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FAHL = A syt g2xEto]H B (Alzheimer s Dis-
ease: AD)olth ADE &Al, AMAHSZ 24009 7 o]t
A} le AHOEA, 654 oS AHUTF LolM = 4-54
7F SV o mitk 2 Exert 28] 7hrke] EofuH, 804
219 30%7F ADE e 2 el e Jlow B
FEY Sit1]. ADE do7|& FH8 HFSAEAE Yol9t
NEEE 4 I, A AAY 5%HEE AASE U
A AD (familiar AD: FAD)9} AFA AD (sporadic AD:
SAD) ¢ F 7HA 7Hl| e Usm ADSA e 7Ae=
A ADe| slstct ADSAlA Uehbs 2 e s
EAo 2 AMEH 2gso e T TAQ] ofdRolt A

cH 2 (amyloid beta precursor protein: APP)¢] -, y-

-

Biomakers for Alzheimer’s Disease
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Alzheimer's disease (AD) is a neurodegenerative disorder. The number of patient is rapidly
increasing with the aging society. Thus, there is a pressing need for early diagnosis and pre-
vention of AD. AD is characterized by two major neurological features; abundant deposition of
senile plaques, which is regard as a pivotal participant in the neuropathology in AD, and neu-
rofibrillary tangles in the brain. The heterogeneity and complexity of the disease, however,
seem not to allow a sole maker to discriminate AD patients from normal with a sufficient speci-
ficity and sensitivity. Although their accuracy is still controversial, several biochemical markers
for AD are now available, including reduced AB protein, increased phosphorylated tau protein
in cerebrospinal fluid, and elevated level of glial fibrillary acidic protein (GFAP) autoantibody
in the serum. Not only that, some remarkable progress also has been made in brain imaging
fields with an aid of swiftly developing technologies. Here, we overlook both biochemical
markers, rather focus on A8 and tau related ones, and imaging techniques for the diagnosis
of AD. Some areas where more work is required are discussed as well.
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secretasedl] &Ja} =AHE 02 Ao} A H = HE ofd R o]
T SJEfOIE(AB peptide) 7} AlE2L]Fo FF=]o] FAHE =
Q19k(senile plaque) 3 HA AZA TN F (microtubule-asso-
ciated protein) ¢l EF-(tau) T do] Alxujitel] SHxlof 1}
Ehe A olE]l (neurofibrillary  tangle) & & 4 9
[2]. &Al, AD= $AH9] i ZAA 99] 7 7] HwE
Qlek= W olelolle 7hekek Asteld W o E Z7IdA
S WE F Sle ool i Ao, dds A
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ANe ] &9 2 (colloid plexus) Al 70-80% 1]
oM (extracellular fluid: ECF)olA] Az AAE O 24
= (intercellular space)®l] &A= thoket o
Ao A4S 7P A wrdste Aotk whebA, A
3 A4S WAL JIge v ¥z A5y HiE
Ao E W Bk ofuz), 7P sk vl d HHE A
FSE o)FS VA St HAHFdA ADZIYHAY &
HEAR 7P JTAA A7 8 AL ey A, Qb
3} ek~ WA (Phosphorylated Tau), 18|32 Agolt}. Taus
A A (microtubule) EAd| Foiste At wA| A3 (axonal
microtubule) &] tubulindl] A3t wlM AT A} ks
g FANA, F29 F47154 T8 9%S %01‘3}[4]
A, 3070 o)) QlAts A7t EAlske <4 CLEE=
ADZAY] HEA A AFEE AAAFHEE ta 4 H1A
AR FHRlststE Qg ZP7]7§_§°H o3 FAHEG5, 61
Vandermeeren %(199'%) AD3ALe] HH A A taud] %
o] 7k} gtk 21 A, 1 oF o A7
oJ3te] FLs A3t %%LQME]'. ESh ADS] el FHols)
© T8 A8849 sl ApoE ed tIHIE FHAAE 7KK
Al M Tau®] FE7F B S7kEo] glaol Balg v ok
[7. 8]. AR HAFH off, AA taud] S AAAY &4
E 3} Zqu ke }04 ADS} Ak AAA &35 sk B
B84 273A A e A A folg S7HE Heln 53,
¢} (head trauma) oy AFo|=H E-oFFH (Creutzfeldt-
Jakob disease) FANAA 71 22 Z/1E U E=R
AD So|FQl et npAZA ¢ F84J0] HofRItH9, 10].
Tau®| Stsh= ADEARS] HolA] Z7]o dojue We|g
2 WgtE AR Z7) o AksE Aol akshrt o] Fo

rf
ﬂ
>~l

_, 032 rir

71 e Al kS ST F Qe 67H9 BARAEAY
(enzyme-linked immunosorbent assay: ELISA)o] 7§dx]o]
A= dEieltH11], 9He AF AT, ADSAY M H oA
43 tauzt A/dR1el Hlste] 2-3u) 7h7ke] F7kate] AR
o, B @A threonine 181} serine 1999 ¢ X<
A7} o] Fo17 taud] 3} AA tau] oF Ateldl] TR A
HAAZY Aol BaEe] IrH12, 13]. <14kskE taue] F7t
= AA taud 27k gy A S (acute stroke) o)UY A2
o|ZHE-oFFH AN AN Fog TIHE HolX| $OEE B
o WY 9le ADIGRAR wolsoAm, o] <l
taud] 7P} @Est AAA S AR SAo] oid, taud]
st A frEE AAAFE ] 34 ARE Pge] o
ol 375‘3}[14 15].

ABE ABA0F} Ap42 FHE FE EAlstedl, AFAA Al
Y] tAEEE AXEA AGE 84 TFe] FEE o
Ao g e Fo7tth16]. FA, AA ARS ol ADEA
o] WA A 7Faso] ik BHAgo] o At
Hlwate] ol Afolg HolA & ggon, o]F Afdr &
Qe mioll wEm AQ40F AB42 T, APAOTH Aots o

oZi Jl)(’

ol Zx
AD3EARL AT AtelolA] wgh ot BT 4 glglens
aE A ARS 2 Apa2elAl 7RIS Aelths, 17].
Hoh & AEs54E JeRiH, kQute] s Sdshst)
U Fo8M AT Aolal AR = Ap429] & W SA
A+, ADBAANAM 50% HEQ] st SIS,
191, SR 7128 AB42 9A], HARIT AD3A} 7+e] ulwIt
ofd, FAAIAw} 2 SRl =RE fefgh X3 XP#‘”W
ADZAE WY U 582 Yoxt Ze8 HiFo] §

[20, 21].

ADZAL] MM A= taust ABEhe T 7 A
i ojojel|x, R OhE 7HeA Sle AdwAEe] 9F o
TIFE 93l A=l itk GAP43S Ay~ A ook
92 ABAHEE] Fake] EAlshe A7 24 E4EA, ADSA
o & olut —Zrtﬂ«] dystrophic neuriteo|A] ZAEH, A+H
F afjutell A W Fgo] Folgo] Jlvke BA7F vz, 23]
uoEbA, AlgRe] B8 ARy 7t E SAse HAHOE A
otElo] gh=t), AD3IALY HHGFHA GAP43Y 2717} 8%l
H0H, taust GAP439] % Alololl = AAAA} JEACRE
BIEY uH24, 25]. Ubiquiting <14 helld 2o
walslojof & T lysined] 5 AFetel, B LR
2o gk BalE Fdehs %S szl ADEA] Mo A
WAL E tangle® PHF (paired helical filaments)ollA4] ubiq-
uitindl] ogk F-FAFo] LAATN26, 27]. °]F, ADEAY
¥ ZAA FEg PHFE U0 R AREato], whilze] A%
3t Ubiquitin®] 64-76 A E< AAT 5 A= FAZF A 2= A
o, o] PAE o]&F ELISA JFAF ADEALY] ¥4
oA AlFeZ g2 PHF o] EAlde] BeRa, A5

_‘:J_,
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Table 1. AD3#}2] CSF&}F Edo) EAl5lE sty A B2 &
Source Marker Level References
CSF Tau A (7]
P-tau A [12], [13]
Total Ag v [17]
AB 40 = (8]
AB 42 v [19]
Gap43 A [25]
Ubiquitin A [29-31]
AD7C-NTP A [32], [33]
Serum/Plasma A 40 A [36], [37]
Ag 42 =/a [36], [37]
Anti-Ag antibody v [41]
IL-6 A [42]
8,12-is0-IPF2¢-V1 A [44]
Vitamin A, C, E v [45]
APP 751,695 ratio A [34], [46]
Cholesterol A [47], [48]
N3} o] ZA)3H= Ubiquitin®] %S U3 AdS BT 28-

30]. Wk opgl WA A UA] ¥S A9 Ubiguitin
Al ADSER AN 73Rl Bk E5o] ERI=ITH31]. 417

&719] Wolo] #Hojat= ADTC-NTP9 % Dsﬂrz}ﬂ CSF
oM A3t was] 2 EFdRge] Ukl e, 20009
Kahle 5ol 93] taust AD7C-NTPA}e]9] 2 g B A 7

FlEN oL, o= A ATHAN Y=g HYsAE X

a1t 32, 33](Table 1).

}7‘]‘:‘ D}“‘mi A EE ] ©] ‘%4947} P, o]
E AEL HA HoE T8 5ol FAA
S Eo FolN W FEE EAgTE ATk AA ADSH
2] 90% oldE AASHE AP ADSRS] o] 60A]
ool wQlolgks AR A, HHFA S A7) g 2FHF
(Lumber puncture)ol]X 2+ 9182919 AA9} A<
Hed 28 AARe] Aol A E o]k Tl 7HA

_L_ o]r;]_
ol & AR FFYL ol AE3] HHAA G Algo)
U, davelA ANE AR7E Fo8 T4 s Zolgty

Az LEl 9o, AB9} AB-Apol7t ©|FE E3}4 7} BBBE
STHs Bael e} B & ApSt ADAL] ¥z
F2E = wolutgle] AAFA T WA T 4= gl Aot

Lipid (sulfatides, cholesterol) Synapse

Oxidative Stress
Inflammation

T Neurite

b o
\ Axonal damage It #
(tau, neurofilaments) !
T o K-
= ¥

Tangles Amyloid
T Plaque

Neurite

Phospho-Tau T

(deposition, metabolism,
clearance)

Fig. 2. ADZR}S] AAA EAAM Yehd= B2ghy 54,

[34, 35]. G & EAJst= Ape CSFE Hwate] 100914
T 92 FEE EAlEte, 9 A4 Akl ofH& e ol
U Ap40ZF Ap42 BT ZAd(preseniln) fFAAFS] Ho)
7F ol 7154 ADSRNAIA AZdRlelut AbdA] AD3AL
A By, 2-3u) 7k STk ke BAh 9o, Mehta 5
(2000)2 AB40°] ApoE e4 HIAFAAE 7R ADSA
AAA F7HEe] dvke AFAAE LEINCL, ol HE
AT IFAA A AA FAFAE ZaHATH 36, 371,

Apel FAE 2L AT ARE HAH SR sl AEA
ATE 71ZRZE st AAHATE 1999 v=r9] Elan A <F3|A}L
oM AujsERd Fol Agdl tiet IAE HEstdes o, =
AU eQlvto] #A8] 7hAagk AF A HA o]F, A

AE ATAU ABE FFdtd AelA Ap A T71E
FEdte A7 ER o]FoA $ith38]. < ADSAE
WFo R & JAEd A ABE FEste] HAwkSol f ¥
YE AN AATYo] SHFo] FAF Yo, T e
HAQ 0T o} 4t

T
e:kse)|

E{‘

< (subactue meningoencephalitis) ©]
RS FHEE QT 39, 40]. °l& "a‘?:-”édjr
ol Ftate], ol EAdke A FA S F=
2 QOSIIE A A oIl 2
2 Qo4 e} oL e )
o] Fle] A7El olat
ADEA] Hel] AAEE ARk 4 73*111 191 astro-

e g

|

a)
= (o35 ot
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n&

cytet} microgliaE<

HEE oo A5
oM AHE A5 =
A I FEE 4] SAHY F Oio‘/} C-reactive protem
(CRP), Interleukin (IL)-6, Tumor necrosis factor (TNF)
IL-13, TNF-a, ai;-antichymotrypsin (a-ACT), Haptoglobin
2-1 (Hp 2-1) 59 interleukinEo] EFA Z7hHo] gl&ol
A Sl ol HollA dojvhs dEuhsol AlAl HrkQl

i m{u

E
=
=

1 rlo Nlﬂ
o3]
o
os]
1o
rhy
:|N:,

J]Nv



HAA Ao QS A DF interleukin®] F& WIS G2
A, ADEA A dojul= AukE Q] interleukin®] & M3}
HEAA & o olHog S n|A|7| "ol AZE
ot ADZHRINA F7tEe] Qe E% FEEAE FoAe IL-
6o thet A7t 7P EstAl olFolA 9leH, 1 St o
2] AFIFAA ER1EATH42]. ADEA] HA F7Eof
2UE ROS (reactive-oxygen species) ol 93t} dojuf= ©
A3t A4, ik 5 4bst d3 AR e dAkstEaR
oIt 2kl 2E# 2= ADAAM dojue 4l74EsE Ads)
T T sl Fo3 71xelt43](Fig. 2). ¥ dize=
go] EAlehH, Atstd 2E# 2] HA FEFE W polyun-
saturated fatty7} AFs}2 w] AJA =& F2-isoprostanes®] ko]
ADZzLe] oo A] FE]o] Qlom, dhitsl TA9] oS 24
g dd43=2 ADSAIA Vitamin A, C, E 59 ¥&7
AatEle] ol Rl 44]. FEE YFEIEA, 2000
IU Vitamin EE 237 vjd 2831 ADﬂX]:rLoﬂ/ﬂ o] z13)
o] ZFozltks AUt o, ol A IAFTHEE &
AN Kok ACE g An45]. Vitamin A €< &
stasE SACE ADEAE ER WHe d7e %
vitamin®] FE7t 32 ve|uh AW, A&d Foll g3l ok
A Qs BHO R T AlEAo] oA Xﬂ;‘w‘ 3] A3l of
st Ao|t} ADSHALY] AT Yo EA)5= APP isoform<]
EAHE Wl A dF A7 s Baso] An34].
APP+ alternative splicing®l] &J3] 67}4] isoforme] AJA =™
o] 7kl o] oM LHHT U= APP770, APP7513
¥ Bo]dog wdshs APP695S 371X7F 8 FHE )
gitH2]. ADSHA} 2|3, ob4 ADE F =R = ¢Fkert AD
29 A 7sAe] B2 7] AA 58 Adl(mild cognitive
impairment: MCI) &2l A] 4T oA AAE= APP7709]
st wel APP7519 APP6952] Althd nlgo] Z71E %]
o, o]2igk A3 ADS H et AR LT frof A
TAE HAvH46], o9, FH2HEF ADE Aol

A HA EE T i‘ﬂ’\E]iol ADS} Q1A% Aol
g 90 F 3ie A3 o] HIFHCH, StainE-g A}
3 ADE 9 }-‘7’}17413 A AR E 45}‘5,
StatinA| G0l FH2EHE AsAE 5&3 AltEoA ADZIE
o] ZFoR5ol ER1E vl Ath47, 48](Table 1).
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H o9&yt WAt A A7) Y4 (magnetic reso-
nance imaging: MRI)oJu A A =2 (positron
emission tomography: PET), & ¢]slt=29(single photon
emission computed tomography: SPECT)& ©]&3F A}

719 (brain imaing)°] MZ$ ADAGuAZ ZHguty
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Hl WA Z7]d] o]Folz] AFEE ADEAY] WA Yehte
ZAQ Wiy tiAEe] AgE ¥ %]‘ Atk vMRI (volu-
metric magnetic resonance imaging) AF+Z2Z ADSALY]
AT A ii}‘;}ﬁ] A == H2A o) H49 v
afo] 2ul] ol whE RITAE HAAT, 27] AA Y Fol
ilx]—TLO]]/\i oju] 3]7‘1]-4 XHW"] R3)e] At gy, A}
T ADZE =] 1 MCI AT 184
Sl A Bt ¢ w2 A B49]. " fuoro-deoxy-
glucose (FDG) PETS o] & ’EZ 4 tAFS-(cerebral metabolic
rate for glucose: CMRgl) &4 7,%_‘-4::, ADE] Aztx e} z3
Ao H#ste] ¥ posterior cingulate®} W] HA F
-‘?‘]"ﬂ"i GoiAkEe] A3tEE BAFUT50, 51].
= AR=E ADZAT HH:H oz= lc]ZZlo}] 7}]1;3]-5]01 9\)\“_:‘
t&,] F FAER] ABE O]Z]UL T e FAE AZsA
R ABTE oF& WE
ﬁé‘ﬁ%ﬁ‘i(ﬂ—sheet)ﬂ] zg@%_l x;&g MRIUr PETOE owzz}

ro o

7o dgoF 1994, A,828—°— 91 o}_ 13 SE!
10H37} 730 BBB Fa-&o] v FA1A
Wengenack 5(2000)°] AB409l] thgt A E P2 FA ]3}04
A EErd oA H2F Lolute] AgdS s,
Bornebroek %(1996)% 12512 A3 serum amyloid P com-
ponent (SAP)7} cerebral amyloid angiopathy §PZ}°]
cerebral cortexl] é%%—% SPECTZ &2l&t9itH52-54].
et Agd &+ ¢ _/1\_335}%‘%3 A sl Rol= 01X4]°1]

1101111 BBB°ﬂ rﬂ 3}

33tE (P1ttsburgh Com-
pound-B: PIB)3} FDDNP 50| dAAIdM 443 Az}
£ Holx 955, 56, FDDNPE] 7%, 9e] Auj@izie} 7
o S e R o A ADSAL ajukel A
EA), 1187 entorhinal cortexol|lA 7} =& AEE K9]
B Eglom, AD3ALY] ALY HE2A HAHE o83 A% A
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FAAL chip 710, o]x 7195 (2-
dimentional electrophoresrs), LC-mass 52 & "J genomics,
w&9 o] Wig *MWE«] data-base &
53 &% B3k (bioinformatics) & WA grEeln 7hsdt
A =3 olH g gtke] HES T3l ADE Hrh Hgst
A G F e AE 22 7 A Aol ZdE de
2O] Aellx 7P FoEA AEHel & B2 ARl 7
Ae AHE vgo R st AD3RIS} A4S 7Hset A st
71] Adste dojth ADSIAE YO R ke Aol kst
AR 7] ERHE OIRE S0 IQU vel, W& Al o)
no gk k= MMSE (mini-mental state examination)
1} CERAD (consortium to establish a registry for alzheimer
s disease) test 59 AGTHHALE Fslo] o] FAAL o
02 JaeA A5 ADEC] R 7hgAdo] 3 '3— E ]“4'74]—4
ADEAES SHd3] wlAIHA] Eslm, ADE X Al A
AR A 8ol Vascular Dementiatb Lewy body Dementia
7F A YEVAL Qe A9k AA gvh s 9eEE X
Ao R o] 77 T AFIFolA FH olde AFAI=
o] AAHA AFHA &> AL FIHEE o AL &
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Atel de g A, BA o BEE 2 FF 1A
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5SS wgste] 2w 13 Aes FAHT 5 e Jdx
Aol gk A4 ALY Y A5 B5S A=
H 850 ADAEA AR 7149 Ees & F s
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