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ABSTRACT 

Pharmacological studies reveal APP and Aβ have interactions with glutamate and calcium, cytokines, copper/zinc che-
lators, secretases and presenilins, nicotinic receptors, acetycholinesterase, neurotrophins, non-steroidal anti-inflame- 
matory drugs, monoclonal antibodies to Aβ, protease inhibitors, oestrogen, homocysteine, immediate early genes such 
as c-fos or c-jun and cholesterol. These functional and pharmacological observations highlight the need for greater 
understanding of APP and Aβ in brain function and have implications for clinical trials. 
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1. Pharmacological Studies 

1.1. Glutamate and Calcium 

Glutamate activates ion channel family receptors and G 
protein coupled receptors which modulate excitatory 
synaptic transmission through transduction pathways [1]. 
The ion channel family may be subclassified depending 
on their selective agonists: N-methyl-D-aspartate (NMDA), 
α-Amino-3-hydroxy-S-methylisoxazale-4-proprionic acid  
(AMPA) and kainic acid.  

The glutamatergic system has been implicated in the 
pathogenesis of AD through an interaction which en-
hances the neurotoxicity of the amyloidogenic fragment 
Aβ of the APP gene [2] and the mechanisms of excito-
toxic neuronal death involving increases in intracellular 
Ca2+ and neuronal depolarization [3]. An important func-
tional relationship may exist between glutamate, the APP 
gene and calcium. The interaction between these three 
factors may be important in the development of neuro 
degenerative disorders. The embryogenesis of the nerv-
ous system signal transduction pathways are involved in 
controlling growth cone function, synaptogenesis and 
natural cell death in the so-called neurodevelopmental 
triad. Glutamate and its receptor systems and the APP 
gene, particularly in its Aβ form interact [4]. Calcium is 

the second messenger mediating rapid (e.g., modelling of 
microtubular and cytoskeletal proteins) and delayed reac-
tions (e.g., transcriptional regulation of neurotrophins). 
Soluble forms of APP, sAPPα and sAPPβ probably act 
through cyclic GMP which encourages potassium chan-
nels and reduced Ca2+ in the acute phase [4,5]. Some of 
the delayed actions of soluble APPs might involve regu-
lation of gene expression through transcription factor 
NF-kappa-B. That is, soluble APPs counteract the effects 
of glutamate. The balance between these two opposing 
forces is critical in the formation of the nervous system 
and in neurodegeneration where there might also be a 
role for cyclic GMP in modulating glucose and glutamate 
transporter mechanisms in synaptosomes [6].  

The amyloidogenic Aβ 1-42, the amyloidogenic pep-
tide product of the amyloid precursor protein damages 
and kills neurons possibly through an effect on the mem-
brane lipid peroxidation, impaired ion-motive ATPases, 
glucose and glutamate transporters making nerve cells 
vulnerable to the excitotoxic effects of glutamate [7]. The 
effects of calcium on mitochondrial function might be 
critical in apoptosis and necrosis [8]. Calbindin-D28K 
might stabilise the effects of intracellular calcium and 
protect against apoptosis in neurotoxicity [9].  

Soluble forms of the amyloid precursor protein may 
inhibit the damaging effects of presenilin 1 mutations by 
influencing the effects of NF-kappa-B and calcium ho-*Three parts to be published in three consecutive issues. 
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meostasis induced by these mutations [10]. This too 
might work through a mechanism involving mitochon-
drial toxicity. TNF α expression increases NF-kappa-B 
which might protect neurons from NMDA and AMPA 
kainate induced currents [11]. Soluble APPs might stim- 
ulate astroglial excitatory amino acid transport to protect 
the brain against glutamate induced excitotoxicity [12]. 
sAPPα has been shown to decrease NMDA currents in 
hippocampal neurons through a mechanism probably 
involving cGMP [11]. Aβ can damage neurons and ren-
der them vulnerable to excitotoxicity and the soluble 
APP derivatives can protect nerve cells from this process 
[13,14]. 

Apolipoprotein E, a risk factor for AD, might increase 
intracellular calcium and through the NMDA mechanism 
might damage neurons and encourage calcium influx 
[14]. The changes in Ca2+ in the endoplasmic reticulum 
may be critical in apoptosis and neuronal death secon-
dary to excitoxicity [15].  

Two studies have reported that NMDA receptors are 
absent or decreased from cortical and hippocampal re-
gions in AD [16,17]. Other investigations suggest that 
the degree of cell loss is the reason for this receptor re-
duction [18,19]. The binding of L-3H-glutamate to the 
NMDA receptor on synaptic membranes from the hip-
pocampus, fronto-temporal cortex and parietal cortex 
was unchanged in comparison to the reduction achieved 
in D-3H-aspartate binding [20]. An assessment of 3H- 
MK801 binding, which is a non-competitive antagonist 
for the glutamate site of NMDA receptor, was reduced 
with marked intersubject variability [21]. 

Studies have investigated the expression of glutamate 
receptor genes using in situ hybridisation in human dis-
orders and experimental animal models. In a transgenic 
mouse model carrying the mutated APP gene (the Swed-
ish double mutation) there was no significant change in 
NR1 mRNA or autoradiographic receptor binding in the 
hippocampus and other brain regions [22].  

There is intriguing molecular diversity within the 
NMDA receptor system which implies that therapy for 
neurological disorders might be directed towards specific 
receptors in localized brain regions in cells involving 
specific heteromers of the NMDA receptor [23]. Given 
that NR1 subunit is the fundamental subunit of NMDA 
receptor channels insight into its functional changes 
might yield information as to its role in the pathogenesis 
of AD. The hypothesis was tested that the NMDA recep-
tor is involved in the pathogenesis of AD using in situ 
hybridization as a means of measuring the expression of 
the mRNA of the universal subunit of the NMDA recep-
tor NR1. This approach has the advantage of assessing 
gene function irrespective of changes in protein degrada-

tion and catabolism and that anatomical differences in 
gene expression may be readily quantified [24]. There 
were trends to a reduction in NR1 in the hippocampus 
and increased NR1 within the frontal and superficial 
temporal gyrus which were not significant. There was 
variation within and between all patients with and with-
out AD in the magnitude of NR1 expression in all ana-
tomical regions studied. The findings suggest heteroge-
neity in the involvement of the post-synaptic glutamater-
gic system in AD [24]. 

Amyloid precursor-like protein 2 (APLP2) belongs to 
the same family of proteins as APP. APLP2 expression 
was observed in rat cortical neurones after treatment with 
glutamate. Lactate dehydrogenase was present in the 
medium which is indicative of neuronal damage but 
APLP2 expression was diminished. These observations 
were not seen with N-methyl-D-aspartate receptor an-
tagonist pre-treatment (MK-801) [25]. 

In vitro, glutamate receptors promote the nonamyloi-
dogenic APP processing pathway (sAPP). In vivo, intra-
hippocampal injection of guinea pigs with mGluR ago-
nist 1S, 3R-ACPD resulted in CA1 neurodegeneration. 
Intraneuronal granules were found in degenerating neu-
rons of the hippocampus after immunocytochemistry 
with Aβ antibodies. Guinea pigs injected with NMDA 
displayed neurodegeneration with immunoreactivity to 
Aβ [26]. 

The possibility that modification of the glutametegic 
system might be useful in AD has been supported by the 
beneficial effects of memantine, a non-competitive 
NMDA antagonist which leads to functional improve-
ment, reduces dependence and clinical deterioration in 
patients with moderate to severe AD [27,28]. 

1.2. Cytokines 

A number of in vitro studies have suggested an interac-
tion between interleukin 1 (IL-1) and APP. IL-1 has been 
shown to stimulate the APP promoter [29]; to elevate 
APP mRNA in human endothelial cells [30,31]; and to 
increase neuronal APP mRNA in synergistic interaction 
with IL-6 [32]. Systemic injections of lipopolysaccharide 
have also been shown to increase IL-1 and IL-6 mRNAs 
in the cerebellum of mice, associated with elevation of 
Kunitz Protease Inhibitor isoforms of APP (KPI+) [33]. 
This study also found that mice with the stagger mutation, 
which have no Purkinje cells, have increased APP KPI+. 
Elevation of both IL-1 and APP KPI+ have been demon-
strated in glial cells from human temporal lobectomy 
specimens removed from patients with refractory com-
plex partial seizures [34]. The effects of rhIL-1ra on 
neuronal survival after kainic acid and its effect on ex-
pression of mRNAs for KPI– and KPI+ isoforms of APP 
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and the glial fibrillary acid protein (GFAP)—a measure 
of astrocyte activation—have been investigated [35]. The 
cytokine rhIL-1ra prevented neuronal death after kainic 
acid and secondary changes in APP and GFAP mRNAs 
in some brain regions by mechanisms independent of 
inhibition seizure activity and modification of physio-
logical variables [35]. Cytokine manipulation might yield 
treatments in AD. 

1.3. Copper/Zinc Chelators: Transition Metals 

The transition metal ions Cu2+, Zn2+ and Fe3+, are found 
at elevated levels in the neocortex of AD brains and in 
higher concentrations within the amyloid plaques [36]. In 
vitro, metals such as Cu2+, Zn2+ and to a lesser extent 
Fe3+, elevate synthetic Aβ aggregation [37]. Aβ binds to 
these metals in vitro which exist in higher levels in the 
AD brain [37-39].  

Treatment with metal chelators induced Aβ aggregates 
in vitro resulting in the solubilization of Aβ [39,40]. Aβ 
was also solubilized by metal chelators in post-mortem 
brain tissue [41]. Therapeutic agents that specifically 
chelate the Cu2+ and Zn2+ in the neocortex might be 
valuable in the treatment of AD. Clioquinol (a Cu2+/Zn2+ 
chelator) was administered to transgenic mice resulting 
in an increase in soluble Aβ whereas APP, and synapto-
physin were unaffected [42]. 

The specific reduction of APP-bound copper (II) to 
copper (I) by APP [43] results in lipid and protein dam-
age [44] and oxidative stress in a cell-free system [45,46]. 
The effect of copper on APP knock-out (APP–/–) and 
wild-type (WT) mouse neurons was compared as to 
whether APP and copper interact to create oxidative 
stress in neurons [47]. WT neurons were specifically 
affected by copper concentrations equivalent to physio-
logical conditions more than APP–/–. Oxidative stress 
was observed through increased levels of peroxidation 
products. These findings suggest that there is a specific 
copper-APP interaction which has important applications 
in AD. Treatment with Clioquinol, a metal protein bind-
ing substance that inhibits zinc and copper ions, has been 
shown to slow cognitive decline in a small sample of AD 
patients [48]. APP might function as an iron export fer-
roxidase whose function is inhibited by zinc [49]. 

1.4. Presenilins, Notch, Secretases 

Presenilin has homology to Notch genes. Notch genes are 
involved in intracellular signalling and development, and 
may have important roles in the physiological regulation 
of differentiation within the haemopoietic system— 
functional properties which may limit the development of 
compounds which antagonize the actions of presenilin 
proteins. Mutagenesis experiments of two transmem-

brane aspartates in PS1 and PS2 abrogate γ-secretase 
activity and the production of Aβ, suggesting that aspar-
tate sites are critical in the proteolytic cleavage of APP 
[50]. PS1 mRNA is found in the same neurons as APP 
[51], PS1 has been identified in the endoplasmic reticu-
lum and Golgi apparatus, and N-terminal fragments are 
found in the synaptic organelles [52]. 

There may be a stoichometric interaction between APP 
and presenilin as both of these proteins form complexes 
with each other in living cells [53,54]. There may also be 
an interaction between these proteins at the cell surface 
which may be important in cell-cell adhesion and signal-
ling which might activate tyrosine kinase [55]. Com-
pounds which modulate the function of presenilins and 
the γ-secretase are potential treatments for AD. 
β-secretase activity could be targeted therapeutically in 

AD, such that its inhibition would lead to decreased lev-
els of Aβ. A study of 61 AD patients and 33 controls 
measured the cleavage of APP β-amyloid fragment by 
β-secretase (BACE) in frontal temporal and cerebellar 
regions [56]. BACE activity was increased in the tempo-
ral and frontal cortex but not in the cerebellum where Aβ 
plaques do not aggregate; the duration of disease was 
proportional to the activity of BACE in the temporal 
cortex. 

1.5. Nicotinic Receptors and Acetylcholinesterase 
in AD 

Cholinergic activity is known to be hypoactive in most 
regions of an AD brain and substances which inhibit 
acetylcholinesterase (AChE) are now used as a treatment 
for mild to moderate AD [57-63]. AchE expression is 
higher in and around neuritic plaques of the AD brain. 
Beta-actin promoter was used in transgenic mouse brain 
to increase the level of the APP C-terminal 100 amino 
fragment (APP CT100). APP CT100 and Aβ levels were 
increased in the brain along with AchE isoforms. AchE 
was shown to increase with increasing Aβ [64]. Choline 
acetyltransferase levels were measured in patients with 
no cognitive impairment, mild cognitive impairment, 
mild AD, and late AD. Acetylcholine activity was lower 
in late AD patients but higher in the superior frontal cor-
tex of mild cognitive impaired patients [65]. This finding 
might explain some of the variable results obtained with 
cholinesterase inhibitors. 

Cleavage of APP can result in either soluble APP or 
insoluble APP (Aβ-component of neuritic plaques). It is 
thought that the pathogenesis of AD results from low 
levels of soluble APP and protein kinase C (PKC). One 
study with primary cultures rat basal forebrain found that 
AChE inhibitors (ambenonium and metrifonate) increased 
PKC levels and cell-associated APP levels in cells and in 
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the medium. The increase in PKC levels and cell-associ- 
ated APP levels results in an increase in α-secretase ac-
tivity resulting in an elevation of N-terminal APP, re-
ducing Aβ [57,58,66-68]. 

1.6. Neurotrophins 

Nerve growth factor (NGF) has been shown to be influ-
ential in APP processing in vitro. NGF drug treatments 
could limit cholinergic hypoactivity in the cortex of AD 
affected brains. TrkA (tyrosine kinase A NGF receptor) 
has been shown to increase APP processing and p75NTR 
(neurotrophin receptor) affects APP transcription [69]. 
This non-amyloidogenic APP processing pathway in-
volving TrkA and p75 NTR might stimulate cholinergic 
activity. 

1.7. Non Steroidal Anti Inflammatory Drugs and 
Related Substances 

Ibuprofen is a non-steroidal anti-inflammatory drug 
(NSAID) that delays amyloid deposition in transgenic 
mice [70]. Reduced IL-1β levels and a reduction in the 
total area of Aβ deposition after 6 months of continuous 
administration of ibuprofen were observed. 

Nonsteroidal anti-inflammatory drugs influence the 
development of AD [71]. An inverse proportional rela-
tionship between the duration of NSAID use and the on-
set of AD has been observed.  

APP processing and formation of amyloidogenic APP 
holoprotein is enhanced by neurotransmitters such as 
prostaglandins and norepinephrine by elevating cellular 
cAMP levels. The conversion of APP to its soluble form 
is enhanced by neurotransmitters that stimulate phos-
phatidylinositol hydrolysis by activating muscarinic, se-
rotoninergic or metabotropic glutamate receptors. A 
study has found that some neuroimmunophilin ligands 
(cyclosporin A and FK506) inhibited the over expression 
of APP by prostaglandin E2. This in turn reduced the 
synthesis of amyloidogenic APP holoprotein. Nonster-
oidal inflammatory agents and cyclooxygenase-2 (COX- 
2) inhibitors might inhibit the accumulation of amyloid 
plaques in AD by reducing the levels of amyloidogenic 
APP holoprotein as observed in cultured neurons or as-
trocytes and promote neuronal regeneration [72]. 

The immune system may contribute an important role 
in AD. Inflammatory proteins (such as eicosanoids, cy-
tokines and complement components) are released by 
microglia and astrocytes of the immune system and are 
known to be associated with neuritic plaques. Inflamma-
tory proteins are thought to be stimulated by Aβ produc-
tion and deposition. Aβ is thought to stimulate microglia 
and astrocytes to release the inflammatory proteins and 
stimulate a neurotoxic response causing cognitive im-

pairment. Under normal conditions microglia stimulate 
Aβ-specific T cell production to degrade Aβ. 

In cortical astrocyte cultures it was shown that PGE2 
receptor activation promotes cAMP and induces APP 
mRNA and amyloidogenic APP holoprotein production 
[73]. Agents that prevent APP over expression such as 
phospholipase A2 inhibitors (like dexamethasone), anti- 
inflammatory treatments (aspirin, indomethacin), or pros- 
taglandin synthase inhibitors may be useful in the treat-
ment of AD.  

Complement proteins are found in amyloid plaques in 
AD brains. Aβ plays a role in complement activation and 
perhaps chronic inflammation in AD. Pharmacotherapies 
that inhibit Aβ complement activation might be useful in 
AD treatment. 

1.8. Immunization and Monoclonal Antibodies 

Studies of PDAPP mice (which over express mutant hu-
man APP) suggest that Aβ immunisation might treat and 
prevent the neuro pathological changes of AD [74]. Im-
munization of PDAPP mice prior to the onset of AD 
neuropathology reduced the formation of β-amyloid 
plaques.  

A monoclonal antibody 22C11 that binds to the ex-
tracellular domain of APP was used to determine a pos-
sible role of APP in neurons. DNA cleavage and con-
densation within the nucleus were observed along with 
neuron degeneration when cortical neurons were exposed 
to 22C11. The effects of 22C11 were blocked by pre-
treating the neurons with the general caspase inhibitor 
N-benzyloxycarbonyl-Val-Ala-Asp(O-methyl)-flurometh
yl ketone. GSH ethyl ester (GEE) penetration of the cor-
tical neurons also resulted in the prevention of the effects 
of 22CC11. 22C11 toxicity was enhanced by incubating 
the neurons with buthionine sulfoximine (gamma-glu- 
tamylcysteinyl synthetase). Neuritic degeneration was 
observed followed by caspase dependent apoptosis when 
the monoclonal antibody binds to APP. This is sugges-
tive of the involvement of APP in neuronal cell death in 
AD [75]. 

Trials immunizing patients to moieties of Aβ had to be 
aborted because of deaths from a T-lymphocyte encepha-
litis, however, neuritic plaques were reduced at autopsy 
[76,77]. 

1.9. Protease Inhibitors 

Aβ is the main constituent of plaques in AD and this pep- 
tide is formed by the enzymatic cleavage of the trans-
membrane protein APP by β- and γ-secretases respec-
tively. 

A Swedish pedigree of familial AD identifies a double 
mutation at the β-secretase cleavage site at the amino 
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terminal of APP (APPSw) [78]. A protease inhibitor pre- 
vents the cleavage of APPSw by β-secretase thereby de-
creasing Aβ secretion [79]. Protease inhibitors show 
promise in AD pharmacotherapy as they block β-secre-
tase cleavage of APP. 

Cysteine protease inhibitors increased the amount of 
the APP extracellular domain by twofold. Protease in-
hibitors increased the appearance of incompletely glyco-
sylated APP and increasing the amount of APP entering 
the secretory pathway. Cysteine proteases quickly de-
grade APP molecules [80]. 

Metalloendopeptidase EC 3.4.24.15 (MP24.15) pro-
motes the degradation of Aβ [81]. SKNMC human neuro-
blastoma cell lines were transfected with MP24.15 cDNA 
in the sense and antisense directions. There was in-
creased Aβ degradation in the sense-transfected cells and 
decreased Aβ degradation in antisense-transfected cells. 
Pretreatment with serine proteinase inhibitors (4-2-ami-
noethylbenzenesulfonyl fluoride) completely blocked Aβ 
degradation. Similarly α1-antichymotrypsin (a serpin 
family inhibitor) also blocked Aβ degradation. MP24.15 
was found to be vital for the proteolytic cascade for the 
activation of the serine proteinases. The development of 
pharmacotherapeutics promoting Aβ degradation requires 
a better understanding of the cascade including activation 
of serine proteinase by MP24.15. 

The proteasome is a multicatalytic complex involved 
in the degradation of polyubiquitinated proteins. The 
proteasome modulates the intracellular concentration of 
presenilins 1 and 2. These two proteins, when mutated, 
appear responsible for most of early onset forms of AD 
which is thought to be an effect favouring the deposition 
of long forms of Aβ leading to amyloidogenesis. Con-
trolling presenilins concentrations could have drastic 
repercussions on cell physiology as suggested by the 
observation that proteasome inhibitors drastically poten-
tiate the “pathogenic” presenilin function. The possibility 
of considering the proteasome as a potential target for 
therapeutic intervention in AD is important [82]. 

To understand the mechanisms of APP degradation, it 
has been established that in the presence of proteasome 
inhibitors, the cystolic molecular chaperon Hsc73, inter-
acts with the cytoplasmic domain of APP (carboxy-ter- 
minal) which signals lysosomal proteolysis. Hsc73 binds 
to the various mutated isoforms of APP (as found in the 
Swedish or Dutch mutations) in equal amounts and this is 
suggestive of an Hsc73 attachment mechanism depend-
ent on the conformation of the APP secretory cleavage 
site [83]. 

N-acetyl-leucyl-leucyl-norleucinal (ALLN or LLnL) is 
a calpain inhibitor [84-88] inhibits proteasome activities 
at high concentrations [89]. Two studies suggest that Aβ 

40 and Aβ 42 are produced by different γ-secretases as 
ALLN inhibits Aβ 40 but enhances Aβ 42 production 
[90,91]. Another study showed that both Aβ 40 and Aβ 
42 are inhibited by high ALLN concentrations and in-
creased at low ALLN concentrations [92]. One group 
examined the effects of ALLN on 293 cells expressing 
APP (or carboxy terminal 100 amino acids; C100) and 
found that low concentrations of ALLN increased Aβ 40 
and Aβ 42 (to a greater extent than Aβ 40) secretion and 
high ALLN concentrations reduced Aβ 40 and Aβ 42 
secretion. C100 seems to be either processed by γ-secre- 
tase or by a degradation pathway (inhibited by low con-
centrations of ALLN) [93]. This gives evidence support-
ing that γ-secretase is inhibited by high levels of ALLN. 

In studies using canine kidney cells (MDCK) and hu-
man embryonic kidney cells (HEK) the calpain 1 inhibi-
tor LLnL (ALLN) and lysosomotropic agent ammonium 
chloride (NH4Cl) were used to inhibit the degradation of 
PS1 and APP-c100 (containing the Aβ fragment) [94-98]. 
It was observed that APP-C100 formed a higher molecu-
lar mass complex with PS1 fragments. When PS1 was 
immunoprecipitated, a large amount of APP-C100 fol-
lowed suit. This is suggestive that PS1 may directly in-
teract with APP-C100 to control Aβ deposition [99]. 

In APP processing α-secretase seems to be a Ca2+ de-
pendent protease, as does calpain. In AD protease ab-
normalities seem to occur in the processing of APP when 
it is cleaved excessively by β or γ-secretases and α-se- 
cretase activity is inactivated. Intracellular Ca2+ imbal-
ance seems to be prevalent in AD [100,101]. 

One study suggests that cysteine aspartate-specific 
proteases (caspase) directly contribute to AD pathogene-
sis. Caspases cleave APP encouraging the amyloidogenic 
processing pathway of the protein. Caspases also cleave 
presenilins thus promoting apoptosis. Presenilin C-ter- 
minal fragments are known to have antiapoptotic func-
tions [102]. Caspase inhibitors could have therapeutic 
benefits in AD. 

The presenilin 2 mutation (N141T-PS2) inhibits secre- 
tion of the α-secretase cleaved product of APP in human 
HEK293 cells [103]. Wild type (wt-) PS2 increases APPα 
secretion in human HEK293 cells. These effects are en-
hanced by two proteasome inhibitors Z-IE(Ot-Bu)A-Leu- 
cinal and lactacystin. 

1.10. Oestrogen 

A study using ovarectomized guinea-pigs suggests that 
the absence of ovarian oestrogen in postmenopausal 
women might increase Aβ 40 and Aβ 42 concentrations 
in the brain and 17b-estradiol (E2) treatment decreased 
Aβ deposition [104]. Postmenopausal women taking oes-
trogen replacement therapy showed significant delays in 
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the development of AD [105,106]. Some studies reveal 
that oestrogen therapy is not useful in treating existing 
AD neuro pathology [107,108]. An experimental study 
investigated the effects of oestrogen (E2) on ovarec-
tomized female rats following focal ischemia. Over ex-
pression of APP mRNA was reduced after E2 treatment 
[109]. 

1.11. Homocysteine and Oxidative Stress 

Homocysteine is an amino acid which is neurotoxic 
[110-114] and is known to accumulate in many neurode-
generative disorders including Alzheimer’s disease [115- 
117]. 

Homocysteine is known to augment Aβ neurotoxicity 
[118]. Homocysteine is a known ligand for the NMDA 
receptor [119]. Previous studies have shown that NMDA 
receptor agonists also increase Aβ toxicity [120,121]. 
Apoptosis was blocked by addition of vitamin E, an an-
tioxidant, and N-acetyl-L-cytoseine (a glutathione pre-
cursor) following treatment with homocysteine and Aβ in 
cultural cells. This suggests that oxidative stress plays a 

role in apoptosis and might be important in AD. 

1.12. Immediate Early Genes 

The protooncogenes c-fos and c-jun are members of a set 
of genes known as cellular immediate early genes, and are 
believed to play an important role in stimulus-transcript- 
tion coupling [122]. Many stimuli induce c-fos mRNA 
and protein including long-term potentiation, seizures, 
ischaemia and electrical stimulation [122,123]. These 
stimuli require the influx of Ca2+ through the N-methyl- 
D-aspartate (NMDA) ionophore and L-type Ca2+ chan-
nels [124]. The induction of c-fos by ischemia, seizures 
and other stimuli can be blocked by NMDA receptor 
antagonists such as the non-competitive antagonist dizo-
cilpine (MK-801) [125-128]. Immediate early genes bind 
to AP-1 sites in the promoter regions of genes, and given 
that APP has AP-1 sites suggests potential therapies by 
modulation of immediate early gene activation of APP. 

1.13. Antisense Approaches 

Autosomal dominant mutations in the presenilin 1 gene  
 

 

Figure 1. The Functions of APP and Aβ.  
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(PS1) increased concentrations of Aβ (1-42) in early- 
onset AD patients. In transfected cell medium and trans-
genic mouse brain with PS1 mutations the level of Aβ 
11-42 was increased. A human cell line expressing in-
ducible antisense PS1 RNA found that Aβ (42) increased 
five-fold after 14 days of treatment whilst PS1 holopro-
tein decreased by 90% [129]. Antisense oligonucleotides 
given intracerebroventricularly into SAMP8 mice which 
over express APP decreased the expression of APP and 
improved abnormalities in learning [130]. 

1.14. Cholesterol 

Manin-Darby canine kidney (MDCK) cells were trans-
fected with cDNA APP with a 42 amino acid truncation 
at the C-terminus (DeltaC). A unique Aβ sequence was 
found and immunoprecipitated with an Aβ 17-24-specific 
monoclonal antibody (4G8) but not with Aβ 1-16-spe- 
cific monoclonal antibody (BAN50). Treatment of Del-
taC MDCK cells with the cholesterol synthesis inhibitor 
compactin, or the cholesterol binding drug filipin, re-
sulted in the immunoprecipitation of Aβ by BAN50 but 
not 4 GB. These results suggest that Aβ production is 
cholesterol-dependent [131]. 

Clinical studies have revealed that cholesterol-lower- 
ing statin drugs might reduce the risk of AD [132]. 

2. Conclusions 

APP and Aβ have many proposed actions in the central 
nervous system and together probably function as a cou-
pled peptide system with a fundamental role in neuro-
modulation (Figure 1). Improved understanding of the 
functions of these neuropeptides will help in the inter-
pretation of data collected from clinical trials, such as 
those currently in progress assessing the contribution of 
Aβ immunization in AD. 
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