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Abstract

The morphological study on the
hyperphosphorylated tau after amyloid beta

1-42 injection into entorhinal cortex

Dae Sung Kim
(Supervised by Prof. Young Jae Lee)

Department of Veterinary Medicine

Graduate School, Cheju National University, Jeju, Korea

Alzheimer's  disease(AD) is a neurodegenerative  disease
characterized by affecting mainly the cortical brain areas.
Neuronal degeneration observed in brains of AD patients 1is the
direct consequence of amyloid beta hyperproduction, thus,
causing the formation of amyloid deposit, which, in turn, induce
dendrite, axon retraction, and neuronal death. The
hyperphosphorylation of the axonal protein tau can lead to the
accumulation of hyperphosphorylated and polymerized tau in neurons, to a

strong disturbance of intracellular communication, and to neuronal



death.  Microtubule associated protein tau is  abnormally
phosphorylated in AD and aggregates as paired helical filaments(PHFs) in
neurofibrillary tangles. The purpose of this study was to
investigate whether amyloid beta 1-42 injection may cause the
changes of the hyperphos—- phorylation of tau in the rat brain
and to check the portion and ratios of the hyperphosphorylated tau.
The freshly solubilized amyloid beta 1-42 was injected into the
entorhinal cortex of the SD rats using stereotaxic instrument. The
expression of  PHF/hyperphosphorylated tau was analyzed by
immunohistochemistry and western blot analysis at 7 days after post
amyloid beta injection. The PHF/hyperphosphorylated tau expression
appeared in several different areas 1including amyloid beta
injection site. western blot analysis showed that the amount of
PHF /hyperphosphorylated tau was increased at the cortical and
hippocampal extracts after amyloid beta injection. These data suggest
that the PHF/hyperphosphorylated tau was increased in several different
areas as well as injection sites and tau was hyperphosphorylated on

entorhinal tract.

Key word: amyloid beta 1-42 protein, phosphorylated PHF/tau,

entorhinal cortex,
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. Amyloid protein deposition in the brain.

. Amyloid protein deposition in amyloid beta 1-42 injection

group.

. Amyloid protein deposition in amyloid beta 1-42 injection

group.

. Amyloid beta 1-42 induced AT-8 immunoreactivity in entorhinal

cortex.

. Amyloid beta 1-42 induced AT-8 immunoreactivity in hippocampus.

. Amyloid beta 1-42 induced AT-8 immunoreactivity in

tuberomammillary nucleus.

. Amyloid beta 1-42 induced AT-8 immunoreactivity in hippocampus.

. Western blot analysis of tau protein in cortex

. Western blot analysis of tau protein in hippocampus
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Table 1. Hyperphosphorylated tau immunoreactivity after amyloid

beta 1-42 injection



vl (dementia) &= 9] EAd AW F stuoln, dlxAQl ddSE
7195 el, Aol WA, ALtEAS, 44 2 AL wsto|tt

(Talaga, 2001).

A= IA g dxstolmPor FFET (Fahlander &,
2002; Herrmann, 2002; Posner %, 2002; Yuspeh =, 2002). 1 = <23}
ojM e HAl XumFAre] ¥k o]s AAEtar 9o (Jellinger &,
1998), 53] ¥ AAAEES HPAG WHoR Qs i Ao FHA
AAA BAS A dH AT (Langlais 5, 1993; Lehericy 5,
1993; Gonzalo-Ruiz, 1999). &zsteo]msiate] Slojx o ALF
zA e e WEe =0t (senile plaque), AFAHF Holg
(neurofibrillary tangles), oFdZo|= ¥ (vascular amyloid) %o°]
B2 ol Z W  (Pappolla =, 1992; Defigueiredo =, 1995; Hauw =,
1996; Dai &, 2002), 53] 5594, A5, FAH LA A3t &)
vl 2 Hrdlo| AlstA YeEbdT) (Masters 5, 1995; Sturchler-Pierrat®}
Staufenbiel, 2000; Rockenstein &, 2001). g H A5 Ao up=z
A, ofdRol= e o] AlE e} Fyke] AR H o AAGAME =
S FomM H7ls FoE Hetta B HAT} (Kennedy &,
1993; Shimizu &, 2000; Sjogren 5, 2001; Tan &, 2002).

ofdZol= Hlg} WAL pleated sheetT+FE 1 AHA|7} vl &84 A

[e]
-
TZE 7HAZ AdE Aol EAolt} (Chaney &, 1998; Kowalewski <}



—

Holtzman, 1999; Olga®} Sergei, 2000). o] @M a2 A xute] 9=
Tl (amyloid precursor protein)ZHFE FHlEH oA Yo = 42-437)
o] ofu At V|2 FAFH AT (Glennero}t Wong, 1984; Masters %,
1985). ot Rol= wel @A Alxuhle] 1/3, AXET upg Fid
2/37F 1AstaL o, A HAAE ofEEol= HE WA F
B FEQ NG 15-160 A ofn| it F-9jell A e omy xR
el H ol A A dxatoln fxpe] MHolM= A del wE wed
HEol e & FHoJXYt (Anderson 5, 1991; Busciglio %,
1993). o] Ayede oy zAoA TFAEAR (Sisodia &, 1993),

ol Aut Hareviar ®a s 0vk (Whitehouse, 1997). 5
& in vitro A7~ A3 ot Rol= g @il T 1-427F AAE S &

8% 3t B HA} (Yankner 5, 1990; Morelli %, 1999).

A AXG Golg (neurofibrillary tangles)+ ubiquitino] A& o] <)
T tau ©@He] VIR FAHLARE WFGAH AArstel] o Ay

PHFs(paired helical filaments)2] HEej= = xo] YeEldtt (Morishima

= 1993; Hall %, 1999). o] WAt o Az E kA4 e Ado] 9o

1998). olfl AHAF taur} Fl2ks)
olatslel &RIstsle] E B R A3 WAFHARH, LFEo]H

o] Aty WRd AFARF dolgls A AQEtE tawt 3
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o
ey
o,
o
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i
>
e
i,
[
>\l
flo
Y
kel
=

g = Aow Ay AT (Mandelkow?} Mandelkow, 1998). HTE3SH, o}l =



ol= wle}l @ AS jvl(hippocampus) 2t HIE A (amygdala)ol g
Az HoAAstE tauw’l F7FEY 2 ¥ gt (Sigurdsson %, 1997;
Rapoport &, 2002; Ramirez &, 2002).

2571 2 (entorhinal cortex)S HEA FHo] o, =3nto]o
Ao At vk, 5P AL vt AdAAdRS} AT dAE
7FA 3L 9l om (Hauss-Wegrzyniak 5, 2002), siwle 7199 F A G4
a1 4# A Atk (Golomb &, 1993; Henke &, 1999). v} AA= F T4

B AR TR SF4RA0A fdetn BERE e A4S Ju

¢l Wo] #FE oA (Giannakopoulos =, 2000), £33+ A A7)
FaS A5 A9 At oA dudd 719 &4& o
3l B ¥ Qlth (Nagahara %5, '1995; Gutierrez %, 1997).

99 WES FFE A% SFARAW kARl HlEh 1428 F
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el taus HRAAks Al Aow F5HET

A g}et A A3 western blottings AREsFe] IAAshE taue] WH 1A

P waA @,



A= 250-300 g9 Sprague-DawleyAd rat maleS AM&3 o, ET*
(n=10)7} Ag (n=10)2.2 YFo] 2% 21+ 2 C, F%(50%), *3 9

F71 (12:12 AIZH7F L8 FA% = T ARSI S2d =3 AL

2855 nl# = ketamine hydrochloride (60 mg/kg, Youhan corp.)

¢} xylazine (6 mg/kg, Bayer corp.)<S &E73W FAMSFS T},

}_tﬂio]E HﬂE} 1- 42_/] i'\:,&_ 1—71'_;] ]LHO _zr_?j]

opd 2o]= wE} 1-42(Peptide institute. inc.): PBSE 200 uM® =]



A& A AZRA WE(-70C) el Bastal, FHA A Fo ARSI
A Q)% 7] F(stereotaxic instrument)ol FH WHEE AN F
Swanson (1988)¢] brain map:structure of rat map (No. 46)S 1=
sto] L5t dA el ol mol= HEL 1-425 FASAH.

ol Zol= WEl 1-429] F<! A= BregmaZE 7|+ o2 dto] HE
o= 8.3 m(AP -8.3 mm), 5= 5.4 mm(ML -5.4 mm), 123 ¥ g
FWHOA o} E 4.5 me R £54FAS HEAHORE Gl

2wy A3t 247 PBS 5 pbof ofdZol= el 1-42 200 uM 5
E FY3AY. AL electrical injectorE AFE31 FYEEZE= 0.04

ph/min 2 SR, £ F AEVS TR Sl

=
BN
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tlo
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=3te] Tk 1AM 4% paraformaldehydeo] ¥ 4 TColA 443+
T & aAHES AASHI, 18% sucrose in 0.1 M phosphate
buffered saline(pll 7.4, ©]% 0.1 M PBSz} H3H) &M 24 7+5¢r &

=< ¥, 20% sucrose in 0.1 M PBS&ol 24~ 48A|17F&<t @7} ® &S



o}, duE ZAZAHA7](Cryotome, AQ)E o] €3] 30 mFAZE BAA
EHAAHsIE o 4 Co HAste] AFESIR Y. BE JALE free floating

method(De vries &, 1985)% AA]3}3TH.

Al

2) WA z2 3}t A

h |

ZAHEAL A2A 0.1 M PBSE 1584 33 AlFsAct. 12 &4
°] mouse anti-AT8(epitope: PHF/Tau ser199,ser202,thr205)3} mouse
anti-6E10(epitope: amino acid 1-16 of A domain)< #%(Dr. Mikoto
Michikawa, National Institute for Longevity Sciences) o} A}-&3s}
ATk 12 FA= A4 150002 Mg § x2S do] 37 TolA

17-20A1 7 HEgA T, o] o] Al 0.1 M PBSoll 1% normal rabbit

PBS® 15% %+ 33 Al A3 oltt.

22F & Al biotinylated anti-mouse IgG (Vector Laboratories,
Inc.)E 1:2000.% 3&]&&to] Ao 1A WA AT, 23 3HA)
gkg-o] vk $ 0.1 M PBS® =4S 157t 33 A= 3slt.

peroxidase’} %A% avidin-biotin complex (Vector Laboratories,
Inc.)&No2 yol Ao 1A wk5 A2 § 0.1 M PBS®
155837 33 A &3 0.03% 3-3' diaminobenzidineS 0.1 M
PBSOl =<1 % 0.003% H:0.5 H7Fate] ZAwg & Al 333l
=

HkSo] &y & (0.1 M PBSE 1587F 33] A& 3l gelatin coated

ol



slide?lol =2 AHS & w31 A2oA 7EAF Y. Alcohol ¥}
xyleneo = &9} £33t A4S 713 F polymount= Fdste] Fsh &

Qo wase,

5. Western blot analysis

N2 (n=5) AT (n=5)& Alx5 Fof 74 F, dFE& F319

A Al ed g0 heparin (1000 1U/1000 me)S AL A 10 ml/mine

Ip
o

2 OoF 203t EFEA A AAsAT. dAs AR F H
= AEsted ddH

buffer(1% Triton X-100, 0.1% SDS, 200 mM PMSF, 12 mM deoxycholic acid

o

Ivbe ek lvh. Begk Ao 2-4n§9] lysis

ol

in PBS)7} &7 Alg el 2AS Edvk. 240 w1l AdHES dgol A
A1 wlojA WaL FH7E o] &alo] EH3 F

Z Abgsle] 289 B4 E e, B 29 F 4 T 15,000 X goll A
103 94 e ¢ §F ATds FHdv. AT did duge

BCAH ol whel A5kt (Pierce Chemical Company)
2) gel electrophoresis

719 %4 X+= Bio-Rad mini-protean electrophoresis kit< ©]83F%

t}. 0.75mm F7Ae] 5% stacking gel(H:0 1.15 mé, 30% acrylamide mix



0.33 m¢, 0.5 M Tris 0.5 m¢ in pH 6.8, 10% SDS 0.02 m¢, 10% ammonium
persulfate 0.02 mé, TEMED 0.002 m¢)3} 10% separating gel(H:0 4 me,
30% acrylamide mix 3.3 mé, 1.5 M Tris 2.5 m¢{ in pH 8.8, 10% SDS 0.1
m¢, 10% ammonium persulfate 0.1 me, TEMED 0.004 me)E WHo] A8-3}<l
o, AIBE 80 ug 9 E Ao Y1 2 X SDS sample beffer (0.125M
Tris—-Cl pH6.8, 4% SDS, 20% glycerol, 10% 2-mercaptoethanol, 0.2%
bromophenol blue)& H7}eke] 95 € 3%+ #<9 $ loadingsSitt.

loadinge] &% § 100 V 50&3F 7719 S skt

3) Electrotransfer

A7) 945 F gelE wWoJlA transfer buffer(25 mM Tris, 192 mM
glycine, 20% methanol)ol 10237t ©7+31tk. 3 M filter paper$t porous
padZE transfer buffero] B 131, PVDF membrame2 100% methanolol] &%k
7t 32} E=F92 AlA 3 transfer buffero] B7F FUcTh. transfer
buffer Wl electrotransfer kitE A&Hsle] 4 TollA 200 mAZ 2A17+HE
ot transfer 3F9Ith. transfer’} €% ¥ electrotransfer kitE 2| 3}e]
PVDF membranes 7AUA TTBS(20 mM Tris, 137 mM NaCl, 0.1% Tween 20,
pH7.6) %= 102 33] Mg F 5% SAF7F E3HE TIRSE A-2ollA 14
et @7F AT TIBS= 1024 33 AlHg 5 12 &A1 Mouse
anti  AT-8(PHF/Tau serl199, ser202, thr205), Mouse anti
AT100(PHF/Tau thr212, ser214), Mouse anti PHF-1(PHF/tau ser396,
ser404), Mouse anti T-46(normal tau)<2 2Z}z} 1:250, 1:500, 1:100,

1:5000. 2 4 ColA] EEWA 17-20A 7+ vt A AT, 12 9209



2§ TIBSE 10¥4 33 AlH3 F

TTBSZ A3t & A2 1A7tse EEHA A ZH L. vkgo] &
W 5 TTBS= 1084 33 AlHstlth. A% $ ECL kit (Amersham
pharmacia biotech Co.)S o]&3fte] HAAA AT-8, AT-100, PHF-1,

T-46°] te Soli=S 2Hlsqirt.



Lobazols Hae] te W xx5eHEa

ohaolE WE 1-428 £FAPAV FYF F oby
o
=

2|
ol
£
1)
12
BN
N
o
%

B2Z3s7]) A8k 6E10FA S AHES

M BEEA AR opdZol= el 1-42 FoTtoA = HEEHAT

(Fig. 1). 3 ofdz2ol= H&Ad F7)7F 7] & AL #Fd F 33
i

th (Fig. 1B). o}fd=Zol= H|E} 1-425 FU3T

22
o

FHE AN b wol BES = 9l
257t AAo) A w4 (contralateral) Bt =4l (ipsilateral)el A
24 wol #AHAJY (Fig. 2).

sfute} Alo]x] (diencephalon) A= #FZE AT (Fig. 3).

HA2stE taus #EE7] ekl AT-8FANE ALEsle] WS FxZ3}E)
AAs A £37bEA ) vt §7]-55F3 (tuberomammillary nucleus),
7}&AYolekall (1ateral septal), F A9 (posterior hypothalamic
area), TEAFYZMA(periaquedal gray matter)d HSFA1<47]3)

(superior central nucleus raphe)ollA AAwHS-S Wl AAAES} A
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H9lom (Fig. 4, 5, 6, Table 1),
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Figure 1. Amyloid protein deposition in the brain. Few amyloid
was detected in sham control group (A, X40) but diffuse amyloid
deposits (arrows) were detected in amyloid beta 1-42 injection

group (B, X40). Immunohistochemistry with 6E10 (A, B) antibody.
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Figure 2. Amyloid protein debosition. in amyloid beta 1-42
injection group. Amyloid deposits were detected in contralateral
(A, X40) and ipsilateral (B, X40) entorhinal cortex.

Immunohistochemistry with anti 6E10 (A, B) antibody.
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Amyloi in amyloid beta 1-42

Figure 3. protein deposition
injection group. Amyloid protein deposition was detected in
hippocampus (A, X40) and diencephalon (B, ¥40). Immunohistochemistry

with anti 6E10 (A, B) antibody.
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Figure 4. Amyloid beta 1-42 induced AT-8 immunoreactivity in
entorhinal cortex. No hyperphosphorylated tau is detected in
sham control group (A, B, X40, X200) but hyperphosphorylated tau
(arrows) were detected in amyloid beta 1-42 injection group (C,
D, X40, X200). AT-8 immunoreactivity were appeared as fiber type

(white arrows) and cell type (block arrows).
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Figure 5. Amyloid beta 1-42 induced AT-8 immunoreactivity in
hippocampus. No hyperphosphorylated tau was detected in sham
control group (A, B, X40, X200) but hyperphosphorylated tau

(arrows) were detected in amyloid beta 1-42 injection group

(C, D, X40, X200).
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Figure 6. Amyloid beta 1-42 induced AT-8 immunoreactivity in
tuberomammillary = nucleus. No hyperphosphorylated tau was
detected in sham control group (A, B, C, X40, X200) but
hyperphosphorylated tau was detected in bilateral tubero
mamillary nucleus (E, F, X200) in amyloid beta 1-42 injection

group (D, E, F, X40, X200).
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Figure 7. Amyloid beta 1-42 induced AT-8 immunoreactivity in
hippocampus. Hyperphosphorylated tau was detected in CA2 (A, B,
X40, X200), CA3 (A, D, X40, X200) and dentate gyrus (A, C, X40,

X200) .
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AT-8 PHF-1 AT-100 T-46

63.8
Cortex - . B B ww
C42 C4 C4 C &

Figure 8. Western blot analysis of tau protein in cortex
Immunoblotting analysis showed that the total amount of PHF/tau
immunoreactivity was egual (T-46) but the amount of phosphorylated
tau was increased at the cortical extracts after amyloid beta

1-42 injection.
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AT-8§ PHF-1 AT-100 T-46

. 8
Hippocampus w @@ @& —& = 95
C42 C 42 C42 C 4

Figure 9. Western blot analysis of tau protein in hippocampus
Immunoblotting analysis showed that the total amount of PHF/tau
immunoreactivity was egual (T-46) but the amount of phosphorylated
tau was increased at the cortical extracts after amyloid beta

1-42 injection.
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Table 1. Hyperphosphorylated tau immunoreactivity after

amyloid beta 1-42 injection

Nucleus Positivity
HP ++++
EC ++++
LS +++
™ ++++
PH ++

PAG ¥t
CSm ++

The quantify of cells were counted in each group of nuclei and
presented as follow (++:moderate; +++:abundant; ++++:extremely
rich).

Abbreviations: EC, entorhinal cortex; HP, hippocampus; TM,
tuberomammillary nucleus; LS, lateral septal; PH, posterior
hypothalamic area; PAG, periaquedal gray matter; CSm. superior

central nucleus raphe
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A taus #HRIAEE At Fol Mg FEd HdF
(Anderson %5, 1991; Busciglio %5, 1993). o}HEol= WE vz A
Eute] EAshE EAFe] & WA A (amyloid precursor protein)
25 fFalHAAY,  42-4370¢]  ofm:AF FVIE FAHAXNG
(Glenner 9} Wong, 1984; Masters =,1985 ).

gzstoln] FatE HoA HEEAAAE AEZWALS ofdRol= HEY]
AT AFAos2 A@sEolxar 1 Ay opdRo|=7t A EHAA =
FelE2 e, A= $4E7](dendrite)9t F24HE7](axon)d  FF
(retraction)¥} A EAES doivty ®a FHojx i vh(Delacourte
o, 1999). @ivk B Ao ofdRel= WEE FYstw, Wy
WRol Yetdtta B Ho A

Rapoport =, 2002; Ramirez =, 2002), &35z 2o sl WHgst4d H

© 1} (Sigurdsson =, 1997;

facs

Aol e A= oA wEe Aol

Wb, B Ao ol Zol= WEl 1-425 £33 7@ A Y| F 3t
F ol Role S #ASY] i 6EL0FAE AHET A izt
A= opdRol= Fzbo] A A ¢F W] ol Ro|= wEl 1-42F
FoATAAE ofd2ol= Hzbo] #FHQT, gl ofd=Rol=

A5 A7t 47 BES @ & AAT. BF £F4PANM AP

wol #3 H9m, svksh AtelMoAE BAHAG, WP

_22_



o] %l

1

L

A9 A
Folgto z ] ool

e

Sgich. whebA

s

e

214
pul

-

el

oA ¢

J

3

=
o

|y

=
=

H B} 1-42

o} "l 7o =

ohyl

™

!
o)

o] u A& (microtubule)el

2t

=]
T

s

obe o]

)l

H]

J

il

HIArsE A7|RR

taus

’

L=

Hall
[e)

1993;

’

L=

[e}
il A At (Delacourte

= (Morishima

=z}
=y

A

}

=
[e]

=]

ko)

s AT-8

171 95

°©

filament T+x%=
=)

=

= o

. 1999), 1 A A

paired helical

1999).
AbstE tau

[

Jail

HEE 1-42 F}1e] $Hg3she tau

o)

ik
w5
=

AaANH T

A tauol HHS

weha olabe] Ashz mol ofwlzol

Al
3} Al71a1 1 A ¥} paired helical filaments® T%& A

L

}

1l

i ekl A

A

I3

514 3}
PHF-1¢1] A
g 3l

el

AE

A ofo] e

3t (Chowe} Leiman, 1970).

_28_

Hul ) CA3, CA2¢l A9

3

KN
T



AWl FlAtskE tau EHo] 7P Wol BEHAY. H54E A
AHEE FAsta sl sivhll Aobol®k, CA39b CA29 M %= #Qlibshe

tauoll ™3k FAHES-o] #|A YT, TR ofdRol= HEl 1-427}

o

£F4840e Folg F dnis Ad® AFEF FAA 43
taug Qs A7) Ashw sfuh] Aokol@, CA3Sh CAZolA el

3t taw’} WdelE Aow AlgdHU,
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