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Non-i nvasive, in vivo fluorescent inmaging of the
nervous systemin whole live animal Field of the

wo paentd’an The present invention relates to nmePdE62006/000284

i nvol vi ng the noni nvasive i magi ng of a fl uorescent
protein expressed in a transgenic ani mal. Background

to the Invention Parkinson's disease (PD) is the

second nost common neuyodegener ative di sorder fier imal
Nop APy & vire RUAFPeEnt jaging od 844 Ty e SYicte ohpele Pggpima
one million individuals in the united States of

Anerica alone are affected with this disabling disease
and nmore than 50,000 new cases arise each year (Fahn

§1ghfé§§q%or§ v%% 2000) . A progressive, age-related,
ege

neuro era s ease characterized by
bradyki nesia, resting trenmor, rigidity and gait

étpﬂ‘ek%%ﬁ@:e:LnP&ﬂtﬁormrSsQaEBQr@&tnﬁi’th)@g bYv@ VRS th8 non-
%{e55|ve destructlon of dopam nergi c neurons in the

it rH2AERY 0T 13 K IRERFCHH et 8L ot SRSt i ed

dramaﬁﬁﬁp Eﬁhﬁégsents itself mainly as a sporadic

condi tion, nmeaning in the absence of any genetic

i nkage, but in rare instances, PD can also arise as a

§??ﬁﬁﬁ?“ﬁ€n&8lF%% IFSAELoR] nked to defects in a variety

of genes. Although clinically and pathol ogically

sporadic and, famlial PD may differ on several

SrgHiTScRant Hhipets (A eirsaF%‘/e sH4P8 Y% RSt ffRzmon

mm@eﬁal\:abiﬁé ndiadyrQlerh £ty m&m&%hmefhﬁ HRABERC Tt is
n_brai n dopam ne (Dauer ,and Przedbaqr ski

S0 2T GAEHT Ry PEF B TS LBRRT I A togn) b G ted

Bifatbfsalonf dmsﬁm:aneal&ilr&rrﬁrér aftddhe@degenetatd ms@buﬂ@
n| rostriatal anm at hwa which is co

AP AT BTE R ae ORfioRS! CHPoLBHt t6 i VoRE: Erre
amdtﬂnzaﬁbbssant|2D0ﬂ)graAapdog%Hxﬂivpnopgﬁ%ﬁdn;tamons and
ery rn1n | s ar.e found n the.str
B s bR 2L b 2 S R Bl b B) SR B 2EF . po
tﬁ§¢ﬂngemr§sve}oxmgﬁdy¢yusndgga1t disturbance, PD is also
characterized by a massive progressive destruction of
dopaminergic neurons in the substantia nigra. Like many other
neurodegenerative 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
neurons 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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t he neurotoxin, MPTP (Bloern et al ., 1990, Flint
Beal , 2001). The di scovery of MPTP occurred in 1982
wok@n/0s7g¢ oup of drug addicts in California derel/spBw6/000284
acute onset of severe Parkinsonism |nvestigation
reveal ed that the syndronme was caused by
sel f-adninistration of a synfhetic heroin anal ogue
t hat had been contam nated by a by-product, MPTP
during manufacture. MPTP adm nistrati on was
subsequently shown to nodel PD in both m ce and
LigBtes. I.s_highl ophi.lic.and it am
Tgrosses hﬁraﬁFgﬁﬁZ(%%}ﬁ% ar?|g$ hﬁ% Begny eve§ nver?’eaSlng
that geutscadhi, VEPTR Eoleit er &1 mptIBHO,4F1lint Beal, 2001).
e U P+ X|das h
G A C A G e e S e
add;a@r eimalCedé fopt Bk elespdbprd acukd rcensequesitdne
pul ated wi 0 ' i_Qr ri
ng%an1ﬁgngcm%éF%gtq#ﬁ;sgcg%g%gg F% g ﬁﬁ%bé?kﬂ%me was
cdvbed dry Gws fehflotrisstomtdeonl afaz funideiton, heesiyl tanagopne
tﬂsyrmlbé‘eﬁl kofi%{haﬁt&t b aﬂ%#oﬁ'&vctlgﬁ}h? T&mmﬁ; et

I's a nore potent
mﬁé@f@ft@@i@c tHﬁ'ﬁPCWéﬁ{SItéﬁEILOWFWFFS shibwieagerielersdiown to

mBH§1QH9tnpbgghcﬁlc&hﬁﬁﬂ?§1h9§é§d|@ﬂﬂ%Mgglh%ghfy lipophilic

cytoplasm _interstitial "edemn, depletion o
@B phivi FRACGHLY AERPERTS et R1peddeyai MeskagFi allt is then

cBheLif&] aty 't%nlﬁgdagdlv%shétgﬁggﬂe Vahahengp0h) . Wile
nmost of the research on PD has been conducted with a

PRBBYPIGH- G s <M%%r>rebwelb%¢<ta§m@@nw<hé%@|%/ Bk rieten

thheh &y e mignMPTR ditiveebbaRihdtsmdeRratiabn i GR uptake
results in permanent brain damage whi ch can be traced

SWACHRRINodd. CTRCTURATHhACCHBYET G5 #g tBi i joshondria of

nY Yot allte 1t aow{ﬁ&ajmg eedss el im@e%@hvgéacﬁ wd hehumber
i nvestigation tion.to a nunber of, other

et Oﬂévéfﬁ?%fos B’é’eﬁeﬁébbﬂ e@”tc&l@ﬁusjée?fé]d‘rjd‘ﬁa@

ndasBages ddllvaéaﬁMS(T&ﬂﬁoanSndfKf@hﬂt1990USEaﬁﬁiﬂdt alhese
lggsrlc%k§nﬁggtugﬁ(ﬂilﬁBQPligna %mre potent neurotoxic than
conventional MPTP showing severe histopathological changes
including swelling of cytoplasm, interstitial edema, depletion
of dopaminergic neurons with reactive microglial proliferation

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 adulthood. The
fact that developing brain is wvulnerable to MPTP damage as

well deserves further investigation.

In addition to MPTP, a number of other chemicals have also
been reported to cause neuronal damages in various regions of
adult mouse brain. These chemicals include a long list of

structurally and functionally diverse compounds, ranging from
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structurally and functionally diverse conpounds,
rangi ng from ndustrial toxic conpounds, agricultura

w@earioei7des, to food additives. Once agai n, noOBCT/AG2006/@00284

neurotoxicity studi es conducted thus far have been
based on adult nodel s. Fbmevs is inmportant to note
that the devel oping brain w th Iess i nt act

191&1%@13?5?'%}@@" 'E:bﬁf)oﬁédgm gr[.mﬁ \Yﬁ'gln%regkt),kgl&?? dacrgﬁgf%od

caused by known neur ot oXin nore-critrca
afisadacs nf | Snacedgedmnarote ofukhy %ﬁurQﬁyxnectsztudles

&ﬁfm%ﬂéét@%sb}fagshﬁa\‘}i@\’k?éeqpﬁoﬁgegr% qulRere6o1 8. tl-n)%vever it

| mportance of testi ng chem cal s e| I potent
e HFBPBXFRY thP nﬁtae’vléa‘bpﬁ%dbvalwmmﬁlbemth less

MRl epPhasized n-gsPecd Alilsy mli B dﬁ@ilé %lW'et:QbIQecd L& ge
of silent neurotoxicity (i.e., early exposure t

GReFEEt BYi Ens NeBEPt R itfou el FaFe a}r@yﬁﬁﬂémtramtqapnage
iadulithe@dannothbs wasL l-!arnfdh%Brﬁéé‘@&%‘i@@ngé{té@%wghe
S

Environnental, Protection Agency' vel opnent al

ARIGrHBPHRT I "Test Trry Bnitde FRAeiqNt@nRce Rbreesidewnt | y

dHeeni EHL @ pean tBeiwi 58t &t 1adORL L BopQR9S ah &@\Fel@)ﬂ%\éf
European Uni on regulator framework to test

Roedi cart ReoGyh eWR%ﬁﬁ%?ﬁg'r%ﬁ??ﬁ%%ﬁlﬁhlésﬁ?%&ﬂQ%sWéFh

tﬂ'i’éeellaeMé Fﬁaai‘sliﬂ%nﬁoﬁémﬂg:obkﬁcﬁeyseﬂe@ Diellkll G?”e;%’cfé?ﬁcea'ﬂ@
takl at Ieasg % ars to | | enent .
@%ﬂ FHFP e g %%%@%ls%WW%W@ﬁMe

ddullanesd) pr amebnw&a(pﬁﬁs:&@& Pk e6erH Naie by ug?\ltsth@ .

[ 0C tes of t e central nervous system , as .
DRSS Rosed By e Gt sRaR T O e logRaR L B tCa 66ty
T téag | Guiaded izsensbiTee bivomar keteftary rBBi E@fd)ld?@tr)l

al_da n_adul t dent bralns caused .
C%%#éggséneﬁpgggélc Rgdeest ?%EI%&FH@ Fopean Unidh
nﬂguhytorWrﬁnam¢Wekk2téstasttanlaHWQM1qa¢B|dhﬂ@uimﬁaTEﬁgorous

x%B?th%%%b% ﬁﬂh?as andw;gftev%"rqlsfgtfSa F&m° 8b§q1ﬂbros yen

PafLapn EpQee4 pndAhakipregltl aeken tofn GéAEsekperemmnhas
been correlated with increased neur ol ogi cal danmage.

The traditional nethods enployed to
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 (O'Callaghan, 1988) to be an early and sensitive
biomarker 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, Araki 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
neurological damage. The traditional methods employed to
analyze endogenous GFAP expression include predominantly
immunocytochemistry, Northern blot, Western blot and ELISA
{(O'Callaghan, 1991, Eng et al., 2000).
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anal yze endogenous GFAP expression include

predom nantly i nmunocytochem stry, Northern bl ot,
waeawota17bl ot and ELI SA (O Cal | aghan, 1991, EnPCEBGHI06/000284

2000) . The GFAP basal pronoter consists of a TATA and a

CAAT box. Enhancer and sil encer sequences are found

bet ween -250 and -80 bp and ‘bet ween -1980 and - 1500
TR0 oHIP 38 ISHLINE GOULEOL - LU0 RN AP CARTENES

sequences transcri ption f ac ors ﬁ%
Ecmqregpdnsel@hcamﬁEqaadcetﬁ rediengosnd elseﬁment hes@paﬂd -80

P- nd ran 0 to Ti ssue

spec:| t|TA7t|ey§| slgc?gc?)n%éltrdr edf‘%&5 %ﬁuﬁg%g%ﬁ%%&ﬁ’seeﬁ%%ml
reg@irEn @@nltéeat @dlaamsuhesegmetso fot50npp meegcoiption
f%@ﬁé \i%c%aﬁ?é Sa r Qggb es)el%ﬁghl{S ﬂcp b1%§%883§1‘ges

al nost any 1 nsult, physical or chenlc?
feenthaalSrndr Vsl ,sﬁ?t*érrﬁ(l@l\@ 2andahscrhariant Spitzeds by
THYPE! tdQRhY: Of+ § he ashioeyle 5Ll nRAdY @GP Lhisensus

processes, acconpanie an i'ncrease in expression of

SEENPICRIQEET TR {ﬂlﬁ&§|519g0d6boﬁﬁ8ﬁlhﬁ kg i -
up-regul ati on of GFAP A simlar increase in GFAP
occurs follown raumatic and toxic injuries to the

Rt igtre gatombs v r@géf—@msquqw@fﬁenadsm@@ﬁento j pLmost

aRPUSBIIRANSHEM &S %@dchgﬁlééﬁﬂ|t@bthétdbﬂ¥}aﬂoﬁgkvous
rep orter genes sever al rep orter genes i ncl udi ng

Slﬁ%‘ieé“ &St ¥t oﬂa“séheraez?rlzeg% SIn LY PR ERbenP L pklet ei n

afGFR)yte andl|nedyf enaseré LM chave, bs&&mﬁa&&@qusﬁdaﬂ nt o
transgeni ¢ m ce under the control of the GFAP pronoter

l%ﬁﬁ? 68de¥QF?ﬁ§ﬁﬁ§ePﬁlGE%ﬁT(ﬁ%&?é%v?dﬁl%ﬂ%}éyﬂﬁg t he

EEAD Arri@asey i it iphakgatitvdd b rdarhpg Ol iQSiiSakNiVEMQ se
, 1997, Zhu et m

ner et a 1994, Zhuo et a
‘éo‘%@)q? OO BT DS P n B V& 150 #RP 050 Hes driBEieheto  the
pgeigratilionepfods tsy@fsgeni C nobuse expressi ng green
fluorescent protein in glial cells. The authors
describe the in vitro detection of fluorescence in
Wopt ithenedvencdimegitn inr busa, tradisgbhtenere tandavailability

"of novel reporter genes, several reporter genes, including
beta-galactosidase (laci), 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 (Brenner et al., 1994, Zhuo et al.,

1997, Zhu et al., 2004).

WO 00/02997 and US 6,501,003 describe the generation of a
transgenic mouse expressing green fluorescent protein in glial
cells. The authors describe the in vitro detection of
fluorescence in optic nerve, brain, retina, sciatic nerve and

cornea either in whole mounted tissue or sections thereof.
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cornea either in whole nounted tissue or sections
t hereof . Summary of the Invention For the purpose of

wo awiloid7at i ng t he studi es on the devel opnent al PEEPELINE/000284

of PD and neurotoxicity, the inventors established a

non-i nvasi ve system conprising a GFAP-GFP transgenic

nmouse nodel and a commerci al By avail abl e i magi ng

system which permts the study of various aspects of
off cehe dry¥erELton damage and toxicity in living

animals. This system al so enables the screening of a

| arge nunber of chem cals for their neurotoxjc risk to

Rte theVBY B 3y “LehtFhl  Fdrvgushey St eHSSn oBntBE fi ci ent

dBRN8bme BYa U @ cst 6 aNSPemdc nafkdedx idialy , eXpe enpemtars

fluorescent protein upder the control, of a pr t
R e L e i R P e

11RNEQUE 1 8 Vb B abdan amd ralcciher tiwEnNt evaihavee novwiging
shown that fl uor eggegce detection in whol e i
C

, ve

S8y e Kt M ST © iR Tt BRI 6°PPRES e7F ect

furstiopibh ] adikdaeet cabsjances torithey axpresshoramifmals.

the fluorescence protein fromthat pronoter. Thi

05 SYERTS 5L GRRPLESNTRY for STBMAL Dver e BRI §

driniaktl sasot ttieiabhesroeati-d iniek e Hoseveboping central

real -tine trmn.i t%ri n fgfitnrkem%f;lggts of test

NSISEEnE S8 SR ¥héTi REACT Fhi ASP Ref vous system in

vivo. At its nost general the present invention

gehatiey borPRifpds c audOhyl nhatthexpoas saw asifleorescent

detection _of fluor egce ce.froma LI uor escent g£otei n .
§8 o e1n .t %F is

B89%h % LR i &F hiPFEPO TR ot AgPF3 g™t i T s
eEpeall yokxphes prde danthe nventdusn sgs et hof ains apiowl déd:
whi ch involves detecting the.expression of a.. .
i . t .whole,
Jfrf‘{?é’rhtégc?eﬁ?v%rrbqwelsﬁogf’ ?%?%%els Orlegcg%c%nc%naelcjcl%e?nelwno ©
1ihe amanabeinsc artimaisgean coanisedl thavemig-am thesefeargnef
Jugl gl Aa! o encodi g, sal &f lar 6860l ROLE Bne
operabl y T'i nked .t 0 pronoter nucl el ¢ aci roma
iﬁunnasmenhatpiqtqﬂm'ﬁgbmythat 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 invention a method
is provided which involves detecting the expression of a
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 nucleic 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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expressed in the nervous systemof the animal, the
nmet hod conprising the step of non-invasively detecting
wo bawsnescence from said protein when expr essedPCTIS6EAI06/000284
ani mal . Accordingly, the use of a transgenic ani ma
having in its genone nucleic acid encoding said
fluorescent protein operably6llnked to pronoter
nucleic acid froma protein that is normally expressed
in the nervous systemof the animal in a nmethod of
Anoardﬂmﬂsivehy de¢ eett iangrhhsgeeisc endeal rivavissy dn its
Wﬁen ex resse% n salg %ﬁinalcis alsqc.n erabl
% ?d’euoc SHe Shret hotF G 8r 877 abi$P 5 Bt Uiy 1t "t RB Y
léﬁke@ttwfpx@dxm\:ersmmca}tam aoidafatcmsta pubstamceatoris
fgation of test sti_nul i d ani nma
R8s LY PR Reefott comprrele s el el B8 Bud et ei P
mshdd t@Stnogutisvantes Lyodesteepinhasiltogeacsace arvimekid
' t S et.ec
ofphein o, BB Sal I SR MG AAETRA 00 Blowigsd: g
the effect of the test substance or stimulus, on the
u I Oethods of
PR OA Y pESROHAY B ERG O The SHETE g ¢
aﬁmns@rﬂe@mmgom@rmﬁglselélstmw aespliFheloretdfod test
sEFﬁBfﬁ§¥ﬂﬁ6 %O Easﬁﬁﬁ Pe %ﬁgféfﬁ ﬂH%”R@EhB@ cqmprlses the
fluorescence tecte roma control ani mal t he
s&PBent e BfindgiPAL_Y remtiicoirest sEhstanesty gjab%‘waﬂﬁ-élm th a

skh8 Sﬁﬂﬂle%%%@t&’e& eGlpd ok Q9 8 RAId vET 0898NG of
ani mal fol 'ow ng adn1n|strat|on of said test substance

flgorpecetensgBarEesilval thpebelttd soff of | SigtEEdenEeei n

crhecabsengr ebsadmiisiiati 0 Of irdil@St o8 UBSE k8 ological
enabl es one to provide a control value, or base

cPRAHFHR . Gher s imuk of ITher Bekee CTWhPENPHRSA e In¥eption

mhQoehbes roMd Brdet estiamoat Fbuos@sceneg foltOWqIgal
adm nistration of the test substance to cal cul ate

mpEPLR TS £ | uor escence val ues for standardi sation
pur poses. The contr ol

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 fluorescence following
administration of the test substance to calculate relative
fluorescence values for standardisation purpoées. The control
value 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. A
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value may be determned in a transgenic animl, e.g.
of the sane kind in which the test substance is to be

WO e®®dh7760r a non-transgeni ¢ ani mal . The ani naPGT/B62006/000284

preferably be of the sane kind, e.g. mce, and nost
preferably the same strain. Aplacebo, e.g. saline, nmay
b e admnistered t o the contyol animal for the
purpose o f obtaining control values . Accordingly, in
bheceghef er-vedsatizsgermanbet hdnimitHed edonprilzesonligol

o -1 nvasd . [ I cence in
ghgg?c‘ldoétzdrra%&s%eﬁ?%p%% ?rif: %§E¥%I?€&9: mnﬁlgggrya%%%'o f the
test substance t o provide a control; (U

ﬂ@@éf%ﬁﬁﬁyyyekﬁ gﬁéﬁ&ﬁéﬂ@lp@hugf %ﬁtighé R comprises

animal affer admnistration o f the test substance;
Eh@ fiepscodpari ng t he fluorescence detected i n (i)
Wi thy henéxl-lm&%g@@w &i@geecctﬁ?l%e!fﬂuéiégcencé‘ngn' D Ay
alternative preferred arrangenent the nmethod conprises

t he stepsrasfsgetily aphmahveasiorel pdmitiedirasgon of the test

f1 uor escaneg dndearhi psby Al MBLohe fopy OVi de a control ;
(ii) admnistering a test substance t o a second

t r ardhernan-dmivali ve by | dvfetting Abredenrasicely the same
deteCt!rﬁhfﬂ$ﬁor%ﬁggn§§hinﬂEt g@&oﬁné . he ?Egt(é&égt nce; and
conparing the fT uor escence detected i n (1) Wth the

f | udifies cermpem rdegethedflupydsicence Thet ddtrest iani(ival wirkdy the

e transggfﬂgkﬁ%c%nggnaé{égg%%eghc(iip_one preferred
t

arrangenment the nethods o e present invention are
provi ded for determ ning the neurotoxicity o f the

t. e he
kRS lélé@lsfa?%t{éﬁréa{{b@riﬁte'}%h% &gﬂgnggren@%?g%g%@ of

met hods o present invention 0
FeERIYAFX hbeabl¢rt i f the test substance t o

faCihjtaﬂéhlfﬁ%agﬁgéigeﬁgtégfin% Elﬁoféggg#ékagﬁ'a first
animal to provide a control;

(i) administering a test substance to a second transgenic
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.

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,

neurological damage.

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

animal;
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neur ol ogi cal damage. Accordingly, the nethod may
conprise the steps of: (i) inducing neurologica

wala0mages774 n a said transgenic animal ;(ii) PCT/SG2006/000284

non-i nvasi vely detecting fluorescence in said
neurol ogi cal ly damaged animal from (i) prior t o
admnistration o f the test $ubstance t o provide a

control; ( i) non-invasively detecting fluorescence i
n t K8 sane-ARVARIVERoRCERFTIng tiMOZGRFRARSE rdt iSerdo f

the testhesubsb@Neer12EmbbY¥d £ORRAr EREmt ) prior to
fluorescence detected in (ii) wth the fluorescence

i
det ect e@PIALEFFFYEon &Lt EPRALT el PSERBCHEthaF avaye 2
conpri sedniecst eps of: (i) inducing neurol ogica

dang%e i n a first animal and non-invasively detecting
f1 udtesdoRcényasiialy REGREFLRY cHMoyFedsrBgR - mrfitrafafeo
provi de sdigamt £obn (ili) aiBEHCidg Meur-at ogh cai wWhaneget
in a second transgenjc ani mal and adm ni stering the
test sul¥PEheR°e/ #1%hat aninmal fol lowed b y

nongy)nvagiekyngetirctiing rbk ok @s crrcetbd ihati ankAmh; the
and (iii) conparing the fluorescence detected in (i)
with t hdifryspesrehdetgstedt v ii%i-i) . The first
animal may b e transgenic o r non-transgenic. The

neur ol ogi cal danmage may b e any damage o r injury t o
A ETREEFELY syt e thehetey ‘?‘ﬁ‘éﬁ&éa.gﬁeﬁ‘f&%’&bl‘) ; the

dangge iirsiubifgt MuLangiakl NSNS %Y St 8Nk s Bmal and
preferably t o the brain. The neurol ogi cal damage may
b e readdwényrFbedly IPREChERY of BNreaFeBSRatfe ey b e

chem Caldeylrbmaﬁs;@éill_ky Yaadgkai st s prévadsel eshedol;
chenical t o the aninmal, for exanple neurotoxins such,

a S(WpTﬁndgciEgl@@qﬂmﬁ@gigal 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 neurological damage may be reactive gliosis.

The neurological damage may be chemically induced by
administration of a selected chemical to the animal, for
example neurotoxins such as MPTP, 2'-CH3;-MPTP, 6-
hydroxydopamine (6-OHDA), Kainic acid (KA), 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'-bipiridinium), organochlorines such as
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wo eovgioed7des such a s Manganese

hydr oxydopam ne (6-OHDA) , Kainic acid (KA ,

Trinmethytin, pesticides such a s Chlorpyrifos (CPF) ,
PCT/SG2006/000284
et hyl enebi sdi t hi ocarbamate (Maneb o r MB) insecticides
such a s rotenone, herbicides such a s Paraquat (N, N

', -dimethyl -4-4' -bipiridiniun) , organochl orines

such sPol ychl ori nat yl P f oqQd
SEr LR e e S TRNOSodr i gl destet Ly, Son as
inogbsddiivgl gthemmasd SMSGLH Ashit3ial chemicals such as 3,3'-

m no |on trile N) Tal u th ze
B eR R 1L 8ok N LA LB LRI g enle
ﬁei:mn isxj laeduit atilee aanount cafaitllee o:fhem@nailnfgoa suitable
adm ni st t e [ roul.at i
?iﬁﬁ”tug% frgosagee@lecig:;;aqrréf%E1 ?1&“%} %S:r;g fglgﬁdﬁge&%%glﬁal and of
ﬁenmmﬂanymgab dﬂﬁﬁﬂﬁie Bpsway wfgimeanpheorddmdioe ipduce the
nu L Le)

g8 ec]?eggL C(aﬁergha%% ¢ Bybgagd(?ﬁf g{xs?rgrl gd 9%»3?%5@ o hggg%a%le
rrayg be2 ,adri Ai sb ecwednoatemde@l@@ eqﬁntﬂil@dS?M@tQChtCéuemaPél may
Fgadﬂ1n é%ereg ktf@le 5%3'H%&ebBOH&ﬁlnfﬁﬁa%eQYa%ﬂy

exanp ) each ose may be chosen from ? ,

pr8detdmnigmed] #img/ ky:erAit er natdvély 2t he 41'eu5rrol6o§ifcla‘l>re

aipge QB¥obBy'HQyQﬁdeQ$mbb§ Qﬁ&hﬁ@%Eboﬂayﬁxpﬁﬁ@b€ﬁ|from

orce, .e.g. a crush injury, to the head and/ or neck
andA or6 balok Sef 12 her drfi VX3 The neur ol ogi cal damage may
be i nduced by decreasing the supply of oxygen to the

animal's nervous system | eadi % to stroke and/or
déeebralivedyhabhe dieUHeg L ARArfR IS HéMc}P%glnduced by the

Ry 0Logl fal rdaARGE- MY oir-BE] Ude. LN\ LeABBNM B uist,i 1Yl the
nmechani cal force, exposure to viral partlcles or

genet AU 6FEE anq‘/rPrpnbéFér PEACRE PRigekent B2 Mgurological
@%h\a?!e Of £ e daNRES] iy SMehecasidd ﬁ?lreo‘éhﬁﬁlﬁrbﬂimxﬁglen to

a sel ected di sease. For exa e)dl sease
g B%l%sseﬁ‘eFVBW PaFieAs SRRV Sas rO%fz g
g‘s&sa&ﬁl@f Idtg@u:n@ém F E)h&ﬁﬁ.ﬁlﬁg n‘éﬁltrambmad:al‘rmiﬁagef may
ar ki nson' s sease e chem cal |l |nduced
R T SRR NPT 1L, FE RS s S Bl suge <o

viral particles or genetic factors.

c rebral

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~phenyl-1,2,3,6-

tetrahydropyridine) or 2'-CH3;-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:
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preferred arrangenents the nethods of the present

WO pweid7ah are provided for testing the abilitRCDEGZ06/000284

test substance to facilitate treatnment of a nervous
system di sease. Accordingly, in one preferred
arrangenent the nmethod conpri@es the steps of: (i)
prondlng a sald transgeni c ani mal, wherein the ani nal

| sPTRVIGMPoet SRdeFranFosPifeipdtel s ydichmidi thgsaninal

(Y non- ikaSbVeh Yardetzechbagl fdter e8eepee dystematidsease;
ani from (i) prior t o admnistration o f the test
subd and@nt“lﬁvﬁ?b‘(ﬁ]d’e dgteBht ROI L YOEPSABRCE rivasiuel grimal

det ecti ng:chl Y9F eseRNIC@ ol Bkl SamR 13ni 6Bl tHd @@sti bdbstance
after admnistration o f the test substance; and (iv)

conpari g PREVHIYIG €S2ERBE detected i n (ii) with the
fl Ugf)eSQ%CQnd%ﬁ?él%;d detBctihd )fluoe«tegew@é IMehe EHe

met hod may congﬁlse the steps of: ErOVIdIn% first
and seccid™ahi ABP “ﬁﬁeﬁéFﬁrbHPH“&ﬁ ﬁé %OQHQ§ &RPripst
nodel s Gubs®aRBEVQU Syst em di sease; i nafirst

animal from (i) non-invasively detectlng fluarescence
in {We &HfmPariegothn dlvgeeacerr dsitectedidniWia ekbnihe

transgeni o2k BBhcd ek bqadim niishering the test
substance t o that aninmal followed b y noninvasively

detecting fluorescence in that animal; and (iv)

EDMDATERGel P fHdeB68NESy 4RIt 8d thd) Jdepk WEth the
fluorescence detected i n (iii) . The first animal my

e Ok aigEinéne Finfdnapaneeeid @rimale uriifgein both

pr ef err ed i@ angesaiisah hRodBt Hods 0 nbrtbes yeseRt disease;
invention are provided for testing a treatnent for a

ner MBus 9y ¢t dif et stHgel Age®r tinglon-inrasheslyr deépebing
arrangem@ifo rbBecAEd hod +6QNMRALSES 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 arrangements 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 nervous system disease;
(i) non-invasively detecting fluorescence in said animal
from (i) prior to applying the treatment to provide a

control;
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the steps of: (i) providing a said transgenic ani mal,
wherein the animal i s also a n animal nodel o f a

woeowous7syst em di sease; (ii) non-invasively deCESG2006/000284

fluorescence in said animal from (i) prior t o
applying the treatnment t o provide a control; (iii)
non-invasively detecting flubkrescence i n the sane

ani from ,after applying.the treatnent; and
(i vﬁcoﬁ‘ﬁar H(% %theelfyl GSFgg %W@F@E‘f%ﬁ iR EPR)SHRL h

the fl uamﬁagnﬁﬁnde(m@t g6tdr Mdliyihg. tbPé tt&fe@%fnbﬂe} Yand
t he qethod may conprise the steps of: (i) provi
100 aRETRBELH Wi FRRST ORI AebBEH AriHRS) a‘f”et the

ani mal  mdekss@erdcea dageyoss systiem di sease; (ii) in a
first animal from (i) non-invasively detecting
fluorescence i n the animal t o provide a control;
Hlitleirhative By Satentet Kot sg8Niconphi &l tid @epks) o2Pp! yi ng
the treatnment t o that animal followed by
non-Wnv@EPYEF{PUtiEsti AR F R8s @BARRLS/ ﬁﬁteﬁstlnalﬁ?w

and (i ViangRAPardng anhigall hedascerce deteated kb (dddease;
with the quorescence detected i n (iii) The first

ani MHI  ARy2b %F%W%%%%@éﬁlgr%“rJﬁoﬁoﬁréﬁﬁﬁﬁﬁYﬁéy detecting

Pref er abBiYoréb@e ey VAUSh8YSi8R10k8€886videS a8 cBREVOUS
systen1tunnr which may b e chosen fromgliom,

medli)| oBRagt ePRENchEAPREIONE: FeUref FoPBnE,) epehuymDrde

Schwannemaa rhew afd Qﬁﬁ%aﬁﬁfﬁgl f@§§69§&tﬁynﬁon invasively
ollgodendrogllona Animal nodels o f nervous system

tumor nEYTRCEIREANREEACHNSR tidhbhak ettt aEchni ques

vel fiv)KNeWRpkr Pnd hese r@ubrokiddcd d@tggﬁb&”t ) tﬁ%ﬂﬁ/the
the applied treatnent may involve the appl |cat|on 0

radi ot hérEpyeseenge Refggted i difddys, or a
1eRemRL-ber apai Gagdrvg. tﬁ&@g%naaeothQs&eM@

present invention involve the use o

Preferably, the nervous system disease is a nervous system
tumor, which may be chosen fromlglioma, medulloblastoma,
meningioma, neurofibroma, ependymoma, Schwannoma,
neurofibrosarcoma, astrocytoma, oligodendroglioma. Animal

models of nervous system tumor may be generated by tumor

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

to their use.
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ani mal s havi ng neurol ogi cal danage o r nervous system
di sease, the clained invention nay optionally omt the

W@ @p/0e6774 | nduci ng sai d di sease and/ or damage PCTSGH®6/000284

animal, in which case the nmethods d o not relate t o
the generation o f such animals, but t o their use.The
animal s (transgeni c and non-i&fansgenic) are preferably

on- hunma | s e..q. rabbit, quinea,pj rat, _nouse
TR AP LeodeRt (I RET UBPAGP A AR HAR L Th e CoPAEFaDLY
Rogleniniad) mam@ials «l@g, rpbhit sheameagpay, xait hepsbossether
non- human pri.mate; or any. ot her naon-human, ver.t ebrate
BTG oo Ber R e By e SRarS T gln Brgndos:
g tetarpgegbel, arartiiecehot e ampnghvsan net ived et her same
type of aninmal, e. use, is preferapl ed,as the
e e W T e e 8 e A
adnata lone trayspenta amsigennet s dend cot Aee mice. In any
nont r [ al t ho th t_.animal W al.ways be
?%%%%3“%%?‘?5 E%? héacr%ntéglgﬁ 3§d£r%elzns l'aﬁ?&rﬁlr}é%drgaey 6\§/a
prafsgddivc usTheapridrwoentnot | ik tastdanEmdy.omTae animals
t ei ' o) I _

B0 S th bl P, FEPEERRNLP PP R KRB mon
btam$&§qﬂoonaﬂéh0¢&h/ﬂms ﬁpdtf?m&maiSWééhpal%§YS:@ethe
%&éﬁsge\fﬂ%. €5Gth DYortHBst LEYTL a%qﬂlaig%—?y 4%l tbfbgenic.

truncation) , insertion or replacenent o

nucl eotides, the pronoter nucleic acid is
ehargcieilsedubye{he Al bty 4 4 98kal € HRVAYSnormally
syst'em expressi on of a protein when operably |inked to
PERT eI eadnd tRACRRIVING St REECoM ctfeithe RBETpr efféfdBFythe
ther pronptier sEgtads o3 %9&3@§&MHB@:”&a§bbé!ﬁd@ﬂﬁaed as
regul ate transcription (and thereby protein o
exprEss &) thA wetd du®esy st emiy S3Retasuetifpardditoon,

b8ee M drl (¥RBCRE LI, ElinskPti bl oispeehbbeaddOd he term
"operably linked" may include the sjtuatjion where

. , a
BRPERA S Suc BB PERRSEGUBRESS T R A7 ot R AT diFged PY the

SBOUENE &)o akdul &gl ir@byisNEgheal iR reeguUencer (e pfotein
RROMLer) 3t oval g Ly L Loked I SuUSh; 8 aY. @S bRein.
Most preferably, the promoter retains a corresponding ability
to regulate transcription (and thereby protein expression) in

nervous system tissue as compared to the wild type promoter.

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

into a desired protein or polypeptide.



10

15

20

25

30

35

pl ace the expression of the sel ected nucleotide
sequence under the influence or control of the
WO e@aloat’os y sequence. Thus a regul at ory sequenP€T/862006/000284
operably linked to a sel ected nucl eoti de sequence if
the regul atory sequence is capable of effecting
transcription of a protein d&di ng sequence which forns
part or all of the selected nucl eoti de sequence. \Were
appropriate, the resulting transcript nmay then be
Mo s st elteedbil gt otlze das:imoedrpts)taeiawm ppoﬂmyp@pt | dFabbst
I p K14 AP
p%lgér%é%%%uehgg%egsroeg% g we Po‘&ng/n tthosf3 ho S%’flqzl%lnl FBfn
arhe a‘*htampExanpf eGFAF pEEAPLpronmmikihedndusdeinr asetincting
G g r the expr.ession of
e N TS5l Mo ahBer breotOR Fa fop AR B e
uﬁ@%ﬁ§@ﬁ1ﬁphﬁnOEOhEﬁoKﬁﬂégtomnsQnmptd@sccommmbm reBiennetre

a88d: YR3sisng ni Ve
e ooy 6o yes g, A TEERE 8L LB ikl op o
Mpgheds gy Epeyeekeme 10The S 3iof ed86) phitkeiis maygobporated
héAYiof oreseentprotein. Many suitable fluorescent
proteins are known to those skilled in the art such as
green, blue, cyan, yellow, orange and red fl uorescent
TRE Ot 1RIJIR sCBN Y- p A& i WRY Hé VAWWY fpu%&@§881%“br%%@1ﬁrt 'b‘ﬂny
es/livecellim glng/fplntro ht™ m) preferably,
sphetlieu SLECERRECTHr BOTAING argyrkewmnf rceotlécscﬁﬁemkléa-e@em
thERB: Sueh as HiRRr, SoSTcor epth f 1 HaNBRE Ot HIOLENN oo
ene, EGFP-| green fl uorescent gene, green
£ TQRﬁ%%ﬁ?EnPrB Dt neg@neSe®dr any variant ther eof
h gy NYwiBRTBEb SdbBANTRANY BE €1 Ofe SNBBEZEH: BRAYSNEESnE £ . ht
~£b %%pon nnglflcatlon whi ch renders the construct
1 e OGS pREF BT EARAN h ChE MRS 567 S0 B BRES 1 difs Pagt of)
memkétd%ﬁtabrﬁmbiﬂNMG§@$IB@chtéh|HG@@LS€BTSé&éHh fluorescent
coeff|C|ent %%g%thls S |f|cat|on a "transgenic

Pani Tl Cerfiel RIS PRI I HEPE] P L green

fluorescent protein gene, or any variant thereof having

mammalian compatible or humanized sequences (e. g. codon
modification which renders the construct more compatible with
mammalian ribosome 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

mammals 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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encodi ng a fluorescent protein operably linked to
pronoter nucleic acid froma protein that is normally

wez@reseed in the nervous system of the ani mal POESGHO&N00284

i ntroduced into the organi smi's genone through the use
of reconbi nant nucl eic acid technol ogy. Techni ques for
generation of transgenic nonthuman mammal s are

wehl- knowa. +o &%Eﬁor}éoé&'gr'e%gr%ﬂ%q & tchahn Odsold

according to the pfesent “Inven nlna
frowf eiubih y ﬁé@n&nallya e @éohesgltdnmmaﬂeumame@kgma@een 1

afnrdoffhbéié}%] ol'@rr@oﬂrlg efg £29 q]:%‘inall é}”& S %rom
il y T

| ess than 3weeks ol re prefera
biE&h, 1&1@%z§r§tel\r§lﬁrfamrbu7rﬂ|4 d@m@lrrhlﬂry)m bhetlmeori\ketoaﬂatal

a@amng@gsmgg%eb%npegeo@% Y, aad %4 gays ¢ d-fremdirth, |;

preferably from 1- s ol d frombi'rth, alternatlvely
r ofP7- ﬁﬁrd%&slévdl?f bilft h20 Nebhat?al: 4R ndd s fay 2se 27

ANyg08gy otk £rém pdryn4 ., 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,

25, 26, 27 or 28 days oId frombirth. By usi ng

B@’eQBﬁfl@ ndBrR@al1t Recdevieleo @@Qio&ﬁeﬁﬂj%fn%ﬁg oﬂér% &Pstem
be noni t ored, and particularly the effect of test

“?é(b?? APRBE G S han AN TG FTRG L hBr VRS Edpstent Fest

sk BeASe ACHOHeNdet &l dJi0gPHESOBEs | YRR, ON
fluorescence is detected by non-invasive fluorescence

i magi ng. The imaging technique is non-invasive in that
Ihhﬁeaﬂédﬁﬂaddbrﬁﬂﬁ@eﬁbfﬂﬂynpkﬁgeﬁ%tﬁﬂﬁéﬂﬁleﬁ thgo M d@BIce is
an rgical intervention is involved in the
d&éﬁsg?ﬁ%‘/ LSRRt fCEO T TRESRTR ndlPiRds rEiiimeging
twbnhemamdls mioact ndasiwg imMBgEBgthe /Hdllﬂ@u!glﬂstﬁﬁag'lﬂi Fabm
optional e anae thetlsed for, t Eg fose of
pﬂ B

5 et%c ??&f?IQ§oFg§c%ﬁﬁﬁ§ FRE BRi FRI95E BHyon is

inveilnegd dir ithg fHktecesoende fleb eeddaite . Surhabd®inal thus

ratus .and t.ech ues. _f.or non-i nvasi fl uor scence
R S Bl R el BRI {Bpred i R
ray Dh@ldﬂﬁﬁ%ﬂ}mﬂnmgﬁﬂupe$¢seenf¢60ﬁﬁemﬁesoé%ean&nectlng

f@QEPescéﬂéﬁ?e@ﬂe &E%ﬁal is preferably living during

fluorescence detection. Suitable apparatus and techniques for
non-invasive fluorescence imaging are known to persons 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 post-
administration detections in order to monitor the change in
fluorescence over time. Optionally 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



10

15

20

25

30

35

Fl uorescence detection may be carried out at any
convenient tine point before or after adm nistration

woRooTlees7V£st substance in order to establish cpeit/862006000284

test values. Often, it will be preferred to performa
series of postadministration detections in order to
nmoni tor the change in fluoredéence over tine.

tionally a contraol reading may be taken at: each
?%w&%&&éfﬁafﬁ neAlﬁcﬁrﬁtaFl%ngYr fdesrrhfonmfgr gi ven a
ptiateh dansbaads ofhd hestestp stlhilaRes. bdWa 8%238PLE: daily,
et ectcio may. be carried out imediately or shortly
g@ o é aég’ﬁﬁ’ n]\{gf?%tﬁl&}?soﬁlaﬂﬁé Fedrusubsiehcily. gndufer as
nenyd dwousr abethe ejndenltiguedr edieadl as . detection, 4, 5 or
Q reafter, e.g. athourly intervals. ternatively,
]t‘delteeec Y5 after adnministration of the test subst ance
may be carried out dail ?/ tvvijce dail y, thrge ti rrest e
' . i mes dai an or _as man ays as
Dot Br Ful TRy P Wbeegnlg A 145,55
HatysrestDdROEL | @n tofe hhmmabscmeh RDS Pf%fr%]@&%lw&{na&ea
i i nt er.est, (E on the_ani . e | is
%fe %%5% y g% 1é\hreeal né’lgsqlc %?%?Oers‘t ﬁopfagejfl??\?jegpiIgéF orhe A
preifnady adrROks i fysttee oend r@E rineheodss S WRis@MpE Far 8l the

f bly.the brain or art thereof.
SRR p BT G- E Yol oagiBkee Rt il Bayr SERLAe one

eptiareneifvehe rattiivapesee atiatimar, veci Lo e rok, asyria tor

t el | : rrespandin . 1S .
%?ye e?cgglgy uséeg ?orﬁ%ﬁé\ %ﬁer'pozxecg r%%’rﬁ?‘g’lflﬁg@l 1S
prefereséEneeeddicac thenpurpaenifoboaput itres tf1ank adtence
&@I&Qtibﬁniﬁfcéd&%&eﬁﬁﬁnf&ﬂ %n?ﬁg_tlgpl ani mal s provides
a base reading of animal autofluorescence. A direct
conparison between the base reading and test readings
e d2 18n Bl er 1 JdRWBUEhce | 1h QG LPAE LG ﬁﬁ,)rsl ér?(rleéeesr rae%ase
arrangenent a relative fluorescence ( al’ue may be
EAL AP aP & P U g8 of broxasinsace s o plimesse somfiel RE

béﬂw@%niﬁh@rﬁgéﬂ'&QhMiE@Jéﬂa.%%%gl9§adings may be made.

However, in one particularly preferred arrangement a relative

fluorescence (RF) value 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 (optionally at the same time point,

€.g. where a placebo was given), which may be transgenic or

non-transgenic.

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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the ratio _betvveen total fluorescence detected fromthe
RO at a tinme point post-adm nistration of the test

w@aimsnagce in the transgeni c nmouse and ti ssue PCT/SG2006/000284

aut of | uorescence detected fromthe RO in the control
nmouse (optionally at the same time point, e.g. where a
pl acebo was gi ven), which ma¥y® be transgenl cC or
non-transgenic_. referred arran

PR A BE LA 11107 S BRCE tor 5%, B8 PR CArEd anane/oF

fhgriaaseven neurol ogi cal damage, neurotoxicity or
nervous system di sease progression. In other
arrangenents a decrease in fluorescence nmay indicate
an iHie egseifcaigionolegécalcadamagbe Therwetsesysbanoff an

fl yorescence | tat i ve and g i |
PR Sy péﬂ??’a %eat%i C?%#%EI& ence stnegnlr \%ouég%%}t%errﬁl
@érﬁusamwﬁaém mawdmc budéetdtel yce nttr as e \ﬁ@@srsystx@mmrs
SR P et aue S yebtat By TS SRAE AR o plppf S0
brain and/or spinal cord. The test substance nay be

subst anpc ri I
gﬂg %es%d sug gangéatmgxy gg :tgyrgh?%lttéhgg pep ot &Cc@
anmwdwd},ztonnuch@nmadclceimpswmrl drigecub i cameddst Prafein,

ﬁ‘lﬁqé{qt et ,anregg{g | 4Ryc1 6900, 20l tém\éﬁl%oPé&ﬁ%r Vahih¥8erial

'ce may be a nmaterial or tissue that is
sbhegiasl,| peshpta#ﬁ,ed-opdt addhel e o RRPIRAVATAVG- afbe test

g{ﬂt_)é%ir? é\?' ot erd.al.; o The: F@Ltslyﬁgs tRbc the éu‘i‘\_fﬁeﬁlpﬁ

used"to nonitor the effect of the t
smblsiuanﬁcde iotot Hee divisivaPoimdl M De aGs@JéltJFfleMl

%%Mé\}laﬁg a disease diagnosis; - formulating a
| sease prognosis; nonitoring and/ or quantifying

chem cal -i nduced gI i osis and/or | esion devel opnent in
trH@ hr@idis dicaghosirs, ardoRr 85 Wd @Reaf té hordevel eparattect

of the test substance on the animal and may be used for:

~ formulating a dlsease diagnosis;

- formﬁlating a disease prognosis;

- monitoring and/or quantifying 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 quantifying neurotoxicant induced
gliosis and/or lesion development in the brain;

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

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

- measuring the pharmacokinetic and/or pharmacodynamic

properties of the test substance.
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Par ki nson' s Di sease; - the devel opnent of
t herapeutics, e.g. anti- Parkinson' s D sease drugs or

w@ene/osd1es api es; nonitoring and quantifying  PCT/SG2006/000284

neur ot oxi cant induced gliosis and/or |esion
devel opment in the brain; - neasuring the
devel opment al neurotoxicity bf artificial biomaterials

used for inplant and tissue_engineering; measuringt
B SINSRERP Al LHEBTAEE ok 1T %W&Pga%a@ %%%B’Suﬁaee%% i ﬁléjh °
phatJrmeauEt galrde ek opimed jext@asUnhare tsheh a combination

phar macoki neti c .and/ or phar macodynamn c. ti f
%?mf%ﬁigﬂysa%gqgﬂhﬁg}%ﬁg %%“ﬁﬁﬂﬁeSEXVn%Yéﬁﬁghoper ies o

S 't he

conmbi nation of the aspects and preferred features
ﬁ@ﬁ@éﬂs@%ﬁdﬁ%@?ﬁiﬂ%@éeoﬁr@{é @r{é@aigt naddeant iba eieArdow be
i nper m ssi bl e or express avoi, : ects, an
éﬂi&ﬁﬁﬁﬁ@ﬁ?s ¥ WQ¥é°%r@§%W§&§'nV%%giBﬁé%§%qcen5ﬁ/ °
hbdustanatiad, f%l?hﬂ/é%y. @fnlc:ﬁbﬁ@mﬂs@,ec%tbnd @‘ngfoﬁﬁlment@ wiig be
acconmpanyi n | gur.e urther aspec a enbodi nment.s
APPErg o LR ShE R eflote 19 PREA PR (R EPRes AL ibned
dectHmntsxieat onedrbbritéd Heetinabe reatoreporat ed

herein by reference. Detail ed Description of the
Preferred Enbodi nents In the preferred enbodi nent of
bbeaitne Dekepiptiongefo ke Ofrdfitarredafsigshirendsi nal has
nucl ei c acid encoding a green fluorescent protein

operably |inked to a GFAP pronoter. Transgenic mce of
thi sh&kipie fhaved begrvdinext ous | thedésgepinbich iTheZhonome «ff the

997 Devel opment al_ Bi ol 187, - 0/ 02997
R 500 005 PHEnCh oURbG TSk Ty b b aead. by
reterensati probein oprtrebéyylinkeel GPAR Grightrercdefves
xpressi.on_of th [.u0 e K I Bk gld ;
R Loy gldhdl gesbl foea

gﬁgﬁs%%nﬁég?ggy gg%n'c%%gﬁn égflsggnngUelle?lcells.e "
TheutsanslgeénPié Pouwsernestahgidawd 186, eXprigss agd WO
%598§§§H“%nd 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
zygote was then transferred to a receptive uterus, and allowed

to develop to term.
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encodi ng a humani zed green fluorescent protein gene
operably linked to a glial fibrillary acidic protein

w@e@mosEar4 I n the transgeni c nouse the green PCT/SG2006/000284

fluorescent protein is upregulated specifically in

glial cells such as astrocytes Schwann cells, and
NUeIIer cells in response to %eurologlcal danage The
trans enlc nouse s _engineered_h ser

P SIRE LGS T S n £ 8 He® Bt Sndie :éuse%*’ft agrl]18£

F4ktis]les] praﬁdualﬂmmmgrstammxg@@ogﬂial nteddr apeonfio

occur_ natur

FEREPEVE u?l%? L%r,o %y]g tfo%qt%d evefoprht%f §tr3(re§’|9n£|§ﬁol%

Lﬁﬂkﬁd ¢ oG oashu ittt @@ﬂpresedenqlﬂrbehef@ndrqycsat protein,
rlllar ci di6..png Fo) [
S e e e o B e
pfqteimd ensodpey adsne chnkatning SagnaﬂaquSeﬁ@BcWr@er
en e ' a segnent of DNA
g%%é?@d’gggog&sﬁ%ﬂ‘F§%§y¥?5%$gscent protei n encodi ng
gene containing signal sequences for proper RNA
14 d; yLathofs Nanpbpy¥asiye t'o”@g‘cglglapsfh
ﬁ@ﬁ qugﬁgg 1£E¢%ﬁﬁﬁ§ to estagP% R control values for
a@mmdluo’mégeenﬁ@r anvdotfeypreatenes pofl besthgalues following
No Ofr i@ ckestusssiances: g€ . &e $88mple 1
%%mﬂlsscga%k/h?er?ats ar?d I\/Eltlhods An ?n%r easee |nmp ©
Mﬁ@@m@@@%ﬁ@é Vadhedt-ed an increase in neurotoxicity or
neur ol ogi cal danmage. Brief Description of the Figures
Enbodi ments and experinments illustrating the
priregusass 6n fheCqaRFERER o Fat o R bR E S Fs<Bd wi t h
ﬁgu%@dz&%ﬂ—_g) bhe,aacanpanyi ngaddgures in which: Figure
(A) In vivo fluorescent images of a pair of
transgenlc and non-transgeni ¢ neonatal nouse. Tot al
Brbef |IRescadpénee dlstheeFégrEdSfromthe RO in the
brain of the transgeni c nouse and

ibrillar
I an Y

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.
Quantitation 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 mouse.
Figure 2.

Non-invasive in vivo neural imaging of GFAP-GFP transgenic
neonatal mice. Mice were treated using saline (control) and

12 mg/kg of 2’-CH3-MPTP and imaged as described in the text.
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Quantitation of the radiance in photons/sec/cm 2/sr

waigiong4¢7me Li ving | mage(r) software (Xenogen QBCPSE2006/000284

(B) Ex vivo fluorescent imges of the brain of a pair
of transgeni c and non-transgeni c neonatal nouse.
Figure 2 . Non-invasive in i%0 neur al i magi ng of

Mgg a@ﬁfrh¥%ﬁ @ef*ﬁ%ﬁf%ﬂﬁé%aﬁo gﬁ%}nls re t %ﬁ

using saline
MPREgedhapriddspibetng rfotrhéltzexesmrm atna@mg W el_o s.

ﬁogagggh %a{ﬁr o&omﬁgén I’}_qu%t fy ?tahgger&){c %nousg_@s V\%@J}E 'o§1e.d on

Acqui sition t uorescéence i magi ng
ther régich el ﬁh@fnﬁmtﬂﬁanﬂm@nﬂpam@wﬁﬁuqn WbaséefG.
positioned on the right and the non-transgeni c nouse

| eft. Figure 3. Conparison between 2
FQQE%gﬁbPTP-treated and control groups (nean SEM n =
5 ) of the ratio between the total GFP fluorescence

Cdmpeni&nh'&mmWEehezT«QHBLMPTpfuﬁqymébcaﬁﬁcebﬁurwltbeoups (mean

R Lo froming
SRt 1 AnegancE RRee S BELHRSAs Tl SFYCOFF Bl iReaRERS®

deREYted MnREhesR@brmlﬂraadgémlﬁ ﬂmrce ’anldndheaﬁﬁsue

a%%gki&&kgggnclggf&EQ: 026853%'nqn($é%gg§ygésg%gd éregsed

VErsus con group
awi thlatﬂua'duugremgendﬁlanmt sTmawREzmd edrpalisdi to 0 hr.

*t1BS§$atéq§¥%E§s€ic%¥nfo C3le; LORYES, GFﬁPB?H? Lreatad

i munostaining In pocanp us® sho
JERPP €65 I pnnth@ﬂrﬁmpum d@<0b95 = P00 (®rD;0{B, ©mpared

6 [ - 3-
o AR Ch R PSRRI oD L B Bt EEL IR

bar = 200 mm; (D, E ) using a 40x objective |lens, bar
FigBfern . Cell processes |ocalization of GFAP
i mrunoposi tive astrocytes and endogenous GFAP- G-P

cbhB0S9PNGIRLKEY ARty ACUI 83 2L L NdICALRd Ry, arTous -
showing (A) no GFP expression in the nTg mice, bar = 100 pm;
(B, C) increase in GFP expression 6 hr after 2’-CHs;—MPTP
treatment in the Tg mice using a 10x objective lens, bar = 200
um; (D, E) using a 40x objective lens, bar = 50 um. Cell
processes localization of GFAP immunopositive astrocytes and
endogenous GFAP-GFP transgene-marked astrocytes are indicated

by arrows.
Figure 5.

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

bar = 100 pm; (D, E) using a 40x objective lens, bar = 50 um.

Figure 6.
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Figure 5 . Confocal images of TH imunostaining in the
substantia nigra conpact (SNC) show ng (A) no GFP

wez@reseron in the nTg mce, bar = 100 nm; ( BPCTZSE2006/000284

increase in GFP expression 6 hr after 2 '- CH3- MPTP

treatnment in the Tg mce using a 20x objective |ens,

bar = 100 mm; (D E ) usingiﬁ)4CM objective | ens, bar
viva Skin flap i magi ng of

G B s Saetin B BB b Pad ey B gur )7 Brain;

BEB)viLyeer magi ng of both transgenic (Tg) and
non-transgenic (nTg) mce (A) brain, (B) Liver, (Q
iatic_Nerve, (D) Kidney. Figure 8 . Non-invasive
?Q *Relral irmaging of GFAP-GFP transgeni c neonat al
mce. Mce were treated using saline (control) and 8

e kgvefiiZiRqand b&@gqgaﬁ%ggﬁ§§rt d anpy LBg- {ﬁ%{genlc

Mce at O hr were imaged prior to m nistration

NBTB) e St PEATRI nEP) &lVﬁruof%)so%ﬁ@éupnﬁgrmm@é 10
¥idnEQr each pair of nmice, the transgenic nouse is
positioned on the right and the non-transgeni c nouse
on the left. Figure 9. Conparison between MPTP-treated
Jt99rR 82 ng/kg, 4 x 8 my/ kg and the respective

contr ol groups (mean + SEM n =5 ) of the ratio

hehueepadiie. Lol ol Ghl L1100 RIGRACT detacted, fromthe,

In transgenic mice andt uores
PP@W’F% 1RQe i nMhew-1arEndgented mmgeﬁpﬂessedccaszrol) and 8

B 41 Y8 HIOLRECENGR I BE) acs IDEIT 115 (RO PRLL Sedy;18 Qe o

i ndi cate statistical si gniti cance of
K}’PTP@W edteeg dgPoipr Vier sugisbatraliqy efpMPPRO. (quisition

SﬁﬂgeﬁgrSE&MﬁeE@éﬁ@gjﬂ%@gﬁﬁg Ladesd s Figure. 14, pair 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
ratio 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
(RF). The RF is normalised to 0 hr. * indicate statistical
significance of MPTP-treated group versus control group

(P<0.01). 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 (c) untreated, non-transgenic mouse.

Lane (d) 24 hours after MPTP treatment, non-transgenic mouse.
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(A) Effect of MPTP (4 x 8ng/ kg) on GFAP and GFP
expression investigated using Western Blot. Lane (a)
wanioreai7ed, transgeni ¢ nouse. Lane (b) 24 hourBCEHSGHI06/000284
MPTP treatnent, transgenic nouse. Lane (c) untreated,
non-transgeni c nouse. Lane (dz 24 hours after MPTP
treatnment, non-transgenic e.(B) Effect of MPTP on

Al ress) i_nvestigated using.lVIS.
FaBeB0s L850 S50 NESkioal S 40 )l busacea
YisgcL ¥Ry 2imsmrgingFp§uiestkln BApt Bhdmdotanefl. NRITEs (akrex in

/ 2 GFAP gene expression in transgenic and
p%%%-c?rgr}lan%géni c mce using real-time RT-PCR Results

were nornmalized val ues agai nst control (untreated) to
obtain fold enhancenrent S .E .M. * p<0.01; n = 4 ;

Mo-talled sanple t-test. (B) Effect of MPTP (4 x
EI@:%fég%ibn GFP gene expression in transgenic mce
using real-tinme RT-PCR Results were normalized val ues

ai nt rol ntr.e obt ai.n.f.ol d enhancenment .
93 MR weknd) (03] il A 0 0% qhale” Lo EMASBEETENn i
yregsoasi¢f ankde meworiatealsgbnad n riekoresiangd abtértMRTPRT-PCR.

b DLS [ . /. . _Fi e . -Resul f
RRDELOhER Dy eh WAKEL aafLA PeditronlihEapla) <o
ofitgindibidt eirtpementnitc8. EMlgur® 140 .01GAR Ef flecttwof-tailed

MRIPe (L k2ny/ kg) on GFAP and GFP expr essi on
i nvestigated using Western Blot. Lane (a) untreated,

transgeni c nouse. Lane (b) 6 hours after MPTP
(Bl eabBhbett off ARTFend cx fows'ég) LameGHT Jgemet prat@tsion in

< j.C e, . l.an d).6 ur MPTP
R Paarhany e TP e Atk ke ey PR ot e on
noFAPL dzel GRR Usxpressien domesti Gattetkated) to obtain fold

enhancement * S.E.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 transgenic mice.

Figure 14.

() Effect of MPTP (1 x 12mg/kg) on GFAP and GFP expression
investigated using Western Blot. IL.ane (a) untreated,
transgenic mouse. Lane (b) 6 hours after MPTP treatment,
transgenic mouse. ILane (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 membrane. Units are in

p/sec/cm®/sx.
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using VIS imgi ng of Western Bl ot nenbrane, units are
in p/sec/cm2/sr .Figure 15. Effect of MPTP (1 X

wa2wghkgy4 on GFAP and GFP gene expression in tPEISGHEN6/000284

mce using real-tinme RT-PCR Results were nornmalized
val ues agai nst control (untreat ed) to obtain fold
enhancenent S .E .M. * p<0281 * p<0.001; n - 5 ;

WO- t ai dsarrplet test. Figure 16. Non-invasive in
8" Re i mgi ng of GFAP-GFP transgeni ¢ neonat al
BfCect Mﬂ:eapwer ¢ltx eatred kusi oy GRHH Red( GhRtgald expaelsion

fKAandlrmedas escr i t t. Mce
T b gt gt aitih 33afetls 20 LR | eed fitle U8
Aoqma}siztecbrvaﬂuae igmrfsltuoonisn@hc@ntmagtag) wes cbagn, fold

gecrpe al r 0% hr/p C& Beoirallﬁ%ontraﬁfouﬁe, § two- ta:Lled

p03| ione on the rlgh and t he nsgeni ¢ nouse
shepleft-tesgure 17. Conpari son between KA-treated at 2
ng/ kg and control groups (nmean SEM n = 4 ) of the
%,atl 0 bfg ween the total GFP fluorescence detected from

I'n transgenic mce and the tissue
aut of | uorescence fromthe RO in non-transgenic mce
KU PF e5vadl vas melvawg VrﬁeuHalMﬁﬁ&@ﬂ@Q)f( BFpp-GHher nsigénic
normal ised to O hr. glcate statisti fl 42
§F§H?’f?%a{‘}%€§ of M (1Tgt aeaF%%puwsaé toht FE™ G PSlp®"
&B%gg%ﬁ K& *an@Pfa§9 ,asC agpar sk dviitoh tb@ntémtt gnMide. at 0 hr
Student's vvotalled aired t-test .
BEFBotiated KA e S gy SR CHAD PP ek P ime
ifoveslugedsednesi hgadfést ean Bbot. Lmneecgah vatr edt edece, the
ransgeni ¢ _nouse. Lane (.b hours aft trea nt,
FFARETEH € I aSe s 1A 051’“%“%1 n?? ed eeglgnon%a%sgeﬁc

masegemmmo@d)a 6n hdur sledfct er KA treat nent,
non-transgeni c nouse.

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 autofluorescence from the ROI in non-transgenic mice
expressed as relative fluorescence (RF). The RF is normalised
to 0 hr. * indicate statistical significance of KA-treated
group versus control group (P<0.05). ** (P<0.01), 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. Lane (a) untreated,
transgenic mouse. Lane (b) 6 hours after KA treatment,
transgenic mouse. Lane (c) untreated, non-transgenic mouse.

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

(B) 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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(B) Effect of KA on GFAP and GFP expression
i nvestigated using VIS imging of Western Bl ot

woreobnagtes Units are in p/sec/cm 2/sr . Figure ROI/SG2006/000284

Ef fect of KA (I x 2nmg/kg) on GFAP and GFP gene
expression in transgenic mce using real-tinme RT-PCR
Results were normalized val uegs3 agai nst control
ntrea{ed) to obtain foI d enhancenent + S .E .M. *
299785 % p< 0.01; n =5 ; two-tailed sanple t-test.

Frgeee &9.xzConf Qcaingyf?g%% ebaFAR Idﬁweeﬁéaé #5iBn in
t he hi pocanpus area show ng }15 and CA3
(EangPRES e uBL 6 e ReaRE- 1R cEBRskbressON §
hbrﬂﬁlﬁie&3¥dﬂuaatB@ﬁ&n%ﬂ1dbﬂ%rb[aﬂﬁﬁﬁﬁg%e&Tg%ﬁrEH%%in fold
ctive, | ens compared to t

ﬁ'lnéﬁgg (%; ‘agjeg Bt theult ﬁgat ed 87 leOLA nC )5/, tygrtailed
5@mpnreu1s+1ﬁgsta 20x objective lens. Cell processes .
| ocal i zati on of GFAP i nmunopositive astrocytes and

enpus GFAP- GFP transgene- mar ked astrocytes are
i ﬁ&?‘gﬁt%g by arrows. Detailed Description of the
I nvention Specific details of the best npde

QQBESHEia&ﬁgﬁegyokh@TAﬂ“ﬁﬂMﬁ96§t££ﬁlﬂﬁa 1Y ngﬁ%#ﬁéégﬁpus area

i nvention are set forth bel ow, by wa
FEPPIBe GppdPenB) t R ansk CRBetCi P)t- he (BrtD)t heftowshéncrease

Rhesent edgWRREbANG MBY 138 BT REL tE&gcﬂ@ntthQHtt}lxé fﬂﬂaé&%beﬂlc
to these specific details. Exanple 1 In an attenpt

dégél BpCS Uidndi Avalt vPimchdvesket asnagTpgrey sice ﬁ'thdor

hhppsc&mm RGeRUbPOSE: amtshated mhavea, We) Used 2= 50 un
a .nodel neurotoxicant in t he neonat al

BF&P?I %fZOch gﬁgagﬁv&eé@w GFPeht G OCSRPER hpplization of

OFRYI nmmiryap@rsealieél D @ eBt ad -andb38hou et Ea AR Fp
hovved t hat tran%%enl ¢ GFAP- GFP nmpuse nodel , when

couﬁf%%mm g apprypiticat arr n“?ﬁl\F&tSSt by grrovs.

Detailed 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

limitation 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 transgenic GFAP-GFP
mouse model, when coupled with an appropriate in vivo optical

imaging system, can reliably detect the GFAP-GFP signature in
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i mgi ng system can reliably detect the GFAP-G-P
signature intransgenic mce and quantify its

wapewr@girrat i on in response to MPTP i nducti on i PCEHSGU®&000284

and ti nme-dependent manner. Such non-invasive optica
fluorescent systemwth a regéonable t hr oughput shoul d
find broad applications in studyi ng Parkisoni sm and

E%Jﬁggéﬂg%rﬂg§QQﬂﬁf%&bﬁ%lgbsfﬂil 5r@§¥f£9§ﬂ?@&@&esgonse to

neur ot oxi col ogy and in prec onpound ‘scree
¥Rt dngustane MetthowseTr and geiie dePARIERP iMroerTh eSuch

ﬁ&{leirrﬁvtabggea&gt;g@dlmﬂﬁbggsgénﬁ r’s%/stt;[agnﬁgl_erp'ap rg:égn%fe '

m ce were done as previously described (Zhuo et

HlrpghenEofRP R rfiee 8#01{«3'5?9@1@&@?@@@@@@ atwlydags of

§€Mk1§M%1§ﬂ|Qﬂdzoﬁﬁbr'n%u§9d¥ﬁgﬁ%fé%QQe'§1éég%é§'esent
study. Aninmal husbandry_was provi hbtlona
%‘r%}éﬁpﬁﬁewabfn@%rcelaw md Hal airﬁ@f iqalf gerppeyd
dheexpari mental protocol covering the current study
was approved by the Institutional Aninmal Care and Use
Comm ttee. Neurotoxicant and Dosing The test conpound
122 +CH3INPIRd MettAYa® pot ent anal og of the conventi onal
MPTP (Abdel -Wahab, 2005) , was purchased from
(Sigma-Aldrich, M103) . The neonatal mce received a
Bt gendubGEA PRErISsiceC) | njection of 2'-CH3- NPTP (12

/ K aI| hour. Saline was used as
@%qig%ﬁsrﬁ foR hae‘zdccgﬁf‘PBP’pb?%Lfbf %uFa?n%%%g%sGFP mice
‘&ﬂEel@uenhbypmﬁfms[[@ddabcﬁlH’t{d %hbb e l\arbnr ,andod) hr

ost -t reat nent i VO peura n-i nvasi ve .
FFRGIT ng fas ed%%dkgyédbﬁg ?ﬁf%ﬂ? FVI %ﬁb‘ﬁba§§3t¥ﬁ+QRﬁ?g
Z}ﬂg esz(Xsnwemﬁ1d§mdpln ﬁh@nmﬁhﬁenﬁAStﬁhii/\AhlmAthusbandry

air-.c risi.n t ransgenic
non%?ansge $%§ﬁg%ﬁ5?a ﬁ%&kﬁf%ﬁg Ssgvﬁgﬁé&%bggﬁﬂgpone

migtimer unit facility. The experimental protocol covering the

current study was approved by the Institutional Bnimal 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'-CH3-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, 6 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'-
CH3-MPTP-treated pair comprising of a transgenic and a non-
Transgenic neonatal mouse was positioned 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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restraining the mce on the | ower back using tape.
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ketam ne, widely used in paediatric anaesthetic
exhi bi ts devel opnental neur %E)oxi city in neonatal rats
by increasing the rate of néuronal apoptosis (Scall et
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p%?ti@dﬁar 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~tailed paired t-test.

Immunohistochemistry

In order to determine whether the photons were being emitted
from the astrocytes in the CNS, 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 GmbH; CM-
30508). Coronal cryosections, 20 um in thickness of the

substantia nigra (bregma -3.16 mm, interaural 0.64 mm) were
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each tinme before soaking in 30% sucrose overni ght at
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nmounting and sectioning themusing a cryostat (Leica
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i dbh@nd ikody /61 20000ARd 180t hnd GAP @Rt kY goat
(1:200), in Ix PBS contalnlngﬁo 01% (v/v) Triton X-100
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thy el BifidNS@ddh E¥rPBS nitthe saethofs, WIR i bAS WPt LA hen
with Texas-red conj ugat ed goat polyclonal to rabbit
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dilution in PBS containing 0.01% (v/v) Triton X-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 (Olympus Optical

. Co. Ltd. Tokyo, Japan; IX-71).

Results

Effect of 2’~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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Innate GFP fl uorescence was detected fromthe RO in
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neural region was quantified in photons/sec/cm
2/ steradian (sr) using the Living Image (r) software
(Xenogen Corp.) as shown in # gure IA In order to

det erm ne whether the photons were being em.tted from
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occurred 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 difference in RF

occurred between the different time intervals within the

control group (Figure 3).
GFAP immunohistochemistry

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’ -CH3;~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 immunoc-positive perivascular
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Representative images of GFAP i mmunostaining in the
hi ppocanpus are shown in Figure 4 . GFP expression in
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ventricle and hi ppocanpus area 6 hr after one-tine
2'-CH 3-MPTP (12 ng/kg sc) treatnment. There was no
exi stence of GFP expression i48the non-transgenic mce
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positive for TH but the glial cells produces no expression of
the transgene. There was no co-localization between the TH
immuno-positive dopaminergic neurons and the non-IHC stained

endogenous GFP-marked astrocytes.

Example 2 - Imaging of Transgenic GFAP-GFP Adult Mice

Skin flap in vivo imaging

Skin flap, which is a tear of the skin away from the body
which leaves one side of the skin still attached, was
performed on the anesthetized transgenic GFAP—GF? adult mice.
Using an IVIS Imaging Systém 100 Series (Xenogen Corp.,
Alameda, CA, U.S.A.), in vivo 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,
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fromthe body which | eaves one side of the skin stil
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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
food and water and efforts were made to minimize the number of

animals used and their suffering.

Toxin Injection

The neurotoxin used was 2/-CH3-MPTP. 4 injections of 8 mg/kg
of MPTP were administered subcutaneously 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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Toxin Injection The neurotoxin used was 2'-CH 3- MPTP.
4 injections of 8 ng/ kg of MPTP were adm ni stered

wacoianeously every 2 hours and the in vivo Pers@006/000284

i mages obtained at 24 hrs, 48 hrs and 72 hrs after
treatment. BCA(tnm) Protein Assay and Western Bl ot For
BCA(tm protein assay and wes$@rn blot, the mice were
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detection reagents, combined HRP and peroxide catalyzed
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
treatment. The brain was removed and then lysed in buffer RAl
and f-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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group (p<0.01) . Wth the transgenic
Ereated and conhtrol group was recorded at 24 hours after

treatment, showing a statistically significant increase of 15%
mean over the control group (p<0.01). With the traﬁsgenic
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 9).

Western blot results

From 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 GEFP
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



10

15

20

25

30

neonatal mce that received a single dose of MPTP (12
ng/ kg sc) as well as within the control group, no

wae@nioid7cant di fference in RF occurred bet weenP€T8G2006/000284

different tinme intervals (Figure 9 ) . Wstern bl ot
results Fromthe western blot _results shown in Figure
1OA bands were detected at 5 pI‘OXI mately 51 kDa which

B e B P B AR e i ) e

mieelai $dodet ecieEGFEt pappend nefrel feldctedn inhibl non-

d edep eg plgcu '

ER RIS LS e Shaha e P GTRRL B Bl TREER g, of
tig @hﬁ@weobftﬁ@ Bamadsgent . camebetheeresttivalm bhet appubtanes
d e I d tQc2
e AR p ety OAE o hie (R0 ARl Bedg Bl o
Bmﬁﬁn%prgm maoteerths JmD ne\fp@rléas@deifermrtpow@um 10B) .
ﬁ%g sfél%%tfegcag Neptd 6}1&%9)6@5& rﬂﬁ@ 6S OH}?e. Ji% teBN8o £1 ANhg

P western b . ns were
’éllé? g ishr e oot Mﬁﬁgge‘fﬁﬂ(?hnl@et’eparﬂé?aéisaﬁ@l &he n

FRpeskenn bEoipp hecadse, of the absence of the
transgene. Wien the western bl ot nenbranes were inmged
using VIS, the col oured depiction of anmount of

rotel ns present gave the sane results (refer to
E“F ey Bff - PCR WS Yldienf or ces the fact that GFAP is

v@éeegddd@t ed £ lawangohberadmun sheatdan@f oWPIRe study of
which in turn |l eads to the upregul ati on of GFP as

RET e N0 AP PR AeATIeT "PEREFBRITs “PHe LeE WRIy- B SEhEtHRKA
SO, S thket Ant fievd esukhs Ofiaddie ast wdy1 of pmet @h&sn i ih

BCA an stern blot and for a |on ger st udy peri o
Fh%uﬁenq\}%g AR H ey BsIHRE \REPIFe %O%H’d‘mﬁ g‘ﬁ & g?u4r grours
érl@te:emdmmc epeatmdit genebexprass It@ﬁn@cﬁerﬂ-_cABna{t naﬂ— hour s

E‘ er MPTP treatnent. for both the trans

e PSSR okl B S EreR Bedifpicant at

,sb@unfan%amp<at01) 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
fluorescence 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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about 91% (p<0.01) and 88% (p<0.01) respectively as
conpared to the untreated m ce. However, gene

wepreseron of GFP at 24 hours after MPTP tr eaP@ERG2006/800284

found to have no statistically significant enhancenent
as conpared to the untreated mce (Figure HB) . This
expl ains the decrease in the’tel ative fluorescence of
‘%ﬁqnarlgural i mges at 48 hours and 72 hours after MPTP
reatment (refer to Figures. 8 and 9). Endogenous GFP

Bl JHhd Mo hd S @edesd séin Y4 Resyb t s1argeshevali Rlice (3-5g
Figures 12 and 13. Exanple 4 - Non-Invasive Brain
‘?l%@i"ﬁ%jlwﬁ held ot Sindyphgeraekingdhi sm Apgmals had free
[ CJ [ I a i rgent al
L R e e R R R
mldimeonatiad maclee € SebHgabhixdyl swenghd abdt beefrmubfering.
experinment) . Animals had free access to food and
water and efforts were nmade to mnimze the nunber of
animal s used and their suffering. Toxin Injection The
netrotexepsisased were 2'-CH 3- MPTP and Kai ni c Acid
(KA) . MPTP was adm ni stered in dosages 12 ng/ kg with
THE neljre€bk s USAdwWasr&ISEd-dHy~Mimages Raimd Kuadid hkape
injection. All injections were_ carried Q . .
HSS (e BTy EBe R PO AL P Mt WDt PR Hrigetion-
Korwas aeedir tatddayeth2 Mg Fixhlemg/kgectibhey ajdr e
sacritf.i ced 6 hours.afterttrz)aglgent. Tlhe brai n was
eI AnE T her Fy§8d 1 SRPFE"BUTer cont ai ni ng
phosphate buffered saline (PBS) and proteinase

inhibitor. Total pratein is term ned by the
%?% r@cr oﬁiur?li‘gsséaé/i SH%B@ﬁten% %glg%usi ng bovi ne serum
Ebburdice ¢BSN)edsishaWBaP d(1 Sadphesdkgler ehelyere selbjantiddced

%%Jﬂ%@f“%t% 'rfgrthé?g!j ecfﬂeo%'}%ﬁs%a%? %Me%‘”gﬁ@gmv%?sed
is-1Tris ge % - ) . Each sanple contains 15ng o
;n(ﬁagpﬁe Mif&gr 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%). PBach sample contains 15pg 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 PBS (PBS-T) at 4°C
overnight. The membrane was then incubated in a 1:1000
dilution of polyclonal rabbit anti-GFAP antibody (Dako)/
rabbit polyclonal 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



10

15

20

25

30

35

el ectrophoresis, the proteins were transferred onto
the nitrocel |l ul ose nenbrane. The nenbrane was bl ocked

woranosiaaon-fat dried mlk and 0. 1% Tween 20 PEI/REH06/000284

(PBS-T) at 40C overnight. The nenbrane was then

i ncubated in a 1:1000 dilution of polyclonal rabbit
anti - GFAP anti body (Dako) / rabbit polyclonal to GFP
anti bo for 1 hour at roomtenperature and

abea
t FeR° ﬁéasaﬁ%gliln%’u[igi:eﬁomwepééeﬁt%ﬁ’%hx%s<1 X
nmgmeﬁ Theténoubakikanooae \saehirAgedrangsenef 5

repeated 3 tines after batln for 1
S BTt B AEEr = in B OUUBbNALY UagSd ek the
amus mmb:lhuhel g@HdBPuamhgmxdy P(lSanaatéEuiz))a ateagelz&oo
dlcl condar ant i Vi su

ed
ush ngln ﬁ‘gp (%éméf@ﬁf det® y&ﬁ r%’é b utémylgen
AP@fS thanji dandswhttoeadi ognapttesf ikhous e mn&pfm:edurne ester

ut_ for e tr ted
er mé§ Egn Bi'o lpggcarfﬁ% €odt ?rTéﬁga%eFrﬁﬁggédgﬁg%
nmmamiesuader berlalg@ht albabi;me magedlt mvdertot beodiﬁkkés a
Pl.us .det ecti on rea .
n%ﬂl G d nQ%rn %)% eé}%:ea talyzed” oxi Gat’ g o?xjtr%lgl
L@maﬁ@nPStSHQm daﬁhsab@tmmlamgeamattr:@11ghaMs<aandgoeofpicked

iU S p te ese
IR g Sree v AT AAEn ORR M B Ry Bbwrane
abkdt iavd ovopdienios nyotips ddmoeeacsmtlaﬂftrwd;ithi Ih obtained.
intensity chem | um nescence wi th maxi num em ssi on at
430nm This chem | um nescent signal can be picked up
uBehly ttiiie RYH R magi ng system An image of the

nesbrane with: LOLAYLSHEePI Gt iy n@Zﬁégk#; tﬂ%§cﬁgfe sacrificed

intensity is obtained. Real-tine For mce
tf EE REERT NPFRtpEnK - 1Py gin, waheasempeed aadrilfancdgsed

2i DS oaf RET atrfcﬁ?LHEP&athéechgﬁéhn WaAS 1 @FRVeH,ANGdie brain
then |ysed in buf b- mer capt oet hanol . Tot al

RAg® flrSGHfPFﬁ% BHidion Mase? SN BHAUET gt tnudPEaBpRIF s

RMAvd s ekic ban J&t i)e dRMP: MBSa T RMEhE Rarhd BNSGK REdl W ik RT-PCR
random exa rs and real -time RT: PCR )

was per orme on the cDNA to quantify gene expression. The
same procedure 1s carried out for mice treated with KA (1 x

2mg/kg) .
Experimental Results

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 anfi—
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 6
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was performed on the cDNA to quantify gene expression.
The sanme procedure is carried out for mce treated

wowao/okA741 x 2nmg/ kg) . Experinmental Results MRIPSG2005/000284

12ng/ kg) Western blot results Fromthe western bl ot
results shown in Figure 14A, _bands were detected at
approximately 51 kDa which c%?responds to the reported
cula f e P o,.antj.r abbi
R I e BV el Pl ofl & LT I Rllint
cafpp?rEBﬂ?l m@@w&ﬁlb@almmme@brfmeap@nm & dothe irepdret edn-
S t Abea
ant | %lrégg% @P(%\)ﬁl | q:%r o%tg % (?E]i ckneg]sw% teﬁwn blot) .
¥arkds, prot@%nskN@Dgeéﬁte¢nﬂd1mmetaﬁnmwn pfanGEAPL @ el @R 1lane
r 15NS i r t rSel I [ h.Ge
i A e A S
regtsgiens - al Been Adeersetefr drhod memBras seirA frged using
RO T RBSIEM GurlcL %eé%@% |19 2hBRE: Co ot ol Bs FAR ent
west'ern blot) . No oteins were déetected in the
FOTR (thanseeni keilée (FaFrr doaddodre nl4HP Weés ersisiosCrs
hrcause eﬁaﬁ f@p@bggnagr@gulta&%dt ‘Eéﬂ?&&r}ﬁ; t\%emnjé@clon of
western bl ot menbranes were imaged using |VIS,
M5 Foued clept dtitdn lerdan rﬁheoflpﬁ%‘ﬂ]eﬁwnppésﬁﬁ agea\W@ll
the sane results (refer to Figure 14B) . This
reinforces the fact that GFAP is upregul ated foll ow ng
ﬁg@JﬂhgckTopap +METRs Which in turn leads to the
upr ulation of G-P as well. Real-time RT-PCR results
Gdyoéfth%@Rﬁ’Rmo%@h@ur‘@t\W the trrswlésupEstid stwely of

ﬁéd’t@ingf PRI RIS LBsBCA %%tweSAgrfh@llgrege@aé% of GFAP
upregul ati on of GFAP and GFP proteins péakéd at

HEUWEF BpPeyinaricakear 2 CFABCHRE - W?@Wlﬁér%ff%?d and

¢ep mn& ﬁér@%duﬁdaﬁo%&@w Ssakhely MR thheat nefder TiRer
difference in tine accounts for the tine needed for

TR TRRAs t Bt EaRENER el iTFS protetis foAs tRRiowe

needed. for the mRNAs to be translated into proteins. As 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 vivo 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 (Xenogen Corp.). As
illustrated in the in vivo images, the transgenic 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) in the ROI over its non~transgenic
counterpart as well as over the transgenic control mice at 6

hr post-treatment. The quantification in GFP fluorescence
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in Figure 15, the enhancenent in gene expression at 2
hours after MPTP treatnent for both the GFAP and GFP

wo®7iermd to be statistically significant at PODSG2006060284

(p<0.001) and 20% (p<0.01) respectively. KA (1 x
2mg/ kg; In vivo neural images A s shown in Figure 16,
innate G-P fl uorescence was détected fromthe RO in

the b f th d th
LD bl e ol he ce and, Uhe radiances {omLG. o

2t sieradiralo 8§ dertsd ﬂnghebéiweergthﬁagﬂétje&tﬁd\madecontrol
(Xenogen Corp

ust t
PReUR r%ﬁ@ﬁf’ﬁg?}%&?at a}“rrﬁ_’”t[:“g ?d‘h % ecel vg V%r&/egxtﬁnﬁggﬁ the
dosgraf JBup2a00é kg postshovedndrhe sostngi grd fmqsant

i ncrease of GFP fl uo gnce ph to /s 2/ in
tsﬁ%mr-“@caé\Ferme%a%%r?fsﬁéﬁsg%%rlgc ‘geoun erggﬁ? 5 OI)JP as
qveo . the. t sansgenie iconheokAngreim@mtang hpmparlng to 0 hr, a
post - L r eat ment The |f|
FFQB+ %%Htégﬁaaﬁse Igu98c§$£&%2“éq% after treatment,
signi wfma:arﬁrﬁstdsﬁgsiﬁrmtl Ancekas¢ vt fZZ@omeéneﬁFWQ(lRE) at 6
et ween the KA-t d cROtLo rde
21{ Fer 4 &aémﬁ ?1% 0~ t [0 énlg‘.rn]%léﬁt\’\@fff% d gn RF

eat men the treated
@boupraﬂ 16 threeposhe tdigatenrent S Homi imfervalpogithin the
Qlf cant NGE e ©fy 25% mean over the control
rou J(Fg<rtj3u(§)1 %Iﬁl}?n I ar)l y in the KA group and
con‘parl ng to hr, a significant increase in RF

%Slé dy, A, @egrul@gter treatnment, with the nost
1r cant increase of 22% nean energing at 6 hr

éﬁ:to@r the etshenn bP0. 05Ul tRo SBPYRi ¥1 dairgi L $2r &if0slsi Here

REr2ecugred J % ‘A@%ﬂawﬁf oj1f f@hephs & MR irdkBbNal Sco the
Wi thrn the ¢ tro group (Figure_17) . Western bl ot

revalt s FakAae rwebtordt Boseer GEAF 145 Mo RAS] MR GUtd -

Jx%/éblbaaﬁp%p VB8 HEEY ECLBth B wARRT 9Xésredeeytbd kDa whi ch
corresponds to the reported nol ecul ar_si ze of muse

GPRRCHSTRES hh e TDERB At 1t disgiresponds to the reporte

molecular slze 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
hours in transgenic mice (comparing lane a and b). The amount
of GFAP proteins also increased from 0 to 6 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
c 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 injection of
KA, which in turn leads to the upregulation of GFP as well.

Real-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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GFAP anti body. Bands were al so detected at
approxi mately 27 kDa which corresponds to the reported

worloeowd7a4 si ze of nmouse GFP using the Abeam PCT/SG2006/000284

anti-rabbit GFP antibody. Fromthe thickness of the
bands, it can be seen that the amount of GFAP and GFP
proteins increased fromO to &7hours in transgenic

' onparing | an and . The amount, of GFAP
5E G REpL el okl ST orhdiTio | BoRorEign RE GFAP and
NEFH mERNAGEene e NMfaamd( eonpatintd @aael1¢ and hdursCeAP=r xa

stern _hlot), . GEP proteins were detected in the
NP RRE entiS CErPARE H didar oS il bR bR )
besalesie fot tihe adgence bé tlhmstinasageme pMerihBe As shown
western bl nbranes were i,maged using 1VIS, th
5T olatolhs CI e ARt 107 JePo! ShMerieeRt DTS
tdhiE-esakB tesatent( fetebotlo HegWFAP18B) GFPITRIa$ found to be
r &i nf. he_ .f .t.ha AP | [ egul at fol.l oy ng
t eapeltl%j[tggg |l% of &kl C%Hltcc i Otuﬁ%rggf’eg%isoa'to qt Rad 22
uprdg@bat respaftiGePyas well. Real -tinme RT-PCR results
The study of the nRNA concurs with the results of the
study of proteins in BCA and western blot. As the
UpiAdy dinathomt focemPahdy GFP pr ot ei ns peaked at 6

. ' 0 re.fo
s HRE O A8 A A A R pe G 22
dittF éPeneebtaredsmefatbe untrpdcemptheve i hveedéd Fogure 20A
th)'_nRE;l@@ ésgng%sti%ﬂn§£a{ﬁéj ds‘%&%c%@& Shdls e‘vi’éeﬁtﬂ?o%eased
in Figure 19, the enhancement 'in gene expreéssion at 2
higurtdiea? £ 810U aneaat AEnthd drivporhmphe GHAP adivdr GhFeweigie KA
f kg bep slafdmshtcalty i gmf Leantcmi about s 2130
(%13@61? a(r:lg t22%1:(p<0. 05) res egtivel yC? GFSA% . sffteells
i TRAT SRS S HEHROSYE§S RefRt &FOpGelnmmpssashigpam the
| SNt el B NI GFAR SN rded aRde CAZ 1R135885 R Thetween
t he hi ppocanpus were shown in Figure 20A - D. GFP
X5 égggohﬁﬂwqﬂ?élaéﬁ? RIESCARES 8bi Hentiiprerrareakdehl area
ianhd Radygehous areasreéd tha Richpesardus §RboRlh&itly in
Otl’he-tl me KA

e 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 model, the glial fibrillary acidic
protein (GFAP) promoter drives the expression of green
fluorescent protein (GFP). GFAP is an intermediate filament
protein expressed predominantly in the astrocytes of the
central nervous system (CNS). Changes in these glial cells can
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 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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(2 ng/ kg sc) treatnent. To verify that GFP-expressing
cells were indeed astrocytes, we perforned

WO povanesTal ni ng on the sanme sections for GFAP POSGEZO6000284

that co-localization between the GFAP i mmunopositive
astrocytes at the hippocanpal CAl area and endogenous
GFP- mar ked astrocytes occur p¥kdom nantly in the
processes and not the cell bodies (exanples of
dual | abel ed cell processes are indicated by arrows in

Firgue- 400 is B feussi AN noknEXasmlRs WRgtherdtansgeni C
mouse nodel, the glial fibrillary acidic protein

(SPAPIIBF SHo U HaPFVaE o TREaSE: i agreBRacta.  Kainic

fddier @sCeMeFHRIiR (AFP)causEeABxEStatb:liRt 8FARAI Bifilts.
filament protein expressed predom nantly in the

R egrEet I inhEree kbR tr?e@&&ﬁétéy%l%eerﬁFﬁéN%Presswn

Ghargesni Be tdwsa opetialneeld moean be nsednvasivsi trvivo

neur gnal _actjvit Ingury to the neurﬁﬁi in the CNS |s
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hyarididwcta L Qr@Es alylsi AREESSidHt @angache f4inidyy ohfheeamdmiental
shpown t

W
e A EPE B p BOSPERL A1 s Tar A Fo Bb Mok Fapeae
Qusiroopehs oghdfsublseguand iredweesst he yemtanopéscence of

[ S ificed in the Focess TP
e SRR RE L s nB s B QRRPRBAT G R Ry
neiffeans bh the substaniha wdx@r atudm@@mangm;hal CVERiithaging

neur of oxi n t hat causes x0|tot Xic _br sults.
B%f% neurg OX|Opnesr écroes&%po to elcg\r}(é? &t te téﬁE\Pme non
emqnaayyeomn This neamabeimeyiglcopedel nt® elietér bh studying

rhﬂa‘i"éélzé’f ﬂfn'{len“c's"o {7”99721_”@9;5%5 %hxﬁeﬁjé %%S'céré‘{‘éjd out.

screening o reat rren |date rugs and
they"apeseiandstde Sirwpdyanfl wWemelrepbenat abere carried out to

TEAOHOK| R® Sire e BTERS e PEALES T e R BER Sras

fdanm*escqne&rxﬁytdmaeGEﬁﬁké§§1dn'an$geme dgsalybecapomatweded to

b‘%rraagzns&gxléecktlgng%ehhse fﬂgm > a?cfe L he ngrﬁggnoaxcaqsm\ivgé edue to the
s asi'ng ying™
administration of neurotoxins and the results can be compared

with that of in vivo neural imaging.

For the past half-century, cell biology and molecular biology
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 information on molecules, proteins and
cells in vivo 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
(Contag et al., 2000, Rehemtulla et al., 2000, Yang et al.,
2000, Zhang et al., 2001, Bhaumik and Gambhir, 2002, Bouvet et
al., 2002, Ntziachristos et al., 2002). As illustrated by
Hoffman (Hoffman, 2004), the advent of GFP as reporter gene is
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system In order to support the conclusion that the
non invasive in vivo neural imaging nodel is reliable

w0 poogudyd ng neural devel opnments, in vitro assPYFSGEI&000284

al so carried out. BCA(tnm) protein assay (G-P) and
western blot were carried out to quantify the protein
expression while real-tinme RBO9PCR was used to quantify

gene_expression. These assays can be used to trace the
%ﬁ@é&gt%mwdﬁ%c@a}wq He Aebhandd meilesutiye Riplogy -

addbphst4 @il PN Al AE W L% Bg1 8o c HAre a-esuht fq Galy be
conpared. wth that of in vivo neural imging. For the
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grters.in.transgen ani mal s Cbnt g._et al 2000
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S il trated

christos et al by
ﬁ%g%it&g%$% Ftua %ﬁﬁ%?h 1Pﬁernaveﬁperﬁ %% ontrol
mepeﬁtkﬂrgyaﬁeerEnemu|any gupat aidh igmec iangge aﬁd(hﬂebeand

;}H%ltﬁSHé af; M % A8¥ lelely eegg}é@%{o pg;g&n?ytggmo 1 '.egnimal

at "are rapl accessi ni ca
wisel  ylel Edidrhwenandﬂ&glgige cagufikithereiperove nttlmsedattadles

BS' oREQEAF Uy kaﬁg{@ 09 P ﬁggltze 5 ;;%fé i tE@Ltstology

quantltatlve a can be co
woPeo¢haicall ppelewisml at nultiple tine points,
researchers can anal yze bi onol ecul ar processes in

presence of contextual influences of intact organs. It
Caegproblem faced in this present study lies in the sources of

autofluorescence. Typically, tissue autofluorescence caused
by the endogenous chromophores in animal tissues including
elastin, collagen, tryptophan, nicotinamide adenine
dinucleotide (NADH), porphyrins and flavins is much higher
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 fluorescent probes of interest.
As observed in this study, the autofluorescences from the
neonatal mice increased as the mice develop from birth to
adulthood. As 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 autofluorescence 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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added benefit that with these methods fewer animals
can deliver data with greater statistical significance

wara7loetes stress. Non-i nvasi ve net hods can beP@F&8E2006000284

create nore predictive animal nodels that share the
characteristics of longitudinal-study design, internal
experimental control, molecut@r information, and

guantitative data, and these nethods wl| '
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the brain was seen in older mice of the same genetic
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,
presumably due to lack of appropriate methodology which
permits the repeated non-invasive measurements 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 (Ali et al.,
1993, Fredriksson et al., 1993, Schwartz and Nishiyama, 1994).4
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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I nvestigation. Therefore, the model described here
06 f @58 sevehahghew OPLNE WET ihmmdreastidity were detected

in the SNC and the ventral tegmental area in the 2/-CH3-MPTP-
treated mice, suggesting that the degeneration of
nigrostriatal dopamine neurons was still not apparent 6 hours
after 2'-CH3;—-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 Kurosaki 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 2’ ~-CHs-
MPTP and the effects on GFAP and TH immunostaining over a
period of 24, 48 and 72 hours post-treatment will broaden 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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neuronal degeneration in live animals. In this
presentinvention, it is now possible to nonitor the

wetdeose7of vari ous drugs to prevent neur odanmaBET/SGE06/000284

stroke and crush injuries in living animals.
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regime with estimates of the new measure costing up to seven
billion euros and taking at least ten years to implement
(European, 2003). However it is a formidable challenge using
the traditional GFAP techniques to 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,

2003} .

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), to an appropriate in vivo optical bioimaging

system, it is possible to study non-invasively
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brain, as evidenced by GFAP el evation. These
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© step of

acid encoding said fluorescent protein operably |inked
to pronoter nucleic acid froma protein that is

woerorad7g4 expressed in the nervous system of tPEIT/SG2006/000284

animal, the nethod conprising the step of

non-i nvasi vely detecting fluoggescence from said
protein when expressed in said animal. 2 . The nethod
of claim1l wherein said pronoter is a GFAP pronoter. 3
cildgndret hod of claim1l or 2 wherein said fluorescent
protein is a green fluorescent protein (GFP) . 4 .

The nmet hod of any one of clains 1 to 3 wherein the

net hoda iy ShydW g LRee6f f:&ftenef eﬁgmggl%tnr aki on of
a_test substance to a said aninmal, the net

cOHHAEeSIORE  t S idp 06 f IalcRafits B PR gRrEaRd - n@%%rem the

SéﬁﬁﬂdQWQ% hOtﬁhﬁﬁyéﬁlanéﬁﬁﬂalp%h@&n&Oiﬁifﬂée@eﬁéme nucleic
non-j nvasiye detection of fl uorescence. The net hod

ot &P BhetTich T HRT At Hdd PEBRpT s‘é%ertaﬁéys%@ﬁ'e&f to
CErfRIteRgn bt L € $CRAC Erdii GMpao€oh NelatAAsMbrhdl the
absence qf ,adm nistration of said test substance with
tHE TIPTS5 edR et FrERPa TAE™ PANEYR M 81 nEle method
fcbﬂpmﬂsﬂggadMQrntﬂpraflﬁﬁh{ﬂhviahdelﬁ%ﬁeﬂﬂ¢b$hgnﬁfhdﬂésbbﬁce
ans enlc anlna h thod of , claim4 or 5
e ein T hBE HET o d 88n%§9%§§§ héns?%ﬁ%SQEFma P)
non- |nvaS|ver detectlng fluorescence in a sald
t4 ans efQre, a n1n|strat|on of est
s%bst gﬁrgée(}'lo p?gj\)/f eaéleconclh oG P no%r?nho\;cae VS 531/ GEAP
detaettieng f | uorescence in the sane animal after
adm ni stration of the test substance; and ( i)
conparing the fluorescence detected in (i) with the
f3 uor eBremeshdet et tddinl(9¥)2 whpreifheairbtflodre$cent

.CAéH*@l% 0L 2 NNRICIENLLAE BLNAd COMPr i3S .t he steps

4.. -The method of any one of claims 1 to 3 wherein the method
is for studying the effect of administration of a test
substance to a said animal, the method comprising the step of
administering said test substance to a said animal prior to a

step of non-invasive detection of fluorescence.

5. The method of claim 4 wherein the method comprises the
f comparing fluorescence from a control animal in the
absence of administration of said test substance with the
fluorescence from a said transgenic animal following
administration of said test substaﬁce to the transgenic

animal.

6. The method of claim 4 or 5 wherein the method comprises
the steps of:
(i) non-invasively detecting fluorescence in a said
transgenic animal before administration of the test

substance to provide a control;
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(i) non-invasively detecting fluorescence in a first
animal to provide a control; () admnistering a test

W@ shaiTce to a second transgeni c ani mal fol | oneTSG3006/000284

non-i nvasi vely detecting fluorescence in that animal

and ( i) conparing the fluorescence detected in (i)

with the fluorescence detected in (ii) . 8 . The

nmet hod of any one of clains 4 to 7 wherein the nethod

is fgf d relni ng. t:he €] the.te
substinca g P e AREH AN LT BerktC thathe 3
wher ei n temémpt &gk gdfipnistastting ehetlabiteistyswpstamnce; and

test Fi Ubsctoﬁlgggix{l% Jh%c%hjacg%secetn\rﬁ%a&e géftego{ ’inor(ﬁggwith the

nodul dt e, urologi cal “danage erern e net
conpri sefluhgestape dete¢tdd iimduéiihg neurol ogi ca
damage in a said transgenic animal ; (ii)

non-i nvasi vely detecting fluorescence in said

néur ol B @aithgd defrejedmahi amlS fahemein)thy impithpd comprises
ad{d nirgptatEon of the test substance to provide a
control; (H) non-invasively detecting fluorescence in

t he s@ne neni-fmvadivehy( defectfirar fadaiesstncat iiona of i tsie

test substapce; . and iyl conpani,Rg the fluorescence
' W th

detected in (1i) the fluorescence detected in

(iii i), 1@anThes etimgd aotesinysubs¢ante ctaiansetond Eransgenic
wher ei n %QﬁngtfH¥1&w§de¥ ﬁéﬁﬂﬁnggsﬁbgigﬂyétkg¥ig% a

test substance to faqlll ate -treatne of, or to

modul at e flheueetoieccak Hammgeriwaér ebrd t he met hod

CO”Di@s?%o&B$r§ﬁ§”¥%e9EiF&£Qs'é%%QCBQQeQQQIQhogkfa$'th the
damage in a first ani mal ‘and non-invasively detecting
fl uor escédserescarve deteotodiical(iy) damaged ani mal to

provi de a control;

8. The method of any one of claims 4 to 7 wherein the method

is for determining the neurotoxicity of the test substance.

9. 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, or to modulate, neurological damage wherein the
method comprises the steps of:

() inducing neurological damage in a said transgenic
animal;

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

(i) 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

fluorescence detected in (iii).
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(U inducing neurol ogi cal danage in a second
transgeni c animal and adm nistering the test substance

wao oooviead77eni mal fol | owed by non-invasivel y detPCT/5Gz)06/000284

fluorescence in that animal; and (H) conparing the
fluorescence detected in (i) wth the fluorescence
detected in (ii) . 11. The nmethod of claim9 or 10
wherei n the neurol ogi cal damage is induced by

a ni a | ect | .toct
190152 SH AR D0y 30, 8, EPEE D, s A Bhe mocnos

adlfi Festi@sédngoths G lprpvee dechemiloztiange hdubedilitate
aRk OB ndMdels, 0f - & S &loant ek d'rﬁ%@%@ogﬂ@él E@ﬁa&&tﬁ%&e‘l the

claim 12 wherein the disease is chosen from
PREKPIE GTTR Tl addEe SARPheifrer' s Di sease or

HuntiUpt(thdilgbsﬁéﬁﬁ%loﬁécaihﬁéﬂgaéhgq of ¢ 0en9% ana

clains 11 to 13 "wherein'the chem™cal is chosen ?rom
MPTP, 2 %lmmV@mmﬁegymﬁuﬁéeﬁeeMAp tkai ni ¢

aci d, TT'ﬂEHﬂEﬁbbﬂcaiiv @%ﬂX@é&thﬁﬂgeF% HE3Ccontrol;
ethyleneblsdlthlocarbanate (Maneb or r ot enone,

Par adlat ducing newtiakewhghl Adapageniipi @ | eHqvindmfransgenic

POlyChlOrdﬂﬁﬂégdagaQﬁﬁﬂnﬂl§té£¥ggnthe3te§t substance to t
-In1nod|prop|on|trll | DP Tol uene (et hy Fbenzene

.15. The FrefRédiptlies 9%1? iy apfEe by rﬁquﬁa@tlng

neur ol ogi il rdarBge: i ikRFHCHM Y ;phygi cal force
applled to the head and/or neck and/or back of the

ani mil).  1rrrRdngetifod lopres eemeg dekecedtiar dith vhieh the

neur ol ogiGalordapBgee idtadeg e Dy sjecr easing the
supply of oxygen to the aninmal's nervous system

| eading to cerebral ischaema. 17 . The net hod of any

one. of ried aldthod b0 SLaskenvebp theH®Lhadiis R0t 651 td0
the abilit a test substance to facilitate

Pt Sy oen Ly K R APESas o \iePaERd (Hismical to
netdathimal .

12. The method of claim 11 wherein the chemical is
administered so as to provide a chemically induced animal

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 is chosen from MPTP, 2’'-CH3-MPTP, 6-hydroxydopamine
(6-OHDA), Kainic acid, Trimethytin, Chlorpyrifos (CPF),
Manganese -ethylenebisdithiocarbamate (Maneb or MB), rotenone,
Paraquat (N, N’,-dimethyl-4-4'-bipiridinium), Polychlorinated
biphenyls (PCBs), 3,3'-Iminodipropionitrile (IDPN), Toluene
(methylbenzene) .
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conprises the steps of: (i) providing a said
transgenic aninmal, wherein the animal is also an

wa@niommke7model of sai d nervous system di sease; ¥A/SG2006/000284

non-i nvasi vely detecting fluorescence in said ani ma
from (i) prior to adm nistragjon of the test substance
to provide a control; ( i) non-invasively detecting
fluorescence in the sane aninmal from (ii) after

agmi nipgLr ALYy BF ENLid @ShrSUBSIaNGsn 8d ddWological
conparing the fluorescence detected in (ii) wth'the

firmageskedaduged &t @vphcy] iforce agplipme tepthedhedd amy/or
aBexOofnflA Bacl 4O ARLRIN the method is for testing
the ability of a test substance to facilitate

treatnment of a nervous system di sease wherein the

A8t hodne ORPEHRES £t BBa St @PS30i 0 Horddho¥hdi ﬁ@ledlb%&caﬂd
second animals, wherein both aninals are ani nal npdel s

6FmeSF o héreged S MR EEE RS FIRPTH of PRYER™ A e
broma(19 meeRohBvasdtiesl Yedeimrtiongebbbediescenaenif. t he
animal to provide a control;(iii) in a second

transgenic animal from (i) adm nistering the test

3ubst apeendétind ba@t aapi srad oﬁobnanmadlbty BOwhéweaiSi ¥Rkymethod

ot | TP URE. PG OTISaBHCR dbrBEotor I Fow bR g

&kaatm%mmemﬁeadﬂéfnnusjswetém|dgseasé9whéi&ﬂnﬂ&mhodeﬂhdd

any gyseesotﬁiecls (Lnso t o 5 wherein the nethod i s for
£8SPTHy 2 Tredt™ht° for a nervous system di sease

wher@bn pherikatgod smﬂﬁnﬂraaSgéﬁmbsﬁnamslofwhiﬂaln the animal

prOV|d|n9 a said tran enlg nlna wherein the anlnal

: 1d nexvous
i s al so™a H&niHa 3%id HerVous sy§iem
disease;

(il non-invasively detecting fluorescence in said animal
from (i) prior to administration of the test substance
to provide a control; o

(i) 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

fluorescence detected in (iii).

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:

(i) providing first and second animals, wherein both
animals are animal models of said nervous system
disease;

(i) . in a first animal from (i) non~invasively detecting

fluorescence in the animal to provide a control;
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di sease; (ii) non-invasively detecting fluorescence in
said animal from (i) prior t o applying the treatnent

WO 2@7/04674 de a control; (iii) non-invasively deCESGR006/000284

fluorescence i n the same animal from(ii) after
applying the treatnent; and (ty) conparing the
fluorescence detected i n (ii) with the fluorescence
detected i n (iii) . 20. The nmethod o f claim4 or 5

wher t testi.n 1@ trea for a |
ner vghu'j; s{/}gtagr%n‘ég?g%a%%n er le‘?nar%lhn% Jger‘;r‘ﬁlf“@lgé?,terlng
t he st epstiof :tefic) sprovindienyo f st aamda$e£mmmbw@ﬂlnﬁlﬁon—
wher ei n I

nervous ggé%é%?é?%é%?% %6ﬁ§ Hﬁknﬂ%@%%?gfué&%ﬁﬁ ApHgRt s and
(i) fivh- iWir\itegytfd%tfé@brﬁg0éﬂqmﬁe$een®@ in nithewith the

ani mal t @ pf ggbgs?@a%%g&w& ,f (i), n a second

transgeni c animal from app y|ng fhe treatment t o
that animal followed b y non-invasively detectlng

fLolor esgenea oA bhat, %ln@a!)f %H&' ¥) £8° 2t DB nethod

fl uorescence detecte tht Iuorescence
dét eiedepting g ﬁareaizmentrh"‘epnmt hedvaids clyaitem19isras0

Whies i i the &é@ﬁi&@@&pkf‘é’éﬁ wes Lhe,appl.ication of

X—rays or g-rays . 22. The nethod of any one of clains
17 tol1 merﬁ-émgtm@aﬁér vouss yrdiceanifhabasdeirsia the animal

nervous s\sStLe@ght A rind3: m ae @%tgggdﬁéﬁf§gﬂsn5§§tem

wherein the tunor is chosen fromgli
medul | obl4$E8/A; neni ngi oma, neurofi brona, ependynom,

SChM@gnoq%m Q§U£§4JQ%XO§QE&8aﬁK%qghgggggéﬂg% in ?a%?]animal

ol i godendr ogl i oma . any oné o
precedi ndréMai #b Riieretn aprlvdmonthe| srentmemrato PHvide a
The met hednef,any one of the preceding clainms wherein

the
(i) 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 detected in (iii).

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

() providing first and second animals, wherein both
animals are animal models of said nervous system
disease;

()  in-a first animal from (i) non-invasively detecting
fluorescence in the animal to provide a control;

(i) in a second transgenic animal from (i) applying the
treatment to that animal followed by non-invasively
detecting fluorescence in that animal; and

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

fluorescence detected in (iii).
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animal is a neonate.
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21. The method of claim 19 or 20 wherein the treatment

involves the application of X-rays or y-rays.

22. The method of any one 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, neurofibroma, ependymoma,

Schwannoma, neurofibrosarcoma, astrocytoma, oligodendroglioma.

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

animal is a mammal.

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

animal is a neonate.



