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Mucosal immunotherapy for
Alzheimer’s disease by viral
vectors. (BHEEETZ7V 1 1
H3H)

H SEOBFTRH#EOBRRE

1. B

T I NA 7 —FFOIRIED 72 DR
Yz 75 JBEE T A NARY Z—
HFEE R 2003-169714, YZE% 15 4E 6
A 13 H, PTC HFE CG&BIFE ; FIER,
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BAGBREN R M E (REFRERA
SrApt s

BT EE)

TIVI A = —JHEE T V< U R D IR B RE AR AT

BOU 7 F AT L AWEBOKRR

g R

T BRFERF LR LR R %

WMHREES TAYVNA < —ROEET L~ 17 & (Tg2576) IX. prion promotor
Tioke ERER APP 2RI AN T VAV 2=y 7w U AT, ek 7

oA FILENE, 6 7 A TIINICREDILEEZRDALDOATHSHM, 10
y HEZRDE, 7 FIEETERNICRY, BAHOERLRD NS X

NI D, ZO TgabT6 <=7 AL, 6 4 Hlim CHISKZHITEIOEENED D,
ZDORAETBEIZ ABA Y = —IC KB VT T ABEENIE Z o TV 5 FTREME A R

Shiz, S0 ABERBETLITT /HEVANARI Z—ROTIF %210
HERD Tg2576 v 7 AIZ#E L. L, 1 3 7» A CTERMEROMENR LD Mk
B L7, EORER, BRIZZEITERER, FrlwE iR, ©U A KEKER
BR, RS FERBROSRBRTROV 7 F U L AUENRBD SN,

F[FHTsEE —) OREFET D7D, LT DIT
BRIEE BSRBR 21T o7,

BF IH =4 B. BF5EHHE

(A EBRFERZEREELMERER 6 7 Al

)

A.FFREBEW

6. 10 BL T 13 » AlHICISIT HAPP b
SV AV z=mw v A (B R
Amyloid precursor proteinZFEE/{x
%b?yxylz/ﬁvﬁx;
Tg2576) DOE « TLIERER L O 13 »
H iz 75M@h7/x/1%/a
~ U ADFE - FRERICT AN Y
ﬁ?/(?T/%ﬁ?%»X«ﬁ&

1. BROZHTEHHRER 1BH)

2. FHWEREHER (1-5 0 H)

3. B U RJKRKHERER

(B iE3AER 6-15 HE u—7

HEGI5HA)

waﬂ%(%uvﬁ%yﬁﬁ):
. BT BRI EER

B#H%-

1. BROZHETERER (1HH)

2. FHWERHERES (1-58H)

3. &Y RIKKEEAER



(kB 6-15 HE Fu—7 4. RS 2E 3R (16-17 H
HBR; 15 HE) H)
MERAFSa—I

17273 4 5 6 7 8 9 10 11 12 13 14 15 16 17

— E R T B R
couo mmm TR R

.....................

B Y A/KRREE R e o s s s s

TO— TR —

AP (VR o =

------- habituation oo training test
B TR SN Y R AV, W
HRSHZZRATERER, M EREE R —EOW D5 S d KO kR

B, 7o — 7 BRI L ORI
FERBICB 57 — &% OFEHENT
V. — JCBLE S # AT (one—way ANOVA)
51T - 7= % . Student-Newman—Keuls
testE HWTIT o7, 6 » HERZEIT
5 BB RZETERROT —F Ot
SHEZATIX . Student’ s t—testZ H W T
1TV, E U AR BRI SER O Bk S iR
BRIZET 57— % OREFHRITIE, v
BELOHD ol ED DN
(repeated two—way ANOVA) % FHWT
1Tolee WTHhOREICEN TS, fin
B 5 %LU T TEPRDLNIGE
EREBEDY LHE LR,

1. B RHRZETHHR

H R R BT ERBRIIEREED
gL LCTHWSHRTWD,
FEERICIZ I RO T —LDE X540 cm,
BEDE S 12 emy JRIE 3 em, _EHE00E 10
em® 3ARD T — ABENEI 120 ED

25

DB L Tle, SURRT — DAL
=T HAEICEE TO% 8 iz h
Te o TEENE HHEICHKR S, BE)
L7 — LD EZBE LIHICE
gk L7, U ARRERFFNIZT — 4
(Z#8h L 7= B4 % total arm entries
LT, DT, L TRRDL =2
DT —LEERLEHAEGDEEZHR
~ ZOF A no. of alternationd L
7=, No. of alternationZtotal arm
entriesh b 2 ZFH[W e THID, %
T 100 2T TR O fE % percent
alternation& L, TN & BHEIRE
TEIOIE & Ue, REEEFERBIT
6 LU 13 » HEFFIZATV, 13 7 H
RFIZ 33 VN CRTE D R O 2D
LT, RLLMETR R EEZ M
Wz (EREE O A X0M, HED
5 S EEXELT),



Y-maze test

2. FHHERBRRAR

TR B R RIS RR
BB ERE U7 R e -
BEE LTHWLRTWS,
R 2 TEEH D72 > Tzobject L
CERE L7-%EE (it 30 cm, 4 30 cm.
B 35 cem) NIZwTAE AR, &
objectiZX4 HERBEELFITEIZ 10 4y
MHE U7e (HIERAT) . FlfE 24 FERE
#%iz, 2 FE¥EDobject® H b HD
object # &< Bp o= HHobject &
B L, SobjectiZxld B EERELTIT
#a 10 HFEEE Lz (7 T,
AZEFERBRIT 6, 10BLW 13 »
HERZATV, BIEIORER DO EHN T
WX 51z, objectiZBEIRLR D D%
fER LT,

%@

UH

Trial duration :8min

ex)

|
A B C A C B A

Alternation Behavior (%)

_ [ No. of alternation ]

N [ total arm entries ] -2

5
=—=—x 100 =62.
10_zx 62.5

x 100
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Novel object recognition test

Training

Retention

ex)

30sec 28sec

Exploratory preference (%)

[ approach time of] 4.
= PP x 100

B [ total approach time ]
_ .28
30+28

x 100 =48.3%

Trial duration (training - retention):10min

O

A8sec

17sec

Exploratory preference (%)
[ approach timeof] O

= 1

[ total approach time | x 100
= 38 x 100 =69.1%

17438

3. Y RAKEKBRRER (BRRLERE
®)
£ Y AKEEARRIL, BRFEORE
BThY ., HEFENREERETH
o
EAE120cm DS —)VICER Tem D7

v hAR—A%FKEL Y Llem PIZERE L.

TNV AN ARED O
R EZFER»VIZLTT Ty hF—
DT EGET AREE (escape latency)

27

ZHE Uiz, mABERRIL 60 &
L.1H2EYTTI0 B T~ 7=, 75
y PAR—LDNEITET, vV A%
ANBDMEIETHITS S ICER T, FT2,
AEREERER 10 B B TRICT—h
577y hR—AZREL, Tu—7
TAMEATo T, T—x 4 XKH
(Trained. Right. Opposite, Left)
W, AR T AD
7Ty RAR—LBRRBEL ThHhoT X



Ml (Trained) ZIRZET HREMOEIS
(percent search time) ZK®H7-,
BIEREIL 60 P& LT, E/2, &~
7 ARED WK EE (swimming speed)
BLOFER (swimming distance) %
ME LTz, ~U R E ANDAEBILT v
FRZREZ T, REBTLRABIL 6 3

L3 o HEIRHZATVY, 13 o HEhEF
IZBVNT, HIEIOEBROE NN L
2N, B bHB TSIy hR—A0
MEZEZ - (EREEO YA A0K
B, HEOH L IFIZIFLT),

Morris water maze test

Reference memory test

plat form
(Goal)
$7cm

Sta point 1

Training trials
« 1 training: 60 sec
= 1 session: 2 trainings/ day
« training duration: 10 day

28

Probe trial

Remove o

]

Opposite

Start point

+Trial duration :60sec

*Percent search time (%)
_ [ search time of area ]
- [ trial time ]

x 100




4. BMEBM T ERERR

R S AT BT (B
Tav ) KRS LN (F
BIOEE) Loz —vr s
(4EFh) ZfEE L L-ThgEE s &
OXREE ZFTMT 56D TH D, X
ARZEE Rk & RS RR IR L
BRI E TR PR REIC D K
#9 %,
R 7Y > Rinb 7 p%EE (I —
VT, 2 43 P B R 2 & Ly
Z D%~ A& AW SHE
=V EWERB Y (=2— T

Vr—) WAL, 1 EEREE A
BIE LTz, £ D%, B — I AL,
80 B DERIM A I MHERL, £D
%O 5 BT 0.6 mA OESAIE A
G x D% %, EiL T 4 EiTo7,
24 W, BOWIB S —VIic AR, 2
Sy ORI (freezing time) %
HWELE (ERBLIOFEREAL ; XX
RFEE), £DHk, —a— I VT —
VICA, 1 SrEoFERE (80 dB) %
5.2 TWAHBOD freezing time ZHIE
L7 (BRIMTE), BT
EHRERIT 13 » AT T2

Conditioned fear learning

Training trial

Test trial

Cue stimulation _

; 80dB 15 sec 15sec | .

i 1 x 4times
!____,.

Electric shock

(0.6mA, 5 sec)

Freezing time (%)

[ freezing time]
[ trial time]

x 100

29

Context freezing test (2min)



C. #%R
1. BHRREITEIRR
6B L3, HEMDAPP T VA Y
T w7 ADOVRERBRICBIT S
EXFLEBRERA =LA, £ HIR
DAPPRN TG VAV 2= 7 AD
percent alternationix, /> hT
AV =y IR YADENE AT
BIIETLTRY, fEETEORE
ENRFED LN (Fig. 1AL B), 10
b BERIGIZ T 7 F %35 L 7ZAPP K

(A)

~J
W
T

~J
=
L]

=N =
= U
[] L]

Un
(94
1

Percent alternation (%)

O_“

non-tg

APPtg

FUARY =y V=7 A Tidpercent
alternation®{X T IXFBO 6T, 1E
¥(iLBoEE gEINE (Fig. 1B),
ZRAWDAPP T v AV 2=y =
A PDtotal arm entriesit, /v bF
VAV 2=y IR ADENERE
RAEFRD N ol (F—HR
7)., LiehoT, FHEDAPP h
FGUAY r o I URICED LN
TeVERELBORE X, EEEEO R
FIZLBDHLOTIHARWERBERD,

(B)

~J
W

~J
=
—

65|

Percent alternation (%)

con AP
APPtg

con AP
non-tg

Fig. 1 Spontaneous alternation behavior in the Y-maze test. Cognitive function in

APP-transgenic mice (6 months old) (A). Percent alternation during an 8-min session in

the Y-maze test were measured on 6months after birth. Values indicate means+s.e.mean

(n= 30). *P<0.05 vs non-transgenic mice. Effect of oral vaccination with AAV/Ab on

cognitive function of APP transgenic mice (13 months old) (B). Spontaneous alternation

behavior during an 8-min session in the Y-maze test was measured on 13 months after

birth. Values indicate meansxts.e.mean (n= 14). **P<0.01 vs control AAV vaccinated,

non-transgenic mice. #P<0.05 vs control AAV vaccinated APP transgenic mice. con:
control AAV vaccination, Af: AAV/AP vaccination, APPtg: APP transgenic mice, non-

tg: non-transgenic mice.
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2. FHYERRRR

7 HR A B AR R ERBR oD B AT R I
X, FAWMICBT AU AL, &
objectiZ®f L CTHIS0%DE|A CTHREE
F4TE) (exploratory preference)
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Fig. 2 Novel object recognition test. Cognitive function in APP-transgenic mice (6 and
10 months old) (A and B). Retention session was carried out 24hr after the training.
Exploratory preference during a 10-min session in the novel object recognition task
were measured on 6 months (A) and 10 months (B) after birth. Values indicate
meansks.e.mean (n= 30). **P<0.01 vs training mice, respectively. ##P<0.01 vs trained,
non-tg mice. Effect of oral vaccination with AAV/Abon cognitive function of APP
transgenic mice (13 months old) (C). Retention session was carried out 24hr after the
training. Exploratory preference during a 10-min session in the novel object recognition
task were measured on 13months after birth. Values indicate means+s.e.mean (n= 14).
*#P<0.01 vs training mice, respectively. ##P<0.01 vs trained, control AAV vaccinated
non-transgenic mice. 11P<0.01 vs trained, control AAV vaccinated APP transgenic mice.
con: control AAV vaccination, AB: AAV/AP vaccination, APPtg: APP transgenic mice,

non-tg: non-transgenic mice.
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Fig.3 Cognitive function in APP-transgenic mice. Reference memory in Morris
water maze test (A) Escape latency during a 60-sec session in the Water maze task
were measured on 6months after birth. (B) Representative swimming paths during 10
trials. Values indicate meanszs.e.mean (n=30). **P<0.0 1 vs non-tg mice. APPtg: APP
transgenic mice, non-tg: non-transgenic mice.
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Fig.4 Cognitive function in APP-transgenic mice. Spatial memory for a platform
location during the probe trial after training in reference memory of morris water
maze task Percent search time during a 60-sec session in the Water maze task were
measured on-6months after birth. The inset shows representative swimming path in
probe trial and filled area is a target quadrant. Values indicate means+s.e.mean (wild;
n=30, APPtg; n=30). *P<0.05, **P<0.0 1 vs trained quadrant, respectively. APPtg:
APP transgenic mice, non-tg: non-transgenic mice.

34



—O—non-tg /con
—O— /AR ]**
. =& APPtg /con
60 e g/A[3 1 ##

g sof
9y
s 40f
2]
3
Q 30t
3
= 207

OT ) '] ] B '] '] ] ] K B

1 23 456 7 8 910
Trial

(B)
non-tg /con

IAB
APPtg /con

/AP

Fig.5 Effect of oral vaccination with AAV/Ab on cognitive function of APP
transgenic mice. Reference memory in morris water maze task (A) Escape
latencyduring a 60-sec session in the Water maze task were measured on 13months after
birth. (B) Representative swimming paths during 10 trials. Values indicate
meanszts.e.mean (n=14). **P<0.01 vs control AAV vaccinated non-transgenic mice.
##P<0.01 vs control AAV vaccinated APP transgenic mice. con: control AAV
vaccination, Af: AAV/AP vaccination, APPtg: APP transgenic mice, non-tg: non-

transgenic mice.
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Fig.6 Effect of oral vaccination with AAV/AB on cognitive function of APP
transgenic mice. Spatial memory for a platform location during the probe trial
after training in reference memory of moris water maze task Percent search time
during a 60-sec session in the Water maze task were measured on 13months after birth.
The inset shows representative swimming path in probe trial and filled area is a target
quadrant. Values indicate means=xs.e.mean (n= 14). **P<0.01, *P<0.05 vs search time
of trained area respectively. con: control AAV vaccination, Ap: AAV/AB vaccination,

APPtg: APP transgenic mice, non-tg: non-transgenic mice
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Fig.7 Effect of oral vaccination with AAV/AB on cognitive function of APP
transgenic mice. Conditioned-fear learning task. Retention session was carried out
24hr after the training. Context-dependent test (A) and Cue-dependent test (B) were
measured on 13 months after birth. Values indicate meansts.e.mean (n= 15-17)
*#P<0.01 vs vehicle treated, wild type mice. **P<0.01 vs control AAV vaccinated non-
transgenic mice. ##P<0.01 vs control AAV vaccinated APP transgenic mice. con:
control AAV vaccination, AB: AAV/Af vaccination, APPtg: APP transgenic mice, non-
tg: non-transgenic
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