
Akt activation in pheochromocytoma 
PC12 cells, suggesting that kinase activa- 
tion is also involved in the survival pro- 
moted by NGF (24). The implication from 
the new work is that the Akt signaling 
pathway is able to prevent apoptosis of 
neurons after NGF treatment. Does acti- 
vated Akt protect cells from programmed 
cell death promoted by other stimuli and 
physiological conditions? Interestingly some 
repork (25) indicate growth factor-induced 
neurite outgrowth in PC12 cells is inhib- 
ited by wortmannin, suggesting yet another 
role for Akt. 

Are other PH domain-containing pro- 
tein kinases (about 12 at the last count) also 
recruited to the membrane and activated by 
PI 3-kinase? Only time will tell if they are all 
as interesting as Akt. 
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Alzheimer's Disease: Genotypes, 
Phenotype, and Treatments 

Dennis J. Selkoe 

N e w  research findings on Alzheimer's dis- 
ease (AD) emerge at a furious pace, at first 
appearing to obscure rather than illuminate a 
unified mechanism of disease that could sim- 
plify the search for therapies. But several re- 
cent reports, coupled with earlier observa- 
tions from many laboratories, now suggest a 
clarifying pattern-that all four known ge- 
netic alterations underlvine familial AD in- , - 
crease the production or deposition (or both) 
of the amyloid P protein (AP) in the brain. 
Moreover, studies of humans with AD or 
nisomy 21 (Down syndrome), and of trans- 
genic mouse models, all indicate that AP accu- 
mulation in the cerebral cortex is an early and 
invariant event in the development of AD pa- 
thology, preceding other brain lesions and 
clinical symptoms by many years or decades. 

The central quest of research on AD is to 
identify the steps in its pathogenesis that, if 
inhibited, would slow or prevent the disease. 
All AD patients develop neuritic plaques in 
brain areas subserving memory and cogni- 
tion. These ~laaues  consist of extracellular 
masses of ~ g f i l a k e n t s  intimately associated 
with dystrophic dendrites and axons, acti- 
vated microglia, and reactive astrocytes. Vir- 
tually all patients also have many neu- 
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rofibrillary tangles, intraneuronal bundles of 
paired helical filaments composed of highly 
phosphorylated forms of the microtubule-as- 
sociated   rote in. tau. A0  also accumulates in 
many nonfilamentous extracellular deposits 
that lack altered neurites and glia (diffuse 
plaques). These are composed of the slightly 
longer and more amyloidogenic 42-residue 
form of AP (AP42), whereas neuritic plaques 
contain both AP42 and the far more abun- 
dantly produced AP40 peptide. AP is formed 
by specific endoproteolytic cleavages of the 
P-amyloid precursor protein (PAPP), which 
is encoded by a gene on chromosome 21, and 
is constitutivelv secreted bv both brain and 
nonbrain cells into extracellular fluids 
throughout life. 

PAPP missense mutations located at or 
near the sites of endoproteolysis are a rare 
cause of familial AD (see table). All of these 
PAPP mutations have been studied in trans- 
fected or primary cells, and all increase AP 
secretion, particularly AP42 (1, 2). Further- 
more, plasma AP levels are significantly in- 
creased in some mutation carriers, even 
presymptomatically (2). As a result, it is now 
widely accepted that PAPP mutations cause 
AD by enhancing the cleavages that gener- 
ate AP, thereby promoting amyloidogenesis. 
There is no evidence that normal PAPP 
function is impaired by the mutations, prob- 
ably because only a small fraction of all PAPP 
molecules in the cell actuallv undereoes the - 
AP-generating cleavages, even in individu- 
als with the mutations. 

The second gene to be implicated in fa- 
milial AD is apolipoprotein E (apoE). Inher- 
itance of one or two apoE4 alleles increases 
the likelihood and decreases the age of onset 
of AD (3). The only consistently confirmed 
phenotypic clue to its mechanism is that AD 
patients carrying apoE4 alleles show a signifi- 
cant, dose-dependent increase in the density 
of AP deposits (in particular, those contain- 

I I Chromosome Gene debct Age of onset 

Genetic factors predisposing to.Alzheimerls Disease: Relationships to the pamyloid pheno- 
type. Additional chromosomal loci exist but are not yet specifically identified. 
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21 pAPP mutations 50s f Production of total Ap 
-8s of of w~tide8 

19 apoE4 polymorphism 60s and older f Density of Ap plaques and 
vascular deposits 

14 Presenilin 1 mutations 40s and 509 % Production of Ape paptides 

Presenilin 2 mutations 50s * Production of Ape peptides 



ing APro) compared to  patients carrying n o  
apoE4 alleles (4-6). Precisely how the  apoE4 
protein enhances AP deposition is under in- 
tensive study, but a leading theory is that it 
permits increased formation of AP fibrils. 

T h e  third and fourth familial A D  genes to  
be identified, presenilin (PS)  1 and 2, encode 
highly homologous, multitransmembrane pro- 
teins (7 ) .  More than 30 mutations in PSI  
and 2 in  PS2 have been identified to  date. A 
selective and highly significant increase of 
APq2 occurs in  the  plasma and in  media from 
cultured skin fibroblasts of oatients n i t h  PS 
mutations, and this rise can be detected 
presymptomatically (2 ) .  Importantly, simple 
transfection of mutant PS cDNAs into cul- 
tured peripheral cells selectively increases 
AP42 secretion, indicating that this is a direct 
phenotypic effect of the  mutations and re- 
auires n o  neural or other AD-related influ- 
ence (8). Transgenic mice expressing mu- 
tant PSI  also show increased AP42 levels in 
brain (8, 9). Finally, direct analysis of the  
brains ofpatients bearing PSI mutations dem- 
onstrates a significant increase in the  densitv 
of APr2-containing plaques compared to that 
found in patients with sporadic A D  (10).  

T h e  recognition that all four known fa- 
milial A D  genes enhance AP production or 
deoosition (or both) ,  even in simole in  vitro , , 

systems, fits well with five previous findings 
about the  A D  process. ( i )  Patients with tri- 
somy 21 (Down syndrome), who invariably 
develop classical A D  neuropathologp by age 
50, overoroduce AB from birth and show 
diffuse i p 4 2  plaque; as early as age 12, de- 
cades before they get neuritic plaques, tangles, 
and other A D  lesions (1 1 ). (i i)  Normal older 
humans, particularly those carrylng apoE4 
alleles, can get diffuse AP deposits before or 
without developing the  lesions and symp- 
toms of A D  (5), indicating that  AP deposi- 
tion precedes A D  pathology rather than aris- 
ing as an  effect of it. (iii) Filamentous aggre- 
gates of AP can injure cultured neurons and 
activate microglia, and blocking filament 
formation generally precludes this cytotoxic- 
ity ( 1  2).  ( iv) Transgenic mice expressing 
mutant human BAPP genes exhibit the  aee- 
related developkent 2 diffuse and neuritic 
plaques, microglial activation, astrocptosis, 
and changes in neuronal cytoskeletal pro- 
teins including tau ( 13, 14) ,  and this process 
can even be accomoanied bv memorv deficits 
(1 4) .  However, the  mice have not  yet shown 
typical neurofibrillary tangles nor significant 
loss of neuronal cell bodies. (v)  Humans get 
other amploid deposition diseases (some- 
times due to missense mutations in the  ore- 
cursor protein of the  amyloid), and decreas- 
ing the  production of the  responsible protein 
sometimes ameliorates the  disease (15).  

Taken together, the  available evidence 
favors a model of the  disease in which diverse 
gene defects (some of which remain to be 

identified) lead to enhanced production, in- 
creased aggregation, or perhaps decreased 
clearance of AP peptides (see the  table). 
These effects allow accumulation first of the 
highly self-aggregating AP42 peptide ( 16) and 
later the  AP4@ peptide. T h e  gradual cerebral 
buildup ofAP in first soluble and then particu- 
late forms (the microscooicallv detectable 
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consequence of which is diffuse plaques) ap- 
pears to result in local microglial and astro- 
cytic activation, n i t h  concomitant release of 
cytokines and acute-~hase  proteins (17).  By 
means of these "inflammatorv" changes or bv 
direct AP neurotoxicity, lodal n e u r k s  and 
their processes can be injured, causing pro- 
found metabolic changes-likely including 
altered tau phosphorylation and paired helical 
filament formation in some plaque-associated 
neurites and in tangle-bearing cell bodies. 
Filamentous AP may alter glia and neurons by 
causing changes in calcium homeostasis as 
well as oxidative iniurv from free-radical for- 
mation. T h e  clinically important conse- 
quence of these various events is synaptic loss 
and mutiole neurotransmitter deficits. 

In  summary, genetic, neuropathologic, and 
transgenic modeling studies all point to  AP 
accumulation as anecessary but not ,  by itself, 
sufficient step for the  pathogenesis of AD.  
AP is a n  earlp pathogenic factor in  all known 
forms of familial A D ,  but it must be followed 
by many molecular and cellular changes be- 
fore sufficient injury to  limbic and associa- 
tion cortices results in symptoms of dementia. 
T h e  major argument against a central role for 
AP in the  genesis of A D  has been the  finding 
of some, or sometimes manp, AP deposits in 
the  brains of individuals dying with normal 
cognition. But these deposits are over- 
whelmingly diffuse plaques; mentally normal 
subjects show few neuritic plaques and neu- 
rofibrillarp tangles. In  this sense, diffuse 
plaques of APS2 may be to  A D  what fatty 
streaks of cholesterol are to atherosclerosis: 
very early lesions that m a r  or m a r  no t  
progress to mature, symptom-producing le- 
slons, depend~ng  o n  many factors, lnclud~ng 
the  longevity of the  host. I t  has also been 
oolnted out that the  total number of AB 
deposits shows only a modest correlation 
with degree of dementia. But this is precisely 
what one would expect from a n  initiating 
factor; downstream events occurring closer 
to  the  onset of symptoms (such as synaptic 
loss) would show a stronger quantitative re- 
lation to clinical impairment. 

T h e  exciting conclusion that  flows from 
recent progress in  defining the  genotype-to- 
phenotype relationships in familial A D  is a 
growing consensus about a common earlp 
mechanism as a therapeutic target in manp, if 
not  all, forms of the A D  syndrome. T h e  most 
effective treatments for complex, chronic 
diseases are usuallr those that  interruot an  
obl~gatorp earlp st&, occurring before a pro- 

gressive cascade of cell-damaging events. In  
this context, a t  least four broad classes of A D  
drugs can now be envisioned: (i)  protease 
inhibitors that partially decrease the  activi- 
ties of the  enzymes (p -  and ysecretase) that 
cleave AP from PAPP; (i i)  compounds that 
bind to extracellular AP and prevent its ag- 
gregation into cytotoxic amyloid fibrils; (iii) 
brain-specific anti-inflammatory drugs that  
block the  microglial activation, cytokine re- 
lease, and acute-phase response that  occur in 
affected brain regions; and (iv) compounds 
such as antioxidants, neuronal calcium chan- 
nel blockers, or antiapoptotic agents that in- 
terfere with the  mechanisms of AP-triggered 
neurotoxicicity. Aiming a t  these targets does 
not  preclude efforts to improve current symp- 
tomatic treatments for A D  such as cholin- 
ergic replacement. In the  future, one can 
envision an  array of therapeutics, each of 
which addresses a particular step or phase in 
the  pathogenic cascade. T h e  current success 
in  applying molecular genetic and cell bio- 
logical approaches to  the  disease predicts that 
this future is closer than one might think. 
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