1993): A critical concentration below which no fibrils 

can form, a lag phase that is the time required before a seed is formed (above the 

critical concentration), and a growth phase. The lag time is strongly dependent on the 

concentration; but once a seed is added, the polymerization starts instantly. Aβ40 is the 

major species in plasma and cerebrospinal fluid (CSF), whereas Aβ42 is more 

hydrophobic and prone to aggregation. Aβ42 is the species that appears important for 

early plaque formation (Iwatsubo et al., 1994). Furthermore, studies show that the 

length of the C-terminus of Aβ is important for the rate of amyloid formation. Small 

amounts of insoluble peptides with the critical C-terminus resulted in immediate 

aggregation of soluble model peptides. Aβ42 forms fibrils at lower concentrations than 

Aβ40 and trace amounts of Aβ1-42 and Aβ1-43 could seed the formation of amyloid 

plaques in vivo (Jarrett et al., 1993).  

 

The concentration of Aβ in plasma and CSF in humans is in the picomolar to low 

nanomolar range while the concentration required for Aβ polymerization in vitro is in 

the µM range (Vanderstichele et al., 2000). It is plausible that Aβ polymerization in 

brain is dependent on several different factors, such as: Higher local concentrations of 

Aβ in certain cell compartments (Hu et al., 2009), metal ion concentrations (Maynard et 

al., 2005; Religa et al., 2006), pH, or that Aβ binding proteins enable polymerization 

through seeding at much lower concentrations in vivo (McLaurin et al., 2000). Studies 

have reported that seeding might also be possible in vivo. Microinjections of AD brain 

tissue homogenate into primate brains induced cerebral amyloid (Baker et al., 1993). 

Similar results were obtained from microinjections of AD brain tissue extracts into APP 

transgenic mice (Meyer-Luehmann et al., 2006). Under normal conditions Aβ peptides 

can be cleared from the brain by different enzymes, insulin-degrading enzyme and 

neprilysin being the major ones (Miners et al., 2008). 

 

Amyloid fibrils stain with Congo red and show a green/red birefringence when 

examined under polarized light, indicating an ordered structure. Aβ fibrils isolated from 

brain tissue show very similar properties to those formed in vitro; and therefore in vitro 

systems serve as good models for studies of Aβ fibrillization. The fibrils have a 
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characteristic cross-β sheet structure with the peptide strands running perpendicular to 

the fibril axis (Pauling et al., 1951). This is a common structure for all amyloid fibrils. 

The distance between two β-sheets perpendicular to the fibril axis has by X-ray 

diffraction pattern been shown to be between 10-11 Å, and the distance between the 

hydrogen bonded β-strands has been shown to be 4.7-4.8 Å (Kirschner et al., 1986; 

Malinchik et al., 1998). 

 

The Aβ monomer is a 4 kDa unfolded peptide with a hydrophobic C-terminal starting 

at residue 29, and corresponds to half of the transmembrane part of APP. The N-

terminal part of the peptide is hydrophilic, thus the Aβ sequence has an amphipathic 

character. Aβ fibril formation is a multistep process generating various transient 

intermediates with different properties. Several intermediate Aβ species have been 

isolated during the aggregation of monomers into fibrils. The polymerization process is 

not completely understood. Important to bear in mind is that some of the intermediate 

species have only been detected in vitro and, consequently, details regarding the in vivo 

polymerization are uncertain. Several different oligomeric species occurring during Aβ 

fibrillization process in vitro have been identified, including: Dimers (Walsh et al., 

2002; Shankar et al., 2008), Aβ-derived diffusible ligands (ADDLs) (Gong et al., 2003; 

Lambert et al., 1998), a 56-kDa Aβ assembly called Aβ*56 (Lesne et al., 2006), 

globulomers (Barghorn et al., 2005; Gellerman et al., 2008), and protofibrils (Harper et 

al., 1997; Walsh et al., 1997) (Figure 5). These range from 8 kDa to over 100 kDa and 

are all soluble - the definition embracing all species of Aβ that remain in aqueous 

solution after high-force centrifugation. 

 
 
 
 
 
 
 
 
 
 
 
Figure 5. Aβ aggregation process from monomer to insoluble fibrils and amyloid plaque. Many 

oligomeric species have been detected in vitro, some of them are schematically illustrated here. Photo, 

courtesy of Dr. Nenad Bogdanovic. 
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Toxicity of Aβ 

Aβ is present in CSF and in the brain of healthy as well as demented subjects 

throughout life, and is also produced by cells under normal metabolism. Thus, the 

presence of Aβ by itself does not lead to neuronal injury or eventual dementia. Instead 

neurodegeneration follows the aggregation process of Aβ. Initially, it appeared that 

fibrillar insoluble depositions of Aβ in plaques were the primary toxic species, a 

condition resulting from its accumulation in senile plaques. However, as described 

earlier in the introduction, the amyloid cascade hypothesis has changed the focus from 

plaques to soluble oligomeric forms of Aβ now considered the most toxic pathogens in 

AD. One reason for this shift was a weak correlation between AD severity and amyloid 

plaque burden (Terry et al., 1991).  

 

As described above, many soluble oligomeric species have been isolated in vitro by 

several different research groups searching for the most toxic species. Nevertheless, it 

is important to take into consideration that most studies of soluble Aβ levels have 

employed methods that cannot reveal the aggregation status of the species identified. 

However, recent studies have reported antibodies specific to oligomeric forms of Aβ 

(Englund et al., 2007; Georganopoulou et al., 2005). One must also take into account 

the intrinsic amyloidogenic properties of Aβ that cause technical difficulties when 

studying the peptide. For example, Aβ oligomerizes quickly in solution, a process that 

is highly dependent on Aβ concentration, pH, and temperature. Furthermore, it is 

common with a batch-to-batch variation when using synthetic Aβ. The variation could 

be due to the presence of oligomeric seeds, that cause difficulty in reproducing results. 

 

Several groups have with different approaches studied the toxicity of Aβ. For instance, 

Lesne et al. (2006) present data that demonstrate cognitive decline in transgenic AD 

mice being associated with Aβ*56. Furthermore, isolated Aβ*56 extracted from 

transgenic mice brains was injected into rat brain, which resulted in decreased 

performance in a spatial memory test. Fibrillar Aβ injected into the cerebral cortex of 

aged rhesus monkeys produce plaque cores similar to those observed in humans (Geula 

et al., 1998). Shankar and colleagues recently demonstrated that dimers isolated from 

AD brains result in inhibited long-term potentiation and enhanced long-term depression 

in normal rodent hippocampus (Shankar et al., 2008). Protofibrils have been 

demonstrated to alter synaptic physiology and cell death (Hartley et al., 1999) and 

many of the described soluble oligomeric species have been shown to cause 
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neurotoxicity in cell cultures (Lambert et al., 1998; Dahlgren et al. 2002; Barghorn et 

al., 2005). 

 

Various mechanisms have been described that offer to explain how Aβ induced toxicity 

is mediated, including: Oxidative stress (Markesbery et al., 1999), Aβ pore formation in 

membranes and resulting changes in cell membrane permeability (Lashuel et al., 2002; 

Allen et al., 1997; Arispe et al., 1993), induction of hyperphosphorylation of tau 

(Busciglio et al., 1995), binding to ApoE (Gylys et al., 2003), and induction of 

mitochondrial dysfunction (Bubber et al., 2005). 

 

Long Aβ peptide species 

The major Aβ species produced are Aβ40 and Aβ42. Aβ40 is predominant in CSF and 

plasma. The longer form, Aβ42, is more prone to form toxic oligomers and is the 

species initially deposited in the brain in senile plaques (Iwastubo et al., 1994). The 

FAD mutations in PSEN1, PSEN2 and APP cause an increased production of Aβ42 (an 

increased Aβ42/40 ratio or a total increased Aβ production) (Selkoe, 2001). 

Importantly, the longer Aβ variant is more neurotoxic than the shorter species (Jarrett et 

al., 1993; Liao et al., 2007). In a recent study, Jan and co-workers demonstrated that the 

relative concentration of Aβ42 is a critical factor for the rate of amyloidogenesis (Jan et 

al., 2008). Furthermore, in vitro experiments from Jarrett and colleagues demonstrate 

that low concentrations of the longer C-terminal variants, Aβ42 and Aβ43, have a 

seeding effect on soluble Aβ peptides, which could be of great importance for Aβ 

fibrillization and plaque formation in vivo (Jarret et al., 1993). Longer and more 

hydrophobic forms other than Aβ42, polymerize faster and at lower concentrations than 

the more abundant shorter variants, and could thus seed polymerization of Aβ into 

amyloid in vivo. 

 

Studies from cell lines and transgenic mice clearly show that Aβ species longer than 

Aβ42 are formed. Qi-Takahara and co-workers identified longer variants, such as: 

Aβ43, Aβ45, Aβ46 and Aβ48, all obtained in cell lysates from cells expressing APP 

and PS1 mutations, in a system using urea gels (Qi-Takahara et al., 2005). These 

variants were also detected in APP-transgenic mouse brain homogenates. A similar 

approach from Yagishita and colleagues also revealed longer Aβ forms in lysates from 

several cell lines (Yagishita et al., 2006). Longer forms of Aβ have also been studied in 

transgenic mice by other groups using different techniques, such as high performance 
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liquid chromatography (HPLC), mass spectrometry (MS), or detection in gelsystems 

(Esh et al., 2005; Van Vickle et al., 2007; Shimojo et al., 2008). Important to consider 

is that these cell lines and transgenic animals over-express Aβ and thus do not reflect 

the situation in human AD brain. A few studies of longer Aβ species in human brain 

from SAD and FAD cases, detected longer Aβ species such as Aβ43 (Miravalle et al., 

2005; Mori et al., 1992; Van Vickle et al., 2008; Roher et al., 2004) but these studies 

were not quantitative. However, a widely used technique enabling measurement of both 

soluble and insoluble Aβ (Aβ40 and Aβ42) employs enzyme-linked immunosorbent 

assay (ELISA), facilitating quantitative studies in plasma, CSF and cell lysate. When 

employing ELISA for Aβ measurements it is crucial to consider that the presence of 

oligomers could interfere with the analysis and cause underestimation of Aβ due to 

epitope masking (Englund et al., 2009). MS is a technique that allows identification and 

characterization of peptides and proteins. It is frequently used for example, in 

combination with immunoprecipitation (IP) when analyzing Aβ in CSF (Portelius et al., 

2007). However, research on longer C-terminal Aβ species is lacking. Furthermore, the 

role of longer Aβ in the AD pathogenesis is not known. 
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AIMS OF THE STUDY 
 
γ-Secretase cleavage of APP leads to formation of the toxic Aβ peptide, and the 

deposition of Aβ into amyloid plaques, is one key event in the pathogenesis of AD and 

one of the hallmarks of the disease. The general aim of this study was to investigate γ-

secretase activity and localization in different compartments in mammalian brain, and 

to identify and quantify the Aβ species that are deposited in AD brains. 

 
The specific aims of this thesis were: 
 
Paper I:  To determine the optimal conditions for further studies of active γ-

secretase in brain. 

 
Paper II:  To explore if active γ-secretase is localized to detergent resistant 

membranes in rat and human brain. 

 
Paper III: To investigate if longer Aβ species are deposited in AD brains, to develop 

a method for quantification of the identified species and perform a 

quantititative study of Aβ species in SAD and FAD brains.  

 
Paper IV: To use the conditions for quantifications of Aβ species established in 

paper III in order to identify, compare and quantify Aβ species in 

different brain regions from Swedish PSEN1 I143T mutation carriers. 
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METHODOLOGICAL CONSIDERATIONS 
 
Several different methods and techniques were used for this thesis and detailed 

descriptions are found in papers I-IV. Some of the techniques are summarized and 

commented on in this chapter, which focuses on less conventional techniques. 

 

DETERGENTS  

Since γ-secretase is a transmembrane protein complex, detergents are often used for 

purification prior to studies of the γ-secretase complex. To study active γ-secretase, it is 

crucial to choose a detergent that preserves the γ-secretase activity. Although earlier 

studies have used a variety of detergents, authors have not agreed on the choice of 

optimal detergent for studies of γ-secretase (Gu et al., 2001; McLendon et al., 2000; 

Pinnix et al., 2001; Li et al., 2000). Eight detergents were included in our study (paper 

I): CHAPS (zwitterionic), CHAPSO (zwitterionic), DDM (non-ionic), Triton X-100 

(non-ionic), Lubrol (non-ionic), Brij-35 (non-ionic), Tween-20 (non-ionic), and a 

relatively new detergent called PreserveX, which is a mixture of polymeric 

amphiphiles. We studied the effect of each detergent at 0.25% or 1% (w/v) on AICD 

production. 

 

γ-SECRETASE ACTIVITY ASSAY 

The production of AICD endogenously produced was assayed by incubation of the 

membrane fractions in buffer S (20 mM Hepes, pH 7.0, 150 mM NaCl, 5 mM EDTA) 

containing Complete™ protease inhibitor mixture, with or without detergent for 16 

hours at 37 °C for the indicated time. The protein concentration was kept at 1 mg/ml in 

the experiments in which detergents were present. The reactions were halted by cooling 

the samples on ice. Thereafter AICD in the supernatant (or in the total sample for 

experiments including detergents), and APP C-terminal fragements (CTFs) in the 

membrane pellet, were analysed by western blotting (WB) (paper I). 

 
In paper II the production of AICD was investigated by incubation of the samples for 

16 hours at 37 °C in the absence or presence of the γ-secretase inhibitor L-685.458. 

 
ELISA 

ELISA was used to study the levels of Aβ40 and Aβ42. In paper I, de novo generation 

of Aβ40 was measured after 16 h of incubation of the 100,000 × g pellet, enriched in 
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endosomes, endoplasmic reticulum, Golgi, and synaptic vesicles. In paper II the DRM 

fraction was incubated for 16 h in the presence of 20 ng of the exogenous substrate 

C99-FLAG. In paper IV secreted Aβ40 and Aβ42 in cell medium as well as cellular 

Aβ40 and Aβ42 from fibroblasts were measured. A buffer containing 0.1% sodium 

dodecyl sulfate (SDS) was added to the samples before all the measurements described 

above to prevent Aβ aggregation. Still, one cannot exclude that some aggregates did 

form, hiding epitopes from the detection antibody and thereby giving incorrect values. 

 

PREPARATION OF DRMs FROM BRAIN 

To isolate DRMs, the 100.000 × g pellet was re-suspended in 600 µl of a buffer with 

2.0 % CHAPSO supplemented with Complete™ protease inhibitor mixture. The 

samples were incubated with end-over-end rotation for 20 min at 4 °C. The samples 

were then adjusted to 45% sucrose. Then, 6.9 ml of 35% sucrose followed by 2.3 ml of 

5% sucrose was overlaid onto the 45% sample fraction. The samples were centrifuged 

at 100,000 × g for 16 h at 4 °C. Six fractions were collected from the top of the tube 

using a 5 ml syringe. Initially, different CHAPSO concentrations were tried in the 

gradient; but 2% CHAPSO gave the best separation between the fractions. 

 

BRAIN MATERIAL  

We have focused on rat brain and human brain in our studies, but in some cases cell 

lines have been used. All studies are approved by the human ethical committee in 

Stockholm and the animal ethical committee of South Stockholm. Numerous studies on 

AD employ cell systems that over express the protein of interest. These systems could 

serve as good models for studying certain mechanisms in a controlled environment; but 

it is important to keep in mind that these models are simplified, and consequently it is 

hard to project the results and information to AD in humans. 

 

PLAQUE-CORE PREPARATION 

In brief, plaque cores from frozen human brain were prepared by homogenization of 

0.5-1 g of tissue in 4 mL Tris-buffered saline (TBS)/g of tissue, pH 7.4, supplemented 

with Complete™ protease inhibitor mixture using a mechanical pestle-homogeniser. 

The homogenate was centrifuged at 4,000 × g for 2 min at 4 °C and the resulting 

pellet was washed in TBS and stained overnight with Congo red (50% saturated in 

TBS). The pellet was filtered through a 100 µm nylon mesh to remove poorly 

dissolved material, adjusted to 46% sucrose, and centrifuged at 16,000 × g for 1h at 4 
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°C, followed by one more centrifugation of the pellet at 16,000 × g for 5 min at 4 °C 

and dilution in 1% SDS in TBS. After filtration through a 60 µm nylon mesh and 

centrifugation at 16,000 × g for 5 min at room temperature (24 °C), the pellet was 

washed three times in TBS buffer and centrifuged at 16,000 × g for 5 min at room 

temperature (24 °C). The final pellet was stored at –20 °C (Figure 6). To estimate the 

yield of the method, Congo red-stained plaque cores in preparations from four brains 

were counted at each step of the purification procedure. Thirty µL of both supernatant 

and diluted pellets from each step in the purification protocol were collected 

throughout the procedure and viewed under polarized light. The total number of 

plaque cores was calculated with respect to the total volume of the sample in each 

step. We found that the total recovery varied between 9-20% and this has been taken 

into account in the calculations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

Figure 6. The plaque core preparation procedure. Welander et al. (2009), J Neurochem 110, 697-706. 

 
 
LC-MS/MS AND Aβ QUANTIFICATIONS 

MS is a very powerful technique that allows identification and characterization of 

peptides and proteins. The principle of MS is that the molecules in the sample are 

ionized in the ion source and then separated according to their mass-to-charge ratio 

(m/z) and finally detected by a detector. There are several different ion sources, mass 
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analysers and detectors available on the market. The equipment and method we have 

used in our laboratory is liquid chromatography combined with tandem mass 

spectrometry (LC-MS/MS) with electrospray ionization (ESI) (Fenn et al., 1998) 

coupled to an ion trap. In positive ESI mode, positive ions from the liquid containing 

the analyte are generated from the solution with the help of a strong electric field. 

Positive charges in the solution are then separated and an aerosol spray of positively 

charged droplets is generated. The solvent is evaporated and the droplet shrinks in size. 

When the surface tension of the droplet is exceeded by the charge repulsion the droplet 

breakes apart and ions are formed in atmospheric pressure. The ions then pass through 

an orifice into the high vacuum of the mass analyser. 

 

We have used synthetic Aβ peptides for quantifications of C-terminal Aβ peptides in 

samples prepared from purified plaque cores and total amyloid preparations. The 

synthetic Aβ peptides - Aβ36-40, Aβ36-42, Aβ36-43, Aβ36-44, Aβ36-45 and Aβ36-46 

- were used as standards for the quantifications. The peptides were dissolved in 80% 

formic acid (FA) and diluted in 0.1% FA. A standard curve was created by mixing 

Aβ36-40, Aβ36-42 and Aβ36-43 at a ratio of 20:20:1, and injecting 1 µL of 500, 200, 

50 and 20 fmoles of Aβ36-40 and Aβ36-42, and 25, 10, 2.5 and 1 fmoles of Aβ36-43, 

in the same solution. Injections were performed from lower to higher concentrations 

with blank injections of 0.1% FA between each standard injection. Initially, we found 

that around 20 times more Aβ36-42 was detected as compared to Aβ36-43 in plaque 

cores from human brain. Standard concentrations were then chosen to reflect the 

situation in brain samples. The monoisotopic masses for the Aβ fragments of interest 

were plotted as extracted ion chromatograms, and quantification was performed based 

on peak areas. The peak areas were then used in the equations from the standard curves 

in order to calculate the concentrations expressed as nmol Aβ/g of wet brain tissue. 

 

The detection limits of the standard peptides were approximately 10 fmoles for Aβ36-

40, 2.5 fmoles for Aβ36-42, 1 fmole for Aβ36-43; and significantly higher for the 

longer and more hydrophobic peptides, i.e. 50 fmoles for Aβ36-44 and Aβ36-45, and 

500 moles for Aβ36-46. 

 

Sample preparation 

The samples were dissolved over night at 37 °C in 80% FA supplemented with 4 mg 

cyanogen bromide (CNBr) per sample in a shaker at 600 rpm. Prior to LC-MS/MS-
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analysis the samples were concentrated and desalted using C18 ZipTips, dried in a 

vacuum centrifuge, and finally dissolved in 10 µL of 0.1% FA. One µL of the samples 

was injected (Figure 7). We chose CNBr to generate shorter and less hydrophobic C-

terminal Aβ fragments compared to the fragments generated by the more commonly 

used trypsin. CNBr cleaves C-terminally of methionine (Aβ35), thereby generating 

Aβ36-x fragments (Figure 8). Trypsin is widely used for peptide digestion prior to MS 

analysis, but trypsin cleavage would yield fragments that are not well suited for 

analysis by LC-MS/MS due to their high hydrophobicity. Furthermore, plaques are 

very difficult to dissolve and around 80% FA is required. Since the CNBr cleavage 

reaction requires concentrated FA, the dissolution of samples and CNBr reaction could 

be combined. 

 

 

 

 

 

 

 
 
 
 
 
Figure 7. A schematic presentation of the sample analysis procedure using LC-MS/MS. 
 

 

 

 

 

 
 
 
 
 

 

Figure 8. The Aβ sequence indicating the CNBr and trypsin cleavage sites. The α-, β- and γ-cleavage 

sites are indicated with black arrows. 
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IMMUNOHISTOCHEMISTRY USING AN Aβ43 SPECIFIC ANTIBODY 

There are only a few Aβ43 antibodies available on the market to date. We used a 

relatively new one, not tested for immunohistochemistry before. The specificity of the 

antibody was tested by a dot blot procedure. Two µL of a solution containing 1 µg/µL 

of synthetic Aβ1-40, Aβ1-42 or Aβ1-43 was placed on a nitrocellulose membrane. The 

membrane was then dried and blocked in 5% bovine serum albumin in TBS 

supplemented with 0.1% Tween-20, and incubated with Aβ1-43 antibody (1:1000) for 

1 h. Next, the membrane was washed 3 times in TBS supplemented with 0.1% Tween-

20 and incubated in secondary antibody anti-mouse (1:2000) for 30 minutes. Finally, 

the membrane was washed as above, followed by one wash in TBS. The antibody was 

highly reactive to Aβ1-43 but not to Aβ1-40 and Aβ1-42. Furthermore, the specificity 

of the antibody was tested by immunostaining of brain sections from two non-AD 

cases, resulting in no immunoreactivity. 
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RESULTS AND DISCUSSION 
 
In this part of the thesis the results from papers I-IV are summarized and discussed. All 

figures are found in their respective papers, along with detailed descriptions of results. 

 

RAT BRAIN γ-SECRETASE ACTIVITY IS HIGHLY INFLUENCED BY 

DETERGENTS 

As mentioned in the introduction, γ-secretase is a crucial enzyme for the generation of 

the toxic Aβ which is central for the development of AD. Since γ-secretase is a 

transmembrane protein complex, detergents have been frequently used for 

solubilization and purification of the γ-complex. However, to our knowledge, no 

thorough investigation of the effect of detergents on γ-secretase activity has been 

reported. Moreover, most of the knowledge about γ-secretase to date is obtained from 

models where transfected cell lines are used. These systems over-express for example 

γ-secretase components, or APP, and do not fully reflect the situation in brain. 

Furthermore, these systems lack complexity and do not express all protein present in 

nerve cells. An extensive and detailed investigation was performed on rat brain to show 

how detergents influence γ-secretase activity. Thus, this study determined the optimal 

conditions for studying an active protein complex. To measure the activity, an activity 

assay was used to detect endogenous production of AICD. It appears to be an 

advantage to quantify the endogenous AICD production compared to other studies, 

where often an exogenous substrate is used in the artificial systems. 

 

The rat brain was first fractionated in three centrifugation steps, 1000 g, 10,000 × g and 

100,000 × g, and resulting pellets were compared to determine which was enriched in 

γ-secretase components. The comparison showed that the 100,000 × g pellet (P3) was 

enriched in Nct, PS1, Pen-2 and the γ-secretase substrate APP CTFs, as well as in 

endosomes, synaptic vesicles, Golgi and ER. Equal amounts of protein from the three 

pellets were incubated for 16 h at 37 °C and centrifuged for 100,000 × g, where after 

AICD formation was measured by WB. The highest relative activity (AICD/µg protein) 

was found in the P3 pellet, in concordance with the enrichment of γ-secretase 

components in this fraction, and thus the conclusion was made that this fraction served 

as a good source of active γ-secretase. Consequently, this fraction was used in the 

following studies. This is in agreement with a study from Gu and co-workers (Gu et al., 
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2001). However, one study showed higher activity in the 10,000 × g pellet (Pinnix et 

al., 2001), possibly due to differences in detergents, centrifugation times, buffer 

composition and homogenization procedures. Next pH dependence of γ-secretase 

activity was studied and found to be in concordance with earlier studies, reporting the 

optimum to be around pH 7 (McLendon et al., 2000; Pinnix et al., 2001; Li et al., 

2000). An earlier study of AICD production in crude membrane preparations from cells 

showed that AICD is rapidly degraded (Edbauer et al., 2002). The P3 fraction was 

incubated for different time points between 0 and 16 h and a time-dependent generation 

of AICD fragment was observed with the highest levels occurring at 16 h. The 

endogenous substrate levels were sufficient for generation of detectable levels of AICD 

fragment; and APP CTFs were present even after 16 h. This was advantageous 

compared to other systems using cells, where AICD is quickly degraded by soluble 

proteases (Edbauer et al., 2002). In this respect, rat brain is also a good option instead 

of human brain, since the post-mortem time has a negative effect on γ-secretase activity 

(Hur et al., 2008).  

 

The investigation turned to examine the influence of seven detergents on γ-secretase 

activity, including: CHAPS, CHAPSO, DDM, Triton X-100, Lubrol, Brij-35, Tween-

20 and PreserveX; at either 0.25% or 1%. All detergents except PreserveX reduced γ-

secretase activity at 1%. This low activity could be due to dissociation of the complex, 

changes in lipid environment, or dissociation of substrate and complex; or 

combinations of these. It is interesting to note that 1% Tween-20 or Brij-35 showed 

only a small reduction in activity, in concordance with a previous study (Gu et al., 

2001). However, most protein and lipids were shown to be resistant to 1% Tween-20 

(Schuck et al., 2003) which is a week detergent. Perhaps the environment for γ-

secretase is changed only to a minor degree at this concentration.  

 

To investigate the ability of the detergents to solubilize the γ-secretase complex, 

turbidity measurements were performed, which demonstrated no changes in turbidity in 

1% PreserveX, Tween-20, or Brij-35; and all of the γ-secretase components were 

present in the 100,000 × g pellet after solubilization of the samples in the presence of 

these detergents. Therefore, even though γ-secretase was active at 1% PreserveX, 

Tween-20, or Brij-35, these detergents are not suitable for solubilizing the complex. 

The activity was barely detectable in 1% CHAPSO or CHAPS, and completely 

exterminated in DDM, Lubrol and in 1% Triton X-100. At a concentration of 0.25%, 
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PreserveX, CHAPS, and Brij-35 showed similar activity as did samples without 

detergents. CHAPSO showed an even more increased activity at this concentration and 

hence was selected as the detergent at which the optimal CHAPSO concentration was 

established in order to preserve γ-secretase activity. The optimal CHAPSO 

concentration was 0.4%. This concentration is just below the critical micelle (CMC) 

concentration for CHAPSO, which is 0.5%. It seems plausible that γ-secretase is 

dependent on lipid environment for its activity, since γ-secretase is found in DRM that 

are enriched in cholesterol and sphingolipids (Wahrle et al., 2002; Vetrievel et al., 

2005; Hur et al., 2008), and cholesterol and sphingolipids seem to have a positive 

influence on γ-secretase activity (Wahrle et al., 2002; Sawamura et al., 2004). This 

positive effect on γ-secretase activity could depend on the ability of CHAPSO to form 

mixed micelles with membrane lipids just below the CMC (Womack et al., 1983). 

 

Assays were also conducted to learn whether Aβ was produced at the optimal 

conditions established for AICD production, made possible by using a sensitive Aβ40 

ELISA. It was possible to measure Aβ in our system and its production was inhibited 

by addition of the γ-secretase inhibitor L-685.458.  

 

Next, γ-secretase activity at different CHAPSO concentrations was observed to 

determine whether activity stemmed from the soluble or insoluble fraction of the 

samples. This study concluded that most of the activity was detected in the supernatant 

at CHAPSO concentrations over CMC, while the soluble activity was low at 

concentrations below CMC. The γ-components were only partly soluble (around 50%) 

at 1% CHAPSO; and therefore we hypothesized that the low activity in the pellet could 

be caused by low substrate levels. To investigate this, an exogenous substrate, i.e. C99-

FLAG, was added, at 10 ng per sample. Activity was then observed in the pellets at 

CHAPSO concentrations around CMC, showing that γ-secretase is partly insoluble at 

these CHAPSO concentrations. Interestingly, it was also noted that the treatment of the 

exogenous substrate was important for the effect on AICD production. Pre-treatment 

with trifluoroethanol (TFE) had a favorable effect on the production of AICD, probably 

because TFE diminishes aggregation and keeps the transmembrane region in a native α-

helical conformation. However, the concentration of exogenous substrate was much 

higher than the endogenous concentrations required for production of AICD. Finally, it 

was concluded that 1% CHAPSO solubilized a substantial amount of the γ-secretase 

components, and the low activity at 1% could be fully restored by diluting the sample 
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to 0.4% CHAPSO. Hence, solubilizing the sample in 1% CHAPSO and then diluting 

the sample to 0.4% was a good procedure for obtaining soluble and active γ-secretase. 

 

ACTIVE γ-SECRETASE IS LOCALIZED TO DETERGENT-RESISTANT 

MEMBRANES IN HUMAN BRAIN 

Studies have shown that the lipid membrane environment is important for γ-secretase 

activity; and that γ-secretase is partly localized to DRMs (Wahrle et al., 2002; Vetrievel 

et al., 2005). DRMs are ordered micro domains in the cell membranes, enriched in 

sphingolipids and cholesterol. Cholesterol appears to have an important role in AD 

pathogenesis and APP processing, on the basis that high cholesterol levels in mid-life 

correlate with the risk of developing AD later in life; and Aβ production is increased at 

high cholesterol levels (Cordy et al., 2006). Previous studies of DRMs and γ-secretase 

are based on findings from mouse brain and cultured cells, which suggest that γ-

secretase, BACE, and APP are partly localized to DRMs. As mentioned in the 

introduction of this thesis, the degree of localization of the γ-secretase components 

differs between the studies, possibly due to the particular detergent that is used for the 

preparation of DRMs, and whether the cell systems over-express the protein of interest. 

Since many of the studies are conducted from transfected cell lines, further studies in 

brain would contribute to the understanding of γ-secretase localization and APP 

processing in brain. 

 

Previously, no study regarding the association of γ-secretase with DRMs in humans has 

been reported. Also, to our knowledge, no report on γ-secretase activity in DRMs 

obtained from mammalian brain has been described. Therefore, this study included 

human brain samples to examine co-localization of active γ-secretase with DRMs. 

Also, this study intended to compare the distribution and activity of γ-secretase in 

DRMs in human and rat brain, and therefore preparations from rat brain were included 

in the study. To explore the association of γ-secretase complex with lipid rafts a 

protocol was used in which membranes were dissolved in detergent, placed in a sucrose 

gradient, and centrifuged. The DRMs were then localized to a fraction between 5% and 

35% sucrose allowing them to be isolated. CHAPSO was selected since in paper I it 

was concluded that it best preserves γ-secretase activity. In another study 2% CHAPSO 

was used when preparing DRMs from SH-SY5Y neuroblastoma cells containing active 

γ-secretase (Urano et al., 2005). We found that a CHAPSO concentration of 0.4% 

resulted in a poor separation between soluble components and DRMs, but the 
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separation was improved using 2% CHAPSO. This study also found that separation in 

SH-SY5Y neuroblastoma cells was more distinct than in brain samples, perhaps due to 

greater heterogeneity of the brain samples and also due to the presence of myelin. For 

comparison, a DRM preparation was performed using Triton X-100, which is a 

detergent frequently used in DRM preparation protocols. Interestingly, no PS1-NTF 

was detected in the DRM fraction using this detergent. Thus it was concluded that 2% 

CHAPSO was appropriate for DRMs preparation. Also noted was that the 5-35% 

interface was enriched in all four known γ-complex components and a lipid raft marker 

as shown by WB along with antibodies directed to γ-complex components, including: 

BACE, APP, APP-CTFs; and raft and non-raft markers. These results suggested that 

the majority of γ-secretase in human brain was localized to lipid rafts, which is in 

concordance with earlier reports on γ-secretase association from mouse brain (Urano et 

al., 2005; Vetrievel et al., 2004; Vetrievel et al., 2005). The localization of PS1 and Nct 

to lipid rafts was further supported by immunofluoresence confocal microscopy on 

human brain sections. Interestingly, BACE, full-length APP, and APP-CTFs were 

found to be located outside the DRM fraction. This experiment was repeated using rat 

brain, and obtained results were consistent with human brain DRMs preparation.  

 

Previous studies have also shown that < 25% of BACE is associated with lipid rafts 

(Ehehalt et al., 2003; Vetrievel et al., 2005; Hattori et al., 2006; Abad-Rodriguez et al., 

2004). Interestingly, Ehehalt and co-workers have suggested that raft association is 

essential for the activity of BACE. Hence, one way of decreasing the levels of Aβ could 

be to lower the amount of raft-associated BACE. Furthermore, results from our study 

show that most of the APP is localized outside the DRM fraction. The low levels of 

BACE and APP in DRMs might indicate that the initial cleavage step in the 

amyloidogenic pathway occurs outside the rafts. Earlier studies have reported a raft 

association of APP between zero and 20% (Ehehalt et al., 2003; Vetrievel et al., 2005; 

Hattori et al., 2006; Abad-Rodriguez et al., 2004). Despite the low levels of APP CTFs 

in the current study, AICD was detected in preparations from both human and rat brain. 

To our knowledge, this is the first study to show γ-secretase activity in DRMs in 

mammalian brain, and the processing of an endogenous substrate in DRMs.  

 

We wished to measure endogenous production of Aβ in the DRMs, but it was not 

possible. When adding the exogenous substrate C99-FLAG, treated in the same way as 

in paper I, detection of Aβ production was feasible and was inhibited when the γ-
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secretase inhibitor L-685.458 was added. Next, we wished to further purify the DRMs 

containing the γ-secretase complex by size exclusion chromatography (SEC). Fractions 

were collected and analysed by WB with antibodies directed to γ-complex components. 

When using 0.25% CHAPSO in the mobile phase, the γ-secretase components, APP, 

and a raft marker eluted in the high molecular fraction, > 2000 kDa. Earlier studies 

obtained varying results regarding the size of the γ-secretase complex. Nevertheless, 

the complex is estimated to have molecular weights between 200 and 2000 kDa 

(Edbauer et al., 2003; Farmery et al., 2003; Kimberly et al., 2003; Gu et al., 2004; Evin 

et al., 2005). We suggest that the estimated molecular weight obtained by SEC images 

the size of the DRMs rather than the γ-secretase complex. When using a CHAPSO 

concentration of 2% in the mobile phase instead of 0.25%, the γ-secretase complex still 

eluted in the void volume, indicating a complex stably associated with DRMs. In 

support of this notion, co-immunoprecipitation of PS1, Aph-1aL and Pen-2 was 

possible in 2% CHAPSO. Furthermore, γ-secretase was observed still active in DRMs 

from a human brain sample with post-mortem time of 22 h. 

 

An investigated was made of the effect of different postmortem times on γ-secretase 

activity in rat brain. A conclusion was made that γ-secretase activity, as measured by 

AICD production, decreased rapidly after short postmortem times, but was still 

detectable through all time points studied (0-48 h), indicating that studies of active γ-

secretase in human brain with longer postmortem times would be possible. 

 

Aβ43 IS MORE FREQUENT THAN Aβ40 IN AMYLOID PLAQUE CORES 

FROM ALZHEIMER DISEASE BRAINS 

In paper III the study addressed one of the pathological hallmarks in AD - the amyloid 

plaque, which result from the γ-secretase dependent production of Aβ. As described in 

the introduction, studies have shown that Aβ42 is the main constituent in plaques. This 

study aimed to investigate whether we could identify other, longer (>Aβ42) Aβ species 

and determine the concentration of all C-terminal variants of Aβ. Aβ42 has a higher 

aggregation propensity than Aβ40 and is of particular importance in early plaque 

formation (Iwatsubo et al., 2004; Jarrett et al., 1993). Species longer than Aβ42 are 

even more hydrophobic and could possibly seed plaque formation in vivo. As 

mentioned in the introduction, studies have shown that it is possible to detect longer Aβ 

species, but there has been no thorough study of longer C-terminal variants from plaque 
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cores. One early experiment from our laboratory revealed that not only Aβ42 and Aβ40 

were present in plaque cores, but also a longer species, Aβ43. 

Initially, a procedure was set up to obtain purified plaque cores. The most conventional 

method when preparing amyloidogenic material is SDS preparations. The pellet from 

these preparations reflects the total insoluble material, which includes not only plaque 

cores, but also amyloid from vessels and diffuse deposits. Through a series of 

centrifugation steps including sucrose fractionation and filtration steps, plaque core 

pellets were obtained which served as starting material for the study. We also prepared 

SDS insoluble material. 

 

To generate shorter and less hydrophobic peptides, as compared to those generated by 

trypsin cleavage, CNBr was used to cleave the samples. Conditions were optimized for 

detection of Aβ species and we started with studies of the synthetic standard peptides. It 

was necessary to use a low concentration of acetonitrile (ACN) in the loading buffer 

(1%) as well as at the start of the gradient (2%) in order to trap the short hydrophilic 

Aβ36-40 fragment. Aβ36-42 and Aβ36-43 had similar retention times and so the 

gradient was then optimized with respect to separation of these. A gradient from 2% to 

14% ACN in 20 min was observed to give good separation between the closely eluted 

species. The detection limits of the standard peptides were also investigated. The 

detection limit was higher for Aβ36-40 when compared to Aβ36-42 and Aβ36-43. This 

was probably due to the short Aβ36-40 fragment not being as easily trapped on the 

enrichment column. This is an integral part of the chip column and therefore not 

possible to bypass. It was interesting to note that the detection limit for the longer and 

more hydrophobic peptides increased significantly compared to the shorter ones. 

Therefore, it appeared possible that longer peptides than Aβ36-43 were present at low 

levels in the samples, but which had escaped detection in our system. The monoisotopic 

masses for the Aβ fragments of interest were plotted as extracted ion chromatograms, 

and quantification was performed based on peak area. The peak areas were used in the 

equations from the standard curves in order to calculate the concentrations expressed as 

nmol Aβ/g of wet brain tissue. The conditions for LC-MS/MS analysis were also used 

in paper paper IV. 

 

C-terminal Aβ variants in plaque cores were analysed along with SDS preparations 

(SDS-insoluble material from brain homogenates) from six SAD and two APPSwe 

cases. Samples were prepared from the occipital cortex, which was chosen since it is 
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known to be a plaque core rich region (Arnold et al., 1991). Interestingly, we found a 

longer species ending at residue 43 in all cases. This species was clearly more frequent 

than Aβx-40, which was detectable only in the two APPSwe cases and in one SAD 

case. Interestingly, this SAD case was the only APOE ε4/4 carrier. As expected, Aβx-

42 was present and readily detected in all samples analysed. Further, frontal cortex was 

included from SAD cases, APPSwe cases, and one I143T PSEN1 case, in the study in 

order to compare Aβ variants in a region with a lower plaque load (Arnold et al., 1991). 

In frontal cortex, Aβx-43 was detectable in seven out of ten brains, Aβx-42 was present 

in all brains and Aβx-40 was only found in the APPSwe cases. In line with earlier 

studies, showing that the frontal cortex is a less plaque core rich region, the Aβ 

concentrations were in general lower in this area compared to the occipital cortex 

(Arnold et al., 1991). No variants longer than Aβx-43 were detected in any of the 

brains. In agreement with earlier studies, we conclude that Aβ42 is the major species in 

amyloid plaques in AD brain (Iwatsubo et al., 1994). 

 

In order to investigate whether longer Aβ species could be found in diffuse deposits and 

in the walls of cerebral vessels, as well as to study the relation between different 

variants, Aβ was studied in the insoluble material from SDS preparations obtained from 

occipital cortex of four SAD, two APPSwe, and from the frontal cortex of the I143T 

PSEN1. Aβx-42 and Aβx-43 were readily detected in all cases and Aβx-40 was found 

in all but one SAD case, in all APPSwe cases, but not in the I143T PSEN1. The higher 

abundance of Aβ40 in the SDS preparations is probably because of CAA, which to a 

great extent consists of Aβ40 (Gravina et al., 1995; Iwatsubo et al., 1994).  

 

Since only C-terminal fragments were analysed in our study one could speculate that 

these fragments could have been derived from the P3 peptide (Aβ17-42). A study of 

diffuse plaques in SAD identified Aβ17-42 as well as other truncated Aβ1-42 peptides 

(Gowing et al., 1994). To investigate whether the C-terminal fragments found in this 

study could have been derived from P3, the chromatograms were analysed to see if the 

N-terminal peptide that would have been produced by CNBr cleaved P3, Aβ17-35, was 

present in our samples. A peak was no found in the extracted chromatograms with m/z 

corresponding to the mass of this fragment, and therefore the conclusion was made that 

the majority of the C-terminal fragments originate from β-cleaved APP. 
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Next, we studied the aggregation propensity of Aβ1-40, Aβ1-42, Aβ1-43 and compared 

these with the long and hydrophobic Aβ1-46 peptide using a thioflavin T (Tht) assay. 

Presumably, Aβ1-46 has a high propensity to polymerize but this has not, to our 

knowledge, been shown. The peptides used in the Tht assay were dissolved in 

hexafluoroisopropanol (HFIP) and fluorescence was measured after different time 

points. We concluded that, as expected, the fluorescence was lowest for Aβ1-40 and 

highest for Aβ1-46. The aggregation properties for Aβ1-42 and Aβ1-43 were similar 

and this suggested that the Tht results reflect the hydrophobic properties of the peptides 

investigated. 

 

As a complement to the results obtained from the LC-MS/MS analysis, the identified 

Aβ species was studied by immunohistochemistry. Occipital cortex was examined in 

two SAD cases, one with low levels of Aβx-40, another with high levels (the APOE 

ε4/4 carrier), and one APPSwe case. The immunohistochemical analysis revealed that 

Aβx-42 staining was intense and enabled several plaques to be visible. Aβx-43 was 

found in plaques but the intensity of the staining was lower compared to Aβx-42 

staining. The Aβx-40 staining was more variable. The APOE ε4/4 carrier showed 

mostly vascular staining, but some plaques were also visible. The other SAD cases 

showed only weak Aβx-40 staining while the APPSwe case displayed strong, mostly 

vascular staining. 

 

THE PSEN1 I143T MUTATION IN A SWEDISH ALZHEIMER FAMILY: 

CLINICAL REPORT AND QUANTIFICATION OF Aβ IN DIFFERENT 

BRAIN REGIONS 

Methods developed for plaque core preparations and quantifications of C-terminal Aβ 

species in paper III were applied also in paper IV. The aim was to compare and 

quantify Aβ variants in different brain regions. In this study, the opportunity was taken 

to include six brain regions- frontal, occipital, parietal and temporal cortex; as well as 

anterior hippocampus and cerebellum, all obtained from two mutation carriers of a 

I143T PSEN1 mutation, which causes a very severe and aggressive dementia. The 

clinical and neuropathological characteristics of this three generational family with a 

I143T PSEN1 mutation were reported. This study provided the first identification in 

Sweden of this mutation, which had been previously reported in other countries. 
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The mutation present in this family manifests in a very severe form of familial EOAD. 

The reported mean age of onset is 34 years of age and the mean age of death is about 

41 years of age (http://www.molgen.ua.ac.be/ADMutations). Clinical investigation 

revealed characteristics of cognitive impairments typical seen in AD, such as: 

Memory impairment, disorientation, dysphasia and dysphraxia. Other clinical features 

identified included coordination problems associated with myoklonic jerks, a history 

of falling, and epileptic seizures, which are symptoms similar to a Belgian family 

with the same mutation described as early as 1940 (Martin et al., 1991; Cruts et al., 

1995; van Bogaert et al., 1940). In later stages of the disease hallucinations, 

aggressiveness, and paranoid illusions appear. The youngest generation was treated 

using cholinesterase inhibitors, with little or no effect on rapid progression of the 

disease. Brains from three of the family members were subject for autopsy. In brief, 

autopsied brains of three of the family members showed atrophy consistent with 

Alzheimer pathology. Also the cerebellum, which is normally relatively spared in 

AD, was severely affected by amyloid in cases III:1 and III:2. 

 

A quantitative study was performed on the C-terminal Aβ fragments in plaque cores 

as well as SDS insoluble material from the six brain regions from two mutation 

carriers in the EOAD family earlier discussed, case III:2 and III:2. In plaque cores, 

Aβx-42 was readily detected in all regions in both cases. Interestingly, Aβx-40 was not 

at all detected in any of the regions. We found the longer species, which was identified 

in paper III, Aβx-43, in all regions in both cases except for the cerebellum. The 

highest concentrations of both Aβx-42 and Aβx-43 were found in occipital cortex, 

which is consistent with the results in paper III. The lowest concentrations of Aβx-42 

were found in cerebellum, where, Aβx-43 was not at all detected. The Aβx-42 

concentrations were similar in frontal cortex and anterior hippocampus, but higher in 

temporal and parietal cortex. No significant difference in Aβx-43 concentration was 

observed between these regions. Aβ was also analysed in SDS insoluble material 

from brain homogenates from the six brain regions investigated. Aβx-42 was readily 

detected in all regions in both case samples. As for the results from plaque cores 

samples, the lowest concentrations of Aβx-42 were found in cerebellum and the 

highest concentrations were found in occipital cortex. Aβx-43 was readily detected in 

all regions from both cases. Interestingly, Aβx-40 was detected only in occipital 

cortex and cerebellum of case III:2. In accordance with earlier studies, the conclusion 
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was made that Aβx-42 is the most prevalent species in amyloid plaque cores in AD 

brain. Interestingly, there were no detectable levels of Aβx-40 in plaque cores. 

 

Immunohistochemical analysis was also performed on consecutive sections of the 

brain regions. Sections from the six regions of the two cases were stained with 

antibodies specific for the C-terminus of Aβx-40, Aβx-42, or Aβx-43. The 

immunohistochemical analysis revealed that Aβx-40 was mainly localized to the 

cerebral vessels, while Aβx-42 and Aβx-43 were mainly present in plaques. An 

intense staining of the Aβx-43 antibody was achieved and a high background was 

observed. This antibody is the same kind (not same batch) as used in paper III, 

although results varied, and in paper III, the staining was much weaker. Note that the 

immunohistochemical experiments were performed in different laboratories using 

different protocols. In this study, paper IV, the staining was visualized in a Bond™ 

Polymer Refine Detection system enhancing the immune response.  

 

In a complementary study, Aβ production was analysed in cultured fibroblasts from 

the PSEN1 I143T mutation carrier, three healthy controls, and one APPSwe mutation 

carrier; using a sensitive ELISA. The sample from the APPSwe mutation carrier 

clearly showed a higher concentration of secreted Aβ40 and Aβ42 when compared to 

all other samples. In samples where secreted Aβ was measured in the presence of a γ- 

secretase inhibitor the concentrations were distinctly reduced. The cellular Aβ40 

concentration did not differ significantly between the samples. Also, the cellular 

Aβ42 concentrations were similar between the samples, but lower than cellular Aβ40 

levels. Interestingly, the cellular Aβ levels were not inhibited by the γ-secretase 

inhibitor. One could speculate that this is due to an inability of the inhibitor to enter 

the cell; or that these cellular Aβ levels were already present from time zero. The 

highest ratio of Aβ42/40 was observed for the I143T mutation carrier for secreted Aβ, 

which was consistent with earlier studies (Borchelt et al., 1996; Citron et al., 1997). 
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CONCLUDING REMARKS AND FUTURE 
PERSPECTIVES 
 

AD is a complex disorder and its underlying pathophysiological mechanisms are under 

intense research by many groups all over the world. Studies of the genetics and the 

pathology of AD, as well as data from transgenic mice and cell lines suggest a central 

role for Aβ in AD pathogenesis. Despite thorough studies it remains unclear how Aβ 

causes the neurodegeneration in AD. 

 

In this thesis two main parts can be distinguished. The first part (paper I and paper II) 

focused on the γ-secretase complex, the activity of which gives rise to the generation of 

Aβ, eventually deposited as amyloid plaques in AD brains. The second part (paper III 

and paper IV), focused on the product of γ-secretase cleavage and the analyses of Aβ 

peptides in amyloid deposits. 

 

In paper I a detailed investigation determined how γ-secretase activity is best 

preserved. Since γ-secretase is a transmembrane protein complex, detergents were used 

to extract the complex from the membrane. It was crucial to ensure during the 

procedures that the γ-secretase complex remained active and stable, particularly since 

γ-secretase associated proteins are under intense investigation, as for example by our 

group (Teranishi et al., 2009). Most knowledge about γ-secretase today comes from 

systems using exogenous substrate and cell lines over-expressing the proteins of 

interest. These conditions do not reflect the situation in brain. One may conclude from 

our study that the rat brain serves as a good substitute for the human brain. The highest 

γ-secretase activity was found in the fraction enriched in endosomes, ER, Golgi, and 

synaptic vesicles; as well as in γ-secretase components. The γ-secretase activity was 

highly affected by detergents, including CHAPSO, which resulted in the highest AICD 

production. CHAPSO, at a concentration of 1% proved good for solubilizing the 

complex, and subsequent dilution to 0.4% CHAPSO restored the activity. Furthermore, 

γ-secretase activity was highly dependent on pH and incubation time. Aβ was 

produced, and could be measured by a sensitive ELISA. The conditions established in 

paper I were again used in paper II, for studying active γ-secretase and investigating 

the association of γ-secretase and lipid rafts in DRMs in rat and human brain. The 

findings demonstrated that active γ-secretase was localized to lipid rafts in human as 
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well as in rat brain. The size of the DRMs containing active γ-secretase was estimated 

by SEC to be > 2000 kDa, indicating the presence of other proteins and lipids. Aβ 

production in DRMs could be measured, but it was necessary to add an exogenous 

substrate. Importantly, it was concluded that the majority of BACE was located outside 

the raft. Interestingly, an earlier study had concluded that lipid raft association of 

BACE is necessary for activity (Ehehalt et al., 2003). This might have therapeutic 

potential since decreasing raft-associated BACE could result in decreased levels of Aβ. 

Furthermore, our observation indicated that the amyloidogenic pathway may be 

initiated outside the rafts. Further studies are needed to clarify this issue. 

 

In paper III and paper IV the focus turned to the product of γ-secretase cleavage and 

deposited Aβ species in AD brains. This study addressed the following questions: Are 

Aβ variants longer than Aβ42 present in plaque cores from AD brains? What are the 

levels of these variants and how might these be important for disease? Could Aβ 

polymerization in vivo be seeded by long Aβ variants? No extensive study on longer 

Aβ species is reported although longer variants are detected in cell lines, transgenic 

animals, and a few FAD and SAD cases as earlier described in this thesis. A method 

was developed in paper III to purify plaque cores. We also established a method for 

quantification of C-terminal Aβ species, and performed an extensive quantitative study, 

comparing two brain regions of SAD and FAD cases. Indeed, a longer variant was 

found ending at Thr43, Aβ43, which was much more frequent than Aβ40. Interestingly, 

in SAD cases Aβ40 was found in plaque cores only from one case, which carried the 

APOE ε4/4 genotype. As expected, Aβ42 was the predominant species found in plaque 

cores as well as in the total amyloid preparations. Meanwhile, around 5% of the 

peptides in the samples were Aβ43. In general, the concentrations of the three detected 

species were higher in occipital cortex compared to frontal cortex. In paper IV the 

optimized conditions for quantifications from paper III were used to quantify and 

compare C-terminal Aβ species in two mutation carriers with an I143T PSEN1 

mutation, reported now in Sweden for the first time. Six brain regions were included. 

Aβ43 was much more frequent than Aβ40, which was not detected at all in plaque 

cores, and the highest levels were found in occipital cortex. Since Aβ43 was present in 

most AD cases, one might suggest that Aβ43 is important in AD pathogenesis. Further 

in vivo and in vitro studies that focus on Aβ43 are warranted.  
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An important future study is to examine whether longer Aβ species are present also in 

oligomers in the human brain. Oligomer specific antibodies are available, for example 

8F5 binding to Aβ globulomers or M93 binding to ADDLs (Barghorn et al., 2005; 

Lambert et al., 2001). To first investigate the role of Aβ43 in oligomers, ELISA system 

would highly facilitate these investigations, both for studies of Aβ43 in soluble 

fractions from brain and also in CSF. To date, no Aβ43 ELISA is available on the 

market and only a few Aβ43 antibodies are available at present. An initial step for 

future studies would therefore be to develop an Aβ43 ELISA system. Furthermore, if 

Aβ43 is present in oligomeric Aβ species, vaccination using C-terminal Aβ43 

antibodies might serve as a future target approach. 

 

CSF can be used for diagnostics in neurodegenerative diseases since it is in direct 

contact with the brain via the interstitial fluid. Moreover, CSF, since it fills intracranial 

cavities may to some extent reflecting the metabolic processes in the brain. Several 

studies have shown that Aβ1-42 levels in CSF as well as the Aβ42/40 ratio are 

significantly decreased in AD patients compared to controls (Blennow, 2005). This 

finding has made Aβ42 levels in CSF a candidate biomarker for AD. It is hypothesized 

that the lower levels of Aβ42 reflect the peptide composition of accumulated Aβ in the 

brain. A summary of 6 previous studies has shown that the mean sensitivity to 

differentiate AD from controls was 89% when using CSF Aβ42 levels as a diagnostic 

biomarker for AD (Blennow, 2005). Although these results appear promising, it would 

be interesting also to study the presence of Aβ43 in CSF and the ratio of Aβ43/40. 

Doing so would add more information about the significance of Aβ43 in AD etiology, 

and enable the examination of Aβ43 as a potential, future diagnostic marker for the 

disease, alone or in combination with other candidate biomarkers.  
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