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WO 2007/046774 PCT/SG2006/000284 Non-invasive, in vivo fluorescent
imaging of the nervous system in whole live animal Field of the Invention
The present invention relates to methods involving the non- 5 invasive

Wa9sn9«ef afluorescent protein expressed in a transgenic aaipakae06/000284
Background to the Invention Parkinson's disease (PD) is the second most

common 10 neurodegenerative disorder after Alzheimer's dementia. It is
estimated that more than one million individuals in the United States of

Americaalane At aiirsied withhis dizakling~dinesseAndwnoaRaRimal
50,000 new cases arise each year (Fahn and Przedborski, 2000). A
progressive, age-related, 15 neurodegenerative disease characterized by

bradykinesia, resting tremor, rigidity and gait disturbance, PD is also

charagterized Py qtm%%%iyce) nprogressive destruction of dopaminergic
neurons in the substantia nigra. Like many other neurodegenerative

diseases, PD presents itself mainly as a 20 s?é))radip condition, meaning in
thé Kb SEREDE at"GBHERE FERAGEShEE I PARP IS ARERSY PIY cCfar®y~
arisevas @simphs iMendelianttraitrksked tordefeets irapvatetdof genes.

Altheughglinically:and pathologically sporadic and familial 25 PD may
differ on several significant aspects they all share the same biochemical

brg&g@gg&g@li&, Ramely the dramatic depletion in brain dopamine
(Dauerand Przedborski, 2003). The reason why PD patients exhibit low

levels of brain dopamine stems from the degeneration of the nigrostriatal
3Pdopansipefgicipathway,(Wihich s comprseddirdepaminatgic neurons
whese cellhodies-are logateddn thesubstantia. nigrar andbwhase, 1, ;¢

projecting axo nd nerve terminals are found in the striatum (Vila and
i abBTSkr 200, WO 20070467 % PETBCH00RIO00384 73 THE United
bedtttaratteAvedifsdel of PB Fasbéen dévaibped byusihgabling

disease and more than 50,000 new cases arise each vedr {Fahn
and Przedborski, 2000}). A progressive, age-related,
neurodegenerative disease characterized by bradykinesia,
resting tremor, rigidity and gait disturbance, PD is also
characterized by a massive progressive destruction of
dopaminergic neurons in the substantia nigra. Like many other
neurcdegenerative diseases, PD presents itself mainly as a
sporadic condition, meaning in the absence of any genetic
linkage, but in rare instances, PD can also arise as a simple

Mendelian trait, linked to defects in a variety of genes.

Although clinically and pathologically sporadic and familial
PD may differ on several significant aspects they all share
the same biochemical brain abnormality, namely the dramatic
depletion in brain dopamine {Dauer and Przedborski, 2003).
The reason why PD patients exhibit low levels of brain
dopamine stems from the degeneration of the nigrostriatal
dopaminergic pathway, which is comprised of dopaminergic
neurcns whose cell bodies are located in the substantia nigra
and whose projecting axons and nerve terminals are found in

the striatum {Vila and Przedborski, 2004).
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the neurotoxin, MPTP (Bloem et al., 1990, Flint Beal, 2001). 5 The
discovery of MPTP occurred in 1982 when a group of drug addicts in
California developed acute onset of severe Parkinsonism. Investigation

vayealegthat the syndrome was caused by self-administratigrri8oos/000284
synthetic heroin analogue that had been contaminated by a by-product,

MPTP during 10 manufacture. MPTP administration was subsequently
shown to model PD in both mice and %rimates. MPTP is highly lipophilic
and it readily crosses the blood-brain barrier. It is then converted into its
active metabolite, 1-methyl-4- phenylpyridinium (MPP") by monoamine
oxidase B which is then 15 taken up by high-affinity dopamine and

notadrERaTa thtaker s3ateMiEnd 9¢ donsEttdRPatElmnRTed Witk 9
nfitechendribcof mighiStAat@lidepantinelgic Gel¥) THidigan fead 10 2001) -
nmlabsisr?tdekqxeéi@lé@p@fﬁﬁs&qmc@lhdar ﬁwis@i%er@wlt%@gdg peusenal
cell death (Tatton. Kish,,1997, Tanji et al., 20 1999). In mice,
e e T EERE VSRR L .
SPOWiheSSavERe histBpathdrsticarcan§eas e ctiding sRetimgptme was
oyioplasrbyinteistitalnedemia; depletion of slopaminergic neloasakithue
reagtiveamigoglial preliferationsand gliggis{Abdrl:\Wahah 200325
VH\{hiIetngtsérog theﬁggargg.onlED as been conducted Wiljt a_focus on
adults: ‘Some reports convincingly demonSFareivat Ly tmic RSt ©° -
iffettbnERte e atar e A Res s ite et ma iR Pbiain dahiag & wisieh e
bentratedriveadulthesds ddre BRfact that-dexelopingdrain is yulnerabledo

METFe famage.as swell deservegdurihersipyestigation, {n addition to

MPTP, a number of other chemicals have also been reported to cause

Ex

LT atag e Vaiolis e giGRS BH-38 &FdiGuBe Braft thekRen
chdfaicaly insludesa teR§listof strremiakly ardl imctibrralbldiversetake
coyBpetndsnsanging femMO P2P0/046( T4 RET/SG2006/000284d31a of
nigrostriatal dopaminergic cells. This can lead to a number
of deleteriocus effects on cellular function, resulting in
neurcnal cell death (Tatton and Xish, 1997, Tanji et al.,
1988}, In mice, 2'-CH;-MPTP is a more potent neurocotoxic than
conventional MPTP showing severe histopathological changes
including swelling of cytoplasm, interstitial edema, depletion
of dopaminergic neurons with reactive microglial proiiferation

and gliosis (Abdel-Wahab, 2005).

While most of the research on PD has been conducted with a
focus on adults, some reports convincingly demonstrate that
systemic MPTP injection into neonatal mice results in
permanent brain damage which can be traced in aduithood. The
fact that developing brain is wvulnerable to MPTP damage as

well deserves further investigation.

In addition to MPTP, a mumber of other chemicals have also
been reporited to causze neuronal damages in various regions of
adult mouse brain. These chemicals include 2 long list of

structurally and functionally diverse compcunds, ranging from
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industrial toxic compounds, agricultural pesticides, to food additives.
Once again, most of the neurotoxicity studies conducted thus far have
been based on adult models. However it is important to note that the

deyvalemagrarain with less 5 intact blood-brain-barrier is muGhrmetoss/000284
vulnerable to damage caused by known neurotoxins, and more critically

the damage inflicted cannot be fully agd correctly compensated by the
developing brain. Therefore the importance of testing chemicals for their
pdtehitiil Ticur otoxititycdrrdevelbpingdtG raincadnpt beiotelcemphasized,
espaciallydn dealing wighithe issue gksilgat ﬂ@g&@%i&@yesﬁﬁsﬂ)és
exposiire o nedrotoxicants q)ut wﬂEout Ilnlcal tonas until puer it

adulthood). ThIS was furthel er exacerbate b the I‘:thronmencia

PGt AGRNCY s Béelbpifrehbs r@@ﬁﬁ’d’(%&i’d?@/ PsFEsiHG G hiRtine
(BNTG): Mbredenently-therElropéanm@omnaission: adepied«a psopesaktor

am@wa@wﬂ@&f@%ﬁ&w frameyrk totest alhghemigals through
rous 5egém§0\ﬁ/tg e% Tfltes oc{ the new easure costing_up to seven

bhlon Uros and taking at least ferryears &5 n%lé:r%%‘?niﬁt@ﬂaw bFilt&ry
aCiRiiE HTBidH @FRAP), anlifteffetratehdildment isroteirdx predded
pltédmimaatﬁelymthe@strpﬁy,te&ﬁ)faIhﬁe@&@&akﬂem@iﬁya&f@l@ﬂ% has

bgenipropased bye Q@@&%@é@&é”ag%&ﬁﬁﬁ) 0 pg an egily, and

s%plsmve 25 . blomarkerfor monitoring neuronal damages in adult rodent

braifs Caised by® var|ousf’r?é‘"ﬁF’ott?ﬁii'ccé\f;gnfsL |’ﬁcrucﬁﬁ§l]Y exposure to
RAAYRESBREAYEL 2 1316 - tettdioydropyitine (MBTR)(Reinhaid et al.,
1988; Arakiipt al 7R2001:-chenrehak, 2002: Figldsand Staveas- Graham

2002, Khisaid ot ah, 2004 A9 yegulation 300 ORA Rehis ession has,
been correlated with increased heur Ioglcal a a% e traditional
>4

methote fhigsed e FiiGle enBsGeREEERSEAR p?é%i%?\ai‘hclude
pfedanirantlyainaigdoeychermistnidiorthess [Hotopkesterubiet and

ELiSAL {2 Callaghanick39L . Engset ak.z 2000 cais through a rigorous
regime with estimates of the new measure costing up to seven

billion Euros and taking at least ten years to lmplement.

Glial fibrillary acidic protein (GFAP), an intermediate
filament protein expressed predominately in the astrocytes of
the central nervous system (CNS}, has been proposed by
O'Callaghan (0'Callaghan, 1988) to be an early and sensitive
bicmarker for monitoring neuronal damages in adult rodent
brains caused by various neurotoxic agents, including 1~

methyl-4-phenyl~1,2,3, 6-tetrahydropyridine (MPTP) (Reinhard et

- al., 1988, Rraki et al., 2001, Chen et al., 2002, Fields and

Stevens-Graham, 2002, Kurosaki et al., 2004). An upregulation
of GFAP expression has been correlated with increased
neuroiegical damage. The traditional methods employed to
analyze endogenous GFAP expression include predominantly
immunocytochemistry, Northern blot, Western blot and ELISA
(O'Callaghan, 19%1, Eng et al., 2000).
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35 WO 2007/046774 PCT/SG2006/000284 4 The GFAP basal promoter
consists of a TATA and a CAAT box. Enhancer and silencer sequences
are found between -250 and -80 bp and between -1980 and - 1500 bp.
Wwaese7pesitve control regions contain consensus sequencgs-{dnaaMoos4
transcription 5 factors including a cAMP response element and binding
sites for the Sp-1, NF-1, AP-1 and AP-2 transcription factors. Tissue
specificity is conferred by a human GFAP consensus sequence located in
thee 198(t®at500thpregion. <H0.Reactive gosisrasiragHOSISADASAS in

resRonseL0.aIMOst Ay insult. RRysical or chemical o, ihe C—e%yfland -80
nervous system (CNS) and is characterized by hypertropﬂy of the

adtrSaVte Cal Body And its Brocedsss, BRcomipaifed B kv in&reuseihn
SEFTELRfor Ot BEAERegREVE GifoisTiSaS ocommanitteby @niption
uprtegulation i GLAR Amimilas iperease AR Qe s foloninge 5
tiumatic apd;toxig.injuries.tp the, peripheral nervous system., With the
advancement _iﬁ.mpus'e,transggnics and the avaﬁaBﬁlty 200t Novel
rebbits GBRESTSEVEYalfe ptte rEERE S Th AUl " SERB arecigase
(fe)enpechofagrasscentthmoteir? G RR), ~ahddubiferase ¢bUC) have been
introduced into transgenic mice under the control of the GFAP promoter
d to0.be useful ,surrogates for studying the GFAP transcriptional
e e S r RIS b1, < At
ZRY et S00 B WAS To/02 997 aheRds B0 603 dESeRbaThECUS
gescmEtiot vt A drahsgenicamotise: expre ssingygraat filoyesgenhprotein in
alial-30ysellscThe uihoss flesqribg the i vitro detegtion:qf flugrescence

iinn%?gti% nerve, Q}r{m&geggg, s](f:i%tiﬂc nerve and cornea either in whole
mounted tissue of sections theréot. 35 We 2067646774
BEITRE2A06/d00284vp-regulation of GFAP. A similar increase

in GFAP occurs following traumatic and toxic injuries to the

peripheral nervous system.

With the advancement in mouse transgenics and the availability

of novel reporter genes, several reporter genes, inciuding

beta-galactosidase (lacZ), green fluorescent protein (GFP),
and luciferase (LUC) have been introduced into transgenic mice
under the control of the GFAP promoter and proved to be useful
surrogates for studying the GFAP transcriptional activity
during gliosis in vivo (Bremner et al., 1994, Zhuo et al.,

1987, Zhu et al., 2004).

WO 00/02997 and US 6,50%,003 describe the generation of a
transgenic mouse expressing green fluorescent protein in glial
cells. The authors describe the in vitro detection of
fluorescence in opti¢ nerve, brain, retina, sciatic nerve and

cornea either in whole mounted tissue or sections thereof.
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5 Summary of the Invention For the purpose of facilitating the studies on
the developmental aspects of PD and neurotoxicity, the inventors 5
established a non-invasive system, comprising a GFAP-GFP transgenic

Weuyss mepel and a commercially available imaging systemphigBons/000284
permits the study of various aspects of neurological disease, damage and

toxicity in living animals. This system also enables the screening of a
large number of 10 chemicals for theirheurotoxic risk to the developing

canifal Repus.syseredr g efficient manner. By using a transgenic
animal that expresses a fluorescent protein under the control of a

promoter from a protein that is normally expressed in the nervous system
of'an ditnBERCTS iAYeARSTS H&IE B SHoiiTtRARAUBReSEENCe detection
inwheleptivedianagpeaic-animats candbedised to:manifor the: effeotofors

stimulianditest substances onthesexpression.pfithe fluaressepcerprotein

from that promoter. This regresents a si%niflcant |m§rovement qver the

Stat8 BTRB AT 20" AR 88 Pedl- TRRE 5P tseY 1S FEAR RIS HORTorhg
ofstrrL esffe cidichtase substahbe s die dhtat 2iintal3@soLs Sfstem in
viveuAditsymest ganerl dhepresentindentiendetatesita matgdsninals .

n¥pdng bR nvasl. delecian of fLigresgepee,rody g, 2 liatesgent
protein expressed In a transgenic animal. According to a first aspect of the
prasEtGAVENEiBR & ifdthdt TEFroiided WlicHrinvRlvES tRteRiRY thentral
expressien of st diucre sce nt Protegnof imterest.in an animal, wherein the

30 animal is a transgenic animal having in its genome nucleic acid
ensoding.said Huareseani-ptein opetablyclipked dos promater swsigie acid
from, a arotein that,iz nonmally \expressed in ine Neryous System of hg: 55
afimal, the metho& comprising the step of non-invasively detectin

fIFGTEREEhE S BBAFGTFSart pidtein WHEH e ES8dh Said Rl -0

inventors have now shown that fluorescence detection in whole,
live transgenic animals can be used to monitor the effect of
stimuli and test substances on the exprgssion of the
fluorescence proiein from that promoter. This represents a
significant improvement over the state of the art as it
enables real~time, or close to real-time, monitoring of the
effects of test substances on the intact animal nervous system

in vivo.

At its most general the present invention relates to methods
involving the non-invasive detection of fluorescence from a

fluorescent protein expressed in a transgenic animal.

According to a first aspect of the present inventisn a method
is provided which involves detecting the expression of &
fluorescent protein of interest in an animal, wherein the
animal is a transgenic animal having in its genome nucleic
acid encoding said fluorescent protein operably linked to
promoter nucieic acid from a protein that is normally
expressed in the nervous system of the animal, the method
comprising the step of non-invasively detecting fluorescence

from said protein when expressed in said animal.
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WO 2007/046774 PCT/562006/000254 6 Accordingly, the use of a
transgenic animal having in its genome nucleic acid encoding said
fluorescent protein operably linked to promoter nucleic acid from a protein

Wabss-mnermally expressed in the nervous system of the anigabi@s/o00284
method of non-invasively detecting fluorescence from said protein when

expressed in said animal is also provided. The method is preferably for
studying the effect of 10 administratioR of a test substance, or application
of a test stimulus, to a said animal, wherein the method comprises the

stepf a%q{?i'}'swtrﬂfég Sald festsubstance..ar smilys, 9., said, apimal

prior to a step of non-invasive detection of fluorescence. Preferably, the

nHEtHOY is* %ﬁﬁd‘Fh@nfé’%m%tsb?’tﬁefﬁe%?%%%?&ﬁcBrSF%%&FE&r%WY
thémeut dlogicatreorditioncd ilve apithal rPheametiesds of tthetpresent

inventonymay iherefare prexide,neibedsipnasiesning aeiHolagicah a

modulators. 20 The method preferabl rises the step of f comp ring
fmogrgséen%e "detecied T ?romgép c%%%tro%%/m I?If)n tﬁesaﬁgence 0 2

IRt atioRroPERERSTSULSIAREE Withthe fiforsterie Hetedted from
a said transgenic animal following administration of said test substance to

t"iﬂﬁéf%@%@%ﬂi%%5ﬂ3@‘@39@3589”&h@?@%30§@%&ﬁ”& apsence of

|n|strat|o of atfest substance es one to I’OVI eaco trol valtée
nisitra fa substancs Ih ﬁ ab
ase rea ng e g. for autofluorescencé whic may e Udel

t§§émerwitht@efectibifopiiiBréscehed %ﬂo%}?ﬁ?g ERiARfisrafBA GRthe fest
ssibstange dancalculate irelative fluerascance yaties for standdrdisatien a

PLURASER:I0E ﬁQE!HQ' t\éa'kﬂe @l@ﬁ/eg% ql%ﬁ?rETHOSgl'Oea Jansgenig ayimal,

:%1 of the same kind in which test substance is to be tested, or a 35

non-transgentc amr‘?naeff?’ﬁ%béﬁﬁn?x%emm%%fjeréﬁlfﬁﬁ M%V%‘éhﬁnd
e2§ fmitecAntdmost Prefaratiip e samesstiminl s, on the neurological

condition of the animal. The methods of the present invention
may therefore provide methods for screening neurcological

modulators.

The method preferably comprises the step of comparing
fluorescence detected from a control animal in the absence of
administration of said test substance with the fluorescence
detected from a said transgenic animal following
administration of said test substance to the transgenic

animal.

Detection of fluorescence in the absence of administration of
a test substance enables one to provide a control value, or
base reading, e.g. for autofluorescence, which may be used
togéther‘with detection of fluocrescence following
administration of the test substance to calculate relative

fluorescence values for standardisation purposes. The control

- vailue may be determined in a transgenic animal, e.g. of the

same kind in which the test substance is to be tested, or a
non~transgenic animal. The animals will preferably be of the

same kind, e.g. mice, and most preferably the same strain. &
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WO 2007/046774 PCT/SG2006/000284 7 placebo, e.g. saline, may be
administered to the control animal for the purpose of obtaining control
values. Accordingly, in one preferred arrangement the method comprises

wiReieRsRf () non-invasively detecting fluorescence in a saitucan06/000284
transgenic animal before administration of the test substance to provide a

control; (ii) non-invasively detecting fluorescence in the same 10 animal
after administration of the test substance; and (iif) comparing the

lupreseencedgtected 10 ) wilh the Iugreseence aatecied in (). Agd in
an alternative 'préferreé arfanggmentt e method 15 comprises ﬁ1e steps

of 20§ Foh-TfadivenPasRR M P fluBhésdanies iF et Lakfhasfo provide a

control; - (ii) administering a test substance to a second transgenic animal

folleweskbynan-invasivelydetasting 20.fuamseence i that apimaband ce s

(iii'?f com gringot e fluorescence detected in (i) with the fluorescence
detectec Tl’??ii). e first animal may be transgenic or non-transgenic. 25
In one fleferrat-drrarrjointnt ded wmbivod$ biehe present invertidrare
provided fordetesmining thae neuratrdely Ointhea test-substafice: B test

another pref&gg%(ggﬁ}r:aengt%m‘gp&mg emgtlgg%rocffpe present 30 invention

are provided for testing the abllittyj of the test substance to facilitate the
treatmdft oG TIFBHIEEY A&GRSIBHICATIERERRSSRECOFRNERE thame
method maycomirise the siéps ofs 8bat) ducingre wralagios damage imd

a said ffignsgenic. ANMALWS, 2002040 L4 RETSG2A06/000784 ), e

fluorescence detected in (ii).

And in an alternative preferred arrangement the methed
comprises the steps of:

() non-invasively detecting flucrescence in a first
animal to provide a control;

(i} administering a test substance to a second transgenic
animal fellowed by neon-invasively detecting
fluorescence in that animal; and

(i) comparing the fluorescence detected in (i) with the
fluorescence detected in (ii).

The first animal may be transgenic or nen-~transgenic.

In one preferred arrangement the methods of the present
invention are provided for determining the neurotoxicity of

the test substance.

In another preferred arrangement the methods of the present
“invention are provided for testing the ability of the test
substance to facilitate the treatment of, or to modulate,

neurclogical damage.

Accordingly, the method may comprise the steps of:
() inducing neurclogical damage in a said transgenic

animal;
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8 (ii) non-invasively detecting fluorescence in said neurologically
damaged animal from (i) prior to administration of the test substance to
provide a control; 5 non-invasively detecting fluorescence in the same

amabiiam i) after administration of the test substance; apg-fiNg:2006/000284
comparing the fluorescence detected in (ii) with the fluorescence detected
in (ii). 10 Alternatively, the method may comprise the steps of: (i) inducing
neurological damage in a first animal and non-invasively detecting

fluO(re)szﬁ?;Cﬁdﬂimgg?wﬁgﬁféﬂy@am@ma_e@aé&qu&aidgaa&onltrola
15 (H) inducing neurqlogjcal damage.in a.second transgenic .animal an

e R ER e oy i i eacively
detecting fltdFéséahcatARaPaniMaltadd (FRIMAPEfint i ATSMAEsCence

detected in (:i<)xwit_ia>:the 20 fluorescgnce detected in.(ii). The first animal
may bgfransgenic. ar.Ron-tiansgenic; Jhe-neyralogical.damage may be

any damage or injury to the nervous system, however induced.
Preferably, ﬁﬁ’é‘ﬁ%ﬁ’m 5&s ot L5 tHe L RPRT HETVE a5 S/5t8m, Horéest

preferably tethetsrsin; Taedneurological damage may be reactive gliosis.

The ngyrologiggl damagadnay be-chemisallydnduced hy, 39;administration
of a selectegféclhgmical toethé-:- Qgrgali f:(L)rri >§ar.r5ple neurotoxins such as
MPTP, 2'-C -‘Kﬂﬁi‘%ﬁrﬁ- hygroxycfaopamine J(é-OHDA), Kainic acid (KA),
Trimethytin, pesticides such as Chlorpyrifos (CPF), fungicides such as
Manganess ethylenabisdihiosarhamatiedManebtaeMBEEB5 vrsecticides

S“Ch_a%)r‘)t%'}'l%ﬂ%iﬂsfg,?&&}%ﬁ38‘:‘!’:‘&5 Faagual (N, ¢ st animal ana
N',-dimethyl-4-4'-bipiridinium), organochlorines such as
non-invasively detecting fluorescence in the

neurclogically damaged animal to provide a control;
{i) inducing neurological damage in a second transgenic
animal and administering the test substance to that
animal followed by non-invasively detecting
fluorescence in that animal; and
(i) comparing the fluorescence detected in (i) with the
fluorescence detected in (ii).

The first animal may be transgenic or non-transgenic.

The neurological damage may be any damage or injury to the
nervous system, however induced. Preferably, the damage is to

the central nervous system, more preferably to the brain.
The neurclogical damage may be reactive gliosis.

The neurological damage may be chemically induced by
administraticn of a selected chemical to the animal, for
example neurotoxins such as MPTP, 2'-CH;-MPTP, &-
hydroxydopamine {6-CHDA), Kainic acid (XA), Trimethytin,
pesticides such as Chlorpyrifos {(CPF), fungicides such as
Manganese ethylenebisdithiocarbamate (Maneb or MB},
insecticides such as rotenone, herbicides such as Paraquat (N,

N’ , ~dimethyl-4-4'-bipiridiniun), organochlorines such as
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WO 2007/046774 PCT/SG2006/000284 9 Polychlorinated biphenyls
(PCBs), food additives such as monosodium glutamate (MSG), industrial
chemicals such as 3,3'- Iminodipropionitrile (IDPN), Toluene

Woelhylbanzene). The person skilled in the art is capable ofpgglRehossBoo2ss
suitable 5 amount of the chemical for administration to the animal and of

formulating a suitable dosage regimen in order to induce the neurological
damage. By way of example, single or ?nultiple (e.g. 2, 3, 4, 5 or more)
dmaﬁt@ﬁe&e@@%@bﬁaﬂ@% may:Eee administeied: Maliiple doses may

be admipis 3?%%68 ]a%ﬂgd%ﬁ%@'n%%gm:%ﬂtﬂv%lt?eﬁgai‘s 25 3uith %05*
more hours Jﬁqua of example, each dose may be chosen from 2

Téﬂl?“ogllf?%lf& GG, AﬁBFN&wéﬁ%}lﬂfr‘é*%eEfPSFaa%B?aé?ﬁlﬁ&e ma§be
m@medrbysméliﬁ appliceticr of physicalfbece f.esgl ectrish injgn/ takhe
h%@fﬂ@@@ﬂ@gﬁ @%@Maaaclf@i t@&@mm}:ab&ﬁeamlgg&canmagﬁd of
m e induced by decreasing the su of oxygen t ani &
ne%réous s&sjte?n ?ea&mg %g strgie gnd?ogr%ere rgﬁ |scf‘$aem|a Othe £he
méaﬁgqaﬂﬁm&wmgmﬂ%aae%ﬁypé@mém@@neﬁoﬂméﬁ&%
stineuly,.mechanical force, rexposuteses il Partickels: o génstisiacidradn

pretersad arrangementsithe newolegical dagrage my&bs%%r@pwde an
animal mode| of a selected dlsea e. For 25 a,%]plf the cgsegse maé/

CHYSRI ORI BisrkinaBis™ Fseerérsae AISHéimat's Disease of Huntmgton's
Dibense: Arapimay Hated fofPaRERSone Biseass &y Béfcﬁ’éﬂ%awrom
indyced by, agministration of MiBTRy(1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) or 2'-CH3-MPTP. 30 In. further preferred
arrangements the methods of the present invention are prowded or

te&thtGTRE HiRtY of Hee8d B%fé‘ﬁccea%o fAER e e atifeht Of EHeR0Ee
systarhidisebse. G5 Artordiniglfcirene praferred-andihgement thémétivod
CORPMIS@Sd/oxr neck and/or back of the animal. The neurological

damage may be induced by decreasing the supply of oxygen to
the animal’s nervous system leading to stroke and/or cerebral
ischaemia. Other means of inducing neurological damage may
inciude environmental stimuli, mechanical force, exposure to

viral particles or genetic factors.

In preferred arrangements the neurological damage is such as
to provide an animal model of a selected disease. For
example, the disease may be chosen from Parkinson’s Disease,
Alzheimer’s Disease or Huntington’s Disease. An animal model
of Parkinson’s Disease may be chemically induced by
administration of MPTP (l-methyl-4-phenvyi-1,2,3, 6~

tetrahydropyridine) or 2'-CH;-MPTP.

In further preferred arrangements the methods of the present
invention are provided for testing the ability of a test

substance to facilitate treatment of a nervous system disease.

Accordingly, in one preferred arrangement the method comprises

the steps of:



10

15

29

25

30

the steps of: WO 2007/046774 PCT/SG2006/000284 10 (i) providing a
said transgenic animal, wherein the animal is also an animal model of a
nervous system disease; (ii) non-invasively detecting fluorescence in said

waina frem{i) prior to administration of the test substance pde,REOMiElGFess
control; (iii) non-invasively detecting fluorescence in the same animal

from (ii) after administration of the test substance; and (iv) comparing the
fluorescence detected in (ii) with the 16 fluorescence detected in (iii).

Alternagively, e method mavcempriseihe stepaf, (hprovidingirst angh:
second animals,iwherein both aningialf are animal models ?:f angrvous
system disease18 @) ida st ATl f26nT (i) Homvasiveh detecing
fluoredéncedn-thevanimal fo grovidel acditrelr ¢ i eeséoondiansdenic

animal fromgghadminigierng dbedest substancetoshatanimad folaweehhye
non- invasively d%tgggggafl%grec%%n,ce in that animal; and 20 (iv)

comparing tﬁe liorescence detected in (ii) with the fluorescence detected

in (iii) {fhe et aHi el be tasdesiciorRERFEREGehit. YRSFUS BT
preferred armangementsnthe Methtids-ob the pleseat i2h inventien et
provided fortgsting adreatment for a nervous system disease.
Accor%ingly, in one preferred arrangement the method comprises, the
steps BF 3056 BRSSP HARRGRRRE affhaF \FhetBintfd atfiial the
also an animaheedekota dematisdydtenidisease; (ii) non-invasively
detecting fluorescence in said animal from (i) prior to applying the

U%&%Qgﬂgg%§g9¥vk%géCﬁ%%ﬁ%& may comprise the steps of:
() providing first and second animals, wherein both
animals are animal models of a nervous system disease;
(i) in a first animal from (i) non~invasively detecting
fluorescence in the animzl to provide a control:
(i) in a second transgenic animal from (i) administering
- the test substance to that animal followed by non-—
_ invasively detecting fluorescence in that animal; and
(V) comparing the fluorescence detected in (ii) with the
fluorescence detected in {(iii).

The first animal may be transgenic or non-transgenic.

In further preferred arrangemsnts the methods of the present
invention are provided for testing a treatment for a nervous

system disease.

Accordingly, in one preferred érrangement the method comprises
the steps of:
() providing a said transgenic animal, wherein the animal
is also an animal model of a nerveous system disease;
(i} non-invasively detecting fluorescence in said animal
from (i) prior to applying the treatment Lo provide a

control;
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WO 2007/046774 PCTISG2006/000284 11 (iii) non-invasively detecting
fluorescence in the same animal from (ii) after applying the treatment;
and (iv) comparing the fluorescence detected in (ii) with the fluorescence

detessed,ini). 5 Alternatively, the method may comprise thg SteRS9fddasa
I

providing first and second animals, wherein both animals are anima
models of a nervous system disease; (ii) in a first animal from (i)
non-invasively detecting 10 fluorescerice in the animal to provide a

contragy (iiiM&amgﬁymg@m?]aéfmg@)cageyiﬁg the. tegiment
to that animal follqwgd by .Qn-in\J/fz%sive aé/]%g(zjletectln fluorescence in that
animal; ancF T EomE&ng the TirEscaREs BtCEa R IR e =15
fluore§¥bncecterctad inhEi)t Ther fissteamimalorheytiod tlansgenicdrth the
non-transgenigo Rreferaklyadhedreyous system disease is a nervous
system tumor, which may be chosen from glioma, medulloblastoma, 20
meningioma, neurofibroma, ependymoma, Schwannoma,

nEGFSHBIOSEYEOHTa, RS BEVRSIfa Yot B5libhfa S&RRAaP hodels of
nervou) systenvidhery rabyshe generateddys Himar sxeongraftdieshaigues

well known to thase of skill in the arta2%Suitally, the anpplied reatment, ..,

may inyolve the application of radiotherapy, e.g. X-rays or 7-rays, or a
chemdtherapbdtic ditiy. WHE tHeethbdR B e pradenineT i 2o
involve the Gsecwsfe3Ganimals havirg ireukologivabdadrage @rrmenious
systemuiflisease, the slaimed igyentienmay-aptiqaally omit the step ehe
inducing s@%@d@egsg f%nd/t%r (%arga‘%e in g;)%fnlmg b|n which case, thel
methods do ot relate t6 the genération of such animals: But 15 tRairuse.
35 detecting fluorescence in that animal; and

{iv) comparing the fluorescence detected in (ii} with the

filuorescence detected in (iii).

The first animal may be transgenic or non-transgenic.

Preferably, the mervous system disease Is a nervous system
tumor, which may be chosen from glioma, medulloblastoma,
meningioma, neurofibroma, ependymoma, Schwannoma,
neurofibrosarcoma, astrocytoma, oligodendreglioma. Animal
models of nervous system tumcr may be generated by tumor

- zeongraft technigues well known to those of skill in the art.

Suitably, the applied treatment may involve the application of

radiotherapy, e.g. X-rays or y-rays, or a chemotherapeutic

drug.

Where the methods of the present invention dinvolve the use of
animals having neurological damage cr nervous system disease,
the claimed invention may optionally omit the step of inducing
said disease and/or damzge in the animal, in which case the
methods do not relate to the generation of such animals, but

o thelr use.
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WO 2007/046774 PCT/SG2006/000284 12 The animals (transgenic and
non-transgenic) are preferably non-human mammals e.g. rabbit, guinea
pig, rat, mouse or other rodent (including any animal in the order

wadeniiak,eat, dog, pig, sheep, goat, cattle, horse, non-hurpap,QEiMaiso24
or any 5 other non-human vertebrate organism. Most preferably, the

animals (transgenic and non-transgenlgg are mice. In any given method
the same type of animal, e.g. mouse, is” preferably used as the control
angideshanimal. heainals may sifferirthai ane may beransgenis

and ihe.alher fan.dodransgenis, allnough e 1gstaninel wil AaYS Benes
transgenlc.ljéotﬁ cqntroFa%d test animals may e(t;ransgem(;. The
provfiGtEr MdQSTCdEny ST Prdtett thafiSRofhalg axptédsedd thecs-

nervousstystem ofdhe animak Whilstthe dénnhcleic aeid setrience efthe
prometersmay-hedmodified as- corapated 1 thewild type rebllY,, the
subsitution, addition, deletion, (wuncation), lnssrtion or replacefnent of
ndcleot es, the prgmoter Alcleic acid 1 ﬁaracterlsed“by he a ilﬁy%o
regiirate RERGTs BYStETexpidssion crafrdtei 20 WiTsHF Bperably linked
topucietaacid eseoding that psatetnl Most peeferabiydhe pmmoterinals

refainsa £arrespending ahility,to FRovialg Jranscrintion (arddherebyon-

protein expression) in nervous system tissue as compared to the wild
B BIHRGIGH. 25 I SIBaHEATon et "dpe A KSR may
inEkie abeisituafiei iserd sodeleeded eiticleatite ‘Sedquende (&P prELEiA -
coding sequence) and regulatory nucleotide sequence (e.g. promoter) are

COM@A@?E%JJ%?Q IN.S4Eh. 2 way,as Jo.place the expression of i selected
nucleotide sequence under 30 the influence or control of the regulatory

SEFEETEE S Phu8 FHRRUETON sEdiEfte s optiabiyfifiked tBrastelit
naclebtitle satyenedaiktive:reduidtery sequiesicansycipableddf ieffeeting
trajsgripien of a-pEotein £odipg sequenss Whish: feums part aialtobie
Seclggteec%gzlf Cl&%&%%as'g%x%qc%:nvsvehr%@on or replacement of
nucleotides, the promoter nucleic acid is characterised by the
hability to regulate nervous system expression of a protein
when operably linked to nucleic acid encoding that protein.
Most preferably, the promoter retains a correspending ability
to regulate transcription {(and thereby protein expression) in

nervous system tissue as compared to the wild type promoter.

In this specificatiocn the term “operably linked” may include
the situation where a selected nucleotide sequence (e.g.
protein coding sequence} and regulatory nucleotide seguence
{(e.g. promoter) are covalently linked in such a way as to
place the expression of the selected nucleotide seguence under
the influence or control of the regulatory sequence. Thus a
regulatery sequence is operably linked to a selected
nucleotide sequence 1f the regulatory sequence is capable of
effecting transcription of a protein coding seguence which
forms part or all of the selected nucleotide seguence. Where
appropriate, the resulting transcript may then be transliated

into a desired protein or pelypeptide.
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35 appropriate, the resulting transcript may then be translated into a
desired protein or polypeptide. WO 2007/046774 PCT/SG2006/000284

13 Most preferably, the promoter is a GFAP promoter. GFAP promoter
wepseneas-are well known to those of skill in the art. Examplesif fafc Al 284
promoters and their use in constructing 5 GFAP transgenes, where the
expression of a protein is placed under the control of a GFAP

transcription control region, are desctibed in Brenner and Messing,
Methods: A Companion to Methods in Enzymology 10, 351-364 (1996)
which isdoeoragrafed: fierginpyeference ol J he. fijorescentprgrein may

be any fluorescent protein. Many suitable fluoreScent proteins are known
BIRBE SkiNET IR HTE aPt Subh'as GPYR, bl Sh Yfelffiw ordrg&dhd
reHlt flugrs3BRAE proRiRSRE. prsee Ushttpydvilve mickescdpygonstructing
axRtartichestivecellimadndf infeo ipmilVest preterabldhe fidopascant
RIRIEIN 18, atepn. duosescent proleld (GER) sush as haRR-98p7 green.

P
fluorescent protein gene, EGFP-1 green rh%?é%é*eﬁ? agﬁ%l o’?%
G Rfstestelt ProfeinTgent e iy vAsHO e obf FrImag o to
Meretiancsmpatiblecr Admaiizedcequéddes bighcbsdoimcorporated
megdification yiehdeaslers the construct more compatible with
mammalian ribosome translation) and a mutation increasing its light
emission coefficient. 25 In this specification a "transgenic animal” includes
AT SRGRA T Rl ARidPRK CBRIRG & faBrRISESIYrRERT-eperabNany
linkiethtd proinates specleipacid fromaa prateimthat isnosmally: expressed
inbes nervous systgmef the-animalinas beeminrodiced intg the 30

qr anism's genome through the use of recombinant nucléeic acid
%ﬁot@lns e.g. Sef% B
tec echnigues for géneration of transgenic non-human
Y iy 1) 2 3 b 5, -1 o s H

PEaTALID 98vSHS Sk fimaging/Epintro.ht

ml). Most preferably, the fluorescent protein is a green
fluorescent pretein (GFP) such as hGFP-865T green fluorescent
protein gene, EGFP-1 green fluorescent gene, or EYFP-1 green
fluorescent protein gene, or any variant thereof having
mammalian compatible or humanized sequences (e. g. codon
modification which renders the construct mere compatible with
mammalian riboscme translation) and a mutation increasing its

light emission coefficient.

In this specification a “transgenic animal” includes animals

in which nucleic acid

- encoding a fluorescent protein operably linked to promoter

nucleic acid from a protein that is normally expressed in the
nervous system of the animal has been introduced into the
organism’s genome through the use of recombinant nucleic acid
technology. Techniques for generation of transgenic non-human

marmmals are well-known to persons skilled in the art.

In methods according to the present invention the animals are
preferably neonatal, i.e. of less than four weeks age from

birth. More preferably, the neonatal animals are less than 3
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In methods according to the present invention the animals are 35
preferably neonatal, i.e. of less than four weeks age from birth. More
preferably, the neonatal animals are less than 3 WO 2007/046774

w5 T{se4906/000284 14 weeks old from birth, more preferglly,dessotiatss
14 days old from birth. Optionally, the neonatal animals may be between

1 and 14 days old from birth, preferagl%/ from 1-7 days old from birth,
alternatively from 7-14 days old from bitth. Neonatal 5 animals may be
anyeane ofdl 1208, BibtB, d;O gk rdtarhz; 13sMthonl164 1d: 18, 4%

28y &t 142123, 200290481 2/, Une8 flaysold from bidh. By, Usingneona

I
1
migg, ﬂe evelopment of the nervous system 10 may be monitored, and

patficalaryPife 3Hact P ieSt “SubsBREEE 4R te TR IdpihGAENGdE from
shsterh: |1 hetieds eetordirmptd thé plegene ity dition Huorbscebieenstal
deteeterk by-jomdnvasivenduerescense fnaging, Tlse imaginge 1510, 11,
technigue is,nonzinvasive in that the, animal is,imaged_fro e exterigr o
tﬁgharlliijréh{al%ﬁd Er.w%’sg%iceéﬂnt%%\}etrﬁén %’in%s(l)lvedg' in %E’é”d]%a%c%(ﬁ o%%r' b
fitbré&cen¥s. THe ARfMaPtii€ remains whole and intact during imaging.

Although the animal may optionally be anaesthetised for the purpose of
d@ﬁeﬁtéﬂggZQef&h@.mm,ther@ni@a%iﬁoBE@JﬁEabJY I%@QMMS system
fhioresgence detecton. Slitaie,apparaisand ieghniues for,
nortinvasive Huorescence %aglng aré known to persons of sﬁﬁl in the
PR S8t VAT r PR A4 AR Sy KT 28D SEFBET(Xenogen Corp.,
Alameda, USA). 25 Fluorescence detection may be carried out at any

cenvenientidinedaoint hefore or after.administration of the test substance
|régrgg£ é% %staggshicg@tmlv%r tfels& O\/a‘lelues. Often, it will be &prefe_rred‘to
pertornt & seried of post 30 RdminiShation detedtishe fr ord&FtoRRSHiRSH
56 BHEHE irk S| FOReS I Boet Hinke 2D pHion Ay axoritrolirezating fnem be
the exterior of the animal and no surgical intervention is
involved in the detection of fluorescence. The animal thus
remains whole and intact during imaging. Although the animal
may optionally be anaesthetised for the purpose of detecting
fluorescence, the animal is preferably living during
fluorescence detection. Suitable apparatus and technigues for
non-invasive fluorescence lmaging are known to psrsons of

skill in the art, such as the IVIS® Imaging System 100 Series
{(Xenogen Corp., Alameda, USA).

Fluorescence detection may be carried out at any convenient
time point before or after administration of the test
substance in order to establish control or test values.
Often, it will be preferred to perform a series of posi-
administration detections in order to monitor the change in
fluorescence over time. Opticnally a control reading may be
taken at each corresponding time point, e.g. from an animal
given a placebo instead of the test substance. For example,
detection may be carried out immediately or shortly before
administration of the test substance, e.g. up to 1 hour

- before, followed by regular detection thereafter, e.g. at
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taken at each corresponding time point, e.g. from an animal given a
placebo instead of the test substance. For example, detection may be
carried out immediately or shortly before 35 administration of the test

SPsi@EEE-9- up to 1 hour before, followed by regular detgetiQn., jus/000284
thereafter, e.g. at WO 2007/046774 PCT/SG2006/000284 15 hourly

intervals. Alternatively, detection after administration of the test substance
may be carried out daily, twice daily, thbee times daily or four times daily

ansb{angs s deys as e nvesiaalr dedies. 80 23, 4, 5 or 5

e
m%?nda, s. Detection of fluorescence IS pre f/L?rom a region of _
int&rest RO i thé nifhal “PAE RERIEPreteritlyRh areaierimeresely
thEATestgator. ApreferréddROfis tre 0 Eentrat hervousisysteniordr as

paittiyereqfs naestpeeferablythe dyaingsa part theyeof, Optionally the .
RQL may gxclude one or more of the optic nerve, retina, sciatic nerve,
cornea or any part of the mammalian eye. A corresponding ROI is
preferably used for the purpose of comparing fluorescence 15 detection
inRermrciiand1ést amimeads:cDeteGtiom of fucnesgeneeanncartiabanimals
provigdes sbagerfeading.ef apimal athHQOW%%C%AQE%%%%P%SQQ
beé%’%‘?{{é@%s asf% r%%din&aggttgst {eadin s may be made. 20" However,
in oné particularly preferred arrarigement & reiative” ibre8eht et ir)
valGBThEY PECHEHIatEa i eiset] RArEorhpanien purposes: fReIRE the
valueiis preferablytcalbalated.as o tatio betweerintahyosaeREe one

detecieddromm the RQkat 3 ime paint past-administration of the test

substance in € 25 trans%enic mouse and tissue autof uorescence
détett8d from the RUTIA the Coitrsr mSuse ¥566BRAMN  thelsdrhe time
p&iFtiegbluheveed placebbanaswgiven) oWhichpaaybe fansgeniente
nortransgenicn b pseferrad arsangements, an increase in fluorescence

Detection ¢f fluorescence in control animals provides a base
reading of animal autofluorescence. A direct comparison
between the base reading and test readings may be made.
However, in one particularly preferred arrangement a relative
fluocrescence (RF) wvalue may be calculated and used for
comparison purposes. 'The RF value is preferably calculated as
the ratio between total fluorescence detected from the ROI at
a time point post-administration of the test substance in the
transgenic mouse and tissue autofluorescence detected from the
ROI in the control mouse (optionaily at the same time point,
€.g. where a placebo was given}, which may be transgenic or

non-tLransgenic.

In preferred arrangements, an increase in fluorescence
detected indicates an increase in neurological damage,
neurotoxicity or nervous system disease progression. In other
arrangements a decrease in fluorescence may indicate an

increase in neurological damage.
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detected, indicates an increase in neurological damage, neurotoxicity or
nervous system disease progression. In other arrangements a decrease in
fluorescence may indicate an increase in neurological. damage. 35 WO

RWRPHPAREFA4 PCTISG2006/000284 16 The detection of flugseseenes:/fiavss
be quantitative and/or qualitative. In this specification reference to the

nervous system of an 5 animal may include the central nervous system or
peripheral nervous system. More preﬂe?ably, it is the central nervous

systemsstilbnaie preferabhethe-hrainardier spinak cord s Jhetestor

substance mag/ be any substance, material, 10 composition, chemical
compotind- iy, medicament, protein, peptide, antibody, nucleic acid,
small molecule, industrial chemical, pesticide, food additive or
preseryativeptbefost ravhstante - may beca rhateriatvontissys that ist an

surgically implaptediptothe estanimal £8uana/tificial b5 biomatetial.
The methods of the invention may be used, %0 monclktlor the g]ffeftn%t_j‘pe

teSPSUBERTES b the BRTRAT BRI/ Be dsed For formu &ting a disease
diaywdsis; 201 fornaratipeedcisbage Proghtsis: ARbTtoring 2hd/6PTd-
quantifying chemical-induced gliosis and/or lesion development in the

orain, ~dizgnosisand pradietion ghihe developmental. Farkinson's

Disease; 25 - the development of therapeutics, e.g. anti- Parklnsq:n's

DiSEEES i or GRTTE fRar B8 U Rty ARFHTARYing “oten/

neprotoxieantindirodst , gliosissandioriiésiomaieletopatartan thedbrdinial

meagwingthedevelopmentabaeyrptoxisity et 3pradificialhiomaterialstest

usgu E%égygaﬁg§”ggugsggterial or tigsue that is surgically
implanted into the test animal, e.g. an artificial

bicmaterial.

The methods of the invention may be used to monitor the effect
of the test substance on the animal and may be used for:.

- formulating a disease diagnosis;

- formﬁlating a disease prognosis;

- monitoring and/or guantifying chemical-induced gliosis
and/or lesion development in the brain;

- diagnosis and prediction of the development of
Parkinson’s Disease;

~ the development of therapeutics, e.g. anti-
Parkinson's Disease drugs or gene therapies;

- monitoring and guantifying neurcotoxicant induced
gliosis and/or lesion development in the brain;

- measuring the developmental neurotoxicity of
artifiecizl biomaterials used for implant and tissue
engineering; .

- measuring the developmentzl neurotoxicity of drug
compounds during pharmaceutical development;

- measuring the pharmacokinetic and/or pharmacodynamic

properties of the test substance.
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engineering; - measuring the developmental neurotoxicity of drug
compounds during pharmaceutical development; - measuring the
pharmacokinetic and/or pharmacodynamic 35 properties of the test

WO 2007/046774 PCT/SG2006/000284 17 ThedpyRIUAR: ve02s4
includes the combination of the aspects and preferred features described
except where such a combination is clearly impermissible or expressly
avoided. Aspects and embodiments of the present invention will now be 5

ilygtrated By way of example WithJaiereRse 1o e REComHRARNINGha

figures. Further aspects and er,%b%dim'egts wil| be ap aHent tonggose,Ci n
SETEE T IRE At RN FSclHERtE Rentidhad. if ﬁf%etex‘?careaﬁn%%rpé?gtedo
hereirbardferénoe rospEaite @ DEIEHSHEH vf e Prsterred
Embodiments In the preferred embodiment of the invention the genome of
thesfrefnsgenia aninvalihas txuceic-aeiderseding avgreeroflucrescamt be

protein.Qperably linked foa-GRARRIoMpes, 15 Fransgenicmige of this
kind have been previously described in Zhou et al 19 Zbgievelogr%%albe

BRTETAEH 645 AHE WS OoRP0d ARG 0S8 BT 003 ba

eac
spaificaihk incorpurated iyl referehdén fidir ehtitefp CrRETGEAREntioned
promaeter drives expressiopeithe-fluneascentproteireingbal cells, such
as 20 astrocytes, Schwann cells and Mueller cells. The transgenic mouse
was engineered to express a trans%ene encoding a humanized green

flRSTERELAE RERSR G DSBS MTREG TS S liAPREHTER i idic protein

promoter. In the 25 transgenic mouse the green fluorescent protein is

uprgatiated: spacifisallyin alisd cells such asastreewiesRChwanfCels, the

and Mueller cells in response to neurolo%cal damage. The transgenic
b anima as.nuclel c encod a green

ransgenic . %. C ? % ,
mouse v%as englneere(_j y Inserton or a genetic construct into the
préhBerEIS Bt RIARHRISR RO, dhekefioting SEble yerisihic -
integgatigartbcoedde naturallys Hied have been previously described in

Zhou et al 1937 Developmental Bioclogy 187, 36-42, and WO
00/02997 and US 6,501,003, each specifically incorporated by
reference in their entirety. The GFAP promoter drives
expression of the fluorescent protein in glial cells, such as

astrocytes, Schwann cells and Mueller cells.

The transgenic mouse was engineered to express a transgene
encoding a humanized green fluorescent protein gene operably
linked to a glial fibrillary acidic protein promoter. In the
transgenic mouse the green fluorescent protein is upregulated
specifically in glial cells such as astrocytes, Schwann cells,

and Mueller cells in response to neurological damage.

The transgenic mouse was engineered by insertion of a genetic
construct into the pronucleus of a mammaiian zygote, and _
allowing stable genomic integration to occur naturally. The
zvgote was then transferred to a receptive uterus, and allowed

to develop to ternm.
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zygote was then transferred to a receptive uterus, and allowed to develop
to term. WO 20071046774 PCT/SG20061000284 18 The genetic

construct comprises a full length glial fibrillary acidic protein promoter to
wipvsdeoghalicell specific expression. The promoter is locatga-p/sef@bdoinss
operably linked to, a mutant gene encoding green fluorescent protein, 5
and a segment of DNA located 3 'of thleggreen fluorescent protein
encoding gene containing signal sequences for proper RNA splicing and
palyadgnydatien chlostinvasiverimagiag 6f dnitialsawashpeffbanetitorillary
esfaplish 10 control valnes forautgflyerascenag and tastyalues: tollowing
administration of the test substancei- 9. e ,Ex%mple dl X act)eria!a%imd
MEROES ATPincrBEsBIR M IGTescence indicated an‘intreass in® 16~
nédrotesticity or newksgieandafiaGel iB et DRest o ©f tRB FRErEs 1D
Embpdimentssand expaamenis ildstratng the prireiples of thecinention
will now: be discuss dg&ﬁ@ referenge to,the Acsompanying figwes fope
which: 20 Figure 1. (A) In vivo fluorescent images of a pair of transgenic

afiPn SR tHEAEge AR NBBHEIEPMOLYE: °Fotal GFP fluorescence was

detected from the ROI in the brain of the transgenic mouse and tissue

ayofluarescense fram the spr-transgenic mekse.2hQuestiatiapiafdie
ragiance i PIolonsecicalay 510 108 LIV P10 SAIWAS 1 owing
()5enqge_n orp‘f) ( ?TEX vivo fluorescent images of the brain of a pair of
tranSgeARTARG o Aardfenis hediRRhPRfSuSe SFjurees. Sgampie 1
Nomtayasive indiveengadal.imaging of GFAP-GFP transgenic neonatal
mice. Mice were treated using saline (control) and 12 mg/kg of
2'-CH3-MPTP and irrrhal%ed as descr.ibgd in thg text.,

re a

An increase in scence indicated an increase in

neurotoxicity or neurclogical damage.
Brief Description of the Figures

Embodiments and experiments illustrating the principles of the
invention will now be discussed with reference to the

accompanying figures in which:
Figure 1.

(A} In vivo fluorescent images of a pair of transgenic and
non~transgenic neonatal mouse. Total GFP fluorescence was
detected from the ROI in the brain of the transgenic mouse and
tissue autofluorescence from the non-transgenic mouse.
OQuantitation of the radiance in photons/sec/cm®/sr using the
Living Image® software (Xenogen Corp.). (B) Ex vivo fluorescent
images of the brain of a pair of transgenic and non-transgenic

neonatal nmouse.
Figure 2.

Non-invasive in vive neural imaging of GFAP-GFP transgenic
necnatal mice. Mice were treated using saline {control} and

12 mg/kg of 27 -CH;-MPTP and imaged as described in the text.
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WO 2007/046774 PCT/SG2006/000284 19 Mice at O hr were imaged
prior to administration of 2'-CH3- MPTP. Acquisition time for fluorescence
imaging was 10 s. For each pair of mice, the transgenic mouse is

wositignagzen the right and the non-transgenic mouse on thedei csoiaies
3. Comparison between 2'-CH3-MPTP-treated and control groups (mean

SEM, n = 5) of the ratio between the aI GFP fluorescence detected
from the ROI in transgenic mice and t e tissue autofluorescence from the
ROt aonktransgenic mimee@xpﬁefssed:aanasttetaﬂVeafﬁmﬁesmme(ﬁﬂ.
TherRF Iste@tm@«_h@gﬁto&nty Folndigats-statistical sigl @t@g%gsofw 5.
CH3 PTP treat group yersus ¢ control rou (P<0.0 P<0.01),

co?ﬁ: SESE Wi contrmllgrdup SO AT an]e paﬁ’SdEt %%lf Pigtr B,
1*Sheoﬁf685| #ﬁégéé@bﬁewmraﬁﬁﬁaﬁbét&mmumﬂqetlhtsp@@éémpus
showing (A) no GFP expression in the nTg mice, bar = 100 pm; (B, C)
ifdrase . GFP expression 6 hr after 2'-CH3-MPTP treatment in the Tg
mice using a |Ox objective lens, bar = 200 pm; (D, E) using a 40x

akjagtive 48RS Hhal se50 PMehk el 2PIQCRsses &%'E@ﬂ@b@f GFAPs (mean
|mn§%oposmv§ as%rocl)(tes a{Id %nqa enou %GFA

transgene marked astrocytes are In |caite ) arrows %EUFé%Drégﬁ?&ézaﬁ

iR 8H TH AfntiSoSREniy Hrafe SaPifamia nigied 251 eokigase(SNC)
showinguArnoEEP éxpressiontiothernfigmicsnbass 200ipm;dBy Rk sed

increase in GFRexression b hrafter %@%MPT&%QH%E ipshe 19,
mlce léSI a 20x ob ectlve lens, par =100 pm% usm a 40x

objeCive TeRs: bgF;‘i sl'l"ﬁ“ujrgjﬁ% o 1% treatea
F@%GW@OWOZO w¥vipo Skif flap imadingt Bf:@FﬂAPrGFﬁnmtl
miCes (A)Brain; group. Student’s two-tailed paired t-test.

Figure 4.

Confocal images of GFAP immunostaining in the hippocampus
showtng (A} no GFP expression in the nTg mice, bar = 100 pm;
(B, C) increase in GFP expression 6 hr after 2/-CH;-MPTP
reatment in the Tg mice using a 10x objective lens, bar = 200
mmy; (D, E) using a 40x objective lens, bar = 50 mm. <{ell

processes localization of GFAP immunopositive astrocytes and

- endogenous GFAP-GFP transgene-marked astrocytes are indicated

by arxows.
Figure 5.

Confocal images of TH immunostaining in the substantia nigra
compact (SHC)} showing (A) no GFP expression in the nTg mice,
bar = 100 pum; (B, C) increase in GFP expression 6 hr after 2/-
CH3-MPTP treatment in the Tg mice using a 20x objective lens,

bar = 100 wm; (D, E) using a 40x cbliective lens, bar = 50 um,

Figure 6&.
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(B) Liver. Figure 7. Ex vivo imaging of both transgenic (Tg) and
non-transgenic 5 (nTg) mice (A) brain, (B) Liver, (C) Sciatic Nerve, (D)
Kidney. Figure 8. Non-invasive in vivo neural imaging of GFAP-GFP

H8agenis,-peonatal mice. Mice were treated using saline (Gt R 254
10 mg/kg of MPTP and imaged as described in the text. Mice at 0 hr were

imaged prior to administration of MPTP. Acquisition time for fluorescence
imaging was 10 s. For each pair of miéé, the transgenic mouse is

posiioneb ondie ol ankifie.ion lEgasoenic MALRe QRIDE 115, o,
Flg%r}e gi‘cr:ormparlson between MPTP-treated at 1 x 12 mg/kg, 4 x 8
mg/kg and the respective control groups (mean SEM, n =5) of the 20
ratio between the total GFP fluorescence detected from the ROI in
tra??s‘ﬁ‘é’?ﬁc?nice and the tissue autofluorescence from the ROI in
non-transgenic mice expressed as relative fluorescence (RF). The RF is
nofmatited ton@dimd indicaterstatistivadndignificancenof MRTP-tresjedi c

grqupJensusLORYobgtauy 2m(P O, Stufent s wq-talled pairgy t-test.
Fig&r&gjg. (A) Effect of MPTP (4 x 8mg/kg) on GFAP and GFP expression

investigated using Western Blot. Lane (a) untreated, 30 transgenic mouse.

Lane (b) 24 hours after MPTP treatment,, transgenic mouse. Lane (c)

untredted, fion-transgenic mouse. Lane (d) 24 hours after MPTP

treatment, non-transgenic mouse. WO 2007/046774 PCT/SG2006/000284

21NB)-Effext Bf M PT ProveGrAR=Nd1GF Prex pre ssiar ovestigated ausiag

IV imagingafaestarn 8lot membrans: Waits,3re 40 s RISCR/EMAISEy ana s
mg/kg of MPTP and imaged as described in the text. Mice at 0
hr were imaged prior to administration of MPTP. Acquisition
time for flucrescence imaging was 10 s. For each palr of
mice, the transgenic mouse is positioned on the right and the

non-transgenic mouse on the left.
Figure 9.

Comparison between MPTP-treated at 1 x 12 mg/kg, 4 x 8 mg/kg
and the respective control groups (mean * SEM, n = 5) of the
ratic between the total GFP fluorescence detected from the ROI
in transgenic mice and the tissue autofluorescence from the
ROI in non-transgenic mice expressed as relative fluorescence
(R¥F}. The RF is normalised to 0 hr. * indicate statistical
significance of MPITP-treated group versus control group

(P<G.01). Student’s two-~tailed paired t-test.

Figure 10.

(A) Effect of MPTP (4 x 8mg/kg) on GFAP and GFP expression
investigated using Western Blot. Lane (a) untreated,
transgenic mouse. Lane (b) 24 hours after MPTP treatment,.
transgenic mouse. Lane {¢) untreated, non-transgenic mouse.

Lane {d) 24 hours after MPTP treatment, nen—-transgenic mouse.
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5 Figure 11. (A) Effect of MPTP (4 x 8mg/kg) on GFAP gene expression in
transgenic and non-transgenic mice using real-time RT-PCR. Results
were normalized values against control (untreated) to 10 obtain fold

arhansseent S.E.M. * p<0.01; n = 4; two-tailed sample t-tgsto(8).Effq6h254
of MPTP (4 x 8mg/kg) on GFP gene expression in transgenic mice using

real-time RT-PCR. Results were normalized values against control
(untreated) to obtain fold 15 enhancefifent S.E.M.. Figure 12. - - -
Endpgenaius GIPin tiffereriztagions itthe agonaiak brain, hefers ants
et hr Trrcunplle on (s Bamaka), e 1 o) B el it
anti-TH (Sybstantia nigra compacta) in 8-10 “wéek old a&ﬁ]‘f?ransgemc
mRéESBIgie 3%: (A) Effect of MPTP (1 x 12mg/kg) on GFAP and GFP
expression investigated using Western Blot. Lane (a) untreated, 25
transgenic mouse. Lane (b) 6 hours after MPTP treatment, transgenic
meiise:d ane (c) untreated, non-transgenic mouse. Lane (d) 6 hours after
MPTP treatment, non-transgenic mouse. (B) Effect of MPTP on GFAP

and GFP expression investigated using IVIS imaging of Western Blot .
mEthbrahe: ShitLare ¥Rt 30 %/séc/@ﬁ?-/@ﬁ)\/\/@zﬁ@?‘ﬁjm expression: in

POF/SG2006/080284 22 tHigusgelb.cEfiectof MPER (1oed Pmglig) am-rCR.
S@%@;@d@%&% 9@6@1@%@%?@l&h@?@égﬁﬂg{tm%%g}ig‘(rﬁﬁl@@%)ed) to
- . ts were normaljz ues anln t o_ntro unt_reate_ to,
A B e P OBt i n's &, o AT o1 Loc

s&RTEIER-testeEigure 16.

(B) Effect of MPTP (4 x 8mg/kg) on GFP gene expression in
transgenic mice using real-time RT-PCR. Results were
normalized values against control (untreated) to obtain fold

-

enhancement + S.B.M..
Figure 12.

Endogenous GFP in different regions if the neonatal brain

before and after MPTP administration (4 x 8 mg/kg).

Figure 13.

Results of IHC anti~TH (Substantia nigra compacta) in 8-10

week old adult Lransgenic nice.

Figure 14.

() Effect of MPTP {1 x 12mg/kg) on GFAP and GFP expression
investigated using Western Blot. Lane {a) untreated,
transgenic mouse. -Lane (b} 6 hours after MPTP treatment,
transgenic mouse. Lane (g} untreated, non~-transgenic mouse.

Lane (d)} 6 hours after MPTP treatment, non-transgenic mouse.

(B) Effect of MPTP on GFAP and GFP expression investigated
using IVIS imaging of Western Blot membrane. Units are in

p/sec/cm®/sx.
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Non-invasive in vivo neural imaging of GFAP-GFP transgenic neonatal
mice. Mice were treated using saline (control) and 2 10 mg/kg of KA and
imaged as described in the text. Mice at 0 hr were imaged prior to

weRigistEatign of KA. Acquisition time for fluorescence imagipg \asekBos2s4
For each pair of mice, the transgenic mouse is positioned on the right and

the non- transgenic mouse on the left 15 Figure 17. Comparison between
KA-treated at 2 mg/kg and control gro&ﬁs (mean SEM, n = 4) of the ratio
betwaen-the total GFP fluorescence detected from the ROI in transgenic

mi nd the tissue autofluorescence fr e ROLin non-transgenic .
m%ggfaﬁgexopgezggggd a@ réla |_\7neg %%reggerggé (Rﬂc.ic')l' %R féengflﬁié?iss%ﬁo?o
0 AP “FRICAR SratkiRal STdRficERtE 6f RAfrEated - gréGpverSudcstrol
greup(@<.05)v % (B =0203) :comparedo withuoontret gioupo Statdentisfold

twortailedpairedit-iest. Figure l@. 35 (A)Effeet. 0bKA (1 X 2M0ke) 08 1ea
GFAP and GFP expression investigated using Western Blot. Lane (a)
uritfERted, SiraRSgenic mouse. Lane (b) 6 hours after KA treatment,
transgenic mouse. Lane (c) untreated, non-transgenic mouse. Lane (d) 6
hotirgsfterRA treatment, non-transgenic mouse. 30 (B) Effect of KA on
GFAP and GFP expression investigated using VIS imaging of Western
Blsbmenmbranes Units-are ineptsec/tmysnoWd Z0QPOAGY A ansgenic

PGISG2006/000284,:23 Figwe 19 Efect of KA {41 2Da/kg)an GFARS 2
and GFP %nﬁ eg(géessmneléw tgargisé enlc%)méce US'%% rggl-gme RT-PCB.

Ré I{{sgwere normalized valdés aga‘fﬁ%’ ontrol Funtrea ed) toM obtain fo?dhr

5 ERKENEBATET B3N bop&dnDE s 5t o Hif=18: 1w taifd § L&dRiple ime
t-teést Higusedtence imaging was 10 s. For each pair of mice, the
transgenic mouse is positiconed on the right and the non-

transgenic mouse on the left

Figure 17.

Comparison between KA-treated at 2 mg/kg and control groups
{mean * SEM, n = 4) of the ratio between the total GFP
fluorescence detected from the ROI in transgenic mice and the
tissue autoflucrescence from the ROI in non-transgenic mice
expressed as relative fluorescence (R¥F}. The RF is normalised
to 0 hr. * indicate statistical significance of KA-treated
group versus control group (P<0.05}). *#* (p<(,01), compared

with control group. Student’s two~tailed paired t—-test.

Figure 18.

{A) Effect of KA (1 x 2mg/kg) on GFAP and GFP expression
investigated using Western Blot. Zane {a} untreated,
transgenic mouse. Yane (b) 6 hours after KA treatment,
transgenic mouse. Lane {c) untreated, non~transgenic mouse.

Lane (d) 6 hours after KA treatment, non-transgenic mouse.

() Effect of KA on GFAP and GFP expression investigated using
IVIS imaging of Western Blot membrane. Units are in

p/sec/cm®/sr.
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Confocal images of GFAP immunostaining in the hippocampus area
showing CAl (A, B); CA2 and CA3 (C, D). (B, D) shows increase 10 in
GFP expression 6 hr after KA treatment in the transgenic (Tg) mice using

wa0¥mhirstive lens as compared to the hippocampus area gftR&2006/000284
untreated mice (A, C). bar =50 pm using a 20x objective lens. Cell

processes localization of GFAP immunopositive astrocytes and
endogenous GFAP-GFP 15 transgene-“iarked astrocytes are indicated by
arresurBetailed Description of the Invention Specific details of the best

m t ted by the inventors fqr carrying qut the invention are set
fo%%%%?w%%%%y%va% gf“ g)ﬁé{ﬁ? pler I.tgv%ﬁfbg épr%aﬂ%rﬁ%’&%ﬁé%ﬁﬁfé’&?ﬁ%ﬁ@
art thab 8FEpre sBHEeRtign TRaY e prakc&dRvithBas uiitationdo these

specificadémils. ExXampleda 2t amattem phistdevelop aoriwasives1d

flueiascentignaging sysiem torfhe;sgieeningRUIPOSE ag staled AKOVE, ;1 .4
we used 2'- CH3:MPTP as a model neurotoxicant in the neonatal brain of
transg@nlc E&ﬂﬁ’-GFP mice, which was previously created by Zhuo 30 et
al., 1997. Here we showed that the transgenic GFAP-GFP mouse model,
wHEHFES GRS with an appropriate in vivo optical imaging system, can
reliably detect the GFAP-GFP signature in WO 2007/046774
PCHS22006/8602840 24:ranstenin miceiand g uantifydth ippeeationdfea

rem@&%hfkﬂﬁﬂ@}lﬁtwi%écﬂﬁ% QE?‘ tHK‘?‘dE{E?”H?”éﬂ%@”?ﬁcreas@

Sugh ﬁbop-énvq:sg\sle .%ptl%algalsuorgtscent system with a reasonable .

throughput sﬁ?oulqsﬁna broad applications TR EtiaYing B PARISSARFASHE

otherelitGGeyéhbratve tisekdest ey clepmentat eraxrotokicoldgy: and in

prédlinicakoompaeued seragiingn dMatariaisrand Matheds 1@ar = 50 um
using a 20x objective lens. Cell processes localization of
GFAP immunopositive astrocytes and endogenous GFAP-GFP

transgene-marked astrocytes are indicated by arrows.

Betailed Description of the Invention

Specific details of the best mode contemplated by the
inventors for carrying out the invention are set forth below,
by way of example. It will be apparent to one skilled in the
art that the present  invention may be practiced without

iimitation to these specific details.

Example 1

In an attempt to develop a non-invasive fluorescent imaging
system for the screening purpose as stated above, we used 2’ -~
CH3;-MPTP as a model neurotoxicant in the neonatal brain of
transgenic GFAP-GFP mice, which was previously created by Zhuo
et al., 1997. Here we showed that the transgehic GEAP-GFP
mouse model, when coupled with an appropriate in vivo optical

imaging system, can reliably detecti the GFAP-GFP signature in
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Trans genic GFAP-GFP Mice The generation and genotyping of the
transgenic GFAP-GFP mice were done as previously described (Zhuo et
al., 1997). Neonatal mice of FVB/N background at 4 days of age,
weighmeids42.09g - 2.5g were used in the present study. Aniggalscaoo6/000284
husbandry was provided by National University of Singapore animal
holding unit facility. The experimental grotocol covering the current study
was approved by the Institutional Animal Care and Use Committee. 20
Néurotosdcdm andDesmgiTetety compound2vCHSEMP TR, xemengse to

poient M?gﬁoﬁge_iﬂm\&iﬁ@ﬁ@hﬁ F(’;:Tiﬁ’negé]@éigéﬂ/é{@ab%m%%@a V\_@%dch
pur rom igma- IC - . neonatal mice recel a
P T SSChatehis (o ki e 2 RS (ARG

single 25 subcutarieous

st ERR hotRC8afinE M s RIS adbp VeFRGIEToP the comAstigioup.
Néaraliscagdisg was subsequentyparéammediate? disddae s hr and 8 hr
Pestleatenta301BivedIs il inading Non:nyasive imaging was,q
co%cji:léctgg using an IVIS Imaging System 100 Series (Xenogen Corp.,
Alsameﬁa, ?,QA, U.S.A.). A 2'- CH3-MPTP-treated pair comprising of a
transgenic and a non- transgenic neonatal mouse was positioned beside
one anothes Imanddelekin position without anesthesia by physically
restraining the mice on the lower back using tape. This was WO
2(%97/04677,4 PCT/SG2006/000284 25 in view of a recent study which
reported that k&taming wWidsl§ used in paediatric anaesthetic exhibits
déVsloprhenedll pneurstbxieity iy peonatal tits Iy inceeasing tRarate@bimice
newtenalaproposis {Seallet ot abs 20004 Subseauantly, the; b pair. of

nganatal mice: were flyorescently imaged with the GEP_filter set equipped
with the IVIS sys?tem. The/?\rf)age gé&u%gltign ti%nga\k;gscfgnageedor‘iﬁ% g“?ﬁpélg
sg‘m%gpfo(?edlsﬁré"’%% used in” the present study. BAnimal husbandry

was provided by National University of Singapore animal

holding unit facility. The experimental protocol covering the
current study was approved by the Institutional BAnimal Care

and Use Committee.

Neurotoxicant and Dosing

The test compound 2'-CH3-MPTP, a more potent analog of the

conventional MPTP (Abdel-Wahab, 2005), was purchased from

(Sigma~-Aldrich, M-103}. The neonatal mice received a single

subcutaneous (sc¢) injection of 2'-CHz-MPTP (12 mg/kg in saline)

at 0 hour. Saline was used as a vehicle for the control group.
. Neural imaging was subsequently performed at 2 hr, 4 hr, & hr

and 8 hr post—-treatment.

In vivo neural imaging

Non-invasive imaging was conducted using an IVIS Imaging
System 100 Series (Xenogen Corp., Alameda, CA, U.S.A.). A 2/~
CHy-MPTP~treated palr comprising of a transgenic and a non-
transgenic neonatal mouse was positicned beside one another
and held in position without anesthesia by physically

restraining the mice on the lower back using tape. This was
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applied on the control pair injected with saline as well. Result of the
neurotoxic effect of 2'-CH3 MPTP on the mice was 10 expressed as
relative fluorescence (RF), a ratio between the total GFP fluorescent

Wignalsagtected from the region of interest (ROI) in transgesig £E9hos/000284
mouse and the tissue autofluorescence signals from the ROI in

non-transgenic (nTg) mouse (TgRO/pTg01). The area of the ROI for both
mice is 15 exactly the same and is identical throughout all the ROI used
intheistudytoaquantihtthe vadiances: Teeminimizecany katiativns,duedely

thedmaging-syster.; hresimages were capiutediioreachnaik of treated
and contro] mice and the mean value derived used as the quantitative

a5 dMG T that20 patficliar pair T Re ValliB& ST ihe S ftisl (F =5 Hairs of
e g tRRAREAFrOtpE (3 E 5 ais 8l micdP Mere egphessatbrdd nedhs
SEbt-and statistical sigiiicanee wasevaddated wsingdettidentls tre-taited

pajred J-test 25 Impunohistachemistyydn.grder to d%&%ém&ﬂg%hether the

photons were being emitted from the astrocytes in the CNS, the brains

WEBREANESRAARE HREISWIthABa forMATdERAYAeRA T 1M 5hE&Phate
buffdriedlioe (PBScpH 704) farid hrrgteACe T heilbining Mere tremSoL .
washed three finas it RB2:iwithaR ficuhation dmaertSJninRaeh §Meas
DRIRLe s0aking 11 5006, 9UCoRe UBHIGHL at Aty AL BIAINS WelSieon the
embedded in freezing medium after immersing the tissues in I_|qU|ci1
iPBGbrBRoF 15 THOBRARG AHASRERGANTG i (RSHgEhErysibTRL Bl
Micresyste MBCNUSsiotrBird L EM BE 38605¢. €adohhkchicsactions, 20

ppadB dhickness.akthe ssuhstantiaRIdrRL EE M3, -3 HE- 0V, NYSraural iS¢
rl%n wer%WO 2007/ 467,;4 PCT/SG%O 6/0%0 84 26 ugeg]d for

imPCROMSTSEha TSt \ actording o the Afias of Motse” Draif-(Frankiin
Mth Pakinb8e20015. ERRhiST tiéeEsAtRT abr tediedtygrokip EBRAt&AREIE S
anmmals (atudy. bdFantyrosie tiydraxylasecdH) and GEARize any
iqg?%ﬁ@§§ﬂ@"&ﬁéato the imaging svatem, three images were
captured for each pair of treated and control mice and the
mean value derived ﬁsed as the guantitative reading for that
particular pair. The values of the control (n = 5 pairs of
mice} and treated groups {n = 5 pairs of mice) were expressed
as means * SEM and statistical significance was evaluated

using Student’s two-tailled paired t-test.

Immunohistochemistry

In order to determine whether the photons were being emitted
from the astrocytes in the CHNS, the brains were harvested and
fixed with 4% paraformaldehyde in 0.1 M phosphate buffer
saline (PBS, pH 7.4) for 4 hr at 4°C. The brains were then
washed three times in PBS with an incubation time of 15 min
each time before soaking in 30% sucrose overnight at 4°C. All
brains were embedded in freezing medium after immersing the
tissues in liquid nitrogen prior to mounting and sectioning
them using a cryostat (Leica Microsystems, Nussloch GumbH; CM-
30508). Corecnal cryosections, 20 um in thickness of the

substantia nigra (bregma -3.16 mm, interaural 0.64 mm) were
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rabbit anti-TH polyclonal antibody (Chemicon International, Temecula,
CA, USA; Ab-152) and a rabbit anti-GFAP polyclonal antibody
(DakoCytomation, Denmark; Z-0334) were used. The cryosections were

washeghierR min in 0.15 M Ix PBS followed 10 by incubatingfqt«; ioah s
in blocking solution of PBS containing 0.1% (v/v) Triton X-100 and 10%

nonimmune goat serum. The cryosec%ifohns were then washed in 0.15 M
1x PBS three times, each for 15 min. The brain sections were then
incsddtedovemmigbtwittoantinidtantibedy 200 randantht b FAP Mouse

aptibedy (2:200) 5 xRBS.contaINIng0:01% @uy) Triton, X-100.and 1%,

nonlmmune oat serum at 4C. After a three times 15 min rinse in 1x PBS,

the SEERanEWaFe FRRUBARAWI T &S rdd confligated goat polyclonal to
rabbit secondary IgG antibody (Abcam Ltd, Cambridge, U.K.; Ab-7088) at

15400 20rdibutien iy LB SeRaining 0 Lledviy) Trlemss100mand, 1%
ngawwquafﬁwmé%zﬁr gm;q%mdgmeﬁg%%&ggte{ g@géngatnree

times 15 min rinse in IX PBS, the sections were cover in 10

e REGPESee s MabiufPatdRedBd dnteithe 56’:??0(%51 SEPSESHATTY
notoStohe (ONMPIE-OMtiah 250eTn 1 Tok)d3 Japerr dXaFE) . Radults

Efeps 0f 2CH3-MREPWRGEPoreseancalayel 530 10pate SER) 1owed
flg(? cence was Qete(ﬁtig frO{n gb(e ROIbIE] tk;le bralsnﬂslowt_:tﬂ]eJL rgl e %Qd the
ances from e neural region” was quantifie 2d Th

pFiBtorsReRfcM2ite4diEn T8A T eIng the? LiviRgiifagens estmpareat
(kemogen Cbep yas-showivins Rigure Ae35darderio detesnmineswkether

the,pbotensyere.heingemitted, from the.agtroeytes in the, CNS,thepen
brains S were re removed and W(g 2007/046774 PCT/SGZOOG/000284 27

|mage]a X Vivo aftet IRE 155Eh SRio magig iRee holit 1Biguid te3bising
tHiEMafBF eEgualitatRR antl qhiartRativetompangon-Béfvder theloERn
fluergscenee 0f anonimmune goat serum at 4°C. After a three times

15 min rinse in lx PBS, the sections were incubated with
Texas—xed,conjugated goat polyclonal to rabbit secondary IgG
antibody {Abcam Ltd, Cambridge, U.K.; Ab-7088) at 1:100
dilution in PBS containing 0.01% (v/v) Triton ¥-100 and 1%
nonimmune goat serum for 2 hr at room temperature. After
another three times 15 min rinse in 1x PBS, the sections were
coverslipped in 10 pl of the fluorescence medium and viewed

under the confocal laser scanning microscope {Clympus Optical

. Co. Ltd. Tokyo, Japan; IX-T71}.

Results
Effect of 27~CH3;-MPTP on GFP fluorescence level

Innate GFP fluorescence was detected from the ROI in the
brains of the mice and the radiances from the neural region
‘was quantified in photons/sec/cm’/steradian {sr) using the
Living Image® software {Xenogen Corp.) as shown in Figure 1A.
In order to determine whether the photons were being emitted

from the astrocytes in the CNS, the brains were removed and
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control and a treated transgenic mouse is made available. 5 As illustrated
in the in vivo images in Figure 2, the transgenic neonatal mice that
received a single dose of 2'-CH3- MPTP (12 mg/kg sc) showed the most

wignificanncrease of GFP fluorescence (photons/sec/cm2fgi}st:HaesRéss
over its non 10 transgenic counterpart as well as over the transgenic
control mice at 6 hr post-treatment. The quantification in GFP
fluorescence shown in Figure 3 furth§r7strengthen the observation made

in the aievious: igurethat arsignificant ndiference-igs refativadlyaeseence
(RE), betw the 2'-=CH3 .15 MBTP-treated a L gro as
QST o i, ChE Shd 8 hr it Bt A (he Cealed aroup at 6
hiREE HriE e rACSRGR AT th& PhYEEE Jriffc ST INCHERSE W25, fifedn
owenthe Xantrolgtoum (2<0 (0En Simiferlyprtre, 12 GHd8-MRER agieup and
comparing to 0 hr, a significant increase in RF 20 occurred between 4 hr,

6_hr and 8 hr after treatment, with the, most significant increase of 17%
oo SR & Ao oAt ORD. 000D 6 Safirt
dFfERIEE HPRIE B irte B W e SRAYASh I RENRtENA1E witincthe s~
canirel groupg(Figuke 8B) sRbveE AR émmuenokistatiénzstryiRepeesentativere

ipages. o GEAP immupesiainngin e hippesamis aie shownsa.Figure
4. GFP expression in the 30 astrocytes was evidently increased in the 1
VERTTESNG HTGHBESAIRIE aF8ato by aor BIEa S 2 CRASRIB TP pd =2
me/kg o) tréutnrest: Theetnertno elistetica st Grpie@itessidith the
n@ndsaBsgenic Missfrigurer 4i)rd averhtihat GER-xxpessing cells

ngggeggggoﬁsx{;gsxt% Wﬁ&%ﬁ%@?g&ﬁiﬁﬁ%ﬂ%@é@% onthe; same

sections for GFAP and found that co-localization between the GFAP
i ARF IS pRTRESE(Tar WOrS66 7R %6 774 P CRISE 2006100264 58

METP-treated and control group was reccrded at 4 hr, & hr and
8 hr after treatment, with the treated group at 6 hr post-
treatment showing the most significant increase of 22% mean
over the control group (P<0.01). Similarly in the 2’ -~CH3-MPTP
group and comparing to 0 hr, a significant increase in RF
ccourred between 4 hr, 6 hr and 8 hr after treatment, with the
most significant increase of 17% mean emerging at 6 hr after
treatment {(P<0.0001). No significant diffsrence in RF
occurred between the different time intervals within the

control group (Figure 3).
GFAP immunchistochemistry

Representative images of GFAP immunostaining in the
hippocampus are shown in Figure 4. GFP expression in the
astrocytes was evidently increased in the ventricle and
hippocampus area 6 hr after one—time 2'~CH,~MPTP (12 mg/kg sc)
treatment. There was no existence of GFP expression in the
non~transgenic mice (Figure 4A). To verify that GFP-
expressing cells were indeed astrocytes, we performed
immunostaining on the same sections for GFAP and found that

co-localization between the GFAP immuno-positive perivascular
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astrocytes at the hippocampal fissure and endogenous GFP- marked
astrocytes occur predominantly in the processes and not the cell bodies
(examples of dual-labeled cell processes are indicated by arrows in both

WiIYes:4d2-and 4E). 5 TX immunohistochemistry staining Representtivgzss

images of TH immunostaining in the substantia nigra compact (SNC) are
shown in Figure 5. Dopaminergic neurons with the TH antibody are larger
in size (-20 pm) 10 compared to the nofIHC stained endogenous

GRR-nased sastoexte s, (0 panoand wets, easily desgsiahle jn.the SNC

of :&Q:?l{%'&Cyssc'sMpT égreggegrneoggt% {Qi%eﬁ Th% bodies or fibersnof
dopaminergic cella were intensely stained with evidSREIMANTTESpsiire 1ot
pr%‘@sﬁ?’%?n hresNCavEWdas AfdFetid Tlied TH a8 inpmarepositives
fibérsiarakee!l p dies avere. observe d fiyhr «aftap2x&H3AYIPTP (12 mg/kg

sc) treatment. However,.up- regulation of expression of the GFAP-GFP
tra%glenrl\meu;}no h,es ast);o&:]ytes cou_Id clearly be seen at 6 hr post-treatment

as” compared to o A& o 1 Figlfe SA, the dopaminergic 20
nebiPBREIRThaSNKE Hhagituahsgeriemitesiveteistained immuanbs positive
fomThirbutthe glial celsproguicasona axpression of theslgnsaensithere

w -logalizati tween TH _immuno-positive do inergic
ngﬁgﬁgq%ngl%ﬁgz r?g%r}ﬁ staine%q%nyoegrgr% S G Iés-r%%zrﬁegmastrggytes.
25 EXBASE 22 IMSoiRg o FrafdgenriCEsP ISR A RREMIBEXSKin flap in
Vivi$ ihagig Skin¥apuwhichlivvatteasofithe skinaway feortnthenbosiyc 30¢
whish Iegvesﬁmﬁide;@faeﬂfgspkiébﬁgligjt?mgg, Wgﬁgp%f@{%fs%?%%r s of
a i ic : adult mice. Using an maging :
Sryz%?nﬁ%%%géé%ine%%g?esngaéﬁ ég%n A é’m%la%% R, UEERAGV N §o Tomuno=
imRinG Was o firaes Suckersilify onthevdinadlapses dreerof the healil
andutiv 8 Selivert v oV fheore scemhcesbladkopaper was: useskiorshieddithe

after 27 -CH3-MPTP (12 mg/kg sc) treatment. Howevex,. up-
regulation of expression of the GFAP-GFP transgene in the
astrocytes could clearly be seen at 6 hr post-treatment as
compared to 0 hr. As shown in Figure 53, the dopaminergic
neurons in the SNC of non-transgenic mice were stained immuno-
positive for TH but the glial cells produces no expression of
the transgene. There was no c¢o-localization between the TH
immuno-positive dopaminergic neurons and the non-THC stained

endogenous GFP-marked astrocytes.
Example 2 - Imaging of Transgenic GFAP-GFP Adult Mice

Skin flap in viveo imaging

Skin flap, which is a tear of the skin away from the body
which leaves one side of the skin still attachead, was
performed on the anesthetized transgenic GFAP—GF? adult mice.
Using an IVIS Tmaging Systém 106 Series (Xenogen Corp.,
Alameda, CA, U.S.A.), in vive imaging was conducted
successfully on the skin flapped area of the brain and the
liver. A low fluorescence black paper was used to shield the

tissue autofluorescence from the rest of the mouse body,



10

15

20

25

3¢

tissue autofluorescence from the rest of the mouse body, WO
2007/046774 PCT/SG20061000284 29 exposing only the skin flap region
of the brain (Figure 6A) and liver (Figure 6B). Ex vivo imaging 5 As
wosreted:imithe images in Figures 2A - 2D, the brains, liversckisimysangh4
sciatic nerves of both transgenic (Tg) and non-transgenic (nTg) adult
mice were removed and imaged ex viyg using the IVIS imaging system. A
significant difference between the Tg and nTg mice could be observed
frefPasen® pséudbkelcrikradésnviieticorreSpohe forits muihiesices vadie
ohdbe wmpelafqhetons emitted. Presently, feasibility studies are being
conducted for alternative imaging modalities for the adult mice. 15
Example 3 - Non-Invasive Brain Imaging Method for Studying
PEfkikS8RisTHENeurotoxicity in Neonatal Transgenic Mice
EkpetibiewtatFroteturébeAnimalss 20 Thiostoely Was-céhdutted lomirday

olehi RReBAtaliiGS, 635g1b0dya IRt AfdBedimeRhexpaHRRAN cAMAlSnd
h%g freC ccesg to ogd and v\ﬂhter and efforts were made to, m|n|m|ze the
number o anlmaﬁs usecf an% eir suﬁenng oxin Inlectlon erga?ﬁe
n&itoRki t8ethRaS FECHB DT P 8 B ctiofs U8 HigAR) fofifsppence
weedadministered suldcutineously@very Bdhorlrsanddhexrbmvivgneural

ir@@?ﬁgqu.ﬂgé‘sﬁgﬁnﬁ hf%ﬂ%ginpr%c?fi%trﬁmgﬁ%%% of
ein Assay a estern Blot Fo rotein assay and.western
b%?f themr%cgwgr \Qéacr ceg o ﬁéurs a’ffeeretregﬁﬁen?dyfﬁelb HiY \jhgdies

rethBvee af e iRdl Frsandilematiér eohtaining prosphdiebufieredhe
saling {PBS)and proteinase inhibitor. Total protein is WO 2007/046774
PCT/SG2006/000284

Example 3 ~ Non-Invasive Brain Imaging Method for Studying

Parkinsonism and Neurotoxicity in Neonatal Transgenic Mice

Experimental Procedures

Animals

The study was conducted on 4 day old neonatal mice (3-5g body
weight at the time of experiment}. Animals had free access to
fcod and water and efforts were made to minimize the number of

animals used and their suffering.

Toxin Injection
The neurotoxin used was 2/-CHs3-MPTP. 4 injections of 8 mg/kg
of MPTP were administered subcutaneocusly every 2 hours and the

in vivo neural images obtained at 24 hrs, 48 hrs and 72 hrs

after treatment.

BCA™ Protein Assay and Western Blot

For BCA™ protein assay and western blot, the mice were
sacrificed 24 hours after treatment. The brain was removed
and then lysed in sample buffer containing phosphate buffered

saline ({PBS) and proteinase inhibitor. Total protein is
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30 determined by the bicinchoninic acid (BCA) method using bovine
serum albumin (BSA) as standard. Samples were then subjected to
NuPAGE Bis-Tris electrophoresis using NUPAGE Novex Bis-Tris gel (4%

wade)Easkh sample contains 15g of protein. After 5 electrophptesisiciif2s4
proteins were transferred onto the nitrocellulose membrane. The

membrane was blocked with 5% non-fat dried milk and 0.1% Tween 20 in
PBS (PBS-T) at 4C overnight. The menfbrane was then incubated in a
1:100Q railution ©f Qﬂlﬁcl?ji@iﬁghbﬂia?@-%E&E’ a?ﬁhpdﬁ{es%@)é%%a%@éhne
o] a EP anti abcam) for our at room temperature an
?he%ll%v%ir%gc}f %nﬂ?in%%gte%gwﬁﬁﬁggﬁ‘fpgr%? ?fg n‘%firlrliate{é?1 & whiected
incthdHtH ah PHASHING prOBEEE FRP Ffiftte s Sias AEHRRE IS tRreBlitdicis
inaudating for 1 four atroamsiepperature:with secendary soatantifabbit
'9GHRE aatbock 19 (Santa.5uia),a! 12000 diytion, The seeondary
antibodies were visualized by using chemiluminescent etecﬁon'reagents
(EBL BRI A SRR RAA S utor BB R JHEPPRARIf VAfeR 1nskrinwhidt 8%
capded ta, the. eitroddlulese Mmelbiares até brouess toebe-magedamder

th%%@mﬁ%hineﬂ%/h%}nl usingEls PdHérf?%QELﬁ%%%’& r%ﬁsg%njfﬁ%%mbined
HRP.and peroxide catalyzed oxidatjon of t umigen PS-3 Acridan
su%é%?z%é %%n%ra%gg * %%J%Eﬁn < 18 Jajgc:rl‘%ﬁr%ﬁfrﬁ%%%eﬁl Mt eai e pes
mih BB FhBS&Y fteAfk digte¥ Fo adthiMtheribdeminderslighcaik aineroon
coheiicns touprodudetarsustaisieeki high intensigr26 chiamilupsreseence x

WismaiuyR emigsion 43000y, This chamilyminescent §§9r?t)'m%%%€’ees

picked up using the IVIS imaging system. An image of the membrane
Wi%agofég r%agg%ic:%r% fhe Iﬁr%ﬁgségﬁilﬁﬁgﬁéﬁyﬁg%ﬂtaﬂ?éﬁ. 30 R&gitime
RTEPERESFESaltife RICPTRT heTniceneremddrificdd 24iRurs afterdy
treadment. Thezbrain wasremavedans thendysed dahufier BAYL G es

(3smercantaethangly Lgftathm& from, the brain was isolated UsIng o nes
Nuc,leosgln(r) RNA 11 kit. Total RNA was reverse .
(ECL Plus, Amersham) and autoradiography film. After western

blot is carried out, the nitrocellulose membranes are brought-
to be imaged under the IVIS machine. When using ECL Plus
detection reagents, combined HRP and peroxide cataliyzed
oxidation of the Lumigen PS-3 Acridan substrate generates
thousands of acridinium ester intermediates per minute. These
intermediates react with peroxide under slight alkaline
conditions to produce a sustained, high intensity
chemiluminescence with maximum emission at 430nm. This
chemiluminescent signal can be picked up using the IVIS
imaging system. An image of the membrane with colours

depicting the luminescent intensity is obtained.

Real-time RT-PCR

For real-time RT-PCR, the mice were sacrificed 24 hours after
treatmeht. The brain was removed and then lysed in buffer Ral
and B-mercaptoethanol. Total RNA from the brain was isolated
using NucleoSpin® RNA II kit. Total RNA was reverse-
transcribed with random hexamers and real~time RT-PCR was

performed on the cDNA to quantify gene expression.
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35 transcribed with random hexamers and real-time RT-PCR was
performed on the cDNA to quantify gene expression. WO 2007/046774
PCT/SG2006/000284 31 Experimental Results MPTP (4 x 8mg/kg) 5 In
venpwakimages As shown in Figure 8, innate GFP fluoresgeneg:Wiaseoass
detected from the region of interest (ROI) in the brains of the mice and
the radiances from the neural region was quantified in 10 photons/
sec/cm?/steradian (sr) using the Livingj’image(r) software (Xenogen
Corp.). As illustrated in the in vivo images, the transgenic neonatal mice
thgt r%c%\ﬂ/ed 4.d %es%Jc_)Lé\/IPTP (8 mg/kg sc) showed the most significant
incréase O?XEI?I]-’ uorescence (photons/sec/cm2/sr) in the ROI over the
control 15 mice at 24 hours post-treatment. The quantification in GFP
flugrescence shawkgn Figure 9 shows that a significant difference in
relative fluorescence (RF), between the MPTP- treated and control group
was recorded at 24 hours after treatment, showing a statistically
SidFifikak? iREH=ke 74%8% 20 mean over the control group (p<0.01). With
thasrahsgenien ndsreral fnictriritsecBR/ &d adifgfete’ 6P MIS TR
Megikgr aSelbasamithincthe: sentmbygroi, ricesigmnificant Hifferemdedn
RE ggcurred hetween, the different{ime.inten@ls(Rigure D, 2ba\esten
blot results From the western blot results shown in F,igure 10A, b@ndsftw ‘o
Wt RRABERSE ATRABFSHRTHEY STRDRWRICH B8rigsporis 16 iie “0F "
repseecortolScutarsizefsf MbUSELGRAP dsinghthelDakévantragembiihe
GRAR-25tihodyn&ands welecalserdetecediai-apprraxmaiels 2¥pkDa which
CoRLeRpOnds 19 e enaried. JDRIRGYRl SR.Al HRURE.GERopsig the
ABCHM Anti-rabbit GFP

fluorescence (photons/sec/cnﬁ/sx) in the ROI over the control

mice at 24 hours post-treatment. The guantification in GFP
fluorescence shown in Figure 9 shows that a significant
difference in relative fluorescence (RF), between the MPTE-
treated and control group was recorded at 24 hours after
treatment, showing a statistically significant increase of 15%
mean over the control group {p<0.0l). With the transgenic
neonatal mice that received a single dose of MPTP {12 mg/kg
sc) as well as within the control group, no significant
difference in RF occurred between the different time intervals

(Figure 2}.

Western blot results

rom the western blot results shown in Figure 10A, bands were
detected at approximately 51 .kDa which corresponds to the
reported molecular size of mouse GFAP using the Dako anti-
rabbit GFAP antibody. Bands were also detected at
approximately 27 kDa which corresponds to the reported
molecular size of mouse GFP using the Abcam anti-rabbit GFP
antibody. From the thickness of the bands, it can be seen
that the amount of GFAP and GFP proteins increased from 0 to
24 hours in transgenic mice (comparing lane a and b). The

amount of GFAP proteins also increased from 0 to 24 hours in
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antibody. From the thickness of the bands, it can be seen that the amount
of GFAP and GFP proteins increased from 0 to 35 24 hours in transgenic
mice (comparing lane a and b). The amount of GFAP proteins also
neranseeisam 0 to 24 hours in WO 2007/046774 PCT/SG2p06/000388600284
32 the non-transgenic mice (comparing lane c and d in GFAP western
blot). No GFP proteins were detected in the non- transgenic mice (lane c
and d in GFP western blot) because o 2ihe absence of the transgene.
Whien thenwesierydidcmernbranesimweig imaged usiagdVis, ther

coleured-depictign ofamewnt,of pPLateing resapt gave the, seme fegults
(refer to Flt%ure 10B). This reinforces the fact that GFAP is U{)regulated

S e aniRisttAliSn P VI TP, HTEH i T feade 75 thBecanse of

followin
upreguidiciet GFP-hS WehnskReal-tifherRTEPCR sesaitstiiee statusines
theanRNALRC WS withrthes resilés of tha studysfi prateins inBesmands

western hlot apd.for.a @gegﬁgu%%e@ggm%iﬂygvt%geyéaki{aeggs]f%.

well. As shown in 15 Figure 11A, enhancement in gene expression o

GERF af 2H18GRESaftEF M TR frBaMmEM Fol Both tREHANEGeRR- ARt M6h-
trafsyenicimbtservbefouditd be wtatigtichatlytsignificastsat-@bdut 91%
(PsP:R1L)12R6:88% €Rr0dy respectively as compared to the untreated
mice. However, gene expression of GFP at 24 20 hours after MPTP

treatment was found to have no statistically significant enhancement as
camapared te the-mareatec mice (Figure 11B). This explains the decrease
e relie Jueiesqange of g neyialimages aL 4R Jouts end (e gs
after MPTP treatment (refer to Figures. 8 and 9). 25 Engogenous b

arff TEE iR dRoRf&oeAEnT_EYR Be SRt af8SHEvN 3n Figeres T2 °8Rd 13.

Exampiel 4 tNonkinvdsivesBrainl magyes Metheoel for Studyanghown in
Figure 11A, enhancement in generexpression of GFAP at 24 hours
after MPTP treatment for both the transgenic and non-
tranégenic mouse was found to be statistically significant at

~about 51% (p<0.01) and 88% (p<0.0l) respectively as compared
to the untreated mice. However, gene expression of GFP at 24
hours after MPTP treatment was found to have no statistically
significant enhancement as compared to the untreated mice
{Figure 11B). This explains the decrease in the relative
flucrescence of the neural images at 48 hours and 72 hours

after MPTP treatment (refer to Figures. 8 and 9).

Endogenous GFP and TH immunohistochemistry

Results are shown in Figures 12 and 13.

Example 4 - Non-Invasive Brain Imaging Method for Studying

Parkinsonism and Neurotoxicity in Neonatal Transgenic Mice

Experimental Procedures
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30 Parkinsonism and Neurotoxicity in Neonatal Transgenic Mice
Experimental Procedures WO 2007/046774 PCT/SG2006/000284 33
Animals The study was conducted on 4 days old neonatal mice (3-5g

wedhwelghiat the time of experiment). Animals had free aggegsdsigashzss
and water and efforts were made to 5 minimize the number of animals

used and their suffering. Toxin injectign The neurotoxins used were
2'-CH3-MPTP and Kainic Acid (KA). TP was administered in dosages
12mgéig with one injection. 10 KA was used in dosages 2 mg/kg with

ope injection. All injections were carried out suhcutaneously., BOAT

AT EnT ALY, A8 W B For OB Yoatad WIS (300 (3759
12k gie tliytwete Saerifited 15 64rngs HienreatmbninEies braid Wase
removed apgd thgpdysed: insample hufter coptainipg ehasphate puffered
saline (PBS) and proteinase inhibjtor. Total protein is determined by the
bitiitHBHATC Hefd (BEAT mEh ot dSiAg Dot s &Rt EiSdrmir 1B SR 4 -
standard. Samples were then subjected to NUPAGE Bis 20 Tris
electrophoresis using NUPAGE Novex Bis-Tris gel (4% - 12%). Each
saple canains 4pg of protein. After electrophoresis, the proteins were
transferred onto the nitrocellulose membrane. The membrane was
bfekenewith-5% nvofad driscenillk-&He UM Tnedir20in PBBI(RBS-T)
abiEr2G0velnight sthe semblanayas hiemycubatechingcd 100k tion.
AR etaciapaliabiaytaraP anbog. (Oa0). 1801 palyclonal
to GFP a'ntlsbody 1Zabca .f%r 1 hour at roomtempetature and then
WaSHEEEARBSntEbatEa With PBRETIBY 2%k 215 M idtes. The incubation and
washing process of 5 minutes 30 was repeated 3 times after incubating for

1 b attoom,, tansrature wath-segopdary goat anti-rabbit I9G-HRP

aptidody (Santa Cryz) AL 12000 dijution,, The secondary antibodies., ;i ceq
6 hours after treafment. The brain was removed and then lysed
ir sample buffer containing phosphate buffered saline (PBS)

. and proteinase inhibitor. Total protein is determined by the
bicinchoninic acid {(BCA) method using bovine serum albumin
{BSA) as standard. Samples were then subjected to NuPAGE Bis-
Tris electrophoresis using NuPAGE Novex Bis-Tris gel (4% -~
12%) . Fach sample contains 15ug of protein. After
electrophoresis, the proteins were transferred onto the
nitrocellulose membrane. The membrane was blocked with 5%
non-fat dried milk and 0.1% Tweén 20 in PRS (PBS~T) at 4°C
overnight. The membrane was then incubated in a 1:1000
dilution of polyclonal rabbit anti-GFAP antibody (Dako}/
rabbit pelyclonal to GFP antibody {abcam) for 1 hour at room
temperature and then washed and incubated with PBS-T for 3 x
15 minutes. The incubation and washing process of 5 minutes
was repeated 3 times after inéubating for 1 hour at room
temperature with secondary goat anti-rabbit IgG-HRP antibody
{Santa Cruz) at 1:2000 dilution. The secondary antibodies
were visualized by using chemiluminescent detection reagents

{ECL Plus, Amersham} and autoradiography film. The same
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were visualized by using chemiluminescent detection reagents (ECL
Plus, Amersham) and autoradiography film. The same WO 2007/046774
PCTISG2006/000284 34 procedure is carried out for mice treated with KA

(Ho0dmiike). After western blot is carried out, the nitrocellue§®gaoasonn2ss
membranes are brought to be imaged under the VIS machine. When

using ECL Plus detection reagents, 5 combined HRP and peroxide
catalyzed oxidation of the Lumigen PS## Acridan substrate generates
thogﬁaegglgfeag@dEﬂg_n{]ﬁ@atefugnﬁmgg@éﬁ%f@gﬁ@%m@d %@SQJ_ x
intexmegdiates react with peroxide under slight alkaline conditions to

pro Iﬁ%g{a? }éusga%ir%ﬁ, H?g%?ﬁt%r?’s?ﬁ/tcﬁgmcﬁ%nﬁﬁneedsc%uﬁde titth maximum 10
emfS5i &t U3une TR uRindseemtisigial banime pickeddgp using
the jv;s imm:ginge_sySMnAﬁsi:tnggeg:af tdsral_membéameowitlfhs@kaw&
depigting.the Igﬁiﬂﬂ&é&é&é@&&%%&% pgd, Real-fime RTRCR 1o For
mice tr ated y\élth MPT tél x 12mg/kg), he%lwere sacrificed 2 hours after
treatment. The Brafit Wae Peh oVl BRtathe M RssP I BilerRigi aHign ester

(3-reveaprstithiesol PTOtALRINA frofbgreebiaihe ywastistlated emsiig with
NuglesSping) RN |34t ghetal IRBA Mas-Jeversedrarscrieduwith fandom
nexainers ALY, SAIMERLFCR shaas pelarmued on e coNG R,
quantl_fy gene expression. T € Same procedure Is carrie out ]%I’ mice

tre ABARAMAPKAL (1 RO B g/kg): EXPERETAPRESHIS 2HRMBTRAE Re picked
12mp/kpi W esternt Bt resultsEreysthenwesteimbbet reSults: sheminrime
Figuie d4ARards weke 30 fatectad at aproximatelnal kPawhich, s neq.

corresponds to the reported molecular size of mouse GFAP using the
Dako anti- rabbit GFAP antibody. Bands were also detected at
apptoximiatads #7 1E5% which corresponds to the reported

For mice treated with MPTP (1 x l12mg/kg), they were sacrificed
2 hours after treatment. The brain was removed and then lysed
in buffer RAl and p-mercaptoethanol. Total RNA from the brain
was isolated using MucleoSpin® RNMA IT kit. Total RNA was
reverse—transcribed with random hexamers and real-time RT-PCR
was performed on the cDNA to quantify gene expression. The
same .procedure is carried out for mice treated with KA (1l x
2mg/kg) .

Experimental Resulis

MPTP (1 x 12mg/kg)

Western blot results

From the western blot results shown in Figure 14A, bands were
detected at approximately 51 kDa which corresponds to the
reported molecular size of mouse GFAP using the Dako anﬁi—
rabbit GFAP antibody. Bands were also detected at
approximatrely 27 kDa which corresponds to the reported
molecular size of mouse GFP using the Abcam anti-rabbit GFP
antibody. From the thickness of the bands, it can be seen

that the amount of GFAP and GFP proteins increased from 0 to 6
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molecular size of mouse GFP using the Abeam anti-rabbit GFP 35
antibody. From the thickness of the bands, it can be seen that the amount
of GFAP and GFP proteins increased from 0 to 6 WO 2007/046774

w5 Ts%3£99p/000284 35 hours in transgenic mice (comparigg lane & andss
b). The amount of GFAP proteins also increased from O to 6 hours in the
non- transgenic mice (comparing lane ¢ and d in GFAP western blot). No
GFP proteins were detected in the noﬁgtransgenic mice (lane5canddin
GRR westerahlaecause «f thecabsenss ofthe dransgene. Wheardbent
wepten, blot membranss were imaged ysing VIS, the,goloured depigtion
of amount of proteins present gave the same resylts&g?er to Figure 14B).
ThiISFaRfrcR s tHE fACP TR EFAPT RS etitiafbd folftifing fTE fif clibhor
18AVIEETEP pavbiichi s tuer leatis tothe Upregidation of:GERasiwellice (lane

Realting R-BER resulis ha stydyafthemENAcongidswiththe he
results of the st ,Zé)f tEirotein§ in Bgf\ognd %stern blot. As.the
P

ubfgélﬁl%?%%'of Sﬁé éf—‘%’ proteirrtllg peraékneed‘3 a‘ff%rﬁoﬁrrr‘siged using
uﬁf’érgthla‘ﬁ%‘?l GPEPAPG ARG FP ATRRASHRER Tovth Pty beénf al%rééﬁWas 2
hgurs: affies MR deealmentréherdifferehgesa time) acaounts-tamthe-time

negdeg.for the /RIS tobelransialed ANt prokeing. AssShown-in &igure
1n54Pthpe er}?a cement in enedexpreéglon at2 h ur§,20 aftergMPPTP 11
treatment 15F Both e GFAR Shd SFPSWARTEEREYS'68 Statsticaly ¥oit-
significant at about 47% (p<0.001) and 20% (p<0.01) respectively. KA (1
x 2mg/kg) 25 In vivo neural images As shown in Figure 16, innate GFP
fIEGRESC {68 t&&&% ffom the ROI in the brains of the mice and the
rédianeesdromt thbneltéd regionwvay fuaritifliecegsults of the study of

pRetans/seciemBistesadian 30e(st) bisrg thad iving ipageln-saftwase crap

%%%Z%B GRRLAS llugiated in dhg N vivo IMmAges e WaNFIERS ana
GFP mRNAs were found to occur as early as 2 hours after MPTP
treatment. The difference in time accounts for the time
needed. for the mR¥As to be translated into proteins.  2As shown
in Figure 15, the enhancement in gene expression at 2 hours
after MPTP treatment for both the GFAP and GFP was found to be
statistically significant at about 47% (p<0.001) and 20%

{(p<0.01) respectively.

KA (1 x 2mg/kg)

In viveo neural images

As shown in Figure 16, innate GFP fluorescence was detected
from the ROI in the brains of the mice and the radiances from
the neural region was quantified in photons/sec/cm’/steradian
{sr) using the Living Image® software (Xenmogen Corp.). As
illustrated in the in vive images, the tTransgenic neonatal
mice that received a single dose of KA (2 mg/kg sc) showed the
most significant increase of GFP fluorescence
{photons/sec/cm®/sr) iﬁ the ROI over its non-transgenic

counterpart as well as over the transgenic centrol mice at 6

hr post-treatment. The quantification in GFP fluorescence



10

13

20

25

30

35

mice that received a single dose of itA (2 mg/kg sc) showed the most
significant increase of GFP fluorescence (photons/sec/cm?/sr) in the Rol
over its non-transgenic 35 counterpart as well as over the transgenic

GAUERHMiss,at 6 hr post-treatment. The quantification in GEErsaa006/000284
fluorescence WO 2007/046774 PCT/SG2006/000284 36 shown in Figure

17 shows that a significant difference in relative fluorescence (RE),
between the KA-treated and control g?cﬁjp was recorded at 4 hr and 6 hr

afg%{o‘xég%fﬂﬁﬁ{gwﬂ@ the é;?o@qt@f 2%%3599@ %@H&@ﬁ@hﬁ@@m&l r@m@%inglthe
most 5 significant increase of 25% mean over the gontrol group. (P<0.01).
Siﬁﬁ@ﬁfﬁ?tﬁé%ﬁ@%ﬁﬁc&nd%%)mpgﬁtn%et%no }}?aggid:rﬁﬁégéﬁ#iﬁé%a%%g#%ﬂ
REovared st S-hrdferatedtmentith ife AR SiGRATEITRCrEasEs dbe
22%mead emerging ab Gihpafier treatmenty P05y gNonsignificant

differencs in RE 10 occurregbetyesn the differenttims,intgivalsiyishin
the control group (Figure 17). Western blot resul&s From the We;tste(gn brlot a
redBitS shblwn i FiGURE B A h &S e OHP qRRSLET R Approximately s f
kDeiwihich cortesponds to the REporetrifsleéiial diFe diiRBUSECEFRPT/
using the Rake antis rabbit GRAP iantikedy. Bandswetaalsadeieatediat 6
approximately 27 kDa whj sponds . ;palecular si

of %OSSIS%F ﬁgin%etrh@é A Qc(fgforégzriti-rg{%b%t9 E%{%%%ﬁ%ég%% From tf%ehz e
thieRABEEST theaRas Hical bEeEaH thiPthe BHGURLf BEAP R GFP
preieinsdceased frog0-to 67 hours in transgenic mice (comparing lane a
and b). The amount of GFAP proteins also increased from 0 to 6 hours in
the non- tra%%g%nic mia%écomparing lane ¢ and d in GFAP western blot).
2518 GEP proteids Were detected in the non-transgenic mice (lane c and

d iIFGRPC R SteRT BISY) Detadss bt Hie HiEh dd* of #- Fanifer® N eft =
theiwestesa blet membranesaieresimapedising ¢viSstimudlomedhe

deBEﬁE%kg&aﬁyagghggprg%%gsggeﬁggge GFAP using the Dako anti-
rabbit GFAP antibody. Bands were also detected at
approximately 27 kba which corresponds to the reported
molecular size of mouse GFP using the Abcam anti-rabbit GEP
antibody. 7From the thickness of the bands, 1t can be seen
that the amount of GFAP and GFP proteins increased from 0 to 6
hours in transgenic mice {comparing lane a and b). The amount
of GFAP proteins also increased from 0 to & hours in the non-
transgenic mice {comparing lane c and d in GFAP western blot}).
No GFP proteins were detected in the non-transgenic mice {lane
o and d in GFP western blot) because of the absence of the
transgene. When the western blot membranes were imaged using
IVis, the coloured depiction of amount of proteins present
gave the same results (refer to Figure 18B). This reinforces
the fact that GFAP is upregulated following the injecticn of

KA, which in turn leads to the upregulation of GFP as well.

Regl-~time RT-PCR results
The study of the mRNA concurs with the results of the study of
proteins in BCA and western blot. As the upregulation of GFAP
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gave the same results (refer to Figure 18B). This reinforces 30 the fact

that GFAP is upregulated following the injection of KA, which in turn leads
to the upregulation of GFP as well. Real-time RT-PCR results The study
RidhsmENA concurs with the results of the study of 35 projging i BC A<,
and western blot. As the upregulation of GFAP WO 2007/046774
PCT/SG2006/000284 37 and GFP proteins peaked at 6 hours,
upregulation of GFAP and GFP mRNA%Awvere found to occur as early as 2
hourssaties Khvokeatient 1he diffezenceg,in tlfﬂg@%@@f&?f&@%@? and

ne Q%d for the mRNAs to be translated into proteins. As shown 5

Flgure T8 he BRRANERHIENF JERETe ST 42 ﬁo’ﬁ?élréftéfﬂ K&
treA&fFReARFSbotiF ife CIEAFanacGHRP Was fanrgtobe Statisticakyme
signifiesnt scabett 2d8Ap<00brand22% 0.5} respectively. 18 shown
GFAP #IEH%%@%H&“&%%&B&R&%@GE@ VG, Images o QhFr{*Et hours

immunostaining in the C and CA3 sub-areas o pocampus

wefd SRoWh | ﬁlﬁ@%%ﬁorﬁ@ﬁﬁ@ﬁp@?ﬁoﬁ’?ﬁ{tﬁ@ adtiSeytddniase be
evidbatishtreddeds kvthd Varivusaredsof thd hippetatipusitchizaker

onaginedéA ko {Bangika s¢) treatment. To verify that GFP-expressing
cells were indeed astrocytes, we performed immunostaining on the same
sections for GFAP and found that co-localization between the GFAP

imMtHopoSeHtFoGReRI&HHe hippocampal CAl area and endogenous
GHRmadad asiroryies gecurpretiominanth ik 20rthegpriocessescand ok

thegell bodigsexamplesofkdual iahsled el Rrocesses.are indicatad byoa
arrows in E ure ZOBg Dlscuss&n of Examg)les 25 In the trante]?enlc

mouse model, The giial TibHllary atidic” protein (GEAR) Pronibierdrivss tasd

ex&ﬁéégﬁﬁn‘ﬁf"d@éﬁ Fhivre sel it oldPRGRRY S FA RYs it irteprrredidte KA
filan2enty protein) expressedpredominanilyyindbecasirocytes-ot the centrak

NERYOLS SYSIRM M?c)cmg%'%'}%%%ﬂl@' f@tlﬁnég]:alnlng on the
same sections for GFAP and found that co-localization between
the GFAP immunopositive astrocytes at the hippocampal CAl area
and endogenous GFP-marked astrocytes occur predominantly in
the processes and not the cell bodies (examples of dual-

labeled cell processes are indicated by arrows in Figure 20B).

Discussion of Examples

In the transgenic mouse medel, the glial fibrillary acidic
protein (GFAP) promoter drives the expression of green
fluorescent protein (GFP). GFAP is an intermedizte filament
protein expressed predominantly in the astrocytes of the
central nervous system (CNS). Changes in these glial cells can
be used to monitor neurconal activity. Injury to the neurons
in the CHS is a powerful inducer of GFAP. However, menitoring
GFAP by in vitro assays necessitate sacrificing the animal.

We have shown that non-invasive in vivo neural imaging of
GFAP-GFP expression allows GFAP to be monitored over a period
of time and reduces the number of animals sacrificed in the

process.
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30 be used to monitor neuronal activity. Injury to the neurons in the CNS
is a powerful inducer of GFAP. However, monitoring GFAP by in vitro
assays necessitate sacrificing the animal. We have shown that

wovaghe in vivo neural imaging of GFAP-GFP expressipgadoWss/ooozss
GFAP to be monitored over a period 35 of time and reduces the number

of animals sacrificed in the process. WO 2007/046774
PCT/SG2006/000284 38 2'-CH3-MPTPRSis a neurotoxin that causes
degeneration of dopaminergic neurons in the substantia nigra compacta.
Kaéqigcgqjdpis a neurotoxin tgat cauggs excitotoxi% brain insglts. 5 Both
netirotoana are kRown {8 BlevaAtE the BF AP S5 e e isA = This Farr be
dedelspaddnols mederos noh-Masiveshantd aimaginty forpreihgndsisnic
andserepningfireattientyHa  cansidate:dings ant-therapies nanddbe

stugdy of developmarual neyrolgxicity. Negnatal mice;are inigcted with,

these 10 neurotoxins and subsequent increases in the fluorescence of

the" BEABRB IS tAaTSHERE T THE héoMati braind' abei’ e iddts Githe
neiretoiigs Jverc:brudiédwsingsthenlV/ IScimaging systenearmerder tol - <.

suppaHitie-eonelusionthat the HonsJnvasive ik VMa:AgUERl RRagingLmadel

is reliable in studying 15 neural developments, in vitro assays were also
T e e o
to RFUERNSHES pAstRiF EhGFELERIN WHERASASInR RrePERITAS 6868 tBt
quahtifzgenec@rptessioneidiese agsaysoatbe used s ttacetthethe

chargesdaking place dn the Neenatal mice duedq tﬁ‘@i?a@ %Q@irﬂﬁ@tiﬂﬂa%ﬁng
neurotoxins and the, results can be corpﬁgaregcwith, thatt%faiF vivo neural
a

imgﬁlsntgénf:or e %%%??la fzcg‘ﬁf)ﬁr(f/f%e |of5’gy ahd moleca r‘tk})ll%l6}(\.5;331}l -

hay&eei eatfled0iat OREels drwhta disHeS arfd BAHRPES Slr&Cafnars
anabysia of eeltlapeentponeantsnehiding-genese aadpratena rike useof
OpE}EiLPré)Pc%eﬁoﬁ té%%‘éé?g(%@% reRring functional infounalion 9y out to
molecules, proteins an
quantify the protein expression while real-time RT-PCR was
used to guantify gene expression. -These assays can be used to
trace the changes taking place in the neonatal mice due to the
administration of nsurotoxins and the results can be compared

with that of in vivo neural imaging.

- For the past half-century, cell biology and molecular biolegy
have been carried out on cells grown in dishes and by the
extracellular analysis of cellular components including genes
and proteins. The use of optical probes for tracking and
reporting functional infeormation on molecules, proteins and
cells in vive is a new and rapidly expanding technology. This
technology has a large range of applications, including study
of infectious disease, oncology, pharmacokinetics,
pharmacodynamics, toxicology, and gene expression in
bioluminescent or fluorescent reporters in transgenic animals
{Contayg et al., 2006, Rehemtulla et ali., 2000, Yang et al.,
2000, Zhang et al., 2001, Bhaumik and Gambhir, 2002, Bouvet et
al., 2002, Ntziachristos et al., 2002). As lllustrated by
Hoffman (Hoffman, 2004), the advent of GFP as reporter gene is
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cells in vivo is a new and rapidly expanding technology. This technology
has a large range of applications, including study 30 of infectious disease,
oncology, pharmacokinetics, pharmacodynamics, toxicology, and gene

®EIRSEIaA-n bioluminescent or fluorescent reporters in trapgg@aRiSoos 000284
animals (Contag et al., 2000, Rehemtulla et al., 2000, Yang et al., 2000,

Zhang at al., 2001, Bhaumik and Gambhir, 2002, Bouvet et 35 al., 2002,
Ntziachristos et al., 2002). As illustrateé®y Hoffman (Hoffman, 2004), the

ade\fgﬂgﬂ{r@':g %ﬁf@@&%r&%ﬂ%ésMIQ@PP74966$Zﬂecqlar biology.
PCT/SG2006/000284 39 enabling a paradigm change in cell and

moteEUTErBRegS. MadtB8rafig iRaginG fethisIdies gt &ré¥pid and
aceessitiéhhto préelinices studieswilbyig muid AndlHighapepiglitg
expegimentaldataypekpeetneal by ingeasig Sthecaupbey,of imes thaly
quantitatiye data.can hescollected, . By:imaging the whole 'Q{ea%uﬁeeéwa?"

at multiple time Eomts, researchers can analyze biomolecular processes

in Tre B8t EBRtERA infligfted oFintad By its Ml 4R adddts
bereiitthat witetrede nsetirod sifeler ariivale barn10deliveredates with
oreatesesiatisieaksignificance:ad Jawes ssessnNon-invasivg methods an
capdR 4990 (g cleate more predictive el models hatsharede
characteristics o Ic')ngltudjl‘na -studsy design, internal experlmentacl control,
méRttTEFirfiBFmatib: £F¢ tipihtitaave datee antieide srrtRBdsiRHeT
besefit 0th seientificdndfuiryrentdiismane animakdise: laraddidionre

imaging can furthenimpraue these studies by QUIdNG ARPLONURE. s of
en t§)0|n -tlg@ue s_amggngdfor,hlstology or hiochemical analysis. 20 One
i

problet Tace ik fhis present Sidy et iR theSEBGFcagBFatl control,

auteflasresteiEE oTpickily; tkadetigiiiicreteendeteaused byahe
endegentus thromapifiressrankuabiissues incklipg elastinutolagenmal
trypiaphan, nicotinamide adenine diguelgatide (NARK),.peephyring and. o
flavins is much higher . . . ,

by guiding appropriate endpoint-tissue sampling for histology

or biochemical analysis.

One problem faced in this present study lies in the sources of
auntofluorescence. Typically, tissue autofluorescence caused
by the endogenous chromophores in animel tissues including
elastin, collagen, tryptophan, nicotinamide adenine
dinucleotide (NADH)}, porphyrins and flavins is much higher
than instrumental autoflucrescence, particulariy in the
visible wavelength range (fTroy et al., 2004). For in vivo
imaging, tissue autoflucrescence 1s a primary concern as it
affects the ability to detect fluorescent probes of interest.
As observed in this study, the autofluorescences from the
neonatal mice increased as the mice develop from birth to
adulthood. BAs a result, the inventors devised a safe-guard
system to monitor the signal to noise (s/n) ratio by
normalizing the total GFP fluorescence from the transgenic
mouse with the auwtoflucrescence from the non-transgenic mouse
to produce a relative fluorescence (RF). If the RF breaches

below a threshold value of 1.3 or 30% of the GFP signal
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25 than instrumental autofluorescence, particularly in the visible
wavelength range (Troy et al., 2004). For in vivo imaging, tissue
autofluorescence is a primary concern as it affects the ability to detect

{pseseentprobes of interest. As observed in this study, the, r.cca006/000284
autofluorescences from the 30 neonatal mice increased as the mice

develop from birth to adulthood. As a result, the inventors devised a
safe-guard system to monitor the sigrf&l to noise (s/n) ratio by

normalizing the total GRP fllugrescencsuiom thedransgepic- sousewidhca
the autofluorescence from the né)n-tr ns eni9nm(lgu§&}35 tg Fg}gdgcteog
refdtive ABoPESRERCETRIY 1P the K bréaches” befow a threshold value of
1.8rore302h bt the BFPSRMAINS TOTHD M77-PC HISE ODBBIO06 2535 3b" -
detected from the transgenic mouse, then that particular data will be

degmed as hayingtao law 2 sinatio and.this teg.uprelialjedoiigdised the
to gené’rate precise quantitative result. 5 Using 2'-CH3-MPTP as @Qdﬁth
CORBOUPERTHE ot BB 7 tha RBRVARE 1 Yo RELFATFAD

iVe'in Vivo maging
motel werescunrsistemwitty the e sericecol ipsretiiamd s&¥rocytes
detennined :bistolpgically ;K isavell decumantad thatMBTP can
specifically induce the neyrpdegenarative death of 1o mesencephalic
dopaming neurons in vivo and resulted in Parkinsonism of animals or
PAIRARISITRIIa L AScIOPRREN S ST aRTe LBt BE VA o E&FEITEL 4T, 1999,
Olpapwi.anchTatton; 29983 1Previctrsrévidence dliggested theypsential
rol??(gtuiaé}r%qytsﬁi n ti“@aQlﬁt%%éﬂ?ieﬁleﬁf%ﬁs,se@%DI/IBIE’nML&Qﬂ ﬁ.ﬁttonf
Parkinsonism. For exam adult mice systematically inje ' PTP
A o EANT R GO Ty Sty e A opuaas Lt e

doparniveydeerdaséhin RATRMREIGa haFIRSTPhS SHBIET-Aree Tt the
braig-(Reikhargret akbp988afEhen etdal.t 2002 Dentamet &t POO4injected
Kyrosakighal.. 2004 tiis2Q warh nating that.ahighel suscepibiitystoana

MPTP lesion in the brain was seen in older mice, of the same genetic
s in the

concurrently dopamine decrease in dopaminergic neui
striatum area of the brain (Reinhard et al., 1988, Chen et

al., 2002, Dervan et al., 2004, Kurosaki et al., 2004)y. It is
worth noting that a higher susceptibility to MPTP lesion in
the brain was seen in older mice of the same genetic
background {Ali et al., 1983). Compared to studies on MPTP
action in adult mouse brain, there is a limited amount of
literatures on how astrocytes in neonatal brain react to M2TP,
presumably due to lack of appropriate methodology which
permits the repeated non-invasive measuxements of GFAP
transcriptional activity during the course of brain
development. However, few reports did demonstrate that
systemic MPTP injection into neonatal mice resulted in
permanent brain damages in adulthood, as measured (All et al.,'
1993, Fredriksson et al., 1993, Schwartz and Nishiyama, 1954) .
Nevertheless these early reports brought out the point that
the developing brain is vulnerable to MPTP as well, and
deserved a careful investigation. Therefore, the model
described here offers several new opportunities to study

neuronal degeneration in live animals. In this present
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background (Ali et al., 1993). Compared to studies on MPTP action in
adult mouse brain, there is a limited amount of literatures on how
astrocytes in neonatal brain react to MPTP, 25 presumably due to lack of

arpiaprate,methodology which permits the repeated non-iy@siN@nos/000284
measurements of GFAP transcriptional activity during the course of brain

development. However, few reports did demonstrate that systemic MPTP
injection into neonatal mice resulted inf30 permanent brain damages in

aqﬁm%@oaz me?y reduAlcatabi <1993 roraditkssor et ot hQ93E
Schwartz and Nishiyama, 1994). Nevertheles ese et p s
br‘f)%%ﬁ?osutgfﬁ%gﬁqmt% tﬁg?%%rgcd)g\e/gfg |?1mabreai§ ll}g Vﬁng?gg%%o%ﬁﬂ%_l%uag
wéﬂ‘?&ﬁéleﬁeéérw}éérﬂél@'aﬁé‘&ﬂl?rﬁesti§péfﬁgﬁ?fﬁ%’F§fbr8??n§?ﬁ68eF%% this
destriben hereoffersseveralmawlopposanitiessto:sudFATeyron@iguLation

g%:%re%% ?%é%%'g%imﬁ@és|&$Giéler§§§rﬂl\é4@§@}7‘ o f/9457a7:ﬂzanih et al.,
jnvention, it is.now possible ta monitor. the
ef?g&g)ofar\l/%r%%%ta?lﬁéfg to sbr%%séﬁ?%%u g%\%éé‘) cﬁ&ce if% éfr&@%}nda&%sh
infeATEs Y|Pk AR ForthBEmePE - BRECCGHE TSe Hhite AP BEpous
transgericeapatal mouseataisticin GioA Raupadgudation Bias it bbears in.ce

vafigps, mogels qf AlZhalmer's AYanzemi LAl +2903) ARt EINEP NS ain

disease (Ishir%uro et al., 2001) and_ monitor, on-invasivel he

ndUTBpTStective RERE f RFHOIY ditit FRhtfents naaddl};%r% jgarides et
nevrodeftiibrationshibsd miceumaytise UsEfolto BRGEY the ddveBpiient't2
?%H@a%@mﬁ&{ma&tqmmammmmuby K alanpatigesatsabn
Kalamarides et al, 2 i a ingi in
W Rt S e e e e
exirEadRmh haskiRriBghiRetsncas e s EaHdYtiig thetRer 280 -
invadedthedreain tissugeand (iew KPekerytand Wildsom, 2605115 ¥ further
adyaniageafthepresaentirvantion isthalhe anastetiegwese infroghiced

to dhe neonatal pups 30 33 9 243de ApeBZBSHIS NS YgHefiects on

No obvious changes of TH-like immunoreactivity were detected
in the SNC and the ventral tegmental area in the 27 -CHy-MPTP~
treated mice, suggesting that the degeneration of
nigrostriatal dopamine neurons was still not apparent 6 hours
after 27 -CH;-MPTP injection. This is in good agreement with
araki et al.’s observation that the reduction of the
dopaminergic neurons occurred 5 days after_MPTP treatment
(Araki et al., 2001) and Kurosakl et al.’s finding that TH
immunopositive fibers and cell bodies were reduced in the
striatum and substantia nigra only a day after MPTP treatment.
Further studies focused on systemic administration of 27 ~CHy—
MPTP and the effects on GFAP a2nd TH immunostaining over a
period of 24, 48 and 72 hours post-treatment will breaden our

understanding in this field.

In addition to MPTP, a number of other chemicals have been
reported to cause neuronal damages in various regions of adult

mouse brain, as evidenced by GFAP elevation. These chemicals
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No obvious changes of TH-like immunoreactivity were detected 20 in the
SNC and the ventral tegmental area in the 2'-CH3 MPTP- treated mice,
suggesting that the degeneration of nigrostriatal dopamine neurons was

sil0et@Rparent 6 hours after 2'-CH3-MPTP injection. Thisgg{gaRe00284
agreement with Araki et al.'s observation that the reduction of the 25

dopaminergic neurons occurred 5 days after MPTP treatment (Araki et
al., 2001) and Kurosaki et al.'s findingqtﬁat TH immunopositive fibers and

cell bodies wers, redyced dr ther stiattim and:substania pigraignlyiaslase
after MPTP treatment. Furngr gé%gigg.f%usg}gign Ség%r&]niE Sgdsrm:rﬂsggtion
of FREE S MBTB A d the efeais 5is im '

_ AP and T munostaining over
atperphor2a, 48'4nd erhdtirs post tréBRERNTBRGSIEN our
undecstansingn thisshieldzdnaddition toctMPTR, agwdmber:oficther al.,

chegysals,nave.been 3p rparied deLauns pexreRahdamages in Vesiogsoa
regions of adult mouse brain, as evidenced b GFQP I%va%%ré. Tg‘ergﬁo ed
CREFIEATEEN OBOGFRAEY 74 PCT/S 20061000282 IZﬁglnc ude a fong st

obseirtimaliyhnd fuibsoRaly thvdise ormpothtl, taRging HoRt iRdastial
toxiG COMPeUnds suchashtiimesihytin (O'Gallaghani4R8#sardused by

m@é@%t&“%&%%’%S%{?EQ','agﬁ@%&@@%ﬁ%&%%ﬂgoﬁ huh@98s Gancia et .,

52002), agricultural pesticides (Garcia et al., 2002), to food additives .
(GEEgREAREH Bo68) Cofifit et the a8veSTe d BrdHTR S lﬂﬂ%h%ham
dewelopirg wrair wittefesgrirthetbldadsrdinibarrimrasanbghtinored for
vylperable-ta-dagrages caused bynkpevdnseusetaxdas. agd dnere eiiticatlyr

by numerous chemical 10 compounds which ' i j
Xéhelrfc%%e plg_{ 131 L'{ﬁ() OX_{)CJHZY 11 d%ve%ol#qgggq)g}ﬁﬁ%&@%@

human chain and the environment without Tirst'being properly tested

foPveteiPFRREiRatit CTRRYmPONAhce TRRtRl ehdmiSaR IHPIHEIFD the

pateniial s urbiexititydn:develbping bta@rstanabt be. ove? ®hphdbided was

(Qlpey, 2002). espesially in,dealingswiththeskadssiue of sieatasmrotoxicity

(;§§ﬂ§k$L%Lbéggf ﬁ%gggg§%weurotoxicity Testing Guideline {(DNTG)
reviewed by (Tilson, 2000). More recently the European
Commission adepting a proposal for a new European Union
regulatory framework to test all chemicals through a rigorous
regime with estimstes of the new measure costing up to seven
billion euros and taking at least ten years to implement
(Buropean, 2003). However it is a formidable challenge using
the traditional GFAP technigues Lo try to assess a large
number of chemicals for their neurotoxic risk to the
developing CNS in vivo, especially when taking into the
account that the assay method must offer a sound scientific
ground at a reasonable throughput and cost acceptable to both
industries (Kaufmann, 2003} and regulatory bodies (Hass,
20033 .

With the integration of the proven GFAP-GFP transgenic moﬁse
model (Zhuo et al., 1997), which displayed an exclusive glial
expression pattern in all major regions of the brain (Su et
al., 2004), tc an appropriate in vivo optical bicimaging

system, it is possible to study non-invasively
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further exacerbated by the US Environmental Protection Agency's
Developmental Neurotoxicity Testing Guideline (DNTG) reviewed by
(Tilson, 2000). More recently the European Commission adopting a

wiopesakiersa new European Union 20 regulatory frameworkd@sesb@llooozss
chemicals through a rigorous regime with estimates of the new measure
costing up to seven billion euros andétaking at least ten years to

implement (European, 2003). Howevet it is a formidable challenge using

the traditignal SitAB-teghnigues todsy 40 @ssesssa |arge-2baimbiergyf and
chemicals for theie pevrofoxic fisksta the. developing GNSIOVIVEnq
espemalfy when téklng into the account that the assay method mus&offer
PO At SGRRTIE 5F & FEESTRabeetitotighpth Bhd ¥dsPaceapbsbie”
tebothaindustniéshikauinganfit2008) aune: regierdsy bodidsidassr3eth-
2003). With the integration of the proven GFAP-GFP transgenic mouse
r%(%_ gL:nglréuo et al., 1997), which displayed an exclusive glial expression
pattern in éelfmajor regions of the brain (Su et 35 al., 2004), to an
appropriate in vivo optical bioimaging system, it is possible to study
non-invasively VB0 /0467 740RCT/SG2086 000284 «p3otective
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comprises the steps of: (i) non-invasively detecting fluorescencecfrem they

Amended Sheet IPEA/AU PCT/SG2006/000284 Received 17 August

2007 Clear Copy 52 brain of a said ttansgenic mammal before

administration of the test substance to provide a control; (ii)

non-invasively detecting fluorescence from the brain of the same

mé&riied after administration of the test substance; and (i) comparing the

fluorescence detected in (i) with the fluorescence detected in (ii). 7. The

method fl%a'mddf or 5 wherein the method comprises the steps of: (i)

non-invasively deteetRy ilidrstant o thexprass bira fifstmammal to
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2. The method of claim 1 wherein said promoter is a GFAP
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3. The method of claim 1 or 2 wherein said fluorescent protein

is a green fluorescent protein (GFP) .
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the brain of said mammal.
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the method comprises the steps of: (i) inducing neurological damadgetgived 17 August 2007
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is for determining the neurotoxicity of the test substance

to the brain.

9. The method of any one of claims 1 to 5 wherein the method is
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said transgenic mammal;
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13. The method of claim 12 wherein the disease is chosen from
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chosen, from MERTP, 28k iNMP TRs 6-hydroxycepamine: {6=OHPA),iKainic

acid, Trimethytin, Chiprpyrifgs (GBF). Amended Sheet |IPEA/AY.
PCT/SG2006/000284 Received 17 August 2007 Clear Copy 54

Manganese ethylenebisdithiocarbamate (Maneb or MB), rotenone,
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brain is induced by pﬁysfcaﬁcfor?geuaﬁﬁﬁédr’t%“ﬁ?é HEEH afiiIeF heck Hid/or
back of thalmafhain 6h Hee tethowotdiedm Sher 4G:mher&in the

neurological damrge:ig We:brauyis-indycrs Ry decieasing the supply of
oxygen to the r@ﬂgg}%%g{vgyi&%%tem Iea.ding to,cerebral ischaemia.

17. The method of any one of claima 1 10 5 whersin the Thethod is for

testing the ability 615 TE&PStibstafte #F ERingtetkéstdatmdstabieivous
system diseaseWhigreimrithelmethad-edmaprisesithe sieps of: (i) providing

a said traﬁ%gerﬂﬁm%n%uwgfd’ﬂ@al damage to the brain of a
second transgenic mammal and administering the
ﬁest substance to that wammal followed by ncn-
invasively detecting fluorescence in that mammal;
and

{iii} comparing the fluorescence detected in (i) with the

fluorescence detected in (ii) .

11. The method of claim 9 or 10 wherein the neurclegical damage
to the brain is induced by administration of a selected

chemical to the mammal .

12. The method of claim 11 wherein the chéemical is administered
S0 as to provide a chemically induced mammalian model of a

selected disease.

13. The method of claim 12 wherein the disease is chosen from
Parkinson's Disease, Alzheimer's Disease or Huntington's

Disease.

14, The method of any one of claims 11 to 13 wherein the
chemical 1s chosen, from MPTP, 2'~CH,~MPTP, o-hydroxydepanins
(6-OHDAJ, Kainic acid, Trimethytin, Chliorpyrifos (CPF},
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the mammal is also a mammalian model of said nervous system diseégé?/ $G2006/000234
(ii) non-invasively detecting fluorescence from the brain of said maitRiied 17 August 2007
from (i) prior to administration of the test substance to provide aieentoky

(iif) non-invasively detecting fluorescence from the brain of the same

mammal from (ii) after administratiort‘bf the test substance; and (iv)

comparing the fluorescence detected in (ii) with the fluorescence detected

in (iii). T&"PRRTRethdd 'sFany Chéblerirms 1tto 8'witerein tie method is

for testingttheability ofiatestisubstaneade: facilitate trpatment ©f, a
nervoussystern.disease wherein the od.comprises,the steps of:

Amended Spee [ED0A) T e to0seh Hucouas o7 Ausust

2007 Clear Copy 55 Broviditiy #&E8nd second mammals, wherein

both mammals are mammalian models of said nervous system disease;
(inin a first anual from (i) norripyasively. detedting flyarescence from
the brai _oftth mammal tgfg{ovide a control; (i) in a secqngtransgenl
mammal from (i] “adnifistEHGh e YeBPEoAFSthric £6 it bidiRal e
followed§handfwasively detéetingfllaorésdencerfram the brain of that
mammal; and (iv) comparing the fluorescence detected in (ii) with the

fl ogescgﬁgemg ]g%%teoqfiré f,Lianl_c?- Th?(}me}tlhod_of any one of claims 1 to 5

Wherein the P : or wherein the neurclogical
damage to the brain is induced by decreasing the supply of
oxygen to the mammal’s nervous system leading to cerebral

ischaemia.

- 17.  The method of any one of claims 1 to 5 wherein the method
is for testing the ability of a test substance to
facilitate treatment of a nervous system disease wherein
the method comprises the steps of:

(1) providing a said transgenic mammal, wherein
the mammal is also a mammalian model of said
nervous system disease;

{11} non-invasively detecting fluorescence from
the brain of said mammal from {i) prior to
administration of the test substance to
provide a control;

{iii) non-invasively detecting fluorescence from the
brain of the same mammal from [ii) after
administration of the test substance; and

(iv} comparing the fluorescence detected in (ii)

with the fluorescence detected in (iiij.

18. The method of any one of claims 1 to 5 wherein the method
is for testing the ability of a test substance to
facilitate treatment of a nervous system disease wherein

the method comprises the steps of:
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is for testing a treatment for a nervous system disease wherein the PCT/5G2006/000284
method comprises the steps of: (i) providing a said transgenic man#¢ggived 17 August 2007
wherein the mammal is also a mammalian model of said nervoussystemy

disease; (ii) non-invasively detecting fluorescence from the brain of said

mammal from (i) prior to applying the’tteatment to provide a control.; (iii)

non-invasively detecting fluorescence from the brain of the same

mammal from (i) &ftéF Apphjigithe frearnentcandiividomparingithe

fluorescence detecteddrh(ii)=mith thefuerescense detected indiiik20. The

"~ method of claim 4 or §e\@4h)q{5eig§ggerrp%t{10d is for testing a treatment for a

nervous system disease wherein the met a(()E’gl"compris(_es the steps of: (i)

providing first antd"SeéBritl ARt HRefERTboth TerrHIRES Hrey
mammalian models of:said imgniusrsysten disaaserx(ib-ina firstmanual

from (i) non-invasively, Amended Sheet IPEAAY PCT/SG2006/000284
Received 17 A gust 2007 Clear Copy 56 detecting fluorescence from the

brain of the marimal 13 FréVidE'a EORWHICTiT ifFEsEcohttrahsgenic
mammal from (i) appi§irigitietiaatrienttesthatinaenmal followedryimal

non-invasively detecting fuereseence fioms theibrain of that npammal: and
(iv) comparing the fllf%rens%ggcg detecttedt}iln éii)ﬂ with the fluorescence

N rain © a ammal; and
detected in (iii). . ‘
{iv) comparing the fluorescence detected in (ii)} with

the fluorescence detected in (iii).

19.  The method of any one of claims 1 tec 5 wherein the method
is for testing a treatment for a nervous system disease
wherein the method comprises the steps of:

(i) providing a said transgenic mammal, wherein
the mammal is also a mammalian model of said
nervous system disease;

(ii} non-invasively detecting fluorescence from the
brain of said mammal from (1) prior to
applying the treatment to provide a control;

(1i1) non-invasively detecting fluorescence from the
brain of the same mammal from (ii) after
applying the treatment; and

{iv) comparing the flucrescence detected in (ii}

with the fluorescence detected in (iii).

20.  The method of claim 4 or 5 wherein the method is for
testing a treatment for & nervous system disease wherein
the method comprises the steps of:

(i providing first and second mammals, whersin both
maneeals are mammalian models of said nervous
system disease;

(ii) in a first mammal from (i) non-invasively
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21. The method of claim 19 or 20 wherein the treatment involves the PCT/SG2006/0060284
application of X-rays or y-rays. 22. The method of any one of claim®Récdeioed 17 August 2007
21 wherein the nervous system disease is a nervous system turmcr235py

The method of claim 22 wherein the g#mor is chosen from glioma,

medulloblastoma, meningioma, neurofibroma, ependymoma,

Schwannoma, neurofibrosarcoma, astrocytoma, oligodendroglioma. 24.

The method of any one of the preceding crains WhEREIP TRE™ Manmhtal is a

neonate. Amended. SHEEt! IPERFAYide a control;

{iii) in a second transgenic mammal from (i) applying
the treatment to that mammal followed by
non-invasively detecting fluorescence from
the brain of that mammal; and

{(iv) comparing the fluorescence detected in (ii)

with the fluorescence detected in (iii}.

21. The method of claim 19 or 20 wherein the treatment involves

the applicatiocn of X-rays or y-rays.

22, The method of any cne of claims 17 to 21 wherein the

nervous system disease is a nervous system tumor.

23. The method of claim 22 wherein the tumor is chosen from
glioma, medulloblastoma, meningioma, neurcfibroma,
ependymoma, Schwarnnema, neurofibrosarcoma, asttocytoma,

oligodendrogliona .

24.  The method of any one of the preceding claims wherein the

mammal is a neonate.

Amended Sheet
IPEA/AU



