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Abstract

Deposition of amyloid beta protein as amyloid fibrils or non fibrillar aggregations in senile plaques characterizes
the Alzheimer disease brain. Microtubule associated protein tau is abnormally phosphorylated in AD and aggregates
as paired helical filaments (PHFs) in neurofibrillary tangles. The purpose of this study were 1) to identify the
entorhinal cortex pathway in the normal rat brain after PRV injection, 2) whether amyloid beta 1-42 injection
caused the hyperphosphorylation of tau along the entorhinal cortex CNS pathway.

For analysis, rats were sacrificed at 48 hours after PRV injection or cut, at 7 days after amyloid beta 1-42
injection. Brains were processed for immunohistochemistry against PRV. tau-P, or 6E10.

PRV positive neurons were observed in several CNS nuclei including hippocampus, and tau-p neurons area
appeared in several nuclei including TM.

These data suggest that the hyperphosphorylated tau has been increased in the CNS nuclei along entorhinal cortex

pathway. and this may cause memory disturbance in Alzheimer's disease patients.
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4% 72+ (entorhinal cortex)2 HEA EHe
o, ZsfulolFe] AFo AN gtk £3247
AL nlg dF=9 YHF FAE /HAZ oy
(Hauss-Wegrzyniak &, 2002), vt 7199 + A
Faetn g2A AHGolomb &, 1993: Henke &,
1999). vl A2 F FHAH A% F=2 £5432
oA festy FEZE WA AGE Fdsid
Aolo|Ze] APANZANESY AFE FHAT (Chow
¢} Leiman, 1970). &Rsfojvgolre £F42AF
0. N3 23 9§33 gwo] gAY
(Giannakopoulos &, 2000), £3¥4229 A7F &
& HE BS AS AR JoAN 9FFY 7]
g &8 U 23 HYUo (Nagahara &, 199:
Gutierrez &, 1997). @2}A 7145 g&Ad dF-Ee
A7 £347228 Ao ey £3424
of ABl-42& Fostd Xulg #EE A+ We
Zasth

taus AEW U@ ZRHA e FE F4
ddoln] nA#e] A MAFNAFE VTS 7}
A3 it} (Jellingers} Bancher, 1998). ©13 34 tau
7b BAAMEE taud] FHE AGHE RS AR
Uitsie} ANl 73 BHZ A 2AHA
B, dzsolmye ZAWTH Pid AFHH
Foj2 g 94 HAASE tawt AFHE R &
21 9lo}(Mandelkow$} Mandelkow, 1998) <143}
H taue gAY AAEAZ AAAZ QL
5 FAiad taus FHF AFAIE AFAE A
FRF N e AoZ guiA o £9, 4FFe
2 otz 20|t He} 2ld g vk hippocampus)$ H
T (amygdala)ll FY43 A ARSI tawt F
72 B3I (Sigurdsson &, 1997: Rapoport
5. 2002: Ramirez &, 2002).

A9 LS 83 23 £33 42 AU ophRo]
E W 1428 FUE 2§ obdRol= ulE 1-427}

BZs|, WHs, 0|22

&3 4249 AFAX AHERPE fEs AX
W ol AT Qe 4 9 taud AR
A3 A1 Aoz 2&dd a8y A 22 7Y
9 AL 7193 #HE H&Y AA NF8EY &
& o7l AE 4 oy o8 Hus HEY 5
AAYe oldzol=9 AAF} AEFEAN AMEE
BT g ¥ AFHR dF AFE AU

7195% @AY Aot £3ARE 437159
Ao gz3oMy Aoy k& EFste o7
534 HFA#GAN EuHI qlow, FFHY Agd
A 7179 ethanol FoAlo] A7 719Y &GS
AR F-29] AFAEEY 59 g4E FHdT
I Buse](Kuhl &, 1999: Arendt, 1994) 7199
£42 H9 FHEA W FRdte RAE A4
o e A7 F2YE AR

20 o] 8H7 AFF AFANY uwpol 2
pseudorabies vlolElis F4HE wi} o] FEUA vt
olg&7t F4H 1 F71 F7HE # okl dHe
44 38 + de 540 A4 189 FYPez A
A ANFZE ZAE 7 ke Aol Ao (Cards,
1990;1993). 2= pseudorabies vlol A Txo
A FFANBLZ oojRl A NPRE T B3
UH(Streefland 5, 1998: Motawei &, 1999), &l A
olojZl AA AR FFx AHEHI $Uoi(Larson
%, 1998: Teclemariam-Mesbah, 1999) I 54l
YZHAon B AFNAE AFZ2 FHAZ E83t
o AR £3423AY A4RE TR &
. & ol £3422AF o9A e A AF=R
9 AZZ U9 AE33g 28 Wole 42 H(&
2434)9 &4 9 Ag/Ae A4 AF2E U
o2 3o YAz ol st Y5-Ho|g 4
Zt "ok Jols} ABL-429] Fo ¥ #ILSHE taud
3717t olg AZARY NFMEEANA doAUsAE
AN 92 ABL-427F AFAEAPE S sk
Yolzt 7153 FEAA AFY22 AFHE E4E
F Aok 23l Ak

et B AT E ABl-424] A% £343A
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ANFAE Ad 2 2 714E $A8t, pseudorabies
Hlo] P22 NFFARE o] @] ABI-427t £¥%
24 9 £57379 AF =4 o TS TH
g oz zAERA QA ol= Alzheimer HolA
Hol: 4 EAQ APl-429 9% £3743ANFE
AES A 9 AFz9 W 9 339 829
WaE Bt 7|3 AT dFE AT H2 8 (53
Alzheimer §)olA A= AFZAX A9 &9
712 g wal=d A TRE F AL Rolth

Ag P

1L A¥5E

A% 250 gm WY 44§ Sprague Dawley RAE
S0ulE 8 g4 7 glol AHgaid AEEES 9
Bl A 20-25 TY 2EE AT FEASZA
A Aag EE AfEo] FFHH ASHAG.

2. AB1-42 ¥4

o Zo]= wlE} 1-42(Peptide institute. inc.)& PBS
2 200 uMZ 3o ALgFHAAA PB(-70 Tl 2
#3, FJAAd 2o AgsHth HAPAFerT
(stereotaxic instrument)ol FHe2ZlE IZAY F
Swanson (1988)¢] brain map:structure of rat map (No.
)& FZ st £34BAY obZRol= g
1-428 FAsHAh

olRzol= et 1-429) F9) X+ Bregmas 7]
zo02 3o HZo2 §3 m(AP -83 m), $£&2=
54 (ML -54 m), 283 9 EdHA olf=
45 mo2 £34848 EFAFoE AT

223 A2 47 PBS 5 ue ofERojE
e 1-42 200 uM 5 WE FAFAL FYS
electrical injector® AHESR FYUSEE 004 u
/min & #ch 3¢ ¥ &/ 3~7¥2 A

3. ulejE &

Pseudorabies ®to]2lA% Bartha strain (PRV-Ba
2 e B AgAAA F4 AFA AgSAT
strain porcine kidney fibloblast (PK15-cell) oA
71 AL PE(-0 V)BT FAFHY =4
ARG AL AR 13 A& ol virus strain
£ acetone-inactivation® R& E7lol FAlse ¢
£ rabbit anti- PRV-Bag A#3te] A&t of
3 AgelA o] viruse ZEELE dReY w9

S8 Qs AY #BF BE A% 43
B2 939 Basto FHE A 4§ ATA
= EA 13¢ 7Hed 24, vk2a 9 e A
£3d AHg F= 2R 274 AT EF EE
£EEFE corax2 AEdd E@se F TYUY
Arzo] thulate] Hde AFEA =H& A

4. vpol 274

APSEES 49 JAd BHAFAIZ  Ketamine
hydrochloride(A1€+2t 50 mg/ml)$} Xylazine(FE. 20
mg/mD¢ 22 A% 100 g2 015 ml, % 005 m¥
He £AE FAEY HPYFE7I1T #HAE 13
ARAL I F HREE FEAlolol gFHALd o)z
A AN A2 =30 ¥ A#AE =EE 0
golo} $AZo) 7Y& §32 Hamilton syringeE &
42830 RN H A% FYZANE ol 834 3
u9] PRV-BaZ FYaIdch 1 ¥ AM3 FAbbs
2 FEIY AAY ¥ AAYIFE FeFHAE S
5108 MHs 3 e ARE B Fo FA B
Astgidh

5. Cresyl violet ¥4
452292 PRV-Ba%) 79 9XE 98] 9

AM cresyl violet FAE AAlSE 30 mE FH A
%22 gelatin coating® &@l= 829 mounting
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3t xylene I, II, alcohol 100% I, 1. 95%. 10%= =}
Ho2 4 589 AZ o2 05% cresyl violet (pH
39)8 1583 98T 22 B2 A5, ¢
APEE FFL aleohol 0% H%. 10% 1, 11,
xylene I II #3& 584 AZ F polymountE £
st A Zo FAF F AR #FsAh

6. 22A

PRV-Ba #Y4F < 3~549 AEA%E & 08
4 AL ] 59 vFdeR nFAA 4%
€ F39 #FLFE A FRIPL WA
0.1 M sodium phosphate buffer(¢)3 PBz} #)el
heparin(1000 IG/1000 ml)& 4L £4L8 1087 &
FAIF1Z 4% paraformaldehyde-lysine-periodateS 30
¢ #F AAY FF2Fel Bd F O, 24
2 HE7] 5& AES U2 Y 13N 4 Tol
A A S 27 Fu3E Agagd. 2 ¥ o
Al 01 M PBZ 1AZt < A3 20% phosphate
buffered sucrose &ho 12A1F WA 48A17 ¢ &
7 B@sigth RgE H2IES FEAEIE
(Cryotome. AO) ol &3t ¢ 30 um FA9 #F44A
£HAUE BHEY 6-well plated] £AHE Bs}n
3 2k 3008 3= =AFWE free floating method
E 19243 g g Agso

7. PRV-Bae] & " z2 3}

AL 1:1000022 BAF 12 FAo 2HPUE
€ "7F A2elA 12212F WA 24A17H5< ¥ A1 AT
olf 1z A< 542 (.1 M PBel 1% normal goat
serum(Vector Laboratories, Inc. A1) 03% Triton
X-100 (Sigma)e] 44 U= AL AREEP 2 &
ZAHAES A 2oAM 1587 28] 01 M PBZ A¥
gt 22 AR 1:2002.2 3A¥ biotinylated goat
anti-rabbit IgG(Vector Laboratories, Inc. Al)ol A&
oA 1A 71F wEAATE A 1583 2819 (1

B, WIS, 0|88

M PB #4133 & A ¥ peroxidase’t EXE ABC
8ol @7t A2AA 1A 71 whgAZt 2%
Al 01 M PB2 1587 23] #A82 WA 30 mg9
3-3' diaminobenzidineE 150 mlg 0.1 M PBel &¢I
oA 58T B3N ¥ AL E 0005% H
A A7rstel 249 SAdES o 587 AFsidTh
Hgol B¢ 2AEL A 01 M PBR o A3 ¢
MBEAL gelatinol Y7 &Z}ol= SJo A= gl
4 CAAM 12N o) 3Z AR, 2 F E4HQ ¢
Hol @et g2 xylened g% FPHE AR
¥ permount2 &5t FEAv|Foz F2A.

§. tau-P, NeuNel i@ Hz2 334

6well plate®l =& F 4#9 ZFd tau-P9
NeuNell dig "HzZ3s FA g AAsHh g
< 1:500 ~ 1:1.0002.2 3AE 12 gallo] 2AHHA
2 B7F 224 12217 A 4AES v
Ao old 1 M9 42 01 M PBA 1%
normal goat serum(Vector Laboratories, Inc. A|)}
0.3% Triton X-100 (Sigma)e] 49 A& RE Al¥
AR 2 F 2AAAUSS A4 1587 23] (1
M PBE AH39 23 FAY 1:200.2 IHE
biotinylated goat anti-rabbit IgG(Vector Laboratories.
Inc. Aol AN AT 713 whAIATh ThA] 15
w2 2819 01 M PB #4133 & AR % peroxidase
7t EAE ABC 899 @7 A4 1417t 7} ut
SAFHT. 3% U4l 0.1 M PBE 1583 23] 438
2 U4 30 mg9 3-3 diaminobenzidineE 150 ml9)
0.1 M PBoll =21 84oA] 587 wigAll & 4t
gaag 0000% SA Arlstd 29 wAwreg
o5& Al wgo] Bd =I5 T4 (]
M PBE 48 A3 AL gelatino] 4R &3
ol fd AR ¢lo] 4 TAA 12413 014 AZ
ARG 2 F F4AA ol de} e xylene
9 g9 $338 AA F permountZ B
BV Z ez FEQ
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9. TUNEL 9444

TUNEL kit (Intergen) & AHgstd 4d& 3%
stgt}. Equilibrium buffer 10%, TdTE Eddste
nick end-labeling solution(Reaction buffer)oll sample
£ 1412 59 37 TAA @A s A2AAM Stop
solutionol 108 ¥ @Asgch FITCZ d4d
TUNEL positive cell2 counting 3t%{Th

10. A=A

ggo] BY A5 FEHAE1 % (confocal mi-
croscope) & ©1§3td] o] FHMAREHE ZAIEY A=
st 29z NIFE Adstd AMFRE=R
A g A
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1. vl AA=R

879l dvlol pseudorabies wlojH2AE FURF F
nog 28 gAE AP 2 HZAEY (ventral
tegmental area), ¥ Zoté71® (subfornical organ),
22X4718 (superior central nucleus raphe, medial
part) 5 59 54 oM Fguhge] velten], ¥ F
Fol we} Pukge 3ol 8 BcKfig 1, 2 Table 1.2).

2. Wlelold 2o = 1-42 o] F ¥o| W3

MElobAZOIE 1-42 S § 3934 72 Fof A

Table 1. Immunohistochemical intensity after pseudo rabies virus injection into the injection side and non injection side of

the brain
Post injection 1 week 1 week 2 week 2 week 3 week 3 week
Side Injection Non injection |Injection  |Non injection |Injection Non injection
Area(positivity) |[EC(++) EC(-) HP(-) HP(+) EC(+++) EC(+)
LHA(++) LHA(++) EC(+) EC(-) LHA(+++) LHA(+++)
CC(++++) CC(9) Brainstem(+) |Brainstem(+)

Abbreviation :

Table 2. Density of the GFAP positive cells after A beta injection

CC, Cerebral cortexEC, Entorhinal cortexLHA, Lateral hypothalamic areaHP, Hippocampus

Rat no. Cell No. area density Cell No. area density
0-500 mm2 Cell No/mm2 | 500-1000 mm?2 Cell No/mm?2

1 621 3.5 177 208 4.5 46
2 651 3.5 186 249 4.5 55
3 633 3.5 181 238 4.5 53
4 442 35 126 269 45 60
5 535 3.5 153 302 4.5 67
6 274 1.5 183 120 25 48
7 385 15 257 236 25 94
8 597 35 171 322 45 72
9 522 35 149 201 45 45

average 175.89 60

stdev 36.26 15.76
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A5 3Esd ¥ 7 R olYRel= ZHaE
B 29 dx 92 594 EeolA PAurgol Y
el thfig 1).

3. vl 2ol 1-2 Fof F duie] F3AA4=

HEtl R0l E -2 £ F 343 79 Fd 8F
9] sfulel pseudorabies wlolElAE FUIF A}

> g2
=) e

(medial geniculate complex, medial
part), WZQAZE S (medial geniculate complex.
ventral part), ¥ Al4(thalamus) 59 AR
Fergol gastdnh. a2y FAutgoME $4
grgol F7kehA #EAHAOW, e ¢y ug NF
Y52 WslE Holx gt

U

Al A dHES gRdogez EFE0
(Fahlander &, 2002: Herrmann, 2002: Posner %,
2002: Yuspeh &, 2002). 2 & €ZsolwF L AA
A @A) ¥k o] 4g AAFHZ 9028 (Jellinger 5,
1998), &3] H AZAEEY P PHoz Qg
U+ 929 94 AFA 4L A Ada &
HAS (Langlais &, 1993: Lehericy 5. 1993
Gonzalo-Ruiz, 1999). gz &}o]mj@zlol] 9lojA 39
AR 29 88 W2 eyt (senile plaque), A
A Folal(neurofibrillary tangles), o} 2olE &
¥ (vascular amyloid) §¢] #0219 (Pappolla 5
1992: Defigueiredo &, 1995: Hauw &, 19%: Dai &,
2002), 591 F54. A5, FIHY 949 @493
el 3 HEdo] A3 Yehdt (Masters . 1995
Sturchler-Pierrat® Staufenbiel, 2000: Rockenstein &,
2001). =3 A2 G Aol @29, ofd2o)= v
Bt djZo] MES o] I AANEY =
Y2EE 22N HIls BFAE 2Py ¥
AT (Kennedy 5. 1993; Shimizu &, 2000 Sjogren 5.

a8, WA, 0|88

2001: Tan &, 2002).

ol 2olE et gjA S HExuhie] /3, ME¥Y
B2 gl 2/37F AR glon, FAHANE
ofd2olt et g9 F+ HEQ N¢k 15-164
A otulidl Fojol AP ozN Aoz fIH
A AT gZ:sto|w &l HolNE F4T g o
Bt 93 2o ZAA FF HolAD (Anderson
. 1991: Busciglio &, 1993). o] AL oy
ZA A HASAT (Sisodia 5, 1993), wiel ¢l
< HoAMT AFddz 2a HA (Whitehouse,
1997). =3 in vitro A7 AT AF £F FolH o)
= dg 993 F 1-4Q(AB1-42)71 &3 2§ NEE
A A8Eg @92 EuHAY (Yankner 5. 1990:
Morelli &. 1999).

€ A 2% ABI428 £3424d9 FQlsin ¥
37170l %% 3 7 FYAnFoz AR BH &
24229 NZEAES de 9 ¥ JddA
AZMEY AHEE 8sgT da ABL-427t &
343849 JFAEY AHEE FEYS BEE &35
22 oojd ABZAE FFE A tH 9 o9
A FAdx AF Alde] opy] @ Aoz A€
w2pA ABL-42¢1 o3 SEAZFNAME A1E 9
3 71AE #4383, pseudorabies Hlo|HAE AAS
AAE o]gste] AP} £374RA U £%27478
29 AE2e A= %S FHdF oz xA el
A stk ol Alzheimer HolA Role =4 B2
A ABL-42¢] A% &3 ZFANZATY AbE % A
P29 ¥g 9 47449 229 HIE #il= 713
A7 A A% HAY (53] Alzheimer #)olA
TR AZAE APEY FEE 1AL Heled
A 388 ¢ AL Aoz 44dg.
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Fig. 1. The senile plaque(sa-d, arrows) and pseudorabies virus(PRV) immunoreactivity(ef) in the different brain
areas after amyloid beta injection into the entoehinal cortex of the rat. a: lateral brain area, b: cerebral cortex,
c: lateral hypothalamic area d: cerebral cortex. dark field microscopy. e: hippocampus, f: entorhinal cortex
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Fig. 2. The schematic drawing illustrating the CNS pathways to the entorhinal cortex by pseudorabies virus
injection.

Abbreviation : BST, Bed nucleus of stria terminalis: DR, Dorsal raphe nucleus: ENT, Entorhinal cortex: FN.
Fastigial nucleus: HP, Hippocampus: LM, Lateral mammillary nucleus; LC, Locus ceruleus: MGv, Medial
geniculate complex. ventral part: MS, Medial septal nucleus: SFO, Subfornical organ: CSm, Superior central nucleus
raphe, medial part): TH, thalamus





