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Abslracl

ACKGROUND: As population demsoeraploe slof

apd he oumber of mdividvals with Aldhenmer

Diseuse (AD) continue o mnereaszz, the challenge
15 Lo develop largeted, sffscbve ipeatments amd our abdlity
b recopmize early svinpdoms. In view of tlos, the oeed for
specific AL hiomarler iz cmedal.

CONTENT: In recent years it hazs become evideat thar O5F
comcentrations of some hyain — specific profeins are relarsd
to nnderlving dizease pathogenesis and may therefore md
clinical investigation. Among several, wa have focnsad
on fhree candidates that have heen smggested to fulhi
the requirements for Fomarkers of Al [0 - moyloid 42
{Af2), roral Tann (T rand and tan phosphoiylared ar varions
epitopes (P-tau). An increazsing number of stdies sugpest
fliar supplementary nse of these CSF markers, preterahly in
gomhvination, adds to fhe aceuraey of an AD diagnosis.
Mare recently visinin — like protein (YIP-1), a marker
fer' nenronal cell inpry has heen amdiad. C5F WILP-1
goneenrations were 30% higher m AT} parients than i the
contial popilarion,

SUMMARY: The mumber of smdies admed at the
identification of new homarkers for Al) is expectad 1o
increase rapidly, not enly hecanse of the increasing inzighrs
inta the pathnlogical mechanizms nnderlying this diseasze.
it alzo bacanse new therapies have heen developed or
are mngler consideration mow, which wamant an sarly amd
specific dizgnosis far effective treatment of the parients,

KEYWORDS: Domentia, Amyloid Plague, Newro-
fibnllary Tangels. Amwvloid f-pepride 42 (AR 2. Total Tan
i T-tan). Phospharylated Tan (P-tan), wizinin-like profein |
(WVLP-1)

Introduction

Alzheimer’s discase is a progrossive and fatal nenro-
desencrative dizorder manifested by copnitive and memory
deterioration, progressive impairment of acrivitics of daily
lising. and a vanety of newropsychiatric symptoms and
behavioral disturbances {1}

Aecording to the World ITealth Organization, an
estimated 37 million peaple warldwide cunently have
dementia; Alzhoimer discase affects about 18 million
of them {2). Increasing age 1= the greatest nisk factor far
Alzheimer diseaze. Tts prevalence approximately donbles
every five years after the age of 80 —aone in 1} individuals
over 63 voars and neardy half of thase over 85 are affected
by the discaze. 5o, althongh the incidence rane of Alzheimer
disease 15 not thanght to be changing. Alzheimer discase
pozes ong of the proatest threats to the futre of healthcare
svstems, owing to the anticipated demosraphic shift o an
aging popilation—the number of people worldwide above
the age of A0 vears is expectad to double avor the next 25
vears (3

Alois Alzhcimer first descrihed plagues: and tangles
that characterize the dizcased brain nearly 108} vears azo,
The dense tang les are a feabare in many differont denmentias,
bt apyylodd plagues mothe brain ane wnigoe o Alzheimer
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diszaze (4}, Thos the major hallmarks of Alzheimer dizease
are amyloid i (AR containing plagies, fan confiining
netrafibnilary fangles (ME15) and progressive newronal
loss accompanied by coenifive decline, Althomigh plagnes
and MEI5 are pathognomic, it world be misl2ading o
cieate the impression that these are the only sipmdficant
pathological changes ocourring in the ALY brain, In tocr,
pumeronts ofher senwehieal amd functional alterations ensue,
wcledng inAamomarcsy tesponses and oxidanve stress
{380, The combined consequences of all the pathological
chamges, mchiuding fhe sffects of the AR and tan pathalogies,
15 severe neurenal and svnapric dysfmction and loss;at the
titng of daath, the hrain of a patient wirth A1 mav waigh
ang thind Tess than the bram of an age matched, non
denrented individual (4,

Thesze fiznges underscose the nurgency of sesking
more effecrive therapeuric mirerventicns for panents with
Alzheimer™s disease (1), Ireafment requures accurale
chazoosis and increasigly 13 based on an onderstanding of
the pathophysicloey of the dizease (1],

Ihe diagnosis of Alzheimer's disease 15 most offen
based on the criteria developed by the National lnstitete
af Newrclagse and Commnnicative Lhsorders amd Stroke
Alzhzimet’s Dhseaze and Helared Disorders Association
{MINCLS ADRDAW IR, sccording towhich e diagnoss
is classified as defimte (climeal diagnosis with lastologic
confirmaticn), probable (tvpical chimical syndeome withaut
histologic confirmation), or possible (atvpical chmcal
feameres butna altemative diagnosis apparent; no histologic
confirmation), Typical sensitivity and specificity values for
the diagnosiz of probable Alzhermer™s disease with the nze
of these critera are 3% aml 7535%, respectivelv (1,11}

Definitive diagnesis of Alzhemmner disease can only be
performed by exarmimng the nenropathalogical feanres of
the disgaze  amyleid plagnes and enroafibrillary raneias
at antopsy, Mevertheless, in the day-to day climeal sefting,
a wariety of methods are nsad, and research has suggested
thar this can be considered 57% effective compared with
antopsy, Ealy diagnoss 15 beneficial for the patients, as
they can be freated early amd any comorhidities can be
momtered, as well as for thenw fainnhes, whe can receive
addirional suppert {3,127,

Kecent research on CSF biomarkers has focusad on
eatly diggnosis, and several stindies have shown s high
predictive value for identiticaticn of prodromal Alzheimer s
diszase in mild cognitive wmpaitment (MOLY (13, A large
study wath exiensive chmeal follow up that assessed the
ability of

ChF biomaikers to predice meipient Alzheimer’s
diseazse m MOl cases reported a sensitivity of 23% at a
specificiey of B3 B7T% for differsnt combinaticns of
brominkers (14,

Biomarkers in Alzheimer’s Disease (Meiliana A, et al.)
Indones Biomed J. 2010; 2(1): 4-25

Epidemiology and Risk Facltors

Aldhenmnes s disesse 15 the st common foom of dementz,
accountne for 50-60% of all vases. The prevalence of
demnentia s below 1% 1 mdividuals aped G0-04 years, bot
shows s almost sxponential iocresse wilh aze, o Ul i
people aved 35 years or clder the prevalence 15 belbween
24% andd 23% 1n the Weslern world. Eepresentative data
from developing couniress are sparse, bul aboot 90% of
pattenls with denentia are estimibed to bve m (s paztof
the world. Alchermer’s diseass 15 very conmnon and (bus
1= a vt public bealih problesn. In 2001, more thao 24
mullion people biad dementia, o aomber thal 15 sxpected (o
double svery 20 vears up lo BL mulbien m 200 becavse of
thie anhcipaled merease m hife expectancy. (15).

Besides agpme, wlhoch 15 the mosi obvioos nisk [ackor
for the disease. epidenuological studizs have sugzesied
several fenlabive associalions. Scme cin be hoked o a
decreased reserve capacity of e braan, mcleding reduced
brain size, low educatonal apd occopational atmment,
low meptal abality 1 early life, amd reduced mmenlal
and plivareal actvity dummz labe hfe (16,17 The brun
roserve capacity s detenmned by the moober of weommns
amd thelr svoaptc amd demdnibic arborisation topether
with bfestvle-related cogniive sirategies. A low reserve
capaeity bas been hnked with cazly prosentation of some
patholozical changes of the disease (16}, Moreover, sevaral
epdemmologieal studies have shown that bead sujury could
be a nsk [actor (18 Whether bram ramna mibales e
pathorenc cascads leadings o plague aod tangle lonnation
or whelher 1t simply reduess the brain reserve capacity 1y
unclear (33).

(CHher nsk [actors are assoctated with  vascuolar
dizease, meludime opercholesterclasmea,  hyperiension,
atberosclerosis, corvuary hear disease, smokme, obeaty,
and diabetes (14), Whether these are true cav=al sk factors
for Alehenner’s disease, dovine the pathopemc processzes
resuliing i plagque and langle fommation, or whether thev
mwiduce cerebrovascular patholoey, which adds to chugcally
silenl disease pathology thus sxceeding e tireshold fox
demnenbis, peeds to be established | Some evidence suppesis
il dietary mitake of bomocovstemes-relaled  vilaomoms
Ovitarman B12 and folate); aotoxidants, such as vitamn
Coand E; vnsaturated [ty acids: and  also ooderale
aleobol mtake, sspecially wine, could reduce e sk of
Aldhenmer s disease (19, but data so [ar are nol conclusive
o enable any peneral diclaoy recommendations Lo be made,
Aldibooelh ervrommental faclors might mcrease the nsk of
sporadic Alrhenner’s dizease, this foren of the diseaze has
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been shown te have o significont genetic backeroumd. A
large population bazed wan stody showed that the exient
of beatabality for tee sporadic diseass 15 almost 80HE (20],

Fainlial Aleheimer s disease 15 an awtosomal dosmaiiml
disorder wiili ciiset before age 63 veuars, The first mulation
cosing the fambial form of the disease was identifisd m
thee amyloid precursor protein (A58 geue on clromuosons
21 (21} When investizating other fanmlies with the familial
disease, several addiioual AMF mudatons wers found,
However, these mdations explam cnly a few fannlial cazes,
Lastead, mvtations i the leelly homolegous presenihn 1
CPNENTY and presenil 2 (PSEND penes account for maosl
cases of fanmlial disease (22,233, However, the lamulial
form of the disease 15 rars, with a prevalence below 0.1%
f24y,

Im 1993, wo oroops imdependeatly  reported an
association between the apolipoprotem E (APGE) 24 allele
] Alzheimer’s disease (25 260, Meta analyvss shows thal
the AMUE 24 allele mereases the risk of the disease by thres
tines an beterosveotes and by 13 dmes m homozyeatey
(27, The APOE g4 allele operales madndy by modifine
aze of onset L25), with each allels copy lowenmg the age at
oisel vy alinost 10 veass (25), The nolecular mechmn sm for
e disense-promotig effect has been difficult o paapomnt,
ApcE acts as a cholestere] manspoiter m fhe bram widi
ApcEd bempe less efficient thon the other variands m revse
of membrine hpads and neoronal repar (299, Oo the other
hand, ApoE is essential for amyloid [§ (AP deposition,
promoting AR fibrillisation and plague fonmation (300
puossibly by acting as a pathelogical chapercne. The
oeqe dose dependent reduction in U5F A2 could be
assoelited will this process (31), The APOE 24 allels has
been caleudated to account for most-of the penetic nsk m

sporadic Alzheimer's disease (323,

Molccular I’athngcncsis

Slowly bat surely. Alzhaimer's disease (AD} patecats lose
thew memory and thewr cozmitive abilities, and even thair
perscnalitics may change dramatically. These changes
are die o the progressive dysfunction and death of nerve
cells that are responsible for the storage and processing
of information. Althouzh dmgs can temporartly Improve
MEmMary. at present there are no treatments that can stop
or revarse the inexoable newrodegenerative process: Buat
rapid progress towards understandmg the cellular and
milecular alteranions that are responsible for the neuren's
demize may socn help in developing effective preventative
and therapentic stratogies (34).
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Alzhcimer’s discasc 38 the most common cause of
dementia i the clderly. Extracelluiar amylood plagues and
mitracelinlar penrotibrillary mngles are defiming lesions m
MDA 5358 Mounting genctic and biochemical data support
the hypothesis that amyloid-f (AR acommulation and
apgrogation in the brain arc carly and central cvents i the
pathogenesis of AD (33.360). Aff i denived from sequential
protoobytic  proccssing of amylowd procursor  protom
[AFPF) by [i- and y-scorctases. Mofations associated with
carly-onsct famihial AT (FAD) arc dominantly inherited
and arc found in the APP pene itzclf or an the prescmlin
I (PSENT) and PSEN? ocnecs, the products of which,
topcther with nicasiin, APHI and PSEWNENZ, arc cssental
compencnts of a protein complex that is responsible for
“-zecretase activity (37). A common feature of most FAD
mutations i= that they increase the generation of Af) pepudes
or increase the propertion of the longer APA2 form, wiich
haz a hagher tendeney to aggropate and 15 more toxic than
tlve shorter AfFIO form {36). Becausze y-secrotase cleavage
of a mumber of substrates is important for synapnc function
and nowronal survival, a  loss-of-function  hypothesis
for PSEN mutations in AD pathogenesis s aléo been
proposed (35,

Oee hondred years after Alois Alzheimer s desenplion
of the plagues amd tangles o the fist reporied case of
Alzheimer dizease, we have looked at the proteins that maks
up these depoats as pathologies and bave nol extensively
investigated their physiclozic moles, Perliaps we should
consider the possibility duar AR has a Timetion that relaes
directly o 1ts mvolvemment i vascular patholegy (397, We
Euow, Tor examgple, that APP 15 tnvolved in blood clotting
(A0 annd that Af} draans from the b alone Ge walls of
the mnerovasclamre (410, Perhiaps we should eonsider the
prosability that AR has complementary damaze responss
riles: (11as an eamerzency seabant af the vasculatire dunngz
Teernenrhaze and (i) as o neurona] depressant (42,

The ageregates of wmyloid | peptide (AR m ke bram
parenchiyma Gamvlond plaquest alse mw e walls of snall
Drain arteries, leading o ¢erelral amyloid angiopathy
(CAA), The degree of amnyloid deposition rangss fron
a thin mog of anyioud m e vessel wall o large plagoe
ke exirusions mio the bemn parenchyma, CASA s alse
assoelated wath bocal Ioss ol seurons, syvuiptic abmormalities,
iniereelial activation and mucrchaemertinge. Clearly, such
defects will alier nepronal ad synaptic fimwtion and even
ol its earbiesl staee, anyloid deposits around brain vessels
could certaiudy mterfere with the dyvnmmic adaptation of
cerebral blowd fow (CBE) 0 chinging braan fonclion
(22

Bell er of, provade a olecolar meckhanism that could
explan hiow vascular defects mway bead to reduced amylowd
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clearanca, and thns Alzheimer’s. patholooy, by showing
that hypoxia in vasenlar smonth mnsele cells (VEMOs)
of meningeal artericles indnces transcription factnrs that
regnlate the éxpressicn of the low-densiry lipopromin
receptor related profein 1 (44), 3 major effiux transporter
fioor Afi acenss the blood hrain harrier (45).

Alterations  in the microciwenlation precede the
appearance of amyloid plagne deposits and s follawed
by cognitive deficirs (46), indicating that an excess of AR
contld Tead to CAA through direct partarhaticn of anvilaid
clearance hy WEMOs. The soudy by Bell eral {44} provides
a molecnla modal that explains how a zeneral and quite
cominen circntatory problem may lead o fadlure of an
exsential brain deromification process (that s, the remaval
af A trom the brain. Their Aindings also srengthen the
vasenlar hypothesiz of AT showing how vascilar defects
may undarlie the accurrence of aporadic AT (47-49).

Cerehrovascular diseaze and Alzheimer dizease are
conmmon diseases of aging and freqmenty coexist in the
saime brain. Accunmlating avidence snpgests that the
presence of hrain infarction, including siflent infarction.
infinences the comrmse of Alzheimer disease. Conversaly.
fhera iz evidence that f-amyload can impair Mlood vessel
fanction, Vaseular fi-amslnid deposition. alao known as
AN, 15 associnted with vascular dysfunction in animal
anid haman smudies. Alzheimer disease 15 associated with
morphological changes in capiliary networks. and solubie
fr-amyloid prodnces abnormal vascular responses T
phvsinlogical and pharmacological stimi (301,

APP Processing and Aff Generation

Brian rewrons mvolved m lesrning sel nemoery provesses,
wwledime (he lemporal and onlal lobes, are medoced
m size m AD palients as the resull of deveneralizon of
svuapses and dealls of mevrons, Central (o the Jissase 15
alleres] proteclvize processimy of the jovload precursor
prodein CAPE) pesuling m the produection ] aparesation
of peorotesic forms of AR Neoroms that degenerate in
AD exlubil mereased oxidabve duwnaze, npared suepy
mwetabolisim and perturbed cellular calun humeostass AP
appears o be an toportant mstigator of these aluomnalines
124,

AP 19 apn infestal membiaps protsn will o sngle
large  exlmacellular

slveosvlated N tlenmnues and 2 shogter oyloplasnoe C

wembrane-spanminy domsan, . a

femminus — AR 15 located at e eell surfave (or oo the
lumenal side of ER and Golpn membranes), with parl of
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thie peptide embsdded o the menbrans

Thee nommead functons of APP are not fully understood,
bul meressing evidence sugaests 1 s poporiant roles o
rezulaling mevronal survival, uevmte oulgrowils, syoaplic
plasticty and cell adbeszon (317, APP 15 transported along
axens Lo presyoapte ermals whers o0 accomolates at
relatively high levels, widch can rexult i Afl deposition at
symapses. Cne possible function of [ull-length APP 15 az a
vell surlace receplor thal rmusduces sizpals witlon the cell
i response 3 oan extracellular Lpand (52, Physiolomical
roles for sAPPO are supported by data showing hal
AP 15 reledsed from presyvoapii lemunals i response
b elecimival sctivity, and that s APTO repulates meoropal
excrtabilily amd enhances svuaptic plasticity and leamng
and mwemory, possably by aclivaling o cell surfoce peceploz
theat mmedelates the activity of potassivm chanmesls and also
activales the transcription factor WE-E[} (53).

Synapses may be parbiculadly suscepuble 1o the
adverse effects of agpregatme forms ol Af}, as is suggested
by the ability of Af} to mnpair sywaptic lou aud glecose
fransporters amd by electrophyaclomcal studies showing
thaat A} inupadirs symaptic plasticily {31 54). AP may danage
peurams by mducing cxdative stress and diszupting cellula
calcium bemeostasis (513 Comcident with the creased
producton of AR m AD 15 a decrease 1o the amount of
sAPPa produced, which may contobute to e demise of
neurons because sAPP 15 known Lo 1ncrease the mesistancs
of neurons to caidative and mrstabolic meulls (31

Synapses are hkely o be the =sles al wioch meoronal
death 15 imbated 1 AD because they contaan most of e
brochemucal machinery for the mbaston and execuiion
of apoptosis, and Aff can mduce apoplotic cascades in
symapses (33,

The amylosd-f} (AfH peplide 1= derived via protealysis
romalarperprecursormoleculs called the amvleid precursior
pratein (APF), a lvpe | transmembrane prolsin consisting
of GB5-T70 anuno acids. APP can undercn proteclviic
processing by one of twa pathways. Most 15 processed
thwomeh the nonamyloddogenic pathway; which prechudes
AP formation, The first enzymaric cleavage is mediated hy
it-secretase, of which three putative candidates halonging
tor the family of a disintezrin and matalioprotease (ADAM)
have heen idensified: ADAMY, ADAMI and ATAMIT,
(Cleavage hy o-secrerase oecirs within the AR domain,
therehy preventing the generation and release of the Af
peptitde. Two fragments are released, the larger ectodomain
(mAPPa) and the smaller carboxy-terminal fragment (R3],
Furthermaore., CF3 can alao nndergo an additional cleavage
mediated hy r-sscretase o generate Fi. APP minlecnles
that are not cleaved by the non-amyloidagenic pathway
hecome a substrare for [i-secretase ([f-site APP-cleaving
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enzyine 1 BACUEL), releasing an ectodomain (sAFPFR),
and retanmg the last %9 amine acuds of APP (known as
O within the membrans, The first amino acid of 49
in the first aume acul of AR, C99 {5 aubsegnently cledaved
3343 aming acids from fhe amino termins 1o release Af,
by the - secretase complex, which is madz np of presenilin
1 ot 2, mcastrin, anterior pharyns defective and presenilin
ethancer I, This cleavage predomimantly prodivees AR
40, and rhe more amvloidoganic A1 42 ar a ratio of 1041
(956,57,

Ihe romicity associared with accumnnlarion of AR
sigeests that activation of endoproteclytic 2nzymes
eapable of preventing gensration of AR might provids a
realistic targer tor pharmacotherapy of Alzheimer disease,
On fhe other hand, cleavage of APP by i and - secretase
senerates AR peprides. [§ secretase, which mitiates eleavaze
af APF, cots the protem ar the M tepminns and haz been
snecesshilly cloned, 7 secretase 15 the second enzvine far
cleaves APP, and full nnderstanding of its mechanizm of
action has long been lacking . Heconstimtion of v secratase
activity illopunates the inmeraction between the warions
protein componenis of the v secretase complex that leads
to formation of AR (35),
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Either presemlin-l1 (P51 or presemibin-2 (P52
makes up the first component of the f-secmetase complex.
Mutation: i the penes that sncode P51 and P52 cause a
subset of earlv-cnset, fannhal Alzbesimer disease . Presenlin
mutations probably act upstream of APP or tan to cause
Alzheimer disease pathology, mcluding deposition of Afl
and acevmulation of hyperphosphorelated tau. For example,
mstant presemiling have been shown to icrease formation
of the longer Af} species, APM2. This species is important
for Alzheimer disease pathology becauvse 1t accelerates
deposition of Af}. which presumably precipitates carly-
onset Alzbeuner disease. Thus, disease-related mutations
m presemabin are cousidered o zhift cleavage of APF by
y-secretaze toward mnereased A2 prodection (53).

I fact, preseinhin 15 & part of a large. logh-molecular-
welght comnplex with y-secretaze activity. INicastrin, the
product of a recently cloned gene, 15 a component of
this “-secretase compler (559} Cherexpressing the two
zenes logether, however, does nol mmp up Y-sccrctase
activity (600, Instead, other protoins are required. Studies
of Meich sipmaling in C. clegans. which depends on
y-secrctaze aotivity (61). provade addiftonal mformation
about -scoretaze activity. Aph-1 and PEMN-2 are two

| f-Secretase

AR40 Ap42
Mature Reviews | Neuroscience

Feguire 1 Amyioid — precirsor protein (AP and 155 metaboiies (Adagden weth perrmission from Metune Bublisheng (Groips)
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iransnemnbrane protems that are expressed upstream of
release of fhe Motch miracellular doman (62,631, When
these proteins are Enocked down, v secretasze achvity
decreases, wlich suzpests that these two protemmns may alse
e amvolved in - secretase activity {62 ,64),

The results desenbed above mdwcars tat foor proteins
(presemling, measinn, Aph 1 and I'EMN 2} are required for
wogecretase achivily, ol none of them senerate v secretase
activaty on e v, anincrease i activine is enly pessible
when the four profeins ame overexkpressed together (38,64},
Tlies, 1t 15 glear that thess [owr protems are essential
eompeuents uesdsd for v secretase dotivity (G3),

Fabihi ¢ of. (00 report thal expression of the
noncedme antizense KNA for BACE]L - wliel 15 the rare
litditing enzvme in Afl svntliesis - is slevated in the brains
of apdividuals with Alzhenmner’s disease, BACES anhsense
RMA mcrepses Al production by stabilizing e BACET
A and resulis mancreased BACE] protem expression
and perivity, AR it subily induces the expression of
this antisense BNA L fvowive, at lzast, this mduection sets up
a feed forward pechanisin, wlach reiteratively aceelerates
A production and then BACE] sxpresiion, I the same
holds true i vivo, this feed forward could theoretcally
cinse an ever accelerating fempoe of disease (571,

Tau Phosphorylation and NFT

The agconelaion of profenacions. fibnllary sebstances
(stiel as senile plagues (5P made of [ amyleid (AN, o
nevrofibmllary tangles {NF s made of taa), but siganlicans
circinstaiial evidence also cleady dmplicates  these
agerezaies mw he onsel and prosresson of most aeine
related neirodezeneratve disorders that matifest clincally
wille progressive cozmfive andfor tidor imprnnents, In
the case of negrodegeneraiive tavnopatlnss d zrovp of
disorders that ineludes Alzhenner’s disease (AD) and e
froutekemporal deanentias (FID=) — NFTs consisting of
aggregated strmglt or pared helical filapents (SFs and
PHE=, respectively), twisied ribbons or oiher confommations
{08} afaberranily phosphorylated fomns of the noorotubule
associated protein (MAP) tau wre (he diaeneste nllmark
lesions m the CONS (691, It 15 increasingly evident gt
ta mediated psuredeceneration may pesull Gom the
combmation of toxic gains-of fomcton acguired Ty the
aporesates of ther precursors and e detnmental effects
that arise from the loss of the normal function=} of tan in
the diseasze state.
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The pomasy function of the MAFP tan, which 15
particalacly abundant in the axons of nenrons, 1s to stabilize
MTs. There are =ix major isoforms of tan cxpressed m the
adult heman brain, all of which arc denived from a single
pens by alternative splicing . From a stoctural stand-point,
tan 15 characterized by the presemce of a MT-binding
domain, which1s composed of repeags of a hiphly conzcrved
tubuhno bindmg motif (78 and wiech compnzes the
carboxyiemunal (C-terminaly kalf of the protein, followed
by a bazic prolinc-rich reg1on and zn acidic amanc-terminal
i M-tomminal} repion, which 1= normally referred o as the
‘projection domain’.

Interestingly, although the pomary furchion of the
MT-binding domain of tan iz the stabilization of MTs.
vamons lines of investigation have indicated that it may
also engage with other stmctures and cnzymes, meluding
BMNA (T and presembin | (PS1)172). Sinularly, mumerons
possible lnding partners have boon proposcd for both
the prolinc-rich and the projecton demains (the SH3
domains of sre-famuly tvrosioe kinascs such as FY N, and
the plasma membrane (74.75), respectively), Collectivelw
theze fOodings support the notion that tauw might be a
rather promiscncns binder that 15 prone to beterogencous
mteractions — particularty when discngaged from the MT
— which may lead to protein nusfolding and aggregation
{76,

Under pathological condiionz. the equulibvnom of an
bindmg to the M7z 1= perturbed. resulting in an abnoomal
increase in the levels of the free (unbound) tan fraction, Tt
1% hikely it the resaliant higher cyiosolic concentrations
of tan meresse e chances of pallicgeine conformaticnat
clinnges thatin tum lead to the agoregation and fibnlhzanon
of tan {706).

Ulnder phvsiclogical conditions, augle i meleculss
are  Dyvpacally  phosplosvlatedal 2 subser of polential
phosphate avceptor  amno-acid  residues, Dunng  Tate
stage neurodesensration, the phosphorvlation state of a
smple fao wmolecale con reach suchy high levels that many
or 1est of these residues are phosphoryiatad and, al the
same une, & lagher proporton of tao mwmolecuies are in
this hyperpliosphorvlated stats. Althouwsl several Kinases
Tave been found 1o be capalle of phosphordlating tan i»
e, 2k 15 mod yel elear whether all of them participats in
fau phosphorylation soder physiological or pathological
copdifiens d vived, Nonetheless, 2lveozen  syutliase
kanase 3 (GEK3), evelin dependent kinase 5 (C1KS) and
he musroabole-alfiny -regulating Kinase (MARK) have
received parhicular atlendion a3 polental tarzeis for dissase
iodifving therapres using mlubsory compoumds (77,
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The overall #lfevt of (he mcreased rate andior stale of
phspliorylabion appears o be the abmomml disenzagzeine
of taw [roan the MTs. Furtlemoore, 3 15 hkely that vamows
otler patliological evenly, meluding AP -mwediated loxicty,
as well ar oardaive siress and nflaproation, may be able
o Imgzer or coninbute Gidependsadly 0 i combamalion)
o am abwonmal delachunent of tau o be M (Te-810
Asdesenibed above 1 AD and related neurodepeneralive
disonders that are collectively relermed looas lavopallnes
(2253 taw aee Domper Dannds 1o thae BT anstead 1l becomes
sequesiered mio KFTs i nevroans, and it slal Gngles
dslrocyles or eligodendroelia (65,

The discovery il the total level of NFTY cormelales
willi the depree of cozmiive wupaiment (33 201 provided
e dmitial cirgumstantial evidence (o seppest thal loxic
s -ol-fuuction by NETs mongl play an ioportant pat in
lien proaression of the disease.

Milochondrial Dysfuncltion
and Oxidative Stress

Many lines of evidence sugpest that mitochondna have a
central role 1 asing-related neurodeacnerative discascs.
Mitochondria are entical repulators of coll death, a kev
feanmwe of nouredegeneration. Mutations m mutochondrial
DMA and oxidative stress both contribute to aging, which
1= the prearcst nisk factor for nouwrodogencradyve discascs.
In all major examples of thess discases thore 15 stronp
evidencs that mitcchondnal dysfuncnon ocours carly and
Acts cansally in discase pathogonesis (87).

Thers 1= extensive biterature supporting & role for
mitochondrial dvsfunction and oxidative damage i the
pathegencsis of AD. Oxidative damage occurs carly 1n the
AD brain, befors the onsct of siontheant plague pathologw
(88). Omidative damage also precedes Afl deposition in
transgcnic. APP mice (B9}, with vprepulation of gones
relating o metochondrial metabolism and  apoptozis
ooowTng oven carlier and co-localizing the nourons
undersoing  oxidative damage (903 Moreover, such
oxidative damage and mitochendnal dysfunction probably
contribute cansally o Al-related pathalogy.

Several pathways counconng oxidative stross ansd
AD patholegy have recently beern uncovercd. Omidative
stros: may achivate signaling pathwavs that alter APP or
tan procezsing. For cxample, oxidative stress icreascs the
cxpressionaf [i-zecretase through activanon of c-Jun amina-
terminal kinase and p28 mitogen-activated protein kinasc
(MAPE) (01), and increascs abemrant tan phosphorvlation
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by activation of glycogon synthase kinase 3 (92). Oxidant-
induced mactivation of crtical moleciles may also be
wnportant. In a proteomic smdy, the prolyl izomerase PIN|
was fonnd o be particularly sensitive to oxidative damage
(531, PIN] catalyses protein conformaticnal changes that
affect both APP and tau procezsing .

TFunctional complexes with “-sccretase  activicy.
which iz essental to cleave APP and create amyloid-fi.
have been found 1n mitochandria {94). Insnlin deprading
enryme (DI, which 1= impartant for amyloid-fh remaoval.
can be tarpeted to mitochondria by alternatisve translation
intiaticn (953, The presequence peptidaze PreP. which i=
localized to the mitechondnal matrix and 15 respansible far

egrading presequences and other short peptides, can also
dograde amglaid-[} (Sa).

The calemmn overload of mitochondra results in the
oponing of the mitochondrial permcabilicy transition pore
P TE) (97}, a large channel in the mner mitochondrial
membranc. Its opening -allows uncontralled hidirectional
paszage of larpe molecnles, which resulkes in the funcoional
amd strucmical dizintogracion of nutochondria — akin to an
activation of a natiural self desemction facility bault into the
complicated mitochondrial fabnc (%87

Park er o/ repart that NADPIT oxidase. the major
sonirce of free radicals in blood vessels. is responsible for
the carehrovasenlar dysregulation indnced by Aff. Thus,
the free-racical production and the aszsociated alterations
in vasoregulation mdnced by AP aré abrogatod by the
NADPI oxidase peptide Inhibitor gpflds-tat and are
ot observed I mrce lacking the catalytic subume of
MNADPTIomidase (gp] phox). Tarthermore. oxidative stress
and cerchrovazcular dysfuncton do not accur in transgenic
mice overexpiessing the amyiond precursor protein but
lacking  gp@1phox. The mechanizms by which NATPII
oxidase-denved radicalz - mediate the corchrovascular
dysfmncton invelve rednced bioavailahility of nitric oxide.
Thuz, a gp¥lphox-comtaimng NADPIT oxidaze is the
critical fink betwsen AR and cerchrovascular dysfunetian,
which may underlic the alteration in cercbral blood fow
regnlation obscrved n AT patients (95,

Finally. several recent roports suggest that many of
the protein: implicatcd in AT} pathogenesis have dircct
physical involsement with mitochondna or mitachendrial
proteins (57

Inflammation

I addition to AR deposition, senmofibrillary rangle
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acctmmulaton, and peuronal loss, the snd-stage patholoy
of A 15 alz=o notable for the presence of nomerons cellular
and melecular markers of an mflammatory response that
are often assoctated with the Af deposits (1007, The cellular
inflimmmatory response consists of widespread astrogliosis
and miicrooliosis, A laroe number of molecular markers
of nflammanion are also mereased, including wultiple
cyviokmnes, inferlauking, other acufe phase protemns, and
complement components, Afl azoresates appear capahle
of ineiting an inflammmatory responze, aml thers iz evidence
thai inflammation can promate increased AR production
and also enhance AR deposition (1000 TTms, an AR
indiced inflanumatory responze coithil promote forther AR
accmmdation and imcreased mflammation. Alternatively,
it 15 possible thar under certmn  cicawmstances  the
wnflamninatory . response 15 beneficial and may actually
promnae A clearance {100),

Ilnflammation  cleardy  oocurs o pathelegically
vilnerahle regiohs of the AL Brain, and i does so with the
Full comyplexiry of Tocal peripheral mflammarory responses.
In the periphery, decensrating tissne and the deposition of
hizhly insaluble ahmormal materials are classical someiants
of inflamurateed {1000

Tessenr et al, report that the expression of TGE [ type
Il teceptor CERRIL by neurcns is reduced very early in the
cotrse of ALY and fhar reducad TG fosienaling incieased
Al deposition and nenrodegensration in 4 mouse mode]
of A (102}, This, redoced TRRI levels indicate a likely
dyatonction in 10F { mediated neurcprotective signaling
events in the AL brain, Haduced 1'GE [} signaling,
theretore, may le2ad to nenrodrophic factor deficiencies and
thus eepronal desfunetion (1030,

It has been hypothezized that naurodssensriticd
results from a elromne inflamomatory response o deposited
anylond (1001041, Alrernanively, the variows forms of A
aggregates may be directly neurotoxie (105, 1),

Choleslerol Metabolism
in the Brain

Emermng from the ostablished pemetie dispositions of
Al 1= an association betwern plasma cholestercl and
AD (107 108). Betrospoctive analysis of the cifect of
cholestero]l  lowering HMG-Col reductaze  anhibitors
{statins) on plasma cholesterol levels and coronary
beart discasze suspests that statns - sizmbcantly redoce
AD development. One study of 57,104 patients over &0
wears of age who were taking lovastatin or pravastatin

Biomarkers in Alzheimer’s Disease (Meiliana A, et al.)
Indones Biomed J. 2010; 2(1): 4-25

showed a 80-73% lower incidencs of AD (109, Ancther
study concluded that individuals 50 vears and older who
were treated wath statins had a substantially lower ps=k
of developine dementsa, mdependent of the presence or
absence of hvperbpidenna (1100, Theze sunzoesive chieal
observatons correlats with m vivo and 1o vioo evidence.,
indicating a role for chelesterol i APP processing and Al
seperation (111

Conastent with the in vivo observations. plasma
membrane cholesteral level: modulate APP processing
by the 1 secretase pathway i vito (112}, Ireatment of
netronal and nonnesronal cell Tmes with etiver cholesteral
expracting agents of with statins dreamatically increased
it-sectetase achvity and the release of fhe wenrotrophic
APPan fragment, and concomitantly decreased [ secretase
activaty, Moreover, cellular sites with ingreazed APz o
produection were membrane regions with low cholesteral
comeentrations and high Hwdity, Statin-indnced reduction
of cellular chalesteral Tevels resulted m reduced reneration
of Af-42 and A4 both  vitre and i wive (113,
Cellectively, these smdies support a mole for cellular
cholesteral m modinlating A production,

The wmechamzin by which chelesterel modulates
the protealytic cleavaze of APP is unclear. Howewver, the
effect of cholesteral en membrane Huidicy 15 potentsally
important, As first sunggesied by m o winro studies, mcreszad
plazma meinbraneg fluidity may enhance AP secretise
imferactions and - secretase enzvmatic activiey (112).
In conrrast, mgid cholesteral enrviched membranes may
rediice APP0 seeretase inferactions and promote I and
v secrefase procassing {113}, In support of this suggestion,
W osecrelase achivaty has been adentified in cholesteral
and sphingolipideich membrane nncrodomains  Enowi
as DLipid eafts (1131045 Lapid rafts appear 1o promote
the accummlation of AR and may initiate Afi ageresation
(115),

Intrigningly, apolipoprotein J, which 15 also seereted
by olia and is believed to be & major carrier of amedaid i
peptides m bological Hwids: (116), was transported
efficisnfly across the BEB inan Loco  density hipopratein
Eeceptor  Kelated Protem 2 {LKEFP2} dependent manner,
Furthermare, complexing amvloid 342 to apalipoprorein
enhaiced amvloid (42 clearance rates Ty §35% (117) This
mmpettant stdy shows that varions ansport patheays
ate reqiired fo clear amyloid [ from the heam, and
highlights the quantitative and temporal contibution of
apolipoprotein B, apolipoprotein |, LEP] snd ERPZ in
mediating anyloid [ effiug scross the BBE,

Several studies have siipeested that high niracellulas
cholesterol concentrations increase the amyloidogemic
processing of amyloid precorser protem (AP, leading
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to greater amyvlowd-fi production (114.115-120). On the
ather hand, low cellular cholesterol lewels have been
associated with redoced amyvloid-ff pencration (112.121-
125). Intercstingly. APP and all of the components of
sooretases (the cnzymies that cleave APP), are imtcpral
mcmbrane proteins . Furhermeore | the protoolytic activity of
w-secrotase takes place within the hydrophobic membrane
covironmeent ([25). These observations suggest that the
ABCA and ABCG classes of the ATP-bindmnp cassctic
transporter  superfanuly, which modulate ineracellular
cholesterol trafficking and homeostaszis. may plav a kew
role 1o amyiowd-f metabolizm {1263

The brain contans abour 2% of the total body
cholesteral. of which most iz unesterified. It 15 found in the
plazsma membrancs of ghal cclls, wlich pronade structural
and metabolic support to neurons, i nenrcnal membrancs.
and 1 the myelin sheaths that insulace and protect nourons.
Tlnder normal conditions. essentially all of the cholesterol
in the bram 15 svothezized focally (127). The blood-
brain barmer prevents any real contnbotton from plasma
lipoproteins, Thos, mechanizms that remove cholesteral
from the brain are required for cholesterol homeostaszs.

To be tamsported acrosz the blood-bran bamicr.
most cholesteral 1z thought to be comverted o 24(5)-
hydroxycholesteral, a soluble exysterol that can diffusc
across the barmer. enter the blood circulation, and be
takeon up dircetly by the liver for exeretion {128,129, The
cnzyme suggested to porform this conversion is cholesteral
M-hydroxylase ar Cypda, a new sub-famaly member of the
cvtochromye PASD cozvmes: Cypd6 1z haghly cxprezsed in
the bramn {133 and 15 cxpressed m nenrons i the corebral
cortex. hippocampus. and dentate gyms (131} (the samc
nourons that are preferentially tarpeted o AD).

Mozt of the 2d-hydroxycholestorol o creculation
originates from the braon (131}, Since neurodegoncration
depradation of oewurenal cell membrancs
and release of cholesterol, the relationship of plasma
concontraticns  of this exvsterol to brain cholesterol

mvolves

metabolism was examined. In a study comparnng AD
subjects with healthy age-matched contrels, depreszed
subjects, and subjocts with vascunlar dementia not related
to ALY, the plasma levels of 24-hydroxycholesterel were
significantly elevated only in subjects with AT or vaseular
demeentia (132}, Another study zshowed incrcased 24-
hrdroxyeholesterol levels in the C5F of AD subjects {133).
These rosults sugacst that neurenal death 1= coupled with
mercased fAux of cholesterel from the bran. In addition,
M-hydroxyveholesterol, 15 nenrotoxie: and mav dircetly
contribute to newrodegenaration (134}, Howewer, 24-
hydroxychelesterol concentrations arc decreased 1n cases
of advanced AD (125). In a recent study, throe stating
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Clowvastatn, snnvastabtm, aod prasasiain eand ngacin
reduced plasma concentrations of 24 hivdiozvelelestercl
e ALY silgects (1306),

Adipoprolein F and Tts Receplor

The vast majority of AD cases ame late-onset (LOATY and
thewr development 1= probably influenced by both senetic
and envirommental osk factors. A strone penctic sk factor
for late-coset AD 15 the presence of the £ allels of the
apolipoprotein E (APOE) gene whichencodess aprotenwith
crucial roles m cholesteral metabelism. There 1= mounting
evidence that APOEA contributes 10 AD pathopenssiz by
modulating the metabolism and aggregation of amyloid-f}
pephide and by directly repulating braen lipid metabolism
and  svoaptic  functons  dwough  APOE  receptors.
Emzrping kuowledee of the contmbution of APOE to the
pathoptrvsiology of AD presents new cppertumities for AD
therapy.

It 1= widely believed that mmpaired Ald clearance is
a major pathopenic event for LOAD. Afi has a relatively
thort half-life m the bram, Using m vivo mecrodialysis
and a *-sccretase inhibiter. it has been shown that Af)
Bias a half-life of <2 h and -4 b m voung and azsed mice,
rezpectively (15383 In buman brains the Afj clearance rate
15 8.3% per hour {139), indicating that A} 15 actively and
efficiently cleared froom the bran.

There are two major pathways by which Afi i= eleared
from the brain- receptor-mediated clearance by cells in the
bratnparcachvma(mmeroglia, astrocytes and nenrons ) along
the imterstitial Auid drainage patboeay or through the blood—
bran barmer (BBE); and through endopepiidaze-mediated
protealytic  dearadanon.  Receptor-mediated  clearance
of AP} in the braan 1= hkely to be mediated by the APOE
receptors LEPL, IDLE and VIDLE, which are widely
expressed n neurcns, astrocytes and mecroglia of the brain
parcochyvma, az well as i endothelial cells, astrocvies
and smooth muscle cells at the BEE and cerebral arterias,
APOE as well as LR and several other LEPL bhzands (for
example, f2-macroglobulin and lactefermn) are prescat
i amylowd plagues. These receptors can: bind Ay dimectly
(141} or mndirectly through Af chaperomes. APOE 1= the
best charactenized Af) chaperone. APOE immunoreactvity
1= found moamyloid plagues (1401420, =uppesona that
APQE interacts with Afl directly in AD brains.

APOE 1= a major apolipoprotein and a cholesterol
camer in the bram3. Is humans, the APOE sene exists
az three different polvmorphic alleles {22, 3 and od),
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which engender six different genorypes (22722, #2023, 22/
4, eFed, eded and edied). £3 35 the most (777%) and £2
the Ieast (3%) conuncn alleled, The £4 allele frequency
15+~ 13% in general populations ot s CA0% m patients
with AL, Ilndividuals wiails one £4 allele are thres 1o four
tiatees as likely to develop AD than those without 24 alleles
23,144, Thas odds rate i3 muel greater than those for
ofbver AD nsk alleles, wloch are tvpacally <1.5 (144}, The
effects of the =4 allele on AD 115k e mazinm] berween
G0 amd T years of age, and the prevalence of the 24 allele
L AL patisnts 15 =50%, Iterestingly, the rare £2 allele 15
associaied with protection aganst LOAD compared with
the &3 allele {230,

APOES lipoprotem Dinds to AR with Tieher alfinity
thas  APOE4L lipoprotemy {1400, Accordingly, AIMES
cleprs AL thronsl APOE recepiors on the cell surlace
more efficrently than AIMOE4, Indeed, several smedhes
ugine Jdifferent amvloid movse models expressme either
Lgpan APOES or lueoen APOE4 demsomstrated st
APOES expressing mice develop fewer amyvload plagues
than APOES expressine poce (30,147 1458), Postinoriem
shixhies have demonsirated mersdsed amyloid plague Tead
i1 the brains of camiers of the 24 allele for Dol sposadic
{1490 amd geuetic ALY ¢ases (1500, and flus nohon bBas
been confinmed by positron eimission tomography Inagne
shidies Irom “coguitively nommal’ controls (151 An
emerzing body of data bas wlentifisd mltiple patlosays
tlit conld explan the pathogeine watire of APOEL, These
inchude AR production, AR clearmes, AR Gbnllizatiow,
taigle  fonoation, cholesteral  hoaneostasis,  syvnaplic
plastciiy and repaar, and neuronal togicity

Neuronal Cell Death

Nenrodepencoratrve dizeascs such as Alzheuner's dizcasc
and Parkinson’s dizease trigper nouronal cell death through
cndogenous sueids pathwrays. Surpnsingly. although the
cell death itself mav oceur relatively fate 1o the course of
the degencrative process. the mediators of the wnderlying
cell-death  pathways have shewn promize as potcatial
therapeutic targets {152,

Neonrodesencrative discazes are associatcd with a
mumberof insules that may trigeor PCTY: musfolded protoins.,
reactive oxygen amd nitrogen specics.  nutochondrial-
complex mhibition. calemm cntry, exeitoroxicity. trophic-
factor withdrawal, and death-receptor activation to name
a fow. In some cascs., however, deaths ocour that do not
fit neatly inko any of the three classes of PCD. and these

Biomarkers in Alzheimer’s Disease (Meiliana A, et al.)
Indones Biomed J. 2010; 2(1): 4-25

more controversial forms of death are al=o discussed below
{1523,

The biochemical activation of classical apoptosis
occurs through tero main pathways. These are the extrinsic
pathway, which ongimates through the activation of cell-
surface death receptors such as Fasz, and resolts m the
activation of caspase-B or -I0 (1533), and the mirnsic
pathway, which originates from mitochondnal releasc
of cytochrome © and associancd activation of caspasc-9.
A third, lesz wellcharactenized pathway — essontally
a second imtmnsic pathway — orginates from the
codoplazmic reticulum {ER} and also resalis in the
activation of caspase-9 (154-156), Other oreanclles, such
as the nuclens and Gelol apparatus, have damage sensors
that link to apoptotic pathrways [ 158).

Autophapy {reformms to macroautophagy hercin) 15 an
ustraccllular peocess that allows colls to ongulf evtoplasmzc
both soloble molecules md larce organellas

i specialized double membranes and deliver thewm 1o
Iysasomes for deermdation (158}, This self eating process
15 offen a nouselective siress response (o many eximeellular
and mmirgpcellilar stk Aotophagy is lughly dynamie and
msvelves muliple steps, meluding the mitial formaticn
of doeble membranes and autepliagoszome: and ther
imaberaton ke autelvsoscimes. Wheiher autophagosomes
are bepeficial or detmmental o a cell depends cn the
context {159},

The anylond [3 (AN peptide s thougl (o be & major
culprit w AL, aud its preduction and degradanon bave
been intensely amvestizated. MNevertheless, il fenwums
largely vnknown how A pathology is modulated by the
autophasy pathway, The study Dy Pickfond and colleagies
shows that becln 1, a multdunetional protein that glzo plays
an oportant role m the autophagy patlway, affects some
asprects of AR patholozy o aged Dl 1ot voung rasgenic
nmee eXpressing amyloid precursor protein (AP These
findags further support the notion thal wexdolation of
auloplazy, 11 s case throvgh beclm 1, may represent &
novel therapeutic strategy Tor AD (1593,

The novel data of Grosan ¢f «f (LER suggest that the
amyledd and associaied nevrodegensrative pathologies of
AD result froan o self amphivine cazeads of membrane-

contents

associaled events {Fig. 2. Altered v-secrelise activaly,
resuliing from wibations o AP or pressalin adios
oRidalive stress, jucteases (he APZATID ralio wlich, in
i, miceeases SM:ase and HMOG-Cod reductise aclivities,
As a cowssguense, levels of ceramddes and cholesteral
ate mersases] and levels of splungonyelin are decreased
mw e membropes of peurons, These alieraticns  inay
then promote fomther production of A2, AMI mduced
memmbrane -associaled oxulative stress and elsanees in lipnd
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Figure 2. Interactions between membrans — ipid metabalizm, APP processing and AR neurceoxicy in AD

Adepted with prmission

wetabobism, (oeether with allered ceranmds production,
may cawse dyslunchion of svoapses and render peurons
vuloerable (o apoptoss and exciteloxicaty (34,1610

Anincrease m the size of the amyloid [i-peptide (A2
versus AR0) may be a key factor in ihe pathogenesis
of Alshenner's disease. By allennz the activibies of
enzymes mvolved m the metabolism of cholesters] and
sphingoinyehn, an increase in the AMM2:AR0 mitio may
cavze dysiunction and death of newrons (161).

AD Biomarkers

The ‘amyloid cascade thenry' is the prevailing hypothesis
on the canze of Alzheimer diseaze. It holds that an
imhbalance hetwsen prodnction and clearance of Af} in
the brain is the intiating event in the disease, wlrmaraly
leading to menronal degeneration and dementia (360}
Smhatantial efforts have been made to translare. the
nrdarstanding of pathozenic mechanizms into therapentic
strategies. A major fociis has heen m inhihic prodnetion
and aggregation of AR and to increase its clearance from
the bhrain—for example, by inhibiting Aff-peneriting
enzyines and by naing Af} imamtnotierapy (330 A mumber
of promising dmyg candidates are now under development.
Snch dmgs with dizease-modifiing potential are likely to
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Biave the best ellicacy iu e early phase of the disease, when
the nevrenal degeneraiion lax wol becoris (oo widespread.
Tlas bas tumtialed o mtense search for Aleleimer disesse
brotnarkers,

Tlee st cliacal plase i Aldwiser disease, ypocally
churscienized by solaled memnory disturbunces, 12 called
muld cospitive tmpaorment (MCI (1020, Omnly around
SO0 ol individuals with MCI have incipient Alaleimer
disease thal wall prosmess 1o Aldheimer disease with [ull-
Blown demeentia, whereas others will develop dillensul
[omns of dementa or bave a bemegn [omm of MCL As
there 15 no climeal spethod to determone winch MCT cases
Biver 1enprent Alvhemer diseass, there 15 a vreal peed for
bporiarkers (oddeninly (hese cuses

Another potemial vse for biomarkers 1 in clinical irals.
Al preseul, mals for new Aldieimer disease erapies olten
anvilve peopls walls MOT. Bl these siudies ame nopedsd by
the msulficiency of current vritena W idenily MO cases
with mcrpnent rue Alzhenmer disease (163},

Tl accunacy of the clupcal dlagnosas al e promary
care level amd m opeperal bospelals s probably even
lower, especially m e early stiees of he disease when
the syroptoms ars indistnel. In view of thas, the need for
specilic Al markers 15 greal. According lo-a proposal of o
pomsensts procp e oo leeulan and Dochenncal markers of
ADC164), mn 1deal warker of AD shaold be able (o detsct
a Dmdanenlal [eatvze of peoropathology awd should be
vabdated apansl pewrcpatholesically  conlmuoed  cases,
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Furthermore, its ssnsitivety for detection of AD as well as
15 speeificay Tor dizermmnaiion of AD froon atler deinentia
dizorders should exceed 305 A marker for AD should also
be reliable, reproducible, pomnnvasive, siinple to perfonn
in elimeal ronhng and mexpensive (1657,

fi-amyloid 42 (Ap42), Total Tau (T-tau)
and Phosphorylated lau (P-tau)

Underlving nearopathoelozical changes m ALY are the
accnnlation of semle plagues (51%) and nevrcfibrillary
tameles (MEI5), SPs are made op maindy of iamyloid,
sspecially the 42 amame acid isoforn, [ anyleid 42 CA[R42)
(Lend, The umjor constituent of MF s 15 & cytoskeleton
asgociated profein called tau, wlhich s hyperphesphorvlated
i NF1s (167}, The polden standard of diaguosis is the
wlentification of typical newropatholezical climgzs i the
Drams of & patient who has suffered from climesl ALY,

Ameng several, we have focused on three candidates
that have been sugoested o fulfill the requoements for
Dicmmarkers O AD: [bamylonddZ CAPE2) | total taw (T tau)
aned tan phosphoryvlated ab varows epitopes (1 tau), The
cerebrospinal Hud (C5F) levels of these protems reflect
the metabobisin of hese prolems in e central nervous
swstenn (163).

Afi42
The ceutral protein m 5P = AR4Z. It is produced and
secrsted from Jnanan eells as a result of nommal cellular
proeessine of the Targer transneinleine protein AP (153
I tlus processing, APE is cleaved in severil steps and A
15 produced. In, ALY, APP 15 first cleaved by im enzvine
called [b secretaze . which resuliz in the release of a large
Moterminal frazmnent called [i-secretase cleaved soluble
AP In o second step, AP 15 cleaved by the v-secretase
comples, which results in e release of Tee AN In s
processing various soforms of AR, for exmople, AR42.
are prodoced; all of wihach are secyeted mia the CSF
Lising four different ELISA methods thit are specific
b A2 (169 1720, more than 30 studies hpve consistenily
demonstrated a moderate to marked decrease i CS5F
AR42 in AD. The poneiple for the ELISA that 15 mnost
commonly wsed o measure ANMI in OSF, INNOTEST™
MARMYLOIDCL - 4230172, There are 13 studies, includimg
d total of abssut OO0 AD cases aud 450 conlrols, 1 which
sepskivily aid specificity fienres have been miven or can be
caleylated from graphs, These soudies show that, for CSF

Biomarkers in Alzheimer’s Disease (Meiliana A, et al.)
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MAPA2. the mean sensiivity for discnmination between
AD and normal aging 1= approximately 86% . while the
specificity 15 approximatzly 91% and the mean level of
deerease in AD paticnts compared with controls 15 about
S

O the ofer hand, the speaficity for discrmonation
af ALY feown otleer disorders 16 moderate, Low levels of
ADAT m C5F have, for example, been found in Lewy hody
dementia (172,174}, a disorder alse characterized Ly the
presence of 55 Low levels have also been found 1 a
sinall percentagze of patients swith frontelemporsl dementia
atd vascular dementia {1753,1700 and also in Crentaieldt
Jakoly's dizease (1771 781 and smnvetroplng lateral seleross
(1797, These studies questicn the putative relation between
Tow CSFADAZ Tevels and e acommulaton of 5Ps, There
are several possible causes of low CSF APMI levels, for
example, agenal degeneration (1791807 amd entrapanent
in warrow mterstiiial and subarachooid drunage patiivays
{17490,

T-tan
Taw 15 a microtubule associated profein which is located
mainly in pevronal axous. By binding to mucretuboles, it
promotes the stabality aud functicn of these, In fle aormal
Tomatem braon, sim different 1sofonms of taw age found, all
af which have mumercus phosphorvlatien sites (132),
A tan 1y o wegor constituent of NFLs, C5F T tan has
been sugrested as a marker for AD. Using monocloual
annbodies i detect all ofonmn: of taun mdependent of
deares of phosphorylation, exsvime hnked innnunoesorbent
assays (ELISAs) kave been developed lmt measure e
T rane Jevels in OSF (183 1850, Using these ELISAS, more
than 30 stdies have consistently demonstrated a modersate
o marked inerease in C5F 1T tau as well as Lugh sensitivity
atd specificity of CSF-tau 1 AL patients when compriaed
with eouteels, 5o i, CSF from aliond 24000 A D patients sud
1250 conirolz as Deen investipated m s way. The mean
degree of merease 15 aboud 300% 1 AD compared wiila
coutrols, The high sensitivity and specilicity make C5F
Traw a zood candidale for the desiznation nochenoeal
iaiker for AL, or AL nomarker, However, lngh levels of
T raw m the C5F bave also been fovmwd 1 a proportion of
cases with other deanentia disorders, such as freutotenporal
dementa (180,187} amd Lewy body dementia (173}, Dt
i several other discrders, for examples, dleohol dementia,
Parkmson’s disease wnd depression, the CSF levels of
Totaws seem o be nomsal and coly cecasionally mereased
r184.187 185,

It liaz-been suggested that the CSF T (an levels raflect
the degree of neurcwal {(especially axomal) degensraticn
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and dammage (184). Some evidence for this has besn found,
for instance, a transtent mereaze in C5F T-tan after acote
stroke, with & positive carrelaton betwesn CSF T-tan and
infarct size az measied by compiienzed tomozraphy |21,
avery minked increaze in CSET ranin Crenrzfeldt Jakob’s
dizease (191} aml a corelation between premortem C5b
T eam levels amd the postmartem density of newrefbrillay
tangles in the bram (192). londirect evidence 1s that, i
ALY and controls, there 15 a positive correlabon hefween
the CSF Tevels of | ran, GAP 43 and doivloid precnrsor
protein (AP, all proteins located in the axon of nenrons
{1930,

P-Tan

Tan 15 weimially o & phosphorylated stare, Cwver 70
phesphorylaticn sites are townd on e unan fan malecule
and, 1 AL, tan s nsnally in a hyperphosphorvlated state,
I AL, thez hyperphosphoevlatica nvelving  certain
epitapes on the tau molecule haz the consequence fhar
tann foses a5 abilify 0o proinote microiubile assembly and
stabibity, which in riuemn leads 1o eyroskeleton mnstability and
dimdished transpoet abality (194,195} A consequence of
thiz 15 aggresation of ran with subsequent tormation of
MEEs {182), Several ELISAs have been developsd thar
uge monoclonal antibodies directed toward sies that are
phesphorylated 0 AD. 'The principle for ome of rhese
ELISAs, INNOTEST™ PHOSPHO TAU, .. which
measnres Ak phosphoylated af threcmune 131 (P Jan, )
(1570, Orher ELISAS ddentity tan phosphorylated af fhe
epatopes fhreciune 181 and 231 (P raw, | 0 (184],
thiecmine 2231 and serine 233 (P tan,,, | =0 senne 154
(P a0 (P84, threomme 231 (P raw, ) (199 and serine
396 and 404 (Pt o o) (2000, A these assavs have
showi mereased Chk levels of Fran in ALY patients
compared with controls, The sensitivity of CS5F P tan for
discrinination berween Ald and wormal agimgz 13 abour
the same or shightly Iower as that of C5F | an, thar is,
about 73%, lnterestingly, the specificity of C5F P tan fog
discrinmnation of ALY from other dementias zeems o be
ligher than those of USF 1 tan and C5F AR42, Notmal
C5F levels of P-tan have been found i vaseular dementia,
frontatemporal dementia (2010 and Lewy bady dementia
{2023, whach suggests that the above ELLSAs mav help ta
discritninate between ALY and these demennias, In addition,
wlnle there is & marked merease in CSF 'L tan after acure
streke, the C5F Ptan does not chianze (2030, This suggests
that the orginof wcreased CSE P 1an lavels 1z more clogaly
related to AL parthology, for instance, the formation of
NF15s.
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Combination of CSF Markers

The rarionale for nsing the CAF levels of T-tan, Ahd2 and
P-tan in comhination to.detect AT} is very clear. Becanse rhe
concentrations of any one of theze subarances is helieved ro
reflact central pathogenetic processes in the disorder. that
i, according tothe leading hypothesis on rhe development
of ATY the amylioid cascade hypothesiz, the comlyination
might result in increased sensitivity aml specificiny. In
face. some large smudies have shomn that hoth sensitiviey
and specificity increase when, for instance, CSF T-tan
amd C5F AR4T are nzed in combination instead of heing
nsed alome (173,175,204, 205). Mareover, in & commmmnite-
hased setting, the sensitivity for ATY was more than 905,
when comhinarions of the ahave CSF markers for Al were
itsed in rontine clinical chamistiy analyses. The sensinivicy
and specificity figures were hased on the walnes for all
consecitive pattents admirtad for investigation of cogmitive
distubances during 1 vear (173).

Hizh C5F levels of T-ta and low C5F levels of Ahd2
in the early stages of A have hean fonnd in several smudies
(175 20,206 20%). For more severely dementad Al cases,
the sensitrvity fignres are BO-U0%, snogesting that the o
25F markers are workable in the 2arly stages of the dizease
process, Several snulies have also fommnd high C5F levels
of T-tan and low C5F levels of AR42 in patieats with mild
cognitive impaivment (MO who later developed A
2,210,211, Increased CSF levels of T-tan wers also
fomnd o discrimmnate, with high sensitivity and specificity.
W1 patients whose dismrhances later propressed fo AD
from the others (2140, Crher smadies have also fonnd
increarad CSF Tevels of P-tan in a high proportion of MCT
cazen (210,211}, These findings suegest that all three C5F
miarkers may he of ns2 in he climcal idantification of A0
i the very 2arly phaszes of the disease and fhus facilitate
early intervention {165).

To simmltanecnsly smdy  several hiomarkers for
Alzheimer disease (A, the =MAPTM fechnology has
been davelop and evaluate a multiparametric bead-hased
assay for quantification of fi-amyloid,_ . [AR;.]. total
tav (T-TATT}. and hyperphosphorvlated tav [P-TATT,,,.-]
i cerzbrospinal flud (CSF). The new multiparametric
method may be able to replace the cormesponding ELISA
metlinds {212).
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Visinin-like Pretein 1 (VLP-1)

Anoiber class of bomerkers thal may bave sality 1 the
diagno=s of AD are those that pelect nevmopal death
rather than specilic markers of disease pathogsuesis,
Such markers may provide mformation about disease
propression relaled o funciionsl ovleome and may bave
vithty m fulure chmcal imals estne therapeuic ellicucy,
Several repos have demensirated the leck of comelslion
between amvlod plague lead apd deeree of dementia,
sygresting fhal the fonoer may not dwectly relate 1o the
latter (85213}, Thersfore, a mevropal death omarker
mnehl bave srealer correlabon with dementia seveniy than
e woell-stodied pathologieal biomarkers (2143,

Cuantified (he levels of a brain iwjury meoker, vision-
like pratem 1 (VLP-1, also ableewviated as VILIP-1 oo
VESML-1Y, i CSF of AD patientz and age-matched conirals:
VLEP-1 belongs to the ooy of peveonal caloum seuser
protens wvolved o calcium-dependent signal transduchon
wechaeams m weveons. YVLEP-1 wereases nevrenal ovelic
adenosine  mopophosphate Levels by awlucineg  protem
kiase A WIP-1 15 expressed in neorons {2157 and -1ls
ipnumrareaciivily 15 decreased o brums of AD puelicnts
cimupared (o conlrols (216). Remarkably, VLP-1 expresson
15 assoclaled with seerofbnilary teoele: m AT braous
(217, The mveshgation of the concentmabion of VLP-1
m C5F reporied by Lee o al, was based on Dodinas they
reported (218), VIP-1 appearsd to be a protem that was
relatively bran specific; iy concentration was ncreasesd
w plasina of stoks patients and o CSF o an medel
for siroke, supsesiing thal VLP-1 15 a macker for {ragid)
nevronal cell mpury. Io the present swdy, ©SF VLP-1
concenlrations were S0% lneher in AT patients than o the
coutee] population. An mberesting aspect of the stodies of
Lee and collesgues 15 that ther onginal approach to fod
wovel markers of brain mjury, 1e., mBRNA probling and
selection for prodects that were liphly conched 1 bram
tissoe (215), resulted i the wdentification of VLP-1, which
was not pioked up by comparable fishing expediions vsng
# prolecamics appooach with npen C5SF o AD palients
(2197

Interestnely, VLP-1 concentealions m ATF palzents
with ant apolipoprolein E (APOE} edied penclvpe were
approxunately double thoss m 3l caxers. Allhoozh
the curment stody mcludes a relatvely aoall paient series
and the results awazt confimmation i larger cohorts and
fro m asdependent studies, ths asseciaten of VLP-1 with
the APOE penctype seems (0 be remarkably  different
frome the associaton of the APOE genotype wath T-aw

Biomarkers in Alzheimer’s Disease (Meiliana A, et al.)
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conceninations (2145

Another remarkable fidmpe by Les e of 2= ihe
comslaton between Mim Mental Staivs  Exaonmatien
(MMSE) scores as a marker for disease seventy and C5F
VILP-1 concentrabons. Many reporied studigs bave found
no comelation of CS5F A2 and Totau with MMSE scome
[summarnzed m (2200 and confinned m the small cobont
descnbed by Lesetal, (2140 VLP-1 is nesatively comelated
1o MMSE seores, suaeesiuy VIFP-1 mav also have a role
a5 a biommerker of disease severily, and role mn montorug
dizease activiby (losz of pevrons and cosmgtion per period
of tune) can also be envizioned. The ndmegs of MMSE
correlation with VLP-1, however, should be confinned in
wider ranges of MMSE values and larper stoups.

Finally, az Lee of o pomt oul i (e report, Uee real
chmeal challeupe is wotl the differentiabon of pabpents
with AD fosn comirods but of patenis with AD from
patients with other (ypes of dapenba, wclvdme vascolar
dementy, demeniza wath Lewy bodies, or [oontotenmporal
lobe depensration. and also 1w patients whose demenlza
15 alinbutable to ireatable discrders such as. vitumin
deliciencies, depression, alcobol abuss, and nwenmal-
pressure bydeocephalus (221,

Miscellaneous Brain-Spesific Proteins

A ovanecty of other bram-ingury biomarker=s have been
examuned m the C5F of patieots with dementia. including
neuran-specific enolase (223 224), S100f protein (225).
and zlial fGbnllary acidic protein (GEAPY {224), all with
vanable diasnostic speoificity and sensitivity More recently,
proftenme proftlng has resulied m the denttheation of
several candidate bicanarkers (2270, meluding heart-fatty
acid bimding protean (228 2208 Pade 7. apd nucleoside
diphosphate kinaze A (2303, The offectivencss of a fluid
biomarker 15 dependeot oo a multiode of factors . ncluding
crgan specificity, acommulation m accossible body Huods.
stability, clearance, and detectabalitv. Dhrect companisons
between biomarker candidates will be noportant to identifv
such an 1deal biomaker.

APOE penotype 1s the stronpest known senetic nisk
factor for the development of late-onset AD, wath the o
allele mcurnng greateést sk (25142231, The molecular
mechamzm for this nsk 1= not known; however, it 15
believed that ApoE protein may play a role in Af transport/
clearance (232}, and that the genobype may also Lnpart
mereazed vuloerability to o vanety of central norvous
svstem mpnes (2337,
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With the incteasing climcian awiateness thar 5k
Bicamarkers have additicnal value i the diagnostic ok
g of dementia patients and that CSF analysis appears
likely ta gain a position i the disgnostie (research) criteria
for ALY, this sopdy will motivare ofher researchers i their
quest to find specific iomarkers for dementia syndromes
(221

Plasma 5Signaling Proteins

Because the bramn contrels mmany body functons via the
release of signaling proteins, and becawse central and
peripheral nmmone and wfammatory mechamsms ars
imcreasingly nophicated m Alzheimer’s (7) and related
discasesd, Rav ot al hvpothesized that the pathological
processes leading o Alzheimer s would cavse characienistic
chanpes 1 the concenirations of sipnaling proteins in the
blood, generating a detectable discase-specific molecular
phenotype (235

The computaticual pene nebwork prediction ool
Ingennity Pathway Analvsis (Ingenuzty Systems) identificd
two independent repulatory petworks conuccting  the
15 =ipnaling proteins. Cme oetwork centered on tomor
necross factor (THFl-a and mopocyte-colony simulating
factor (M-CSF}. whereas the other centered on epidenmal
arowth factor (EGFE). Consistent with these findings, pens
ocutology (Evoto Encyelopedia of Genes and Genomes:
bittp-/fwrare senome jplkeps’} and BioCarta (httpifwrarw.
ocarta. com’} pathway analvees indicated imvolvemnent
of the 18 markers in immune responss, hematopeiesis and
apoptasis (233).

A decrease i the abumdance of factors linked o
ematoporesis would be paticulanly notewarthy m light of
recent data suggesting that hematopeietic célls can enter
the bram in Alzheimer's disease or in Alzheimer s monse
midels af mcreased frequencies and modulate the diseaze
(7, 2306, 237} Dhysfimction of apepiotic pathways has alsa
Been linked to Alzheimer s disease (238}

Ihe abserved dvaregulation of the signaling pathways
represented by the 18 signaling prateins in Bleod plasma
Ay poant o changes in the periphery, the central nervons
syatem or bofh that are relatively speaific to Alzhenmes’s
disease and ocoour early in the dizease process,

Sticed by Hay ar ¢f fonnd 18 signaling protems m
blood plasima that can be used o classify blinded zamples
froan Alzheimer’s and control subjects with close to W%
acearacy mpd to identify patients who had mald cogmitive
wnpairment  fhat  progressed  fo AlZhenmer’s  disease
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2 & wears later, Biological analvsis of the 18 profeins
poanks T swstenmc dvsregudation of hematopoiesis,
ILEE  fespontes, apoptosis and nenronal Sppodt an
presympromatic Alzheimer’s disease (235).

Conclusions

For tlee tie being, o pressaonpdive diagmosts ol Alddweinee's
cai De made chmeadly vsme vanows copmbion lesiy,
weurolopical exans, and patend lostorv, A deflibive
diwgnosis 15 possible ooy rosgh post — norlew braan
anpal vz, Unforumately, by the ane syvinpions appear ol o
clineal disenosis 15 e e disease has Desn stnrneringe
for decadess and mitractable nesrologcal danuge occumed
(235],

Developiient of disease specilic C5F, serum ol
urine baomeckers will vsdoobiedly add o e process of
hiffer=ntial diagnosis eazly e e course of e disease
[220).
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