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Numerous transgenic mouse models for Alzheimer’s disease (AD) have been generated
to recapitulate the histological pathogenesis and behavioral phenotypes of AD brain.
However, none of the existing models exhibits the full spectrum of AD symptoms, nor
have all of the traits mimicked by the developed animal models been successfully
represented within a single mouse line, indicating that the development of transgenic
lines showing new features of the AD-like brain needs to be explored.

We created a transgenic mouse line Tg-BCTF99/B6 expressing the human BCTF99 in
the brain of inbred C57BL/6 strain. Tg-BCTF99/B6 mouse brain at 12-16 months
showed severely down-regulated calbindin, phospho-CREB, and Bcl-x, expression, and
up-regulated phospho-JNK, Bcl-2, Bad, and Bax expression. Neuronal cell density in
the Tg-BCTF99/B6 cerebral cortex at 16-18 months was lower than that of the non-
transgenic control, but not at 5 months. At 11-14 months, Tg-BCTF99/B6 mice
displayed cognitive impairments and increased anxiety. Although increased anxiety is a
symptom of AD, Tg2576 and APP23 mouse models, which are widely used in many
laboratories partly because they show AD-like phenotypes such as Af-plaque deposition
and cognitive deficits, do not show increased anxiety. Thus, not all of the desirable traits
mimicked by developed animal models are successfully represented by a single mouse
line.

Available animal models can be potentially used to address questions such as how prior
occurrence of biochemical and histological changes specifically affects neuronal loss,
plaque pathogenesis, and cognitive and psychiatric dysfunctions, which factors in the
aging brain critically lead to such neuronal and behavioral impairments, and what
strategy or drugs can be sued to delay or protect the pathophysiology of the AD-like
brain. In conjunction with these issues, some concepts and tips that may be useful in AD
drug-candidate screen will be discussed.
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Anatomical view o
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Histopathological changes
- amyloid plaque deposition
- neurofibrillary tangle

- neuronal cell loss

- gliosis
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Neuronatl loss and changes in dendritic morphology in AD

Hof and Morrison (1999), Alzheimer Disease. 2. LWW.

Familial Alzheimer’s disease (FAD)

Known

Gene Chromosome Age of onset % of all cases  Penetrance missense

mutations
APP 21 45-66 <0.1 100 % 12
PSs1 14g24.3 28-62 1-2 100 % 80
Ps2 1g42.1 40-85 <0.1 100 % 5
ApoE4 19ql12,13 >60 (risk factor)
a2-M 12 >60 (risk factor)

low-density lipoprotein receptor-related protein (LRP)

receptor for advanced glycation end products (RAGE)

insulin degrading enzyme (IDE)

neprilysin (NEP)

endothelin converting enzyme (ECE), angiotensin converting enzyme (ACE)
u-PA, tPA, plasmin, MMP2,9, furin, etc
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Sporadic Alzheimer’s disease

@ More than 80-90% of all AD cases
o caused by non-genetic or environmental risk factors

o Aging: is the most prevalent risk factor
=>» applicable for all AD cases
@ Clinical and epidemiological studies show that -

- acid-forming food
(ex, food high in dietary fat or total energy)

- dioxins, aluminum, lead
- viral infections
could act as environmental risk factors for AD
(Grant et al. J Alzheimers Dis. 4 (2002):179-189)

=> |t is disputable if these factors can be counted as salient non-
genetic risk factors that affect most of the population in developed

countries

| Aging and risk factor-dependent pathogenesis of AD
>80% 15-17% <1% frequencies

Sporadic Familial AD Familial AD Y
AD (late onset) (early onset)
APOE4,
a2-M
-,
aging )

aging

6541

N

AD pathogenesis | -
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Pathological halimarks of Alzheimer

1) Histological phenotypes

a. amyloid plaque, neurofibrillary tangle (NFT)
b. neuronal cell loss, gliosis

2) Behavioral phenotypes
a. Cognitive symptoms

- learning and memory impairment

b. Psychological symptoms
- mood disorders : anxiety, slowed thinking, tension, irritability
sadness, social withdrawal, depression
- other behavioral changes : calculation defect, Language defect,

violence , crying, wandering

Structure of APP and FAD associated mutations
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Generation of Tg-BCTF99/B6 mice in inbred C57BL/6

Analyses of the transgene expression in Tg-CTF99/B6 mice
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Expression of calcium-binding proteins in the brain of Tg-BCTF99/B6
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Activated JNK pathway in the brain of Tg-BCTF99/B6
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LReduced expression of phospho-CREB in the brain of Tg-BCTF99/B6

D Non-tg
M 15 BCTFY9

Tg-BCTF99/B6 shows the reduced neuronal cell numbers
and simpler neuritic morphology in the brain
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Altered spatial learning and memory retention of Tg-SCTF 99/B£}

Morris Water Maze Test Passiv
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Anxiety-like behaviors of Tg-BCTF99/B6 in the elevated plus maze test

" enclosed armi’

z

|

open arm

O Open arm
14 W Enclosed arm 250
12 : —_
g 200
810 2
g 8 E 150
E c
s 8 Z 100
o4 g
[ w 50
£ 2 g
=] =
z 0 = 4]

Non-
tg BCTF9S

Tg-

mm) Increased

Non- Tg-
tg BCTF99
anxiety

- 55 -




Normal locomotor activity and motor coordination of Tg-pCTF99/B6

Open Field Test Rota-rod Test

(A) B) ©) D)
™M 14M 55M 11
14 16 200 160 O Non-tg
-2 14 3 o140 W Tg-CTF99
E En S150 810
© o 10 E 100
g8 - 2100 -% %0
2 6 .4 o c
z s 6 9 60
EaN £ 5 50 E 40
z 2 g 2 2 )
=0 e 0 0 Iy
Non-  Tg- Non- Tg- s 10 15 20 5 10 15 20
tg  BCTF99 tg  PCTF99 (rpm) (pm)

Pathological hallmarks of Alzheimer

1) Histological phenotypes

a. amyloid plaque, neurofibrillary tangle (NFT.

b. neuronal cell loss, gliosis

2) Behavioral phenotypes %‘ ‘
a. Cognitive symptoms ’i

- learning and memory impairment ? Q

b. Psychological symptoms

- mood disorders : anxiety, slowed thinking, tension, irritability
sadness, social withdrawal, depression
- other behavioral changes : calculation defect, Language defect,

violence , crying, wandering
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Uses of AD animal models

1. searching for in vitro data vs. in vivo data

2. studies on the mechanism underlying the plague
pathogenesis, tangle formation, and other

biochemical, histological changes

3. genetic studies by breeding AD mice with other
genetically engineered mice

4. studies on the progressive alterations of the
cognitive, and psychological function

@ tests of AD drug-can@

6. searching for environmental risk factors that cause
sporadic AD

Tg2576 (by Dr. Karen Hsiao)

Transgenic mice expressing the mutant form of hRAPP (APPswe)
Hsiao et al. (1996). Science 274:99-102
produce B-amyloidosis and gliosis starting from 9-12 months
2= X: Taconic, 8 Et2 (SUH)
Tg2576 is established in the C57BL6/J and SJL hybrid
- C57BL6/J x SJL > C57BL6/J & SJL hybrid

- B6/SJL hybrid x Tg2576 (C57BL6/J & SJL.)
- non-Tg, Tg2576 (B6/SJL)

Sl R

C57BL6/J
SJL

C57BL6/J & SJL hybrid (C57BL6/J &
Tg2576 g
their non-Tg control
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Tg-APPswe/PS1dE9 (by Dr. Borchelt DR)

1. Transgenic mice expressing the mutant form of human APP and
PS1 (APPswe/PS1dE9) in the brain

- Jankowsky et al., Biomol Eng. 17 (2001):157-165
- Jankowsky et al., J Neuropathol Exp Neurol. 62 (2003):1220-1227

2. produce B-amyloidosis and gliosis starting from 6-7 months
3. B2 H: JAX
4. U SSEM: FRUUE

C57BL6/J
C3H
C57BL6/J/IC
Tg-APP/PS1
their non-Tg B

Tg2576 mice

|C57BL6/ | lx [SiL]

SJL

| C57BL/6J/SIL hybrid | f | Tg2576 |

C57BL/6J/SIL hybrid |

3 Drug ®oi tix2 | Tg2576 | Drug D0l W=S
Drug 0I50) I3 Tg2576 Drug gmi\<§ :

9-10 M 16-18M
Histological exam
Behavioral test
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Immunological analyses of plaque pathogenesis

Tg (15 month)
Tg (9 month) Tg (15 month) treated with cpd X

B

Insoluble AB (pglg)

[+
Control(wt) Tg-AD  Tg-AD with cpd X

455665758506 |

Tg-pCTF99/B6

- 60 -




Tabie 2 Summary of SHiies CORGUCKS 1 # X8MING NOvel ThErames I UBNIgonk mosels of AZDarnors Guewse
Approach Taatnand Tacegenc made Resad Retacsace
AP stitndy (6) 1% » AP42 oty (11 sonthe rusatve) PRASP m\ammmww entow, 39 Sohak o & (1999
(2) pastpacgse AR mrncdy (&7 v u)mmmga HC Aji ioad ~ controa, 3,99
e, 0%
9 » AR crmsiatons (8 et durstion) Tyt umm;?gamu « oontrois, 4%; Mogen af af (2000}
8> immaartans 14 weeks doratoe) cNpa n-:-;.qp NC « 50% tedhcton 1 A pacpss Barus wt ot (2200
AR oy {205 paman) IS musta dorstant PDAFP D moetw agu, duction £ rasge aad, defned Deblattos of o 2001}
a8 tnber of anvms WK 5 piagie
8 ¢ ARS2 wrmirstatons (3-4 monthy draban) TaBM 718 ecbe age; evdinok tor pramsy efect Das ef 1 (2001)
oo new piat 178 morthe) accuriaten
Uy eananie o preexitng pladuee
{18 montw).
82 Al bonoiogrs papide (¥ mont duralon) BB 1820 mahe sge 80-30% nchtton i HC Sgurdesne sesl 2001
a0 Cx pague 0ad 7% radn AR (soubie;
socksond whaevuatory mrnkees
42 AP atiuody (BAM 10 passin} TIT6 911 meoa age, NEE o ONS AP (ravkdisy Kobinek o at (2002)
{13 dap* durstant i AP amscrts smN
1omorstam  DAPT 110 100maAg pa) Ihpl POAPP 15-50% reckuctin AP G2 Duvey of at (2031)
vabdon
DAPT 150- 100mphg £.c) Shpit LA Smers age 30-40% seduchan Al n Ca sl Lava w2 of (2008
pane; 17 marhe age. NGE tn A On
LY1I5TS {1 -Smpkg po - 00 ey POAPR 13 medow agm S0-000 sekclen 0 AR 2 Cv Muy or o {2009
ard piaque 0ad
It acmatory bugeoten (6 morthe daaton » dud) TyBM Vb ek age 509 sekiclon 1 CNS AR 839d, Lon of of (2000
sackeon (L 16 and GFAP
NOX 2218 INSKIDY (6 oot Siration « dat) PSAPP 52 monihe age A% edn AP oad & CHHC, Jectaen of al 12002)
icsogia acbratan
Quezanin (5 monthe duratan » duth Tz 16 meorths age 40~50 1ducion CHB AP tad. Lim &2 4 12001)
wadictan 15 amd archead prcvine
OufZn chaiator  Choxpuesst (Wagyh par day » ¥ wawksd TySIE 20 axedie age 40-506 ctution CNS AP Chay of of (2001}
Choieamrs BAYS A3 (2O per day x5 winke) Poa 13 wesis e - LOM medeckin CNS AR Ratuow ai (201)
ey Wrwninid seckaction « prasma lohotesieaifh
Ouarogen Ouaractoy b osavatiol suppuonsnt (argxy Ty ¥ @onte age. vwscidny vomisd ONS A Zhang o oi (2302)
rewg 13 waaks) badvey, omtrads peacked dorevabed
a0 AG
Pavna AR G 08 g par § day (p 3 weekay PEAPD 13 pocke 36, - 50R: raducton » NS AR 2t Matsccha of ai LDO9)
toquestutar: HOICK, piaque Wit kond
GM1 (15mpAgpm 8 doy . - 2 womd 13 wooks ags, « $250% mdatiar in ONS AR
Netra Neooboe (200, wmfmdsum TIZM 16 e 4ge, SO-EON mcuton b meouh Nodbarg of af 20
ey X AR NSE wrmar coubin AR Bigfeant
odeohon n piagse burden
PSAP smren s tsclnd, Sowmw NSE of larimant oo crlir AR load. .
Atwensaton o! coris et Xan sepntwd iooeg trslsomnl Behavioural Ph logy 2 14:419-4
Bukiar reacd dwronstraind s PEAPP ine
Foranch 9 Tow remi el 2 15 agu of azivr; st Yue of wwipse. and & provasy exdpornt prosndad. Uady athe
senonine 3w 220 ke s (see IOIHES refaemnce (or turttue datiin)
SE. 00 b o HC. Ca, cortax

J Crotidestncme iabibiion, prinants the
thricept’ Lenmedomier o asntyicholne b B bran

Mepranan Forwt NMDA o opior BRIGUBNE; bhcks bac dftects 2003 $498 mabion:

M ot e Rate

Rivintigmics - Mowmais Crdumsbame WERDINOY, provents the 2090 328 mifen Haoses, vorndting, s d

{Exsn’ Bewakrkomn of i appaitibe, inedigastion, wwealawesn’

Cotpeeation o thebra Tk ol wesingy, Rzziens, diarhan,

3 painy

Catadanin  Orto Mol mm-u Inbiintor; (et e 20m 3223 mitin Hansa, wenkiog, datua;

(Rarndpie} sne. Stirrasiaton . Morania, weght fom

Db Rl 1 roleass ol aestylcholine
Galstwnite  Ortho-Nctivil Frolisssaise binborn, peecols the 2095 $24 mdboo Hausea, suniting, dwntua
Razadme ER} oS Jac. . broakdown wrans, weight s

ricolinks: leagions o Rdess e acetycholiw

Newdngs  3APS Mewochors, Tc.  “labits armiosd-bobs ag@vaates, bhids and redices  Pharso 3 N, WORRITQ:
i)

soh vl prghoid-buta
MPLTH60  Mgrind NS dnewativi: sriubts nrmphid-bel aggeogates  Phosss Y Hioe disclosent
Fhongard  Phamacations  and frdices B Wvals of anytoikh-teta with ittle st
o gnti-niammaldy oiect
ARB-GOL Ewn Fremecional antitody binds 1 and Uses ¥evkig. Phase 2 Nona disciesd
Fharnacoutions  bebs, & (Naigand 1o diretyy doloaw antibodies )
wedoid-bata
Necamxmn Soross MDA rucpdr anagonist Hodes the oldcts of Prinso 3 N dischownd
Labuentodiaoc wsconiany otenats at thy reneptir
Dngs Semwastatin Wk Stating ek cholextorslamying pector that Pl 3 Hone disclosed v thw trial. ot
ind [ris: 2] promoles Mptold-bets sggrgation e s o KGR S cause
conaitiens DNIRI, FIRE, LI
Pl 3ud Teumciv B
VEIEUS Voyugw Formaane drsg tevprlice sodtate, vcTvaes wrt Fivs 3 Hure deriened
of i body, might
el ety
Vaigaciate. ak g fropactios may Pl 3 None disclotat
diciosed Aelay otiviead pragrossion of Alzheimr disanse
Distary Gingho: Aciicordants nadrakzs froe radicals and ry sduce  Phse 3 Hadac ko, upsot stomach,
Sppew Nk Of prevaet he GG they cOIse iR e cels. g raections
wirmin € Arioxidants naraize frie radicals and may e Phase 3 Nona dtsehied
Swlsmien of prevorn (v damenags by coyy b B cells
didates b 3 for Alcheimer dis. based on the amylosd hypothests.

- 6] -



2Xo0iH X040 oSN Hojol o0l X S5

A) ’ Modified pathiogenesis l

7 1 I ! [ 1 i
40 50 60 70 80 90 &3

- 62 -




