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Abstract Silver staining profiles of Pick bodies (PBs) and their relation to tau-like
immunoreactivity were examined on hippocampal sections and compared with those of
neurofibrillary tangles of Alzheimer type (NFTs). Pairs of mirror sections were double-
fluorolabeled with an anti-paired helical filament tau (AT8) antibody and thiazin red (TR), a
fluorochrome that identifies fibrillary structures such as NFTs. One of the paired sections was
subsequently stained using the Gallyas method (GAL), and the other using the Campbell-
Switzer method (CS). By comparison of the same microscopic field on fluorolabeled sections
and on both silver-stained paired sections, four different profiles of each structure could be
distinguished: AT8 immunoreactivity, affinity to TR, argyrophilia with GAL or CS staining.
PBs, containing mainly three-repeat (3R) tau, were positive for CS but not for GAL and its
affinity to TR was, at most, weak. This selective affinity of PBs to CS is in sharp contrast
with tau-positive structures of corticobasal degeneration/progressive supranuclear palsy,
which are positive for GAL but not for CS, as we reported previously. This contrast is
explainable if the argyrophilia with CS is related to deposits containing 3R tau, while that
with GAL is linked to those containing four-repeat (4R) tau. Indeed, NFTs, containing both
3R and 4R tau, are positive for both CS and GAL, as expected. Taken together, differences in
molecular composition of tau protein in these deposits are linked to their argyrophilic
properties that are dependent on the staining method. Although explanations for these
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empirical differences are not yet available, awareness of this clear distinction is potentially of
diagnostic and pathological relevance.
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Introduction

Degenerative tauopathies are characterized by tau-positive deposits, and some of them are
considered to be diagnostic hallmarks for some clinicopathological entities. Tauopathies are
currently classified according to the difference in their molecular species [three-repeat (3R)
or four-repeat (4R)] of pathologically phosphorylated tau [26]. Disease-specific definition of
tau-positive deposits, however, is still a challenge because differentiation based on the their
immunohistochemical profiles are so far not very successful in spite of this biochemical
difference [5, 6, 10, 19, 38]. Because of the lack of reliable routine histological staining that
discriminates these molecular species of tau, combination of biochemical analyses and tau
immunostaining is considered the current standard to delineate tau pathology.

Initial observations on these deposits, now known to contain tau protein, were based on silver
staining methods. These methods are still widely used for diagnosis of these tauopathies and
Alzheimer's disease (ADY [/, 2, 7, 9, 12, 14, 15, 22, 36). Further modifications of silver
staining methods have been reported [3, 4, 17, 27] that claim an improved sensitivity with
lower background and easier standardization of the procedure. Because the Gallyas method
(GAL) [12] and its modification [4] are highly successful in visualizing innumerable lesions,
it may appear that the differences between silver staining methods are based on their
difference in sensitivity. Indeed, various silver staining methods have been demonstrated to
have a different sensitivity in detecting AD-related deposits [8, 11, 18, 23, 33, 34, 33, 37])

In our previous study [32], we found that tau-positive lesions in corticobasal degeneration
(CBD)/progressive supranuclear palsy (PSP) were positive for GAL but negative for the
Campbell-Switzer method (CS) [7, 25}, another sensitive silver staining method that labels
neurofibrillary tangles of AD (NFTs). Because both GAL and CS label equivalent number of
NFTs, this discrepancy between CS and GAL observed in CBD/PSP may represent a feature
unique to CBD/PSP. This implies that differences in silver staining methods are related not
only to their sensitivities but also to the characteristics of each tau deposit. This prompted us
to examine argyrophilic features of another type of tau-positive inclusions, Pick bodies (PBs),
that contain predominantly 3R tau. Although little is known about how these argyrophilic
properties are formed [/3, /6], “argyrophilia” is now found to be dependent not only on the

sensitivity of each staining procedure but also on the disease process, and, therefore, is of
potential importance in histological distinction of tauopathies. Moreover, this difference in
argyrophilic property may possibly represent a different architecture or molecular
composition of the deposits.

Materials and methods

Four cases of PB disease (PBD) and four cases of AD were enrolled in this study,
Pathological diagnosis of AD was based on the published criteria [27]. Demographic data on
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these cases are shown in Table 1. Brains were fixed in formalin and embedded in paraffin.
Serial hippocampal sections were stained either with GAL [4, /2] or CS [3, 7] and the
corresponding argyrophilic structures were compared. Mirror section pairs (4 pm thick) from
the hippocampus were subjected to subsequent studies to identify possible relation between
argyrophilia and tau-like immunoreactivity, as reported previously [32]. Pairs of mirror
sections were first incubated at 4°C for 2 days with an anti-paired helical filament tau
antibody (ATS, 1:10,000, Zwijndrecht, Belgium [20]) and the target epitope was visualized
with an anti-mouse IgG conjugated with Alexa 488 (1:500, Molecular Probe, Eugene, OR).
Sections were then incubated with thiazin red (TR, 1:30,000, Wako, Tokyo, Japan) for

15 min. After being observed under a confocal microscope (Leica TSC/SP, Heidelberg,
Germany), one of the section pair was stained with GAL and the other with CS to compare
argyrophilic properties of each AT8- or TR-positive structure. Identification of the same
microscopic field on the fluorescence images (AT8 and TR) and on the corresponding silver-
stained (GAL and CS) pair-wise images allowed us to compare staining profiles of each
structure based on four different properties; AT8 immunoreactivity, affinity to TR,
argyrophilia with GAL and that with CS.

Table 1 Demographic data of the cases (PBD Pick body disease, AD Alzheimer's disease)

IPathological diagTsig”Brain weight (g) nge at death (yt;r_s)l Duration (years)| Gender!
IPBD ~ 1,090 |i56 s M
PBD 11,080 ll64 IE iE |
[PBD 1,120 67 [10 M ]
PBD 890 [83 iE IF |
|AD N 1755 62 |15 I |
|AD 11,250 \l65 5 M ]
[AD 11,070° le6 1o~ M ]
lAD 780 |72 jls IF_ |

Results

On hippocampal sections from AD brains, CS visualized NFTs and neuropil threads (NTs) as
well as innumerable senile plaques (SPs) (Fig. 1A). On the neighboring section, GAL also
visualized NTFs to an equivalent extent and a larger number of NTs (Fig. 1B), while SPs
stained with GAL were limited to those with neuritic reactions. On hippocampal sections
from PBD, CS clearly visualized PBs (Fig. 1C, E). In contrast, argyrophilia by GAL

(Fig. 1D, F) was nearly absent or, if detectable, very weak (asterisks in Fig. 1D).
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Fig. 1 Discrepant argyrophilia in PBs. A, B AD; C-F PB disease. Serial sections from pyramidal layer
of hippocampus, A, C, E CS; B, D, F GAL. NFTs in AD brain exhibit argyrophilia after staining with
CS (A) and with GAL (B) methods. PBs similarly exhibit argyrophilia after staining with CS (C, E) but
their argyrophilia after staining with GAL is, at most, weak (asterisks in D, F). Arrows in A and B and
arrowheads in C and D indicate the same blood vessels. E, F Higher magnification of squared area in
C and D, respectively. Asterisks in E and F indicate the same neuron harboring a PB (PB Pick body,
AD Alzheimer’s disease, CS Campbell-Switzer stain, GAL Gallyas-Braak stain, NFT neurofibrillary
tangle). Bars A-D100 pm, E, F 25 pm
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This contrast was further confirmed on mirror section pairs. Fluorolabeling of a mirror
section pair from AD brains with AT8 and TR visualized NFTs and NTs (Fig. 2A, a) that
were clearly stained with TR (red) or both TR and AT8 (yellow, Fig. 24, a, arrowhead),
dependent on their evolutionary stage [29]. One of the section pair was subsequently stained
with CS (Fig. 2B, C), and the other with GAL (Fig. 2b, c). Each of the CS-positive structures
was identifiable on the corresponding mirror section stained with GAL, and vice versa. These
structures positive for both CS and GAL (asterisks and arrowheads in Fig. 2B, b, C, c) were
also positive for TR or for both TR and AT8 (asterisks and arrowheads in Fig. 2A, a).
Another section pair from PBD brains, initially fluorolabeled (Fig. 3A, a) and subsequently
silver-stained either with CS (Fig. 3B, C) or GAL (Fig. 3b, c), demonstrated that each of
AT8-positive PBs (asterisks and arrowheads in Fig. 3A, a) was stained with CS (Fig. 3B, C,
asterisk and arrowhead). GAL, however, failed to label these PBs (Fig. 3b, ¢). Affinity of TR
to these PBs was less evident (Fig. 3A, a) compared with that of NFTs (Fig. 2A, a).
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Fig. 2 NFTs exhibit equivalent argyrophilia with either silver staining method. Mirror section pair from
pyramidal layer of hippocampus of AD brain initially fluorolabeled (A, a) with anti-PHF tau (ATS,
green) and thiazin red (TR, red) and subsequently silver-stained with CS (B) or GAL (b). AT8-positive
neurons are also stained with TR to yield yeffow color, indicating that they are composed of rigid
fibrillary structure. Fibrillary structures stained as red are extraneuronal NFTs that lost
immunoreactivity to AT8. Both AT8-positive NFTs (yeffow) and ATB-negative NFTs (red) exhibit
argyrophilia with either CS or GAL method. C, ¢ Higher magnification of the area indicated in B, b,
respectively. Arrows (A, B, a, b) indicate the same blood vessel. Arrowheads and asterisks (A-C, a~
¢) indicate corresponding NFTs. Bars A, B, a, b 100 pm; C, ¢ 30 pm
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Fig. 3 Argyrophilia of PBs is dependent on the silver staining method. Mirror section pair from
pyramidal layer of hippocampus of PBD brain initially flucrolabeled (A, a) with AT8 (green)and TR
(red) and subsequently silver-stained with CS (B) or GAL (b). ATB8-positive neurons are not stained
with TR, indicating that they are composed of less fibrillary structure. C, ¢ Higher magnification of the
area indicated in B and b, respectively. Arrows ( B, b) indicate the same blood vessel. Arrowheads
and asterisks (A~C, a—c) indicate corresponding PBs (PBD Pick body disease). Bars A, B, a, b

100 um; C, ¢ 30 um
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Discussion

A number of methods of silver staining have been developed to delineate pathological lesions
related to neurodegeneration [/, 2, 7, 9, 12, 14, 13, 22, 36). Although some of them are
highly useful in diagnosis and research, their utility is based merely on empirical relevance
because little is known about the mechanism of how argyrophilic properties are engendered
[13, 16, 17, 25]. For AD-related lesions, the number (quantity) of visualized lesions is
dependent on the silver staining method used [8, 11, 18, 23, 33, 34, 35, 37]. This gives an
impression that the sensitivity for visualizing AD-related lesions is dependent on the silver
staining method. Our previous study [32], however, demonstrated that tau-positive lesions in
CBD/PSP lacked argyrophilia when they were stained with CS, while they were clearly
visualized with GAL. This contrast indicates that each staining method exhibits argyrophilia
in disease-dependent manner. In other words, possible difference between silver staining
methods is related not only to their sensitivity to detect lesions (quantitative difference) but
also to their ability to distinguish lesions in disease-dependent manner (qualitative
difference). In the present study, we expanded this approach to PBD, and found that the
argyrophilia of PBs was detectable with CS but not with GAL. This staining profile was
absolutely complimentary to that observed for tau-positive-lesions in CBD/PSP, which
exhibit argyrophilia with GAL but not with CS. Although we have no direct explanation for
this empirical distinction, one hypothesis is that argyrophilia with CS is related to tau
deposits composed of the 3R species, as we observed in PBD, whereas that with GAL is
linked to tau deposits mainly composed of the 4R counterpart, as reported in PSP/CBD [32].
NFTs of Alzheimer type, containing both the 3R and 4R species, exhibit argyrophilia with
either CS or GAL (Fig. 4).

Campbell-Switzer= == = = «

3repeat | 3 repeat

predominant
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4 repeat 4 repeat tau isoforms
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i

Fig. 4 Argyrophilic properties of tau-positive deposits are dependent on staining methods and on tau
isoforms. Diseases are classified according to their predominant tau isoforms. Solid fines indicate
positive argyrophilia and interrupted fines indicate negative argyrophitia (CBD/PSP corticobasal
degeneration/progressive supranuclear palsy)

Despite this sharp contrast, the staining procedures for GAL and CS are quite similar.
Alkaline silver iodide is used after pretreatment with lantanium nitrate for GAL [4], while
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pyridine-silver is the initial step for CS [7]. Because subsequent visualization of silver
particles is essentially the same for GAL and CS, this difference of initial silver reagents
(alkaline silver iodide versus pyridine-silver) is one of the major factors responsible for this
contrast. However, we do not yet know whether this distinction is based directly on the
difference in tau isoforms or related to more complex composition after tau deposition.
Another difference between PBs and NFTs depends on their affinity to TR, a fluorochrome
that labels fibrillary structures such as NFTs [30] or Lewy bodies [24]. This difference
possibly represents a different density of fibrillary structures or qualitative difference in
fibrillary composition, as demonstrated previously [29, 30). The lack of GAL staining, with
abundant CS staining, in PBs may be related to this difference. A mixture of 3R and 4R tau,
as seen in NFTs, may lead to a more solid organization of fibrils recognized as NFTs [29],
also identified clearly with TR. In contrast, deposition of 3R tau not accompanied by its 4R
counterpart is organized into different, probably less fibrillary, structures that escape
detection with TR or GAL. Our previous study demonstrated that PBs, composed
predominantly of the 3R isoform of tau, are preferentially stained with Bodian method
(BOD) but not with GAL [3/]. Conversely, tau-positive structures in CBD are scarcely
argyrophilic with BOD [28]. These data are compatible with the hypothesis that tau deposits,
composed of 3R tau, exhibit selective argyrophilia with BOD and CS.

Through these studies, we became aware that each method of silver staining exhibits
preferential affinity to tau-positive deposits in an isoform-dependent manner (Fig. 4).
Although this correlation is empirical at present, and molecular mechanism to explain how
argyrophilic properties specific for disease or tau isoform are engendered still remains to be
elucidated, awareness of these differences will help in clearly recognizing and diagnosing
specific pathological cascades, which are probably distinct from each other.
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3, THREETE, 1) REOERFTHRTRECEA
MEFERCEAT A, 2) BOFAPREBEHE, KR
KO (RER, MBS CHRESHEIBENELRT
R L i Ra D, Mg SEERoRESEELE
b, B AkMERERLETIENARTR, O
HEE, SHOBEEOETHERGOMRE L ORISR CH
n2EENE L, £ENH-> THEIT+HCTERWY
Eub5,

DRIEMBE (Mesulam & §))
:‘_‘.word fmdmg : %nn“ﬁff .Fﬁgﬁ(”’" U
S TERREN,ERTE . L ' L
2. EfE uﬂma%iéw,ﬁﬂ&yn<tbziﬁuﬁtn6
 RENOBEREAERTHE 3
D ma MR, AREHREE, ﬁ?l’ﬂ fup*g, @ﬁ Em*fgf
JEREH, HERSE L 52 EREE S AL e
SO, kﬁﬁ,ﬁ*Eﬁ%ﬁ.ﬁﬁwmﬁEE¢ﬁﬁ%ﬁiﬁ
CBENBB L s SR s
6. kOB nbmﬁ&ﬁmﬁtt' ﬁmmﬁgﬁﬁﬂ&ﬁurl
SUUESE bR, ERERVT -
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[wi]

KR &

| Mesulom 5 oieg L AR LEORA |

AR S KIS T SRR 2 E 5 X 5 aphasie
dégénérative?® LIRTET 5 LW IFAH DD 505, —EDE
- mEGET 5 b OTRZ Y, Mesulam i3ETHER
SERET 566 1) NEEOCETHIREDIZD &
Shd, £THH-THHELLBEEERRL, 2) &
Sylvius BEEOBHLLIKEELD, ThETORA
ST LEv»—8 & LT “slowly progressive apha-
sia without generalized dementia” & V> BEREE 2123
L9, % {7k primary progressive aphasia (PPA) £33
EUAAEE S H, BERAOZEHERLRINLTVD
(%)Y, BIEEE XN T3 frontotemporal lobar degen-
eration O TIX, EHOEIE L LT progressive non-
fluent aphasia (PNA) & semantic dementia(SD) %% & i
5hTw3. PNA i3 non-fluent aphasia 2%t L, %
sapdiz, BEECEESHHYD, RCBEIERES
EvEnRshsil, EUEABROERSAI D EFL
51, EEEROHTHA LD ORERHEIEELEES
h3. —F%, SD BREBOEKEROEEPLE L flu-
ent type DAET, REPXEOBENDIET, HED
Bi-n2Z0%ERH), AEELALELIEEDERD
EE LR hTwa, ERI S PPA OBEEH
(Mesulam) i, £ZEOBiIMAT2ERCZIL L, BViEH
DIEFTHELTE S 5 ¢ #8353, PPA i non-fluent aphasia
DAEXTETIHEELDD, BEEERETS. LarLE
kLB ERS PR SD TH, B S B4 non-
fluent DIEES L H b, fluency ORED & TR RED
RARTE3ERESRY, HH, EHEERBI3E
FHEESE L LTHES nkflozsrizly, 593580

3616 LLE NREMEREEATAT/AEREPHRS
MEEERER

0289-0585/05/ % 500/38 3 /JCLS



A) 62 BEREFEE, transcortical -
motor aphasia(non-fluent type}
EBEDMEELEMHEN, 655
TFL LI ER R W Pick i/l
OB R (BE 1200 2),
PRI ESY DD, WEAE
MM wEEBBEIro. :

B) [EEFOHTEE Holzer 3+ . 'y
&, FEBM EEUIEESY
CBEEZ VA - A rED
3. (Mimura &' X Dz

C) 88 R, EFo=pR#T
2iF, BREEAZLTHREC
BEEEHELSETECLE
IR 2 Pick BB SRR
[RATR (BXHE 1115 ), E@EER
(*") CEHBHBID,

D) [ @ a7EE Holzer
&, EHLLEmEEC)cE B
HIhoBEE V-3 X%
B E,

E) R EE @ Gallyas ¥ &,
Gallyas Bt @ glial lesions %3
BECLLACEDanE,

{Ikeda &'V X b &z

: e i, o 4 _'3" %?: 3 ‘ 3
: ‘ P . Du m'.-rﬁ%x{kﬁ %
KEEEMW, BEERMIC Pick s BMahi- 24
REZIIEWIh b corticobasal degeneration 7723, ARORESF IR LB S,

HRgEhdbinds,
I naszommensm |

—7, AEREEHREORELSfAICET 2HE%N
AR, Mesulam ORFLUBEAFHEBE LA LWL 5, §#
¥, TREOBHESE LFZ 5l ETHE BB progres-
sive supranuclear palsy (PSP) iz  SBIE 2 -+ 5k
TR EREL D D7, KK ERELEHESE corticobasal
degeneration (CBD) Tit, & & Wbt ZA AR EHER
RAHBOBEREN D & 5 i - 7®, Pick 5T, BIEE
ATHRERSNIEEEDOD I RERERSERN i
B ahTEh2, BEKEET 5 Pick /MER Pick
body disease(PBD) icfR> T &, KEHEREIZI O
KBSESRBWILMBEASLIZENTWBY, %7, EEH)
Sa—OYEBCHIBRELLTESAShBRER, 2
E¥F VBEOHAGSEERRESHERCR 50 3
B, AMEEOERRLYMRES A EHE8L 218480
HHEILBHIGNTED, ThAThORBCHETHET:
EL-HBFAOEEND B KB, Mesulam
Pislowly progressive aphasia without generalized

dementja 2R L MEFEE L - B EB OB - 24
RHEAFLLDOIEBEESNRTED, F0HRILE RT3
PIRFORELESOBTRESIRTE WS 2
4T & 3%, Hodges 54 prospective 28827 L 7= fronto-

. temporal dementia(FTD)61 fDF&HE, non-fluent

aphasia L FEX 7 Fi2 ST, W6k PBD 7723,
SD e nfliz 9flT, PBD R 3BE4 ¢, SEH
Sa—UYEBEHEIHES4FATH o WD, TOR
R7TVIN4 2 —FAD) RS LEFEERRT LT
bbb &7, amnesia ° SD TRIEL - FBEHZE W,
FTD DR EFOMKEIE L, RIERENI 2 LD
TR ET R OEATAD LRERZ DL LT E
INETOEZHOCEELHDLEREDH 3, £/ seman-
tic memory OFIE X AD i b & S 1528, episode Lt
HWEHBNOBE S b WETAD LR 2 —H*
SD ELTRBIT2MHENDHD, 3 S5KEMLEERGRERE
HFROMHNEEND,
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Zrdt, PBD % CBD TEHS I ENT WA, L L, K4
BEOBREAENEBIC I HAEAEZ b o TuhE, X
Ew BT G SREAEEET & 2R b AR
A3, BowT 2 FIOKKEZE X Pick 7, WERHI W
$hi R CBD ¢h %, —HIid non-fluent O trans-
cortical motor aphasia # 2L, BiHAELTLE LK
Irhih 3 (A, BY. fuf i EEEMROEEL, S sensory
aphasia {2 % - 7 C, AIEAZEATF w EmE»E< (B C D),
EFEHFBLENRCHUTRZEZM, 2L TH5 L, ETH
FEEOHRDH SEHTE 2O RAMEHFEOSMICRS
h, TORECHIFESHEEES L IHReRET 5
DORVWEOLTAEBCRLS. Lirl, BFoEHEE
(CBD with aphasia), ETi= 2 —v EBROEH (motor
neuron disease with aphasia), A#-CEAEOZEL (Pick
75 : frontal lobe dementia with aphasia) iz ¥, %EELLS
DEH (PPA-plus syndrome) ILFHEGRE b RE T 5 &7
2RI OEEV D DY,
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RS - 43 ¥ 38 - 2004 £ 6 A

B A D it % 5 B
— RS OREBRERERR & = - £ & oBIR—

S

B om

R BOWEBWENKIE, BEAOFHEWMLE - BAGRER & BEE0EM - 2o 2 >ofiifEiz
EHEhD, WOPDBEFRENIOMERZERT I LBMLATVSS, ZAZFNOM
BErmHEoMRRATLLP TR, HAGOHBEAOMNRRLZ Y VEOZHI, FiE
BT AHABOMETITE CAG VY ¥ — MEOBERNE AE (ND) 27T, RIhS50RE
WCHWZEHREE, ZRTVHENSEE, Bl ouTiifds, VY- TP IE
AWEETAEEEY DA F—LRELRD, Y VEELIZ X 57\ conformational change ZfEL,
BHERDERE RS A T OMEBRI DTS & &, MEFIEL glial cytoplasmic inclusion 2 FlizR L
7z # W LY b—7D conformation IIPB{LIAAYEIRIZ X D NERIZE{LL, ZOBRVWIIEED
HEEPWHERHORIIC G T 2 R 2ERX 2R L TO A2 R T 5, R LR
VIINY S EHDRBRR, NIEREAEENEOMFZIEET S, NI 257 5RO
WEREILVLLIORELTERIRAKE VI &3, CAG VY ¥— MESIEI TR L - Fe
HoHZ iR, BEAOWIILE - HAKHEAE L MRS - OB EECEEL Ty -
B, BT LOECHEEZR LIRS, MEERV-ZAMMLELO L LTHIFLET,

ZORFEZHRDTHETILET, LFHTREI-TVLSRELZUETLILNTES,

F—— o T - EH - HIRFE, conformation, ZHYHE, = RICHEMNE

E U &I

MRTHEERE, ETtomBHEERDVTE
Fa3E% HBORHE T 3R E « HREAREHDO I 3k
RZHWERBHETH D, SEREBERINT 3 HENRR
W, (1) SRR - SR OB - BRIy —
v, (2) T EEE (Rucilisr) LThoh s, HIL
EDOHAEOR, It KENPTFITBIENTES,
MR DT %, apoptosis ZDERM A MIEEE
R = IZRIL L ETIBTHER 2 452 RAIHRD
RELBBFAY, EL2ARERIIAL NS MEE
- MIEFEOBRBIC» 2 ) ORBERMOHBH 500, &

L AKBERENTIVRESZ 0 2 DI THOE
Gh%», ThcHL, SEHAGOERIIRERE
BWLEZONDITINENE L, B EOBENTEE
EENTWAEALEWYY, HMBEEDEREED
FHRBRLTOIERAHTLLEHL L TR,
ATz g, ¥ 7EHAKSOMEHRIEZ M,
RELOBEIC>LWTE LD S, 2%, FHNE
HEIC A SN BEAEH AR S, MERZEOR
MEEAL T TEITALY,

2004 FE£2 A 3 HEZH

* Disease-specific patterns of protein deposition and their relation to neurodegeneration.
RN RATAPT N AR (T183-8526 HIEN T HRESE 2-6) Toshiki UcHmHARA © Depart-
ment of Neuropathology, Tokyo Metropolitan Institute for Neuroscience, 2-6 Musashidai, Fuchu, Tokyo 183-8526, Japan.
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AD infarct

\ \ é\

D2 & @&&“@M» R

ot TS -
& e E-g
Tx(—) 01%Tx  Tx-->wash
d :--__ . T

Tx
(=)
019
03% *
tau2
E 2 BEERAED tau2 FEBITER IR ISR K

hERERITS

Tau2 SFFEME IR REEERIEEET Tx(-) T ADD
HEEFRMEZL (A), WEEHRD 7Y 7 (B) iLH
Bir@isohnsdd REBERORENERT2IIo0
o) roBEEIRRECREL (D), 0.03%050
ETREET S (F), AfRORETIE, MEERESL
O tan2 FIEEMIIER XS (C, E) (bar=100um (4,
C, E), bar=50pm (B, D, F), 3C#R 54 X k%),

I. YOEEORENSHAKERET

1. 97ERAOREETARILOERICH DHINEH
TAYNL =i (AD) @ ¥ o &R, V rELF
DIRE B %20 CHRE L, SREREEL (NFT)
ZOEBRANEEEZHRT S L &h, BEREOR
FHBLEIRBRESTH B, —4, FUERI

K1 BEE0y7ERRY VELERYT, R
EEMRI LRk En s

R OBEERD & JEIZ Tris-buffered saline (TS},

1%sarcosyl/TS (sarcosyl), 2% SDS/TS (SDS), i

Bt (FA) FIAMEE O 28 H L, Bl HEHLL /- PHF

HE 4 (PHF) & ¥kBh L 7=, Alzheimer F58¥ (AD) T
tau2 X SDS WEMESIC BB T 2 tau2 BiE L K,
B#EZE (infarct) TIXIEH (normal) & [Fk TS HIE
HEDH D, gFROEMNLEL, TheDE
PR IS 3 tau2 ORGHIRREEEROFE
T(0.1%Tx) TiEET 208, REEEAIZEEED
T3 (Tx-—>wash) £, BUBEINDE, /o
i 7 5k (pool 2) to3td B RIS i RIS 1A
FET(0.1%Tx) ThRAnTwnD (CH 54 L hik

).

pool2

EEWRBICH HE L immunoblot "CHREITTEESAS, 1EH
D EE AL AW AR OB EE,
HEETh 2, EFHBMICFET 5 ¥ 7 EB T immuno-
blot LT Tris-"EHEHA DI EiEH 5, SDS A[E
@y EIc RSN S AD L2 OEFEREEHERE
72 538, immunoblot CREEIZEENZ ¥ VEHOR
RiRERBOLEZVEICARZL, BIYVEHOESR
OZE chRBRSLER ROBRIE, BiEE2HET
ZOERBELVEI IKELNS (@MDY, 20 Likk
BHBAENC Y 7T =BT EEE NG5
i, ZOFERBLHAGAOEMEOATREATE L
WEENRH D I EEYE-TVBMY AD D Y v E
Ai3Y LS ORNERS 2320 TIREL, Zhic
o ThRERRbAENICR b TE s LYokt &
nTw3, ETNEIEEMICTFET 2 ¥ v ERNRE
LRI HIE Lok, {15 2 ORIHER %
REZEEEELTWAMEREELI GRS,

—7, BEERIC BT, RIS Alz50 FHESY,
BERAMO I 707 7t tau2 BHSD L %25, Y
PEZESL % immunoblot THRHET 5 L (X 1), 7 7 EtES
Y FRIEFMKERU Tris "REEEZICA SN, £ D4
FELEHEENTET AD HTO LI Y rELIZ
I Twie, Atk ¥ 7 EBQDOWIT I, multiple
system atrophy (MSA) 2855 N 3 glial cyto-
plasmic inclusion (GCI) {2 b tau2 ¥ifEE B V-THS
o TE B,

2. Reversible conformational change

FNTREFEROT /o7y 7E GCLIcEFL
THLNS tau2 TV +—7ORFILIC, YO k) 2B
BHEL T 5725 5 0, Tau2 Hifk % REEERT
ETTEIEEE2 L, ZOREEMED immunoblot b
THBEERLTLE) L2 RBLA(R 1 $8), EE
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MR ETEETZ L, o b D glia D tau2 JEEGILE
RiCAOESERAEET cRBICHET 29 (T 2D,

F), AD O NFT TRAEEMAICIEHE L RL, —% &

DREE T tau2 BHESRZEFTIET BEED =

9ok, BUROONB L IcH B (K3C, D),
Tau2 L F—73, MY EAO T I BT
12 101 FH D proline fF3EI2H Y, Z D proline IHHHY
&8 42 5 T serine ¥ D conformation®® % & 2 2 &
T, tau2 PRI T A MM R HE L ST L1999,
EbFTI01&HH Dproline t2, ¥ ¥ 2 EHTIX
Serine IZH7 Y, V0¥ YEQERHEE LTHERS
7z tau2 HFifEHTZ D Serine 2D H D, ¥ 7213 Serine
B D conformation iCEVWEMEEEE T2 2 L b EMR
TE3, COEMIRAD T 7ERD Y YEMLicfEo
TR S & INTWw 528, IFEER 2 MSA T
i, VrBILcEUL24LENELLRZEED
immunoblot THET2RDBD SN VDT, ¥ H
HOE#HiSY v EBLEZAEFTta2 2 =7 D
conformation Z (LI ¥ 5 L#HFIEN B, ZhsVy v
BLE b wy I EROWEIL, FUEAILLRD
MIEMEZER L T RLRARE» Y TR, oty
TR & 2 RBRELSEEESBEA TR R VLR
THHAELTED, #VEARER, BRHEEBRICES
RIDFADRRE 25 L Ty 2 WEEEY S 3 (= 4),

ZOBEHIR, FhkSE LAHERREL RS (fE
RENTHEZFDLDTHSB, FOLE F— 7ot
T 5 RISt EET0» T Carmel 571, ¥ 72T
D 3RV HFL T 5,

1) Y BEAOBZOT L/ B—REFIKE>TD

Bl 4 Tau2 LY F—7® conformational
change
Tau2 fERHEMOEZ b > ¥ F— 713 101 &1
o7ay .y (P101) fiEicH b, AD TRy v ERA
MY vEEEh3EEbic, ZO7 I BN
serine #§® conformation # & b, 7L ¥ IEROD
RS (Serlol) wHHMlT 2 L3N T3, B
HERABEERE LYV EBRRAKD
conformation % & 2 TVv152%, REEEFOEE
T (Tx+) Tit conformation HZE{K L, tau2 Hifs
ADEgEES, iz LT AD ORERER
HEZALCId conformation DEE(LAERI izl ¢,
REFREAIOBFELET ) tau2 ~OEMERRES
NERETRELRS,

infarct

TR - 48 235 - 2004 SE 6 B

0.1%Tx 1h

0%Tx 0.1%Tx 1h wash 3h
tau2 in 0% Tx
H 3 REFBREACHEEL: tau? BEERGERSETT
3

MEEHOI 20 7Y FloAash B tau2 FREE (A) ik, B
FIEEAT preincubate T2 L #%£7T 5 (B: 0.1%Tx) 2%,
FTOBRAEEERZE T LV BEET 1 FFREI%SE (C: 1h)
®, RERET 2 LHBUTENLTE, 3EEOESE (D 3h)
TIRE SIS 3 (Bar=50um, W 54 X b)),

&, TOBMEIHE I N TV 3HE,

2) BEADY VB E o T, 20HMENE
LB 2 25k,

3) ¥V EHD conformation (U »Efkic & 22 %
RO ICE-T, ZOEMMEIE L WBELZIT
2 3E,

EHWC EIZ, BEZED MSA D glia 2 RET 5
tau2 PREEOMEMIZE BT 2 AlZ50 13, WTTh
b EED 3 oI N T w3, EEL -NERTHE
BRI Y Y BEREEET 2 EAI, AuaHi
FEHLEEE LDk EEEF L EBERIED 5 T
ET, WRLTIZ2IEr—T7OREEEETIZIBET 2
ZEMARBICR S LB bR B, Josephsen b i3,
vimentin i W+ A€/ 2 u—F+ A RBEO]L M
vimentin &MHFEED R, FFRSEL S amelogenin

unmodified
human tau

.
Tx(+)

fibril(+)

C

(Pey) )

Gt

RN ) N
fibril(-)

TS

unmodified
bovine tau
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® 5 ZHEHRS 24 F—DF 7 isoform 24 B Thiazin -

SEEREHHEOREIE BB - = . Red ; ==
4V =¥ HEIRWE T D corticobasal ' . '
degeneration (CBD), progressive supranuclear palys . Bodiarn m—e————— -
(PSP), argyrophilic grains ® ¥ 7 BIERE Y 3 3repeat 3 repeat ! )

d
Gallyas %4 & b BB et 2 1.3 35, Bodian B | + : precorunant
fal X BREMIELY.3 U E—FF7HEICH | d4repeat 1 drepeat
#£45Cy 2 /ME (Pick body) 1 Bodian Befick === = Gallyas
HEICRE S N DY, Gallyas Bfaic X 2 RGN ! AD !
¥ ! '\ CBD/PSP
I Z Ly, A D isoform 23¥EE $ 5 AD, Pick bodies - DNTC . i~ .
i argyrophilic grains

diffuse neurofibrillary tangles with calcification
(DNTC), Down syndrome T A ORAEIC X

! Down syndrome
l ) |

WA A E g, COBRRKELEZZYOR
HREARDEE T, chicEnErRoHEE
52 thiazin red ICXT 2 EAELE|FHTH 5.

PEEHRBBICESRTAILE, EEESLV
Western blot TH L7, HiEHRETIRELLL
¥ b — 7D conformation 5, 7 I /MEFIDOLL Bk
% 200G FTHEML, BERNOREFIC LT
SIELTAIEERELTWS, £/ 7u0—F i
HHEBRE L7 — 7D conformation % FEik L T
WV BEE, %0 conformation PSE{LERIESEICT L -
TELL, HiFcHT28ENELELLB DI tau
% vimentin (=R & 3", conditional epitope & IF535E D3
H5,

3. BEL SRR
bR TR Eh s k) Bz h Ty
YERRMET2LELZONED, ZTOWERRIZE
BIzEhERD, AUKATIRHICI-THER
29, REREMLR I VI =T EEELLI LT
ZRARBOVELTORTERY, B—0Ox -7
T 2 R EARLEOR Ty Y EOORE R LE
TRAREREERANCOELAZ LA (RD ok
HilE, 0L IAMWIINT iz, REDHEER
Y 5 iz, LLATS & W EEFE (thioflavin, Congo
red, thiazin red) 23\ 6T & 72, HHEEFO—EIZ,
R X 17z B ~sheet BB o E -0 EERE ICEVWE
MiE%H L, BEEEES L 2Z A NFT 2 LAy
BRI 5 2 L AT E Y, BEERGEICRIEE
BT 3HNEFETH S thiazin red (TR) LI1 PHF 77
itk (AT8) Z B ZEHRE2THI E, YV BREF Y
OWE LIRHERROBRICER I LORNENS 20 E
SHhEERMICEABTE LYY, KKEHIIAGNS
U ML v Mt A X AD B, diffuse neurofib-
rillary tangles with calcification (DNTC) @ AR EH T
i3 TR B COIR RIS 2 & 54, ARMEHER
W2 MERE (corticobasal degeneration : CBD) Tt TR &

- AT3 :

MM, U By YomEMELIC NFT
WHRICBEEZLRIBohwItzRLTWwE,
Bancher 5 i, AD WEEEICALNA DL ) ks
% pretangle neurons & L TERHL L, NFT FZRE D BT B &
rE5 79, Lo L CBD BTN G & 7k
MEHTERICES RWwE E, EE¥EoTw RS
Wi LERTE, SEBRAFCAONB Y IHEORED
SFERORVE, BEERCELLTHEVIBRR
POIEAETIEEELT, Y 7 EADWREN NFT 2
BICEZRBEZE FHTHSLIZT S I LI
3,

4, B SHT IEBELEDORE

MR ARLER, SRETIE LT REE
THILICE > TEORFEELERLTWwE, HER
IEF—TORICHEERTZEY, ThUNOEER
Vol ARTHRT 2 AEREVI LD TES, —
7, SRR EORYOIROE, #MbATL Ehi:
BRMAY ¥ —FThh, FEZHEEDS LTY
Bohfcz 8t —7OBREROR DI EET 2%
BhuhBEHREELE, B3R 055 LEE
NBERETIHRWY, B X 2GR
B EVIBETOELLLDREND Z LSV,
ZOREEBFICOVWTHEHINTWIFT RO NT
VWBBA 2L 2 IFNFT 2 BB T 20IHAEINS
Gallyas H21420}%, Bodian it L T—R&H %
{ OFERBEHLTVS L) IKRA, HRENEY %
REAZBERIDVEVEVIAIREZEZI I LHS
WA UL, VrEBbY YRS Yy 2/ME (Pick
body : PB) &3 iZ Bodian & T REFIZHE E R,
Gallyas Jefric iz ipaanuic W, L 32 LERaD
BORBREOEICLEELT, NRETIHEMOE
BrHhoBERMLTHWARLEZLBILNTES,



