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NEUROGENESI S AND | TS MODULATI ON 5 RELATED APPLI CATI ONS The present
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NTI ON The
present i nventi on rN'EiUREOGENEQHS AmqchM@]y[HpmgNl ons involved in
neur.ogenesi s, partiTuorarty activily-dependent moaul atton of neurogenesis in
the3dcentral nervous system More particularly, the present invention
rel ates to nethods for identjdy i ng genes involved in
neur ogenesi s and for screen.ﬁ%Lén.j: Digg.l)m phar maceuti cal agents that
nodul at e neurogenesi s. BACKGROUND OF THE | NVENTI ON Neur ogenesis is a
conpl ex pr ocHerédeat apphidsidn @sinishpeiodev@ldepfentsS.and 1w, iPosvigbndl frat.
nervous, system This process is dependent on proper spatiotenpor al
regul ath Nor OLR0-987.dlleq en acptembersafs ¢PWhWhid is egpissly HCPRTaietingieig Pyt i on.
New y q?ﬁﬂﬁﬁgglﬂﬁ&ﬁ otG€lls are able to 25differentiate into functiona
cells e central nervous systemand integrate into neural circuits in
the,brain. Mreover, in the brai Y, S, new nerve cells are
coﬁpinuously gener at ed throughouELéﬁi~ﬂgﬁ%L§gg§E%f t he organi sm For
exanpl e, neurogenesis is now known to persist throughout adulthood in two
regi ons of the inmaatappication @abmaink hSegudiee histing whidh ZBeed SNAA)itted it he

| at er al ntr| cles an he ate gyrus of the_hippqocanpus t hese
r egi onsqu?rHI?rln%f’@rﬁ Sg-ﬁﬁbaan ﬁ Py 5PrPEEAIGASDY HQEEEN e HE FW&F@thg g vi de and

no t d
R

neur ogeneses therefore underlies the regional specialization of the CNS and
the establishnment of specific cell types that nmake up functional circuits.

15 FIELD OF THE INVENTION

The present invention relates to genes, methods, and compositions involved in
neurogenesis, particularly activity-dependent modulation of neurogenesis in the central
nervous system. More particularly, the present invention relates to methods for identifying
and manipulating genes involved in neurogenesis and for screening and evaluating

20  pharmaceutical agents that modulate neurogenesis.

BACKGROUND OF THE INVENTION

Neurogenesis is a complex process that underlies the development and maturation of
the nervous system. This process is dependent on proper spatiotemporal regulation of cell
proliferation, survival, differentiation and migration. Newly produced nerve cells are able to

25  differentiate into functional cells of the central nervous system and integrate into neural
circuits in the brain. Moreover, in the brains of many animals, new nerve cells are
continuously generated throughout the life span of the organism. For example, neurogenesis
is now known to persist throughout adulthood in two regions of the mammalian brain: the
subventricular zone (SVZ) of the lateral ventricles and the dentate gyrus of the hippocampus.

30  In these regions, multipotent neural progenitor cells (NPCs) continue to divide and give rise
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Neur ogenesi s plays a fundanental role in CNS physiol ogy. The pool of neural
5progenitor cells (NPCs) can be expanded by symmetric divisions that give

rise to awl0i20ilmai93NPCs or depl eted by term nal differemrCirasSzan/06d69pr ogeny
into neurons or glia (Butt et al., Neuron 2005, 48: 591-604; Cotz et al.

Nat Rev Mol Cel| | 2005 , ([7-788; t t Cel | B |
2005, 19 Hedatkgeral persanbelaeets Megonblit oo ep. seicied. CrFelgsrern
et al ., ofARMroBeNesNaRErORed urldPfs (BreoiAlE s%%é'lhhz%h%?ﬁier@lﬁg allP@R i n an

actively 10proliferative state can ther efore enl arge the progenitor pool
and caresehligmggt phepeciicaio 4y pes thrat evakofup fiseiopdivemnitet al ., Sci ence 2002,
297. 365-369; Lehrrann et al., Eur J Neurosci 2005, 21: 3205-3216).
Conver sel vy, mat ur.e tran |t|on P 0 roli.ferati

di fferenti at %}H%%CHFSIS 1ta?is"cli & ai]roll\é %Cz%lgnlpip%mg%%@he poot%eneél agrt term

thi 3 caroganbease (Nhe:sg@mefeaa&pafde@fbydyﬁlh@tmlmi@l@ e dhente andddtiéral but in
the | on ter depI etion of the progenitor 15pool limts future generation

of neur kjed by tepaingl differestigioncefipragesy infe ngpioap exeliy(Buce ¢hsi ng or
d
12226‘1‘?%%% Ui o e, AReRae el flo sbitner 300G Py

neur ogeriesiugr Opin (d/aRioB2005) daneIdt@El7; Noker enuldiAseaNes oA 7] 64:0639e642; of t he
CNS. ronal cell er is | m by proliferation of NPCs

and th iR v A %@b H?W@ﬁ@??[ﬂﬁﬁﬁ?oﬁﬁé 4}13}4ﬁlntﬁnag%§{r’dswvécw e steps
cangbe ﬂr@l%fa%k@‘é‘ta{er&ﬁﬁﬁé}%% érMarg& t}ﬁyPréglge?ﬁ’to 1 aRE B sl E YheCQpSpeiAnat ed to
establish properly functioning Circuits within the nervous system | ndeed,

er ror s dortex hemgger{€heann emlofcipper2902, 2H7d 36$}é69 Img@nbleyall fuy JdVauecwsict s can

| ead t r ol ogi cal, disorders i t erot opi as., nent al

ot ar RS E L 205 antp SO0 G s EPHRR Py ey Bt ReePe e Wiy sp asi .
Al ter atdlffﬂ‘éntzgtéd]stﬁtléesaﬂ Eié}%lt%tﬂh ?émfib@ woomnal th@ Shdrt-terRehica ih@ssheltge a

di sproportionate ratio of excita i nhibitory circuits in the brain,

an i mbhadeapieton pldiffareptipiad agyrpas ang gl@nb%tpééhqlﬂﬁgﬁf%ﬁﬁéﬁ%on @fetb¢ BESERiPrand
SC SZO OOFP@&f&Q%S%%PQrQaﬁ [ YA ﬁeu?a ptr?%e CEr ﬁlc%ﬂhele dal} be a?tel%g%ﬁfanec hani sns

al ath ng rol9terati on an r progeny ni sns t hat
r egul atigcregling @fdéhteﬁlﬁhgthmm&ﬂ olﬁeumc{w@aeﬁd adLaNafeé OGS UBROIPAYS 260;
non- cel | - aut ononous espect to cell-autononous nmechani sns, trenendous

pr ogr ed&theils y@é%ﬂ@ﬁééﬂ%&déﬂr A3Ddenti fying factors required for
pushing cells into a "pluripotent/nultipotene state and for maintaining

this state. [61% ﬁBﬁ'sai(ﬂ righr V%l:nesmgdﬁ gla %ﬁdarﬁqﬂﬁtrole%ﬁlse%gggnd &gordé%%flzg)

Less wel | -under st ood, ver on-cel | autononous nechani sns, which
depend tbaChisunédurac 'r:e/ll hymbar iviavgely Ettcmudal by grofifeatmecdfanPSnand that contr ol
ne"ilbogesrlll?vslifa alncrf d{fperentlatlon of their progeny. While these steps can be regulated

independently, they also must be properly coordinated to establish properly functioning

circuits within the nervous system. Indeed, errors in the generation of neurons and their

assembly into circuits can lead to numerous neurological disorders including heterotopias,

mental retardation, autism spectrum disorders, epilepsy, focal cortical dysplasia. Alterations

25  in the production of neuronal cell types can lead to a disproportionate ratio of excitatory and

inhibitory circuits in the brain, an imbalance that may underlie autism spectrum disorders,

depression and schizophrenia.

These observations underscore the crucial role of mechanisms modulating NPC
proliferation and the fate of their progeny. Mechanisms that regulate cell proliferation can be
30  classified as cell-autonomous or non-cell-autonomous. With respect to cell-autonomous

mechanisms, tremendous progress has recently been made in identifying factors required for



S5animals is therefore crucial to a proper understanding of brain

devel opnent and function in healthy animals and in disorders of the nervous
system IwoOi2811Al4s393cruci al to the devel opnent of met hodeCan$2eoopsssti ons
to prevent, inprove and/or stabilize neurogenesis (e.g., nodulate), and

specifically inpaired neurogenesis, jn the nervaus. systemand specifically
' ner VUK GERBRIAH SBHIRT TRAIN ntfole GBA T AN RirdRs Wer Laie1 BYRREAT s ent
i nvent i pp NERL-SObMEERAND00068, RS8R 19g) the art by providing targets,

met hods, and conpositions that relate to the nodul ati on of neurogenesis in

an activity dependent manner. SUMVARY OF THE INVENTION In a first aspect,
t he present ldisspiebsmdersioefldicveven age natdedldusaneprous imeghandmesa ehiichgdepsmeur al

PT Ogeniotnoreuga?l (l:tisvii NS ! rEh?‘c(ictiatlb ’ 6Hilen b& i ?Srl’]nS-q{lataCOL{.I‘r Sr'{euraonierqg‘sli i\ﬁ\/iiﬁ hcta .
pharnaced}lcaﬁ agéhp, 3Xp05|ngn§he PFFEIAR I COaRe EURSEEny WANEE Dl ani ma

to an eximileal thefefortibhisial apaplopedindetstamdingnd badih dvvdlyprhéht b€ findtiaein brain
region, and neasuring proliferation rates of the neural progenitor cells in
the fi rspltihaniaplsand Tbeispragrsal th gertistsgite@ellt is ajsq cryrdal e tsilsvalapment in
any order r.ei i.-ffer LN i i : he neur al

o ogeni g M08l Bo Rl SRR ehE rRBBM B BB B T

i dent i frhetulitbe aphgreniicelly implired gentogaiestnim thapabbes Oitenpahd specifigalheiur a
proliferation. . %? certain enbodi pents, the first and second aninals
may be WFEYREBYHFBLIsop 6%’&}6%1‘1‘?@%?&%1?%‘? O nanmals. More particul arly,
the first and second ani mals may be Xenopus | aevis, and nore specifically
may gbe t adpofiRS@en? BRI &V ihSse ohdldth BEERIiR 1RROEY pPRIIdg fafRtd, Nt act
brain region may be involved in processing olfactory ‘i nputs, visual inputs,
or mnechastbedsnsiwt sompsitioss that ralety theeinmdolaried of newregénesis mgabaditityor al

out puts, LN sp&pif&c enbodi nents, the first and second animals may be
Xenopus P355Ps & "t he intact brain region may be the optic tectum The
intact brain region can also conprise circuits of the tel encephal on,

m dbrai n, hindbrain/spinal SUMMARY OF, THE INVENTIOX 30pit. WO

2011/ 041393PCT/ US2010/ 050695 In certain enbodi nents, neasuring the
proliferatiaon rates of the neural progenitor cells in the experinental and

control ani MBPdIEGHRIG S PESUR ISP PIdC AR MeHtpdpp@rsmecenisita t he
optyisC tRGLY P}hogenitt(t}%eflé {5dn iﬁ&gt lﬁ%ﬁl%?iloﬁ ok B%-§-animal with 4 ﬁﬁﬁ%uﬁ%%%éﬁf? nts,

contacting neural progenitor cefls wth pharnmaceutlcal 5agent "may

conpr i sepedieg thedpsatraaimaigind aisdcquidarontcleuntmelab aagstetnal stiroulsaicapabkurta
progeni tor. cel].s., . . .In_anot her aspect, the present disclosure relates
o et RbtEaeiB i hut BB feg e draretEbE R TG o B TR h o
phar magRyddnedt cald ethel fitsdhi@AIAB L BEEBCHOYEi{oP cAMAH IR RcOXPIEHS], daBf One
or nore genes in said neural progenitor subject cells, measuring

10pr ol idrégrawheminr adidéergfcetin prafideration ptclpswedothe sewpkprogaslor subiedt celis neur al

pragent z}narthecr?e%ﬁl%lrog%%{tlors control cells identifies the pharmaceutical agent as one capable of

modulating neural proliferation.

In certain embodiments, the first and second animals may be vertebrates, including
amphibians and mammals. More particularly, the first and second animals may be Xenopus

laevis, and more specifically may be tadpoles of Xenopus laevis.

25 In certain embodiments, the intact brain region may be involved in processing
olfactory inputs, visual inputs, or mechanosensory inputs, or may be involved in mediating
behavioral outputs. In specific embodiments, the first and second animals may be Xenopus
laevis and the intact brain region may be the optic tectum. The intact brain region can also
comprise circuits of the telencephalon, midbrain, hindbrain/spinal cord, retina, or olfactory

30  pit.



t hat have not been contacted with the pharnmaceutical agent, and conparing
the proliferation rates of the neural progenitor subject cells and the
neural prwoenitt@e3sgontrol cells, in any order, wherein a&cCaiUdsk@o®n®es i n
proliferation rate between the neural progenitor subject cells and the
neural progenitor. control cells |de3$ifi§§%the one nor e enes as

modul at ors off SEBHP SMPPEIANSH eaTuriig  PaProf YL Rist Og&elf@ura OgeNifYy cert ain
embodi r@nt & tht BEpdIeMR1 aRd SSRRAI1 Taﬁlrmaimrﬁp‘ﬁseg @(Ldrﬁmg@iye Renbe? aRd {}}p%%tf can mal
and the neural progenltor control cells nmay be in"a second ani'nal. In sone
enbodi rmemitesqptichectwa i e fpsoyesecad aibplect and control cells may be in the
optic tectum of each of the first and second ani mal s respectlvely In one
ggbngd;ggzh rr;[agi%\m]; eflﬁ)odlar‘l{]e?lﬁs 8or9a<91n1grﬂlff xrl'eural é)r%%enetor Cellf’l(t‘Y’IO arrnace(;ﬂllu(r:aelpor ter
const r ugknt rﬁ&;ocddi;ﬁqseeus'rc&bpm@@md Pharfidbueichl dpehd iftodaldl Adueal pestealtor
progenltor control cells. In certain enbodi nents, the reporter construct
may corf§ I$.se a gene encoding a fluorescent protein. In one enbodi nent,
expression of the fluorescent protein nay be restricted spatially, 25in
particular t aﬁoﬁpﬁgsgéetcths BlscrlidPiosTHGRIARS (8§ M odicRgRRl Oni§ [fes. I'n
anot her enbodi nent xpression of the fluorescent prot a sg be
restri oteechl pergpoit@lshiyjectfaetls sxthrpiharmacestical aged it an pInovy&resjfectatelts produced in
a brainr |on after articul ar g0|nt in time, Ln ﬁrbodinents,

i nt r oddBYHEGE REPESF VPV ELT Eohs ETe L™ fant Beltfﬁé)rﬂ%fi%{ S‘%’ﬂ%& %t BFe¥iBEect
celips rRYIiCARBAIEs & BOREGST brBGedifde st Sl dnld A n@ﬁﬁﬁ_{ﬂo@erﬁﬂﬁ Q@htRd cbie
reporter construct. 30ln sone enbodi ments, measuring theé proliferation

r at es chatthaee nettheah contagjechivith ﬁhmléiarmamycztl@g@ﬂi ywl acompating thetrelifietatioar and
type of cel befo e and after at

2011/ ozfi’ﬁ%%é@}? lir&g‘c’fgt%é%b%?t Cﬁgi drgﬁt“ﬁgaur? | prR2ggufer ggntrol cells, i 4yanot her

enbodi readr, whireinnedifeetnb@ih ﬁrUﬁiei‘e&fonQ@t&b%tvﬁ&nQP@ﬂﬁﬁﬂ@rd dithi Jubjecasdissecond
animals to a visual stinulus. I n sone enbodi nents, the

phar macedithergura geegenian congrbedlks ddentifine e ©aF OF BIpBOEMES SoMmodmaint ofsense

ol i;gon di nents, the antisense oliogonucl eotide may
oégr.3%5§%E§§Eﬁ&h&gﬁﬁgh%ﬁﬁogﬁﬁﬁbr a nDrphoIino. I n anot her

enbodi nent of the present nmethod, the one or nore genes in the neural
progeni t or dubpedh eadoldsnamey tHeenes el patcenlitdrrsohjeSEQILs hidy bhids a fiist&ﬁﬂnalor

functlong trun atlons nDdIL(gatIO s .and/ or substl&utlons reof. 10l n

anot her?ngdielqura tPﬁ%eB’rt%rs‘é%’i‘Fo FoS I Lhed N Asrerndanial, IR 8 Pis; thg

cont actj.ng B%Eﬁkor%ﬁ@ﬁ@t‘ﬂnﬁ@bn§&!meﬁ§ a§®k i the dphic TR LIBL&B W iitAtirsBARNT |
measuring proliferatiion rates of the neural progenitor subject cells and of

neur al spegemimds raspertively. delons emhacdlrrt@av ¢henioitst dwlesecond animals may be

20  Xenopus laevis.

In

In some embodiments, the method may further comprise introducing a reporter
construct into the neural progenitor subject cells and the neural progenitor control cells. In
certain embodiments, the reporter construct may comprise a gene encoding a fluorescent
protein. In one embodiment, expression of the fluorescent protein may be restricted spatially,

25  1in particular to a specific cell type, such as neural progenitor cells. In another embodiment,
expression of the fluorescent protein may also be restricted temporally, for example,
restricted to progeny cells produced in a brain region after a particular point in time, In other
embodiments, introducing the a reporter construct into the neural progenitor subject cells may

comprise transfecting the cells with a plasmid encoding the reporter construct.

30 In some embodiments, measuring the proliferation rates of the neural progenitor cells

may comprise counting the number and type of cells before and after at least one
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contacted with the pharnmaceutical agent, conparing the proliferation rates
of the neural progenitor subject cells and the neural progenitor control
cells, inweanyliond®s, wherein a 15 difference in proliferariusaomasesobet ween
t he neural progenitor subject cells and the neural progenitor control cells
identifies the ephar maceuti cal agent as one capabl e of nodul ating

prol i f dredstgpned tme pqripds one enbodi ment's, the method may conpri se
introducing a reporter construct into the neural progenitor subject cells
and the neurglanpiheg@nbdddhesOhe mdthéBinbp furlier 66hpddeexpOsifardRdirs@mts, the
reporter construct nmay conprise a gene encoding a fluorescent protein. In
some ersvedidraaiingls tq mEispylisimedesent protein may be specifically expressed in
neural progenitor cells. In some enbodi ments, introducing the
reporter co j e s i I . .ses t cting
neural pr oggﬁitsé%rgteg{gp{@w\t?\ng t hﬂé}%;%ﬁ’g%%{lg&z%%%lghlag%f) h’i’“rgéégg}ﬁét@?aﬁc %E c?uct .

| N sompranhadiemnsdlsgonacivbiadt ilngeltdie emdudidlenpy; dgeantitcdke slidopatlecttdd may t h a
pharmaceutical agent conprises electroporating the pharnmaceutical agent
into tW@Wé‘tﬁ?éq‘Sl%l%é’ﬁisggp]%ﬁ}ﬂ/@&m{%@h%no'l n certain enbodi ments, the

met hod may further conprise exposing the first and WO

2011/ 041393RETHHRROIMB RRABADFIRCARE nB M RUSthE @nd oV ndHBenst i MHE Houral I'n
a fourth aspect, the present disclosure relates to a nethod conpri sing

admi ni giregeanrgr subgdraretsoerat haewleceagenam S&EQ UDj WO, 651, or éxptiesditrgcationar get
gene sel ecﬁéeq. fro /t hebgtﬁ]toyg Cﬁnsiéti ng of SEQ I D NGs. 1-651, or functional
t r uncatTSHECURBHAPY Rat oS I ARdPTFs substitutions thereof, conparing
expression of the target gene in the subject cells admnistered the
phaomaceut i qalana@enhspeofpar@eksent dibclexpé RSaEOId d0hethbe cbrapiahg gangting Subj ect
cells not adm nistered the pharmaceutical agent, in any order, wherein a

di f f er éeEl prpenistreyBicereds Withe Rhapgeacutie a2, Beaspeeg Prodifqratiiiziasiost er ed

t he ph t . . r i i 0, 1. Ni ed the

phar racip P SR Ao PSR B R o SR ol CRR et T e

nodul atcontaofed Réthr the pharalacéeical agent, oomgarfifgethe ptdldénaton rates of thd mevdaiot her

aspect, the, preuz)ent q’kscl osure rel ates tongrhfr rirac,euti cal agents identified
eSEF ol Falls

by the RFRIFIESS it i rgupal progenttor gpn&p] ¢9lls GHGIHSFIASBREEN & he present
di 56| ostifr&eh& AlpPSitbRAHBA M EBERMES %'neﬁﬁgg%’%\sﬁ&&@ﬁbﬁ&%ﬂk and"Ghe feural .
phar maceut i cal ffgent Identified by the t hods described herein. 15In still

anot herpragpéot contiloécglsadanified ilegihasmaceutiall agas at onaeiphbld©f rmdutatieat | ng a
patient compr.i sing adm ni stering conmpounds identified be by the nethods
descr i FERHREYIGY. The present invention conprises nethods for

i nvestigating the phenonenon of neural cell proliferation and

di fferenti atlhQBmeRAMDOIREDH, kiaheROERlay dodpiibeé fHredudig 8 uesbrREEORESct into
conposi tions containing the same and nethods of treatnent conprising

adm ni shericpgl uegen¥or phbicstnedis pehithagentas pspgcasapsentelopdls. Ade oiedingl v,

t hgpre . di scl r [ t .of A j icated in
ik G e R b A Sl D

agent s somec babadinehtsz ethanfluseshiehatpeotaidumage mes sigsecifisally nexdpuesaédria aadalor
treatnments for the nervous system and specifically various nervous system
di sor ddFe2ERHEY &S nj uri es incl udi ng methods and conpositions to prevent,

i nprove and/or stabilize 25 neurogenesis (i.e., nodulate), and specifically
i mpai red ne%%ﬁﬁeérh%dimént%,hﬁtrﬂ&ﬁé@gl%hesﬁé%ﬁéﬁ AR Riof the @lelips) | FoddfftioUsS
system di sorders, including cognitive disorders. The present | gventl on al so
conpr i selds phawpneaseutnstatinggentad psedeadoedelly withea phistmodl snofding éheprepeent

i n& nt i on,. ag wel | as pharmaceutical conpositions conprising such sel ected
pharmac@itT€% agents, as well as methods of adnministering such
pharmaceutical agents and conpositions to 30patients, wherein patients
include humaR p@hé egthBodumentWh@beiabtidithe atbitd)i pEREHIRG sSbjbAr célle with a

pharmaceutical agent comprises electroporating the pharmaceutical agent into the neural

progenitor subject cells.
In certain embodiments, the method may further comprise exposing the first and
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puropse of nodul ati ng neurogenesis and specifically to prevent, inprove
and/or stabilize W) 2011/041393PCT/ US2010/ 050695 neur ogenesi s and

speci fi cawbyoimaaissed neurogenesi s, in the nervous syst ecrarsdospswpsi cally
in nervous systemdisorders, including cognitive disorders, in patients and
specifically in humans. 5BRI EF DESCRI PTI ON OF THE FI GURES FIG 1

depi ct SCEME AMIRS fud SisPlsFgMPSof a Xenopus |aevis tadpole (A); the optic

tectumregion of the brain (B); and proliferation and differentiation of

cel I's wi thi nptaBuitieadpatt, RRBedehd disdiblare &ldtss @ ﬁhwa&&&?&%gg@ﬁlh@sﬂﬁg erent
| i neages of neural progenitor cells (NPCs). FI G is a diagram

of a priophdramaeutionl agepbite epbjeefatells saxiprdssiang exstasgeatdea seleated dnqrarth¢ group
10resol utij.on of | s imgged in the intact.brain, ... . Fl 4 1is
an ragoiha el 82 APoTosr 4rn B iR, RS v esiops WRohe
optisc tsapittmtiafs Nemnapuscohdarhs . expressionFo6. the tSBgd@ @émPhn shewisilgeseeslgased
proliferation rate of tectal cells follow ng exposure to cell division

bl ockerdministered, the j RhagipagsHtic gichlg ceeparal Wi lexpispien oh thatuget geneha

pr esencenQ: AhsanesBhiGaLd ol hih R, LOGKAN S ol e LAt

stimul ation and ual stinu and the percent
tect al emerendos of thettigetpreas énabjar cdbsendeisefedabé phamicaitionl dyencdoermrain day

3(B). FIG 7 is raph show tectal proljferation rates jn aninals
expr esstify SePigy P g’_ﬁblaihﬁ 1%{3553@? P%@m\glﬁgg ag%d@%&}#l&ﬁithfepfewécwmal_
(dip3- M&ntﬂstah:aﬁéﬂ@iat\é"rﬁcﬂﬁ!ﬂtorVdf%'ééﬂal Eﬁoﬂi?@%b@éﬂ SiffSRMRAlRd to control animals.
FIG 8 i's a graph show ng the percent of tectal neurons and glial cells in

ani mal s expressing a norpholino against G utathione S-transferase Pi 1
( GSTpi - M) duenothhr spedaips presonrhsaeuraretatest to phammicaetica] ageBiF identdicdsya

graph show tecta roliferation rates (A) and the percent of tectal
neuronéﬂ%ﬂﬁH%P?§?Q§ﬁéﬁFT%b in ani mal s expressing a norpholino agai nst one

of 11 genes of interest (GO s) over three days, conpared to control

ani mal s. GOIs:stilembtiehagdecnid piebent @iscOu0E ltd34cd Ih3Radde WS20 LOMPO A6 8
(HSPA5) ; Ephrin receptor type B-1 (EphRB1); Dei odi nase iodothyronine type
|11 ( DI9BPIisiTES RIGHBIGE I UEHh &S il#f'@ﬂéfé@béﬁ? pptRods qestriberl-hetgihgl ess- t ype MVITV
(murine mammary tunor virus) integration site famly, nmenber 7b (Wit 7b);

Fragi | e X mapigl methaf 9@@'&0 the A8 AR OTOLRY td Fktibls 167 @iing PpdiRRt 2l
retardation protein 1 (FMRLA); Matrix
comprising administering compounds identified be by the methods described herein.

The present invention comprises methods for investigating the phenomenon of neural
cell proliferation and differentiation, pharmaceutical agents identified by such methods,
compositions containing the same and methods of treatment comprising administering such

20  pharmaceutical agents or compositions. Accordingly, the present disclosure provides
methods of identifying genes implicated in the regulation of neurogenesis, methods for
identifying pharmaceutical agents to characterize and modulate neurogenesis, and modulators
and/or treatments for the nervous system and specifically various nervous system disorders
and/or injuries including methods and compositions to prevent, improve and/or stabilize

25  neurogenesis (i.e., modulate), and specifically impaired neurogenesis, in the nervous system
and specifically in nervous system disorders, including cognitive disorders. The present
invention also comprises pharmaceutical agents selected by the methods of the present
invention, as well as pharmaceutical compositions comprising such selected pharmaceutical
agents, as well as methods of administering such pharmaceutical agents and compositions to

30  patients, wherein patients include human patients and wherein said administering is for the

puropse of modulating neurogenesis and specifically to prevent, improve and/or stabilize

-6-



5 netal | opepti dase 9 (MW9), cAMP-dependent protein kinase catalytic
subunit al pha (PRKACA), Neuritin 1-A (cpgl5); G utathione S-transferase Pi

1 ( GSTPi )WODHEMA4LBE®D DESCRI PTI ON OF THE | NVENTI ON Bolrasg0100b@spini se
defined, all technical and scientific terns used herein have the sane
meani ng as conmonly un]gler t ood by one of ordi a{ﬁ/ skill in the arELi

Al t hougwuwwesa BRRCE DSPIRSPAS 150 1 &G US VS AHSRECTHEL W i bed

her ei n jgapRRIs USSEM &s@ﬂaersprhﬁ%dlﬁg cegmﬁees bisogef if f}ﬁu&{t@%ﬁ@ts Eamenty g,
suitabl e nethods and materials are described herein Ipl cati ons,

pat ent happink.cati ons, patents, and other references rrentl oned herein are

i ncorporated by reference in their entirety. In addition, the materials,
nmet hods, and exanples are illustrative only and are not intended to be
limting. 15Reference is made to standard | aboratory nanual s that contain
definitions and nethods and neans for carrying out basic techniques
encenpassed by the preserBRIEN BESCRIPHON OROTHEXEIQURESSanbr ook et al .,
Mol ecul ar C oning: A Laboratory Manual Third Edition, Cold Spring Harbor

Laborat ory New York (2001 nt Prot ocol n Mol ecul ar Bi ol ogy,

Ausubel et aﬂE G, Siéd’ s thy GRARSPRYanE ra&‘? e”OPH% aeVlﬂéa@%RiaﬁrFA)i\Lﬁhe(%féﬁcmr@ur rent
20Pr ot %%bﬁ of fheq;%lh %1@ Holif8aRbE A6 MerefintiBion dRLRs ithiHORB (N %e@ons
I nc. oken, Current Protocols in Inmmunol ogy, Coligan et al.
(eds ), John WI ey & Sons Inc., Hoboken, NJ (2010); Current Protocols in

Neur osci enc d1G=2rip eudlaetarelshovqled dle)dlffgmhtﬂllwag@yof&lewh grogemigor celpPoiken, NJ
(2010); Current Protocols in Nucleic Acid Chem stry, Egli et al. (eds ),

John W ey ,

Phar macol og%?ﬁgﬁgla a an g?ggl%&?ﬁorgpeﬁgg%ﬁgt fa(%{:?[egqhatﬁ ?ﬁd}f\éﬁlpao%oken
(2Q00) ;resomgtidnhe | medddadesls trﬁi@demdesnﬁbttlﬁdmt her ei n. Definitions As used
in the present disclosure, the term"about” or "approximtely" nmeans w thin

an accept abl nge for a partl ul ar, val ue as _determ ned by one skilled in
the art. and i 1380 4paFTc PWH’@at}C‘? PEMITFBIPT @B@? BT a%%%eg@?%derh
det er m fed tec®ufl of XNk IdP kAt i ons of the measurement system or technique.
WO 2011 041393PCT/ US 010/ 050695 The terns "a," "an" and "the" are to
be understood as neani ng both singular and plural, unless explicitly stated
ot her wi se. 'IEI@;SiS a,gl‘aphashowir@rﬁstcf‘etam'?r@iaﬁqwignafittﬁraf tectl cellarfpBowiogs t her eof
where a ﬁ LO %enerb? gx refer to one or nore. As used herein,
neurogeg( 'S 888 Pt |8r oliferation, survival, differentiation, 5and
m gration of a neural cell in vivo, invitro, or ex vivo. The cells may be
| oagt ed i n dFIG. 6 is graph showing tectal proliferation rates in the presence or absence of cell

division blockers on day 1 without visual stimulation and day 2 with visual stimulation (A);

and the percent of tectal neurons in the presence or absence of cell division blockers on day 3

(B).

FIG. 7 is a graph showing tectal proliferation rates in animals expressing a
20  morpholino against Deiodinase iodothyronine type III (dio3-MO) with and without visual

stimulation, compared to control animals.

FIG. 8 is a graph showing the percent of tectal neurons and glial cells in animals
expressing a morpholino against Glutathione S-transferase Pi 1 (GSTpi-MO) over three days,

compared to control animals.

25 FIG. 9 is a graph showing tectal proliferation rates (A) and the percent of tectal
neurons and glial cells (B) in animals expressing a morpholino against one of 11 genes of

interest (GOIs) over three days, compared to control animals. GOIs: Heat shock protein 70

-



obt ai ned or originated fromthe central nervous systemor elsewhere in an
ani mal or human being (e.g., the peripheral nervous system. Neurogenesis

i s i ntendwo 200/d4m®Bude neurogenesis as it occurs duri ngPoorusadiodsnses opnent ,
as well as neural regeneration that occurs follow ng di sease, damage or

t her apeuti ¢ rvention. od e di.scl osed i nven ion jnclude
10t ho QLB JrpTsi HRsGt Rl (PRBER Kt o1 g o PR IR | at | on
as non-gygudrhig-coRdiHRd ﬁlro%ll‘PElH]@'@Elgﬂ@ﬁanéless -type M¥ITV @ﬁﬁlﬁ{er}ﬁ&mﬁltawml us” is
broadl y defined to enconpass any type Si npl’e or conpl ex extracéel | ul ar
st i mul usmphatrusy artegraderc gterfennmlyd mambclv’lh WntThhfr@nleéktr@nmhtet@dmmmL us
includes. in tg t isual .system a ni ma Iudes i nput
o ot nabtdspRtoglos S B SFan R il ze Ao BN BBtain 1 P BRIV BB T act ory.
Meclanasaseepiidae O MMRD), cARME-BepedBehtiphoBmdiifisk 0galyab avb@idlptaut put s.

The term "nodul ate” as used herein includes aIteanthhe expression of a

gene, JdPREK ). dieurim L (eradfls Slptathéens SrapesherarnA 8tbiles, including

non- codi ng RNAs and t hose encodi ng one or nore proteins or protein
subunits. "Mdul ate" ahgeA§ PHIORGOEOASE INVENPIORNE or nore gene
products (including non—CUérngEgﬁ§é;i—prvgggns——vr—prvrern—s bunits, such
t hat expres act Lvit t nce or dlffers
fromthat ob e?svse |rWISteﬁfe%hg (genlcteec%%capandqs(fuq%t]? em}‘—sourse%g%rﬁ%]l%avett S m

" modul ah@nifkads dR@honly mbQgiebabe onelof oﬁﬁh\dl?rrsﬁﬂvﬂn&he art. Alth@t(ghg’ﬁethS@s @id the
word "nodulate” is not limted to these definitions. Mdul ation can be an
i ndPeadeaterialy siguly ens@iyHemip thass deseribed Bereingapype used Hathg @razirhomicrieng
char act gr itﬁet LGS 1@%&‘8@&‘ @?Q&?&tmet@{)dsa%g %ﬁ%{naﬂ" ap edés&ﬂ%elae hQ}eﬂ.o% al ,
functlona r 1 nmunol ogi'cal” properties o oglca |'y active nolecul es.
" Modul gubbicativhs,n@uteogeppkicasionar pitndulaati otenasfedgrae sheaitidnad | heteis ahanges
in cell prollferatl survival, differentiation, ion, Suc
change BEHPYRELDLY; tRfescg i thspt SHOBRIY S RGN Eﬂam%teﬂ%lw%éﬁf GRS hi
an i nt agl REAALV RS A ardABe thieRhiid RbeaxRAALES 30i ncl ude increased (or
decreased) levels of an inducer (or inhibi or) of neurogenesi s, such as
changes in the level of a gene product directly involved in NPC
prdbi f er at i dieferSuehis ofvdn g standA] E@Q@@&l@@ﬁ@tﬁ%@lﬂi@/@ﬁ@ﬁ@ﬁs nmy al so
|nclude ffgrence in cel i.ation or

neural 'tf P% ni“ﬁ‘nég‘?ftc&irﬁln&%%‘i‘sﬁfeﬁf lq‘%?%ﬂ?%??aﬁéed be‘/ni:hgﬁé“ﬁ%% Ve Ll%r s to

ef f ect sSe@nfo€ ekdmlﬂé Raniigb&t &Q., Mlﬂedanhrmbﬂmg A @ab&a@ry MWUEIOTHI BETDHS
glial). The terns "nodul ator, npound” and ' harnaceutlcal agent" may be

used 5|Qﬂlélseﬁagnélémyah@rua@mPr%anVhEpd@@OBHaﬁ#ﬁé@q Rygiosals iy Mpdequiss
subst arl?%fogg “Ah&%%ﬁ{t e (E&’ . OU%hglrvg”I'eg‘Egluﬁ h@e'ﬁ%‘% enf% (%ﬁﬁ?{#&m&

phar maceut | agen ator” e an 'i'so ed and
st r0ct Wradocyls e Cein (B(ilolpgya Bugiifacian ei gotedt &dopi wiwyt& ShnynkanoMebaden g ure, a
m xture _of several known and characterized products, or an undefined

conposi @) UH: EBEEPErIRELTd HelHPuRRIPSY- hrodatr £/t Edahprlas Wiley Suepnsy ifef i ned
Conpos'ftlé%'%n,'l‘@]c@@‘fl@), tﬂfreht’ﬁ%ﬁa@&l? it N§§11(5§01ence, Gerfen et al. (eds.), John Wiley &

Sons, Inc., Hoboken, NJ (2010); Current Protocols in Nucleic Acid Chemistry, Egli ef al.
(eds.), John Wiley and Sons, Inc., Hoboken, NJ (2010); Current Protocols in Pharmacology,
25  Enna et al. (eds.), John Wiley and Sons, Inc., Hoboken, NJ (2010); and the various references

cited therein.

Definitions

As used in the present disclosure, the term "about" or "approximately” means within
an acceptable range for a particular value as determined by one skilled in the art, and may
30  depend in part on how the value is measured or determined, e.g., the limitations of the

measurement system or technique.



10sanpl es, biological fluids, cell supernatants, vegetal preparations, etc.
The pharnmaceuti cal agent, conpound or nodul ator may be any organic or

i nor gani cwprodua1393i ncl udi ng a pol ypepti de (or a protei RCOrUSPEPOS@GE), a
nucleic acid, a lipid, a polysaccharide a chemcal entity, or nixture or

derivatives her eof . . The, [ ceutical ent d or. tor may be
of natural est%‘tshétr énogrf‘g AR ]t’en‘@ld@%ﬁ%%itﬁﬁd‘%esa m@ﬂ”ﬂbﬂﬁg ¢ y

i ncl udgyidal, uhledd &:§%icRly s@aéﬂ)aﬁa%se Thus, "2/ a0 GHE 2RI (and 'CATRAHEM, "
"pharmaceuti cal agent” can increase (or decrease) t he amount, degree or
nat ur e afiagomedherogfemiae ppmppnde) gemerally gefer o anetor myoror ex vivo, relative to
t he anount, degree or nature neurogenesis in the absence of the agent or
reagent. In ermhodi nents... t reat n agent
may i ncr ease&S( oF gtlfe erneagelﬁm%eﬁlem%Oalrcrgﬁnﬁednmfemuo Suw “fad’r(g%lte 9{; rroenur ogeni c
I es gonssadbyigaitioh @as he@@Dedll ik Yavo2 i3, A% Vo%, ﬂﬁ%blls?ﬁtoa( bé 096ntedQf¥or 75%

100% 200%(2 fold), 300% (3 fold), 400% (4 fold) 500%(5 foId , or still
mor e orobfaaes orsigitesd ey tt%@ngﬁhtrmousaégr@@r elsewhere i an apima! AeliFBYeni ¢
respon t t h i hod
used tgo%d{é%kegP thép elfarlnﬂélrebﬁsgs r oﬁg n%“%‘:"fgg&{fﬁ%* hsgmt%?llag(Il IO Baﬁ?ﬁﬁtﬁggen%g

" down- r\edtdcatis, dunngn ﬁmﬂtdeeetopmattuaievﬂegsrmsal m@eemnen;maoacomfs fallgeitg, or

| evel of RNA nol ecul es or equival ent nmol ecul es encodjng one .or, nore
prot ei rr{éseare FrERes of BeBRFHUCINCren - Eﬁ%ﬂa‘rn% t% ﬁlSﬁJaSel GEARIPriBbds s,

Pr qpei Nfe @hteRARALF nkaSUBHRAL S eﬂﬁé%ﬁﬁ%ioﬁ% altvechtafioh REnAPBRMGE Of one or
nore nodul ators (e.g., siRNA anti sense norpholino, etc.) as defined
in the mdhaatmd)frmeuﬂtvngSiSThe terns "enhance" or "up- 30 regul ate "includes

i ncreasing expression of a gene, or |level of RNA nol ecul es or equival ent

RNA nol ecul e odr n e,,0r, nor.e ns or rote buni.ts, or
mot vty of R SRR RRAR-2 wIBAS BERL e fhall A 1 Be B RITHE B T8 bel ow
t hat ohsei Y@de;dtﬂ&célhﬂar@ﬂﬁﬁl[\fs&hﬁfca@ NRIueE néﬂ?ﬁl&tctl\/ﬂ/ Thus an external stimulus

2011/ 041393PCT/ US2010/ 050695 nodul ators as defined in the clai ned net hods.
The t eri¢ludesrippits fethe visgal sysfemeof @n anippady s glso inchedey dgit froethprfypin regions,

| ud
Pr5el TuBel AR SRS o RSS90 A AR BUANL 20 SReapy ! ude
nucl earméNifing(tehiRNAG) putpstswel | as m cr oRNAs, SSnoRNAs Si RNAs , pi RNAs, and

NcRNAs. It can al so include a pol ynucl eoti de regi on that regul ates
replrcatron transgrr tion, | ati on,. or. ot her cesse ortant to

expr essi on oFNetHE JBf lthFo%‘(‘ﬁeg%g‘relralnﬁldlfi%ﬂtﬂrlé‘étﬂiled‘gpgﬁﬁlﬁp| g?ﬁﬁ b6th a

regi on ;tabf RW@&%&céleQ61”&119&5@&114%N@%l&u[e%&h@lﬂd&%@foﬁ@oﬂlﬂ ik gdagdereto
that regul ates expression. The targeted gene may be c rormsomal (genomni c¢)
or ext rtheshremmthgrame orl thonggyotbims en guganousinits. ‘tMeduwd@t’| glsomcludesraiering 10a
for ene %a trans ene ene..m i nt F%{jat ed jnto the

i S S6E pratdnin R P ER R L oaF et ok bonst r uct
such a%uﬁurﬁts@&ﬁhdhzﬁ'éxﬁremml@el,-BIB Gctivity in the presence of a modulator differs from

that observed in the absence of a modulator. For example, the term "modulate” can mean

“up-regulate” or “down-regulate,” although use of the word “modulate” is not limited to these

definitions. Modulation can be an increase or a decrease in expression or activity, a change
25  in binding characteristics of a gene product, or any other change in the biological, functional,

or immunological properties of biologically active molecules.

“Modulation of neurogenesis” or “modulating neurogenesis” includes changes in cell
proliferation, survival, differentiation, or migration. Such a change can occur in a cell or
population of cells, including those within an intact brain region. Non-limiting examples

30  include increased (or decreased) levels of an inducer (or inhibitor) of neurogenesis, such as

changes in the level of a gene product directly involved in NPC proliferation. Such changes

9.



targeted gene may al so be derived froma pat hogen, such as a virus,
bacterium fungus or protozoan, which is capable of infecting an organi sm
or cell. wWengato4g®aes may be viral and pro-viral genes. PCH/US2610060605 C
enbodi nment , a target gene is one involved in or associated with 15the
progressi o r act.ivi qrtant neur ogenesi s. .

term "taMg fOWﬁ 8| itirpRpe ip ﬁEJttl e}ﬁ%gela 0‘?18{:?%11 %lgé%ﬂo&‘ @&Hér’i‘é&%ﬂé“é’ét

expr esghQBrtAh cAbblMdnYs, hibdhiRtiRE nfRILRLE teferthE cffdd 98 cAVSIBFGaRs MdBRy be
DNA or RNA. Furthernore, the target gene or gene mamy conprise fragments of
Iarger<nUéMechaowdoeéqﬂenﬁgbdihat are generally biologically active.

20Ref erence will now be made to the several embodiments of the present

di scl osure, £x | es_ of mhhah are '"Iu tul ed b nd descrlbed n

con unct 1 on e nanasiie boPaguie i B e e ANl S0 el e ¢ ai
enbadi meRtchaR¢@bNaRedhed iRGi® pharhhcoMditalBactingdansiaacd ih alatédreescr i bed
enbodi nents are not_intended to limt the scope of the invention as defined
by the %ﬂe areef arersxample; mehyBrResuicy! aaeﬂbc?m%@ﬁtordm@ﬂ%@wy pgan

25inte i -y be
il uded et g SRRty SR By R ETbIoA0S A SN NALRE Sy el e
appended se\l'emlrmlowﬁmhd kekamaegzed produves, pr asemﬂefldécscémmntmmxm}msmgdme&ml S are
provided to ¢ nve a thorqugh under st andi ng. of t e invention, defined by the
appendebOieIPa? tyﬁd‘\ﬂ)é"\?grs ?F‘tc r‘]i fe g S 1§ %dﬁégrem%t%l‘leltega“fi n the art

t hap cestlﬁ@e@ § gftbmtttie ceﬁxu&@nmﬁwegagt ﬁ%ﬁd?&%ns QHesthedfhahiSutidad certain
i nst ances, known et hods, procedures,” or other specific details have

not beetgentesmmpd}eld or maavbite nianecaysagiliy ooinergamcn:gompemtlsdmg at he
i nventio the a ed cl ai ns WD. 2011/ 04 PCT/,.US2010/ 050695
bt hoaXPEPHE 7ot on AR 1S o (T TAVBFRIoF 7 SUEh honcar o

XenopusentiB€¥i midbreorMefl @ativey He®dBf. The phaffieRiRal B8N, SompSundr \Wedtulator
advant ageous for in vivo studi es of neurogenesis and brain devel oprent .

Sever alm#yaks oraturplousynbetihedgin anddhe eqrapoungdGo epaedulsens Bay diclyfigur ogenesi s
Fr t relatively prolonged and accessi bl e period of cel
pr§g|fgﬁ§1Fbﬁf§ S Itdfserentiation that extend through the larval period of
CNS devel opnent . CNer the course of the pre-netanorphic stages of

devel opnent Af‘m¥dulb@e) i’ sompemwdrieur pismaceitigengeat’ ean inceeasel{dr dperedse) theat i on
The newly fornmed neurons éhen integrate into the functional C|rCU|try 10of
t he deIB¥PL: ﬁiﬁgqegn%qaglr%p ¢ peur %Fé‘l%@ﬁ?%‘ém L AT Uidife 8T €5 $HY-BEIRtYF foghe

di ff er et it id@Brelf or MY hAlBbeREVEPME aB?éﬁc?Sf &nwgé{{t%gréaﬁelﬁ Rr &y period

in X laevis, as opposed to over a nonth in mammélian systens.
embodlments treatment with such a “neurogenic” agent may increase (or decrease) the

20  amount, degree, or nature of a neurogenic response by at least about 1%, 2%,3%, 4%, 5%,
10%, 20%, 40%, 50%, 75%, 100%, 200% (2 fold), 300% (3 fold), 400% (4 fold), S00% (5
fold), or still more or less, compared to the amount, degree, or nature or a neurogenic
response in the absence of the agent, under the conditions of the method used to detect or

determine neurogenesis.

25 The terms "inhibit," "down-regulate," or "reduce" include decreasing expression of a
gene, or level of RNA molecules or equivalent RNA molecules encoding one or more
proteins or protein subunits, or activity of one or more gene products, proteins or protein
subunits below that observed in the absence of one or more modulators (e.g., sSiRNA, shRNA,
antisense morpholino, etc.) as defined in the claimed methods. The terms "enhance" or "up-

30  regulate " includes increasing expression of a gene, or level of RNA molecules or equivalent
RNA molecules encoding one or more proteins or protein subunits, or activity of one or more

gene products, proteins or protein subunits below that observed in the absence of one or more

-10-



This conpact tine franme facilitates detailed investigations into the
different steps conprising neurogenesis. This advantage, together wth the
evi dence wbabviwmeivani sns of 15neurogenesi s are evol uti omariusgol006mes ved,
underscores the value of Xenopus not only in revealing fundanental

mechani s of ne devel opnment of fl evance to manmal i an systens but al so
in proﬂ1 O%Tr?séﬁé Hé]ill{)‘ge dBft %‘iﬁstemfor st udyi ng human

neur odevel oprment al di seases. Accessible brain circuitry 20Studi es on

neuronal develeapi® nhrednserel b tene LR IM@E O hcluiel hOgastHRYBIn@MaR LdesBier al
fundanment al nmechani sms of brain devel opnent whi ch have subsequent!|ly been

shown tnenfagding gsnes. ﬁuﬂ‘amc@mg meamcwehmmﬁgcodmnmsmaéRNPgsr(rlﬁlNAS)
regi ona} i | Z8¢ R%JIAsr[ng&IRe an er| OStREi\EAO{SHR s of v%éll asarglﬁﬁn\%gd di fferent
CUI

n
CNS r |ons are éa of '8 speC| I'C neu unlque

funsti cslﬁSRNArspilRmArsg PIRNAOS ahdindRINA PR SBD n@:ludeﬂf polpmiclenide Rigd @bi on,
menory, 25deci sion-making, and notor control. Ant eri or - posterior
pat t er fESHjates repbeation, ﬁaltﬁg@mlqrbﬁ@nslﬁlqnhér vtéﬁnﬁrpwﬁeérlmmasﬁ@rt (REXHRBIAONG | s

f unda i on,
and 1o ThausHod e E ARG R R R A Bl LG et O
patter rmd(afreglbmnﬁmblpthndmd frecttothat mgulatas&xpfesmbn dﬁle@rgcte@gbmeamdy blox in

neural pro en| rs, followed actlv |on transcri ptignal. cascades
t hat deéff &?&P%B&E’E@Cg%/o%‘?%@é E%‘F%B% QSHETYS t‘ﬁ@ﬁ’r%‘ af’ 1b@8§g?

@) t 1
$ .l?earayf°%wez“8f%ﬁfgg bets DESET 6y Bupag B icstfed o B oA GAIREGHE!* ©

32- 41) .may be prefemd eedn ex—toachf@mswlat garsc coptiuonsuthes mpklsmut orond¢opmigdliieat e
progenitors .and cel gi al o the agnteri or- gost erl axis from

t el eceﬁWéF‘Sﬂ SO 97 ﬁ]ai Frdvedb‘g?mﬁlpé 08P cao‘hlf‘é?c “B‘e 8REHelrons in
devel oRirpi@z6dn GHichSs BapaBier df igfeinLLaNBroMib Y cEAP ISk 8aHBs trﬁ%:&c»ﬁfaphﬁd) n
5factor cascades as neurons differentrate. (Dasen et al. rr. Top. Dev.

Bi ol . Z009iraBgenes.doa spaufic pbedinTEak: péarget cSaMHUINGERtalvaskinrr assogigted widpi n

Neur-obi 1 The enbodinents of the present |nvent| on
en(L:igrrpatfs?%p rné?e%mgn Ofcelﬁ’lgaﬁél? t)}‘)ﬁlluﬁsgmtlﬁ? rtafltrtgr{lglé?()lgp e in different brain

circuits and cell types. These include the tel encephal on, the m dbrain and
t he hi ndbr aiThespinn &thrgeomatleiascidelchaigs tyenuctdic aed asheotd hdserexpidion Each of
these 10regions is characterjzed by distinct sets of NPC pr ulﬁﬁny. For

exanpl &r af%\@%léﬂ%ﬁ%@aﬁaha@ﬂ FRECBISFEBUGRIA 2BIdgRBSRERINGY 1Y Or U Y and

I ncl udege [, %&?e bhedes b h@é‘ﬁﬁgﬁé‘ﬂ% QORKR: hOcILR A s@@%@é@tﬂ% A#0d basal
ganglia, which are 1nvolved ry and verrent cont (Marer et al., J

Chem Nexgneahmbiolddi¢ally.acte.35; Brox et al., J Conp Neurol 2004, 474(4):
562 77). The mdbrai n processes nechanosensory and vi sual i nputs (Hi ranoto
ur ophysi ol

| . | 2 4
(gg 1 02( 6)&6 %,t‘g@(? ‘X%ffjo%ﬁ mtafiieé% tilie )severzﬁ dlmen?sgofe%fle presént ‘c]hsc osure,

examples of which are illustrated by and described in conjunction with the accompanying
drawings and examples. While certain embodiments are described herein, it will be
understood that the described embodiments are not intended to limit the scope of the
invention as defined by the appended claims. On the contrary, the present disclosure is

25 intended to cover alternatives, modifications and equivalents that may be included within the
spirit and scope of the invention as defined by the appended claims. Furthermore, in the
present disclosure certain details are provided to convey a thorough understanding of the
invention defined by the appended claims. However, it will be apparent to those skilled in
the art that certain embodiments may be practiced without these details. In certain instances,

30  well-known methods, procedures, or other specific details have not been described to avoid

unnecessarily obscuring aspects of the invention defined by the appended claims.

-11-



hi ndbrai n and spinal cord nedi ate behavi oral outputs (Soffe et al., J
Physi ol 2009, 587(Pt 20): 4829-44; Orger et al., Nat Neurosci 2008, 11(3):
327-33). WO 2011/0®3net hods of the instant invention not POMUS2E00806PRS S
anal ysis of distinct brain regions but also specialized cell types within
such circuits. Distipct circuits in each brain .req 20, are thought to be
cormposed of Mgthods ob Identityng and (Characterizing (>enes Involxed in WNeprooenes i
cell-specific transcript conposition, which endow the region-specific
circuits wi t¥ergars lagris 86 ajYleged Sys€®  Accordingly, the nethods of the
present inv [ Ml ' - I Nt ' N

neur ons, su?ﬁ%g ﬂ%%%@%?%ﬁ% ana%ﬁ?ﬂ?‘%ﬁ%gﬁé?gﬁﬁ§ﬁ@§§§95§mﬁ gkﬁgg%%%%ggions
descri hiedelbpment. Dol erabfanereuhiedicnbedeadvihiacaset hods may be directed to the
optic tectumregion of X laevis. The optic tectumis the primary visual
cener i n naiymparebérdd ofakctiedsgs; it 1s a paired structure that forns a
maj or conponent of the mdbrain (or nesencephal on) and receives inputs from
retinal fibesgg tdapaie ﬁm&mlvsgfl [ ¥l0REARINRACPBRBIBRY perio8 &f c&1PproBXRRIre

D ngwell et al ., g. Neur obi ol . 00, 44: 246-259. 30D rect 1 magi ng NPC

prol i f endtdiféarentradiodithat extend tupuginthendayvdd@edpd ecENY dshelepment. iQver the

pre-nmet amorphi,c -13- WO 2011/ 041393PCT/ US201.0/,050695 (tadpol e sta )
Benopus g0 U A EeaptpRitieth a0 SR BTG Hed o 2R sR IR e
brai n ivigdeappedidtion. e nelwlyForhBd hsuranymer imigdrat i@ tvd Rinc@dnal Giecuiegi on of
the brain that includes the optic tectum FIG 1C shows the relative

| od&t i o thyr deyeloping tadnale bipi. sthel nereqgenictsraBnaRfromrpirth éo difereatinden ofm at 2
hour s ; s qdi &f er ent ' urons

whi ch ﬁ?%?gﬁgﬁgag%ﬁfﬁgﬁ?%ﬁg&§g%§??gﬁ?ﬁﬁkkgggikl?ﬁﬁpé#%§§9§h?$8K%§roscience
1999, 10¢riA Jn mAhhzdidd 8iktems. Xenopus tadpoles are therefore anenable to
in vivo tine-|lapse imging, so that neural progenitor cells (NPCs) and
their progenphicesimpRt tithe Mkainfd faciliamne detmige thyichtiddiond M@tk @iérdml stepkn t hi s
regard, NPCs are undifferentiated radial glia that can divide in distinct
nodes, @EWPIINGasILeresisn This@dvantagentogethey with thegryvidegce thagmectpeipedf di vi de

and <f or > . . i I ") cond

rod, *ulBn AR R e Borlrved RERLI Bl ofEoples Doy RO ot

neur on réeeating ftndamex@timetit@isns df mearotével éprand ef redevahcgloan MR@ahi@mysydiewisde t o

formtwo daughter neurons (a "differentiatinq nmode” or "term nal nnd?." See

Kri egst®it Alsein Bloviding 3 gxperiNspiRbaiefelsytem fapstudyine gngn nawrgsyelogarn@

report €fiSases Such imaging provides a basis for nethods to identify and

anal yze distinct cell types based on norphol ogy as well as devel opnent al

stage. The L@g%g@@e%pﬁﬁgﬁgﬁgﬁn enconpasses the use of nultiple cel

reporters t anal yses. For exanple, such reporters all ow

tagging and time-lapse nonitoring or neural progenitor cells, as well as

di 20er ent 2Cpogied ot hansnadtledtlffreere ahd air@dt foehhton indsiys hsvGaBABedicvent

O A e SRl S0 opttn S 9HTEn RSB IRE y 8418 (RESREN ot hods
function in mammals, including humans. The CNS is highly regionalized along the anterior-

posterior axis of X. laevis and different CNS regions are composed of specific neural circuits,
with unique functions, including sensory input processing, information integration, memory,

25  decision-making, and motor control.

Anterior-posterior patterning of neural progenitors in the ventricular layer of the CNS
is fundamental to the subsequent regional specialization of brain function, and is thought to
be established by evolutionarily conserved expression patterns of transcription factor
families, such as Otx, Pax and Hox in neural progenitors, followed by activation of

30  transcriptional cascades that define regional subsets of progenitors and their neuronal

progeny (O'Leary et al., Curr. Opin. Neurobiol. 2008, 18: 90-100; Lichtneckert et al., Adv.
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is specific to dividing NPC cells. For exanple, the reporter may conprise a
bi nary Gal4- UAS (upstream activati on sequence) reporter system (Hartley et
al ., ProcwbapiiAaai®3Sci 2002, 99(3): 1377-1382). FIG 3 shows2@n/0806edpl ary
Gal4- UAS reporter system which conprises 25 two conponents: a Gal4 driver
and a UAS- opter. Jhe s nces that control expression of Gal4d wll

t her ef %@ @%&éﬁﬂz %Q%r@@s?%%%of the UAS-reporter. In the exanpl e
shown in FIG 3, the controlling region of Gal4 conprises nultiple enhancer
el enents fr qRuddaeHpk el irakriptiéh fabioftdaly @5@QWeHrdaettoFs #hd CEER4s gene.
Activation of this controlling region requires binding to endogenous

sox2/ ol @12 the Arlerip1pPestaioB @kia ditont telecaphiaban tarspinekpard staw dls npgsifyl dohtactst i ng
NPCs byt a8 ok, B 380 ate SLANL b cank dre¥slanbPadl iden st alethon

non- pr o ifera I'Ng neurons. nce, YRI'S system a § Ows e spemr’fpl C detection
of 8 WRt30dakéQied 30BRET USEOERI A6 Q0R5enUARL.I €RAH T6S. Ddv. Plod] 20098) &8: 1169 NPCs.
The reporter may include any marker of interest. In sone enbodi nents, such
as t hat208nBaa Tarredidanguinettd gag/- &b & is Nawiohiak 2808 18 -d%h, (e. 9., Kaede
fluorescent protein or green fluorescent protein (G-P)), or any other
suitable re t I . i i hwgly, cells
that are ac%eﬁbogﬂt‘?g? ﬁgﬁﬂ‘*’e?g@ﬁg@t&ﬁ‘%ﬁggrﬁ g%?ﬁ%?%g%ggs figgggﬁggkﬂ&P)

pr ot ei rrankeripttdree cadi€fenit MRAGsciralas g erll ypéd. sThesermichida ghd talenbephploal theer at i ve

state, (e.qQ., a ividing .i roliferative node or,..in mxe d wher ei n

e Sautiibdin o] fe Pindafi R Bk HEN S el S e el it e b e

{1 uer eSEqBhs RIARLRLizdSb,CANRSs o NPCFrORn9! FBRRPIE M RIALAMIoRDde Wi ! |
a

give rise to two differéntiated neurons that cease to divide and thus wll
10 exprresssvdsiand peocgssen ol faciayanputyarceinckudes geoneinglugiasl ragidns honlojogoontaai n

residu ede protein inheri.ted .durin t oki nesi s. Accordingl he
bove- o EPPRGaua Bl Pliatir S pie AP PETh Beord Rl PE ol

prolif eniérenaf) &6 Neuroanat, ¥0@ ):aoy¥R Bies ef 1N g Sl M= kpB2004pa74(8): Syst em
is an exeg)l arﬁ reporter system However, any suitable reporter system may
be enpl¥¢ed)( &hgmidbyaigisocessep Hrrshtnossrspehingy vigsl sy (HixgaLoto fstn st
systema, L1 088 RY Shy. Y7l : e d i

ol avieryDoigh Al SATEE oSEAN Soesse Ty MOl BRI PPN ST ERE |
use nulhingirein WASsEipardoed mediated@haebial witdphtsaSE&d dr dr, V\Fawsiol 2009, 58MPeover ,
the reporter may have additional properties, _such as those allow ng

t enpor AV ELS A CoEFr§f dnelit dYeueased éﬂq%nlt(ﬁyéﬂé%é such reporter is the

phot oconvertible 20 fluorescent protein Kaede shown in FIG 3. The Kaede

protein exhifdfetBod TR kBl BSGRVNL RILIIS AP RPRS hidHRis Stistidct 6 be
phot oconverted to exhibit a red fluorescent em 'ssion Spectrum upon exposure

t o ei t regionpbutiatfetspe@ala@s calirtypas enthiroyuch gyrcwtshPistisgl dirgbltein éaghbrasoance e.

Accardin t he. phot oconverti bl e property .of Kaede enghl.es a tenporal
oD o ntahietS bR SR R s SR bRt B RS ARy RSy RebBRE IR
exanpl eelINpE&ti€ atndeipt éaRssRIone@hithteRd s %&le‘éﬁrs?_@cﬁﬁé thadsGalifpddhsuisepor t er
havi ng a Kaede fluorescent effector elenent. Proliferating cells expressing

t he repspRastieswiAqcopshingliicie metheds ef Siewresangneriioraededepmebisiswf hf ter a
b 20" o SAEHFINARR REGLR T 2h b KRGl apgi flamre Reusiikin e o of

ranges wiinvvaditisddsticieditiejye. t he NPC cel | s contai ni ng Kaede protein nmay be
exposed to 30a light source (e.g., a 405 nmlaser, W light, etc...) to

phatsoconver tin Kag@denPo@in@ink, fHeGfiRtB6@8Aay Be digcktedN8Why ofticabtiGRde SoRGERY Woul d
inherit the red Kaede protein during W 2011/041393PCT/ US2010/ 050695

laevis. The optic tectum is the primary visual center in nonmammalian vertebrates; it is a

paired structure that forms a major component of the midbrain (or mesencephalon) and

receives inputs from retinal fibers in a topographically ordered manner. See, for example,

Dingwell et al., J. Neurobiol. 2000, 44: 246-259.

30 Direct imaging

NPC proliferation and differentiation may be directly observed in pre-metamorphic
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cytoki nesis, but those NPCs that remain undifferentiated would produce
green Kaede protein (Caron et al., Devel opnent 2008, 17: 107-117).

Accor di ngwg,20niemti3g3gener at ed daughter cells may be di st ipagaisgedsdopdHm
parent cells, and the relative nunbers of parent and daughter cells may be

determ ned relative | evels of green to red Kaed

prot ei rf ad?ﬂte§ta§ﬁ§§é(f? ﬁfwﬁaéﬁ"glléogh}?%\ﬂ?edtéarﬁﬂar@stt ?rgt)g a BydpplgeWHR e | ve
propor turaﬁsn&tat@@sttaw;pem 188k la Iﬂérgldetagad Cewgof,th@fefgtdnf&rt@é bi@fh thid xed,
termnal). A reporter system suitable for use’in the present nethods
may be indltdeodbeeptid tnttgmt HdGe éClIskows tlth rwhuiee ddcation ef esrrallppllatysueliradabl e

t echni n e ar.t n ction, etc . Jn. certain

erboa i SR kol &y B BEL B0 PR enitse T 4R g ray
be 30 1hﬂibtrfeﬁﬁﬂth§Qﬂlldhlhigrithﬁw@?Honi/ﬂh@,velfltﬁﬁulﬁi( ?al ewuek ety opFAtiepr (Haas et
al., Dfferentiation 2002, 70: 148-154). rential Screening by

M cr oark99). WAy 448-4483). " | n some enbodi ments the present nethods enable
identification of genes involved in neurogenesi s, and in particular, NPC
prol i ferat i on,apd difd&l S0 oAb hmdnd6RYS bl G) i1 setaagagdgoftﬂttgwgepes ey
be perforrre exanpl e, mcroarray analysis nucterc aci in

radi al pgb gmltancblkdl(NPé?s)mtdl thele drogzeny oamshe idesifexdtand énygedSu che intact admahy

t echni ques are in the ar l]s . be sel ected based
on nor pASH laéizaafﬁﬁh’ééﬁé? brabCentoe e ﬁth%ﬁﬁht%gt‘{ed%gﬁ BRsigRodEs i ocessi ng
forgm ePrtddan 02, Mﬁ'as”nrst':rﬁédeeé@fﬁ%le%IP@%dysdl%é’ af?&fo?ﬁ%oaéaﬁght@fiﬁﬁés on their
characterization as either NPCs or differéntiated neurons

Al t er ndeigvel 'prolidahtinpmpdé at i[rom secpod maxde radisgle HCamny dyiduoHoge bhe

popul at j ons j.nt rest be e oseql to condi, ns.and/ oy st.inuli that
b Pher daPaist PG AT a5 Pl tEnPFef LEET B rife < SN e bR et o8

devel omrmtm fdpl‘qb@t&‘forma@/\wsldﬁuélﬁ@lﬂﬁhﬁ)n@% VAEeren St RMod Q¥ I'éeidindl Ragé.s for

i dentif ?% candl dat e genes involved in neurogenesis. For exanple, genes of

intere iegsteingE@. | AyNRey, Naurogs 2009.62: 14thé84onal truncati ons,

nmodi fi catl ons and/or 25 substitutions thereof, can be identi fed via

corfpar at i ve Mewogara@portaral ysi s of genes expressed in differentiated
neurons conpared to undifferentiated NPCs in X. laevis (see, e.g., Exanple
2 bel ow). | rSuehémegihg@iavides a baelks e rhethodd thedapity end aatyeendotine cellagwiss ar e
har vest ed at di fferent days during neurodevel opnent, for exanple at day 1
and dayP25cd EMPEPhRlgey &8 M ﬁaétde‘deé%@ewISFagﬁa\Té‘eéPSFaélF@@%ICB?%WF’%SSS?

undi 11 nelld el NRC! FORPRAIM ARl LscARNES! £ éta&gﬁe/ sieh RPoMdHs ch will
have a | arger proportio f difrerentiated reurons. nes that showed

di f f er exovathg@np nebsmerlamnapecng braduryl progingni ¢ells aastweleasglifferpn 0. 05,

0 S ther value therein) differential

o s diogntariicgidiemiides pdh el aaRB Rismhior i e ks

2011/ 041393PCT/ US2010/ 050695 harvested at day 5 represent genes of interest
in regul ati occdrdiA@YlihabmeRnbbd NRGIR Y fréRhahbeBdamdy @mfpf(?/raeﬂé})b@érltﬁm

I n anot her experinental protocol, cells can be harvested fromthe brain
regi on leﬁpe&ﬁtqtﬁldsVlﬂmatNﬂtgveISr &oerxameplorthemporeceiy exmpiscaisay&ialdt i mul us
of inp , |.f act,or

mechant)t'tjslgﬁgﬁ)rswgi1 ?5% Qeﬁﬁor eﬁ%gséemngﬁ %r?let/ ﬁlg&ldélx ?Cg}@tr‘g&ﬁlabtc\l/%g? éd from
the optdoe3)t esTM 113820 EI(E nedhdwiahrkanpady Galdthasdegdtteanyhtdni,oniantomapisseex posed
to light. Typically, the cells fromanimals exposed to dark and |ight are
harzéestt%l campeRets arfealt drer@dg. UAarerarter The seapanggs thag gomHpol exprepion @i ¢ )

and t hef, 151 AL AAHsbisQbn IEME ped therein is performed. As
di scusse %rg?ér% f?Is/ee < rrgﬁé ] and%&%%&% cells 10 harvested from
animal s maintained in the dar k generally have a have a hi gher proportion of
undi f f er ent ilattledexdP@de shosinl is Fé@pﬁlshdcwrmrdlﬁ@htezgi@u@rf Gakecmapresepawitgde

general |y have a hi gher relatlve 0 i on of fere ed neurons.
Accor dITHIYE RrBeBa 1 e erEo e PRELLEY s b S R RET eveal genes
differ emdvahtnyofemrc%ﬁ&@ﬂmg Re go® rddiired Bin€i@k k& eddodBh@RisBRY/Sct3 transcription

30  factors, which are expressed in proliferating NPCs but are not present at significant levels in

differentiated, non-proliferating neurons. Hence, this system allows the specific detection of a
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mai ntained in the dark (e.g., having a greater relative proportion of NPCs)
relative to cells 15harvested from animals exposed to |ight, thus

i denti fyiwgQ 2bhiose39genes as being inplicated in NPC prol iPCE&rnsteions@nsl
differentiation For exanpl e, as described herein, exposure of

Xenopu g ht . has % gﬁiag to pronote NPC differentiation into neurons
in the%&% TEPQUEE ROl iIRE ény ani mal s exposed to light may display a

hi gher proportion of differentiated neurons relative to a control animl 20
mai nt ai ned iThet Bforgdiay holSle ahPdharkUdlintXRRO N SoRB e AL ntERYs, Recrexpaged to
either dark or light conditions over a period of time (e.g., 12h, 24h, 1
day, 2 sdays,in Bl(gay st may eippde aﬂUd@y@ent eratein, (.., Kaeda ﬂhwme&@emtl PIOfEON Zréedy

o m crsreas SR G CEP Pt alpPoufighie BERREr LhREA S ARG Pr PRRyRe! =o' =

per i5odsA&brdih g, ouilk khalpareenctingy dasding Iexpldﬁsvﬁé edpetteOfeld. Kdede ba GFRg patelhngl v,
cells harvested fromanimals 25 after 24 hours_ and analyzed via m.croarray

may have e gise i NP eprantarsallorennpase i ﬂm%f%w e (hgr WEstiBiing Bim an
a.n' mal qu)ltﬂ%fa 1]V£ Qﬁocﬁxm ﬁn PRy % hg’reglaXr?e ?E%‘ cell71sdﬂyﬁfcg L tol N
I ght ater opu

ei t her ‘case dar or ear |er VS. the ce ations
har vesteagreks, oﬁasr tekemplectiee Ehede flusisiceanpraeinpoputainiash divifibealflan N&Ceinmor e

NPCs and t.he remai ning popul ati on._from a second ani mal typically have nore
di f f er dRTHAH e‘BO‘ilFeWim) BEe TIRE Lo HP Aigifgrent ?r}sv%atsf@ﬁ%ecﬁoocﬁwﬂafn%@}sy‘gﬁ]s can

revgal etxgﬁé%?lﬁf‘en&sncp Kab&! ﬁﬂ&ﬂeé’dehv ;iﬁ%é?ﬁ aag s Cﬂll%‘@&%mn%ﬁ@ﬁall ©eRtidrbed by
such net hods i nclude SEQ I , listed herein hese genes may be

pr ef er enhdra¢d gumxgpreskiadsis.n A‘d@@si;nayldhaabsvmdﬁscabﬁl Gaidh U Aat reploritey system
neurogenesis.(e.qg., NPC proliferat.i differentiation and/or survival).
VO 2o1fﬁBETé@%ﬁt%?ﬁ@ﬁb%ﬁﬁBﬁ%%ﬁ?nwﬁhﬁg&rating Candi dat e Gene Expression in
Vi vo The established role of the |ocal environnent and non-cel

aut ononous fEet Seveidesdrdgd] GIlUNOASadpaaenssiem (sPavRMapiaty adported sydNatr osci
2001, 21(22): 8809-8818;Kreigstein et al., 149-84, Cheng et al., Nat
Neur os dloweEn, anyxuiyible 3omprien gystaavanebs SHPEYCRI(¢.£. @S OTHINER TFGWOr 19

Su AR Lot leQWch om%'dnelﬁt ﬁ!em) ﬁ%%e?%ﬁlbgﬁn% Yt Iﬁ%} ncﬁl%g% C%_le%g gr@%t &1@ can

accént uates e |nport nce’’of experinenta enopus, in
whi ch dhoddite dsReios ik tie @fgepdadelll dnadddy meanytsuem zﬂ}ow};acrnelle wadeailiiple tUveS4 nt act
animal to identify endogenous .cellular and nol ecul ar nmechani sns regul ati ng
neurogéﬁ@gﬁ§”nfﬁéaﬂggugﬁ %?ﬁﬁﬁéutlcal agents to nodul ate gene expression
in NPCs in the CNS 10(e.g., optic tectun) of X [laevis evidences that a

gene of i nt eygRbyd:Sthe ThdredhRY hale Eﬁcﬁﬂléﬁaﬂ)ﬁ)&)bﬂf@s QhcNEGRosdAlowixampl e,
nor phol i nos can be desi'gned based on a known gene sequence and effectively

si | encgenipowabtesdativesiprasd edllprodue t@nafuch hepogrenis the phate@meetiblee. g., RNA,

pr at.ei Acc entifi iL,on o nes, t ha uIa NPC

R T A T M B R e

agent s dnfiddiort gpectiind Ubati €can @é (APRAESH chted Asle dINPLrdd D dréRE@tdnakiodet hods  of

Screeni ng and Eval uati ng Modul at ors of Neurogenesi s Pharmaceutical Agents
spectrum upon exposure to either UV light, a 405 nm laser, or any other suitable light source.

Accordingly, the photoconvertible property of Kaede enables a temporal control element in

observing and characterizing NPC behavior.

25 For example, NPCs can be transfected with the above-described Gal4-UAS reporter
having a Kaede fluorescent effector element. Proliferating cells expressing the reporter will
produce daughters with green Kaede protein. After a preferably predetermined period of time
(e.g., 1 h,2h, 4h, 8h, 12, h, 16 h, 20 h, 24 h, 30 h, 36 h, 48 h, 72 h, 96 h, 168 h, or any other
value or ranges of values therein), the NPC cells containing Kaede protein may be exposed to

30  alight source (e.g., a 405 nm laser, UV light, etc...) to photoconvert Kaede protein from

green to red. Newly produced progeny would inherit the red Kaede protein during
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Phar maceuti cal agents (drugs), as used herein, include conpounds with

phar macol ogi cal activity and include inorganic conpounds, ionic materials,
or gani ¢ 280anmpodni®s, organi ¢ |igands, including cof act oPsT/Gsaciolarepiies,
reconmbi nant and synthetic peptides, proteins peptoids nucl ei ¢ acid

seqguenc i ncl udi nucl ei ¢ roduct ar nace ents
cag be 9YFP€ﬁ“%ﬁS]c§u‘éli‘tlt€‘%§%ﬁg§%BG‘ TeIRpt gf? F d%‘i Pf f° &rrsn #?55 tical
agent  qedrdd&: LB SHEL ISP msewsm fior. I«b@oraﬁgly h¥wiyoeeRBdtdata8ghter cells

neuroactivity or expression of a gene involved in neurogenesis. \Were a
m xt ur engf bep&latnrrmlmad fioal pagre etls, 28d thetrelativelnumbess pﬁpﬁrﬂl&tcaedtdac@teragém S
sel ected he net hods described.ca e se rlate and
dent | MBI e R gL pEtg Fals BRI Er S R BRRTRG held
etcs.  measurch®hOMag ARBIpRALAY drddstilialy @iTthefe] Afve PREJOTBER W le&d ty pgeﬂéeﬁl (e.g.,
organi c_conpounds, reconbi nant or synthetic peptides, pept0|ds nucl ei c

aci ds) dris@nces. pioliEgatomaised. atrminidhi cal synt hesis or ot her nethods can be
tested (see e.g., Zuckerman, R N et al., J. Med. 30Chem, 37: 2678- 2685

(1994) and ¢ £LorRP R A ARy B5 950 SRS 5P 1omsFRATEMG g Hrodled iy
r oo, Natl or (40 aﬂﬂrﬁéreﬁbg%mﬂmmetmlqwﬁwmﬁme aBg. ltiSAsfe&an6@ﬁ9)6913

(1993), relatin ged conp ounds Rutter, U. S, Pat
5, 010, 1Rsert} lmwg e agPoser SYNpT mMasbe C?@atmee%eﬁ asglesmlélnan%eweb? H.
M .10U. Sntrbtfifced NRo tHe BABvAI 2 exaiPld. & e‘%i{r@ﬁ@ra@&f tHORS: Of., BRRDeAlarthio2ar e

i ncorporated herein by reference. Wiere pharnmaceutical agents sel ected from
a conbitalés-ilad).1i brary carry unique 5tags, identification of individual
pharmaceutical agents by chronatographic methods is possible. Chem cal

i braries, gbi.al brot hs .and.phage display libraries can al so be tested
(screened) 1&16'? e{e{gl%ﬁggeéep}gg l@?rﬁg]d%é’agrrayrél?éﬂ %%ar maceuti cal agent(s) which
are capabl e of nodul atjng neuroactivit on. of .one ar genes
Mol ved | n RcaEgameaach, o8k ethoud enipifRRbRG 08 cidts el iEie

10The nRbuRRESesH Sa%hoﬁeﬁarhgﬁlﬁﬂ NP@NpBl it @M JnOhnd ‘aﬁf?&ait{bﬁoﬁr [déﬁﬂﬁ&aftioﬁ%ﬂ on of
conpounds éxhibiting a selected property (e.g., nodul ating neur al

pr dgemqaodld@telgen?ﬁr why berpatfouned hpdal axamiges larcgeetrrageqmely@»smfeslslemwame@t m ).

The net hod i SC e{ n_can 0 _ev uate or. charact ze

struce drEnal PinCEREsTERE ReiPy deiReB e ik dnil But Gemba SEghE el

such mainb@aistoahbRWnass aas NEdlls @hy BeteNitty bagddon rrioﬂ)Ho@diBarﬁlf sepp@fedfint t y

efflcae¥$ 15etc.. and/or to nodul ate the activity, Ey assayi ng or screening
QI‘

der i vatdilfegniopopskitiant arel @areces IR SUNESTRMERY coAYasi AgT exenples selly tngaYd:fe such

derivatd, o] aren n d [ e

entity rr%a%tg& b ?f ?lgd{hse ruc%%ért%]{?%t/lggyggngéﬁ% Ieglg (Iﬁ%n&&a%&ergga&fl ona at ons,
funot i Q@lﬁngfv@l;p&el&ilpd{)ﬂatldnshsf hitieid Sontaifiingisacls udlb populiticdn obfintatesty8nar
groups, as wll be appreciated bﬁg%hose skilled in the art. 20Accordingly,

the prdS&rPossade Fepditiensgngler dumulnghas siker premets op S41PEess A fergptialieR eeni ng)

i dentifying, characterizing, and nodifyi ng neuroactive conpounds, for

exanpl e, nmodtyeatQl-shRLctGHERANISprhdAlf ety A6diVEd e RErvIRAYLRLR neur ona
cell function(s) and to identify and/or characterize and/or inprove

conpoursvidéd &haswatpr b@naf;nmg/@ndrdatﬂgenmmmlvakved menguoresnesy chorrmaduplt or s or

Sunor oo Paresbicete P NOFT b5 PSR SGaF ooty B RReR B o

(e28., sb&lthfi@isahdrest, itbe identifed via comparatlve microarray analysis of genes expressed
in differentiated neurons compared to undifferentiated NPCs in X. laevis (see, e.g., Example 2
below). In one embodiment, cells from the optic tectum of X. laevis are harvested at different
days during neurodevelopment, for example at day 1 and day 5. Cells harvested at day 1 will
have a larger proportion of undifferentiated NPCs compared to cells harvested at day 5,

30  which will have a larger proportion of differentiated neurons. Genes that showed differential

expression and specifically a significant (e.g., p < 0.05, 0.04, 0.03, 0.02, 0.01 or less, or any

other value therein) differential expression in cells harvested at day 1 relative to those
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differentiaion) may be inplicated. Thus, in certain enbodi ments, the
present nethods nmay be enployed to identify and/or characterize and/or

i nprove cwopounds3dhi ch abl e to nodul ate differentiati orCOfUSR@0OH695
progenitor cells (NPCs) i nto neurons. Neuroactive pharmaceutical agents,
compou tors as descr.i bed herein.30 ma | so i de any
corrpouﬁti‘“f‘?é(‘?ﬁﬁb gre&B‘iSF?tt%?n?sooéP%f}St ](nereéulatl‘?rb%rtrﬁ%/@?%ﬂonc%we(gt) one or
sever al r@‘ﬂlﬁ@pattlloggﬁdgfffe@erﬁﬁhbn(speC| fically a neuron or neural progenitor).
For exarrp e, the conpound of nodul ator may be capable of altering at |east
one netabolic pathway or WO 2011/041393PCT/ US2010/ 050695 bi ol ogi cal or
functi onal drl@p@thﬁlyﬁ?@"ﬁfl@en'@l profagelicolty) caarhg haryestge fitoint *J'leé?mﬂl orgierhelr act eri ze
and/ or im 49 ﬁave celve or no pecg‘lrved ag E:)Iit\éef\la Gl fn il f’ﬁng el flncal !hy abl e
to moddi"afe® fRENEFF er%itle{ltlon of et s prog eni Yor Pealt ]ﬁls]@s

neusonss 1kAt, an oﬁX@cm@J ®ie, & Hedafeief Y ytuaﬁlaume ElCtEﬁéQ:lﬁﬂiﬂ)dﬁﬁeﬂt hhs cd:ll’!;\fe@éltl on is
a conpound, which is capable of restoring a nornmal 5phenotype to an |njured
neur on feFvested grom dgptis seotyma Pl ynimaki Bripemgdimegiarerns irgmsnensleexpased an

i njury [ [

sl oot el LAy LB o T R et R R e b e
for |tstlm<apzagc; aftertld hs,t2|4rhrjzmm @2 ht,rehkd. Yodrid thcmﬁca@maycaanMgendso restore a

bi ol ogi cal ro erty, vent cell death Phar maceut ents
sui t abl@nRgedither Q%P%rﬁ%w e\ %fumé?l <SF%ﬁxaéwalﬁi)ﬂén5% ﬂ?ﬂﬁﬁﬁ i nos for
knqgkd %e@{ed% aniffAARhAINGIRA3H R B0 geﬁepﬁly%gg a%a&éjﬁl fich Rﬁ;brbﬁortlon of

neur ogenesi s. O her pharmaceutical agents may include sh constructs.

s h RNAnsuidétezeh tharroldKRIGwnCdisfexpgsedrio ligbtepenthesamepehodigémeralkriogk d dvghec onpar ed

t -1 f ti. f t
Net hoa< SHAVEPBRulacY SRS R A ERHRAL atiPe B BRRAME A Ranopus

neur onspopaR€ofN @sTFeekal g&‘é@'&i{fﬁerﬁfaﬁy %%%eh ﬁﬁk@) 019 istéIRGdm Aintake gener ati on
of many shRNA construc Accor di ngly, constructs against GO s can

t est ed myntagisddn fiedakn ok darm ot Srer @J@}@Wé @gqmmqrmféﬁ%&) rglptive oregHs
NeLill‘SOS (ilarvegg: ’fro?n am@al x%oselégs ?goeﬂltuls Xdetnﬁl eylﬁ%it‘ ofsg ren%]; ];se G fnggglilpﬁlpgted in

pro i feration exa urse pro S as

descri belebbmlﬁex’au@myncbﬁﬂefaah@ty@d for screening (or i dent| fying,
characterizing or inproving) conmpounds that are active on any 20ot her

attribute ofpfpeuspgieNRdeSeribed GBreds c&FddursSst Xdvphs tokt Hisideeh SidvREd On into
neurons or glia, and the mgration and assenbly of cells wthin a brain

r egi on RePMAEIYERS dt,ffqr@matlon into neurpet iNgHs opfitdtepibor: ovesionliagy dwdopls sepbsher ei n

b d.f tif h
CompourTe R 4By 85 B Pt Bh sh ARt e R R RS R
May0s pafaihiagrRuliy (e arlfmst ndivildfall &eedpds ahingils @by b’E’@ﬁpds&l 1) eZﬁllaﬁdlz[rH RS .

Phar maceut i cal A Conpositions

light conditions over a period of time (e.g., 12h, 24h, 1 day, 2 days, 3 days, 4 days, 7 days,
etc...), and then cells from, for example., the optic tectum, may be collected from the animals
and subjected to microarray analysis. Alternatively, animals maintained for longer periods of
time will have increasingly developed optic tecta. Accordingly, cells harvested from animals

25  after 24 hours and analyzed via microarray may have a greater proportion of NPCs relative to
those harvested from an animal after, for example., 2 days, 3 days, 5 days, 7 days, or more.
In either case (light vs. dark or earlier vs. later), the cell populations harvested from the tecta
of a first animal population typically have more NPCs and the remaining population from a
second animal typically have more differentiated neurons. Accordingly, comparative

30  microarray analysis can reveal those genes preferentially expressed in NPCs. Genes
identified by such methods include SEQ ID NO.s 1-651, listed herein. These genes may be
preferentially expressed in NPCs, and as such, are implicated in neurogenesis (e.g., NPC

proliferation, differentiation and/or survival).
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I n anot her aspect, the present invention provides pharnmaceuti cal
conpositions conprising a pharnmaceutical agent, nodul ator or conpound as
descri bedwpdentd4iised by the net hods of the present i nveRCIrars2018060695

phar maceut i cal conpositions may conprise 30 pharnaceutical agents as
descri bed hgﬂgln hat ¢ for_ ex | e, .nmodul.at e neurogenesis or neuronal
cel | functi ovigeipulaiyg, apdidpfeene r@?ﬁ“?'h’c’ﬁ YW and/ or proliferation, or may
be active WD 2011/041393PCT/US2010/ 050695 on or nodul at e neurons, and nay
be useful forhetdsRliiHed réle 2Pk1RE6E1 @hvitdiEndhe ANOHSN- wpélﬁéﬂmsqhaoﬂa@w al
progenitor cell or neural cell function and/or behavi or

prol i f eratlptorg negideeasenteandvare! abt.k Neuyosma%ﬂf)deﬂ(ﬁ%) i8861-8 18 %mmeéuu cal
agents 3 ribed herej an be t r maeeut | C

composit SRRt A Sl BRPe d 208 TR 5P R PR ATRR L 18P St as o
human 2e09erd Supp B iVRTT:ESuh QUL ImﬁmRe»adapDedBm 2009; ZShQSBHS)’aCUdEIﬁuﬁES the
admnistration, e.g., orally or parenterally, by intravenous,

i nt r amigwartaice of sppestmendt! sxiieeisasauSenosut é%thFﬂ?dillf?ﬁS/aSé‘%ﬁﬁ@PﬁltsQf one or nore
phar ma I [ I t hods of
Phe. pr do eyt be B e R L L i AT RN LA A

neur al moelegémi hethagiehls sggubatinguictimigbessul t ured cel |l |ines mnth one or nDre
candi dat e conpounds or nodul ators. The cells nay be contacted for various
peri ods of tTH¥Euse depiithabgition dobfts ko flotiglate ced®BLHBEsiAL inONPCY iR@hEENIS
popul ati on, and/or the evaluation technique. In a specific enbodinent, the

cellls rfey-9etieiesBunPivo lfeeamﬁvwép@esffb@fﬁcﬂm eéynterﬁ%rls mweé in piplifgiatiotange 15
froma t

concenB) ?;ﬁ |C3)Snsr1%Ir rrrgga@gg’t eslgphgm gﬁ)tg (ag gn %?‘ia%bd rom %é%ssegﬁ&% and

appl i c&tffeomelfumanhedownmeaemdpresmﬁmumd:tmhbgerte&sfhetdrest @.goeRM™Al el , at

sever al coqﬁe tratjons.  Furthernore, dlfferent a juvants

nec ar
and/ or Ri&E0r SCEHEMSHY- b@%&atgonwé|gsv%g}{*%tﬁ%g %fﬁ%y@ﬂ@ HEHERIPYIdES the cells
may be 18ddadareb R UL RS sd b RRSOPRImaGRtEANoEnt kR B5h AbdRAe MBI enRRGHT at i N,
Tat PDIT, peptldes from 20adenovi ruses (e.g., penton or fiber)  or other
V|ﬂﬁse§NP@¢mﬂﬁﬁ®nmact|ng can be perfornmed |n any approprlate support or
device, such as incubation chanbers for |ive Xenopus tadpole preparations.
Det er mi ni ng th; ' can.be.gerforned
accordi ng t o-Sevet h AN 2y : : S poi nts may be
nmeasured, in.order to ess the 25neuroact|V|ty of the conpounds, such as:
cel | nunber ,Phagmaceus ?gﬁﬁPQSS|on of antlgens transcription of specific
genes, and nnrphologlcal changes, , Size, neurite growh, etc. In
a specific dmigarGeaiital agens Wé%sba?étuﬁ‘?ﬂ hejeigy inghige é%ﬁﬂ?‘ﬂ‘g‘ﬁé"l@orrpounds may be

det er eﬂ%ﬁﬂn&%l&g‘i’éﬁ’%tlﬁ@%n&‘gjé‘u&%&%%a QSHIE)%%S £61d mAeRM\ %%&?ﬁé in the

absenc any “conpoun or tre reference conpo
Det28r m conmpguindse ohaiclgzands, iﬂ@hldmmc(fﬁtﬂor.?:ﬂsacdmrlﬁes pesobdyimaad alnd/syavtattivat i ng

di fferent physical neasurene or exanmpl e, optical perties
f1 uor esR?BH@ > ROty PERiS! MP ‘L%eun%ﬁ’ﬁS ridcliding gengse m?cﬂj?lF fgifl prgducts.

i NSt r unBRbRad®Bdcal \A\Q@Qéay RAASIRR g[{z WSeaLa/ er[@ﬁglﬁvely, more than one

pharamaceutical agent can be tested simultaneously for the ability to modulate neuroactivity

or expression of a gene involved in neurogenesis. Where a mixture of pharmaceutical agents
25  1istested, the pharmaceutical agents selected by the methods described can be separated (as

appropriate) and identified by suitable methods (e.g., chromatography, sequencing, PCR, etc..

Large combinatorial libraries of pharmaceutical agents (e.g., organic compounds,
recombinant or synthetic peptides, peptoids, nucleic acids) produced by combinatorial
chemical synthesis or other methods can be tested (see e.g., Zuckerman, R. N. et al., J. Med.

30  Chem., 37: 2678-2685 (1994) and references cited therein; see also, Ohlmeyer, M. H. J. et al.,
Proc. Nat. Acad. Sci. USA, 90:10922-10926 (1993) and DeWitt, S. H. er al., Proc. Natl.
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be used, including automated m croscopes fitted with |anps or |asers, etc.
O her techniques include |ight detection through a refrigerated CCD canera.
The si gnave 2nsas1398d nay be treated according to known PeThis2@uas)6eouisi ng
for instance software including pixel histogram cluster analysis and

nor phol pgy an I S. h resent jnvention also relates to the use of any
conmpourt Aot b E Tk DRER RAFEERrellERs P cSouBe Caa et oY ¥ lor
char actigki padnBys,b e 1 8 iHIRERer 0. DNE RF eS¢ Mar i NY Mg IB6asnd E&see@ml e (i)
targets for experinental research and/or (ii) manufacture of  pharmaceuti cal

conposiW.SoRa. Ne. ABUO%D) oths relechng peitiohs efadakcly of whichrasainicogpormted fraigibyal
di sorders. In ne emnmbodi nt.s, cell ifferentiation. es can be nodul at ed
by conkereril YRR SRR TR e sterted FR ot T3 0REy SEh BBt s
cel 5 dithseirRntifiedtioans MEaud pRaerchiital adedeh H3ychirathitostaphidgnahsmdyl at i ng
agent into the cells of interest byihﬁe'gféh el ectroporation, or any other

O @n

sui t ablrestiblenghejuisaklgrasias: madakinhy apeatisphdy labyanes Gaptabsothgdested | s. In

vy : i i i mb
5pr opti T AR it o s RE o U R EcEY b A BRI e AR BV ot e

di vi si anodmglag. nelirfvaofivier orasxpadiioR bt Sne driRop Rand¢sraeslvédial neaggehesisiyy decr ease
the nunber or praoportion of cells which divide in a proliferating node. In
ot her EBYErASHYIE the mrethads drscaidad hegin- agent may i ncrease the nunber or

proportion of cells which divide in a mxed node. Alternatively, the
phapmaceut i cgle dﬁg%s ﬁ?cyosggfléﬁ%@qntaﬁﬂ%w%m&rﬁ{g K iaRRIch G of co?@ﬂduﬁdé_’m' ch

divide in a mxe node. I n additional enbodimnents, the pharnmaceuti cal
agent rexhibiitntg esdetadnpoprrfyblers. onodplajmgriech pofgeniédr|csll wholderadowi de in a

differentjating node. Alternatively,..the phar eut.ical agent ma crease
The morBidradp Rt e SPEIGL Flee i Re R AR e SRER el Hoda.
Com_:)i nadvhRAG d?fchﬂﬁ@téﬁﬁé?ﬁﬂfc:t&@-hncﬁ_ﬁﬁﬂtﬁ&l Mm@k&a@tib@plﬂﬁﬁﬂaé&(ﬁ@aﬁa@eﬁ? hbeve a
desired effect on NPC proliferation and differentiation. 25The

phar macgamplteabuchgesthedsofllowmssqspaertrpt aptixiBnteisorin tamsioé seesifccityeeffisadh that it
modul at es a known ge rget. inplicated in the pegul.ation of NP
or oFi £ ava Petan AR HERRR, BRARREPrl et AP B0l calliong

(e.g., dcnipouidsdndrompatiifiNhe atitity offGRi¢h Beri GRivsd foucpeeht ahmsalfRatestiuldor. f or
exanple, inhibit or upregulate trans|ation of a target gene known to have a
regul atisrgxmple. 3 ehempeal spityi may b mesifisd gtrpgtedy dyhoRolegationwith additiegak he

30targ I o Mol i : r [ Gal nta the
var et eal (et ey Branp P L PRNEC TR, B G B TR R 67 PR sy
The pr epereclayeddiysthbesddladeah ldedst.f urt her conpri se contacting isolated cells
(e.g., neural progenitor cells) or suitable cultured cell lines with one or
nor.e candi date c ounds or npdul ators.. The be. cont act ed .f or

p Rghtly i #

. t%el | s ma
varPous per i6%8 PregRs RGO VA eBas B OMPSHEGRY FAFTERIINEhe
cel | pQBéHtﬁﬁ'rlg,rbha?daﬁyriangE hel @M@iﬂdﬁg heoi&RB '&bﬂl?@unc@?fb@ 6%&115/16, hb&ulgeld s are
exposed to candi date conpound(s) in the range froml nMto 1 mM It should
be or compounds that are active on or modulate neuronal cell function(s) and to identify and/or
characterize and/or improve compounds which may be active on or modulate neurons. Such
modulators or compounds may be useful for treating disorders of the nervous system
25  wherein neural progenitor cell or neural cell function and/or behavior (e.g., proliferation and
differentiaion) may be implicated. Thus, in certain embodiments, the present methods may
be employed to identify and/or characterize and/or improve compounds which able to

modulate differentiation of neural progenitor cells (NPCs) into neurons.

Neuroactive pharmaceutical agents, compounds or modulators as described herein
30  may also include any compound having the ability to alter (e.g., restore or correct) one or
several functions of a cell (specifically a neuron or neural progenitor). For example, the

compound of modulator may be capable of altering at least one metabolic pathway or
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under stood that other concentrations may be tested w thout deviating from
the instant application. Furthernore, each conpound nmay be tested, in
paral | el ,watoseMe9al concentrations. Furthernore, if neeesameyp/osichs er ent
adj uvants and/or vectors and/ or products 10hel pi ng the conpounds to

penetrate the cells. may be added, .including |ipospnes, cationi.c |ipids or
pol yner ?1°§1éﬁleqrffa{eth?5mp%w aﬁ‘@ﬂt(f‘%%r%ﬂ“gﬁ? &%@Hﬁw@{&ré_ aipgiejze angdlof on or
fiber) iRhrQkh8mpblidiSeSich SleGactive on ned?BhLANA PeAbchiRetN Rfhdbkiat mhe

candi dat e conpounds can be perfornmed according to several nethods. In

par t i cuiierentgitiohent @perabpiggpoioncelln@NPUse inte asuped Asian egpaple, & bicdegedly t he

15neuro- acti vit f .t.he. conpounds, such, as:. .cell nunber, survival

expr osar bt ttmadivf gt S i PRGLT Rprgint SER et oI Mol ogi cal
changesphefotgpe toSdnZRjurdtenbiukdrEordstaMeast pRktfally inhibitinEtef @l@bliyus dffeet of an _
neuro-activity of the candi date conpounds is determ ned by conparison wth
cont r olinfeupbAaturer| [n spspificambedinenty themetizg sempeunsfmabe sebigrsiinbitand/ or
treate i t ; n t I N ; - S.0f .1 neyr.ons can
e o a0 SLEESOEF, SRR PRLBRIN 000 LGBl KSRl DS: R

pr oper td stabdlicunitiesne ACes@die & Biol @ikl peopettngiphs/end dliideehcence et c.

Different instrunments may be used, including automated m croscopes fitted
with | anps | asers, .etc. Oth techni ques include |jght detection through
a refriger atid@meRIS Eetagets %@ﬁfﬁf@h%vym@ﬁ%@amvhﬁ& O E54BRfCaccor ding to

knawn tRGRALIGRFor MRIREWL5 GORL @Hzﬁﬁin?%h&l%g 8f R GkHAL AghcRbX @ hi st ogram
cluster analysis and 25nor phol ogy analysis. The 1 nvention al so

enconpassegetdss. uOtheo phamacadicplagedts (nory ideniy stRNAsonstercsofshRNdent i f i ed,

| ect ed, .. il terized by t di scl osed ds,, (i
el et SRS B BShE R Pl PR R TR R () oS
phar nﬁ%ﬁhit@@éll- F!gﬁ&ﬁﬁd' ﬁlﬁﬁipﬁl@fioﬁ B?ﬁb'teﬁlg eﬂﬁéﬂs@n@ M&RbdsHasebear &eve}%?éd\ sone
enbodi nents, cel | ff

erentiation nodes can be nodul ated by contacting the
cel | s \iP enrhanceprRINAtmedjatad &neckdpwnadn Keropusiodions ing plaseid cagpqtieapeent i at i on

rmggs Ca%gila)?e tOV\Q‘C%% ir]if/: B%l%%épgr{ (%#S nzlgr%‘ Oéh(l)é\(f)g gcgns%ggl %tc%g dl?ﬁ/ li,réhf{ upi ng a
nmodul ati'ng agent into cer's" of it erest by, . g Celeti foporati on, or

any ot hehstaistd alalmst GOthdindeged i spéthfiOkhiekdgwih bBEGID@kpratdictg(Gigant ¢i,nt o t he
cells. In certain_enbodi nents, the pharmaceutical agent naf i ncrease the
1

nunber fgpnsespti 208h 3op3kand sybsirperlydrsiediefor affecth po NPCapratiferyionp s
relativ 0 L vy S| . L ceutica
R e L R T R
prol i f ecaening (omidentiflyimgsthakdctayiziver orampodiim® rbspotiind thitararageaionaaly agent
ma increase,%he Eunber or. proportion of cg@%§. ich divide in a m xed
modd.  AREAHEPYGOf Peurppeneyifatuh Al Waylvaly §eAUUIWABE ROHEI QRBHY or

propor tajngri'hé)lfni%ﬁhé an\ﬁms%ﬁ% \5% lsivﬂtlﬁn g{%ra[ﬂl i‘e:jggot{’r&qféuﬁall @ir@lqngi tional .
enbodi nent's, the pharmaceutical agent may I ncrease the nunber or proportion
of cells which divide in a differentiating node. Alternatively, the

Methods and protocols as described herein may be employed for screening (or
identifying, characterizing or improving) compounds that are active on neuronal survival or
development, and which may specifically modulate the differentiation of NPCs into

25 neurons.

Pharmaceutical Compositions

In another aspect, the present invention provides pharmaceutical compositions
comprising a pharmaceutical agent, modulator or compound as described identified by the
methods of the present invention. Such pharmaceutical compositions may comprise

30  pharmaceutical agents as described herein that can, for example, modulate neurogenesis or

neuronal cell function(s), modulate NPC differentiation and/or proliferation, or may be active
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pharmaceuti cal agent may decrease the nunber or proportion of cells which
divide in a differentiating node. Conbinati ons of pharmaceutical agents may
al so be ewpl2oyedi139e achi eve a desired effect on NPC prolPCrarsatiooseand
differentiati on 15The phar maceuti cal agent nmay be selected such that it

nodul ates a k %}neta n’gefj cated in the re Iatlon of NPC

prolif &ty O PR e AR PFB ub F%ﬂ%g‘iwd%{s @Fr’?‘ﬁﬁvgﬂf?%géqmagent

(€. 9., whdihRBRhl pRgemidRN oﬁﬁ&nm c@ﬁyumoﬁ%@/t)f BHaOdr @ ¢ SBloBEdSEhbL 0, €. 9.,
i nhibit or upregul a ?e translation of a target gene knowh to have a

r egul atdifgrenidton; etc NP@gyr el infpéicateidlon and di fferentiati on. Contacting the
target cell(s) with or introduci ng such a 20phar rraceuti cal agent into the
target cell (ﬁ?arn%aac%uﬁc 120 ents as &esr}li)b ldhe%ellr? Qan e%rmuﬁ?e a acQut\llclaYO Assays
Anal ysi s of ‘genonic aaaf% oarray an /o er genom c
analsysi @nipagllﬁanmteisadmfﬁmsaeedxs eﬁ)r teﬁ)arﬁplb Oar mhmz;ahg@ Res stidhads d:lﬁﬂna’ne[gllﬁbﬁtt i
proliferation and differentiation of NPCs in the tadpole CNS. Antlsense

nor phold Yiéies ¢ffermncidaptedde she(qhroggn ropiesd gd@inigfrationpeg. D@vélv SpRuishterdly;

135(10); ) and
cach oy ARl O R O R s SRRy LB PO f%l%’l f
prol i f ghatmaeutisillygceapedilaexcipeas.sess BrdU i ncorporation in the CNS. For
GOT that increase or decrease cell proliferation, several in vivo assays
may be enplﬁ¥qﬂg test their function in controlllng neur ogenesi s in the
optic tecturr{NRaeFiASSAYS:| | science 1998, 281: 1863-1866; Ewald et al, J
30Neur osci 2008, 28(4): 850 61; Cantallopset al., Nat. Neurosci. 2000, 3.
4980503; JavphahétBbdsadf td presdNe UveRtior’RPBed ddn 18 S8 tact MR isAele8 tel@f (ead.,. , Curr
Opi n Neur obi ol 2004, 14( 3]§ 297-304; WD 2011/ 041393PCT/ US2010/ 050695 Van
Keur en-nFerss erpgenitericells) D vuitehle ofiusd cetidges eaihiony or 1@1&cadlidagycampaands

Sci ence 9 9 e P |.. 20 509-17).
Afirst rlﬁ%ﬁﬂﬁtgg T%%éé{/s%ﬁgn%eqontacg%ofﬁﬁ?’%%%% ogé |%ﬁln\%ﬁ '([a %penﬁm%nq‘% %I ing for

neur Onaiffeﬂﬁb&ﬁfeﬁtratﬂmeth%d,‘éHI’Ibbp@@ﬁorgfaandtHde&blﬁhﬂlcﬁgteal{rﬁqlldﬂ ain 4 fiecifiet hod i s
non-invasive and 5 can be used as a relatively hjigh-throughput screen of

the ef fesodinggnt by crlligpiubirnorediPsnadifnte semppunshs)e EIrexynple; indhetangs .
Conii ni fagp, Brally ﬂ{NfLa iy @R E[Qﬁ!nhﬁ%e%hhé}%o&m?a%ih%ﬁédn%ﬁm \ﬁ%h's'ﬁfak%@ of GOT

on neurogenesl s escan be exposed to a rearing so I on cont ai ni ng
BrdU. Thdtad w&hm«ﬂeahﬁngfremtthg/ 1ﬂsaalneh@hpamnn Ferth¢rmoee, eedH @napraindlnbayvie gr eat er
as, been shown t hah]é cces&JBof Br dU does

contr ol O%Eﬁ d]gex posure tine. E

not 10 '&HhgePyeks! %tHEVe&%l\FQPB%@H‘P%ﬁ PRhsTBLS- & MEGFSEYa

i ncor poaldr QBctHRGRAP rd?lﬁGﬂé'he]p'ihgr the 9%?&1&9 t%eqﬁﬂ@ﬂ@celﬁrﬂ%& BseXddasdyr es are
typically perforned at the sane tine of day for all animals to control for

pot ent |la¢ludmgd:lad$mnese¢dt1@otcshmdﬁ Cp‘rp@ﬂynﬂ@fs,alenctmtlnAiTatéPDBrm:utlé%[fmr e, aninmals

t fi d f d
B s s AR Rl TR BT OE L Al R b b e T R S b b AR At 1
anest h&g? FopdiateBuf &V\@V&Vﬁddﬁﬁh(agﬁwﬂﬁétd)rﬂihaﬁﬂbens fdr 1i¥d B nsemi &yt ochem
2001, 49(8): 949 956) and brains are processed for anti body abellng in

whol endUPRATBIONG br at ome sect i ons (Peunova et al., 8809-8818) with prinmary
anti bodi es (nouse anti-BrdU, BD Bioscience; rabbit anti NeuroD; Abcam and

Al exaf | uor - sgqonda tl?ré‘eﬁﬂoﬁfédéf‘%ﬁe £t cﬁ?eu%o%llcpe l‘ﬁﬁ@?ﬁ&%el ﬁf@\?ﬁ\ﬁn?cﬁ&c%fhi@%”pl ary

assay uses 1 n vivo apse I magl ng o
several methods. In particular, different end points may be measured, in order to assess the

25  neuroactivity of the compounds, such as: cell number, survival, expression of antigens,

transcription of specific genes, and morphological changes, e.g., size, neurite growth, etc.

In a specific embodiment, the neuroactivity of the candidate compounds may be
determined by comparison with control neuronal cell populations, in the absence of any
compound and/or treated with reference compounds. Determining the status of the neurons

30  can be performed by evaluating different physical measurements, for example, optical

properties, fluorescence at various wavelengths, luminescence etc. Different instruments may
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suitable reporters or markers, such as Sox2. nFGF4:: FP-1 abel ed NPCs. The
advant ages of tine-lapse in vivo i magi ng experinents are that | ongitudi nal
studi es awvbomidi4n®at observation of cell proliferation, Pcelus2d1atsocand
structural dynam cs underlying these events. How GOT

overex Ir ess on/k ockdown alters neurqgg @js in vivo is antk%ied, and

cel | iSPGANTUSIBE AW MAIG f?lﬁfoéC%FSSF IRRRS Bel2eftt &Fm fiques
Proli f%aﬁae/ﬁg}ﬁ%ueéumhy ra' Ieff fat&?@@bodﬁﬁlermls Qi BN Mcabirs@eharal n
preparations and in vivo bel ed sanpl es can be 1 maged using a spi nni ng

di sk cdnﬁ@dahaaﬂmadhkemwnnwhmmgd%oﬂngﬂnunﬁmsnapﬁwaqun@p@MgwwmmhmassnnI|nes
and dlchr nors.and ters. to resolve W to far red fluorophores.

Slgnals ?éaB Fﬁ?@ﬁngﬁﬂﬁﬁ%%ﬁg?{fVe hi gh signal to noise EMCCD 30canera.

| mages are acquired using appropriate inage acquisition software. In
doubl e- | abelT}@@@@rehnm&moni alRgeRte3te thrage bf &ty mtpint i@l deyivhtveslthertdtat e
bl eed-t hrough. Controls wth WO 2011/ 041393PCT/ US2010/ 050695 S|ngle
f1 uor o;}ﬁ@}tﬁleﬁaq@éqcrq@ggr()élﬂeéi A sheragtsriggishiy Be apgbadecighe presay invspaeryps, for

For in Y(la g}en(gﬁl e{sI eylp%gﬁl%flfam%zﬂ Oca(ﬁs( 1? Ghd Pk gpﬁlllaq‘ﬁla@élﬁcﬁ)ll aced in a

cust omT g anber ete con s at .tmz-step are
acqui r ednpekinignPme mxdu]atmeaﬂcf speti€icalbefdritregisn g Mrdlhgcill dumd:q:mo res. For fixed
ti ssue whol e nmounts and sections, 5conplete z-stacks (0.5 i.tmz-interval)

are acquire of the t ctal For anaIyS|s i me-| apse data,
"L Al ol | o g EaPBHSre C%F@?ﬁeﬁw%% hedBh o mrk B s SRR e
crifper i@nbas@d AeddIitecothiMASHRR &hb&hﬁiéﬁ{suée@l cﬁffeﬁehﬁat%' th8des thgpauNbers and
sequence of symetric, prol|ferat|ve divisions; asymmetric, neurogenic

d|V|S|on@mﬂM@¢hYnﬁMﬁSVnEEﬁmmhmﬂ@amégéWMQtﬁi@ﬂb@éﬁéﬂfﬁﬁﬂ'tge differentiation
state of u of th rlnent
e derdsToRabSionaly bEe W RERTS e pEinh i oo SRS PGB R okt

i denti fdeg@ti on of the fate of cells over the course of the imging
experiment, including the assessment of norphol ogi cal changes in dividing
and differentiating cells. Thus, in certain enbodinents the present nethods
are useful flBspesiicenbedimenis. tiha@hmay?lﬁgal FAF BEY YT APAGCOMNFHPOVI ng)

okt Ifsgaziﬁg@sgaﬁ oPARR R iRRGe Al shfersﬁl gnflsa% araaw[a% germgloﬁ%d%g r ogeni t or

into neurons 1n vo e particu in an intact brain. An
advantaghx@hﬁmﬂﬂnmmeﬁ&nﬂmnﬂmhod&ﬂmgaﬁhﬁ@r&ﬂ@h&ﬂhbhmdban&ywqmpﬁmyoﬁeﬂMal

cel | uIa s in vivo,. suc ose n the i ct visual, K systemof a
Xenopus ]1“&1?1% 1n APLolfigratige gno hiﬂ 8@ ?dﬁmé‘i“éﬁﬂ?@ gaciichl 455pUPAY i ons
al | ows &@&%dh&ﬁﬂrﬂﬁer%@grcrp%h@tﬂf%e%%ﬁﬁra@ﬂae ﬁﬂ‘aﬁllis@dbhmeogu&%a@efy Miety of a
conmpound or nodul ator. The NPCs and neurons 20enpl oyed may be of “vari ous

or i gi nspharrmrleumaﬂlgg%mldema@rthgnwnb@ a .propoode@neiscellh wineabsdivige imatressd

ian uch as Xepopus | aevi.s. The activity of
o oRar Bt as RS TR GG B b BB SEPER AR AR i Brense i descr | bed
her ei N phbpdii6e PRI wWhicHSEKRIe M RiffredRAAS nfddk aA@Eriaflvé1§ Uhe @R GRcSutickDr
exanpl e, since Xenopus tadpoles are anenable to in vivo tine-|lapse inmaging,
neur al A3eRgBHN dasreasetheqiumber or proportion of cells which divide in a differentiating mode.
Combinations of pharmaceutical agents may also be employed to achieve a desired effect on

NPC proliferation and differentiation.

25 The pharmaceutical agents of the present invention may be selected such that it
modulates a known gene target implicated in the regulation of NPC proliferation and
differentiation. Accordingly, a pharmaceutical agent (e.g., a morpholino, siRNA, etc.) may
be constructed or selected to, for example, inhibit or upregulate translation of a target gene
known to have a regulatory role in NPC proliferation and differentiation. Contacting the

30  target cell(s) with or introducing such a pharmaceutical agent into the target cell(s) can thus

effect modulation of NPC behavior.
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25and their progeny can be imaged in the intact animal. Accordingly, after
contacting NPC cells in vivo with a candi date pharmaceutical agent, the
rate of pwol2ofledaidson in a test animal popul ati on rel at iPCE/USE018/06@04 r Ol

ani mal popul ation may be neasured (e.g., visualized), and the activity of a
candi dat e rmdul ating determned by the relative rates of NPC proliferation
in animal st SgP’ contacted with a candi date pharnmaceutical agent
relative to a control 30popul ation. A pharnaceutical agent that nodifies
NPC prol i f erpiel Reseh@y 88clofeddneth8MRARGEScoMpride ebRA&HD)isd1ted DeIss ('e%entl fied as
a nodul at or of neur ogenem s and neural cell proliferation.

2011/ 04898 PORLUSEEEDY) B 06GH e culturedphldines ond aese mom@qaridedaéﬁ ¢pmppaunds espect
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neurogene5|s and gene screenin et NIy % emration of the
phasmacefst, e@iceagamn,, tHeeaan@upula&m ahd/ﬂame@lvslaatb@l teamhqneedGhﬁafrsuy, Iﬁ&r

exanpl e, an NPC cell population in an intact animl OCNS reg[| on optic
tectumce%?/re%éo%eﬁié‘h§4Ué1é43éf‘dcqf@%md(swl b &xeediser anpbie) | gdlilt shay l?f'esses a
f1 wor EERBLRURAE bihef FllcenElion XA RILAL ERROR deBahRERLALAC AL ™1 can be
|maedatt|rret8 aln after apreg rmned tine period
(e.g a@ﬂhcat%ﬁh]?ur%nhm;e edch. c))mpanmti Ay bb estedpmarhralel, ianteevadl s dur| ng the
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neq@on%lﬁ %{hetcﬁﬁlpBﬁ&Q% %Eﬁ@tﬁ?edthé LA rhPPBE A&Qdei%lﬁld%ﬁhlﬁo%rﬁéw Bltign@n be
deternmined by classifying the cells according to their norphol ogies.
Changedipiigs eanpopindregyneteatinbEatdHaF qepadésdean aderfovausds dng., pénthiPOstiberglogl i al
cells i n]Ea test population relative to a control population. D fferences
bet weer? tH&MEE gtci n the test animal popul ation and the control aninal
popul ation may indicate that the candidate agent is a nodulator of NPC
proliferati qoeteﬁ;ﬁhlmgahes_%aﬁld‘ dfahednatiafef¥mpoan8CEMese pifohlid &fcbaihgtoon CNS
cell proliferation can erfomed using an i nmagi ng assay to assess BrduU

i ncor poertploRethadsin Paﬂéwlér fief&wtégdw By bg Weasnegde ieprdet toRssest Hited Wi t h

nor ho S t y ﬁE ay y be
I ablgl e §) aecttxgtl)tggFe tgﬂ% hﬁ?f(g)\?(:h%ﬁ éebl or eerssggz‘ﬁ%%l é)?ésgl\égloﬁglllt Hg?hen be
pr ocessemnsdriptidatof epecBiclgdnesn and alcepioalogicartlan grageg, Hiye, aobiitegidvwiy, &cconpl et e

z series of 20 confocal images through the brain. Such imaging of

whol enount a rovi des an.excel |l ent. method to_quantify | evels of cell
proliferati (b)E[ﬁe%e GE@“*T%@CthFtéfsogﬁlEe WQ@P@&PF@W@S& ggtefr{}%pﬁgy illustrated

by the dogi aﬁ%ﬂ"\gltﬁ‘%‘nt{dl medloRg 2h pgﬁﬁlm%rﬁsm tEQ@bsfeHJ:e! QUYL RFBIR SRI/& €
understood to be exenplary only, and should not be construed as limting

the sc drfetedfwmlhefqrnlmrmrrmnuw dadtérmeninp yhet %@uapﬁibn dewond ednrte. petforiyed ual
St I2I6U| Sy S ual\l Pclef) e(r)enlt %E}r/s%all %%as%fgrglents optical properties, fluorescence at various
wavelengths, luminescence etc. Different instruments may be used, including automated
microscopes fitted with lamps or lasers, etc. Other techniques include light detection through
a refrigerated CCD camera. The signals measured may be treated according to known
techniques, using for instance software including pixel histogram, cluster analysis and

25  morphology analysis.

The invention also encompasses the use of any compound (or derivatives thereof)
identified, selected, profiled or characterized by the above disclosed methods, (1) as targets
for experimental research or (ii) for the manufacture of pharmaceutical compositions for

treating neurological disorders.

30 In some embodiments, cell differentiation modes can be modulated by contacting the

cells with a modulating agent. In other embodiments, cell differentiation modes can be
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Neural progenitor cell (NPC) proliferation and differentiation were assayed
in the 30visual system of the intact Xenopus tadpole central nervous
system TWO0exp@eImBnental system WO 2011/ 041393PCT/ US20L0/u3201605068% | ows
mani pul ati on of neural activity by exposing animals to visual system
stinmulation or depriving aniyals of visual systemstinulation. The results
show t Hﬁ?‘?‘#%‘_ﬁ 2 Oéfl?lagam e reni iR ]§°§Hﬁ?r8§$§de'gn animals
depri vegqo@b aﬂaﬁmloraﬁtm@gdi@m&&m R0t RtrB8BdTRY the nFRIuBMing RISt iGORKU ti ons
of 12h Ilgh?/ 12h dark. Aninmals which are deprived of visual “stinulation
for 524kllf.ol | owed by a 24h period of visual stinulation show an increased
rate of proliferation during the first 24h in the absence of visual

experi ence, ifol aned Bl ] SIERLL 10N FLod NG B ALLLY, Of fiou gener at ed
cells (FIG 8). These aata s oﬁhtaﬁa mani p%ff at'] P(g neur al. activi y control
bot 5 preebpdresms @ils alich dinidedh b beslgatiiad mobe rad@ble@astdr dRivi@l magés. Mht y

i ncreases proliferation and increased neural activity triggers the

di  f er etbarambofingmip tsgRharmeseytica pgent oreificsirase e rRBAST or proporipcef (e
transt gGliefl i, fl thaga%hfl%ﬁﬁﬂg‘d?odte?%P&h?ém&oeflﬁmmgﬁ‘@ftﬁé g@dﬂd%ﬁ%&l nPr otein
(FP). -expressing cells rn intact aninmals were 1'mag usi ng corntocal

m cr os aopyincikhicathe nombeny propraom ofadedls wehich dibign iph aded inodd. | ghdrnitivght,
chanmber_ so they recei ved no visual 15stinul ati on over the next . 24h.

FP- expriBSBRAEacicd! AREReminaeraehSa disi I O W@P%@ﬂ&?&@%@@%ﬁ%{ d"i’n a
chagbern ube nRdk NBY ad @GSy bdiskAls, Sk bRMhALRR ] MenMly ifdMBIS niR{er | Maged
for athird time. The change in cell numbers over each” 24h interval and the
i dent i toy podpottien afalells waschrddidain gtifer¢nip@sy mode.nAltemagvalpsheet er m ned

according to their rphol ogi es, Data are expressed.as.the.change in cell
unber BEMSAH G aedE M er A o R Bper P Tho el S e bhal

nor phol di’_ﬁbl@ﬁt-iatﬁ%srﬂédé Combinatldhs bh ﬁhe&ﬁﬁ@éiﬁi@aloigeﬂt!s M al XREIBBERL toCel |
nunbers increase +19.9 5.8% over a 24 hour period (N= 12 tecta anal yzed).

Af ter expiese agetired ehfisttan NPEprelHeratips aed diferantiptien.f or 24 hours, we find a
significant 6.3 5.4%drop in cell nunbers (WIcoxon singed-rank test, p =

25Q<01). Thi i ve. i ndi gat the .cel t

or o e at v dyaniBucRaden IR HRLER LI T A by 8 Sk Fh aph e

cel | s iimpticite@in thy regupitionot &PC pratifersioaxqnd elsffaenttution. diccordihgdy.al i f erati on.

A separate set of aninals that were not ex%osed to the visual experience
r

showed RYGTBICGHIA B (@1 ¢ BIogRRAE0T HRNRe Clsr)dnd R CAIP BHF PGP elstofden the two
24 hour, é).?i_'hhﬂ)ﬁ%r(u egﬁla&@ﬁ&rﬁla@i@ﬁloygx@géet efle Pndbin o3BG dl\@éra/aro%tiﬁm rate

neurogenesi s i n the brains of ani nal Ich were not expose
proliferation and differentiation. Contacting the target cell(s) with or introducing such a

20  pharmaceutical agent into the target cell(s) can thus effect modulation of NPC behavior.
In vivo Assays

Analysis of genomic data generated by microarray and/or other genomic analysis
techniques may be used to prioritize genes that can regulate proliferation and differentiation
of NPCs in the tadpole CNS. Antisense morpholino oligonucleotides (MOs) (Eisen et al.,

25  Development 2008, 135(10): 1735-43) can thus be generated against genes of interest (GOI)
and each GOI screened by morpholino-mediated knockdown for an effect of cell proliferation
using imaging to assess BrdU incorporation in the CNS. For GOI that increase or decrease
cell proliferation, several in vivo assays may be employed to test their function in controlling
neurogenesis in the optic tectum (Nedivi et al, Science 1998, 281: 1863-1866; Ewald et al, J

30  Neurosci 2008, 28(4): 850-61; Cantallopset al., Nat. Neurosci. 2000, 3: 498-503; Javaherian
et al., Neuron, 2009 (in press); Van Aelst et al., Curr Opin Neurobiol 2004, 14(3): 297-304;
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to the visual stimulus. In the absence of visual stinulation, the rate of
new neurons increased 32.9 11.3%over the first 24 hour interval which was
not si gniwocanto4izsem the 30.1 9.4 % WO 2011/ 041393PCTPUSABLOH055695

i ncrease neasured over the second 24 hour interval (N =7 tecta, WIcoxon

signed rank tes = .73), ln cantr 4 n esis rate o i mal s
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9.4% during the second 24 hour interval (N= 12 tecta, p = .05). 5In the

absence of the 24 hour visual experience, the rate that cells |lose their
glial appearfhics fsmmr}’aasiab’. comtgnep Budiripgordenating withempunstabeingiour peri od
?‘nd a 4nAéu9 nallr%a f{%sd L& §z§qtg l‘fl:frs LR %r#trlf'?ableﬁr? { arlze%haq. ue}r,'m}ztto Esvnabln—iglesiV?e z'{n cta, p
= 0.18). & a6t hat CelEF Pom The ani ndl s W ours of “visua

depssi vadah ®8 ube dsawerhtibyly 2deduidu BEPOS LR of theWedRlof SOIMHoakd®h brose their
glial appearance significantly increases after exposure to the visual

10st i mAvgExprersian on celbprofsgatiar Srambinedydl andpepmppldabelimenlipward, p =
.04). T - r | St | [ .epce

i of upt A8 SARBRoh SP IS HeB ORI ARl v L RRL REPRANERCC,

pr ecur sofwiodicbfiteinény Balle Thit merteddredfisiently labels groliférdtiveadellngndgiéows Wt h and

Wt hout Vi sual erience and NPC Proliferation  15Back u and Met hods
NPC detSet TGS rbﬁ%@ﬁﬂ%@éﬁfest%ofé%aa{ﬁﬁéiagn gt acceey ?flgv&gd%ﬂﬁ@ef fic,
flyer e%@ﬁge cfx%PQ%d%’{rgllﬁﬁl%Eﬁﬁi ﬁéilﬁ‘ahs %Bﬁé&%n@ 1Rt 8vdU %Bf;ﬁ)?a?tidﬁrﬂdegln&' o6 iRY

cells (see F e reporter consisted of 6 repeats of upstream
r egul atresppned orfeNAglagfagé.i BrdbEgstsuigs onst thpicalty parfotmed @Ry sarke dogercday

20sox2/,0ct.3 t.ranscripti.on factors. bind to the FGE4 reqgul.ato | enents and
ari ve. tREAEHRELSP s esadteril S Rt AR T ASET PHYY eccont
protel %xpgﬁé,anﬁmi?a@@ﬂh@@ﬁ;&d iﬁlhfédﬁa@élgl, &&9&;@&&&@-3 Ba;@rﬂékdré Eilk fol Jhe cells,
and relying on endogenous sox2/oct3 transcription factors to drive Gal4d

pr onot dogspErg pigialsfopPrelé pamuaelakslingessi on within proliferating cells. The
UAST | uorescent protein was expressed as a separate construct; this reporter

addgd modul %&ﬁih%é})saa’}éjth%ﬁ%%%%Jeﬂgcd'rn%:é&hét&e&,%fcr&&&%rfiéﬁ (%Lﬁ)tgﬁﬂét gregtal cells

expressi ng the above-descri uorescent reporter arvéested from

t adpol ddiswichdim \@nydhag. 061U 4D (8exPrI TN ard bsinsald p@sededforhadipalydsbdinat had
expressed the construct for different amounts of tinme., RNA fromthese cells
was t hdh YHobEeabar YRS FEHPRSY CRIMI£F ﬂ@&@%&aé} Wit eHPaFY dHibgeises of

I nt er eghos®d SfE-BAIT, BD BILRAE:: 3 ValiSNAIED SAbSHTIRY A&drnhdl sLadhldgryl Pel ow.

antibodies (Molecular Probes)).

20 A second exemplary assay uses in vivo time-lapse imaging of cells labeled with
suitable reporters or markers, such as Sox2.mFGF4::FP-labeled NPCs. The advantages of
time-lapse in vivo imaging experiments are that longitudinal studies allow direct observation
of cell proliferation, cell fate and structural dynamics underlying these events. How GOI
overexpression/knockdown alters neurogenesis in vivo is quantified, and cell division rates

25  and fate of progeny can be determined.

Proliferative cells in ventricular sections, whole mount fixed brain preparations and in
vivo FP-labeled samples can be imaged using a spinning disk confocal attachment mounted
on a microscope equipped with laser lines and dichroic mirrors and filters to resolve UV to
far red fluorophores. Signals are captured on a sensitive, high signal to noise EMCCD

30  camera. Images are acquired using appropriate image acquisition software. In double-label

experiments, images are acquired sequentially to eliminate bleed-through. Controls with
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WO 2011/ 041393PCT/ US2010/ 050695 Accessi on No. Actual nanme Description NM
001092639.1 M3C82106 A putative isoformof Elk4. ELK4, ETS-domain protein
(SRF acceseany/@idsein 1) (elkd4-b) Ilcil_cl Polysonal prCharsecihasses 1

' -"111-237-LI: Polysomal ribonuclease 1 .acjEaLl cAMP-dependent protein

Kin ' nj I
| hase s?r?g ea h%ll(grloghosrg ?a%eiirtlgsaarg Qg'ne to ensure absence of bleed-through.

For in vivo image time-lapse imaging, anesthetized tadpoles are placed in a custom
imaging chamber. Complete confocal stacks at 1 wm z-step are acquired using proper
laser/filter settings for the fluorophores. For fixed tissue whole mounts and sections,

S complete z-stacks (0.5 um z-interval) are acquired of the tectal lobes.

For analysis of time-lapse data, radial glia and neurons are distinguished according to
morphological criteria based on the 3 dimensional structure of the cells. The numbers and
sequence of symmetric, proliferative divisions; asymmetric, neurogenic divisions; terminal
symmetric neurogenic divisions, and the differentiation state of each cell in the lineage over

10 the timecourse of the experiment are determined. Time-lapse imaging of the individual NPCs
allows identification of the fate of cells over the course of the imaging experiment, including

the assessment of morphological changes in dividing and differentiating cells.

Thus, in certain embodiments the present methods are useful for screening (or
identifying, characterizing or improving) pharmaceutical agents that alter the differentiation
15 of neural progenitor cells (NPCs) into neurons in vivo, more particularly in an intact brain.
An advantage of the present methods is that such methods may employ neural cell
populations in vivo, such as those in the intact visual system of a Xenopus tadpole.
Accordingly, the use of in vivo neural cell populations allows a predictive and reliable
assessment of the biological activity of a compound or modulator. The NPCs and neurons
20  employed may be of various origins, including mammalian origin (e.g., rodents, humans,

primates, etc...) as well as amphibians such as Xenopus laevis.

The activity of a pharmaceutical agent in vivo can be determined, for example, as
described herein with respect to screening of genes related to neurogenesis. For example,
since Xenopus tadpoles are amenable to in vivo time-lapse imaging, neural progenitor cells

25  and their progeny can be imaged in the intact animal. Accordingly, after contacting NPC
cells in vivo with a candidate pharmaceutical agent, the rate of proliferation in a test animal
population relative to a control animal population may be measured (e.g., visualized), and the
activity of a candidate modulating determined by the relative rates of NPC proliferation in
animals treated or contacted with a candidate pharmaceutical agent relative to a control

30  population. A pharmaceutical agent that modifies NPC proliferation rates (e.g., enhances or

decreases) is thus identified as a modulator of neurogenesis and neural cell proliferation.
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Cyt opl asm ¢ pol yadenyl ati on RNA-bi nding protein that stinulates el enent

bi ndi ng protein 1 polyadenylation and translation in germcells and neurons
Candi dat ewpl2astti4¢398y gene 15 Involved in cell survival &od/tussomwaesehat ed by
activity. BCl06400.1 Dei odinase, iodothyronine, type Renpves iodine from
})Biog%lz\?/e 1fé)ol‘nrgl}%&|ﬁ% :siﬁ%fn'btgg éﬁgrg{ng\ﬁ O}I;egg% to( JzBJitrg %eltlpoadcs: tf(l)rvsac'}e%n{ntg ‘of M

pharmaceutical agents as modulators of neurogenesis and gene screening methods in vivo
(e.g., concentration of the pharmaceutical agent, readout, etc.) may also be employed here.
For example, an NPC cell population in an intact animal CNS region (e.g., optic tectum) may
5 be transfected (e.g., by electroporation) so its expresses a fluorescent protein (FP). FP-

expressing cells in the intact animal can be imaged at time t=0, then imaged again after a
predetermined time period (e.g., 24h, 48h, 96 hr, etc.), and may be imaged at intervals during
the predetermined time period (e.g., at 12 hr, 24 hr, 36 hr, etc.). The change in relative type
and number of cells (e.g., NPCs and differentiated neurons) over the predetermined time

10 period each 24h interval can be determined by classifying the cells according to their
morphologies. Changes in morphology may be characterized as fractions of NPCs and glial
cells in a test population relative to a control population. Differences between the cells in the
test animal population and the control animal population may indicate that the candidate

agent is a modulator of NPC proliferation.

15 In a specific embodiment, a screen of GOI effects on CNS cell proliferation can be
perfomed using an imaging assay to assess BrdU incorporation in X. laevis tadpoles whose
brains were electroporated with morpholinos to GOIs. One to two days later, proliferative
cells may be labeled by exposure to BrdU for 2hr before sacrifice. Brains can then be
processed to detect BrdU in wholemount and imaged by collecting a complete z series of

20  confocal images through the brain. Such imaging of wholemount brains provides an excellent

method to quantify levels of cell proliferation.

EXAMPLES

The present disclosure will be further illustrated by the following non-limiting
25  Examples. The following Examples are understood to be exemplary only, and should not be

construed as limiting the scope of the invention as defined by the appended claims.

1. Visual Stimulus and NPC Proliferation

Overview

Neural progenitor cell (NPC) proliferation and differentiation were assayed in the

30  visual system of the intact Xenopus tadpole central nervous system. This experimental system
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ment al Jegtidhdahings HNAsRi Bkdig s@iBfaBbR MRAS&I1k QRSw that the rate of proliferation
of NPCs is increased in animals deprived of visual stimulation compared to animals reared
under conditions of 12h light/ 12h dark. Animals which are deprived of visual stimulation for

S 24h followed by a 24h period of visual stimulation show an increased rate of proliferation

during the first 24h in the absence of visual experience, followed by differentiation of the
majority of new generated cells (FIG. 6). These data show that manipulating neural activity
control both proliferation rate and differentiation: decreased neural activity increases
proliferation and increased neural activity triggers the differentiation of progenitors into

10  neurons.
Methods

NPCs were transfected in intact Xenopus tadpoles so they express fluorescent protein

(FP). FP-expressing cells in intact animals were imaged using confocal microscopy. After
imaging the animals were then placed in light-tight chamber so they received no visual

15  stimulation over the next 24h. FP-expressing cells were imaged again and the animals were
placed in a chamber where they received visual stimulation for 24h. Animals were imaged for
a third time. The change in cell numbers over each 24h interval and the identity of the cells as
radial glia (NPCs) or neurons was determined according to their morphologies. Data are
expressed as the change in cell number per 24h and as the fraction of cells with NPC or

20  neuronal morphologies.
Results

In the absence of visual experience, cell numbers increase +19.9 = 5.8% over a 24
hour period (N= 12 tecta analyzed). After exposing the animals to the visual stimulus for 24
hours, we find a significant 6.3 = 5.4% drop in cell numbers (Wilcoxon singed-rank test, p =
25  0.01). This negative rate indicates that the cells have left the proliferative cycle because the
fluorescence marker used to detect the cells is driven by a promoter that is expressed only
during proliferation. A separate set of animals that were not exposed to the visual experience
showed no significant differences in the proliferation rate between the two 24 hour periods

(N=17 tecta analyzed, p = 0.4).

30 There was a steady rate neurogenesis in the brains of animals which were not exposed
to the visual stimulus. In the absence of visual stimulation, the rate of new neurons increased

32.9 + 11.3% over the first 24 hour interval which was not significant from the 30.1 £ 9.4 %
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during the last 24 hour interval fell significantly from 79.4 £ 22.9% in the first 24 hour

interval to 18.0 £ 9.4% during the second 24 hour interval (N= 12 tecta, p = .05).

5 In the absence of the 24 hour visual experience, the rate that cells lose their glial
appearance shows a 17.1 = 9.7 % drop during the first 24 hour period and a 44.9 + 10.6%
decrease during the last 24 hour interval (N= 7 tecta, p = 0.18). The rate that cells from the
animals with 24 hours of visual deprivation followed by 24 hour exposure to visual
stimulation lose their glial appearance significantly increases after exposure to the visual

10 stimulus (17.1 = 9.7% loss before and 56.0 + 10.0% loss afterward, p = .04).

Together these results are consistent with visual experience disrupting cell

proliferation and increasing the rate with which glial precursors differentiate into neurons.

2. Modulating Agents With and Without Visual Experience and NPC

Proliferation
15 Background and Methods
NPC detection

These experiments took advantage of a cell-type specific, fluorescent reporter system
that drives protein expression in dividing cells (see FIG. 3). The reporter consisted of 6
repeats of upstream regulatory elements of fibroblast growth factor 4 (FGF4). Endogenous
20  sox2/oct3 transcription factors bind to the FGF4 regulatory elements and drive the expression
of Gal4 which in turn drives the UAS-fluorescent protein. FGF4, sox2 and oct3, are each
expressed in proliferating cells, and relying on endogenous sox2/oct3 transcription factors to
drive Gal4 promoted specificity of reporter expression within proliferating cells. The UAS-
fluorescent protein was expressed as a separate construct; this reporter added modularity and

25  specificity to this reporter system.

Tectal cells expressing the above-described fluorescent reporter were harvested from
tadpoles with varying visual experience as well as from tadpoles that had expressed the
construct for different amounts of time. RNA from these cells was then processed and
microarray comparisons made. Identified genes of interest selected for further analysis are

30 summarized in Table 1 below:
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BC106400.1

N 0010858541

NM_C01087017.1

NI 001086503.1

ELK4, ETS-domain protein (SRF
accessory protein 1) (elk4-b)
Polysomal ribonuclease 1
Polysomal ribonuclease 1
cAMP-dependent protein
kinase catalytic subunit alpha
Cytoplasmic polyadenylation
element binding protein 1

Candidate plasticity gene 15

Deiodinase, iodothyronine, type
I

Xenopus laevis ephrin-a3
{efna3} {ligand)

ELK4, ETS-domain protein (SRF
accessory protein 1) (elk4-a)
(sapl)

Ephrin-B1
EPH receptor BL

Fragile X mental retardation
protein 1

Fragile X mental retardation,
autosomal homologue gene
Glutathione S-transferase pi 1

Histone deacetylase 6

Heat shock protein
(glucose-regulated protein 78
(GRP78)

Matrix metalloproteinase 9

Wingless-type MMTV
integration site family, member
7B

integration site famly, nmenber nenbers of the frizzled famly of 7B seven
t r ansmeAbrane—+ Bt-ors WO-2011/044303PCH-US2010/ 050695 Table 1 - CGenes
esslio fl An-al \J’S' S Descrlptlon
N MG(C82106 A putative isoform of Elk4.

RNA-binding protein that stimulates
polyadenylation and translation in
germ cells and neurons

Involved in cell survival and is
regulated by activity.

Removes iodine from the active form
of thyroid hormone (T3) to inactivate
it.

A transcription factor and member of
the ternary complex factors. Regulated
by extracellular regulated kinases as
part of the MAPK pathway of growth
factor signaling.

A type | membrane protein and a
ligand of Eph-related receptor tyrosine
kinases.

RNA binding protein whose loss
results in Fragile X mental retardation
Known to interact with fmrl1A

Part of the family of proteins that
catalyze the conjugation of
hydrophobic and electrophilic
compounds with reduced glutathione.
Responsible for the deacetylation of
histones and epigenetic changes in
chromosomes.

Member of the heat-shock protein-70
(HSP70) family regulated by glucose
levels.

A TypelV collagenase involved in the
breakdown of extracellular matrix.
The Wnt genes are ligands that bind
members of the frizzled family of
seven transmembrane receptors.
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0.2 Hz. This visual stimulus has been shown to enhance the synaptic drive
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20%) SAIABPCCH LSTEI0R0Ren el b (ol S S FOR nele:
first daxniecen®hesereré Bo-pletlr6sdratdddlithSintiRin¥@ moysHol@as oligonucleotides
designed to inhibit the translation of the candidate genes (Eisen et al., Development 2008,
135: 1735-1743). The morpholinos were electroporated at 0.1mM and visualized by a
lissamine fluorescent tag. To prevent conversion of Kaede from UV wavelength from
25  ambient light, the animals were kept in the dark. 24-36 hours later, the tadpoles were
anesthetized and a complete z-stack through the optic tectum of each animal was collected on
each day for 3 consecutive days. After the first imaging of the tectum, all animals were
returned to the dark for the 24 hour period until the second imaging. At that time, some
animals were exposed to an enhanced visual environment which consisted of a chamber with
30  anarray of LED lights (emitting at 567 nm, beyond the wavelength for converting the Kaede
protein) which flashed for 1 sec. at 0.2 Hz. This visual stimulus has been shown to enhance

the synaptic drive onto the tectal neurons and results in significant changes in synaptic
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- Prolitfération Reporter
were then experimenter verified and the cell type (glia, neuron, or undefined) was assigned
10 based on cell morphology. From each tectal lobe typically between 15 and 45 cells were
transfected. Percent proliferation was calculated as the change in cell numbers per 24 hour

period. These measurements are reported as mean =+ s.e.m.

The analysis of proliferation in control animals, animals with cell proliferation
blockers, and animals which received the 24 hour enhanced visual stimulation are reported.
15  Results of experiments in which 2 candidates identified from the microarrays (Dio3 and
GstPi) were knocked down with antisense morpholinos are also reported. In addition, results
from experiments to determine visual experience affects proliferation in the presence of Dio3
morpholino knockdown are reported. The experimental conditions employed are

summarized in Table 2 below:

Visual N
Morpholino  Description stimulus (tectal lobes)
- Proliferation Reporter + DMSO No 8
- Proliferation Reporter + aphidicolin and hydroxyurea No 10
- Proliferation Reporter only No 12
- Proliferation Reporter only Yes 12
Dio3 Deiodinase, iodothyrine, type II1 No 5
Dio3 Deiodinase, iodothyrine, type II1 Yes 4
Gst Pi Glutathione S-transferase Pi No 6
HDAC6 Histone deacetylase 6 No -
Wnt7b Wingless-type MMTV (murine mammary tumor virus) No -

integration site family, 7b

HSPAS Heat shock protein 70 No -
MMP9 Matrix metalloproteinase, a type IV collagenase No -
FXR1 Fragile X mental retardation, autosomal homologue No -
Frrl A Fragile X mental retardation protein 1 No -

20
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- Proliferation Reporter + aphidicolin and hydroxyurea No 10 -
Proliferation Reporter only No 12 - Proliferation Reporter only Yes 12 Di 03
Dei odi naswp 200datdvgri ne, type Il No 5 Di 03 Dei odi nase, PCodsképos0ees type
[1l Yes 4 Gst Pi

Table 2 — Morpholino Knockdown Experiment Conditions
Results and Discussion

Expression of the Sox2 reporter construct demonstrated that radial glia are the major
5 neural progenitor cell in the Xenopus optic tectum (FIG. 4). Neurons did not continue to
express green Kaede after differentiation since differentiated cells no longer produce
sox2/oct3 to drive the gal4-UAS-Kaede consturct. The majority of NPC divisions were

found to be terminal divisions.

Cell division blockers

10 Aphidicolin (150uM ) and hydroxyurea (20mM in 2% DMSO) were applied to cells
to block cell divisions, and the proliferation rates of those cells compared with control
animals receiving only DMSO. This treatment disrupts proliferation in Xenopus (Harris et
al., Neuron 1991, 6: 499-515). In control animals exposed to DMSO only, an average
increase of 16.4 £ 4.2% in cell number over 24 hours (N = § tectal lobes) was observed.

15 Aphidicolin and hydroxyurea blocked cell proliferation (increase in cell numbers: 0.41 +

6.28% (N= 10, p=0.1, Mann-Whitney; see FIG. 5).

Visual experience-dependent control of NPC fate

In the absence of visual experience, cell numbers increased 19.9 + 5.8% over a 24

hour period (N= 12 tectal lobes). After exposing the animals to the visual stimulus for 24

20 hours a significant 6.3 + 5.4% decrease in cell numbers was found (p = 0.01). This negative
rate shows that the cells may have left the proliferative cycle and are no longer detectable due
to dilution of the red Kaede reporter in the increasingly growing dendritic arbor. The Kaede
reporter is expressed only during proliferation and accordingly, terminally differentiated cells
will exhibit only that reporter produced while in proliferative mode. Control animals which

25  did not receive the 24 hour period of visual stimulation showed no significant differences in
the proliferation rate between the two 24 hour periods (10.3 +7.2% and -0.6 + 3.5%; N=12
tectal lobes analyzed, p = 0.23; FIG. 6A).

To test whether exposure to visual experience affects the fate of cells in the tectum,
the fraction of neurons in the labeled population after 24 h with or without visual stimulation

30  was compared. The proportion of cells with neuronal morphology was greater in animals that
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were exposed to visual stimulus as compared to control animals (75.7 + 4.1% versus 60.1 +
4.8%, p = 0.02, Mann-Whitney; FIG. 6B), showing that visual experience promotes
differentiation of NPC progeny.

Dio3-morpholino expression and neurogenesis

5 Deiodinase iodothyronine type III is the enzyme in the thyroid hormone pathway
which removes iodine from the active form of thyroid hormone (T3), effectively inactivating
it. A microarray analysis suggested that Dio3 expression was increased in active progenitor
cells. T3 levels in X. laevis are low before metamorphic stages, but the presence of T3
receptors has been detected in NPCs, suggesting that relative changes in T3 levels may affect

10 proliferation. Increased proliferation correlates with increased thyroid hormone and receptor
activation in X. laevis tadpoles at metamorphic stages (Denver et al., Dev Biol 2009, 326:
155-168). Therefore, a knockdown of Dio3 with morpholino expression should increase T3

levels and accordingly increase proliferation.

Animals transfected with morpholinos against Dio3 (Dio3-MO) exhibited increased
15 cell numbers: 11.4 = 17.3% in the first 24 hour period and 33.9 + 22.2% over the second 24h
period (N=4, FIG. 7). In contrast, control animals show the largest increase in proliferation
the first 24 hour period, then little proliferation over the subsequent 24 hour period. Unusual
clusters of cells that appear to be clones were found within the tecta of animals transfected
with Di0o3-MO, consistent with unusual patterns of proliferation without the normal time for

20  migration.

Some animals expressing Dio3-MO were also exposed to visual stimulus during the
second 24h period (FIG. 7). Visual experience was found to decrease rates of proliferation in
animals transfected with Dio3-MO (N=5), however this difference was not considered

significant due to the large variation in proliferation rates.

25 Knockdown of GSTpi promotes neuronal differentiation

Glutathione S-transferase Pi 1 (GSTP1) is a member of the Glutathione S-transferase
family of proteins, which plays an important role in detoxification by catalyzing the
conjugation of many hydrophobic and electrophilic compounds with reduced glutathione.
GST-Pi 1 is thought to play a role in the susceptibility to cancers. GST-Pi 1 was observed to

30  be up-regulated in neural precursor cells and therefore a GST-Pi knockdown is predicted to

decrease proliferation rates.
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maximum as the number of neurons was not observed to increase in the test animals over the
third period (86.8 +1.0%), and is significantly larger than the proportion of neurons within

10 the control animals (60.1 + 16.6%; p = 0.004).

An increase in the total proportion of neurons shows that the neural precursor
population decreases with GSTpi-MO expression. The proportion of radial glia decreases
over the 3 day period in animals expressing GSTpi-MO, as well as control animals (FIG. 8).
Comparing the proportion of cells from brains expressing GSTpi-MO to the control animals
15  showed that by day 1 there were significantly fewer glia (13.3 +4.6% and 41.5 +4.8%; p =
0.005) and these differences continued over the next two days (8.4 +2.0% and 17.4 + 3.5%, p
=0.02;4.8+1.6% and 13.3 +4.6%, p=10.02). A small proportion of cells could not be

categorized into radial glia or neurons.

Fragile X related genes

20 FmrlA. Fragile X mental retardation protein 1 is an mRNA binding protein that is
thought to regulate mRNA trafficking from the nucleus to the cytoplasm and local protein
translation within neurons. Microarray data suggested that expression of FMR1 and a protein
similar to 82-kD FMRP Interacting Protein, proliferation-inducing gene 1 (AKA nuclear
fragile X mental retardation protein interaction protein) were lower in NPCs compared to

25  differentiated neurons. The potential role of FMRP and related proteins in neuronal
proliferation is not entirely clear. One study showed that FMRI increases NPC proliferation
and alters differentiation (Castren et al., Proc Natl Acad Sci USA 2008, 102: 17834-17839),
while another showed that FMR1 only alters NPC differentiation (Bhattacharyya ef al., Stem
Cells Dev 2008 17: 107-117). The possible discrepancy between these studies may be due to

30  the fact that each of the studies uses a different source of in vitro cells. An in vivo study may

clarify the role of FMR1 and related genes in proliferation of NPCs.
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increase in proliferation the first 24 hour period, then little
proliferation over the subsequent 24 hour period. Unusual clusters of cells
t hat appear to be clones were found within the tecta of animals transfected
with D 0o3-MD, consistent with unusual patterns of proliferation w thout the
normal tinme for 20m gration. Some ani mal s expressing Di 03- MO were
al so exposed to visual stinmulus during the second 24h period (FIG 7).
Vi sual experience was found to decrease rates of proliferation in animals
transfected with D 0o3-MO (N=5), however this difference was not consi dered
significant due to the large variation in proliferation rates. 25Knockdown
of GSTpi pronotes neuronal differentiation d ut at hi one S-transferase
Pi 1 (GSTP1) is a nenber of the GQutathione S-transferase famly of
proteins, which plays an inportant role in detoxification by catalyzing the
conj ugati on of many hydrophobic and el ectrophilic conmpounds with reduced
glutathione. GST-Pi 1 is thought to play a role in the susceptibility to
cancers. GST-Pi 1 was observed to
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30 be up-regulated in neural precursor cells and therefore a GST-Pi
knockdown is predicted to decrease proliferation rates. WO

2011/ 0413908RaT/i48P»310/ 050695 A striking result was obser¢edseonoobesot ect a of
t adpol es expressi ng norphol i nos agai nst GSTpi. The nunber of neurons even
by the first day was significantly greater than that observed in control
ani mal swhktlitclaghed & significantly | arger popul ation of tectal cells (72.7
4.7% N = 7 tectal |obes) expressing GSTpi-MO were differentiated into
neurons by day 1 in 5 test aninmals relative to control animals (42.0
4.7%, p = dOseed. SURMINE t ney). By day 2, 86.4 3.7%of the cells have
differentiated into neurons in the test animals conpared to 49.2 5. 7%
wi t hi n t he) «contactne pepal arogemtqrels @n @ iptactThial feinsort & dhistofnimaluvshs may
represent a i . . nunber of neurons was not observed to increase
in the test ﬂaﬁﬁﬁhrr%éga%\%ég&’he third period (86.8 1.0%, and is

i gnificaptly | . than th tion of i thi.n 10th trol
animal s ( Bb.koSafShg FtniEaf) £ 92bha ey RRHLAEE il A 07 port 1 on

of neurons  shows .t hat the. neural .precursor popul atf'on d@;.eases

) p it
GSTpi - MO &k pRess Wi Profiffgatinngigiss of §¥d gFuagpiogrnifiricgiylicpihst anjpa al%‘ﬂ%f 3 day

period in anj.npl srR¥RESSiIfh GRIRLM AniAs;; el | as control animals (FIG 8).
Conparing the proportion of cells from brains expressing GSTpi-MO to the

I
control ag} ! : : Lqpl fi - glia
(13 3" o GpPRlEe JRBME Ty bR Mo Bl e S RS POl Bl bR Tover
t he next tai neaybpilo8eritor 200G0latetls idendfieSthedphamacelti€d® ageht &s ohe 68pabivdofl 3. 3
4.6% p = 0. Oﬁz A snal Ill,tq%ro,porti on of cells could not be categorized into
radi al gl MeIBRIAGAFBRAPOMER ORe X rel ated genes 20FnT 1A. Fragile X nental
retardation protein 1 is an nRNA binding protein that is thought to
regul at?%e etrpethed efiqlaign f.rwareinsaiduepeiain segine copidiss Aanpiisdeqtynal
protein translation within neurons. Mcroarray data suggested that
expressj on F - PROL LN Si.M . 82- : . LF ot ei n,
prol i fzjr' ati 81ﬁ1h-ei %@&?:?QQCI%(?E\)E’ ¢E‘L]ﬁé(ar,%llr<12\sla%Hulcll:l g%?ﬁ%ﬁr%éﬁ)ﬁel E;@‘Jﬁ? EFE)?%%%% a(Fll{eon
pr ot ei rori mbeer aic theogropp cekictell fnemeolfamwey inputhPGsuat anpas.echd mechanosensory
25di fferenti ated neurons. .The %t ential role of FMRP and rel ated proteins
"n neurBRAH BiohYPEPAT BRIPLOGIAMEAI PUIRYR T car . One st udy showed that FVRL
increases NPC proliferation and alters differentiation (Castren et al.,
Proc Naf| Acpg SeiholiSh G5!, #0ieinl ¢834nh@88%n rdin CorPpRichRircsiPVRehd hat
FMRL only alters NPC differentiation (Bhattacharyya et al., Stem Cells Dev
2008 1 7elenggphalor)midbppen, durdhirdnepidinkeore patmiesy obelfagse pithese st udi es may be
due to 30the fact that each of the studies uses a different source of in
vitro I'ls. i i . 1ar i f r at ed
genes ﬁ pr o }f%]ﬂleléftg?(lygf\r@%@ K]g&é}@ﬁ{ Sgldqp{rgtlg{z&tfg&l—ng ;&éﬁ%g ggé%%l?glfr}%ge‘?%rdati on,
aut osomal honol ogue gene interacts with the functionally-simlar proteins
FMR1L artd FXRhe Bethed obnlaimh dr ederedy netatuaingkooagkisexgecabaving BXRinmtey andceygase

roliferatjon i nhi biti differentiation.
P of cefls it opt?c tectum of said fIlrst and second an?mals.

7. The method of claim 1, wherein contacting said neural progenitor cells with
pharmaceutical agent comprises electroporating said pharmaceutical agent into said neural

progenitor cells.
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Mor phol i nos agai nst FMR1LA and FXR1l appeared to decrease NPC proliferation
in 5the tectum These were qualitative observations. WO

2011/ 0413908RaT/i48®»310/ 050695 What is clainmed is: 1. A nerhodlS2€i00p6PSi ng: a)
contacting neural progenitor cells in an intact brain region of a first
animal with a pharmaceutical agent; b) exposing said first animal and a
second control animal to a visual stimulus; and c) neasuring proliferation
rates of said neural progenitor cells in said first animal and of neural
progenitor cells in said second aninmal; wherein a difference in
proliférati ohmethod: BRIPREEM sai d neural progenitor subject cells and said
neural progenitor control cells identifies the pharmaceutical agent as one
capabl e oft) rasdiacang AgraleRioanitor shbipereells orithpa Pharmesetisal agent impmamoudhher ei n

said int act el?feglii% kL .O%E)hacfé) @élie?‘sefgn top%ngpéri tl%o}eegéﬁéq] inBSach%eﬁrI%{ %9%68{'@1(;' aim
1, wherein said 1 ntac rain region is 1nvolved®rn processing oné€ or nore
of the groupusgtertled fromolfactory inputs, visual inputs, and

mechanosensory inputs, or is involved in mediating behavioral outputs.

4. The net pdn&@sufh@ipbli¥eranbe i@t ob 8hid hdtlrACHroBErion sUBPLOLCIROLRA bfS BSural
circuits of the tel encephal on, m dbrain, hindbrain/spinal cord, retina, or

ol factory piRtogeRitTheonid lseldh Bt kdvginet beengraitasitasd with daifljphgrmapauticnd egend;

ani nal s are Xenopus | aevis. 6. The nmethod of claim 1, wherein nmeasuring
conprises counting the nunber and type of cells in the optic tectumof said
first and second.aniﬂals.ij.ghe nethgd Qf claiml1l, wherein COﬁtaC i ng, sai d
neural pr SGERPEFRE 41T STOUPRUBR 4P L IR %G AP A BHIECRIEHpYPAES E'e&PP 3%t at i ng
sai d pharnaqguﬁﬂgﬁleﬁgﬁ&%nﬁ@kgugaid neural progenitor cells. WO

2011/ 041393PCT/ US2010/ 050695

wherein a difference in proliferation rate between said neural progenitor subject cells and
said neural progenitor control cells identifies the one or more genes as modulators of

proliferation of neural progenitor cells.

0. The method of claim 8, wherein said neural progenitor subject cells are in a first

animal and said neural progenitor control cells are in a second animal.

10. The method of claim 9, wherein said neural progenitor subject and control cells are in

an intact brain region of each of said first and second animals respectively.

11. The method of claim 10, wherein said intact brain region is involved in processing
olfactory inputs, visual inputs, or mechanosensory inputs, or is involved in mediating

behavioral outputs.

12. The method of claim 10, wherein said intact brain region comprises circuits of the

telencephalon, midbrain, hindbrain/spinal cord, retina, or olfactory pit.
13. The method of claim 10, wherein said first and second animals are Xenopus laevis.

14. The method of claim 8§, further comprising introducing a reporter construct into said

neural progenitor subject cells and said neural progenitor control cells.

15. The method of claim 14, wherein said reporter construct comprises a gene encoding a

fluorescent protein.
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8. A nethod, conprising: a) contacting neural progenitor subject cells with
a pharmaceutical agent in an anount effective to nodul ate expression of one
or nore gees1/od1®ai d neural progenitor subject cells; BLTMS2610050895
proliferation rates of said neural progenitor subject cells and of neural
pr ogeni t or ntro el.l s.that have not_been contacted w.t.h said .

phar macut i cHic Bgaat of &ﬁb‘“g% QORISR ﬂﬁgﬂ‘{%%“ﬁl?tcﬂri)‘f?é’r ’étsiPS‘HhF%{fye%"Pé?SS%da}“d
neural RUEGBRAILRItorzuli.ect cells and said neural progenitor control cells;
wherein a dlffgerence in proliferation rate between said neural progenitor
subject cells and said neural progenitor control cells identifies the one
or nor ellgeneBheasethod of gtavnsldowhereg irfteodacing gomprisesuiransiegiing antht oplageld s.

9. The rgraltch Hq (s)a]:idcé %'rtn}gdnsy\h&rei n said neural progenitor subject cells are
ina fiTst animal fand Said neur al progenitor control cells are in a second
animal. 10. The nethod of claim9, wherein said neural progenitor subject
and cont8r ol Telhsthad ef chimg, whtatd neaqirihgr@gippiReDiovnaas taf nigabea ahd ngge and
second ani mal s. respectively. 11. The nethod of c¢laim 10, wherein said intact
brai n rd§FbnPsfareiang ot 1595t prediedds YN ¥me S i nput' s, visual inputs, or
mechanosensory inputs, or is involved in nediating behavioral outputs.

12. The met hofheOhetb@bfMin s)ﬂ%&%i,nrbo%?dcﬂng oliaqbuhf PloBedifel s @Bie&QUINE WG
circuits of the tel encephal on, m dbrain,  hindbrain/Spinal cord, retina, or
ol f act qrhyurrpacentice® aghe qomiiods efecrdpiratingOsaidvpbammiagewaial agdnt Sntoavad] sewaind
animal s_are. Xenopus |l.aevis. 14. The nmethod of claim@8, further conprising

i nt r od REPHGQ" ?@’Ee&?f%l “construct into said neural progenitor subject cells
and said neural progenitor control cells. 15.The nethod of claim 14,

wher ei rpsai drieap@hb@bf ARG Y, fubtheC@MPrisERexPogRN Qi€ figR dhd Gecand hiigfagsoeant
protein. WD 2011/041393PCT/ US2010/ 050695 16. The nethod of claim 15,

wher ei rvigusbstinylgs-escent protein is specifically expressed in neural
progenitor cells.

21. The method of claim 8, wherein said pharmaceutical agent comprises a chemical

compound or an antisense oligonucleotide.

22. The method of claim 21, wherein said antisense oliogonucleotide comprises an

siRNA, and shRNA and/or a morpholino.

23. The method of claim 8, wherein said one or more genes are selected from SEQ. ID.
NOs. 1-651, or functional truncations, modifications and/or substitutions thereof.
24. A method, comprising:

a) contacting neural progenitor subject cells with a pharmaceutical agent;

b) measuring proliferation rates of said neural progenitor subject cells and of neural
progenitor control cells that have not been contacted with said pharmaceutical agent;

and

c) comparing the proliferation rates of said neural progenitor subject cells and said

neural progenitor control cells;

wherein a difference in proliferation rate between said neural progenitor subject cells and
said neural progenitor control cells identifies the pharmaceutical agent as one capable of

modulating proliferation.
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17. The method of claim 14, wherein introducing conprises transfecting with
a plasmd encoding said reporter construct. 18. The nethod of claim 8,
wher ei n rwa=xrv@geIsonpri ses counting the nunber and typecofuseabiososhef or e
and after at |east one predetermned tinme period. 19. The nethod of claim
8, whergin ntacting .sai.d ural progenitor subject cells with.a _
phar maceut i cal® %@‘H@ O&filad‘fni g‘gsw%elr‘é‘gtsra 6‘?‘5& AgEHioy sphsrinerdls (s up fhglent

i nt o sainthenH3hidHePAE PioeBRitcr ¥Bh@SilceAShleSn a séQnd Thgndtet hod of claim 9,
further conprising exposing said first and second aninmals to a visual
stimulus. 21. The nethod of claim8, wherein said pharnmaceutical agent
conpri s a Vigenetbed otdao dhavimreiamaiditeiumd paegenitrgonisel ash egeal prozenitqihe
et hod 9fSl BT, 2h, HOGLSI. AL AN3R NP € Rk edanucl eobide compri ses an
Si RNA, and° shRRA andl ot a rmrp?ﬁ)?l Ro. 123! & et hod of clar m 8, wherein
said one or nore genes are selected fromSEQ ID. NOs. 1-651, or functional
t r uncat27ons, Thedglethbd aff ictiis 26) diteteis whislt intadt bais rdeier Boihvolvedin Arozedshed,
conprisipng: a) contacting neural progenitor subject cells wth a .

phar ma @I N ntisud) NpRtYs OF | HEFHBROINTRY dPPYy Patidnetlvehily mediptie
progenigeﬁgvigﬁpglggﬁtspel | s and of neural progenitor control cells that have
not been contacted with said pharnaceutical agent; and c) conparing the
proliferation rates of said neural progenitor subject cells and said neural
progeni28or cldret method eif Icdgimwife rvetieneia sdidf ngace hizen iregipn obinpeseatdipnits af ¢he

bet ween 1sai d neur al b r.oglen' tor/ subj ec ctel | s d. sai dt neural progenitor
cont r ol &8P B AOFAIL RGREABERIMR RO P UL CHGEHO ¥ one capabl e of

nodul ating proliferation. W) 2011/041393PCT/ US2010/ 050695 25. The net hod
of cl aian 24, TheheéBbdoSa@hich DR Wkei k00 €Nittaad sedobf @fimLeit XeabRusilievas. T i 1 st
ani mal and said neural progenitor control cells are in a second ani nal.

26. The nmethod of claim25, wherein said neural progenitor subject and
neural 1% ogethetaethed At elaim edy fusther eompyisiig iNHpdiaing? FPATEREANSHUGHNEAEH of

sal d ieatal BRECAREQNGANNR LR said feurd o MR RII ELRL M 26, whereln sald

i ntact bral egion I's involved In pr ng ol factory inputs, visual

i nputs, or nmechanosensory inputs, or is involved in nediating behavioral
out put s31. 28heThethok phddinpB0.cllzrem26id rep@tazicnngaicticamprases algerd encodigigon
conpri SES circuits. of the tel encephal on, m dbrain, hindbrain/spinal cord,
retina, ‘OFSSGFHREEYY pit. 29. The method of claim 25, wherein said first
and second aninmals are Xenopus laevis. 30. The nethod of claim24, further

conpri siong i THe QekU6d 09 cRith A0 Khereirt BRSudiedcent PrbtefiRistpBaEEAly OIpRGed tnor
subject cells and said neural progenitor control cells. 31. The nethod of
cl ai m 3Burahhegenitorsally reporter construct conprises a gene encoding a
fluorescent protein.

33. The method of claim 30, wherein introducing comprises transfecting with a plasmid

encoding said reporter construct.

34. The method of claim 24, wherein measuring comprises counting the number and type

of cells before and after at least one predetermined time period.

35. The method of claim 24, wherein contacting said neural progenitor subject cells with
a pharmaceutical agent comprises electroporating said pharmaceutical agent into said neural

progenitor subject cells.

36. The method of claim 24, further comprising exposing said first and second animals to

a visual stimulus.

37. A method, comprising;
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32. The nethod of claim 31, wherein the fluorescent protein is specifically
expressed in neural progenitor cells. 33. The nethod of claim 30, wherein
i nt roduciwg 200mati9ses transfecting with a plasm d encodiPof/isa010/05@pdr t er
construct. 34. The method of claim24, wherein nmeasuring conprises
counting the nunber %gd.téfe of cells before and after at |east one

predet ermined ti pUPInGtctingss phafmAchiih ASHY L PURIRT LS GRRICETNE B $HEECt i ng
sai d neural g‘éh@%f&!cfe@rfr&‘ﬂbﬂfectgroﬁﬁléo”hsﬁé’tiﬁ%" A& HPQr Maeot.i ¢ak1ageHinQRARN | ses
el ectroporating said pharnaceuti cal agent into said neural progenitor

subj ect cel Itsincatdsis, Mhéifigatidrodndfor sitatimtipgs thergotshed conpri si ng exposi ng
said first and second animals to a visual stinulus. 37. A nethod,
conprising; WO 2Q11/041393PCT/ US20 050695 . a) .adm nj.ster.in

har mmoeut] cal - agantUTET Ty ol RR It e e derndy oo upBEl sk e
fromthe grabp phamsicstifidal ag@nt ShGpdrBd N expref&idn optheftaraet gedbarh subjesteald ons,
nodi fi cations and/ or substitutions thereof; and b) conparing
expressi on diot epieagted yith theefarmaceuteal §g¢l)tect cel |'s administered the

phar maceuti cal agent conpared with expression of the tar?et gene in subject
cel | s not whoitirae tdeidergigenint ¢represimnnefcibattingal gengeimt subydse ceisnadmigistdred ghece i n

expression, of the. targe ene in .subj.ect cells admnistered %he .
onar maceuPhear et “Ebhs I Riel iRt Sir cph bt ST EHTE ebdaseicy

phar maceutgdhideagfed the @aminhdcb@scal Rgenp has BRGRAHE GRUuREE I nasraPpeaRgdhctat e
nodul at or of neural proliferation or differentiation. 38. The method of

cl ai m 37, ondiEeEnHaieie subj ect and control cells are neural progenitor

cells. 39. The nethod of claim 37, further conprising evaluating the

candi dai8e noldyl metbed of chenriygemersiis thensulject andacentisd gells aregicoral pra@nitdihe
nethod(%P claim 39, wherein the intact brain region is the optic tectum of
Xenopus devis. 41. A phar maceuti cal agent identified by the nethod of
claiml1. 42. A pharmaceutical agent identified by the method of claim8.
43. A @var naneunttald ofigeiin 37eftthéd etnfisindevaiiitingdhecadiddtenniolulatéidof A
pharmaceutical S agent identified by the nmethod of claim37. 45. A method,
conpr i JICHEPLERRTIIN S dRPFHPrAIAECHMAr naceut i cal agent of claim 38 to a patient.
46. A net hod, conprising adm nistering the pharmaceutical agent of claim 39

to a pajj entype thithof SELRRE 30CAPMRELiR RO iAAR BiaSt GE4PY it e RPAE TBGEM! bCcal
agent of claim40 to a patient.
Xenopus laevis.

41. A pharmaceutical agent identified by the method of claim 1.
42. A pharmaceutical agent identified by the method of claim 8.
43. A pharmaceutical agent identified by the method of claim 24.
44. A pharmaceutical agent identified by the method of claim 37.

45. A method, comprising administering the pharmaceutical agent of claim 38 to a

patient.

46. A method, comprising administering the pharmaceutical agent of claim 39 to a

patient.

47. A method, comprising administering the pharmaceutical agent of claim 40 to a

patient.

48. A method, comprising administering the pharmaceutical agent of claim 41 to a

patient.
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48. A nethod, conprising adm nistering the pharmaceutical agent of claim4l
to a patient. WD 2011/041393PCT/ US2010/ 050695 49. A pharnmaceutica

conposi t iwo 200M3n398i ng t he pharmaceutical agent of cl ai MC3RIS2&0/050895
pharmaceutical conposition conprising the pharmaceuti cal agent of claim 39.

51. A pharmaceuti cal osi tion conprising the pharnaceuti.c ent of
clai m 49; 52}P argﬁlg?l}pgelg%mﬁ?g}tlog(g ng‘f’lpgél?F P}Hﬁ‘b‘ﬁ%élfl g Oﬁﬁ%‘rﬁé euti cal
agent of cI aim4l.

A pharmaceutical composition comprising the pharmaceutical agent of claim 39.

51. A pharmaceutical composition comprising the pharmaceutical agent of claim 40.

52. A pharmaceutical composition comprising the pharmaceutical agent of claim 41.
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