
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

185,000 200M

TOP 1%154

6,900



4 

Key Enzymes and Proteins in Amyloid-Beta 
Production and Clearance  

Cecília R A Santos1, Isabel Cardoso2,3 and Isabel Gonçalves1 
1University of Beira Interior- Health Sciences Research Centre, Covilhã 

2Escola Superior de Tecnologia da Saúde do Porto, Instituto Politécnico do Porto,  
Vila Nova de Gaia,  

3Molecular Neurobiology Unit, IBMC- Instituto de Biologia Molecular e Celular, Porto, 
Portugal 

1. Introduction  

Last century, in 1907, Alois Alzheimer first described the disease that now bears his name, 

relating a 54-year-old female case with presenile dementia. Alzheimer’s disease (AD), an 

irreversible progressive neurodegenerative disorder, is actually the most common form of 

dementia. AD affects more than 24 million people all over the world, and is predicted to 

double every 20 years, becoming one of the medical burdens of our days. More than 90% of 

AD cases are sporadic late-onset, and have a complex idiopathic aetiology. The small 

number of early onset AD cases, is related to hereditary monogenic defects, and has 

provided important clues for understanding the AD pathology (Bertram, et al. 2007). 

Although the available drugs are able to delay the symptoms and progression of the disease 

and to positively influence the quality of life of the patients, at present there is still no cure 

for AD.  

AD is characterized clinically by progressive decline in cognitive function and 
neuropatologically by the presence of neuropil threads and neuron loss, in addition to the 
molecular hallmarks of neurofibrillar tangles and neuritic (or senile) plaques in the brain. 
Neuritic plaques are extracellular amyloid deposits found abundantly in the hippocampus, 
in the neocortex and in the amygdala of AD brains. These pathological brain changes may 
occur 20 to 30 years prior to the onset of the clinical symptoms and the symptomatic phase 
of AD can last from 5 to 12 years (DeKosky and Marek 2003). The extracellular neuritic 
plaque deposits of amyloid were first investigated by (Glenner and Wong 1984), when they 
purified microvascular amyloid deposits from AD brains, and provided a partial sequence 
of a 4kDa subunit protein, that they named amyloid-beta (Aǃ) peptide. Around the same 
time, the hyperphosphorylated tau (p-tau), a microtubule assembly protein, was identified 
as the main constituent of the neurofibrillar tangles (NFTs) that accumulate inside many 
neurons in AD brains (Grundke-Iqbal, et al. 1986). Amyloid deposition and neurofibrillar 
tangles, occur with some frequency in brains of young adults with Down's syndrome 
(Schochet, et al. 1973). The discovery that amyloid deposits in the brain from Down 
syndrome were composed of Aǃ peptide (Glenner and Wong 1984), as well as the cloning of 
the beta amyloid precursor protein (APP), with its localization to the chromosome 21 
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(Korenberg, et al. 1989), led the scientists to search AD-causing mutations in the APP gene. 
Since that, several mutations associated with familial early onset forms of AD have been 
described, either in the APP gene (Kowalska 2003) or in preselin 1 (PS1) or preselin 2 (PS2) 
genes (Bertram et al. 2007). Either PS1 or PS2 can be the catalytic subunit of Ǆ-secretase, 
which is the final endoprotease in the pathways that generate the Aǃ peptide (see section 2). 
All these findings led to the amyloid cascade hypothesis, articulated by John Hardy and 
others (Hardy and Higgins 1992), in which the accumulation of Aǃ peptide, generated from 
the proteolytic cleavage of APP in the brain, could trigger a complex downstream cascade 
that results in the symptoms of AD. This hypothesis states that gradual accumulation and 
aggregation of the hydrophobic Aǃ peptide initiates a cascade that leads to synaptic 
alterations, astrocytic and microglial activation, the modification of the soluble tau protein 
into insoluble paired helical filaments, and progressive neuronal loss associated with 
multiple neurotransmitter deficiencies and cognitive failure (Hardy and Selkoe 2002). The 
cascade hypothesis suggests that stopping or slowing formation of the Aǃ plaques would 
delay the onset of the disease symptoms. Aǃ is found in the extracellular fluids of the brain, 
including cerebrospinal fluid (CSF), and in the interstitial fluid surrounding neurons and 
glial cells in brain lobes (Seubert, et al. 1992; Vigo-Pelfrey, et al. 1993). Over the last years, 
several key proteins have been described as being implicated in Aǃ production and 
clearance, but further elucidation of the mechanisms involved in the process will be 
important for identifying new potential therapies to reduce Aǃ accumulation and combat 
AD. This book chapter reviews the production of Aǃ from APP and the proteins involved in 
its degradation and clearance .  

2. Generation of amyloid beta peptides  

The ǃ amyloid precursor protein, APP, takes a central position in AD pathogenesis, as it is 
processed by the sequential action of ǃ- and Ǆ-secretase, generating the Aǃ peptide, which is 
deposited as amyloid plaques in brains of AD individuals. APP is an integral membrane 
protein, with a large N-terminal extracellular domain and a short C-terminal cytoplasmatic 
domain, which is expressed ubiquitously in neuronal and non-neuronal cells. 
The human APP gene is located on chromosome 21 (Korenberg et al. 1989) and alternative 
splicing results in protein isoforms of various lengths: two isoforms predominant in non-
neuronal tissues (751- and 770-), and the 695-amino acid form, that is the predominant 
isoform in neurons (Kang and Muller-Hill 1990). APP belongs to a protein family that 
includes APP-like protein 1 (APLP1) and 2 (APLP2) (Eggert, et al. 2004), a group of type-I 
transmembrane proteins that are processed in the same fashion. APP is hydrolyzed into 
different fragments (Figure 1) during its intracellular trafficking, and these metabolites 
mediate various functions (Haass 2004; Haass and Selkoe 1993). APP is first cleaved by 
either ǂ- or ǃ-secretase at the ǂ- or ǃ-sites, respectively, which lie in the extracellular domain 
of the APP. These proteases compete for APP, originating: soluble APPǂ (sAPPǂ, for ǂ-
secretase) or soluble APPǃ (sAPPǃ, for ǃ-secretase), which are released to the extracellular 
space, and a membrane anchored C-terminal end (C83 for ǂ-secretase or C99 for ǃ-
secretase). Subsequently, in the lipid bilayer, Ǆ-secretase acts in the C-terminal end, C83 or 
C99. The Ǆ-cleavage of C83 generates the APP intracellular domain (AICD), with 6kDa, and 
the N-terminal peptide with 3kDa (p3) into the extracellular space. Ǆ-cleavage of C99, in a 
specific sequence (Aǃ domain) generates Aǃ peptide and the AICD. This pathway of APP 
processing by ǃ-secretase followed by Ǆ-secretase leading to Aǃ peptide is called the 
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amyloidogenic pathway. Aberrant and/or cumulative Aǃ production, have been postulated 
to be the main etiological basis of AD. The alternative pathway of APP processing by ǂ-
secretase followed by Ǆ-secretase, in which no Aǃ is formed, is termed nonamyloidogenic 
pathway. 
 

 

Fig. 1. Schematic diagram of APP processing (not drawn in scale). TM-transmembrane;EC- 
extracelular; IC- intracellular 

Aǃ is a ~4kDa peptide with 38 to 43 amino acids, depending on the site of Ǆ-secretase 
cleavage. Aǃ peptide is normally produced by cells and under physiological conditions 
there are two major species: Aǃ40 and Aǃ42. The major species produced is Aǃ40 and 
corresponds to 90% of the total Aǃ peptide. The minor species produced, Aǃ42, is more 
prone to aggregation due to two additional hydrophobic amino acids, and therefore it is the 
predominant species accumulated in AD brain plaques.  
A number of proteins influence the subcellular trafficking itinerary of APP and ǃ-secretase 
between the cell surface, endosomes and the Trans-Golgi-Network (TGN). APP is 
synthesized in the endoplasmic reticulum (ER) and is transported through the Golgi 
apparatus to the TGN, where the highest concentration is found in steady state neurons 
(Greenfield, et al. 1999). From TGN,  the APP can be transported, in TGN-derived vesicles, 
to cell surface where it is either cleaved by ǂ-secretase to produce sAPPǂ, or internalized via 
the endosomal-lysosomal pathway (Caporaso, et al. 1994). The Aǃ peptide is generated 
either in the ER and TGN (Greenfield et al. 1999), as in the endosomal/lysosomal system 
(Haass and Selkoe 1993). Available evidence suggests that co-residence of APP and ǃ-
secretase in the endosomal compartments promotes amyloidogenesis. Retrograde transport 
of APP, out of the endosome to the TGN, reduces Aǃ production, while APP routed to, and 
kept at the cell surface, enhances its non-amyloidogenic processing (Tang 2009). 
Very little is known about the physiological function of APP and its proteolytic products. 
APP knockout mice (KO) are viable and fertile, showing a slight abnormal phenotype 
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(Dawson, et al. 1999). APLP1 and APLP2 KO mice are also viable and fertile, but 
APP/APLP2 and APLP1/APLP2 double null mice and APP/APLP1/APLP2 triple null 
mice show early postnatal lethality (Heber, et al. 2000; von Koch, et al. 1997). APP/APLP1 
double null mice are viable, suggesting redundant functions of amyloid precursor protein 
family members (Heber et al. 2000). Putative suggested roles for APP include trafficking, 
neurotrophic signalling, control of cell adhesion, neuritic outgrowth and synaptogenesis, 
apoptosis and transcription regulation (Zheng and Koo 2006). As APP is proteolysed in the 
cell, the net effect of full-length APP on cellular activity may be a combination of the 
function of its proteolytic products, depending on the proportion levels of each of them.  

2.1 Alpha-secretase 
APP is cleaved by ǂ-secretase in the center of Aǃ domain, precluding Aǃ peptide 

generation, and a soluble domain of APP is released: sAPPǂ. Three related proteases, all 

from the ADAM family, had been suggested to exert the ǂ-secretase activity: ADAM-9, 

ADAM-10 and ADAM-17 (Asai, et al. 2003). Like full length APP, members of the ADAM 

family (a desintegrin and metalloprotease family) are type-I transmembrane proteins, 

possessing both potential adhesion and protease domains. Several studies suggested ǂ-

secretase activity for ADAM-9. However, as RNAi of ADAM-9 has no effect in sAPPǂ 

generation (Kuhn, et al. 2010), ADAM-9 seems to be involved only in regulated ǂ-cleavage 

and not in constitutive ǂ-secretase activity. Different studies strongly suggest that ADAM-

10 is the main constitutive ǂ-secretase that is active at the cell surface (Lammich, et al. 1999) 

(Jorissen, et al. 2010), but there may exist some functional redundancy in ǂ-cleavage by the 

ADAM protease family. ADAM-17 is an 824 amino acid polypeptide containing a secretory 

signal sequence, a desintegrin domain and a metalloprotease domain, that also seems to be 

involved in regulated ǂ-secretase activity (Merlos-Suarez, et al. 2001). 

sAPPǂ has important roles in neuronal plasticity/survival, stem cell proliferation in CNS, 

and  is able to rescue the abnormalities of APP deficient mice, indicating that most of APP´s 

physiological function is mediated by sAPPǂ (Zhang, et al. 2011). 

2.2 Beta-secretases: BACEs 
ǃ-secretase cleavage is the first critical step in the APP amyloidogenic pathway, and 
increased ǃ-secretase activity levels have been correlated with brain Aǃ deposition in late 
onset AD patients (Li, et al. 2004). Aǃ peptide is generated from APP by a sequential two-
step proteolytic process involving ǃ- and Ǆ-secretases (Haass 2004), being BACE 1 (ǃ-site 
APP cleaving enzyme 1) the major ǃ-secretase in the cell (Vassar, et al. 1999). BACE1 is a 
member of the pepsin family of aspartyl proteases, and its activity on APP generates the 
membrane bound C-terminal fragment (CTFǃ or C99). BACE1 requires acidic environment 
for optimal activity and cleaves APP at the known ǃ-site locations, Asp1 and Glu11. 
Overexpression of BACE1 induces cleavage of APP at ǃ-sites and is mainly found in the 
early Golgi, late Golgi/early endosomes and endosomes with acidic environment.  BACE1 is 
also found at the cell surface (Huse, et al. 2002; Vassar et al. 1999). 
BACE2 is an additional ǃ-secretase, mapped in 21q22.3 region (Solans, et al. 2000), that also 
cleaves ǃ-secretase substrates. However, BACE2 expression in neurons is lower than BACE1 
(Bennett, et al. 2000). BACE1 null mice died in the first weeks and those that survived, were 
smaller, presented hyperactive behaviour, were affected by hypomyelination of peripheral 
nerves and had altered neurological behaviours such as elevated pain sensitivity 
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(Dominguez, et al. 2005). BACE2 KO mice are healthy overall, while a deficiency of both 
BACE1 and BACE2 enhanced the BACE1 KO lethality phenotype, suggesting functional 
redundancy  (Dominguez et al. 2005).  
Cathepsin B has been proposed as another ǃ-secretase. Although its inhibition has been found 
to reduce Aǃ production, its physiological activity is not well established (Hook, et al. 2009). 

2.3 The gamma secretase complex  
Ǆ-secretase is a protein complex, of high molecular weight,  responsible for the membrane 

cleavage of the APP C-terminal remnants after cleavage by either ǂ- or ǃ-secretase (C83 and 

C99, respectively). The cleavage of C83 and C99 by Ǆ-secretase generates p3 and the Aǃ 

peptide, respectively. In addition to C83 and C99 peptides, several non-APP substracts are 

cleaved by Ǆ-secretase and all of them are type-I transmembrane proteins that require 

ectodomain shedding as a prerequisite to Ǆ-secretase cleavage (Haapasalo and Kovacs 2011). 

Ǆ-secretase complex comprises four core components which include: presenilin (PS1 or PS2), 

nicastrin, anterior pharynx-defective-1 (APH-1), and presenilin enhancer-2 (PEN2) 

(Kimberly and Wolfe 2003; Takasugi, et al. 2003). All of these four core components of Ǆ-

secretase are necessary for the enzymatic activity of the complex. PS1 and PS2 are two 

presenilin homologs, and several mutations in the corresponding genes have been described 

as the major cause of familial AD cases (Bertram et al. 2007). Different kinds of experimental 

evidences suggest that presenilins are transmembrane proteins with crucial catalytic roles in 

Ǆ-secretase activity (Zhang et al. 2011). Nicastrin, other component of Ǆ-secretase, is a type-I 

transmembrane glycoprotein considered the scaffolding protein of the complex (Vassar and 

Citron 2000). Finally, the other two components of Ǆ-secretase are: APH-1, that interacts 

with nicastrin to form a stable intermediate in the early assembly stages of the complex and 

PEN-2, that regulates PS endoproteolysis (Vassar and Citron 2000). Besides the four 

components of Ǆ-secretase complex, some factors, playing a modulatory role, have been 

described. Example of that is CD147 that when down regulated increases Aǃ production 

and TMP21/p23 that regulates Ǆ-cleavage (Zhang et al. 2011).  

Experimental evidences support the idea that Ǆ-secretase resides in ER, Golgi-TGN, 

endosomes and intermediate compartments, most of which (except TGN) do not correspond 

to the main localizations of APP (Cupers, et al. 2001). 

3. Enzymes and peptides involved in amyloid-beta degradation and clearence  

The clearance of Aǃ in the human central nervous system (CNS), is roughly 8% of total 
production per hour. It is controlled by Aǃ degradation in the brain and by its efflux from 
the CNS to the peripheral circulation through the blood-brain barrier or the blood-
cerebrospinal fluid barrier (Zlokovic 2004). The high clearance of Aǃ is in part due to the 
presence of cryptidases in several cellular compartments and reduction of Aǃ degradation 
by these enzymes may be implicated in the progression of AD cases.  Aǃ accumulation, and 
the concomitant formation of amyloid plaques observed in AD brains occurs in the 
extracellular space. It is also in this compartment, that Aǃ can be degraded by cell surface 
and/or secreted cryptidases, such as insulin degrading enzyme and neprylisin. The 
subcellular distribution of Aǃ degrading cryptidases is a strong indicator that Aǃ 
degradation can be controlled at multiple subcellular compartments, such as the 
mitochondria, ER, Golgi, endosomes and lisossomes (Malito, et al. 2008).  
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In the brain, Aǃ metabolism is mainly regulated by the activity of neprilysin (NEP) and 
insulin-degrading enzyme (IDE), but presequence peptidase, endothelin converting enzyme 
(ECE),  angiotensin-converting enzyme (ACE), the uPA/tPA- plasmin system  and matrix 
metalloproteinases are also involved in the process (Table 1). In addition, some proteins as 
transthyretin (TTR), gelsolin,  alpha2-macroglobulin and apolipoprotein E do also play an 
important role in Aǃ clearance and degradation. Some of them do actually have a direct 
function in Aǃ catabolism such as TTR, plasmin, and gelsolin, which have the capacity to 
cleave the peptide, others because their interaction with Aǃ enable its degradation or 
prevent its neurotoxicity as it is the case of alpha-2-macroglobulin and apolipoprotein E 
(Table 2).  
 

Enzymes Function Brain distribution References 

IDE 
Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42 

Neurons, microglia, 
endothelial cells, 
choroid plexus 
epithelial cells 

(Bora et al. 2010; Bora 
and Prabhakar 2010; 
Malito et al. 2008) 

NEP  
Hydrolises peptide 
bonds of Aǃ42 

Neurons, microglia, 
endothelial cells, 
choroid plexus 
epithelial cells  

(Malito et al. 2008; 
Meilandt et al. 2009) 

PreP 

Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42 in 
mitochondria 

 (Falkevall et al. 2006) 

ECE 
Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42 

Neurons, astrocytes, 
endothelial cells 

(Miners et al. 2008b) 

ACE 
Converts Aǃ42 to 
Aǃ40 
Cleaves Aǃ40 

Neurons,  
endothelial cells, 
choroid plexus 
epithelial cells 

(Miners et al. 2008a; Zou 
et al. 2007) 

Plasmin 

Degrades aggregated 
and non-aggregated 
Aǃ40 and Aǃ42 
Inhibits Aǃ 
fibrillogenesis 

Neurons, microglia 
(Tucker et al. 2002; 
Tucker et al. 2000b) 

MMP-2 

Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42 
Beta-secretase 
activity 

Microglia, 
astrocytes, Schwann 
cells 

(Miners et al. 2008a) 

MMP-9 

Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42 and aggregated 
Aǃ fibrils 

Neurons, 
endothelial cells 

(Miners et al. 2008a; Yan 
et al. 2006) 

Table 1. Functions and brain distribution of key enzymes in Aǃ clearance.  
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Key players Function 
Brain 
distribution 

References 

TTR 

Hydrolises peptide 
bonds of Aǃ40 and 
Aǃ42, and 
aggregated Aǃ 
oligomers and fibrils 

choroid plexus 
epithelial cells 
meninges 

(Costa et al. 2008; 
Schwarzman et al. 1994) 

Gelsolin 

Inhibits fibrillization 
of Aǃ 
and defibrillates 
preformed fibrils 

Oligodendrocyte
s, microglia, 
choroid plexus 
epithelial cells 

(Chauhan et al. 2008;  
Ray et al. 2000) 

Alpha-2 
macroglobulin 

Aǃ carrier, binds Aǃ 
protecting it from 
proteolysis, reduces 
Aǃ aggregation and 
fibril formation 

astroglia 
(Du et al. 1998;  
Du et al. 1997) 

Apo E 

Binds Aǃ enhancing 
the proteolytic 
activity of NEP, and 
IDE 

Astrocytes, 
neurons, 
microglia 

(Jiang et al. 2008) 

MT-2 

Diminishes Aǃ 
binding to TTR 
Prevents copper 
mediated 
aggregation of Aǃ 

Cortical neurons 
(Chung et al. 2010;  
Martinho et al. 2010) 

MT-3 

Increases Aǃ binding 
to TTR 
Inhibits formation of 
Aǃ aggregates 

Cortical neurons 
(Irie and Keung, 2001, 2003;  
Martinho et al. 2010) 

Table 2. Functions and brain distribution of key proteins in Aǃ clearance. 

3.1 IDE – Insulin degrading enzyme  
Insulin degrading enzyme (IDE) is  a ~ 110 kDa  zinc-containing metalloendopeptidase 

that degrades monomeric forms of Aǃ peptides and insulin, which has also high 

nanomolar affinity for other substrates with different sequences and structures. The 

common features of IDE substrates are that they are all amyloidogenic in nature. So, 

besides Aǃ and insulin, IDE also cleaves, insulin-like growth factor 2, atrial natriuretic 

peptide, bradykinin, endorphin, and glucagon. However,  in vivo relevance of this 

degrading activity has only been demonstrated for Aǃ and insulin (Malito et al. 2008). 

Interestingly, patients with type 2 diabetes are under an increased risk of AD. In 

addition, Aǃ is a direct competitive inhibitor of insulin binding and action, and this is a 

likely justification for the increased levels of Aǃ observed in insulin resistant AD patients 

(Xie, et al. 2002). This dual effect of IDE stresses the importance of the development  

of inhibitors and activators of its activity for the treatment of diabetes and AD, 

respectively.  
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The first evidences of the capacity of IDE to degrade Aǃ were reported by Kurochkin and 
Goto (1994) who identified a protein of  110,000 Da present in cytosol fractions from rat 
brain and liver that cross-linked to 125I-labeled synthetic Aǃ.  A few years later IDE was 
actually identified as the main soluble Aǃ degrading enzyme in human brain and in 
neuronal cell cultures, where its action takes places in the extracellular milieu (McDermott 
and Gibson 1997).   Besides its ability to degrade Aǃ, IDE activity is also  associated with 
oligomerization of synthetic Aǃ at physiological levels in the conditioned media of cultured 
cells (Qiu, et al. 1998). In addition, evidence that membrane-associated and secreted IDE 
isoforms carry out the degradation and clearance of Aǃ secreted by neurons and microglia 
was provided a couple of years later (Bertram, et al. 2000). 
IDE is composed of four homologous domains that share 15–24% sequence similarity. These 
domains form two functional N- and C-terminal domains that are joined by an extended 28 
amino acid residue loop, creating a large catalytic chamber which can accommodate 
substrates of the order of 6 kDa.  Substrate binding is assisted by the C-terminal domain 
and, its hydrolysis occurs at the N-terminal domain (Li, et al. 2006). The active site of IDE 
encompasses the His-Glu-aa-aa-His sequence and requires zinc.  IDE  enzyme hydrolyses 
several peptide bonds of both Aǃ40 and Aǃ42, but is particularly efficient at hydrolysing the 
Lys28-Gly29 peptide bond followed by the Phe19-Phe20 and His14-Gln15  bonds of these 
substrates (Bora, et al. 2010; Bora and Prabhakar 2010).  
IDE is expressed by cortical and subcortical neurons, and has been detected in the cytoplasm 

of the three major components of the vascular wall: endothelial cells, pericytes and smooth 

muscle cells (Dorfman, et al. 2010; Gao, et al. 2004).  IDE is also expressed towards the apical 

surface of the choroid plexus tissue where its inhibition leads to disrupted metabolism of Aǃ 

and its concurrent accumulation at the blood-CSF barrier (Behl, et al. 2009). Besides the 

cytoplasm, IDE is found in endosomes, on the cell surface, and in the extracellular milieu. 

The type of cell in the nervous system expressing IDE establishes whether it is secreted or 

associated with the cell surface. Primary mouse microglia and the BV-2 cell line are found to 

secrete IDE, but in primary hippocampal neurons and differentiated PC12 cells only 

membrane associated IDE has been found. IDE is also present in mitochondria, and in the 

dendrites of neurons (Malito et al. 2008). 

Evidence that IDE activity in AD brains is reduced compared to age-matched controls has 

been giving support to the hypothesis that  reduced IDE activity may contribute to Aǃ 

accumulation in the brain (Perez, et al. 2000). For example,  membrane-bound IDE protein 

concentrations and activity decrease during the conversion from mild cognitive impairment 

(MCI) to mild-severe AD in the hippocampus, which correlates negatively with brain Aǃ42 

content in MCI and in AD brain (Zhao, et al. 2007). Still, other studies indicate that IDE may 

be less important in the process of Aǃ clearance (Wang, et al. 2010). There is also evidence 

that in transgenic mice brain, Aǃ plaques induce cortical mRNA and protein levels of IDE in 

parallel with increased Aǃ40 and Aǃ42 production, suggesting a positive feedback 

regulatory mechanism of Aǃ regulation (Vepsalainen, et al. 2008). 

3.2 NEP – Neprilysin 
Neprilysin (NEP) is a 90–110 kDa plasma membrane glycoprotein of the neutral zinc 
metalloendopeptidase family. It consists of a short N-terminal cytoplasmic tail, a single 
transmembrane helix and a large C-terminal extracellular ectodomain. The ectodomain of 
neprilysin is largely made of ǂ-helices with six disulfide bridges and at least three N-
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glycosylation sites. The ectodomain  encompasses the catalytic site, with the conserved 
HExxH motif necessary for zinc coordination and a  proteolytic chamber (Malito et al. 2008).  
NEP is widely expressed in several tissues such as the brush-border of intestinal and kidney 
epithelial cells, neutrophils, thymocytes, lung, prostate, testes, and brain. In the brain, it is 
expressed on the plasma membranes of neurons, pre- and post-synaptically, and is most 
abundant in the nigrostriatal pathway,  and in brain areas vulnerable to amyloid plaque 
deposition, such as the hippocampus (Wang, et al. 2006).  It is also expressed in the tunica 
media and endothelium of cortical and leptomeningeal blood vessels where it participates in 
the regulation of the vascular tone, and in pyramidal neurons.  NEP is also involved in the 
regulation of neuropeptide signalling (Dorfman et al. 2010; Miners, et al. 2008b).  
NEP has been implicated in the degradation of Aǃ. It degrades Aǃ42 in vivo, and when NEP 

is inhibited, Aǃ degradation in rat hippocampus is blocked with a concomitant increase of 

Aǃ42 plaques in this brain region, and in the cortical region outside the hippocampus. In 

addition, the capacity to degrade Aǃ42 of exogenous origin is severely compromised in NEP 

knockout homozygote mice in which the levels of Aǃ40 and Aǃ42 remain very high. These 

studies are corroborated by correlative studies in patients with sporadic AD and healthy age 

matched controls. Overexpression of NEP in brains of human amyloid precursor protein 

(hAPP) transgenic mice decreases overall Aǃ levels and amyloid plaque burdens by 50% 

and effectively prevented early Aǃ deposition in the neocortex and hippocampus. However, 

it did not reduce levels of Aǃ oligomers or improved deficits in spatial learning and 

memory. The differential effect of NEP on plaques and oligomers suggests that NEP-

dependent degradation of Aǃ affects plaques more than oligomers and that these structures 

may form through distinct assembly mechanisms (Meilandt, et al. 2009). Moreover, the 

expression of NEP on the surface of leukocytes, trough lentivirus  transplantation of bone 

marrow cells, reduced soluble brain Aǃ  levels by ~30% and lowered the accumulation of 

Aǃ peptides by 50–60% when transplantation was performed at both young and early adult 

age. This peripheral NEP expression reduced amyloid dependent performance deficits of 

these animals in the Morris Water Maze (Guan, et al. 2009). Ex-vivo gene delivery of a 

soluble form of NEP, via fibroblasts, into transgenic APP mice also demonstrated increased 

clearance of plaques. Interestingly, mRNA and protein levels of NEP can be induced by 

intracranial injections of Aǃ42, which also reduced the accumulation of amyloid plaques 

(Malito et al. 2008). Microglia from old PS1-APP mice, but not from younger mice, have a 

twofold to fivefold decrease in expression of NEP,  compared with their littermate controls 

(Hickman, et al. 2008). Despite all the evidence sustaining the proteolytic action of NEP on 

Aǃ, the molecular basis of the interaction between NEP and Aǃ remains largely unexplained 

because the volume of the proteolytic chamber of NEP is about half the size of Aǃ (Malito et 

al. 2008). 

3.3 Presequence peptidase  
Presequense peptidase (PreP) is a 110 kDa metalloprotease, ubiquitously expressed, but 
with higher abundance in heart and skeletal muscle. It is responsible for degradation of 
targeting peptides, which have been cleaved off inside the mitochondrial matrix after 
protein import, but it also cleaves other unstructured peptides up to 65 amino acids (Stahl, 
et al. 2002).  More recently, PreP was shown to completely degrade Aǃ40 and Aǃ42, which 
are present in mitochondria. More relevance is added to this action of PreP as it has been 
shown that hPreP is actually the only protease responsible for degradation of Aǃ in the 
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mitochondria (Falkevall, et al. 2006) and Aǃ-induced mitochondrial toxicity has been 
associated with AD (Tillement, et al. 2011).  
Human PreP consists of 4 domains, creating two halves connected by a hinge region. The 

two halves can create a large catalytic chamber of 10 000 Ǻ where Aǃ fits. The inverted zinc-

binding motif is located in the N-terminal region, but also includes  residues located in the 

C-terminal half, about 800 amino acids distant from the zinc-binding motif (Johnson, et al. 

2006).  Unlike IDE, PreP cannot degrade insulin, making PreP a better therapeutic agent 

candidate than IDE as its use would preclude deleterious side effects associated with the 

degradation of insulin. Another interesting feature of PreP is that its proteolytic activity 

against Aǃ is abolished under oxidizing conditions, probably due to the formation of a 

disulphide bridge between Cys90 and Cys527 that inhibits the substrate from entering the 

catalytic chamber. These findings indicate a possible inhibition of hPreP under elevated ROS 

production in mitochondria implicated in AD, and might therefore be relevant in this 

disease (Alikhani, et al. 2009).  

3.4 ECE – Endothelin converting enzyme  
Endothelin-converting enzymes 1 and 2 (ECE-1 and ECE-2) were originally implicated in the 
processing of pro-hormone forms of endothelin. They are type II integral membrane zinc 
metalloendopeptidases that are primarily localized to the endothelium throughout the 
human vasculature. They share common catalytic substrates and are responsible for 
cleaving big endothelins to produce potent vasoconstrictor endothelins (Miners, et al. 2008a; 
Miners et al. 2008b).  
ECE sequences and domain organization are similar to NEP’s and are also capable of 
degrading Aǃ in vitro and in vivo (Eckman, et al. 2001). Homozygous knockouts for ECE-1 
are lethal and heterozygous animals show an increased amount of Aǃ40 and Aǃ42 in the 
brain. Homozygous ECE-2 knockout mice show a gene dose dependent increase of both 
forms of Aǃ in the brain as well (Eckman, et al. 2006; Eckman, et al. 2003).  
ECE-1 is present in neurons, specifically in pyramidal neurons of the hippocampus and 
layer V of the neocortex, and to a less extent in astrocytes (Sluck, et al. 1999). In mice, ECE-2 
is largely confined to the brain; in the rat brain, ECE-1 occurs in the cerebrovascular 
endothelium, whereas ECE-2 is predominantly neuronal, with special incidence on 
hippocampal pyramidal neurons (Miners et al. 2008a; Miners et al. 2008b). 
There is evidence of significant decrease in ECE-2 gene expression in AD patients 
(Weeraratna, et al. 2007). The contribution of ECE-1 to the accumulation of Aǃ or reduction 
in local microvascular blood flow in AD seems to be detrimental, with abnormal production 
of ET-1 being more likely to reflect Aǃ -mediated upregulation of ECE-2 (Palmer, et al. 
2010). 

3.5 ACE – Angiotensin-converting enzyme 
Angiotensin-converting enzyme (ACE) is a membrane-bound zinc metalloprotease 
expressed in blood vessels throughout the body. ACE is extremely important for the 
regulation of fluid homeostasis and blood pressure. It converts angiotensin I to the potent 
vasoconstrictor angiotensin II.  Within the brain, ACE has been detected in cortical 
pyramidal neurons and in the cerebral vasculature. Its highest levels occur in 
circumventricular organs, such as the subfornical organ, area postrema, and the median 
eminence but  was detected in other areas such as the caudate nucleus, putamen, substantia 
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nigra pars reticularis, nucleus of the solitary tract, dorsal motor nucleus, median preoptic 
nucleus, and choroid plexus in rat, human, rabbit, sheep and monkey (Miners et al. 2008a). 
ACE has two homologous domains, each having a functional active site. The N-domain of 
ACE is responsible for converting Aǃ42 to Aǃ40, whereas the angiotensin-converting 
activity is found predominantly in the C-domain of ACE. N-linked glycosylation is essential 
for both Aǃ42 to Aǃ40 conversion and angiotensin-converting activities and protects ACE 
from proteolysis (Zou, et al. 2009). 
The first correlations between ACE and AD were found in 1985 by Zubenko and colleagues 
(Zubenko, et al. 1985)  who showed that the CSF of patients with moderate degrees of senile 
dementia of the AD type exhibited about half the ACE activity of  age and sex-matched 
control individuals, raising the possibility that ACE activity in the CSF could be an index of 
AD. In a posterior study, however,  no differences in ACE activity in the CSF were found 
between  AD patients and age matched controls raising some controversy on this issue 
(Konings, et al. 1993), but other studies reported reduced activity of ACE in  the parietal 
cortex of AD brains (Ichai, et al. 1994).  
ACE was found to significantly inhibit Aǃ aggregation in 2001 (Hu, et al. 2001).  The 

inhibition of aggregation was specifically blocked by preincubation of ACE with an ACE 

inhibitor, lisinopril. ACE degraded Aǃ by cleaving Aǃ40 at the site Asp(7)-Ser(8). Compared 

with Aǃ40, aggregation and cytotoxic effects of the degradation products Aǃ-(1-7) and Aǃ-

(8-40) peptides were reduced or virtually absent. These findings led to the hypothesis that 

previous associations of ACE genotype with AD susceptibility (Farrer, et al. 2000; Hu, et al. 

1999; Isbir, et al. 2001; Yang, et al. 2000)  could rely on its capacity to degrade Aǃ and 

prevent the accumulation of amyloid plaques in vivo. Besides Aǃ40 degradation, cellular 

expression of ACE also promotes degradation of naturally secreted Aǃ42, and leads to the 

clearance of both species (Hemming and Selkoe 2005). In addition, ACE also converts Aǃ42 

to Aǃ40 which is less neurotoxic (Zou, et al. 2007).  

Pharmacological inhibition of ACE with a widely prescribed drug, captopril, promotes the 

accumulation of cell-derived Aǃ in the media of APP expressing cells and questions if 

prescribed ACE inhibitors against hypertension could elevate cerebral Aǃ levels in humans 

(Hemming and Selkoe 2005). To address this question the ACE inhibitor captopril was 

administered to two lines of APP transgenic mice presenting low or high levels of Aǃ with 

associated plaque deposition. In both models, captopril did not affect cerebral Aǃ levels nor 

plaque deposition or peripheral Aǃ levels (Hemming, et al. 2007).  

Epidemiological data obtained from a male population, however, suggests that angiotensin 
receptor blockers are more efficient in reducing the incidence and progression of AD and 
dementia compared with ACE inhibitors or other cardiovascular drugs (Li, et al. 2010). 
However, there are strong indications that ACE inhibitors may reduce the risk for and 
progression of dementias (Shah, et al. 2009). Still, these effects remain rather  controversial, and 
prescription of ACE inhibitors against hypertension should be regarded with caution (Hajjar, 
et al. 2008; Kehoe and Wilcock 2007; Shah et al. 2009). Alternatively, ACE inhibitors could be 
designed to specifically target the angiotensin-converting C-domain, without inhibiting the 
Aǃ42 to Aǃ40-converting activity of ACE or increasing neurotoxic Aǃ42 (Zou et al. 2009).  

3.6 uPA/tPA-plasmin system  
Plasmin is a serine protease generated from the proteolytic cleavage of inactive 

plasminogen, by tissue-type (tPA) or by urokinase-type plasminogen activator (uPA). In the 
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brain, plasminogen is synthesized in neurons, whereas uPA and tPA expression can be 

induced in neurons as well as in microglia. This system is involved in many normal neural 

functions, such as neuronal plasticity, learning, and memory (Wang et al. 2006; Zhao and Pei 

2008).  

uPA and tPA are induced by Aǃ treatment in primary rat embryonic cortical cultures in 

vitro as well as in a murine model of Aǃ accumulation in vivo (Tucker, et al. 2000b). In 

addition, it plasmin degrades both non-aggregated and aggregated Aǃ40 (Tucker, et al. 

2000a), and also degrades Aǃ42, preventing Aǃ42 aggregation into beta-pleated sheet 

structures (Exley and Korchazhkina 2001). Plasmin also inhibits Aǃ toxicity, reduces Aǃ 

deposition in vitro, and inhibits Aǃ fibrillogenesis (Tucker, et al. 2002). The anti-

amyloidogenic effect of plasmin is further enhanced by its capacity to increase the 

processing of human APP, and efficiently degrading secreted amyloidogenic and non-

amyloidogenic APP fragments. Consistent with these observations, brains from AD 

patients contain reduced levels of plasmin (Ledesma, et al. 2000). Moreover, Aǃ injected 

into the hippocampus of mice lacking either tPA or plasminogen persists causing 

activation of microglial cells and neuronal damage. Conversely, Aǃ injected into wild-

type mice is rapidly cleared and does not cause neuronal degeneration (Melchor, et al. 

2003). Assembly of Aǃ42, on the other hand, seems to promote the up-regulation of the 

tPA/plasminogen proteolytic system, which can modulate the deposition of amyloid 

plaques in vivo, in a negative feedback mechanism (Lee, et al. 2007). 

3.7 Matrix metalloproteinases  
Matrix metalloproteinases (MMPs) are zinc- and calcium dependent endopeptidases, 

produced by neurons and glial cells. Metalloproteinase 2 (MMP-2) can be detected in the 

walls of some blood vessels and scattered white matter glia. Metalloproteinase 3 (MMP-3) is 

present in and around some neurons and within occasional amyloid plaques, and 

metalloproteinase 9 (MMP-9) is present in many neurons. 

MMP-2 and MMP-9 all have Aǃ-degrading activity in vitro, although the Aǃ degrading 

activity of these MMPs has not received so much attention in vivo. However  MMP-2 and 

MMP-9 activity are elevated in homogenates of hippocampal tissue from AD brains, and 

several cell types (glial, neuronal and vascular) up-regulate endogenous MMP-2 -3 and -9 

expression in response to Aǃ  stimulation (Deb and Gottschall 1996; Miners et al. 2008b; 

Gottschall 1996). 

MMP-2 also known as gelatinase A/type IV collagenase/matrix hydrolyses Aǃ40 and 

Aǃ42 peptides at Lys 16-Leu 17, at Leu 34-Met 35, and Met 35-Val 36 peptide bonds 

(Roher, et al. 1994). Besides its Aǃ degrading activity, MMP-2 has also beta-secretase 

activity (LePage, et al. 1995). In AD brains, MMP-2 is present in the reactive microglia 

located in the center of senile plaques, and in Schwann cells (Yamada, et al. 1995). Aǃ 

stimulates the expression and activation of MMP-2 to a large extent due to the increased 

expression of membrane type-1 (MT1)-MMP expression, the primary MMP-2 activator 

(Jung, et al. 2003).  

There seems to be a complex regulation of MMP2 expression by oligomeric Aǃ in astrocytes. 

Oligomeric Aǃ directly down-regulates MMP2 expression and activation in astrocytes. 

However, it also induces the production of pro-inflammatory cytokines which stimulate 

production of  MMP2 (Li, et al. 2011). 
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Increased MMP-9 immunolabelling has been detected in neurons of  AD patients, as well as 

in neurofibrillary tangles, plaques and blood vessel walls, but not in granular neurons or 

glial cells. MMP-9 is also detected in the vicinity of extracellular amyloid plaques 

(Backstrom, et al. 1996). MMP-9, unlike ECE-1, NEP and IDE, is capable of cleaving 

aggregated Aǃ fibrils (Miners et al. 2008b). It cleaves Aǃ at several sites, predominantly at 

Leu34-Met35 within the membrane-spanning domain (Backstrom et al. 1996; Yan, et al. 

2006). The presence of the apoE4 significantly dampens Aǃ-induced MMP-9 in primary 

cultures of rat astrocytes. This effect may affect Aǃ clearance and promote Aǃ deposition in 

AD brains (Guo, et al. 2006).  There is also evidence that reduction of Aǃ levels through the 

action of MMP-9 may also result from the direct processing of cell surface APP with an 

alpha-secretase like activity, substantially reducing the levels of secreted Aǃ peptide 

(Talamagas, et al. 2007). 

Aged APP/presenilin 1 mouse astrocytes surrounding amyloid plaques, showed 

enhanced expression of MMP-2 and MMP-9. Astrocyte-conditioned medium obtained 

from these animals degraded Aǃ, producing several small fragments. In the brains of 

MMP-2 and MMP-9 KO mice, significant increases in the Aǃ levels were found in 

comparison to wild-type controls. This study reinforces previous in vitro evidences that 

MMP-2 and -9 may contribute to extracellular brain Aǃ clearance through the degradation 

of Aǃ (Yin, et al. 2006). 

Several MMPs polymorphisms have been examined in relation to the  risk of developing 
dementia with controversial results (Baig, et al. 2008; Helbecque, et al. 2007; Reitz, et al. 
2008; Reitz, et al. 2010). MMPs may also be considered potential plasmatic and cerebrospinal 
fluid markers of AD as the levels of MMP-3 in the plasma and CSF of AD patients was 
found higher than in controls, whereas MMP-2 was significantly decreased in CSF but 
unchanged in plasma (Horstmann, et al. 2010). 

3.8 Transthyretin  
Transthyretin (TTR) is a 55 kDa homotetrameric protein secreted mainly by the liver and 
choroid plexus into the plasma and CSF, respectively (Soprano, et al. 1985). The name 
“transthyretin” discloses its dual physiological role as a carrier for thyroid hormones 
(Woeber and Ingbar 1968) and retinol, the latter through the binding to retinol-binding 
protein  (Goodman 1985). TTR plasma concentration is age dependent and in healthy 
newborns it is about half of that in adults (Stabilini, et al. 1968; Vahlquist, et al. 1975), 
varying from 20 to 40 mg/ dL. In spite of the low TTR levels in CSF (~2 mg/ dL), the 
choroid plexus is presented as the major site of TTR expression, expressed as a ratio of 
tissue/mass, corresponding to a 30-fold higher than that found in plasma and represents 
20% of the total CSF proteins (Weisner and Kauerz 1983). 
Over a hundred TTR mutations have been associated with Familial Amyloid 
Polyneuropathy (FAP), some of which are very common in Portuguese patients, such as the  
valine at position 30 substituted by a methionine (TTR V30M) (Saraiva, et al. 1984), others 
provide a very aggressive phenotype, such as the TTR L55P (Jacobson, et al. 1992).  
Curiously, TTR T119M was described as an example of a non-aggressive mutation that 
inclusively has a protective role against the disease (Almeida, et al. 2000).  
The first report that associates TTR to Aǃ and AD as a protective molecule is from 
Schwarzman et al. who describes the capacity of normal CSF to inhibit amyloid formation  
and concluded that TTR was the major Aǃ binding protein in the CSF, that could also 
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decrease the aggregation state of the peptide and its toxicity (Schwarzman, et al. 1994). 
Prior to this finding, TTR was found associated to senile plaques, NFTs and 
microangiopathic lesions (Shirahama, et al. 1982). The sequestration hypothesis was 
raised suggesting that normally produced Aǃ is sequestered by certain extracellular 
proteins, thereby preventing amyloid formation and Aǃ cytotoxicity; when sequestration 
fails amyloid formation occurs (Schwarzman and Goldgaber 1996). The observation that 
TTR is reduced in the CSF of AD patients further supported the idea of a TTR protective 
role in this pathology (Serot, et al. 1997). Authors also observed a decrease in TTR levels 
with age which could be related to the epithelial atrophy in the choroid plexus. Along 
time several reports described TTR decrease in CSF of AD patients (Davidsson, et al. 2002; 
Serot et al. 1997; Gloeckner, et al. 2008; Hansson, et al. 2004) although it remains unclear 
whether this reduction is restricted to AD, or on the contrary is common to other 
neurodegenerative disorders (Chiang, et al. 2009). It is also uncertain if the TTR decrease 
in the CSF happens early in disease development (or even before symptoms appears) or if 
it is a latter event, and thus studies involving patients with mild cognitive impairment 
(MCI) and early-staged probable AD patients are needed. 
Other studies using a transgenic model of Caenorhabditis elegans expressing Aǃ42 supported 

a TTR role in AD as administration of TTR rescued the neurodegeneration observed in this 

model (Link 1995). Mammalian models used to recapitulate AD features were never 

completely successful as AD transgenic mice did not show NFTs and demonstrate little or 

no neuronal cell loss (Holcomb, et al. 1998; Hsiao, et al. 1996; Irizarry, et al. 1997a; Irizarry, et 

al. 1997b; Stein and Johnson 2002). However, in some of the models, animals showed 

increased TTR expression in the hippocampus (Stein and Johnson 2002); TTR was then 

described to be a survival gene (Stein and Johnson 2002) and although this work is 

controversial because TTR expression is thought to be confined to the choroid plexus and 

meninges (in the case of the brain), authors further showed that when a chronic infusion of 

an antibody against TTR was applied into the hippocampus of mice expressing human APP, 

an increase of Aǃ, tau phosphorylation, neuronal loss and apoptosis were observed (Stein, et 

al. 2004). Underlying these observations is, according to authors, sAPPǂ that leads to 

increased expression of protective genes, such as TTR, to confer neuroprotection (Stein et al. 

2004). Other studies, using transgenic APP mice hemizigous for endogenous TTR showed 

accelerated Aǃ deposition (Choi, et al. 2007), while double transgenic mice for APP and TTR 

presented lower deposition (Buxbaum, et al. 2008). However, in other models, TTR was 

described to have the opposite effect and was associated with increased vascular Aǃ 

deposition (Wati, et al. 2009). 

Regarding the nature of TTR/Aǃ interaction, different researchers confirmed TTR binding 

to Aǃ (Carro, et al. 2002; Liu and Murphy 2006; Costa, et al. 2008) not only to the monomer 

but also to Aǃ oligomers and fibrils, raising the hypothesis that TTR may be involved in the 

formation of senile plaques (Costa et al. 2008); TTR was also able to inhibit and to disrupt 

Aǃ fibrils. However, which TTR conformation binds Aǃ peptide is still controversial. Du 

Murphy et al.  showed that TTR tetramers interact preferably with Aǃ aggregates rather 

than Aǃ monomers enhancing Aǃ aggregation, whereas TTR monomers arrest Aǃ aggregate 

growth (Du and Murphy 2010). On the other hand, studies by Costa et al. (Costa et al. 2008) 

showed that soluble Aǃ binds to different TTR variants correlating negatively with the 

amyloidogenic potential of the TTR mutant. Thus, TTR119M presented the highest affinity 

to Aǃ, contrarily to what was observed by Du and Murphy (Du and Murphy 2010). Other 
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studies also indicated a different relation between TTR variant/amyloidogenic potential and 

binding to the peptide, with amyloidogenic mutants binding less to Aǃ peptide and 

inhibiting less its aggregation (Schwarzman, et al. 2004). In this work it was also shown that 

TTRs were functional tetramers. Hence, other studies are necessary to completely 

understand the nature of the TTR/Aǃ interaction, concerning both Aǃ and TTR species 

involved. Structural analysis, obtained from computer-assisted modeling (Schwarzman et 

al. 2004) predicted the existence of an Aǃ binding domain on the surface of each TTR 

monomer; residues 30-60, especially the 38-42 region of TTR seemed to be the key structure 

of the Aǃ binding domain  (Schwarzman and Goldgaber 1996; Schwarzman, et al. 2005). Du 

and Murphy, identified the A strand, in the inner ǃ-sheet of TTR, as well as the EF helix, as 

regions of TTR that are involved with Aǃ association (Du and Murphy 2010).  

The discussion on the TTR interaction with Aǃ and consequent inhibition of aggregation and 

toxicity reduction raised the hypothesis that mutations in the TTR gene or conformational 

changes in the protein induced by aging, could affect the sequestration properties. A study 

was conducted with the aim of identifying mutations in the TTR gene in the AD population 

but no correlation was found (Palha, et al. 1996). Finally, and concerning the mechanism 

underlying TTR protective role in AD, Costa and colleagues found that TTR is able to 

proteolytically process Aǃ peptide (Costa et al. 2008). Regarding TTR ability to degrade Aǃ, 

several cleavage sites were identified and the newly generated Aǃ peptides shown to have 

decreased amyloidogenic potential, when compared to the full length counterpart (Costa et al. 

2008); TTR is also able to degrade aggregated forms of the peptide and inhibition of the TTR 

activity resulted in increased Aǃ fibril formation (Costa et al. 2008). 

3.9 Gelsolin 
Gelsolin can be found both as an intrinsic cytoplasmic protein and as a secreted protein in 

plasma and CSF (Kwiatkowski, et al. 1985). Intracellular gelsolin regulates actin 

polymerization by binding to actin, and it also caps and breaks the actin filaments (Janmey, 

et al. 1985; Matsumoto, et al. 2003). Secreted (plasma/CSF) and intracellular gelsolin 

originate from the alternative splicing of a single gene, but their disulphide structure is 

different with recognised functional implications. All of the five cysteine (Cys) residues 

present in human cytoplasmic gelsolin are free thiols, whereas in plasma/CSF gelsolin, 

three Cys residues are free thiols and the other two Cys residues are disulfide-linked (Wen, 

et al. 1996). The five free thiol groups are likely to confer anti-oxidant properties to the 

molecule. Secreted gelsolin has an extension of 25 amino acids at its N-terminal, which is 

absent in the cytoplasmic form (Chauhan, et al. 2008).  

Gelsolin found in the CSF may originate from oligodendrocytes or microglia (Chauhan et al. 

2008). It was also suggested that choroid plexus may be responsible for the presence of 

gelsolin in CSF (Matsumoto et al. 2003), where it may have also an important function 

counteracting the neurotoxicity of Aǃ (Antequera, et al. 2009; Vargas, et al. 2010). 

Plasma and cytosolic gelsolin both bind Aǃ and the Aǃ -gelsolin complex exists in the 

plasma and in the cytosol (Chauhan, et al. 1999; Ji, et al. 2008). Both inhibit the fibrillation of 

Aǃ, and defibrillate preformed fibrils (Ray, et al. 2000). In addition it has been demonstrated 

that when administered to transgenic mouse models of AD reduces the Aǃ40/Aǃ42 and the 

amyloid load (Hirko, et al. 2007; Matsuoka, et al. 2003). Therefore, gelsolin may also be 

looked as a potential therapeutic agent against AD.   
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3.10 Alpha2-macroglobulin 
Alpha2-macroglobulin (a2M) is a 720 kDa soluble glycoprotein composed of four identical 

180 kDa subunits, each encoded by a single-copy gene on human chromosome 12. Each 

subunit contains at least five binding sites: the bait region, the internal thiol ester, the 

receptor binding site, the Aǃ binding site, and the zinc binding site. The bait region, the 

internal thiol ester and the receptor binding site are crucial for the activation and 

internalization of a2M. The bait region binds any known protease. The four bait regions in 

the tetramer are in close contact and get cleaved by the bound proteases, triggering 

activation of a2M. This conformational change results in the exposure of the four thiol 

esters, and of the four receptor binding sites, to the extracellular environment. The receptor 

binding site of each monomer, a 27 residue consensus sequence located at their C-terminal 

tail, will then bind to the receptor and mediate the internalization of the complex. The Aǃ 

binding site is located between the bait and the receptor binding regions of each monomer 

(Borth 1992; Du, et al. 1997; Hughes, et al. 1998; Kovacs 2000).  

Binding to Aǃ42 occurs with high affinity (Kd= 3.8 x 10-10 M)  and protects the peptide from 
proteolysis by exogenous trypsin, suggesting  that a2M may function as a carrier protein for 
Aǃ and may serve to regulate clearance of Aǃ from such tissues as the brain (Du et al. 1997; 
Hughes et al. 1998). a2M co-incubated with Aǃ significantly reduces aggregation and fibril 
formation in vitro, and  cultured fetal rat cortical neurons are less vulnerable to the toxic 
actions of  Aǃ  following pretreatment with a2M, being likely that a2M has the capacity to 
keep Aǃ in a soluble state, preventing fibril  formation and associated neurotoxicity (Du, et 
al. 1998). a2M also inhibits both Aǃ fibril formation and Aǃ -induced cytotoxicity in PC12 
cells (Monji, et al. 2000). The inhibition of the formation of amyloid fibrils are probably due 
to the interaction of a2M   with prefibrillar species  to maintain the solubility of Aǃ (Yerbury, 
et al. 2009), and therefore their aggregation state in the extracellular milieu. In addition, Qiu 
et al described a serine protease that binds to a2M to form a stable high molecular weight 
complex capable of efficiently cleaving Aǃ (Qiu, et al. 1996). This serine protease-a2M 
complex was capable of proteolytically digesting both Aǃ40 and Aǃ42, resulting in 
disruption of the central region of the peptide (residues 10–35), which is believed to mediate 
the conformational change that underlies Aǃ self-aggregation (Qiu et al. 1996).  
a2M is also a physiological ligand for the low-density lipoprotein receptor-related protein 

(LRP) abundantly expressed in the CNS. The a2M/Aǃ complexes can be degraded by 

glioblastoma cells and fibroblasts via LRP, but the degradation of free Aǃ must be mediated 

via an LRP-independent pathway. These results suggest that LRP can function as a 

clearance receptor for Aǃ via a2M (Narita, et al. 1997). The effect of self-aggregation and 

LRP-1 ligands on the elimination of human Aǃ 40 from the rat brain across the blood-brain 

barrier has been investigated recently. In the first instance it was demonstrated that the 

elimination rate of 125I hAǃ40 dimer was 92.7% decreased compared to the  125I hAǃ40 

monomer. When pre-incubated with LRP-1 ligands, such as activated a2M, apolipoprotein 

E2 (apoE2), apoE3, apoE4, and lactoferrin, the elimination of 125I hAǃ40) was reduced. There 

seems that dimerization and LRP-1-ligand complex formation prevents the elimination of 

Aǃ40 from the brain across the blood-brain barrier (Ito, et al. 2007).  

There is also an over-representation of a common a2M polymorphism, Val1000 

(GTC)/Ile1000 (ATC) in AD patients, which correlates with an increase in Aǃ burden 

(Kovacs 2000; Liao, et al. 1998), further sustaining the importance of a2M in Aǃ 

clearance. 
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3.11 Apolipoprotein E 
From all the proteins and peptides associated with  AD and amyloid beta metabolism,  

apolipoprotein E (ApoE) is probably the most thoroughly studied, and several recent 

reviews give excellent and comprehensive overviews about its structure and function 

(Zhong and Weisgraber 2009a, b), and the pathways in which it is involved in AD (Kim, et 

al. 2009), either Aǃ dependent or Aǃ independent (Huang 2010; Mahley, et al. 2006). 

Therefore, this section will just give a brief overview about ApoE and will focus only on its 

association with AD via Aǃ dependent pathways. 

ApoE is a 34,2 kDa glycoprotein containing 299 amino acids. The protein contains two 

structural domains that are responsible for different functions of apoE. The amino-terminal 

domain (residues 1-191) contains the lipoprotein receptor binding region (residues 136-150), 

and the carboxyl-terminal domain (residues 216-299) contains the major lipoprotein (lipid) 

binding domain.  

There are three common isoforms of ApoE, ApoE2, ApoE3 and ApoE4, which are encoded 

by three alleles (e2, e3 and e4, respectively) of a single gene. Sequence differences among the 

ApoE isoforms reside only on amino acids 122 or 158 which may be cysteine or arginine, but 

are sufficient to determine significant functional consequences (Huang 2010; Mahley et al. 

2006).  

ApoE4 is the major known genetic risk factor for AD and as much as 65–80% of all AD 
patients are ApoE4 carriers. This allele is over-represented in late-onset familial AD in 
several populations and in late-onset sporadic AD (Farrer, et al. 1997). In addition,  as the 
number of Apo E alleles increases,  the risk of onset of AD also increases while the age of 
onset decreases; as the number of ApoE4 alleles increases from 0 to 2, the risk of developing 
late-onset AD increases from 20% to 90%, and the mean age of onset decreases from 84 to 68 
years (Corder, et al. 1993; Frangione, et al. 1996). The N and C terminal domains of ApoE 
interact in ApoE4 (called domain interaction), which is mediated by the formation of a salt 
bridge between Arg-61 in the N- terminus and Glu-255 in the C- terminus of ApoE4. This 
interaction might be the molecular basis for the detrimental effects of ApoE4 in AD 
pathogenesis (Huang 2010). 
ApoE is expressed in several organs but is mainly expressed in the liver, followed by the 
brain. Non-neuronal cells, mainly astrocytes and to some extent microglia, are the major cell 
types that express apoE in the brain (Boyles, et al. 1985; Pitas, et al. 1987). Neurons also 
produce ApoE under certain conditions, particularly in response to brain injury (Boschert, et 
al. 1999) . 
ApoE (E2 and E3) are important for the distribution of lipids among cells throughout the 

body and within the CNS, where the principal apolipoproteins are, and where they 

transport lipids and cholesterol for cell repair and neurite outgrowth. These properties are 

not shared by Apo E4 which seems to counteract the features of Apo E2 and ApoE3 with 

detrimental effects (Mahley et al. 2006).  

ApoE  is also essential for astrocytes to bind, internalize and degrade Aǃ deposits 

(Koistinaho, et al. 2004). ApoE binds  Aǃ with high affinity. It was demonstrated that lipid-

free ApoE4 and ApoE3 form stable complexes with Aǃ, with ApoE4 being more effective in 

the formation of the complex, but inducing a pathological ǃ-sheet conformational change in 

Aǃ ((Wisniewski and Frangione 1996). This interaction requires the N-terminal and the C-

terminal domains, and there are strong indications that the interaction is affected by the 

lipid content (Weisgraber and Mahley 1996).  

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

70

ApoE, but not ApoE4 plays a role in facilitating the proteolytic clearance of soluble Aǃ from 

the brain. The endolytic degradation of Aǃ peptides within microglia by NEP and related 

enzymes is dramatically enhanced by ApoE.  Similarly, Aǃ degradation extracellularly by 

IDE is facilitated by ApoE. The capacity of ApoE to promote Aǃ degradation is dependent 

upon the ApoE isoform and its lipidation status. The enhanced expression of lipidated 

ApoE, through the activation of liver X receptors, stimulates Aǃ degradation (Jiang, et al. 

2008). 

In contrast, Apo E4 inhibits Aǃ clearance and stimulates Aǃ deposition (Huang, et al. 2004). 

It also enhances Aǃ production and potentiates Aǃ induced chromosomal leakage and 

apoptosis (Mahley and Huang 2006). In addition, ApoE4 enhances Aǃ42 oligomer induced 

toxicity (Manelli, et al. 2007). Taken together these observations sustain the effects of ApoE4 

in the enhancement of the overall Aǃ burden via interaction with the peptide.  

3.12 Metallothioneins 2 and 3 
Metallothioneins (MTs) were discovered as cadmium binding proteins in equine kidney 

cortex. MTs is a generic name for a superfamily of low molecular weight cysteine- and 

metal-rich proteins with high affinity for divalent metals, such as zinc, cadmium and copper 

with four major isoforms, MT-1 to MT-4, identified in humans. They occur in all living 

organisms from the simplest forms of life, such as prokaryotes to the most complex, such as 

higher plants and vertebrate animals. It is clear that MTs are multipurpose proteins with 

unquestionable metal binding and anti-oxidant properties. In addition, there is increasing 

evidence that MT-1 and MT-2 (MT-1/2), and MT-3 display such diverse physiological 

actions as inhibition of pro-apoptotic mechanisms, enhancement of cell survival, tissue 

regeneration, and have anti-inflammatory properties. Concurrent with this wide array of 

functions, MT-1/2 have been implicated in neuroprotection and neurodegeneration, and 

particularly in AD (Hidalgo, et al. 2009; Penkowa, et al. 2006).  

It is interesting that a considerable body of work has related an increase of MT-1/2 brain 
levels with aging and AD. In AD patients elevated levels of cytokines and IL-1 may induce 
MT-1/2 production in astrocytes. Studies in animal models of AD, showed that the MT-1/2 
levels were higher, when compared to WT mice, while MT-3 levels were unaltered or 
reduced, suggesting that these proteins may have a relevant role in providing long term 
protection against inflammation (Hidalgo  et al. 2009). This up-regulation of MT-1/2 in 
animal models of AD may have detrimental consequences in Aǃ clearance as MT-2 
diminishes the binding of TTR to Aǃ (Martinho, et al. 2010). Considering TTR an Aǃ 
scavenger as explained above, a less efficient removal of Aǃ would be expected when MT-2 
levels are increased, and this appears to be the case in AD.  Furthermore, inhibition of 
homeodomain interacting protein kinase 2 activity in AD patients, might be involved in p53 
misfolding, most likely through MT-2A upregulation (Lanni, et al. 2010). In addition, it was 
also shown that MT-2A may also prevent copper-mediated Aǃ aggregation and 
neurotoxicity, by a mechanism which primarily involves a specific metal exchange 
interaction between Zn7.MT-2A and Cu(2).Aǃ, and subsequent inhibition of H2O2 
generation (Chung, et al. 2010).  Furthermore, a metal swap between Zn7.MT-3 and soluble 
and aggregated Aǃ1–40–Cu(II) abolishes  ROS production and related cellular toxicity 
(Meloni, et al. 2008). 
These studies relating metal exchange and Aǃ aggregation, conducted to a recent interest in 
the use of metal-chelation drugs as a potential therapy for AD. For example, the 
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administration of the copper and zinc chelating drug, clioquinol, prevents plaque formation 
in transgenic AD mice (Hegde, et al. 2009).  
Since the discovery of MT-3 as a growth inhibitory factor, with reduced expression levels in 
AD brains compared to age-matched controls, several studies provide evidence that MT-3 is 
related to the aetiology of AD. Some studies indicate that MT-3 may potentially promote the 
clearance of Aǃ plaques, while others show an opposite trend or even no differences 
(Howells, et al. 2010). MT-3 alone antagonizes the toxic effect of Aǃ because it inhibits the 
formation of SDS-resistant Aǃ aggregates, thereby protecting cortical neurons from its toxic 
effects. Both the full-length and the N-terminal domain of MT-3 promote neuron survival at 
low concentrations but inhibited it at high concentrations. These observations suggest that 
the anti- Aǃ activity of MT-3 is different from its neuronal growth inhibitory activity. Other 
possible mechanisms underlying the protection of MT-3 from Aǃ toxicity may be related to 
its interaction with TTR by improving its Aǃ degrading capacity (Martinho et al. 2010). 

4. Conclusion 

The extracellular neuritic plaque deposits of amyloid found in AD brains contain Aǃ, and 
according to the amyloid cascade hypothesis, the accumulation of Aǃ peptide,  can trigger 
gradual synaptic alterations, astrocytic and microglial activation, and modification of the 
soluble tau protein into insoluble paired helical filaments, with progressive neuronal loss 
and cognitive failure (Hardy and Selkoe 2002). The cascade hypothesis suggests that 
stopping or slowing formation of the Aǃ plaques would delay the onset of the disease 
symptoms. Therefore, it is crucial to thoroughly elucidate the regulation of Aǃ production 
and clearance to design new and effective therapies against AD. 
APP, takes a central position in AD pathogenesis, as Aǃ arises from its proteolytic cleavage 
through the sequential action of ǃ- and Ǆ-secretase. APP is first cleaved by either ǂ- or ǃ-
secretase at the ǂ- or ǃ-sites, respectively, which lie in the extracellular domain of APP. 
These proteases originate: soluble APPǂ (sAPPǂ, for ǂ-secretase) or soluble APPǃ (sAPPǃ, 
for ǃ-secretase), which are released to the extracellular space, and a membrane anchored C-
terminal end (C83 for ǂ-secretase or C99 for ǃ-secretase). Ǆ-cleavage of C99, generates the 
Aǃ peptide. This pathway is known as the amyloidogenic pathway. Misregulation of all the 
intervenients in this process may lead to Aǃ accumulation. If APP cleavage by ǃ-secretase or 
Ǆ-cleavage of C99 is more effective than ǂ-secretase, then the all process shifts into the 
accumulation of Aǃ. Also if APP synthesis is enhanced, as it is the case of several mutated 
forms of APP associated with early onset AD, the production of Aǃ is also increased with 
similar results (Ertekin-Taner 2007). So, alterations in APP synthesis and processing by both 
secretases, or downstream in the Ǆ-secretase complex action, may account for more severe 
forms of disease. Another good example of that are the mutations associated with 
presenilins 1 and 2 , which are part of the Ǆ-secretase complex, known to be responsible for 
early onset inherited forms of AD (Ertekin-Taner 2007). 
Once Aǃ has been produced, other important players come into action (Figure 2). These are 
all the enzymes and proteins that, either by directly cleaving Aǃ into less harmful peptides 
or making them more prone to proteolysis or less susceptible to aggregation through 
protein-protein interactions, will reduce the Aǃ load in vulnerable areas of the brain.  
Reduced degradation of Aǃ by proteases is generally accepted to enhance plaque pathology 
in AD brains, and may depend on several factors such as decreased mRNA expression or 
decreased protein levels or activity, either in the brain cortex, hippocampus or in brain 
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microvessels;  and  post-translational modifications, such as oxidation and deposition of the 
enzymes in the diseased brain with consequent loss of its native structure and functionality 
(Dorfman et al, 2010.).  
IDE and NEP are well accepted as Aǃ degrading enzymes, but although few studies 
compare the relative contribution of each of these enzymes to the overall Aǃ load, NEP 
seems to be the major protease involved in Aǃ degradation. In transgenic mice models of 
familial AD, over-expression of IDE or NEP prevents amyloid plaque pathology and 
consequent early death (Leissring, et al. 2003) indicating that degradation of Aǃ by these 
metalloproteinases may be of high therapeutic interest for AD patients. A recent study 
carried out in AD patients showed that, NEP mRNA, protein levels, and activity are 
decreased compared to normal controls without any cognitive impairment. In these 
patients IDE activity was unchanged, though mRNA levels increased. In the same study 
ECE-1 expression or activity in AD brains was not different from age-matched controls. 
Correlation analyses suggested that NEP expression was correlated with Aǃ accumulation 
and clinical diagnosis, being lower in AD than in controls, whereas no correlations of  IDE 
and ECE-1 with Aǃ levels or clinical diagnosis has been found. These findings provide 
additional support for NEP as the major protease involved in Aǃ degradation (Wang et al. 
2010).  
Age is the major risk factor for AD. Aǃ -synthesizing enzyme activities increase with age, 

coinciding with declining soluble Aǃ and increasing insoluble Aǃ (Miners, et al, 2008b.). In 

addition, there is an overall ageing-related down regulation of Aǃ degrading proteases 

which is particularly relevant for NEP but not for IDE in transgenic Tg2576 mice brains 

(Dorfman et al., 2010). Nevertheless further studies assessing the relative contribution of 

each of these enzymes , IDE, NEP, Prep, ECE, ACE and plasmin are necessary to understand 

why the system redundancy is not always effective, and which of these enzymes may be 

more adequate as candidate therapeutic targets.  

Regarding proteins with the capacity to degrade Aǃ or of interfering in the process, TTR is 

probably the most promising, with potential as a biomarker of the disease and even as a 

putative therapeutic agent. The literature shows that TTR plays an important role in the 

modulation of Aǃ aggregation and toxicity. The use of TTR as a sera biomarker for 

diagnosis purposes in AD patients should also be explored, with obvious advantages, for 

both patients and researchers, and there are already indications that sera TTR is decreased 

in AD patients when compared to age-matched controls (Han et al., 2011). Moreover, it is 

important to investigate the factors that affect TTR/A-Beta binding and/or TTR alterations 

that lead to its decreased in AD, such as protein oxidation (Biroccio et al., 2006). Further 

studies are necessary to unravel the mechanism underlying TTR protective role in AD, to 

establish if TTR decline is a cause or consequence of disease, and the cellular pathways 

involved.  

Other proteins as gelsolin, a2M and Apo E counteract Aǃ deposition through interactions 

with the peptide, but apparently none of them seem to have the capacity to cleave the 

peptide. In general these proteins bind Aǃ and the effects of these interactions translate into 

preventing Aǃ fibrillation, and eventually on disaggregation of pre-existent fibrils (gelsolin 

and a2M); binding of enzymes conferring them the capacity to degrade Aǃ (a2M) or may 

enhance the capacity of Aǃ proteases, as NEP and IDE to cleave Aǃ (ApoE). MT ½ and MT3 

bind TTR affecting its capacity to cleave Aǃ and prevent metal associated Aǃ aggregation or 

inhibit their formation. 
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The scientific achievements acquired over the past decade on all the pathways and key 
players involved in the amyloid cascade will hopefully contribute to the development of 
more adequate therapies against AD in a closer future. 
 

 

Fig. 2. Schematic diagram depicting  APP processing: key proteins in amyloid-beta 
production and clearance  (not drawn in scale). IDE- Insulin degrading  enzyme; NEP-
Neprilysin; PreP- Presequence peptidase; ECE –Endothelin-converting enzyme; ACE- 
Angiotensin-converting enzyme; MMP- Matrix metalloproteinase; TTR-Transthyretin; a2M- 
Alpha2-macroglobulin; ApoE- apolipoprotein E. 

5. Acknowledgments 

Portuguese Foundation for Science and Technology (FCT) research grants PTDC/SAU-
NMC/114800/2009 and POCI/SAU-NEU/64593/2006, by COMPETE (Programa 
operacional Temático Factores de Competitividade) and POCI 2010 (Programa Operacional 
Ciência e Inovação 2010), respectively, with the participation of the European 
Communitarian Fund FEDER  

6. References 

Alikhani N, Ankarcrona M & Glaser E 2009 Mitochondria and Alzheimer's disease: amyloid-
beta peptide uptake and degradation by the presequence protease, hPreP. J Bioenerg 
Biomembr 41 447-451. 

Almeida MR, Alves IL, Terazaki H, Ando Y & Saraiva MJ 2000 Comparative studies of two 
transthyretin variants with protective effects on familial amyloidotic 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

74

polyneuropathy: TTR R104H and TTR T119M. Biochem Biophys Res Commun 270 
1024-1028. 

Antequera D, Vargas T, Ugalde C, Spuch C, Molina JA, Ferrer I, Bermejo-Pareja F & Carro E 
2009 Cytoplasmic gelsolin increases mitochondrial activity and reduces Abeta 
burden in a mouse model of Alzheimer's disease. Neurobiol Dis 36 42-50. 

Asai M, Hattori C, Szabo B, Sasagawa N, Maruyama K, Tanuma S & Ishiura S 2003 Putative 
function of ADAM9, ADAM10, and ADAM17 as APP alpha-secretase. Biochem 
Biophys Res Commun 301 231-235. 

Backstrom JR, Lim GP, Cullen MJ & Tokes ZA 1996 Matrix metalloproteinase-9 (MMP-9) is 
synthesized in neurons of the human hippocampus and is capable of degrading the 
amyloid-beta peptide (1-40). J Neurosci 16 7910-7919. 

Baig S, Kehoe PG & Love S 2008 MMP-2, -3 and -9 levels and activity are not related to 
Abeta load in the frontal cortex in Alzheimer's disease. Neuropathol Appl Neurobiol 
34 205-215. 

Behl M, Zhang Y & Zheng W 2009 Involvement of insulin-degrading enzyme in the 
clearance of beta-amyloid at the blood-CSF barrier: Consequences of lead exposure. 
Cerebrospinal Fluid Res 6 11. 

Bennett BD, Babu-Khan S, Loeloff R, Louis JC, Curran E, Citron M & Vassar R 2000 
Expression analysis of BACE2 in brain and peripheral tissues. J Biol Chem 275 
20647-20651. 

Bertram L, Blacker D, Mullin K, Keeney D, Jones J, Basu S, Yhu S, McInnis MG, Go RC, 
Vekrellis K, et al. 2000 Evidence for genetic linkage of Alzheimer's disease to 
chromosome 10q. Science 290 2302-2303. 

Bertram L, McQueen MB, Mullin K, Blacker D & Tanzi RE 2007 Systematic meta-analyses of 
Alzheimer disease genetic association studies: the AlzGene database. Nat Genet 39 
17-23. 

Biroccio A, Del Boccio P, Panella M, Bernardini S, Di Ilio C, Gambi D, Stanzione P, Sacchetta 
P, Bernardi G, Martorana A, Federici G, Stefani A, Urbani  A. Differential post-
translational modifications of transthyretin in Alzheimer's disease: a study of the 
cerebral spinal fluid. Proteomics. 2006 Apr;6(7):2305-13. 

Biroccio A, Del Boccio P, Panella M, Bernardini S, Di Ilio C, Gambi D, Stanzione P, Sacchetta 
P, Bernardi G, Martorana A, Federici G, Stefani A, Urbani  A. Differential post-
translational modifications of transthyretin in Alzheimer's disease: a study of the 
cerebral spinal fluid. Proteomics. 2006 Apr;6(7):2305-13. Bora RP, Ozbil M & 
Prabhakar R 2010 Elucidation of insulin degrading enzyme catalyzed site specific 
hydrolytic cleavage of amyloid beta peptide: a comparative density functional 
theory study. J Biol Inorg Chem 15 485-495. 

Bora RP & Prabhakar R 2010 Elucidation of interactions of Alzheimer amyloid beta peptides 
(Abeta40 and Abeta42) with insulin degrading enzyme: a molecular dynamics 
study. Biochemistry 49 3947-3956. 

Borth W 1992 Alpha 2-macroglobulin, a multifunctional binding protein with targeting 
characteristics. FASEB J 6 3345-3353. 

Boschert U, Merlo-Pich E, Higgins G, Roses AD & Catsicas S 1999 Apolipoprotein E 
expression by neurons surviving excitotoxic stress. Neurobiol Dis 6 508-514. 

Boyles JK, Pitas RE, Wilson E, Mahley RW & Taylor JM 1985 Apolipoprotein E associated 
with astrocytic glia of the central nervous system and with nonmyelinating glia of 
the peripheral nervous system. J Clin Invest 76 1501-1513. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

75 

Buxbaum JN, Ye Z, Reixach N, Friske L, Levy C, Das P, Golde T, Masliah E, Roberts AR & 
Bartfai T 2008 Transthyretin protects Alzheimer's mice from the behavioral and 
biochemical effects of Abeta toxicity. Proc Natl Acad Sci U S A 105 2681-2686. 

Caporaso GL, Takei K, Gandy SE, Matteoli M, Mundigl O, Greengard P & De Camilli P 1994 
Morphologic and biochemical analysis of the intracellular trafficking of the 
Alzheimer beta/A4 amyloid precursor protein. J Neurosci 14 3122-3138. 

Carro E, Trejo JL, Gomez-Isla T, LeRoith D & Torres-Aleman I 2002 Serum insulin-like 
growth factor I regulates brain amyloid-beta levels. Nat Med 8 1390-1397. 

Chauhan V, Ji L & Chauhan A 2008 Anti-amyloidogenic, anti-oxidant and anti-apoptotic 
role of gelsolin in Alzheimer's disease. Biogerontology 9 381-389. 

Chauhan VP, Ray I, Chauhan A & Wisniewski HM 1999 Binding of gelsolin, a secretory 
protein, to amyloid beta-protein. Biochem Biophys Res Commun 258 241-246. 

Chiang HL, Lyu RK, Tseng MY, Chang KH, Chang HS, Hsu WC, Kuo HC, Chu CC, Wu YR, 
Ro LS, et al. 2009 Analyses of transthyretin concentration in the cerebrospinal fluid 
of patients with Guillain-Barre syndrome and other neurological disorders. Clin 
Chim Acta 405 143-147. 

Choi SH, Leight SN, Lee VM, Li T, Wong PC, Johnson JA, Saraiva MJ & Sisodia SS 2007 
Accelerated Abeta deposition in APPswe/PS1deltaE9 mice with hemizygous 
deletions of TTR (transthyretin). J Neurosci 27 7006-7010. 

Chung RS, Howells C, Eaton ED, Shabala L, Zovo K, Palumaa P, Sillard R, Woodhouse A, 
Bennett WR, Ray S, et al. 2010 The native copper- and zinc-binding protein 
metallothionein blocks copper-mediated Abeta aggregation and toxicity in rat 
cortical neurons. PLoS One 5 e12030. 

Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE, Gaskell PC, Small GW, Roses AD, 
Haines JL & Pericak-Vance MA 1993 Gene dose of apolipoprotein E type 4 allele 
and the risk of Alzheimer's disease in late onset families. Science 261 921-923. 

Costa R, Ferreira-da-Silva F, Saraiva MJ & Cardoso I 2008 Transthyretin protects against A-
beta peptide toxicity by proteolytic cleavage of the peptide: a mechanism sensitive 
to the Kunitz protease inhibitor. PLoS One 3 e2899. 

Cupers P, Bentahir M, Craessaerts K, Orlans I, Vanderstichele H, Saftig P, De Strooper B & 
Annaert W 2001 The discrepancy between presenilin subcellular localization and 
gamma-secretase processing of amyloid precursor protein. J Cell Biol 154 731-740. 

Davidsson P, Westman-Brinkmalm A, Nilsson CL, Lindbjer M, Paulson L, Andreasen N, 
Sjogren M & Blennow K 2002 Proteome analysis of cerebrospinal fluid proteins in 
Alzheimer patients. Neuroreport 13 611-615. 

Dawson GR, Seabrook GR, Zheng H, Smith DW, Graham S, O'Dowd G, Bowery BJ, Boyce S, 
Trumbauer ME, Chen HY, et al. 1999 Age-related cognitive deficits, impaired long-
term potentiation and reduction in synaptic marker density in mice lacking the 
beta-amyloid precursor protein. Neuroscience 90 1-13. 

Deb S & Gottschall PE 1996 Increased production of matrix metalloproteinases in enriched 
astrocyte and mixed hippocampal cultures treated with beta-amyloid peptides. J 
Neurochem 66 1641-1647. 

DeKosky ST & Marek K 2003 Looking backward to move forward: early detection of 
neurodegenerative disorders. Science 302 830-834. 

Dominguez D, Tournoy J, Hartmann D, Huth T, Cryns K, Deforce S, Serneels L, Camacho 
IE, Marjaux E, Craessaerts K, et al. 2005 Phenotypic and biochemical analyses of 
BACE1- and BACE2-deficient mice. J Biol Chem 280 30797-30806. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

76

Dorfman VB, Pasquini L, Riudavets M, Lopez-Costa JJ, Villegas A, Troncoso JC, Lopera F, 
Castano EM & Morelli L 2010 Differential cerebral deposition of IDE and NEP in 
sporadic and familial Alzheimer's disease. Neurobiol Aging 31 1743-1757. 

Du J & Murphy RM 2010 Characterization of the interaction of beta-amyloid with 
transthyretin monomers and tetramers. Biochemistry 49 8276-8289. 

Du Y, Bales KR, Dodel RC, Liu X, Glinn MA, Horn JW, Little SP & Paul SM 1998 Alpha2-
macroglobulin attenuates beta-amyloid peptide 1-40 fibril formation and associated 
neurotoxicity of cultured fetal rat cortical neurons. J Neurochem 70 1182-1188. 

Du Y, Ni B, Glinn M, Dodel RC, Bales KR, Zhang Z, Hyslop PA & Paul SM 1997 alpha2-
Macroglobulin as a beta-amyloid peptide-binding plasma protein. J Neurochem 69 
299-305. 

Eckman EA, Adams SK, Troendle FJ, Stodola BA, Kahn MA, Fauq AH, Xiao HD, Bernstein 
KE & Eckman CB 2006 Regulation of steady-state beta-amyloid levels in the brain 
by neprilysin and endothelin-converting enzyme but not angiotensin-converting 
enzyme. J Biol Chem 281 30471-30478. 

Eckman EA, Reed DK & Eckman CB 2001 Degradation of the Alzheimer's amyloid beta 
peptide by endothelin-converting enzyme. J Biol Chem 276 24540-24548. 

Eckman EA, Watson M, Marlow L, Sambamurti K & Eckman CB 2003 Alzheimer's disease 
beta-amyloid peptide is increased in mice deficient in endothelin-converting 
enzyme. J Biol Chem 278 2081-2084. 

Eggert S, Paliga K, Soba P, Evin G, Masters CL, Weidemann A & Beyreuther K 2004 The 
proteolytic processing of the amyloid precursor protein gene family members 
APLP-1 and APLP-2 involves alpha-, beta-, gamma-, and epsilon-like cleavages: 
modulation of APLP-1 processing by n-glycosylation. J Biol Chem 279 18146-18156. 

Ertekin-Taner N 2007 Genetics of Alzheimer's disease: a centennial review. Neurol Clin 25 
611-667, v. 

Exley C & Korchazhkina OV 2001 Plasmin cleaves Abeta42 in vitro and prevents its 
aggregation into beta-pleated sheet structures. Neuroreport 12 2967-2970. 

Falkevall A, Alikhani N, Bhushan S, Pavlov PF, Busch K, Johnson KA, Eneqvist T, Tjernberg 
L, Ankarcrona M & Glaser E 2006 Degradation of the amyloid beta-protein by the 
novel mitochondrial peptidasome, PreP. J Biol Chem 281 29096-29104. 

Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers RH, Pericak-
Vance MA, Risch N & van Duijn CM 1997 Effects of age, sex, and ethnicity on the 
association between apolipoprotein E genotype and Alzheimer disease. A meta-
analysis. APOE and Alzheimer Disease Meta Analysis Consortium. Jama 278 1349-
1356. 

Farrer LA, Sherbatich T, Keryanov SA, Korovaitseva GI, Rogaeva EA, Petruk S, Premkumar 
S, Moliaka Y, Song YQ, Pei Y, et al. 2000 Association between angiotensin-
converting enzyme and Alzheimer disease. Arch Neurol 57 210-214. 

Frangione B, Castano EM, Wisniewski T, Ghiso J, Prelli F & Vidal R 1996 Apolipoprotein E 
and amyloidogenesis. Ciba Found Symp 199 132-141; discussion 141-135. 

Gao W, Eisenhauer PB, Conn K, Lynch JA, Wells JM, Ullman MD, McKee A, Thatte HS & 
Fine RE 2004 Insulin degrading enzyme is expressed in the human cerebrovascular 
endothelium and in cultured human cerebrovascular endothelial cells. Neurosci Lett 
371 6-11. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

77 

Glenner GG & Wong CW 1984 Alzheimer's disease and Down's syndrome: sharing of a 
unique cerebrovascular amyloid fibril protein. Biochem Biophys Res Commun 122 
1131-1135. 

Gloeckner SF, Meyne F, Wagner F, Heinemann U, Krasnianski A, Meissner B & Zerr I 2008 
Quantitative analysis of transthyretin, tau and amyloid-beta in patients with 
dementia. J Alzheimers Dis 14 17-25. 

Goodman DS 1985 Retinoids and retinoid-binding proteins. Harvey Lect 81 111-132. 
Gottschall PE 1996 beta-Amyloid induction of gelatinase B secretion in cultured microglia: 

inhibition by dexamethasone and indomethacin. Neuroreport 7 3077-3080. 
Greenfield JP, Tsai J, Gouras GK, Hai B, Thinakaran G, Checler F, Sisodia SS, Greengard P & 

Xu H 1999 Endoplasmic reticulum and trans-Golgi network generate distinct 
populations of Alzheimer beta-amyloid peptides. Proc Natl Acad Sci U S A 96 742-
747. 

Grundke-Iqbal I, Iqbal K, Tung YC, Quinlan M, Wisniewski HM & Binder LI 1986 Abnormal 
phosphorylation of the microtubule-associated protein tau (tau) in Alzheimer 
cytoskeletal pathology. Proc Natl Acad Sci U S A 83 4913-4917. 

Guan H, Liu Y, Daily A, Police S, Kim MH, Oddo S, LaFerla FM, Pauly JR, Murphy MP & 
Hersh LB 2009 Peripherally expressed neprilysin reduces brain amyloid burden: a 
novel approach for treating Alzheimer's disease. J Neurosci Res 87 1462-1473. 

Guo S, Wang S, Kim WJ, Lee SR, Frosch MP, Bacskai BJ, Greenberg SM & Lo EH 2006 Effects 
of apoE isoforms on beta-amyloid-induced matrix metalloproteinase-9 in rat 
astrocytes. Brain Res 1111 222-226. 

Haapasalo A & Kovacs DM 2011 The Many Substrates of Presenilin/gamma-Secretase. J 
Alzheimers Dis. 

Haass C 2004 Take five--BACE and the gamma-secretase quartet conduct Alzheimer's 
amyloid beta-peptide generation. EMBO J 23 483-488. 

Haass C & Selkoe DJ 1993 Cellular processing of beta-amyloid precursor protein and the 
genesis of amyloid beta-peptide. Cell 75 1039-1042. 

Hajjar IM, Keown M, Lewis P & Almor A 2008 Angiotensin converting enzyme inhibitors 
and cognitive and functional decline in patients with Alzheimer's disease: an 
observational study. Am J Alzheimers Dis Other Demen 23 77-83. 

Han SH, Jung ES, Sohn JH, Hong HJ, Hong HS, Kim JW, N DL, Kim M, Kim H, Ha HJ, Kim 
YH, Huh N, Jung MW, Mook-Jung I. 2011 Human Serum Transthyretin Levels 
Correlate Inversely with Alzheimer's Disease. J Alzheimers Dis.  

Hansson SF, Puchades M, Blennow K, Sjogren M & Davidsson P 2004 Validation of a 
prefractionation method followed by two-dimensional electrophoresis - Applied to 
cerebrospinal fluid proteins from frontotemporal dementia patients. Proteome Sci 2 
7. 

Hardy J & Selkoe DJ 2002 The amyloid hypothesis of Alzheimer's disease: progress and 
problems on the road to therapeutics. Science 297 353-356. 

Hardy JA & Higgins GA 1992 Alzheimer's disease: the amyloid cascade hypothesis. Science 
256 184-185. 

Heber S, Herms J, Gajic V, Hainfellner J, Aguzzi A, Rulicke T, von Kretzschmar H, von Koch 
C, Sisodia S, Tremml P, et al. 2000 Mice with combined gene knock-outs reveal 
essential and partially redundant functions of amyloid precursor protein family 
members. J Neurosci 20 7951-7963. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

78

Hegde ML, Bharathi P, Suram A, Venugopal C, Jagannathan R, Poddar P, Srinivas P, 
Sambamurti K, Rao KJ, Scancar J, et al. 2009 Challenges associated with metal 
chelation therapy in Alzheimer's disease. J Alzheimers Dis 17 457-468. 

Helbecque N, Cottel D, Hermant X & Amouyel P 2007 Impact of the matrix 
metalloproteinase MMP-3 on dementia. Neurobiol Aging 28 1215-1220. 

Hemming ML & Selkoe DJ 2005 Amyloid beta-protein is degraded by cellular angiotensin-
converting enzyme (ACE) and elevated by an ACE inhibitor. J Biol Chem 280 37644-
37650. 

Hemming ML, Selkoe DJ & Farris W 2007 Effects of prolonged angiotensin-converting 
enzyme inhibitor treatment on amyloid beta-protein metabolism in mouse models 
of Alzheimer disease. Neurobiol Dis 26 273-281. 

Hickman SE, Allison EK & El Khoury J 2008 Microglial dysfunction and defective beta-
amyloid clearance pathways in aging Alzheimer's disease mice. J Neurosci 28 8354-
8360. 

Hidalgo J, Chung R, Penkowa M, Vašák M. 2009 Structure and function of vertebrate 
metallothioneins, in"Metallothioneins and Related Chelators", Vol. 5 of 'Metal Ions 
in 

Life Sciences'; Sigel, A., Sigel, H., Sigel, R.K.O., Eds. (2009) The Royal Society of Chemistry, 
Cambridge, UK, pp 279-317. 

Hirko AC, Meyer EM, King MA & Hughes JA 2007 Peripheral transgene expression of 
plasma gelsolin reduces amyloid in transgenic mouse models of Alzheimer's 
disease. Mol Ther 15 1623-1629. 

Holcomb L, Gordon MN, McGowan E, Yu X, Benkovic S, Jantzen P, Wright K, Saad I, 
Mueller R, Morgan D, et al. 1998 Accelerated Alzheimer-type phenotype in 
transgenic mice carrying both mutant amyloid precursor protein and presenilin 1 
transgenes. Nat Med 4 97-100. 

Hook VY, Kindy M, Reinheckel T, Peters C & Hook G 2009 Genetic cathepsin B deficiency 
reduces beta-amyloid in transgenic mice expressing human wild-type amyloid 
precursor protein. Biochem Biophys Res Commun 386 284-288. 

Horstmann S, Budig L, Gardner H, Koziol J, Deuschle M, Schilling C & Wagner S 2010 
Matrix metalloproteinases in peripheral blood and cerebrospinal fluid in patients 
with Alzheimer's disease. Int Psychogeriatr 22 966-972. 

Howells C, West AK & Chung RS 2010 Neuronal growth-inhibitory factor (metallothionein-
3): evaluation of the biological function of growth-inhibitory factor in the injured 
and neurodegenerative brain. Febs J 277 2931-2939. 

Hsiao K, Chapman P, Nilsen S, Eckman C, Harigaya Y, Younkin S, Yang F & Cole G 1996 
Correlative memory deficits, Abeta elevation, and amyloid plaques in transgenic 
mice. Science 274 99-102. 

Hu J, Igarashi A, Kamata M & Nakagawa H 2001 Angiotensin-converting enzyme degrades 
Alzheimer amyloid beta-peptide (A beta ); retards A beta aggregation, deposition, 
fibril formation; and inhibits cytotoxicity. J Biol Chem 276 47863-47868. 

Hu J, Miyatake F, Aizu Y, Nakagawa H, Nakamura S, Tamaoka A, Takahash R, Urakami K 
& Shoji M 1999 Angiotensin-converting enzyme genotype is associated with 
Alzheimer disease in the Japanese population. Neurosci Lett 277 65-67. 

Huang Y 2010 Abeta-independent roles of apolipoprotein E4 in the pathogenesis of 
Alzheimer's disease. Trends Mol Med 16 287-294. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

79 

Huang Y, Weisgraber KH, Mucke L & Mahley RW 2004 Apolipoprotein E: diversity of 
cellular origins, structural and biophysical properties, and effects in Alzheimer's 
disease. J Mol Neurosci 23 189-204. 

Hughes SR, Khorkova O, Goyal S, Knaeblein J, Heroux J, Riedel NG & Sahasrabudhe S 1998 
Alpha2-macroglobulin associates with beta-amyloid peptide and prevents fibril 
formation. Proc Natl Acad Sci U S A 95 3275-3280. 

Huse JT, Liu K, Pijak DS, Carlin D, Lee VM & Doms RW 2002 Beta-secretase processing in 
the trans-Golgi network preferentially generates truncated amyloid species that 
accumulate in Alzheimer's disease brain. J Biol Chem 277 16278-16284. 

Ichai C, Chevallier N, Delaere P, Dournaud P, Epelbaum J, Hauw JJ, Vincent JP & Checler F 
1994 Influence of region-specific alterations of neuropeptidase content on the 
catabolic fates of neuropeptides in Alzheimer's disease. J Neurochem 62 645-655. 

Irie, Y., and Keung, W. M. (2001) Metallothionein-III antagonizes the neurotoxic and 
neurotrophic effects of amyloid beta peptides. Biochem Biophys Res Commun 282, 
416-420 

Irie, Y., and Keung, W. M. (2003) Anti-amyloid beta activity of metallothionein-III is 
different from its neuronal growth inhibitory activity: structure-activity studies. 
Brain research 960, 228-234 

Irizarry MC, McNamara M, Fedorchak K, Hsiao K & Hyman BT 1997a APPSw transgenic 
mice develop age-related A beta deposits and neuropil abnormalities, but no 
neuronal loss in CA1. J Neuropathol Exp Neurol 56 965-973. 

Irizarry MC, Soriano F, McNamara M, Page KJ, Schenk D, Games D & Hyman BT 1997b 
Abeta deposition is associated with neuropil changes, but not with overt neuronal 
loss in the human amyloid precursor protein V717F (PDAPP) transgenic mouse. J 
Neurosci 17 7053-7059. 

Isbir T, Agachan B, Yilmaz H, Aydin M, Kara I, Eker D & Eker E 2001 Interaction between 
apolipoprotein-E and angiotensin-converting enzyme genotype in Alzheimer's 
disease. Am J Alzheimers Dis Other Demen 16 205-210. 

Ito S, Ohtsuki S, Kamiie J, Nezu Y & Terasaki T 2007 Cerebral clearance of human amyloid-
beta peptide (1-40) across the blood-brain barrier is reduced by self-aggregation 
and formation of low-density lipoprotein receptor-related protein-1 ligand 
complexes. J Neurochem 103 2482-2490. 

Jacobson DR, McFarlin DE, Kane I & Buxbaum JN 1992 Transthyretin Pro55, a variant 
associated with early-onset, aggressive, diffuse amyloidosis with cardiac and 
neurologic involvement. Hum Genet 89 353-356. 

Janmey PA, Chaponnier C, Lind SE, Zaner KS, Stossel TP & Yin HL 1985 Interactions of 
gelsolin and gelsolin-actin complexes with actin. Effects of calcium on actin 
nucleation, filament severing, and end blocking. Biochemistry 24 3714-3723. 

Ji L, Chauhan A & Chauhan V 2008 Cytoplasmic gelsolin in pheochromocytoma-12 cells 
forms a complex with amyloid beta-protein. Neuroreport 19 463-466. 

Jiang Q, Lee CY, Mandrekar S, Wilkinson B, Cramer P, Zelcer N, Mann K, Lamb B, Willson 
TM, Collins JL, et al. 2008 ApoE promotes the proteolytic degradation of Abeta. 
Neuron 58 681-693. 

Johnson KA, Bhushan S, Stahl A, Hallberg BM, Frohn A, Glaser E & Eneqvist T 2006 The 
closed structure of presequence protease PreP forms a unique 10,000 Angstroms3 
chamber for proteolysis. EMBO J 25 1977-1986. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

80

Jorissen E, Prox J, Bernreuther C, Weber S, Schwanbeck R, Serneels L, Snellinx A, 
Craessaerts K, Thathiah A, Tesseur I, et al. 2010 The disintegrin/metalloproteinase 
ADAM10 is essential for the establishment of the brain cortex. J Neurosci 30 4833-
4844. 

Jung SS, Zhang W & Van Nostrand WE 2003 Pathogenic A beta induces the expression and 
activation of matrix metalloproteinase-2 in human cerebrovascular smooth muscle 
cells. J Neurochem 85 1208-1215. 

Kang J & Muller-Hill B 1990 Differential splicing of Alzheimer's disease amyloid A4 
precursor RNA in rat tissues: PreA4(695) mRNA is predominantly produced in rat 
and human brain. Biochem Biophys Res Commun 166 1192-1200. 

Kehoe PG & Wilcock GK 2007 Is inhibition of the renin-angiotensin system a new treatment 
option for Alzheimer's disease? Lancet Neurol 6 373-378. 

Kim J, Basak JM & Holtzman DM 2009 The role of apolipoprotein E in Alzheimer's disease. 
Neuron 63 287-303. 

Kimberly WT & Wolfe MS 2003 Identity and function of gamma-secretase. J Neurosci Res 74 
353-360. 

Koistinaho M, Lin S, Wu X, Esterman M, Koger D, Hanson J, Higgs R, Liu F, Malkani S, 
Bales KR, et al. 2004 Apolipoprotein E promotes astrocyte colocalization and 
degradation of deposited amyloid-beta peptides. Nat Med 10 719-726. 

Konings CH, Kuiper MA, Scheltens P, Grijpma AM, van Pelt W & Wolters EC 1993 Re-
evaluation of cerebrospinal fluid angiotensin-converting enzyme activity in 
patients with 'probable' Alzheimer's disease. Eur J Clin Chem Clin Biochem 31 495-
497. 

Korenberg JR, Pulst SM, Neve RL & West R 1989 The Alzheimer amyloid precursor protein 
maps to human chromosome 21 bands q21.105-q21.05. Genomics 5 124-127. 

Kovacs DM 2000 alpha2-macroglobulin in late-onset Alzheimer's disease. Exp Gerontol 35 
473-479. 

Kowalska A 2003 Amyloid precursor protein gene mutations responsible for early-onset 
autosomal dominant Alzheimer's disease. Folia Neuropathol 41 35-40. 

Kuhn PH, Wang H, Dislich B, Colombo A, Zeitschel U, Ellwart JW, Kremmer E, Rossner S & 
Lichtenthaler SF 2010 ADAM10 is the physiologically relevant, constitutive alpha-
secretase of the amyloid precursor protein in primary neurons. EMBO J 29 3020-
3032. 

Kurochkin IV & Goto S 1994 Alzheimer's beta-amyloid peptide specifically interacts with 
and is degraded by insulin degrading enzyme. FEBS Lett 345 33-37. 

Kwiatkowski DJ, Janmey PA, Mole JE & Yin HL 1985 Isolation and properties of two actin-
binding domains in gelsolin. J Biol Chem 260 15232-15238. 

Lammich S, Kojro E, Postina R, Gilbert S, Pfeiffer R, Jasionowski M, Haass C & Fahrenholz F 
1999 Constitutive and regulated alpha-secretase cleavage of Alzheimer's amyloid 
precursor protein by a disintegrin metalloprotease. Proc Natl Acad Sci U S A 96 
3922-3927. 

Lanni C, Nardinocchi L, Puca R, Stanga S, Uberti D, Memo M, Govoni S, D'Orazi G & Racchi 
M 2010 Homeodomain interacting protein kinase 2: a target for Alzheimer's beta 
amyloid leading to misfolded p53 and inappropriate cell survival. PLoS One 5 
e10171. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

81 

Ledesma MD, Da Silva JS, Crassaerts K, Delacourte A, De Strooper B & Dotti CG 2000 Brain 
plasmin enhances APP alpha-cleavage and Abeta degradation and is reduced in 
Alzheimer's disease brains. EMBO Rep 1 530-535. 

Lee JY, Kweon HS, Cho E, Byun HR, Kim DH, Kim YH, Han PL & Koh JY 2007 
Upregulation of tPA/plasminogen proteolytic system in the periphery of amyloid 
deposits in the Tg2576 mouse model of Alzheimer's disease. Neurosci Lett 423 82-87. 

Leissring MA, Farris W, Chang AY, Walsh DM, Wu X, Sun X, Frosch MP & Selkoe DJ 2003 
Enhanced proteolysis of beta-amyloid in APP transgenic mice prevents plaque 
formation, secondary pathology, and premature death. Neuron 40 1087-1093. 

LePage RN, Fosang AJ, Fuller SJ, Murphy G, Evin G, Beyreuther K, Masters CL & Small DH 
1995 Gelatinase A possesses a beta-secretase-like activity in cleaving the amyloid 
protein precursor of Alzheimer's disease. FEBS Lett 377 267-270. 

Li NC, Lee A, Whitmer RA, Kivipelto M, Lawler E, Kazis LE & Wolozin B 2010 Use of 
angiotensin receptor blockers and risk of dementia in a predominantly male 
population: prospective cohort analysis. BMJ 340 b5465. 

Li P, Kuo WL, Yousef M, Rosner MR & Tang WJ 2006 The C-terminal domain of human 
insulin degrading enzyme is required for dimerization and substrate recognition. 
Biochem Biophys Res Commun 343 1032-1037. 

Li R, Lindholm K, Yang LB, Yue X, Citron M, Yan R, Beach T, Sue L, Sabbagh M, Cai H, et al. 
2004 Amyloid beta peptide load is correlated with increased beta-secretase activity 
in sporadic Alzheimer's disease patients. Proc Natl Acad Sci U S A 101 3632-3637. 

Li W, Poteet E, Xie L, Liu R, Wen Y & Yang SH 2011 Regulation of matrix metalloproteinase 
2 by oligomeric amyloid beta protein. Brain Res. 

Liao A, Nitsch RM, Greenberg SM, Finckh U, Blacker D, Albert M, Rebeck GW, Gomez-Isla 
T, Clatworthy A, Binetti G, et al. 1998 Genetic association of an alpha2-
macroglobulin (Val1000lle) polymorphism and Alzheimer's disease. Hum Mol Genet 
7 1953-1956. 

Link CD 1995 Expression of human beta-amyloid peptide in transgenic Caenorhabditis 
elegans. Proc Natl Acad Sci U S A 92 9368-9372. 

Liu L & Murphy RM 2006 Kinetics of Inhibition of beta-Amyloid Aggregation by 
Transthyretin. Biochemistry 45 15702-15709. 

Mahley RW & Huang Y 2006 Apolipoprotein (apo) E4 and Alzheimer's disease: unique 
conformational and biophysical properties of apoE4 can modulate neuropathology. 
Acta Neurol Scand Suppl 185 8-14. 

Mahley RW, Weisgraber KH & Huang Y 2006 Apolipoprotein E4: a causative factor and 
therapeutic target in neuropathology, including Alzheimer's disease. Proc Natl Acad 
Sci U S A 103 5644-5651. 

Malito E, Hulse RE & Tang WJ 2008 Amyloid beta-degrading cryptidases: insulin degrading 
enzyme, presequence peptidase, and neprilysin. Cell Mol Life Sci 65 2574-2585. 

Manelli AM, Bulfinch LC, Sullivan PM & LaDu MJ 2007 Abeta42 neurotoxicity in primary 
co-cultures: effect of apoE isoform and Abeta conformation. Neurobiol Aging 28 
1139-1147. 

Martinho A, Goncalves I, Cardoso I, Almeida MR, Quintela T, Saraiva MJ & Santos CR 2010 
Human metallothioneins 2 and 3 differentially affect amyloid-beta binding by 
transthyretin. Febs J 277 3427-3436. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

82

Matsumoto N, Kitayama H, Kitada M, Kimura K, Noda M & Ide C 2003 Isolation of a set of 
genes expressed in the choroid plexus of the mouse using suppression subtractive 
hybridization. Neuroscience 117 405-415. 

Matsuoka Y, Saito M, LaFrancois J, Gaynor K, Olm V, Wang L, Casey E, Lu Y, Shiratori C, 
Lemere C, et al. 2003 Novel therapeutic approach for the treatment of Alzheimer's 
disease by peripheral administration of agents with an affinity to beta-amyloid. J 
Neurosci 23 29-33. 

McDermott JR & Gibson AM 1997 Degradation of Alzheimer's beta-amyloid protein by 
human and rat brain peptidases: involvement of insulin-degrading enzyme. 
Neurochem Res 22 49-56. 

Meilandt WJ, Cisse M, Ho K, Wu T, Esposito LA, Scearce-Levie K, Cheng IH, Yu GQ & 
Mucke L 2009 Neprilysin overexpression inhibits plaque formation but fails to 
reduce pathogenic Abeta oligomers and associated cognitive deficits in human 
amyloid precursor protein transgenic mice. J Neurosci 29 1977-1986. 

Melchor JP, Pawlak R & Strickland S 2003 The tissue plasminogen activator-plasminogen 
proteolytic cascade accelerates amyloid-beta (Abeta) degradation and inhibits 
Abeta-induced neurodegeneration. J Neurosci 23 8867-8871. 

Meloni G, Sonois V, Delaine T, Guilloreau L, Gillet A, Teissie J, Faller P & Vasak M 2008 
Metal swap between Zn7-metallothionein-3 and amyloid-beta-Cu protects against 
amyloid-beta toxicity. Nat Chem Biol 4 366-372. 

Merlos-Suarez A, Ruiz-Paz S, Baselga J & Arribas J 2001 Metalloprotease-dependent 
protransforming growth factor-alpha ectodomain shedding in the absence of tumor 
necrosis factor-alpha-converting enzyme. J Biol Chem 276 48510-48517. 

Miners JS, Ashby E, Van Helmond Z, Chalmers KA, Palmer LE, Love S & Kehoe PG 2008a 
Angiotensin-converting enzyme (ACE) levels and activity in Alzheimer's disease, 
and relationship of perivascular ACE-1 to cerebral amyloid angiopathy. Neuropathol 
Appl Neurobiol 34 181-193. 

Miners JS, Baig S, Palmer J, Palmer LE, Kehoe PG & Love S 2008b Abeta-degrading enzymes 
in Alzheimer's disease. Brain Pathol 18 240-252. 

Monji A, Yoshida I, Tashiro K, Hayashi Y, Matsuda K & Tashiro N 2000 Inhibition of A beta 
fibril formation and A beta-induced cytotoxicity by senile plaque-associated 
proteins. Neurosci Lett 278 81-84. 

Narita M, Holtzman DM, Schwartz AL & Bu G 1997 Alpha2-macroglobulin complexes with 
and mediates the endocytosis of beta-amyloid peptide via cell surface low-density 
lipoprotein receptor-related protein. J Neurochem 69 1904-1911. 

Palha JA, Moreira P, Wisniewski T, Frangione B & Saraiva MJ 1996 Transthyretin gene in 
Alzheimer's disease patients. Neurosci Lett 204 212-214. 

Palmer JC, Kehoe PG & Love S 2010 Endothelin-converting enzyme-1 in Alzheimer's disease 
and vascular dementia. Neuropathol Appl Neurobiol 36 487-497. 

Penkowa M, Tio L, Giralt M, Quintana A, Molinero A, Atrian S, Vasak M & Hidalgo J 2006 
Specificity and divergence in the neurobiologic effects of different metallothioneins 
after brain injury. J Neurosci Res 83 974-984. 

Perez A, Morelli L, Cresto JC & Castano EM 2000 Degradation of soluble amyloid beta-
peptides 1-40, 1-42, and the Dutch variant 1-40Q by insulin degrading enzyme from 
Alzheimer disease and control brains. Neurochem Res 25 247-255. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

83 

Pitas RE, Boyles JK, Lee SH, Foss D & Mahley RW 1987 Astrocytes synthesize 
apolipoprotein E and metabolize apolipoprotein E-containing lipoproteins. Biochim 
Biophys Acta 917 148-161. 

Qiu WQ, Borth W, Ye Z, Haass C, Teplow DB & Selkoe DJ 1996 Degradation of amyloid 
beta-protein by a serine protease-alpha2-macroglobulin complex. J Biol Chem 271 
8443-8451. 

Qiu WQ, Walsh DM, Ye Z, Vekrellis K, Zhang J, Podlisny MB, Rosner MR, Safavi A, Hersh 
LB & Selkoe DJ 1998 Insulin-degrading enzyme regulates extracellular levels of 
amyloid beta-protein by degradation. J Biol Chem 273 32730-32738. 

Ray I, Chauhan A, Wegiel J & Chauhan VP 2000 Gelsolin inhibits the fibrillization of 
amyloid beta-protein, and also defibrillizes its preformed fibrils. Brain Res 853 344-
351. 

Reitz C, van Rooij FJ, de Maat MP, den Heijer T, Hofman A, Witteman JC & Breteler MM 
2008 Matrix metalloproteinase 3 haplotypes and dementia and Alzheimer's disease. 
The Rotterdam Study. Neurobiol Aging 29 874-881. 

Reitz C, van Rooij FJ, Soares HD, de Maat MP, Hofman A, Witteman JC & Breteler MM 2010 
Matrix metalloproteinase 3 haplotypes and plasma amyloid beta levels: the 
Rotterdam Study. Neurobiol Aging 31 715-718. 

Roher AE, Kasunic TC, Woods AS, Cotter RJ, Ball MJ & Fridman R 1994 Proteolysis of A 
beta peptide from Alzheimer disease brain by gelatinase A. Biochem Biophys Res 
Commun 205 1755-1761. 

Saraiva MJ, Birken S, Costa PP & Goodman DS 1984 Family studies of the genetic 
abnormality in transthyretin (prealbumin) in Portuguese patients with familial 
amyloidotic polyneuropathy. Ann N Y Acad Sci 435 86-100. 

Schochet SS, Jr., Lampert PW & McCormick WF 1973 Neurofibrillary tangles in patients 
with Down's syndrome: a light and electron microscopic study. Acta Neuropathol 23 
342-346. 

Schwarzman AL & Goldgaber D 1996 Interaction of transthyretin with amyloid beta-
protein: binding and inhibition of amyloid formation. Ciba Found Symp 199 146-160; 
discussion 160-144. 

Schwarzman AL, Gregori L, Vitek MP, Lyubski S, Strittmatter WJ, Enghilde JJ, Bhasin R, 
Silverman J, Weisgraber KH, Coyle PK, et al. 1994 Transthyretin sequesters 
amyloid beta protein and prevents amyloid formation. Proc Natl Acad Sci U S A 91 
8368-8372. 

Schwarzman AL, Tsiper M, Gregori L, Goldgaber D, Frakowiak J, Mazur-Kolecka B, 
Taraskina A, Pchelina S & Vitek MP 2005 Selection of peptides binding to the 
amyloid b-protein reveals potential inhibitors of amyloid formation. Amyloid 12 
199-209. 

Schwarzman AL, Tsiper M, Wente H, Wang A, Vitek MP, Vasiliev V & Goldgaber D 2004 
Amyloidogenic and anti-amyloidogenic properties of recombinant transthyretin 
variants. Amyloid 11 1-9. 

Serot JM, Christmann D, Dubost T & Couturier M 1997 Cerebrospinal fluid transthyretin: 
aging and late onset Alzheimer's disease. J Neurol Neurosurg Psychiatry 63 506-508. 

Seubert P, Vigo-Pelfrey C, Esch F, Lee M, Dovey H, Davis D, Sinha S, Schlossmacher M, 
Whaley J, Swindlehurst C, et al. 1992 Isolation and quantification of soluble 
Alzheimer's beta-peptide from biological fluids. Nature 359 325-327. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

84

Shah K, Qureshi SU, Johnson M, Parikh N, Schulz PE & Kunik ME 2009 Does use of 
antihypertensive drugs affect the incidence or progression of dementia? A 
systematic review. Am J Geriatr Pharmacother 7 250-261. 

Shirahama T, Skinner M, Westermark P, Rubinow A, Cohen AS, Brun A & Kemper TL 1982 
Senile cerebral amyloid. Prealbumin as a common constituent in the neuritic 
plaque, in the neurofibrillary tangle, and in the microangiopathic lesion. Am J 
Pathol 107 41-50. 

Sluck JM, Lin RC, Katolik LI, Jeng AY & Lehmann JC 1999 Endothelin converting enzyme-1-
, endothelin-1-, and endothelin-3-like immunoreactivity in the rat brain. 
Neuroscience 91 1483-1497. 

Solans A, Estivill X & de La Luna S 2000 A new aspartyl protease on 21q22.3, BACE2, is 
highly similar to Alzheimer's amyloid precursor protein beta-secretase. Cytogenet 
Cell Genet 89 177-184. 

Soprano DR, Herbert J, Soprano KJ, Schon EA & Goodman DS 1985 Demonstration of 
transthyretin mRNA in the brain and other extrahepatic tissues in the rat. J Biol 
Chem 260 11793-11798. 

Stabilini R, Vergani C, Agostoni A & Agostoni RP 1968 Influence of age and sex on 
prealbumin levels. Clin Chim Acta 20 358-359. 

Stahl A, Moberg P, Ytterberg J, Panfilov O, Brockenhuus Von Lowenhielm H, Nilsson F & 
Glaser E 2002 Isolation and identification of a novel mitochondrial metalloprotease 
(PreP) that degrades targeting presequences in plants. J Biol Chem 277 41931-41939. 

Stein TD, Anders NJ, DeCarli C, Chan SL, Mattson MP & Johnson JA 2004 Neutralization of 
transthyretin reverses the neuroprotective effects of secreted amyloid precursor 
protein (APP) in APPSW mice resulting in tau phosphorylation and loss of 
hippocampal neurons: support for the amyloid hypothesis. J Neurosci 24 7707-7717. 

Stein TD & Johnson JA 2002 Lack of neurodegeneration in transgenic mice overexpressing 
mutant amyloid precursor protein is associated with increased levels of 
transthyretin and the activation of cell survival pathways. J Neurosci 22 7380-7388. 

Takasugi N, Tomita T, Hayashi I, Tsuruoka M, Niimura M, Takahashi Y, Thinakaran G & 
Iwatsubo T 2003 The role of presenilin cofactors in the gamma-secretase complex. 
Nature 422 438-441. 

Talamagas AA, Efthimiopoulos S, Tsilibary EC, Figueiredo-Pereira ME & Tzinia AK 2007 
Abeta(1-40)-induced secretion of matrix metalloproteinase-9 results in sAPPalpha 
release by association with cell surface APP. Neurobiol Dis 28 304-315. 

Tang BL 2009 Neuronal protein trafficking associated with Alzheimer disease: from APP 
and BACE1 to glutamate receptors. Cell Adh Migr 3 118-128. 

Tillement L, Lecanu L & Papadopoulos V 2011 Alzheimer's disease: effects of beta-amyloid 
on mitochondria. Mitochondrion 11 13-21. 

Tucker HM, Kihiko-Ehmann M & Estus S 2002 Urokinase-type plasminogen activator 
inhibits amyloid-beta neurotoxicity and fibrillogenesis via plasminogen. J Neurosci 
Res 70 249-255. 

Tucker HM, Kihiko-Ehmann M, Wright S, Rydel RE & Estus S 2000a Tissue plasminogen 
activator requires plasminogen to modulate amyloid-beta neurotoxicity and 
deposition. J Neurochem 75 2172-2177. 

Tucker HM, Kihiko M, Caldwell JN, Wright S, Kawarabayashi T, Price D, Walker D, Scheff 
S, McGillis JP, Rydel RE, et al. 2000b The plasmin system is induced by and 
degrades amyloid-beta aggregates. J Neurosci 20 3937-3946. 

www.intechopen.com



 
Key Enzymes and Proteins in Amyloid-Beta Production and Clearance 

 

85 

Vahlquist A, Rask L, Peterson PA & Berg T 1975 The concentrations of retinol-binding 
protein, prealbumin, and transferrin in the sera of newly delivered mothers and 
children of various ages. Scand J Clin Lab Invest 35 569-575. 

Vargas T, Antequera D, Ugalde C, Spuch C & Carro E 2010 Gelsolin restores A beta-induced 
alterations in choroid plexus epithelium. J Biomed Biotechnol 2010 805405. 

Vassar R, Bennett BD, Babu-Khan S, Kahn S, Mendiaz EA, Denis P, Teplow DB, Ross S, 
Amarante P, Loeloff R, et al. 1999 Beta-secretase cleavage of Alzheimer's amyloid 
precursor protein by the transmembrane aspartic protease BACE. Science 286 735-
741. 

Vassar R & Citron M 2000 Abeta-generating enzymes: recent advances in beta- and gamma-
secretase research. Neuron 27 419-422. 

Vepsalainen S, Hiltunen M, Helisalmi S, Wang J, van Groen T, Tanila H & Soininen H 2008 
Increased expression of Abeta degrading enzyme IDE in the cortex of transgenic 
mice with Alzheimer's disease-like neuropathology. Neurosci Lett 438 216-220. 

Vigo-Pelfrey C, Lee D, Keim P, Lieberburg I & Schenk DB 1993 Characterization of beta-
amyloid peptide from human cerebrospinal fluid. J Neurochem 61 1965-1968. 

von Koch CS, Zheng H, Chen H, Trumbauer M, Thinakaran G, van der Ploeg LH, Price DL 
& Sisodia SS 1997 Generation of APLP2 KO mice and early postnatal lethality in 
APLP2/APP double KO mice. Neurobiol Aging 18 661-669. 

Wang DS, Dickson DW & Malter JS 2006 beta-Amyloid degradation and Alzheimer's 
disease. J Biomed Biotechnol 2006 58406. 

Wang S, Wang R, Chen L, Bennett DA, Dickson DW & Wang DS 2010 Expression and 
functional profiling of neprilysin, insulin-degrading enzyme, and endothelin-
converting enzyme in prospectively studied elderly and Alzheimer's brain. J 
Neurochem 115 47-57. 

Wati H, Kawarabayashi T, Matsubara E, Kasai A, Hirasawa T, Kubota T, Harigaya Y, Shoji 
M & Maeda S 2009 Transthyretin accelerates vascular Abeta deposition in a mouse 
model of Alzheimer's disease. Brain Pathol 19 48-57. 

Weeraratna AT, Kalehua A, Deleon I, Bertak D, Maher G, Wade MS, Lustig A, Becker KG, 
Wood W, 3rd, Walker DG, et al. 2007 Alterations in immunological and 
neurological gene expression patterns in Alzheimer's disease tissues. Exp Cell Res 
313 450-461. 

Weisgraber KH & Mahley RW 1996 Human apolipoprotein E: the Alzheimer's disease 
connection. FASEB J 10 1485-1494. 

Weisner B & Kauerz U 1983 The influence of the choroid plexus on the concentration of 
prealbumin in CSF. J Neurol Sci 61 27-35. 

Wen D, Corina K, Chow EP, Miller S, Janmey PA & Pepinsky RB 1996 The plasma and 
cytoplasmic forms of human gelsolin differ in disulfide structure. Biochemistry 35 
9700-9709. 

Wisniewski T & Frangione B 1996 Molecular biology of brain aging and neurodegenerative 
disorders. Acta Neurobiol Exp (Wars) 56 267-279. 

Woeber KA & Ingbar SH 1968 The contribution of thyroxine-binding prealbumin to the 
binding of thyroxine in human serum, as assessed by immunoadsorption. J Clin 
Invest 47 1710-1721. 

Xie L, Helmerhorst E, Taddei K, Plewright B, Van Bronswijk W & Martins R 2002 
Alzheimer's beta-amyloid peptides compete for insulin binding to the insulin 
receptor. J Neurosci 22 RC221. 

www.intechopen.com



  
Alzheimer’s Disease Pathogenesis-Core Concepts, Shifting Paradigms and Therapeutic Targets 

 

86

Yamada T, Yoshiyama Y, Sato H, Seiki M, Shinagawa A & Takahashi M 1995 White matter 
microglia produce membrane-type matrix metalloprotease, an activator of 
gelatinase A, in human brain tissues. Acta Neuropathol 90 421-424. 

Yan P, Hu X, Song H, Yin K, Bateman RJ, Cirrito JR, Xiao Q, Hsu FF, Turk JW, Xu J, et al. 
2006 Matrix metalloproteinase-9 degrades amyloid-beta fibrils in vitro and compact 
plaques in situ. J Biol Chem 281 24566-24574. 

Yang JD, Feng G, Zhang J, Lin ZX, Shen T, Breen G, St Clair D & He L 2000 Association 
between angiotensin-converting enzyme gene and late onset Alzheimer's disease in 
Han chinese. Neurosci Lett 295 41-44. 

Yerbury JJ, Kumita JR, Meehan S, Dobson CM & Wilson MR 2009 alpha2-Macroglobulin and 
haptoglobin suppress amyloid formation by interacting with prefibrillar protein 
species. J Biol Chem 284 4246-4254. 

Yin KJ, Cirrito JR, Yan P, Hu X, Xiao Q, Pan X, Bateman R, Song H, Hsu FF, Turk J, et al. 
2006 Matrix metalloproteinases expressed by astrocytes mediate extracellular 
amyloid-beta peptide catabolism. J Neurosci 26 10939-10948. 

Zhang YW, Thompson R, Zhang H & Xu H 2011 APP processing in Alzheimer's disease. Mol 
Brain 4 3. 

Zhao J & Pei G 2008 Evoking plasmin for beta-amyloid clearance. Cell Res 18 803-804. 
Zhao Z, Xiang Z, Haroutunian V, Buxbaum JD, Stetka B & Pasinetti GM 2007 Insulin 

degrading enzyme activity selectively decreases in the hippocampal formation of 
cases at high risk to develop Alzheimer's disease. Neurobiol Aging 28 824-830. 

Zheng H & Koo EH 2006 The amyloid precursor protein: beyond amyloid. Mol Neurodegener 
1 5. 

Zhong N & Weisgraber KH 2009a Understanding the association of apolipoprotein E4 with 
Alzheimer disease: clues from its structure. J Biol Chem 284 6027-6031. 

Zhong N & Weisgraber KH 2009b Understanding the basis for the association of apoE4 with 
Alzheimer's disease: opening the door for therapeutic approaches. Curr Alzheimer 
Res 6 415-418. 

Zlokovic BV 2004 Clearing amyloid through the blood-brain barrier. J Neurochem 89 807-811. 
Zou K, Maeda T, Watanabe A, Liu J, Liu S, Oba R, Satoh Y, Komano H & Michikawa M 2009 

Abeta42-to-Abeta40- and angiotensin-converting activities in different domains of 
angiotensin-converting enzyme. J Biol Chem 284 31914-31920. 

Zou K, Yamaguchi H, Akatsu H, Sakamoto T, Ko M, Mizoguchi K, Gong JS, Yu W, 
Yamamoto T, Kosaka K, et al. 2007 Angiotensin-converting enzyme converts 
amyloid beta-protein 1-42 (Abeta(1-42)) to Abeta(1-40), and its inhibition enhances 
brain Abeta deposition. J Neurosci 27 8628-8635. 

Zubenko GS, Volicer L, Direnfeld LK, Freeman M, Langlais PJ & Nixon RA 1985 
Cerebrospinal fluid levels of angiotensin-converting enzyme in Alzheimer's 
disease, Parkinson's disease and progressive supranuclear palsy. Brain Res 328 215-
221. 

www.intechopen.com



Alzheimer's Disease Pathogenesis-Core Concepts, Shifting

Paradigms and Therapeutic Targets

Edited by Dr. Suzanne De La Monte

ISBN 978-953-307-690-4

Hard cover, 686 pages

Publisher InTech

Published online 12, September, 2011

Published in print edition September, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Alzheimer's Disease Pathogenesis: Core Concepts, Shifting Paradigms, and Therapeutic Targets, delivers the

concepts embodied within its title. This exciting book presents the full array of theories about the causes of

Alzheimer's, including fresh concepts that have gained ground among both professionals and the lay public.

Acknowledged experts provide highly informative yet critical reviews of the factors that most likely contribute to

Alzheimer's, including genetics, metabolic deficiencies, oxidative stress, and possibly environmental

exposures. Evidence that Alzheimer's resembles a brain form of diabetes is discussed from different

perspectives, ranging from disease mechanisms to therapeutics. This book is further energized by discussions

of how neurotransmitter deficits, neuro-inflammation, and oxidative stress impair neuronal plasticity and

contribute to Alzheimer's neurodegeneration. The diversity of topics presented in just the right depth will

interest clinicians and researchers alike. This book inspires confidence that effective treatments could be

developed based upon the expanding list of potential therapeutic targets.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
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