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WD 20071086738PCT/ NL2007/ 050025 1 A novel nRNA splice
variant of the doublecortin-like kinase gene and its
use in diagnosis and therapy of cancers of

wdSRe rodermal origin Field of the inventilg&fgm'gg,ﬁosﬂms
n

present invention relates to a novel doubl ecor

like protein (DCL) and a novel nRNA splice vari ant

encoding it. Provided are nmouse and human nucl eic

Q! JoveFRRNK \%21(:?: I\Qral\ll% noq' t%&ubqgc%gg%ﬂﬂe iﬂql%seggéﬁ%lanﬁ)% use in

protein, as as e nouse an urman protein

itsel f adidgivais andstheraply @f cametrchffneagivetodermaicrigin

variants suitable for therapeutic and diagnostic

applications. The invention further relates to

PRICGTAS odntid® nodul ating DCL protein levels in

cancer therapy, especially neuroblastoma therapy, and

o aesayh Heendonetatesde apryel leuhirsertinike nrgtelﬂgéaﬁér@drﬁdnovel

RIRNA &pli Y GidnP erPSath D Gt PRI WO MARL T8t ¥R hldleic acid

chlldrgn, neur obl ast ora accounts for 8 - 10 % of 15

saqhencan @Y A 2 DRV e e@hing the moyveh VX (dwprotean, kewebas tie mouse and

r ol .. iNg N , - n :

Al b st oo MW goiire, BRE 0 BR8hs o6 ey, swiavle for

terpadicnadt daghogid agplioniddastit sweedni faghaaretiusttedndtivds for

Canada, many. anpd Japan. urobl ast a IS

PR argise e bmotie BeB Th s TP RGHELe Byspblastoma therapy,

&1 th Ai:@Ros40 dREholls ¥RPdiagosdgRitswho have a very good

prognosis, and the rest in older children and young

adul ts who have a 20 poor prognosis despite advanced

g&ﬂﬁ%@hdﬂﬁﬂeﬁﬂkﬂﬁ&@' managenent. A common treat nent

or rnternedi ate- and high-risk patients is

Ak éwonese copinoh eblid werbr by childrei, eairoblagemt porpunisidowed el ) % of
lete eradication.of neurobl gs ells.is; Se

SRR SORRE L RS sBhbbad 47 B0 o8] Qi N 96m A ss1-

). anheal uncidgerge taegapfem Whitchid perof 6B eshms, andcotding to

conventional treatnent and rapidly overwhel mn

FRRHEOR PEA SRk POTUGIR £t Atpet w2 0 AR SVgHohygroma
s henchdrbgehedus MichREHAAW0 NaRadnbRIIARHTdEn ShdRtIeghess age who
are needed to conpletely eradicate the small nunber

Rivve 8e 8AoA gragapis and gheged e plder ehiildpgand yeungeadulis who have a
5&9 %rogdvb@fs Aespidl %@arf?:_@d’ ShaRaE Mg’ %ﬁbileﬁlaﬁatg%ment. A common
co- or drl nat ed gnd preci se patterning of cell” division,

B méry fertintormespade-dinfl fheghernigki patie s isghemetheraby &dlowed by surgical

rerel : ure 409 = 72057 N r_ef..
AP iR con R el ol o bty WG Rl Epcvea
Consbpicht ¥, hieseajprigoeisas phisenthendéree relaganvizial isarfteaneistant to
(de)stahilizatjon of. the cytoskeleton, which.is
EBrReRE A arnig e e Pyt St seeapparen
lﬁﬁ@sﬁhﬂg thd¥3sdine fhe ;I,elﬁd"kl' {b)éragélﬁiﬁ%&ﬁt%gﬂi%@ﬁ‘e né8led to completely
2007/ 086738PCT/ NL2007/ 050025 i nteraction of
sfrdigait thsupreadl winbersehyBrgVingpgolls. te nresat Faapspdhes ¢ aol, 2003,
%@gﬁpnal m gration can occur (reviewed in Feng and

['Sh, 2001, Nat. Rev. Neurosci. 2, 408-416).

Al t hough the factors involved in neuronal mgration

I abl j she relatjvely . little js kno L.
55 8o TARub PCe ST B8 i kb Bl g e gision,
higtan®i snddilfenstingdl aSicubobiasal (Noetoati 41 208y MNatfrad o9 4-720;

ery li i.nvol ve dynamic..r tjion of .the
N GOl SN O SURER 40 K16 e A8 1 thes processes
ik Hay@abreghizaion 2Rl Qde)stEbiBLatiobRif the AtRRelctoR] whid®®, comprised of
2890- Kaltschm dt etal., 2000, Nat. Cell Biol.

895; \

micmtybaes ndpmicsprubuiggssockisd prageips (WBAPs) ) sargdplly orghestrated
11-20). 10 Recently, several genes involved in

cyt oskel et on reorgani zati on have been identified

that, when disrupted or nutated, cause neurona

m gration disorders (reviewed in Feng and Wl sh,

2001, supra). One of these genes is doublecortin

(DCA) that encodes a 365 AA protein critical for
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In a first aspect, there is provided a use of a
nucleic acid fragnent of SEQID NO 1 or 2, or of a
variant of SEQ ED NO. 1 or 2, said nucleic acid

wd JRgEMs bei ng capabl e of causing a SIgnIfé@é?ﬁﬂf%%gbmns

re uctlon of the amount of DCL-protein of

3 or 4, for the preparation of a conposition for the

treat ment of cancer, wherein s&id cancer is of

QEUAABE UGBS | AN so bl MARCRNENARR S hore hARES) figration

pr ovi e conp 03| I On conprising one or

ambm’ura(rmmeswdsm Rengl sadc Wzrlﬂg g7:30) | sNetf ﬁEQNeﬁrolsm 21 408-416).

varlant of . SEQ | D, NO d . .

oS g acie, Ml i sonah P parov i s elatively

iluretlhaiovﬁmmﬁn tBé BEheO HHRAL &rnnﬁpézﬁhérqm@&ge@ gike ﬁﬂil@@lbl RS neuroblast
rein said targeting conpounds are capabl e of

P ifattiong Seenelotoery Skgy melyodeemercruri oighn npiprotubular

Wha BytBikelcthl \ldnits asNwall Yy dhr 28 BECHo03L MRSE Na%l Acad. Sci. 100,
EfOVIded a method for d|3%ﬁ03|ng cancers of

Bt Ka'éthmldt 6t 4/g A0 O¥mrGalli Bigl EnE 13tkpedliol, 2891, Nat. Rev.
| y4i d serum sanpl e or a biopsy sanple of

gﬂgu‘%é%? ?o %ﬁe presence or absence of SEQ ID NO 2

RNA or DNA and/or for the presence or absence of DCL

Ree it Cpreravoliefn skl pshiAHRhavy el identified
thag Sehigh disfuptddcorSaitake,. causbandutinaNindr0d8 disofdRPE(reviewed in Feng
siIencgga}érefers herein to a reduction

tfoWAsEtliOAs TUBFR)- Ore Ridhpicdicrsip gpyRigsrEm (RS thyt gagodes a 365

ﬂAoﬁr@iefh RfiRAUSE nRatdh A nE®bbm RIS rRltoBHEEN W@ym@g)
result of a reduction of transcription and

Irr élwshlml% andfroddie gerggRt 2 gelaed crRe callad gl@ublg@m ke kinase
5/ d
SCEAR it Bl 1Rk Slos bl Bl e Bty B RTPC Bone. The
manammm LG FPRENTOE an&SDrldansrgiemaubﬁst wetmmsszecedtematwe
d t
SRy Seneitae aote Bpystbigne g Taraer psra Ml it e ol
m Jeifiinicy 360i1TN18%). Ohcbs thé Inei€ @dnsclipe, DETRK-lo@gN&icodes a

ers to the nucleic acid seque ce which is
P&E%néemﬁlﬁe 35 2RI BRI at has, Ypiag racife fomology with

F8Ab&Y of thOPLHIOhM okt 1K BEpch@er{ PriGH KiSIHSIME) family. Another
el ements necessary for transcription, such as a

wangerats PEEKoortelg mainly oyproesgt madult bspinalaeksrtse DCX domain and
t

SR SETERCNY A O EReA] . PSR 85,3

e tngdls yr ali, 2004 Braiodlds, 1201‘@03 114; Omon et al., 1998, J. Hum Genet.

B IR Rt o B Ry MG bR 20 e
Ra@hN gtudiek &ﬁ@ge@f nﬁpc&tmlt exlePNAr ﬁﬂlﬂ ;Q)gﬂlire Sg&%’eoi:ﬂtﬁ cAlA-dependent

trans Ant i_.sense"
gﬁfag%% Iaé‘gréﬁ‘t‘mé?%e&ﬁ‘@r“%‘f Hgess @pd Keier, a?,QQI IaBiol. Chem,

mt Béﬁﬁ%ﬂﬂ@'l@ﬁiﬁeﬁngf@b’alb%ﬁﬂ IR CI1REN 296, 3¥AI REIMR). DCLK-
antisense RNA, i.e. having an identical nucleic acid

longisenpressed duriee enbi @@ﬁ%mm@mmnteh ak, h9% pyrraraad dike DCX, is
cEa@che L CHOYAbRE olﬁneh‘%ﬁ’dl&cg U Ao, 3¢ Ne%lrosc;l; hey, t9€i 5&"9161)
I sing” 1's to“be inter feted as specitying
ﬁje\esendbe pfecishmls phthed@lak tgsne st @wslopnnmﬁmmhﬂmcm,s system is
_%@% does not exclude the presence of one or nore
?YTonal 10 parts, steps or conponents. A nucleic
aci d sequence conprising region X, may thus conprise

additional regions, i e region X may be enbedded in a
| arger nucleic acid region. The term "substantially
identical", "substantial identity" or "essentially

simlar"” or 15 "essential simlarity" nmeans that two
peptide or two nucl eoti de sequences, when optimally
al i gned, such as by the prograns GAP or BESTFI T using
default paraneters, share at |east about 75 %
preferably at |east about 80 % sequence identity,
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Neur obl astoma cells are of neuroectodermal origin. In
vertebrates, the nultipotent stem 15 cells of the
enbryoni ¢ neural tube (neuroectodenn) give rise to

4 cell types of the central nervous : -
wd B BB o

and peri pheral nervous system (PNS).
types are defined as cells derived fromthe
neur oect odum or in other words3of neuroectodenna
r .0
neo&}lé;agtﬁgﬁﬂ?éi *hcé’%?@% ’ %5\%@3 gésgegerdo as?%f%eée have
hemhu fduabl @sbo riiffergitiaip | aptasam, aiRD (@ Iha,g@ dieffiatera ghingsgnactivities

B e coropre. Ch bR bt 272r e L0 R e rspent ventors

t:ldﬁar@)d fuﬂtﬂi&ﬁhlbﬂélﬁi:auéﬂﬁe&[ ndveyWoH OdrRint M RODOILK gene, referred
neuroectodernal orlgln are tunours such as

RlreutpdsriDCEBRsrigpandhayahovaniipy Dekiig a pyjpgkeleion gene
%thal faoaseom@af @l mRS@&&Hﬁ&HP%Y&QH&n%H{eHHbIakM erPYrdition, the

(peri pheral neuroectodermal tunor W ng' s sarconm
presentrelneenders. hagk riseised nowd swethodo aims caricer dhtesapy end diagnosis,

R, B B fio b e o onosi < i n t hese

cases. Nucleic acid and amno acid sequences

ccording to the in n The pres |nv ntion i

G0 She 8% har Rty KiFc rign tog fife Rigp gublished.
mvonaR &R 4Rl oﬂ%eﬂd&doﬁ 1e&iﬂé53% 23 (ﬂffe(r&ﬁn&ibogenes

el nRNA and cDNA), encode the ﬁrotelns SEQ I D
g&’@@ﬂ%ﬂ(t u%@ODbHﬂﬂa‘ﬁ%ilcséestt BoNG: 223-2hliRaignpleiey of. 903, Cancer

det. @R%lsmumﬂ&ﬁ&c szazSE&rJ P KA. Eard 1, %elqubaerge first

splice variants of the nouse and human DCLK gene
ﬁmrmb wmamrmﬁ@f%ag@mpthp sevigxonsogencdPasuam e, (Y0, supra). C-Myb

%@?%&3? Thad o 2004830 Aeoerht &&f*ﬂf&g% 1 8¢ diRrl® Enbryonic

mherel exon 1 non- co
eggjue neRidingx mamﬁblasﬁtomh),e m%teK igepelinked ahts eoll. plofifdritén  and

nuse..NRNA sequenc th ransl ation start on is .
FERG T D) abt: dBoviedof, REATTHEENGTE r aReTapRsficlootide

&impeiadas oS cédzmdz at 9nldﬁ|1ﬁ1@iahd3$~d}3;)2¥@%ﬂﬁ7ﬂlh1bﬁ¥@ngr8wﬂl of
starts at nt 169, exon_ 3 starts at nt 565, exon
squziastogpa ¢plls g wiroelly théﬂ'ersé% ot an grepestyghen it @%ﬁlﬁlrfered to
§1E %ﬂ§ irfPdtediall '\%\]s?a%ﬂﬁ@(g 1i55Bhed c8418d WHh mﬂﬁocl&%flantlﬂady (mAb)
t he human sequence, the transl ation start codon
spscifig farithamemoettedirng astigaadisiapeanghicside GRe (Pagoan et al, 2000,

O AR SIIR L f A, SRy s

miecH@D pf entpOD4-tapeed Spasomets hdRBheeaperfobnesit (&tgso]ater nt 2003,

SO L 5ot vt B B et & dob b, By o far

BitetlaBriodio dide-dfR@isr ofll BOEL iabdtiSasien ualadndz:ombdrca\aeo be
a nol ecul ar melggt of about 40 kDa. The npuse

wrgdert YBiepite SR Epotel teysat ﬁalglamvmah gle methp mirferatm of

#¥ehaPEQLCind € AIPRIrSAS RE sﬁ@w hAG mewﬂtfaeas@wgonucleouae
sequence identity is about 98% as onl'y 4 am no acid

ighipite rlelmaéém@ﬂe hpmelopeiesis Fhege (Gewirtet andrfiaiebreits, d 988 Bcience
Whi ¢4hsl B3 i N the nouse sequence and S in the human
seQuence it position 290 (A in the nouse 15 sequence

vs. S in the human sequence) at position 294 (Gin

he, nouse sequence, v he h n
A AR e a e, irbrlet e BB NHCL (REruL npozene
(ﬂanamattreeamee sSHEY efificBliéh Qthé WEY AW @hneSRAWE RCEly 25 to 30
§ ghlarlt al so at the cDNA/nRNA | evel (which is
éb pewyeblagiemss, thb it gavostadeyith rdvansedigee ligspss; gapid tumor
acid sequence (SEQID NO 1 or 2), or fragnments or
vari ants thereof, may be used in gene silencing 20
approaches of target cells, especially of human

cancer cells of neuroectodermal origin. It is

under stood that when reference is made herein to an

RNA or nRNA nol ecul e, while the sequence listing



WD 20071086738PCT/ 1MLL2007/ 050025 10 bi ol ogy net hods,
such as described in Sanbrook et al. (1989) and

Sanbr ook and Russell (2001). The nucleic acid

fragnents according to the invention may be used for
various purposes, such as: as. PCR prinmers, as probes

for nucleic acid hybridization, as DNA or RNA

ol i gonucl eotides to be delivered to target cells or

as si RNAs (small 5 interfering RNAs) to be delivered

to or to be expressed in target cells. Because

di fferent gene silencing nethofls make use of

different sense ancUor_.anti,sensg, ' i :
foragrassiongnd phEEv; fPtF,C’faﬁsﬁgﬁ% ff i%ﬁﬁeﬁéﬁ tﬂ‘g ggﬁz‘ﬁ:{;ﬂ;
t ;gggfg V@ Rpleitatabetockas Gist Beelcadonsief avinian BEY O,
1(gfgf)%goa |%e|°€(1)&r% va(i_an:agﬁof SE%ID_NO Jand 2. theld s
ceapksakintviorin paveinsanedsh ol asHEpRlzstoni- Hel, PG “Eb6Ve,

a rovided. .." [ "enAlr 13Q% i gdaitimeabsly nimplanted
,F[?ﬁr'%ycoggﬁed ogég%%%e?ga%ofogE% ?%lksl\lo 1 or 2 (or t%'ﬁei,r
GOARRISABI pdip caaledaseeasnploe inpiteice agiIRpTmass at the site of the

"essentially_s lar" i fhthelr snec: i GBwever,
P B Ry o i) TS FpETORE € v JHal e
Sh lé%?ﬁ?ﬁic‘éff@:& bf 1 WEigbrmclebidaiagmetastasey lodistanh e aesitss Fegmains
code, “al so 15 encode the amt'{_iago aci de ?é E%%B&%? Bs after
do e, exablishedgine pddition & @BFDNAL PR L FSES BRG °fbh y
OF 2iot NSLL CRIMI Qe ViR SlpcaaiiEtdeatan already establish
éﬁ%‘%‘ﬁ’ﬁa@eiié’érya S’ ?é?ﬁ%”ﬁ% o oh differs from
Sinab H2s b6 bedn giowL. t hr ough substitutions, del etions

and/ or repl acenent of one or nore nucl eotides.

"Variants of SEQID NO 1 and 2" al so includes _ .
SERUBRRES of AP kN geny i< ansiialt fongthof davelapment opf an effective

S s A L e

B ey o et )
t;ﬁomhdendjféamﬁmcmﬂﬂﬂhm@ﬁ‘!m%% plice ﬁ’%’ﬂ’g'r %t‘ga&n%g y
LAORRCRS siloe YGRE S0 UbihliDly TEREARE @ helroblhdiizeat, while not

sources, using for exanple PCR

thealan@deeailcon thebbaihy tissedansl bal} tnes desicgn Thia fpdpe s used ©

of SEQ ID .NO 1.or,2.can,: > defined as a nucleic
- dlevige g@@ﬁ%‘ﬁ@eﬂm g %fa?&élgﬁeﬁ%‘%gg‘| ly simlar® (as
gefi ned above) to SEQID NG 1 or 2, their conpl enent

erse conplenment. Especially, variants which ¢
e firsBdspdee algte i7 BRAyid&Dapse @5 spuddoacidizpmept ofSEQ LD NO: 1 or 2, or of a
sequ | i kil R h& Ne¥meht B R of tiiSing a significant
é’?ﬁ%lnfg q%g]gfﬁE)J Xﬁqﬂé&gélqugnce 30 are é%ggcgpﬁ?gss%d sration of
veinesion . of | the emeune i GAiLnemateinopf BRA IPREhE| B> SBNEE Preparation of a
' o b fS GRS e ROIBR wheifin HitFdaficFis B heflros@oHitat edgin.
?\ﬂﬁéﬂ%ﬁlgﬁg&g%sent F%"Py siml armto SE& IDNO 1 or 2
are provided. As described for the fragnents of SEQ

LB Mg oy e ot 2 s

) 4 A A 0 Slor2anda

piitiserse hidlgiafragmep o5 SEQB’%?/%@G?’%’E&S‘?’%E%%% 050025

3 Rloglch®y DekiblObeiie, Weanmpnttcduied comprisingtqap|o more targeting
unt's inmto cancer cells of neuroectader Ahd Ghirer cells of

eorppoundsy rvg1sTels £ e EE8s COTHTHY i%%a‘l‘i{)%, tﬁgjs!ge véari ant

£ RHB AL ralBH%in ik Wes efiovieobe equi val ent to the sense

and/ or antisense fragnents described, and a skilled

person can test the functionality of such fra rrentoa A1 origin

i MG SSHIE theRyis aRovikié sondtipddor dipasesing @emerf napreectorgrmal origt

i sol ated protejns of. sanids d2mPIOof dsubject for the

a@n%lngtw*?%géﬁé?ﬁ%?ngﬁgﬂ\?gﬁ}%ts I?ﬂer eo )]The DCL o DCL

PeQingi GSabfcate GIISBENIBIING: DRNvaoriDRW andics & disPesece B aiP R

to the jnventio f ] Ha8t $FEEQADND: 2 and/or SEQ

Botst Qf(ﬁgg)sl%r&égc{:ang?f i?}%rq}%l 0 ogg?éo%? pol ycl onal

ap NOb 0 giessnt invilid satupleny t hen be used in various DCL

det Ie_cti on et hods_, d! agnost | c or thfa_rapeulti c met hods,



protein level (or for conpletely abolishing DCL
protein production) in nmouse or human 30 cancer cells
of neuroectodennal origin cells in vitro (in cell or
tissue culture) or in vivo. Especially, the
phenotypic effect of DCL silencing is seen as a
deformation of the mtotic spindle in dividing cancer
cel I's of neuroectodermal ori§in, e.g. neurobl astoma
WD 2007/ 086738PCT/ NL2007/ 050025 13 cells and/or a
significant reduction or conplete inhibition of
Pb&hﬁﬁﬁ&ation of cancer cells of neuroectodernal
orrgrir, e.g. neuroblastoma cells in vivo or in vitro.
| 1Genaesitntiagh mefers t kmeinsé of wection (Aspvaregulaien)afa/ ermplete

antj.sense nucleic acid,5 f { : a

R e R S S A

it I@gud%,_@ Ba r@%ﬁﬁ aadop %ﬁgﬂidnowf the targedh gems. glihp f‘m%ﬂﬁ tgene(s)”

reduction o .protein Jevels,in cancer. cel ls .

el £Bae) REICHINPE;(h be 3O T S Re el gf eadogenous

eHe qgk %%Oiﬁ%ertﬁﬁdéﬂr&xﬁmaa&ésm t@hdgel. ast@edods can be used to
I godendr o

‘ glioma, oligoastrocytoma, astrocytona, "
reélestop faillor Geneeral genorRISY ( the g n 458°t SRS R o Tefer
erve sheath tﬁggﬁ;ﬂeﬂﬂﬁ angl i oneur oma, Schwannoma

r'f &55Y %P8 retinobl astoma, snall cell |ung
carci noma, adrenal pheochronocytoma, primtive PNET

peripheral neuroect oder.mal .t uno i:0g. G
T8 7Y EAOORS GG £ PPLh el Bane ¥ S mRNA
%Qdaidﬁhes t*RdnkQibel rdoit™s,00p@sblY | kel Ntos watias] seqaemmgntements
and at suitable tinme intervals results in a reductiqn .
aecassaTp [fort Gansamptiom, S8l 3F 2 KEASPRRHCR FegHateh, SFapPenesy F@m‘m
£ h 9hd 3 ndRtrddd ceE A eHddRAdus Fene is
SRS AEL:R R reBbh b bR 2 Bfer oL R
neenofahddamaily wothimgd eell. s provi ded. This method can

~be used to test the functionality of nucleic acid
fragnments and conpositions conprising these. The

nmet hod conprises a) establishnment of cell cultures of
cancer cell lines of neuroectodermal origin, b) the
20 treatnment of the cells with nucleic acid fragnents

or conpositions conprising the nucleic acid fragnents
according to the invention and c¢) the analysis of

phenot ypi ¢ changes of the cancer cells of

neur oect odermal origin conpared to control cells

(cell proliferation, mcrotubul e disassenbly, etc.,

usi ng vi sual assessnent, m croscopy, etc.) and/or the

nol ecul ar anal ysis of the cells (anal ysing de

transcript levels, DCL protein 25levels, etc., using

. e g. PCR hybridization, chem | um nescent detection

met hods, etc.). Non-limting exanples of sense and/or
anti sense DNA or RNA nol ecules with sequence identity

or essential sequence simlarity to SEQID NO 1

and/or 2, suitable for del gene silencing, are the
followwng: 30 1 Snall interfering RNAs (si RNA)  Smal
interfering RNAs consi st of double stranded RNA

(dsRNA) of 18, 19, 20, 21, 22, 23, 24, 25, 30, or

nore. conti guous nucl eotides of the SEQID NO 1 or 2.
Such dsRNA WO 2007/ 086738PCT/ NL2007/ 050025 14

nol ecul es can easily be nade synthetically by

synt hesi zi ng short single RNA oligonucl eotides of the
desired sequence and anneal i ng these subsequently

(see Exanples). Preferably additional one, two or

three nucl eotides are present as 3' overhangs, nost
preferably two thym ne nucl eotides or thym dine

deoxynucl eotides 5 (3'-end TT). These dsRNAs conpri se
both sense and antisense RNA. Non-limting exanples

are the foll ow ng. (siDCL-2)

E' - CPPCPTCTCCGCLCPCLCCag( EEC | C EC. -E)

10aaccEct uacccePetcPcc-E (EEC It EC. E) (hu-si DCL-2)
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IC EC. E) rlCLLLCCCCI: CLCCCPPCCU -E' (EEC It EC. 10O
(hu-si DCL- 3) E' - CPTCCCCTTCTTPCCCCCCEa(EEC I C
EC. 11) aacctcceettat EcPPecP (EEC IC EC. 12) 25 As

Wd&?tﬂ%ﬁs%?s%d above, any other fragnent of SEQ &%&9200}/050025

or of a variant of SEQID NO 1 or 2,
sui tably be used to construct siRNAs. si RNA nol ecul es
may al so conprise |abels, such5as fluorescent or
radi oactive | abels, for nonitoring and detection.
Conveniently, siRNAs may al so be expressed from a DNA
vsa:ltsejr ref&@biad thiNbodiee todrl &0a mag&eigmihar mdstecalddidchadathe coding
nucl eqti de en the sens nd the antisense . "
F?"H’&r?g ﬁtd%pl?éﬁfﬁ%ﬁprgequﬁ e @ﬁ?l?&frtﬁ’ﬁf‘é}ﬂef %tﬁwsﬁgrefm -
tolhe irdV@rse ofnP R thah 05 Bk isBise sttt AaGnAdenstohbMaNY may be an
and i ntroduction of the si RNA nolecules into
Aletiserss| IS4 rgn @atipensas RN, pribayset agridentiggl msleic acid sequence as
E%‘?’F@%‘e?‘%% ﬂ)%ér 2 h@'ﬁ?@?&fﬁﬁy fﬂv%%cﬁﬁ)thﬂéﬂs tpBack @60 uraciD).
2007/ 086738PCT1NL20071050025 15 is transcri bed w thin

e.target cells.. For example, vectar.s for _gene
A 1B ARbmpfSine? is Fbe SNOTRGH 5t 5% Bifg L pitFES:, of the stated
PRk, epsisedmpondh®d, birtafoeONA eixtliude the prabica HE ofBorardt: additional
from whi ch sense and/ or anti,gense fragnents of S | D
RLS: $1CBY 0D CIRPENG o THGL 30 SPHCRYS FREPriFing, region % may thus
béARtRe rHdlienal BYXSOR, €8, Aol RGRADbN 8Mbedded in a larger nucleic acid
adeno-associated 5 viral vectors (AAV), as described
1% rata et at, 2000 (J. of Virology 74:4612-4620),
Pan et al. (J. of Virology 1999, Vol 73, 4:
3410-3417), Ghivizanni et at (2000, Drug Di scov.
Thel tgrmG ' RBGaaly identid@d9/ 8ibedtial Adgitity'! ed “gesnsiolly samlar” or

easi l.y, test whet her i, RNA Lecule is sui.table for,
S5l bERbplP SRl Ballo bR fo) RuchitlbERfuchh: when
eptangilyaligedd, wechi a3 ytieproplass AP omBES T UnGhg dsfagirparameters,
ell Lines an bsequently assessjing, dcl nRNA and/ or
e Prigretpy & 3@@&@@5@&%%@%%@@% Ut Eiyngreterably
5118256 LWL B FRk €0 Uk, Q€ fibncelidbdiBy, KRAWHr TR 46 1caft WS6287%, 98%
RT- PCR, Northern Blotting, nuclease protection
Seguers Idopist arprrB(Rg-+ PR, Serrananidgniitn S/hses e Nqelgman and
%Eéﬁb%l@bdi %@%E%&%JPM%'M% & s%él%nﬁé%rov%%‘%igﬂl éntire length,
human SHSY5, "nouse N1E- 15 115, nouse NS20Y or nouse
meximobha teammiben bf glaichbespanidythmindizpiGho Buinberes!, gaps. Generally, the
ers. ternativel renot ypi ¢ ef fect.s of..dcl
GAPIRa A ARN € g, BRRNOEAPLE Rl BEaR, OlseELadiNEs / 5
feotainsand @ap casnsitesghilbed 3i(huddoeidésy 4 ppresings iPognudidtides the

anpl e .i munocyt ocheni cal st qi i ng or . ..
TSRS T PEECHEE 1 PP IRe A o IBgIS dhecdefomlscoring matrix is
BRBGHE! Gk B 8SKEAikEH PBNSPRc. Rall A, §666dei 9€913-019). It is
t he Exanples, or an existing antibody 20 (Kruidering )
@ear ghan e RN spquencopre ﬁm&é@, b egsesmaliso sifular @ Baxeed gertain

gt PGl R R SEnS, 49 (27 B Eel Ggoence i

@Dilerzd YuB09/pra0d h'pm thoBIRA sdduowiendémicall deqiene hate 100%

D

i RN | ecul es i nto neur.obl.ast cells,.25 red
IR of e R BRAAEP LER ol "ol LR S8 v
eqlidnse GONMPI%Siagicab gahi MEAcentenat 1B tNAlyalifeetce hetween the

such as. sj - escribed in the anp| e 2), .. -
ST oS isah Tt SV ST Gor S Mot Gk o riadentical posicons,
SuBRBULLRALHE 88 GERE] fok pefcedB@Uteqhance JdontihBmayt Be dé@imined
22, 25, 30, or 30 nore contiguous nucleotides of the
ysifge COBPRISHPTRgTERs sKkfuendee SFCGEWisconsgo Pagkage, Yersion 10.3,
Such RNA ol i gonucl eoti des can easily be nade
synthetically or transcribed froma DNA vector. WO
20071086738PCT/ NL2007/ 050025 16 Backbone

nodi fi cations, such as the use of phosphorothioate

ol i godeoxynucl eoti des, may be used to increase the

ol i gonucl eotide stability. Qher nodifications, such
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“K%%; - net hyl RNA phosphorot hioate) E -

E' - CCCCECCPCGCCCLLCPCCC -E' (EEC It EC. 14)

(DCLex2D) (2' 0-nmet hyl RNA phosphor ot hi oate) 15E' -

CLCCUCCFCCI LCPCLCECt -E' (EEC It 1: 1E) (hu-DCLex2D)
CCCCPCCCECE -E (EEC It 1E) 20 As f by VNKEV7/050025

si RNA nol ecul es, a skilled person can easily make

ot her suitabl e anti sense RNA obi gonucl eoti des and

test. their del -gene si] ing.effjciepc s d rd
e W T T N e R e R
UBIAC hAltdigat ivelyepeseene il LitE ot iSnQnt DalBe detormided By searching
100% sequences whjch are essentially simlar to the
pay dgabaseonehaniARFASENP DS 1 or 2 may be used,

for exanple by adding, replacing or deleting 1, 2

250r 3 nucl eotides. Enconpassed are al so DNA.

NOlea sefFemg t¢ feeaaguessC e OINA “wavense Sragmpris). & ipgnderstood that
RlORAREL %ﬂﬁ%e‘rtﬁﬁ%ﬁ@m% dc&gﬁ&lagl(ﬁﬂtﬂ &ﬁﬁﬁ?{'ﬁwho acids are
transcripts or as part of a transcript. ch vectors
cderrddgoused to produce the anti sense RNA

ol i gonucl eoti des when the vector is present in

suitable cell lines. DNA vectors (e.g. AAV vectors,
SStfin SN0 M EhridiAYioR b&elitms Sendadol beaksaiolidén€ify nucleotide sequences,

neur obl astoma_cells in vivo in order to si]ence .
@ﬁ@&@&ﬁ@%@w dleeoal 5, BYER B ICOPHE SSquPHSt EHARDF conditions
gelsbyrhéEpaichSaasal BMYifelid oD EeleRAt diflSfstalNe Generally,
vectors may be delivered to the neurobl astoma cells

HrosPt eqnslitons prerselgeied tofea gbebl HEt levrer tha the thermal melting point

B fl BEIDIA oo V02007 OBRZIORCT: N A0/ 050928 117 e
protetn eVal's are pre era]ly F educed y at l'east
ghpeatattsO GandSOlf ingDinic80eHstD 68d pil) 4 0a56H BI% ofshatrget sequence

jntroduction.of anfisens . ol.1 gonucl| eot.i des_L.nt o

¥ i St PR SCR e o Pl SERRE! G wphhenosen
RNkt Sle the @a IR cottiagon cdbe et 0. 6emoRF GNP alielle i@neetint $s at
conpri sing negative control antjsense RNA X
et §8ifudioBsTirads spit cenceniiaiog hd/er et pEMASTASTE iproases
é@ﬂg&@}.-sﬁ%ﬁﬁtdﬁaﬁﬁﬁ@fo@%@b}g@ R deatibseNorthern blots using a
Anti sense ol i gonucl eoti des consi st of about 12,
ngbe gle-g.190ntp gre fonexample those velrch pelwde & leashenegrashén 0.2X SSC

b I e 0 1

R N L E A TR A
ypmikiirstiorc HolthernBaotk being a podiefof e gt 10n§ aresfoc braawpld these which

use ,of phosphor ot hi oat g 0l ] xynucl eot i de na
e BRREROTLE BB A B R SSCAY BSublhiry POy 1R 5EE.
wsdily atwat 530S for 206kin A% chtivilbhitenditistigar noi ety, e.g.
with O-nethyl, fluoro, O-propyl, O-allyl or other
groups may al so inprove stability. Non-limting

RXNHLE LS ey BtbihaDh BrafiiidIRE B3 edPNBpLIalIY 90K 88t b0 fmal
ar?@ﬁzo (DCLek2A) (DNA phosgﬁgrothloatg)
©bIegoCCPCCCCPTI CPCTC -2 (EEC It 1\C 1i)

(hu- DCLex2A) (DNA phosphorot hi oate) E' -

CCl CECCPCGCCCTI CPCCC -3' (EEC It I1\C 1E) 25

(Gt xARY)” (A hpteostiohbs aflkimahieh DL protein levels are to be

caucaccepecacTeacaga( EEC |1 15 hu- ex2B .
RUEER EPRRTS SR A5 Bbir ol it el s B, plck o s
Adrdflly pAdA0h/ GBS BATEN RO 0T hab& o Ridethiil ASgih adspddidly
si RNA nol ecul es and anti sense RNA oligo u;%eotjd S, a
%W@@nﬁeq%ﬁ@&ﬁ%@%q@%wwps i e disfegmined a3
@ALARAREewIRNALLlInd BRI &) helgsblandind @stapd BRI diagnosis is
del -gene silencing efficiency as described above. _
efstee & but it ioindgrsiood thag amursfasence te asoblagineacehg eanpe applied
the reverse conplenent of SEQID5 NO 1 or 2 to

100% sequences which are essentially simlar to the
reverse conplenent of SEQID NO 1 or 2 may be used,
for exanple by adding, replacing or deleting 1, 2 or

3, or nore nucl eotides. DCL protein |evels are
preferably reduced by at |east about 50% 60% 70%
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determ ned by a skilled person w thout undue
experinmentation, as described. Suitable anmunts of
the sense and/ or antisense nol ecul es (si RNA,

‘Wég%mgﬁ%&e RNA or DNA ol i gonucl eoti des) rang?c@@imwmsmns

€ from0,05 pnol to 5 unol per ml and
infused at 1 to 100 m per kg body weight. 5
Cbnpositions whi ch are to be aaninistered to a
ect her th n to neuro asto
ity Bhmesaf el PR AT POTR R e B of
ﬂbtﬁb@ltddeﬁﬁal @rigil eelthetsucd meihedd, nsee ehdl bms @8 ehdompassed herein.
addi tion one or nore targeting conpounds. Such
targeti ng conpounds may, for exanple, be
Bﬁﬁﬂ&p&%gﬂﬁﬁﬂﬁgﬂxgﬁgﬁuﬁﬁ descri bed by Pagnan et at 10
%bg supra) or by Patorlno et aldwéChu Cancer Res. )
Presgt IRYenASn Pre0d . navAnTHEIG Beid e Drelgivpcecese far use in
thel
G L and PR, S50 HRICI B Bhs 3R 1o be con
miﬁgelhss e:qfressehmztll aeslmhmtcum b@l limgag cttst@bSOtihe(human and mouse

BRI, O il RLAERe IR sBEupR SRl co-

ltealtzaﬁblasf emﬁgaeiuk Dant wige Iﬁﬁtdﬂi&)épib&lesl &Edivid&lgﬁwut‘c&)lastoma cells
1SCeII speci flc_anti bodi es. The nuclei ¢ aci

Hftcats pobley @@Hé&ﬁg{}?‘atfeanthntqféﬁ? FSHD |SP15%§ dhgdyiding cells.

genlé rs.%ﬁblﬁgetﬂﬂ RelFomRGohD SelMIRACHONRY iR HARAR @&Fortaflon or

cova entIy coupled to the exterior of the |iposones
peaabgenge oithe zmt@fw mpHe Ankmicptubypdyassgpllia) . The
bi ndi ng of the |iposonmes to neuroblastoma cells and
t he uptake of the nucleic acid nolecules by the
Neurcbb$tesit ochls are bf scus@ntolermas segiscld vierichrates, dlmilltigotent stem

k met hods,. as i bed,i n.Pagnan .e

(IR0 s RSurt nEE DRt R R 47 by i cetl ypes of

thol c&ﬁmﬂatﬁerﬁfufses@’EtSmO(fCNS)eandnpe’rﬁxheﬂal ltlbl&buspﬂ}e&'ﬁﬂ CEN®f Such cell

the nuc C aC|ds C assessed. Oh targeti.n
e%flmﬁﬁy%b@e $n ‘ifB(S j fzam Je agpigectp e&fa%ppee? words of

HQH&&l&iQﬁhal diloind TR Ers! G RBFbeABAPST 0fei G4 R ASHQPRsms of

cell surface antlgen conjugated to the nucleic 25

thei Nl andy| NS, myeh ea@anqﬂu@bgﬁtoma, medulioblastoma, glioblastoma,
rr a

L | D Rl Tt WA POEE e Bmom,

WNSTV@MIJBHMW@I@EIHI showshdath tuarow; gamgh@ieuxmte@rtsahwannoma.

%Euro asto nDL]ceLIs in pice Ler et %d
88,7 Bi “88’%5’8? CHEm Y485 4861°™ u%‘ﬁ neatshé‘&as §ipgosarcoma,
weihdblisnoud) $all ell aihg aRSncng. adoetial |phbBIhEbBOGtoma, primitive

g (Oncogene, . Advanced. online publicatjon .
ﬁﬁ%‘f@ﬁ%@% GRIEFHOSTB: ?“ﬁl‘&lﬂ Yo (6] g’ﬁ FpkupngsSince
DYRagmoRrsHIY SRR 2l@mhoneshisiane %n?ﬁidwkh IhburbbaR6Ma icBlls, DCL
vivo with high efflcagﬁ and t arget - dependent

wil becy farget {py treatpgentang %eﬂeeehﬂﬁewz@ow 050025 20
Simlarly, the nucleic acid nolecules according to
the |nvent|on nay be conjugated to natural or

¢ pEedsid so ¥ horch bind to

i’h Pre%eng Fgfg%tlo %H{dgacs?v 1 gl\%% }i& s(e -. %ﬁboﬁi ﬁﬂ qn@nouse
MdﬂRNAOﬁdScENAy aed SEQ B CN(atCI thmwlmsNAAandeemm} ewhich

el R aTHoFRAE] IR NACHGREST Hderg ol 1D NOY s {nid DL

Tﬁeaﬁt%frﬁRNAnseEEéﬁcE’ﬁbf SE@N@ qoml axes ir@%@bél%ﬁl1¢d‘vaﬁﬁﬁ§ of the
transfer to subcut aneous Neur o2a neurobl astoma tunors

mausgi gl pogay PEeK geneoFba splice TainioFPERfiRet*®8sE 9 10xon 8§
173-181). The therapeutic conposition may further
conprise various other conponents, such as 10 but not
limted to water, saline, glycerol or ethanol.

Addi ti onal pharnmaceutically acceptable auxiliary
substances may be present, such as enmulsifiers,

wetting agents, buffers, tonicity adjusting agents,
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hi gh ri sk subjects not show ng any synptons yet nay
be prophylactically tested at WO
2007/ 086738PCT/ NL2007/ 050025 22 regul ar intervals

Wszcbiuﬂg“I!}Ige di agnostic nmethod according to thFCng} 0;/],”050025

Inventi’on to ensure early diagnosis, which gre

i ncreases the chances of eradication of the
neur obl astoma cells. The a vivé di agnostic nethods

0 i se takin | Q S le.froma.supj.€ n

g(’é?ﬁéailﬁ 1ﬁ)gt0 tahsé();%%oé%g%h xgglgrgrrnaea 1 g A Iéon(a%o%%nlgégl i se%lugnces, exon 6
pEthe CITES bavds alkdehs In thetoli@isS MIRINA scuéidepthn adanalgtion, start codon

t he ex vivo djagnostic nethod be carried. out on a .
bi'8 t@ﬁﬂﬁ?@%?@%ﬁ%‘»m@%ﬁa@%ﬁs@ t9dg8 felo et g Sordes
et pr7ot Bidh 28skid fey U069, cRENA:B#LatSP 863, fekén & Gfarts at nt 912, exon
neur obl ast oma cells, the presence of the cells can be

detage rbd, 104RdxeptT B atyt & lathandiaxen 8 Srjtsghal {&inln thaduman
| _ MY ) _
sanp g‘%‘q%%lﬂcife’sg% atrn ge done ﬁ‘i‘?ﬁ%fr?g{“ﬁ%%é‘ﬁf?gﬁ@% 2tl%eWltllle the
greslation stop edgropg domridt atmivgledtidey 1 FEZRI 3041 RyprDstarts at nt 194, exon
cl-.speci fd.Cc _or degenerate, pri her
Tt AL 5 % SRS &L FioR AIES P AH0SE o 7 s v
0f 53 egicans s ofirté hientde4s. gin enoubiNdrdatutay HCIDHAgiscide gery similar
for hybridization, or ods whi.ch detect th
5 iz apunosac S%%ﬁﬂigﬁﬁﬁxs& e aﬁ%@%@ﬁ- The
BlideSAICIOHroféia t @miprREPBER NENiHS | Rgls Didkils K86 i Hunfan DCL protein
anti bodi es (e.g. nonocl onal or polyclonal
SOFERTERGY PE prun agide ASRBE dACHE PRAVEINE Idendig s abaut #BYon g9 only 4
. ot i . . bl
%g%ggcgdngll an?%sb%gﬁ%%%’ ETBD%EKJ}%EPSO refer rZ%S‘t%%c}%%eG n the
e t§eCeelquetice nanklr §i id ethe rgnen sljuen20d, pasiijppalddl (hiighthe mouse

recogni . and. bi nds huma ndlor e I )
rAEPRE Aoy L ol g R 2R B ARG BBl Bhloe ve s
DBy haanodedidnget aditheViahpaitidnd39 oAllichongh septeheeDChlent from

| so recogni zes_ot her. |.ice variants, such a _
ROUSH o‘;F%uC(IFE?. iu%WgThegﬁg%ﬁwu@Kﬁﬁmﬂmy a&lso at tﬁe cDNA/MRNA
sRat (whidheEBBGRI90SB e fibicBin®fredila), difthef hadTkie RELGegRGce (SEQ
CARP expression, and the differences in_ nol ecul ar

WeiNfhit 1 s Bk fipsmanis Prewsianty theraplniniy) by 95 apge silencing
delohet %?m%&é%éé ¥speliafh b kiSRRG bhifs JFABAELARRIml origin.

ant | bodi es enerated and used. Also, prinmers

Bris pnddyzisodsthet ivher rdferenaexio mgle RISy pr s BA pnmiBOIA Ridecule,

BH0e Bt ISt SRERL R e TBitsy B YR Tt it o

hie IDTeA Scquendarvaiethe \ditfeedneb thad T {thyinelp isireplaed Wiy tUh jurgeiip.n

6 RNA of DCLK-short (i.e. cpgl6é) and CARP, or to exon

9 to 20 of DCLK may be enpl oyed, which are absent in

Rkt B (hETdofBletPaidiSic aBidORGSnad oAy (BRI TBSNBRILCI 2), also

specifically detect (e.g. by sequence specific_ 30 ,

s pid/ eraanilioiense {ragiaenie AE SESpBE NG cl pybPiaas PERVIdSH. Bich are

AR 36 P R H Rl RN 1R A B acEh . T ament(y

wiktl thedbepenagmnalushengussd énater afered |tiecgena sildricolgogsthods described

hods.. as..f in refere t

BEbDuan Phr Aoy Bl SERREER e fh AL b iR PR er

pagins oOSEGEQYN® NGt 4 2vhen YWsent in cancer cells of neuroectodermal origin.
07/ 086738PCT/ NL2007/ 050025 nal . .or i
P gRTGRAIT O PGP STk R 3o GF s peton

62hé B 1aprolePBNat 1Bast BE@4260%, 7096 FHRABRS: IasEIAI%, or 100%

conprises the steps of a) analyzing a bl ood sanpl e of.

W sanspreselist gF T_lleﬁ?é’eﬁ#’@f@’@ﬁ])c Srigin §pERIEiE die SEee | qndiqn, anfiscnse

RNA or DNA and/or for the presence or absence of DCL

protein of SEQID NGO 4 and b) optionally quantifying

the anount of SEQ ID NO 2 and/or SEQ ID NO 4

present. A quantification nmay allow a direct

correlation to the nunber of neuroblastoma cells

present, which in turn may indicate the severity of
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SEQ I D NO 3: ami no acid sequence of nouse DCL 10 SEQ
ID NO 4. am no acid sequence of human DCL SEQ | D NO
si DCL-2 sense RNA ol i gonucl eotide (siRNA strand)

5:
wf@%ﬁkﬁ"ﬁo 6: siDCL-2 antisense RNA ol gonucggmg&,ﬂosmzs

strand) SEQ ID NO 7: hu-si DCL-2 sens
ol i gonucl eoti de (si RNA strand) SEQ | D NO 8:
hu-si DCL-2 anti sense RNA ol i gofucl eoti de (si RNA

TRERR of S0 B Nogtiortd i te B e R rprotein el gpund i

amicesedlls ef Rithoaltodganal airighi intewhith RbAcsk a8y affs€isk Dragments

: - Si -3.sense RNA ol i gopucl eqtide (si.R
8F SERIP N0 et T futodhosay Irsifions Birgavpguation of he sense
@hd/BOHSHRE i it BNG B8 Nend I il 8 i
antisense RI\IAg’gIeIi(T?oEKJSS eot i de)%%%gé o&%@%&m Heducing

| 1
Ru2bxtisking © Frrprosein peodrsiienoin; §o seld| aegtqngféfpge@amgs tRycthe cell. In
%%':ticlﬁ%l_; ANt &&Q&%&b%ﬁ%ﬁo\ét‘%ﬁﬁﬁ% %lee%it(ﬁg(%gg%le:\lgsults and

~hu-DCLex2D ant i sense I 'gonucl eot |
NOlifFatiddCr e sanacraertiis sE zwr@biadoag onginl, ctg. dewski@sibda NElls, is

U X td_sense Ligopuclotide 25 SEQ |
R Bried 30 R D Garg8h Hobhnie Ge g s of
AeuroduidoGha 2i3im Rig. acwskladiiAa bl gasitahiedn” defefs QU @duction or

TR e T’ (PR) SHOnPE Tor G e Goma cel

3 i the andlot Hri F AN : . .
c%. gﬁl ;@age ot Biis6ilse HaBBchts ABEQVIDONCE N&nlek-2. A skilled

_the exon-intron structure of the DCL part
PYSIh AL §tsdY teshebiies Hy TRdodedesstibsd hereint mhpider esepsegnd/or

%@/&%ﬁﬁ%ﬁﬁﬁ% Og? a% . ﬁgog%ﬂdjgﬂ%r a; e %}gtﬁs are. the desired effect.
Teprassimeifiobip tegdhianglogstredvde thedicnmtand/obyntisede fragments into
ggogéqubqgs c?n?aggll é-%OSOZI{I 59(!?.%?1}3?%&% aatl):liaf: 70 %Q;O SRNA and/or DCL-
FRLTONS. are sorid T fes, e flran Criptis '
prociinc ddvetd delfe@vpheh¥iypictdhenge notioe retoblttomg. cellngoBFation in
I,S represented by a rectangle, non-granslated = .
ghé’a%fﬁ@ éemsveﬁ? nlafror ey gsdt oot TehE P sy witapiliygof the
s ChNG adensAfrSorhddil ©HeQedt BEKcARmpoBlion Mri BB hent of
of the DCL protein wi'th DCX. ldentical ‘residues are

s exargple pewpblastorBynser ved substitutions are |ight

grey. The two DCX domains and the SP-rich domain are

i ndicated by arrows. Figure 2. - DCL is a MA P. and
Bt priricipley; e saubcaol arbotigns@dragment of NEQ B BO: D@nd/or 2 may be any

ver LAN,iNn,CO58-1 cells., (IF
BYEPESROEDIE" o7 adgrptisfifiel el IS 04 BF06 120n2i35030. 50.
Hle @00, 8y, 88 bs nlocd ponsechtive pluelseitdcs of-SAPUDINOANGr 2, or its
el |l ow i ndicates DCL col ocalization with a-tubulin.
éqrfeféefp%ﬂaﬁé%mvewoms@%ﬂ? SR FRLOT TR Begseqnt may be an
REBOFh@h&@f offia AHIQAURIHNRnD NGMNES theMthEher@ mehy! R:SéigdidRiranded or
to colchicine treatment. Al so note 15 the cl ear

darblecytndeh(dnpien). aThe pudlels gaid Fraemenh ey BlsoJes | Q0% agentical to

| _ A e o par
g oy, I R PR ) AR oo
IR8LOf§ESY BP NQrelr @ riunlsatides de? 1l afiSHSUFD N @) tauther pirhoathel coding

he turbi di i.Q moxt.ur
el Yagle {7 P SPOP R Rl M o3y o smo
NOsP} orve acedidd whichidpanai fon-eslivg adgaityv@dagrtichlas intfo@-cxon

raph. shown is a,typjcal .exanple 20 trom nmulti pl .
Bl Sop ) I i REer ot b8 Bk gl g by chemica
%pﬂfeagy,aisﬁig 10f exldfelpld BLAPAR sk thoti B PP RA . Ay Applied

ross-reactivity of DCX and DCLK recogni zi ng
Biepyskrars Bs. (Nestarer GAL Lo )anBima Be sloned siingsstyidardogroecular
cells overexpressing DCL (lane 4-6) or two different
DCX variants 25 (lane 2 and 3) with anti-DCX (upper
panel) or anti-DCLK (| ower panel). Anti-DCLK strongly
recogni zes DCL (lane 4-6). (B): Onset of DCL and DCX
protein during enbryogenesis. |munoblots of
enbryonic brain fractions fromage ED8 to ED18 and
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20 in B), whereas DCL is already expressed both.in

the inner ependymal (upper 2 arrows) as well as in
outer, marginal region (lower arrow). Bar represents

D:. Sagittal section of the neuroepi [ i um of
qug%%gms tube at ED 11, show ng abundant é&ﬁ%@“ﬂ@%ox

at the lum nal border (arrowheads), while in the
devel opi ng neuronal tissue, istlated dividing cells

t ' ' t
BloD e TIPIPey S, o5 £ oAb, i, SR bR e B I3Pan L Sffrook and
Rissgi1(2008). ThetnatleicGkidafrddolents BRURARGSD tHeVifvditib®hia¢ be used for
cell in the neuroepithelium The chronosomes

VRIS RH@RERS Beh SR EGRPIRESASHTPHFS el e piReiddpigization, as

BN\ P YINoAl %hg&ﬁfcle%ﬁ@&ef%eﬁg GelRefHA toRardtV @éﬂé' &V\ésoglRNl@. (small
neur oepi t hel r'um of the tel encephal on at

gitring RD@As) Bobfedqbwergé ioer th fpe teh@eve&]tnrtar@gﬂ @Hs Because different
) t I I
ERCRSHER, o R b L BPAMTay (2 Sk BRiIRE mBRic acd
fraghmts tiese mitlivoipesi tiintegdbe kdopt of tic présentdnvegtios|Heslescribed
i hIe nt ernmedi ate zone are also visible (arrows).
eti? Pents 15 gm WO

2007/ 0867381' CT/ NL2007/ 050025 27 G + H Transver sal
cross-sections of the cortical neuroepithelium

n ardlglgfopafqrwﬁtsm SEQ ¥ NPehend 2, hﬁ]étcorﬁglﬂnpxy or reverse complement,
2 8&LARRI Mfdwe dirs gr('n@&gd' %ﬁfts”DQg 1@9@0@@'—1&1@% fnSnudfRic acid

expressed until EDI1 (G, and mainly in the uppernost
prapencefio SHE IEONEX dar 2rip'ath@1ra>nmpmeg¢ praeyey qangagment), but are

S B A i SRS BEH BEGIBIAN o

mbluﬂanumlaulaaldl sgqimingds Wieike| dieito tliehh:gmmnaqyl of llllllﬁagenetlc code, also

ERET Gt R B Lot P e i v or sm

ﬂamvm&az;i tie@r ddﬁ@lerm@htr):vermcﬁlﬂmﬂém bﬁ@nmgﬁeg higd SEQ ID NO:
yer (.asterik d s devoi d of DCX signal. Bar

} @bﬁé@@m élf%r%qﬁf?m SEG 1D DYl o grthiongh @&éﬂwﬂlﬁp dPlassfglrs and/or

Rblab&ifent W dnle CoH AbreZ AREeAHeEPY 28RN SED 300: 1 and 27 also

expression in fibers extending fromthe

méild@semtlmﬂs eAMPIRTE eTheonpistieg premiraice of pwdeotides such as PNA's

) r r
ARG o R0 SN i) P B b
wibxphdiineg 2 Oumetdpl RINA|dr ar-Cedhil RNAdj acent to the | umsn
that are in; telophase (left), anaphase (m ddle),
while also a DCL positive cell in md prophase is
Viugdnb R cleftaici@pp@ansest Srag,Sfod skailey @t mad Hy novo by chemical
(arrowheads) while mgrating a fromthe |u
styin}hﬁﬁﬁ )GEnEs dlbgﬁling@_?étﬂ?%s o gjﬁp V%mmethods or 1solated from natural

éoEIIEéQ 1QRRGhY éﬂa}rbpié PCR W@chﬁ@l%ﬁ? Mﬂﬁﬁclé@){&& hridEtatidd. A 'VErlant of
| s i n-prophase and tel ophase (arrowheads) as wel

%EQ iR NO:bl ers? canjake héreiefm‘i:dwa&ﬁem@iﬂxa@fed snqnpisagdich is essentlally
t u 2

{0l St BRSPS TpUD, 0pl 2, W Doy o rovers

abingybdragni. n@spem]éy;mammﬂm’nehwelamaayt w1%.080%, 8He 90%, 95% or

I}i‘g%ﬁsrs@%ﬁ?egldinéygﬁfh éﬁ"’(s #i&% %(V\g rﬁ%ﬁ%’é@ O%?l?l‘%lﬁ@& of the sequence

ArEFERNRSiel| heeam dinvér@i ¢rgbod@herf dfﬂh@ﬂﬁrﬁ;ﬁt&ﬁi&seﬁée énd/or antlsense
t el ophase 11( and i n netaphase / anaphase

@‘q@lﬁ@ﬁr%ﬁﬁ%ﬁ@gldﬁ@éﬁlpiﬁ which fﬂeéss(eﬁ?fiﬂaﬁ}ﬁﬂi@' g0 §,HQ|IQ NO 1or2

Bk %f-bv@d&HEAE‘HGsrcﬁbétpHJr%e Ehah&isr SJ??__QE%@@V £6r 2, the fragments of
(arrov\,headshg)r][\T ars represent 1 WM ure 5. DCL

wxipria 955BQ Peelpobharsttengbilia|tp §1ngﬁﬁﬁ'élY rpducathepe]iulpslevels
endogenously expressed in several neurobl astonma
cell-lines. Screening by 30 Western Bl ot analysis for

DCL positive cell lines. Lane 1. COS-1 cells, |lane 2:
Hel a cells, lane 3: NGL08-15 cells, |ane 4: NS20Y

cells, lane 5: NLE-115 cells, lane 6: nol ecul ar

wei ght marker, lane 7: SHSY5 cells. Note that DCL is
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W&H}*ﬂ% Scal e bar is 10 10 Figure 7 - DCL

(H and deformation (K) of mtotic spindles as

i ndi cated by a-tubulin staining. G een = DCL, Red =
a-tubulin, Yellovv=colocalization of DCL and a-

over expr ession in dividing COs-1 cells. A CFCTNL2007/050025
I mmunocyt ochem cal anal ysis of DCL overexpression. A
nornmal dividing COS-1 cell stallned with a- tubul inis

referen 68, (r ere ession of
Bl bE PCrp i a8 en, Efehga B SRNET B dpPrtimey ggls of
Mﬂﬂom&ﬂnﬂwngm stganeurcstgaswmahceais tHilhuﬂmﬂanﬁ,&hﬁg vaNoit ;jﬁ‘agments
t he erence.in mtotic sp e l.en i ndi ¢cat
HVS’at?‘ %% EBF‘PW ﬁ@ft%@i‘ee%ﬂm%?‘@?ﬁ aﬁB?FP?%ﬁ%%%ﬂttSe Smbe“ and a
618lidS peddA cag t8dtaihB efinWidnBLitPAR sidpl B8dmedss lin tﬁp@ﬁlﬁ@ akay as
m croscopy of DCL overexpression in -1 cel
deferibRy- cel | di vi si on. One phenotype | ooks si m I ar
(B-F) to wildtype COS-1 cells in which DCL (D)
| argely col ocalizes wth a-tubulin (E). Simlar to
é&s@qg@riem@rﬁ: theasdlated proteinsfof SEQ IDNNGE § jagd S@QZD NQ (=, 34 Hell as

al s t t _the | et oo h
s o8 bisuh Rk BBt S o AR, vl thereon
Embﬂling: ¢S [itien iﬂv@ﬂtl(ﬁls maf dlot &kﬂﬂplbybeaudedbﬂal jaﬁ;e Sﬁl&bﬁﬂlm such as

s OE;?EO %&%@8} %r"f bser ed llrlelﬁa énmrtoaf DEL detection
ﬁ}@ﬂnﬁdi Q‘ﬁa tlo) or ae%@u@,chle%ds DDI‘ s. Aﬂ%a@wélyb 1tdﬁes which

E, H), Yellovv=colocalization of DCL and a-tubulin

%1@11: 0 IpUNeSeaEsh F1ay i be lﬂgltgml ot gheprotesns. EheyfgiLeprpteins,

%ysn S 6’% Em%&{f%@( cl one ?E%m W%Q%%E%ﬁﬁ%g:%% natural

sg)quee\neahzedb@@xmssefbem rec@adinagt fcelaner ofll @@araniAn®CL protein
d EQ | D | a
B RE% R Mt M B BOL 5P NG BB 20, 0,

(®1%09] ot Inaure t@hsmﬁ% nibseadiXsXidentédal toh ecsentialtye similar to the

Ien h of both t nment of the two

%1@@@ B r§%§ %Téyqro DgfL grotein Fapats wglye pmino acid
wgﬁ&capwﬁl@h Rt duB¥anla® tbqabn8\@ALRI B0 ANDO 3 oY) for example

07/ 086738PCT/ NL2007/ 050025 30 aci d |dent|ty of 819

FB9ysidrcgusnresyyhich differyromy RN Nehd Iohhakihe: 4cd @r more
AAR0tAGY &b {&tfdrkn |d@fe ik of qgse%ﬁsd%aﬂtsl Yis %519&9 lpYoteins
suggesting t this atter omaln has a sim!l
¢mmlsmnpapnd¢a¢1adih®n©mdnﬁcaﬁhm Sk iy p¢1élmmtlcs such as non-

s SR aGR TER Pl arhifd oG8 TROR Siiinp BBy d¥hlives of

Bb-dnfiho abidexdh mbmb& @ dudsile ammionaridaditeticend kﬁcymofo tﬁS%ﬂIed
78%s mlari This SP-rich d ese
SRS dmds gy it - ﬂﬂpfap@ { Fftlamanty]
Eﬁ%ﬁnﬁk hﬂh’%ﬁcﬁitﬂ%hﬁ Scitd 2hd @i Hikk. Riptidé mimdR3 %mtfmﬁat ﬂélfvg\egaaé& of the
715- 718) suggesting that the CGtermnus is a
IePSTAL Eveniion Art discyspade b d¥oraan yind (Granor Bl98RL TR, Repts. Med.
Elns 2&@939?)2_01‘ DCX has been shown to interact with
AP-1 and AP-2 and has been inplicated in protein
sorting and vesi cle 10 trafficking (Friocourt et al.,
1 [ ... Neurosc. 18, 307-319). In DCL,
Qt?mdsac = Othemv it ing notif is YRPL in which a

Thyae @’ﬁfbﬁﬂllnfeni ehecinnention ;rre\aﬂaoﬁethb@s far bigsting a’bmdneas}am target

sidue, indicati that DCL like X
Gt o sbbuch i PRt i Shgs coli, o RaFe A DR faReeialy
e abiInQelld) TiRRE A8 itavd SEhiRoMNehat bhe T8 MR &R and/or

15 were obtained froma human neurobl astoma cell |ine
pEmysrudlal agd frremprE 8eSEQEdUdVeekoraher frgmentset eriangs of SEQ
be very simlar to the nurine sequences, as descri bed

el sewhere herein. Exanple 2 - DCL is a MAP

(m crotubul e associ ated protein) and stabilizes the

20 cvtoskel eton The two DCX domai ns of both DCX and
DCLK-1 ong have been shown to interact with and to
stabilize m crot ubul e structures (Franci s et aI
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10 DCX, can directly polynerize and stabilize
m cr ot ubul es. Exanple 3 - Characterization of a DCL
recogni zi ng anti body. Recently the generation of an

W(ﬁ%@%&ﬂ? agai nst CARP, cal | ed anti - CaMKLK, ?@Hﬂ;ﬁ‘é}%ﬂmﬁ

d (Kruidering et at, 2001, supra)
recogni zes other splice-variants of 15 the DCLK gene
i ncl udi ng DCLK-short (al so knol#nh as cpgl6 (Silvernan

41 199 J. .Bi ol
B2 CoperiB S P, Bl B P D (ppopgastoma
oflisWand bs/a#3 isifcRluceieiid dal ta;vget beli(fie wheteby nhen UﬁrodnﬁctiBﬁ:Iinto the
0,
30 SR ISR ML TR P2, s
saachd ebdik iPh s@ﬁﬁcaﬁﬁ%{&tlowm f3tein WRI Broliferation of cancer

overexpressed in COS-1 cells and analysed or 20

plls i ppurorcisisanalosiein, gigt Jeupsplagstacieh ratlideratigtal ysi s.
Anti - CaM.K strongly recogni zed DCL (Figure 3A | ane

4-6) whereas only sonme cross-reactivity was observed
Matibusm)(e @%@mgemathmﬂsaare kaowmdn B)e @h Gemerafy hBNAhangNA with

d_her ralse aj.nst
telBeio R iPloed Pk HEBReES B ok SRRUR Db A pighe sim
&Cﬁltérﬁr@lgr ®itks Avalngdiiptidn addeOB)traaﬁldtm‘tobf ﬂ@_eﬁcEjggmﬂue tﬁﬁet gene.

kgﬁﬁ Thus, anti-CaM stron 25 reeﬁ% % ferabl
?tE?E}s OE R daresh Areifins 1% fifYe TPREFY A npreferably
t%!?o abol@Ael. D&acand Eﬁ‘ee rsﬁéxﬂﬁ@ 'rﬁeﬂ'ﬁ%ﬂﬂ%ldd@f @htisefbe RNA
to as "anti-DCLK". In addltlon Sone cross-reactivity
efpression - (Bl kewEP HBBXB hayosuressiopHssmsa S A expression, see ¢.g.
S I
BPAGI3MEN IARER] & GurpRUpPol st HtedtithRivah 6RRED into calls
SeaeBaVepah finater mk h993\Buee B0 1H80G-8 hh 4V QE3/69808, EP1068311
mbr yoni g ea | ed esen
TR AP BRI IR SRR R 20T AR RgRiopment
$5:288-000; mltﬁldprlﬂﬂaL NTeads eBhandsol $d. t PRp2- 98) titﬂ antisense

reconblnant protejn overe ' CCS—l e
phggiireonag)de tygiy finio @6@%@@@@2@%%‘% 5030%@% supra,
BarkBdler L2 00N @ Re). 88é Mlsd€ln hidd G&@m&gy@dm lteﬁgcaeumee,m 319)
brain _as no other 1nmunoreactive ban wer e observed
forpgermey gbeqng sdenginggpproafisiough si gnal was al r eady
present at ED 10, highest |evels of inmmunoreactive
DCL protein were found at ED 12 and ED14. The | evel
hlfad@@lgnpramibe& meidiodd fondeliafitg theEDtidicand maolemudsde thguarget cells
ear 40 kDa, band wa nesent. Lo adubt bra
?3%? ea“d 3%%3’2’8 HiY BER. SR e Cf’b SRS %’?‘9’% &b &Ed1, 2000,
§uprOU ErﬂloBiB) porpliyriagr feogntc pdptied (Gaitmales; uladlr Mudi gh’é Sci. 60:

hIS band t l.i kel y. represent
BaR ko Pt fliah ERSes L ne 155° Lk aed - ﬁ?ﬂgy 2098, J. Pharm.
€U 1 500 snoL sdieselnamdisatd Droak vicb@&ua e BibLl 28t 548-568).
2001; Onori et at, 1998) Wthin the adul't brain,
hi ghest | evels of DCL protein were found in the

ﬁﬁef élSﬁlﬁ%nJP et Afod 8?@15 &N Lu%d ]}Lgnél{bbﬂ% hce vanant enables
| ppocanpus and bra I’

cere cortex, very w | evel s
ihn useesnmlolf r,tm knbrwar gene sl@mag melﬂy}d@fdra_[garﬁpgm@r:regm the DCL
ro e}nelgggf éor ar cor%n rlate\SrpaI%r 151%:{1% ]9% %rcftglﬁ I}'%fb;rg@oél:) %T\LN mouse or human
ebat:eﬁ:bllmf de@xt@btodernadl u;hgm lpeldd in vithr @ncdliSoratssid cultukYO0in vivo.

Bk s phamiic FHeeity Dt by MOt IS 20 depegtion of the

ﬁlﬁ@h@ibin(ﬁg’u{ MNh®s cberddells o2 Q8koccderndal NBWIOSG! ndifoblastoma
629-644). For conparison to the DCL fndings, the

protein |ysates were further analysed with a

DCX- specific anti body recognizing the C-termnus. In
agreement wth other studies (Francis et al., 1999;

A eeson et al., 1999), the highest concentrations of
DCX were found at ED 12 and were found to decline
afterwards (Figure 3B). 20 In contrast to DCL, no DCX
protein expression, also after prolonged exposur e,
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was found on Western blots fromadult brain. Protein
distribution during early WO
2007/ 086738PCT/ NL2007/ 050025 34 devel opnent is not

w(%b@g?ézﬁsfer ent fromthat of DCX in tinme, bu f:JNi%{;H/B‘soozs

ron, i.e., DCL was found in the ventri ¢t
and cortical plate rather than the cortical plate
al one (Fi gure 4.11 C, F- H) I\/bls?t strikingly, DCL
'SQE;‘; gfoﬁgﬁl %hm?éuﬁghgrg 85 SO [oﬁﬂ%ltmn C{r}ql_ﬁergltlfegatﬁgl cancer
icﬂtseifmieﬂbait@ienﬁnemg&, BExanqlebldstomalElls insvengdageivaus| y
expressed in neuroblastoma cells To investigate a
possi ble role for DCL in neuronal proliferation, the

N GRY WHITinkdat (BXREE DT &R b niRY REk dhﬁl&%ﬁker@@'ﬂuclelc acid
| ines was anal ysed. A DCL i mmunoreactive_band_of

HBPPeRt ﬁﬁ%%@@@éokb@r Ve Gaseenterf varants of PEQABMO: 1 or 2, for
UFFR-Ah O3 6Bkl B8 ML GASE I e vt
SalmelA)cellsi nﬁimanobﬁgd@meb iofigini tapd f for tBCitreatopme 9| waurgblastoma,

Lls h o] h
SR S B ORL R G o
ﬁeirbﬁbrofna,l kpaldiaomde IMII'NS’T amalifaht pespHeal enceed Ishdatin eumors),

&%%-’%&%%m%gg ?(‘_j})aﬁlﬁﬁé{lq?t eug%qa}}g; 3}8&1 %Elﬁtoma sma,ll cell tung

e Ak ai&@ha%ﬁébchﬁ%dé%ﬁiaef)ruhﬁ%'mm hipdral neuroectodermal
overex ressing 15 DCL él:l gure 5.1 hIS 40

ingfs ﬁ@qw@é 284 APl wr@%edz) J@@gﬁ@@l%fadm@@tmon of
' fi s & ti
“% ﬁ%il@ﬂs.ﬁssﬂﬁ&‘?% T R B D A0 S & Bduction
D)O)Ongp@c irﬂﬁtéth:rofmlﬁerandn eanceisls elSne(igtiaderol erginn) .
The upper band of the 40 kDa DCL doubl et therefore
nost |ikely represents a phosphoi soformof DCL, a
th::i:nOthef hatibodasent oaf metied oyt t’rhe)mﬂd) siappeat ant ecaaert hals of
er band _of, 2Q both end s as wel | as

BOEPePELy Grie s Pt TS B S B6 {dp ( functionality of

hitGs1b ati@dradichts RIRG TRAPLASSns Egﬁhp?hsfn liflefsb eThe method comprises a)
denmonstrates that DCL, simlar to

HBeT ot el culiires e canger ol Jmgh af nélmctcpqeﬁe@ origin, b) the
ReamehCofe Sk it ﬁﬁél@wteﬂi(f: E‘Qéﬂ'igfﬂé &r bih n')stltﬁﬁ'fs %o%qﬁ@ﬁg the
organi zation 1n NI E-115 cell 25 To st function
purdeis abidefrdgments dcoondingzat uhgnn\cgzhn@(:gnd ¢} the a;nalysw of phenotypic
[ mnocy, ochem ¢ Xper | I

HPRHOSAS SPER BT "Rl DR P ol RhP BRPBTR) conop ots el
p@hftgatﬁ)ﬁainhcmtﬁbtﬂé ﬁﬁaﬁﬁmbly( stic) uiRhE\visea hmhmgamt inmicroscopy, ete.)

N1E- 1 ur obl a el | n.i nterphase
roP BT BDAT TThe G R e dih Cay O 8 sl R protein
BRI, e@QusﬁﬁgfétéW SrIRC h%rf&mtml &@Mﬂ@rﬁm\é@kﬁt defRBbh REthols, Btc.).

Cy-5 5 and their presence or absence was 30 nonitored

in N115 ceI s by fluorescent m croscopy. These

KbHShhfiSn acgr@&se%ft RiseP RAFE 36 RheABN s DELRRARMMLes with
appr oxi 95% of all N115 cells (data not shown).
Fqnewe dqidntlefr emgsseitipNEqnerice @mul@sltsagﬁaﬁi@ tDDED: Ivendor 2, suitable

[ : nd 3. Western blot analysis
ﬁ’%glg@ﬁéga&?‘ ga%c’]im?aﬁ ed to knock-down DCL
pr otein WO 2007/ 086738PCT/ NL2007/ 050025 35 (Figure
11 ane 11)1 f| n that m ght be expl ai ned by
otides at the 3 -end in this

@ﬁlhlll &@&&%ngmon&km@&bmm@@@mg\m 45 egl 1952821, 22,
%tlve control for the effects of t

etfuP8, OTERITH SPHHURANS PRCHOHIes o iceTEQ Hp INO: alrfer 2. Such dsRNA
SIDCL 1, transfection of siDCL-2 and si-DCL-3
nol ecul es |l ead to a knockdown of 5 respectively 80%
and 90% as determ ned from Western bl ot anal ysis
(Figure 5.11 lane 2 and 3). Subsequent
i mmunocyt ochem cal analysis of siR NA treated N115
cells using anti-DCLK and a-tubulin or y-tubulin
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Exanple 9 - Material and Methods 9.1 Coning of the
Murine DCL 25 The present inventors devel oped an
antisense primer 1A. CTGGA ATTCT TACAC TGAGI CTCCT

Rl site underlined) corresponding t
?gésgg%on region of the CARP-specific exon?g%@aiéoumsoozs
sense prinmer 2S. GCAGG TTCTC ACTGA CATTA CCG
correspondl ng to exon 3 of the14mr| ne DCLK gene

e 7
ﬁg’ilng e?m‘isja%eeaes C?b%%l%a%cﬁ%?\h edtf"® eé‘za d %‘BF Smg‘e RNA
pbhgonieleaisies PcBiUIthe( Sésmtiagqn@)ce ﬂﬂAaﬁx&@h@a&sﬁmy@umﬂy (see

onflr guence as bein DCLK cific

ﬁiﬂ}g@a{}E sﬁr? rab lﬁéiltlg Ong 5, 94 t]g]f:% aﬁlpresent as
RrRtAh s\/\@@maélfﬁetd‘bl v Ll ¢ nucleotides or th idine deoxynucleotides
CCAGGATCCACCATGT CGFF} CCIBCZ%%GATATG (Bam—llynsul te "
Q}mr@ii|mea”jm§sdsgl\&esn@<@nmm hofl sense and ARtisgBIes BNy iNasrLimiting

%% Bantli,wahd EcoRl WO

200 086738PCT/ NLZ007/ 050025 38 and subcl oned in the
expression plasmd pcDNA 3.1 (1nVitrogen, G oningen,
g I’}lezéherl ands). A DCL-EG-P construct was generated

y subcl oning a Kpiil/EcoRV DCL fragnment from

p¢DNA3C A2 OCLC A (- dthe 2SmalcIKpRk 7 sitEeC of L pEHGFP:)C1

Ry br i ok o B0 AR el des (ekon’ 8 \H g 1).

which is absent in m)st ot her DCLK transcripts except
for CARP. As CARP is expressed at very |low |l evels
gursitRgLeftor yoni ¢ devel opnent, a 40-met anti sense

ol L gonys} €0t 1 de was :devekaped- (5cEc 10 Nd.TGG TGTTA

- GATGC TTGCT TAGGA AATGG GAAAC CTTGA- 3' ) conpl enentary

£06- ahl e 8- spedifilé 26équenéé. (AsCalhelat ifle control
the oligonucleotide 5 -TTTGA TGITA TATGC TTGAT TAGGA
CATGG GACAC CTGGA-3' which contains 6 m snmat ches:
(suide3)i ned), was used. Both oligonucl eotides were

end-| el el Maha JIRATE (NN LifaSciance

10- nCi ¢ i) ¢ usig tcermicnal t ransfieFaser accordi)ng to
the manufacturers instructions (Roche Ml ecul ar
Bi ochem cal s, Ahnere, The Netherlands). In situ
Myibdizat i on and visual i zation of t he signal s was
erforned as descri bed before (Meijer et at, 2000,

ndocr§ Hd Iy FE4EE D165 51 90F ] 2@3 B AHii bodi es  The
genef At o @f; @itirRekcant | bedi gs: hasy been ggscr i bed
previously (Kruidering et at, 2001, supra). Mbouse
nonocl onal anti-a-tubulin was obtained from Si gma.
CGoat pol ycl onal anti-doubl ecortin (C 18) anti body,
r hodam ne-conj ugat ed secondary anti bodi es and
Ag n@atiramidsaboue amx'btﬂasfm@mni ot @ dD 2E&:dnaldl, wr of a variant of SEQ

were. fro nt a u te |l o I nc.
PNRI T iy oo B B sanatl st Rl i RN Afibue! By atso
E€dvRTise BdbsIsVWRcE apP@t et of kaddctitelabels, RCAonitoring and detection.
Technol ogi es, Inc. unless otherwise stated. Al cells
were mai ntained at 37C, 5% CQ2. COS-1 cells were 30
EekieRl,|sTR1PNL Hﬁ?%%o%er& fefsée@qi'cﬁ@glﬁf\ Reb @L&m vectors

suppl errent ed wth 100 units/nil penicillin,
m@}gpﬂmpmer agshitegnmpt iﬂnclecmdas bavere thi swwafbtkSeanﬁmnse fragment,

NGHRE: 20N 1R, GoLl RIS FILLLER, NN Rt o

qmmngn dndimmtrodbOory ofghasiRNA nepicoley ditn pedngblastdaagel{sHadh DNA
1 X, 1 007/ 086738PCT/ NL 7/ 05002
Rt T 0" SEI a5 S S 17 A BHE e o0 B e SIRNA

experinments, cells were cultured on plates or
coverslips coated with poly-L-lysine. Primary

di ssoci ated neurons from new born mce were cul tured
in F-12 Ham Kai ghn's nodification (Sigma) medium
suppl enented with L-glutam ne, 100 units/n
penicillin, 100 pg/ m streptonycin, and 10% Fet al
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times, cells on coverslips were fixed with 80% aceton
in water for 5 mnutes at roomtenperature Cells were
then rinsed twi ce with phosphat e-buffered saline

WO'(T%"E,?J%#B 05% 5 Tween 20 and bl ocked for at gg'?l@ﬂu/go?mosoozs

bl ocki ng buffer: PBS, 0.05% Tween 20,
Nor mal Goat Serum (NGS, Signma) Primary anti body was
added for 1 hour at roomtenpeltature in bl ocki ng

buf f d.3 h PBS, . 0. 0 %
Rkt artost SR o sl B nle yoa s S R R e as

ke dBvelbpaditfesSeedt: theapy,trampes abed fb dativod DM ﬁ:go neuroblastoma

g?thﬁf ﬁ‘rg& "\"}:a?clfh#%é\%nf’%dgg gl%tg%%r V%‘tﬂﬁ §§§§%) Q\MIa g7 2 or of variants

BT BEhe® NeRSINGH2 4ird idB&rBAY 3RS 8t rdeBMEMENIWRILR0 -associated
obtained with an O ynpus AX70 fluorescent mcro
b 18y1620),
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Instead of using contiguous stretches, which match the reverse complement SEQ 1D
NO: 1 or 2 to 100%, sequences which are essentially similar to the reverse complement
of SEQ ID NO: 1 or 2 may be used, for example by adding, replacing or deleting 1, 2
25 or 3 nucleotides.
Encompassed are also DNA molecules, in particular DNA vectors cﬁpable of producing
antisense RNA oligonucleotides as RINA transcripts or as part of a transcript. Such
vectors can be used to produce the antisense RNA oligonucleotides when the vector is
present in suitable cell lines. DNA vectors (e.g. AAV vectors, see above) may also be
30  delivered into neuroblastoma cells in vivo in order to silence endogenous dcl-gene
expression. Thus, instead of delivering antisense RNA oligonucleotides, DNA vectors
may be delivered to the neuroblastoma cells and prevent or reduce neurobiastoma cell

proliferation.
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DCL protein levels are preferably reduced by at least about 50%, 60%, 70%, 80%, 90%
or 100% following introduction of antisense RNA oligonucleotides into neuroblastoma
cells, compared to cells without the antisense RNA oligonucleotides or compared to
cells comprising negative control antisense RNA oligonucleotides (i.e. without effect

on DCL protein levels).

3) Antisense DNA oligonucleotides
Antisense DNA oligonucleotides consist of about 12, 14, 16, 18, 20, 22, 25, 30, or

more contiguous nucleotides of the reverse complement of SEQ ID NO: 1 or 2. Such

DNA oligonucleotides can easily be made synthetically.

Backbone modifications, such as the use of phosphorothioate oligodeoxynucleotides,
may be used to increase the oligomucleotide stability. Other modifications, such as to
the 2’sugar moiety, e.g. with O-methyl, fluoro, O-propyl, O-allyl or other groups may

also improve stability.
Non-lmiting examples of suitable antisense DNA oligonucleotiﬂes are:

{DCLex2A) (DNA phosphorothioate)
Ef— CCUCGCCCRCCCCRTTICRACAL -7 (SEL IL NC: 17%)

(hu-DCLex2A) (DNA phosphorothioate)
Ef- CGCTCCCCRCCCCETITICRACCC -2 (SEC IL MC: 1E)

(DCLex2B) (DNA phosphorothioate}
Ef- CITCICCCRCCIGRCICTICT -Z7 (SEC IL NC: 1€}

(hu-DCLex2B) (DNA phosphorothioate)
Ef- CITICTICCGRCCTCRACCETICT -7 (SEL IL NC: z()
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As for the siRNA molecules and antisense RNA oligonucléotides, a skilled person can
easily make other suitable antisense DNA oligonucleotides and test their decl-gene
silencing efficiency as described above.
Instead of using contiguous stretches, which match the reverse complement of SEQ ID
NO: 1 or 2 to 100%, sequences which are essentially similar to the reverse complement
of SEQ ID NO: 1 or 2 may be used, for example by adding, replacing or deleting 1, 2

or 3, or more nucleotides.

DCL protein levels are preferably reduced by at least about 50%, 60%, 70%, 80%, 90%
or 100% following introduction of antisense DNA oligonucleotides into neuroblastoma
cells, compared to cells without the antisense DNA oligonucieotides or compared to
cells comprising negative conirol antisense DNA oligonucleotides (i.e. without effect

on DCL protein levels).

It is understood, that delivery of muxtures of siRNA molecules, anfisense RNA
oligonucleotides and/or antisense DNA oligonucleotides may also be used for dcl

specific silencing.

The compositions according to the invention thus comprise a suitable amount of a sense
and/or antisense fragment of SEQ ID NO: 1 or 2 or of a sequence essentially similar to
SEQ ID NO: 1 or 2 and a physiologically acceptable carrier. When the compositions
are used for miroduction into neuroblastoma cell cultures in vitro, the composition may
also comprise a targeting compound, although the presence of a targeting compound is
not required, as the molecules may be introduced simply by transfection using for
example transfection kits available (e.g. Superfect, Qiagen, Velancia, CA),
electroporation, liposome mediated transfection, and the like. A “targeting compound”
refers to a compound or molecule which is able to transport the nucleic acid fragments

in vivo to the target neuroblastoma cells, i.e. it has cell-targeting capabilities.

A “suitable amount” or a “therapeutically effective amount” refers to an amount which,
when present in a neuroblastoma cell, is able to cause DCL protein levels o be
significantly reduced or abolished and to cause neuroblastoma cell proliferation to be

significantly reduced or inhibited completely. A suitable amount can be ecasily
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determined by a skilled person without undue experimentation, as described. Suitable
amounts of the sense and/or antisense molecules (siRNA, antisense RNA or DNA
oligonucleotides) range for example from 0,05 pmol to 5 pmol per ml and is infused at

1 to 100 ml per kg body weight.

Compositions which are to be administered to a subject, rather than to neuroblastoma
cell cultures, comprise a therapeutically effective amount of the nucleic acid molecules
of the invention and in addition one or more targeting compounds. Such targeting
compounds may, for example, be immunoliposomes, such as described by Pagnan et al.
(2000, supra) or by Patorino et al (Clin Cancer Res. 2003, 9(12):4595-605).
Immunoliposomes comprise cell surface-directed antibodies on their extermor. For
example, monoclonal antibodies raised against antigens of neuroblastoma cells, such as
the disialoganglioside GD, antigen, may be used to target the liposomes to
neuroblastoma cells. Clearly, other neuroblastoma cell antigens may be used to raise
cell specific antibodies. The nucleic acid molecules are encapsulated in the
immunoliposomes using known methods and the monoclonal antibodies are covalently
coupled to the exterior of the liposomes (see ¢.g. p254 of Pagnan et al. 2000, supra).

The binding of the liposomes to neuroblastoma cells and the uptake of the nucleic acid
molecules by the neurcblastoma cells can be assessed in vitro using known methods, as
described in Pagnan er al. (2000). Similarly, phenotypic effects and/or molecular

effects of the intracellular presence of the nucleic acids can be assessed.

Other targeting compounds may be antibodies as such, for example monoclonal
antibodies raised against a neuroblastoma cell surface antigen conjugated to the nucleic
acid molecules. For example an anti-transferrin-receptor antibody may be used, such as
the chimeric rat/mouse monoclonal antibody ch17217 which has been shown to target
cytokines to neuroblastoma tumor cells i mice {Dreier ef al., 1998, Bibconj . Chem. &
482-489). Such methods are well known in the art, see e.g. Guillemard and Saragovi
(Oncogene, Advanced online publication, published 22 March 2004, Prodrug
chemotherapeutics bypass p-glycoprotein resistance and kill tumors in vive with high

efficacy and target-dependent selectivity).
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Smmilarly, the nucleic acid molecules according to the invention may be conjugated to
natural or synthetic ligands, or ligand mumetics, which bind to the target cell surface
receptors (e.g. neuroblastoma cell surface receptors) and which result in the
endocytosis of the nucleic acid molecules. An example of such a ligand is for example
transferrin. It has been shown that intravenous injection of transferrin-PEG-PEI / DNA
complexes resulted in gene transfer to subcutaneous Neuro2a neurcblastoma tumors in

mice (Ogris ef al., 2003, J. Controlled Release 91: 173-181).

The therapeutic composition may further comprise various other components, such as
but not limited to water, saline, glycerol or ethanol. Additional pharmaceutically
acceptable auxiliary substances may be present, such as emulsifiers, wetting agents,
buffers, tonicity adjusting agents, stabilizers and the like, for example, sodium acetate,
sodium lactate, sodium chloride, potassium chloride, calcium chloride, sorbitan
monolaurate, and tricthanolamine oleate. Other biologically effective molecules may
be present, such as nucleotide molecules which silence other gene targets (e.g. c-Myb)},

markers or marker genes (e.g. luciferase), ligands, antibodies, drugs, ctc.

The therapeutic compositions may be administered locally, e.g. by injection, preferably
into the target tissue, or systemically, e.g. by dropwise infusion of a parenteral fluid or
a subcutaneous slow release device.

Injectable delivery systems include solutions, suspensions, gels, microspheres and
polymeric injectables, and can comprise excipients such as solubility-aliering agents
(e.g. ethanol, propylene glycol and sucrose) and polymers (e.g. polycaprylactones, and
PLGA's). Further gnidance regarding formulations that are suitable for various types of
administration can be found in Remington’s Pharmaceutical Sciences, Mace Publishing

Company, Philadelphia, PA, 17th ed. (1985).

In one embodiment the compositions according to the invention are used to
complement other neuroblastoma therapies, such as chemotherapy, radiation therapy,
surgery and/or bone marrow transplantation. Thus, either before, at the same time
and/or shortly after one or more conventional treatments, the compositions are
administered to the subject, preferably weekly, more preferably monthly, in effective

amounts. Any neuroblastoma cells, which are not effectively removed or eradicated by
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the other therapy are thus prevented from proliferating by del silencing. This treatment
reduces the risk of spread of neuroblastoma cells to other parts of the body (metastasis
formation) and prevents or at least delays relapses, i.¢. the recurrence of the (primary)
neuroblastoma. DCL silencing has as advantage over chemotherapy or surgery that it
has a low toxicity towards normal tissue and a high specificity for neuroblastoma cells.

Tt is therefore likely that undesirable side effects are absent or minimal.

In another embodiment a method for treatment of a subject is provided, whereby no
other neuroblastoma therapies (e.g. chemotherapy, surgery, ete.) are carried out. The
method comprises a) establishing a diagnosis of neuroblastoma, and b) administering a
suitable amount of a composition according to the nvention, and c)} monitoring at

various intervals (follow up treatment).

Step a), diagnosis, can, for example, be established using the diagnostic method and

kits described below. Altemativély, neuroblastoma diagnosis may be established using

' _conventlonal methods, such as -CT or CAT scans, MRI scans, m]BG scar - (meta— _

o iodobenzylguamdme) X-rays, biopsies or analysm of catecholamines or its metabolites

20

25

30

- in urine or blood plasma samples (e.g. dopamine, homovanillic acid, r vanillylmandelic

acidj. Step b) is described elsewhere herein. Step c¢) may involve various follow up
tests, such as the diagnostic iest described below, blood or urine tests, CT scans, MRI
scan, etc. The purpose of the follow up monitoring is to ensure that the tumor cells are
completely eradicated and do not recur. If this is not the case, new treatment needs to

be started.

In a further embodiment diagnostic methods and diagnostic kits are provided which are
useful for sclective screening of early stage neuroblastoma occurrence in subjects.
Subjects may already have tested positive in one or more other neuroblastoma tests, in
which case the present test may confirm earlier diagnosis. Alternatively, they may not
have been diagnosed with neuroblastoma yet, but they may show symptoms which
could be caused by neuroblastoma. Depending on the tumor location, symptoms may
vary greatly, such as loss of appetite, tiredness, breathing or swallowing difficulties,
swollen abdomen, constipation, weakness/unsteadiness in the legs, eic. Alternatively,

high risk subjects not showing any symptoms yet may be prophylactically tested at
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regular intervals using the diagnostic method according to the invention to ensure early
diagnosis, which greatly increases the chances of eradication of the neuroblastoma
cells. The ex vivo diagnostic methods comprise taking a blood sample from a subject
and detecting the presence or absence of free neuroblastoma cells in the serum.
Alternatively, the ex vivo diagnostic method may be carried out on a biopsy sample of
the (presumed) tumor tissue. As the DCL protein and the def mRNA are specific for
neuroblastoma cells, the presence of the cells can be deiected, and optionally
quantified, by analysing the presence of dc/ mRNA and/or DCL protein in the sample.
This can be done using methods known in the art, such as (quantitative) RT-PCR using
dcl-specific or degenerate primers, other PCR methods, such as for example specific
amplification of regions of the del gene, DNA-arrays, DNA probes for hybridization, or
methods which detect the DCL protein, such as Enzyme-linked immunosorbent assays
(ELISA) or Westemn blotting using DCL-specific antibodies (c.g. monoclonal or

polyclonal antibodies). In one embodiment the diagnostic method and kit according to

 the invention comprises the monoclonal antibody anti-DCLK (also referred to as anti-
- CaMLK in Kruidering et af. 2001, 'supra), which recognizes and binds human and/or

. mouse DCI. protein (detectable as hav_ihg a molecular weight of -about 40 kDa)

according to the invention. Although anti—DCLK also recognizes other splice variants,
such as DCLK-short (i.e. cpgl6) and CARP, the spatio-temporal separation of DCL
from cpgle and CARP expression, and the differences in mdlecﬁlar weight, can be
used to easily mimimize/avoid false positi\}es. Clearly, other DCL-specific monoclonal
antibodies may be generated and used.

Also, primers or probes specific for exon 8 RNA (present in DCL RNA but absent in
DCLK-short RNA) may be used in RNA detection methods. As controls, for example
primers or probes which bind to (hybridize with) exon 6 RNA of DCLK-short (i.c.
cpgl6) and CARP, or to exon 9 to 20 of DCLK may be employed, which are absent in
DCL RNA.

Primer pairs, probes and antibodies which specifically detect (e.g. by sequence specific
amplification, by sequence specific hybridization or by specific binding) the RNA or
DNA of SEQ ID NO: 2 or the protein of SEQ ID NO: 4 can be made by a skilled
person using standard molecular biology methods, as found in references to standard

textbooks below. Primer pairs and probes can be made on the basis of SEQ ID NO: 2.
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Monoclonal or polyclonal antibodies specific for DCL-protein can be raised as known

m the art.

The diagnostic method comprises the steps of a} analyzing a blood sample of a subject
for the presence or absence of SEQ ID NO: 2 RNA or DNA and/or for the presence or
absence of DCL protein of SEQ ID NO: 4 and b) optionally quantifying the amount of
SEQ ID NO: 2 and/or SEQ ID NO: 4 present. A quantification may allow a direct
correlation to the mumber of neuroblastoma cells present, which in turn may indicate

the severity of the neuroblastoma development and spread.

Also provided are ex vive diagnostic kits for carrying out the method above, A
diagnostic kit may, therefore, comprise primers, probes and/or antibodies, and other
reagents (buffers, labels, etc.}, suitable for dci gene, del mRNA and/or DCL protein
detection and optionally quantification. In addition, kits comprise instructions and
protocols how to use the reagents (e.g. immunodetection reagents) and control samples,

for example isolated DCL-protein or de/ DNA.

The -fol_lowing - non-limiting  examples illustrate the identiﬁcatibn, isolation and
characterization of the novel DCL splice variant. Unless stated otherwise, the practice
of the invention will employ standard conventional methods of molecular biology,
virology, microbiology or biochemistry. Such techriques are described in Sambrook
and Russell (2001) Molecular Cloning: A Laboratory Manual, Third Edition, Cold
Spring Harbor Laboratory Press, NY, m Volumes 1 and 2 of Ausubel ef al. (1994)
Current Protocols in Molecular Biology, Current Protocols, USA and in Volumes 1
and II of Brown (1998) Molecular Biology LabFax, Second Edition, Academic Press
(UK), Oligonucleotide Synthesis (N. Gait editor), Nucleic Acid Hybridization (Hames
and Higgins, eds.), "Enzyme immunohistochemistry” in Practice and Theory of Enzyme
Immunoassays, P. Tijssen (Elsevier 1985). Standard materials and methods for PCR
can be found in Dieffenbach and Dveksier (1995) PCR Primer: A Laboratory Manual,
Cold Spring Harbor Labroatory Press, and in McPherson et al (2000) PCR Basics:
From Background to Bench, first edition, Springer Verlag Germany. Methods for
making monoclonal or polyclonal antibodies are for example described in Harlow and

Lane, Using Antibodies: A laboratory Manual, New York: Cold Spring Harbor
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Laboratory Press, 1998, and in Leddell and Cryer “4 Practical Guide to Monoclonal
Antibodies”, Wiley and Sons 1991. All above references are incorporated herein by

reference.

Throughout the description and Examples reference to the following sequences is
made:
SEQ ID NO 1: ¢cDNA sequence of mouse dc!
SEQ ID NO 2: ¢cDNA sequence of human dc/
SEQ ID NO 3: amino acid sequence of mouse DCL
SEQ ID NO 4: amino acid sequence of human DCL
SEQ ID NO 5: siDCL-2 sensc RNA oligonucleotide (siRNA strand)
SEQ 1D NO 6: siDCL-2 antisense RNA oligenucleotide (siRNA strand)
SEQ ID NO 7: hu-siDCL-2 sense RNA oligonucleotide (siRNA strand)
| SEQ ID NO 8: hu-siDCL-2 antisense RNA oligonucleotide (siRNA strand)
SEQ ID NO 9: siDCL-3 sense RNA oligonucleotide (siRNA strand)
SEQ ID NO 10: siDCL-3 antisense RNA oligonucleotide (siRNA strand)
SEQID N:O 11: hu-siDCL-3 sense RNA oligonucleoﬁdé {siRNA strand)
SEQ ID NO 12: hu-siDCL-3 antisense RNA oligonucleotide (siRNA strand) -
SEQ ID NO 13: DCLex2C antisense RNA oligonucleotide
SEQ ID NO 14: hu-DCLex2C antisense RNA. oligonucleotide
SEQ ID NO 15: DCLex2D antisense RNA oligonucicotide
SEQ ID NO 16: hu-DCLex2D antisense RNA oligonucleotide
SEQ ID NO 17: DCLex2A antisense DNA oligonuclotide
SEQ ID NO 18: hu-DCLex2A antisense DNA oligonuclotide
SEQ ID NO 19: DCLex2B antisense DNA oligonuclotide
?EQ 1D NO 20: hu-DCLex2B antisense DNA oligonuclotide

Figure legends
Figure 1. - Genomic Organization of DCL and Alignment with DCX

(A): Genomic organization of the DCLK gene and the cloning strategy of the DCL
¢DNA. Only the exon-iniron structure of the DCL part is indicated including the
recently identified exon 8 encoding the common 3' end of CARP and DCL
{(Vreugdenhil er al., 2001, supra). Exons are represented by rectangles and indicated by
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arabic numbers; introns are solid lines. The DCL transcript is indicated below (DCL)
the genomic structure. The ORF 1s represented by a rectangle, non-translated sequences
by lines. The location of the primers, used to clone DCL, are indicated by arrows.

(B): Alignment of the DCL protein with DCX. Identical residues are dark grey and
conserved substitutions are light grey. The two DCX domains and the SP-rich domain

are indicated by arrows.

Figure 2. - DCL is a M.A.P. and Stabilizes Microtubules

Panel I:

{A-C) DCL overexpression in COS-1 cells.

(D-F) DCL overexpressed in COS-1 cells treated with colchicine.

Green represents DCL; red represents o-tubulin and yellow indicates DCL
colocalization with a-tubulin. Blue represent DNA (nucleus). Arrows indicate DCL
associated microtubule bundles, which are resistant to colchicine treatment. Also note
the clear association with a centrosome in A and B. Scale bar is 10 wm.

Panel TI. Microtubules polymerization in vitro by DCL. Different concentrations of
recombinant DCL protein were incubated with pu"iiﬁed_ tubulin and the turbidity of the

- DCL/tubulin mixture was monitored at 340 nm for 30 min. Taxol was used as a

pbsitive control and water as a negative control. The graph shown is a typical example

from mltiple experiments (N=4) with similar results.

Figure 3. - Expression of DCL is Developmentally Regulated |

(A): Cross-reactivity of DCX and DCLK recognizing antibodies. Western blot anaiysis
of lysates of COS-1 cells overexpressing DCL (lane 4-6) or two different DCX vanants
(lane 2 and 3) with anti-DCX (upper panel) or anti-DCLK (lower panel). Anti-DCLK
strongly recognizes DCL (lane 4-6).

(B): Onset of DCL and DCX protein during embryogenesis. Immunoblots of
embryonic brain fractions from age ED8 to ED18 and adult were stained with anti-
DCLK and anti-DCX. As a positive control for the CARP/DCL antibody, an extract of
COS-1 cells overexpressing DCL was used.

(C): Western blot analysis of DCL and DCX in various adult brain regions. 1: ED12
head (positive control), M: Molecular weight marker 2: cerebellum, 3: brain stem, 4:

hypothalamus, 5: cerebral cortex, 6: hippocampus 7: olfactory bulb.
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Figure 4. - Localization and Ontogeny of DCL Expression in Embryonic Brain

L: In situ hybridization of a transversal brain section of embryonic day (ED) 8
(panel A); and sagittal sections at ED10 and ED12 (panel B and C, respectively). On
EDS8 and ED10, the signal was low but increased considerably at ED12. Abbreviations:
di -diencephalon, v - lateral ventricie, me - mesencephalon; mo -medulla oblongata, mt
- metencephalon, mv-mesenchephalic vesicle, nc - neopallial cortex, ne -
neuroepithelium, rh - rhombencephalon, te - telencephalon, tv - telencephalic vesicle,

IV v - 4th ventricle. Scale bar: lmn; exposure time: 14 days).

II: DCL protein distribution in the early mouse neuroepithelium.

A: DCL protein distribution at ED 11 (sagittal section). Staining is restricted to the
proliferative regions (telencephalon and diencephalon on the left and might,
respectively) and found in the outer layers close to the pia as well as in the inner
ventricular zone (arrowheads; .see also higher magnifications below), whereas
nonneuronal tissue like the mandibular component of the first branchial arch (M) is
devoid of any signal. IV; fourth ventricle. Bar represents 150 pm.

B + C: Adjacent transversal (coronal} sections from the.eaﬂy neuroepithelium at ED 9
immunostained for DCX (B) and DCL (C). No DCX sta:iﬁiilg is observed (arrowheads
in B), whereas DCL is already expressed both in the inner ependymal (upper 2 arrows)

. as well as in outer, marginal region (lower arrow). Bar represents 25 pm.,

D: Sagittal section of the neuroepithelium of the neural tube at EDI1, showing
abundant expression at the luminal border (arrowheads), while in the developing
neuronal tissue, isolated dividing cells are immunopositive as well (arrows). L indicates
the neural lumen of the neural tube: Bar represents 70 um.

E: Detail of a DCL-immunopositive mitotic cell in the neuroepithelium. The
chromosomes (arrowhead) oriented in the midline cleavage plane are obvious. Bar
represents 3 pm.

F: Overview of the neuroepithelium of the telencephalon at ED10, showing DCL
expression in the ventricular (ependymal) layer (arrowhead on the left) as well as on
the marginal/cortical plate zone (arrowhead on the right). 2 immunopositive doublets of

dividing cells in the intermediate zone are also visible (arrows). Bar represents 15 um.
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G + H: Transversal cross-sections of the cortical neuroepithelium, illustrating the
differential, yet partly overlapping, distributions of DCX and DCL. DCX is not
expressed until ED11 {G), and mainly in the uppermost part of the cortical plate and
marginal/cortical plate region (arrow) of the cortical neuroepithelium. DCL, in contrast,
is already expressed at ED9 (H) at particularly high levels in the venfricular
(ependymal} layer (arrowhead to the left) with lower levels in the intermediate and
marginal zones (arrowhead to the right). Note that the ventricular layer (asteriks in G)
is devoid of DCX signal. Bar represents 5 pum.

I. Detail of the ependymal layer of the ventricular zone at ED9 showmg DCL
expression in fibers extending from the neuroepithelium nto the intermediate zone
(arrowheads). Bar represents 12 pum.

J: Detail of the ependymal layer showing clear immunoreactivity i drviding
neurocpithelial cells adjacent to the lumen, that are in; telophase (left), anaphase
(middie), while also a DCIL. positive cell in mid prophase is visible that appears to
divide vertically  (arrowheads) while migrating away from the lumen (right). Bar
represents 8 pm. :

K: DCL immunoreactivity in the ependymal layer at ED11, in cells in prophase and
telophase (arrowheads) as well as inn a blast-like cell in metaphase/anaphase (arrow).
Bar represents 10 pm. |

L: Two DCL immunopositive mitotic cells in the ependymal layer displaying intenée
immumnoreactivity also in the centrosome-like structures (lower arrows). Bar represents
1.5 pm. '

M + N: Examples of 2 DCL immunopositive, dividing cells in anaphase IT / telophase
I (M) and in metaphase / anaphase I, with the chromosomes clearly visible (arrow),

while also some microtubular staining is observed (atrowheads}. Bars represent 1 pm.

Figure 5. - DCL expression in Neuroblastoma cells.

Panel I:

A: DCL is endogenously expressed in several neuroblastoma cell-lines. Screening by
Western Blot analysis for DCL positive cell lines. Lane 1: COS-1 cells, lane 2: Hela
cells, lane 3: NG108-15 cells, lane 4: NS20Y cells, lane 5: N1E-115 cells, lane 6:
molecular weight marker, lane 7: SHSYS cells. Note that DCL is expressed in
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neuroblastoma cell lines (lane 3, 4, 5 and 7) but not in cell lines from non-neuronal
origin (lane 1 and 2).
B: DCL is a phosphoprotein. NG108-15 lysates stained with anti-DCL. Lane 1:
untreated lysate, lane 2: lysate incubated at 37°C without phosphatase, lane 3: lysate
incubated at 37°C with phosphatase. Lane 4-6 are similar as 1-3 but with DCL
overexpression. Note that endogenous DCL comigrates with overexpressed DCL in
lane 4-6.
Panel 1I:;
Western blot analysis of DCL expression in N1E-115 cells with (1 to 3} and without (4)
siRNA treatment performed in duplo. Three different siRNA molecules targeting DCL
were used: siDCL-1 (lanes 1}, siDCL-2 (lanes 2) and siDCL-3 (lanes 3). Note that
siDCL-2 and 3 lead to an effective knock-down while siDCL-1 failed to do so. As a
reference, the same membrane was re-stained with g-tubulin.
Panel II1.
Knock-down of DCL leads to relaxation of the microtubule cytoskeleton in interphase.
Anti-DCLK (green) staining yields a spickled pattern, which is most prominent near thé
nucleus (A) in non-treated cefls (A-C). This pattern is not affected by siDCL-1 (D) but
anti-DCLK staining is almost absent by effective DCL knockdown by siDCL-3 (G).
The cytoskeleton, as indicatéd by o~tubulin staining (B, E and H), has a fine-maze
structure in mon-treated cells (B) and in cells treated with si-DCL-1 (E) but is greatly
relaxed by siDCL-3. Merged illustrations of DCL and a~tubulin staining show non-
treated cells (C), cells transfected with siDCL-1 (F) and cells transfected with siDCL-3
(D). Green = DCL., Red = a-tubulin, Yellow=colocalization of DCL and ¢-tubulin. Scale
bar 15 10 pm.
Panel IV: -
DCL knock-down does not affect centrosome structure. Spickled anti-DCLK staining
(A, D, G} is highly concentrated (A, D) around centrosomes as indicated by anti-y-
tubulin staining (B, E and H) and effective knock-down of DCL (G) does not lead to
obvious changes in the structure or form of centrosomes (I}. Merged illustrations of
DCL and a-tubulin staining are shown of non-treated cells (C), cells transfected with
siDCL-1 (F) and cells transfected with siDCL-3 (I). Green = DCL, Red = y-tubulin,

YeHow=colocalization of DCL and y-tubulin. Scale bar is 10 pm.
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Figure 6. - DCL knock-down leads to deformation of mitotic spindies. In non-ireated
cells (A-C) DCL (A) largely colocalizes with o-tubulin (B). The merged image (C)
indicates DCL presence at the kinetochore (arrow). Transfection with siDCL-1 (D-F}
did not lead to a DCL knockdown (D) and also did not change the formation of mitotic
spindies as indicated by a-tubulin staining (F). Effective DCL knockdown by siDCL-2
(G-I) or siDCL-3 (J-L) lead to a disappearance of DCL (G, I) and to the disappearance
(H) and deformation (K) of mitotic spindles as indicated by o-tubulin staming. Green =
DCL, Red = g-tubulin, Yellow=colocalization of DCL and - tubulin. Scale bar is 10

pm.

Figure 7 - DCL overexpression in dividing COS-1 cells.

A-C: Immunocytochemical analysis of DCL overexpression. A normal dividing COS-1
cell stained with g-tubulin is shown as reference (ref). Overexpreésion of DCL (Green,
A) leads to elongation of mitotic spindles as indicated by co-staining with a-tubulin
(B). Note the difference in mitotic spindle length, indicated by arrows, of transfected
versus nontransfected cells. DNA 1s stained with DATI (blue).

D-I: Confocal microscopy of DCL overexpression in COS-1 cells during cell division.
One phenotype looks similar (D-F) to wildtype COS-1 cells in which DCL (D) largely
colocalizes with a-tubulin (E). Similar to endogenous localization of DCL in dividing

N1E-115 cells, DCL also is located at the kinetochore. DCL localization is shown in

~ green, which overlaps with mutotic spindles as indicated by o-tubulin staining (red).

The other phenotype observed lead to elongation and altered orientation of the mitotic
spindles (G-1}. Green=DCL (A, D, (), Red=o-tubulin (B,E.H), Yellow=colocalization
of DCL and o-tubulin (C, F, 1). Scale bar is 10 pm.

Examples

Example 1 - Cloning of DCL from mouse and human
DNA sequence analysis of a DCL ¢cDNA clone from mouse (SEQ 1D NO: 1) revealed

an open reading frame of 362 amino acids (SEQ ID NO: 3) with a predicted molecular
mass of 40 kDa (Figure 1B) and 73% amino acid identity (81% similarity) with mouse
DCX over the entire length of both proteins. Alignment of the two predicted DCX

repeats (Taylor ez al., 2000, supra) with mouse DCX revealed an even higher amino
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acid identity of 81% (89% similarity) for DCX domain I and 90% amino acid identity
(99% similarity)} for DCX domain I, strongly suggesting that this latter domain has a
similar function in both proteins. The serine/prolme (SP)-rich C-terminus, which
corresponds largely with CARP (Vreugdenhil ef af., 1999, Neurobiology 39, 41-50),
exhibits a lower amino acid identity of 63% (78% smmilarity}. This SP-rich domain is
present in both DCX and DCL. Such SP-rich domains are potential MAP kinase motifs
(Sturgill ef al., 1988, Nature 334, 715-718), suggesting that the C-terminus is a MAP
kinase substrate, Interestingly, the YLPL motif in this region of DCX has been shown
to interact with AP-1 and AP-2 and has been implicated in protein sorting and vesicle
trafficking (Friocourt et al., 2001, Mol. Cell Neurosc. 18, 307-319). In DCL, however,
the corresponding motif 18 YRPL in which a hydrophobic leucine 1s replaced by a basic
arginine residue, indicating that DCL is not likely to interact with AP-1 and AP-2.

The human dc! cDNA/mRNA (SEQ ID NO: 2) and protein (SEQ ID NO: 4) sequences
were obtained from a human neuroblastoma cell line (SHSY5) using the mouse

sequences and were found to be very similar to the murine sequences, as described

elsewhere herein.

Example 2 - DCL is a MAP (microtubule associated protein} and stabilizes the

cytoskeleton
The two DCX domains of both DCX and DCLK-long have been shown to interact with

and to stabilize microtubule structures (Francis et al., 1999, supra; Gleeson et ¢l., 1999
supra; Kim et al., 2003, Struct. Biol. 10, 324-333; Lin et al., 2000, éupra). As DCL
contains DCX domains that are identical to DCLK-long, a similar stabilizing and
polymerizing effect on microtubules was expected for DCL. To confirm this, three
types of experiments were conducted: first, overexpression of DCL in COS-1 cells
resulted in a fibrillar staining pattern in the soma overlapping the microtubule
distribution (Figure 2.1 A), as shown by co-localization with o-tubulin antibodies
(Figures 2.1 B and C). Second, to test if DCL-containing microtubule bundles exhibit a
similar resistance to depolymerization as is known for DCX and other MAPs, DCL
transfected cells were exposed to 10 pg colchicine, a compound which depolymerizes
and disrupts tubulin microtubules. Non-transfected cells exhibited clear

depolymerization of the microtubule cytoskeleton, whereas the microtubule
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cytoskeleton of all DCL transfected cells was resistant to 1 hr colchicine treatment, in
particular in condensed microtubule/DCL bundles (Figure 2.1 D-F). This showed that
DCL, similar to DCLK-long and DCX, is capable of stabilizing microtubules. Third, in
an in vitro polymerization assay the microtubule polymerizing properties of DCL were
tested by incubating different concenfrations of recombinant, non-tagged DCL with
purified tubulin. Taxol was used as a positive confrol, which is a well-known
microtubule pelymerizing compound. Spectrophotometrical monitoring of microtubule
polymerization revealed that DCL polymerizes microtubules in a dose-dependent
manner (Figure 2.1T). Together,-these data showed that DCL, like DCLK-long and
DCX, can directly polymerize and stabilize microtubules.

Example 3 - Characterization of a DCL recognizing antibody.
Recently the generation of an antibody against CARP, called anti-CaMKILK, has been

described (Kruidering et al., 2001, supra} which also recognizes other splice-variants of
the DCLK gene including DCLK-short {also known as cpgl6 (Silverman ef al., 1999, 1.
Biol. Chem. 274, 2631-2636) or CaMLK). CARP is a small protein of 55 amino acids
of which 43 are identical with the C-terminus of DCL, that shares 70% amino acid
homology with human DCX (Vreugdenhil ez al., 1999). To address the specificity of
anti—CaMLK, DCX ﬁnd DCL Werer_over'expressed in COS-1 céﬂs and analysed' for
possible cross—réactivity by Western Blot analysis. Anti-CaMLK strongly recognized
DCL (Figure 3A lane 4-6) whereas only some cross-reactivity was 6bserved with DCX
(Figurc 3A lane 2 and 3). On the other hand, the DCX antibody used herein, raised
againsf the C-terminal 17 amino acid of DCX, strongly recognized DCX (Figure 3A
lane 2 and 3) and not DCL (Figure 3A lane 4-6). Thus, anti-CaMLK strongly
recognizes numerous splice variants of the DCLK gene including DCLK-short and
DCL and therefore is herein referred to as “anti-DCLK”. In addition, some cross-
reactivity of anti-DCLK with DCX may occur, whereas the DCX antibody is specific
for DCX alone and not for DCL. '

Example 4- DCL is highly expressed at early stages of brain development
Western blot analysis of embryonic brain homogenates revealed the presence of a 40
kDa protein immunopositive for anti-DCLK. The size of this protein corresponds with

that of the recombinant DCIL. protein overexpressed in COS-1 cells (Figure 3B). Anti-
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DCLK recognizes only DCL in the developing mouse brain as no other immuno-
reactive bands were observed (Figure 3B lane §-18). Although signal was already
present at ED10, highest levels of immunoreactive DCL protein were found at ED12
and ED14. The level of DCL protein declined after ED14 and a weaker but clear 40
kDa band was still present in adult brain. Here, an additional band of 53 kDa was very
prominent (Figure 3B). In agreement with its molecular weight of 53 kDa, this band
most likely represented DCLK-short, which is abundantly expressed only in adult and
not developing brain (Vreugdenhil et al, 2001; Omori et al., 1998). Within the adult
brain, highest levels of DCL protein were found in the olfactory bulb, with lower levels
in the hippocampus and cerebral cortex, and very low levels in cerebellum, brain stem
and hypothalamus (Figure 3C).
DCX has been reported to be specifically expressed during development but to drop
below detection level in adult brain (Francis et al., 1999 supra; Gleeson et al., 1999
supra), although DCX remains expressed in very low amounts in selected regions
(Nacher ef al., 2001, Bur J Neurosci 14, 629-644). For comparison to the DCL findings,
the protein lysates were further analysed with a DCX—sﬁeciﬁc antibody recognizing the
C-terminus. In agreement with other studies (Francis et al., 1999; Gleeson et al., 1999},
the highest concentrations of DCX were found at ED12 and were found to decline
afterwards (Figure 3B). ' )
In contrast to DCL, no DCX protein expression, also éfter prolonged exposure, could
be detected in embryo heads of ED8 and EDI10 or in the adult brain. However,
consistent with a role for DCX in neuronal migration, DCX immunoreactivity was
observed in the adult olfactory bulb (Figure 3C lane 7), but not in other brain structures
(Figure 3C lane 2-6), indicating dilution of DCX below detection level in the whole
brain lysates.
To analyze regional differences in DCX and DCL expression in more detail, the spatio-
temporal expression of DCL during early embryonic development was studied using in
situ hybridization. Low levels of DCL. mRNA expression were observed along the
length of the neuroepithelium (destined to give rise to the central nervous system and
the layered cortex in later stages of development) at EDE (Figure 4.I A). At EDI10,
when massive divisions start to become prominent, substantial expression was found in
the carly diencephalon, telencephalon and mesencephalon, a.o. (Figure 4.1 B).
Consistent with the RT-PCR and Westemn blot experiments the intensity of DCL
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expression at ED12 increased profoundly (Figure 4.1 C) as compared to ED 8 and 10,
with high levels in the proliferative ventricular zones.

To study the spatio-temporal distribution of DCL protein, immunchistochemistry was
performed on sections from mouse embryos at 8, 9, 10, and 11 days old using the
DCLK antibody (anti-DCLK) that recognizes DCL exclusively at these ages (see above
and Figure 3B). At ED&, no DCL staining was observed (data not shown). However, at
ED 9, an age at which no DCX protein expression is found yet (Figure 4.11 B), DCL
signal was prominent in the ventricular walls and main neuroepithelia, well-defined
areas of massive mitosis and neurogenesis (Figure 4.1 C and J). At ED 10 and 11, DCL
protein generally followed the in sifu hybridization pattern, with high levels in the
proliferative regions of the central and peripheral nervous system, including the
telencephalon, diencephalon, lateral ganglionic eminence, the neuroepithelium of the
neural tube, as well as e.g. the dorsal root and sympathetic ganglia, whereas non-
neuronal tissues like bone or the intestines e.g., were devoid of any signal (Figure 4.11
A and D). Higher magnifications of the early neocortex, revealed DCL expression not
only in the upper layers of the cortical plate, but also in the inner ventricular zone, with
lower levels apparent in the intermediate zone (Figure 4.11 F and H).

A particularly striking observation was the DCL immunoreactivity in mitotic cells, in

~e.g. the veniricular zone and epithelial wall (examples in Figure 4.1 C-F, H, I-N),

while also DCL positive, mitotic cells were found in the neurcepithelium of the neural
tube (Figure 4.1 D) and the intermediate zone of the cortical neuroepithelium (Figure
4.11 F), generally with a more isolated occurrence and at lower frequencies. In addition
to the DCL staining pattern of the epithelia in the same section, clear immunopositive
doublets were observed (Figure 4.11 D and F). Also mitotic cells in specific stages of

the cell cycle could be recognized (Figure 4.11 J-N), with intense immunoreactivity

~ between chromosomes and even immunopositive centrosome-like structures (Figure

4.11 L) clearly visible.

Taken together, the data clearly showed that presence of DCL mRNA expression
precedes that of DCX starting already from ED§, and DCL protein from ED9 onwards.
Highest expression of DCL mRNA and protein was found at ED12 and ED14,
respectively, while, contrary to DCX, also transcript and protein expression of DCL

was found on Western blots from adult brain. Protein distribution during early



10

15

- 20

25

30

Etc Pic SET Etc A u SE 216 LEE Let Pie 2Er SC let at/
2/ c act TEL cc SET 40 Per Per. 'el PEE EEL Erc Cdr Ci
Ye]. Prc itt Ile it itt Sic

WO 2007/086738 PCT/NL2007/050025

34
development is not only different from that of DCX m time, but also in location, 1.c.,
DCL was found in the ventricular zone and cortical plate rather than the cortical plate
alone (Figure 4.11 C, F-H). Most strikingly, DCL immunoreactivity was regularly found

in mitofic cells of the neuroepithelium and sometimes in the intermediate zone.

Example 5 - DCL is endogenously expressed in neuroblastoma cells

To investigate a possible role for DCL in neuronal proliferation, the endogenous DCL
expression in several neuronal cell lines was analysed. A DCL immunoreaciive band of
approximately 40 kDa was observed in 4 different neuroblastoma cell lines, that was
absent in any of the non-neuroblastoma cell lines studied (Figure 5.1 A), indicating
specificity for DCL expression in cells with a neuroblast-like phenotype. Screening of
other non-neuroblastoma cell lines mcluding PC12 cells, failed to identify any DCL
positive cell-line (data not shown). In the neuroblastoma cell line N1E-115, the 40 kDa
immunoreactive doublet co-migrated with the doublet resulting from overexpressing
DCL (Figure 5.1 B). This 40 kDa band could not be explained by the presence of DCX
in N115 cells since both RT-PCR experiments and Western blot analysis failed to
detect DCX signals using DCX-specific primers and antibodies (data not shown). The
upper band of the 40 kDa DCL doublet therefore most likely represents a phospho-
isoform of DCL, a notion that was confirmed by- the disappearance of the upper band of"
bdth Lthe endogenous as- well as overexpressed DCL when the cell lysates were
incubated with phosphatase. This further demonstrates that DCL, similar to DCX, is a

phosphoprotein, at least in neuronal cell lines.

Example 6 - DCL affects microtubule architecture and organization in N1E-115 cells.

To study function and subcellular localization of DCL, immunocytochemical
experiments using confocal microscopy following manipulation of DCL expression
using small interference (si) RNA technology in N1E-115 ncuroblastoma cells in
interphase was performed. To establish siRNA take up by NI115 cells, anti-DCL
synthetic siRNA molecules were labelled with Cy-5 and their presence or absence was
monitored in N115 cells by fluorescent miicroscopy. These studies indicated the
presence of anti-DCL siRNA in approximately 95% of all N115 cells (data not shown).
Three different siRNA molecules against DCL were constructed: siDCL-1, 2 and 3.

‘Western blot analysis indicated that siDCL-1 failed fo knock-down DCL protein
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(Figure 5.1I lane 1), a finding that might be explained by the lack of TT di-nucleotides
at the 3’-end in this antisense strand. siDCL-1 was subsequently used as a negative
control for the effects of the siRNA procedure. Compared with non-treated cells and
siDCL-1, transfection of siDCL-2 and si-DCL-3 molecules lead to a knockdown of
respectively 80% and 90% as determined from Western blot analysis (Figure 5.11 lane 2
and 3). Subsequent immunocytochemical analysis of siRNA. treated N115 cells using
anti-DCLK and o-~tubulin or y-tubulin antibodies revealed profound effects on the
architecture of the microtubule cytoskeleton of cells in interphase. In non-treated cells,
anti-DCL staining was typically punctate and present throughout the remainder of the
soma (see Figure 5.11I A). In contrast to DCX, which appears selectively located in the
periphery of the soma and even at the extremities of neuronal processes (Friocourt et
al., 2003; Schaar et al., 2004), DCL immunoreactivity was less intense at the periphery
of the cell soma (Figure 5.11I A and C), and often displayed increased intensity near
one, or two sides of the nucleus (Figure 5.111 A, C, D and F), suggesting that DCL is
concentrated particularly along the cytoskeleton surrounding the centrosome. This
subcellular location was confirmed by co-staining with the centrosome marker y-
tubulin (sce Figure 5.1V A-C).

In agreement with the Western blot analysis, transfection of siDCL-1 did not alter the
éridogenous DCL immunocytocheniical staining pattern. DCL knock-down induced by
siDCL-3, however, inducéd a nearly complete disappearaﬁce of the anti-DCLK sfaining
(see Figure 5.111 G), strongly indicating that the anti-DCLK antibody recognizes DCL
in N115 cells in a highly specific manner. Strikingly, in 40% of the cells transfected
with siDCL-2 and in 80% of celis transfected with siDCL—3, the cytoskeleton was
disrupted, as was apparent from the altered, more dispersed o-tubulin staining pattern
and irregular organization. N115 cells transfected with siDCL—Z and 3 but with a
normal cytoskeleton, also showed more anti-DCLK staiﬁjng than cells with an aberrant
cytoskeleton. This further supports a causal relation between effective DCL knock-
down and subsequent abnormalities in microtubule stability. Compared to the normal
microtubule cytoskeleton in non-treated cells, the abnormal pattern afier DCL
knockdown is characterized by bundles of microtubules with a more condensed and
less dispersed structure, clearly exhibiting less side-branches (Figure 5.111 H and Ij.
This indicated a role for bCL in branching and stabilization of the microtubule

cytoskeleton.
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Since DCL protein distribution was found in hgher concentrations around the
centrosomes, DCL knockdown may affect centrosome protein complex and
subsequently nuclear positioning, cytoskeletal connectivity and (re—}organization. To
address this issue, DCL knockdown was performed in combination with y-tubulin
staining (see Figure 5.IV D-I). In agreement with the euploid nature of N115 cells,.
multiple centrosomes per cell were observed. However, despite efficient knock-down
of DCL, no apparent change was seen in the number or structure of centrosomes,

indicating that DCL. is not a key factor in the structural organization of centrosomes.

Example 7 - DCL. is essential for mitotic spindle formation in neuroblastorna cells.

The presence of DCL m the ventricular zone (Figure 4) is consistent with a role for
DCL in neuronal proliferation and progenitor division, Dividing N1E-115 cells were
therefore analysed using confocal microscopy following DCL knockdown by siRNA.
Strong DCL immunoreactivity was observed in all dividing N1E-115 cells during
metaphase or early anaphase (see Figure 6A and D). DCL immunoreactivity largely
colocalized with o-tubulin indicating an association with the mitotic spindles. However,
an immunoreactive gradient was apparent for DCL in all cells analyzed, with low levels

near the centrosome and high levels in the mitotic spindies and near the kinetochore,

-suggesting a tole for DCL in the formation of mitotic spindles. Consistent with this are

- _the dramatic effects of DCL. knockdown by siDCL-2 and siDCL-3, which are

associated with a complete deformation and sometimes absence of the mitotic spindles
{(Figure 6 G-L). This effect on the mitotic spindles was observed in 40% of all dividing
cells (siDCL-2) and in all dividing cells transfected with siDCL-3. Inefficient
knockdown by siDCL-1 leaves DCL co-localization with mitotic spindles unaltered
while the phenotypic appearance of mitotic spindles is similar to that of the non-treated
ones mitotic spindles (Figure 6 D-F). Thus, apparently, DCL is required for the correct

formation of the mitotic spindle of dividing neuroblasts or neural progenitors.

Example 8 - DCL overexpression leads to clongation of mitotic spindles.

Gain-of-function was studied by overexpressing DCL in COS-1 cells that normally do
not express this protein. Consistent with the above findings on endogenous DCL
expression in dividing N115 cells, DCL immunoreactivity co-localized with mitotic

spindles in dividing COS-1 cells (see Figure 7). Two different phenotypes were
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obscrved: Firstly, in 20% (n=126) of the analyzed dividing COS-1 cells,
overexpression of DCL colocalized with o-tubulin, similar to the endogenous DCL
expression pattern in dividing N1E-115 cells (Figure 7 D-F), with. DCL localized at the
kinetochore and in mitotic spindles. However, unlike N1E-115 cells, DCL is also found
associated with the centrosomes and astral fibers. Secondly, in the majority of the
dividing COS-1 cells (80%), comparison of the precise mitotic stage of DCL
expressing and vector-transfected cells was hampered by the fact that all DCL
expressing and dividing cells showed an abnormal phenotype with elongated mitotic
spindles.

Most strikingly, half-spindles were observed indicating that DCL overexpression
affects centrosome segregation and spindle orientation (Figure 7 A-C, G-I). In addition,
the mitotic spindles appeared to be much longer and often thicker than the spindles
from control cells (compare e.g. the spindle length of a non- transfected cell, Figure 7B
ref inset, with Figure 7C). Notably, these DCL effects were associated with an
abnormal DNA staining and distribution pattern, where the chromosomes are
completely displaced and dispersed over the soma, a strikingly different pattern from
the normal orientation (Figure 7B ref inset), that is perpendicular with respect to the
bipolar centrosome position (see reference length compared to Figure 7C). Thus,
overexpression of DCL m COS-1 cells leads to spindle elongation and the formation of

halfspindles, suggesting that DCL plays a crucial role in mitotic spindle form and
length.

Example 9 - Material and Methods

9.1 Clonmg of the Murine DCL

The present inventors developed an antisense primer 1A: CTGGA ATTCT TACAC
TGAGT CTCCT GAG (EcoR1 site underlined) corresponding to the stop-codon region
of the CARP-specific exon and a sense primer 25: GCAGG TTCTC ACTGA CATTA
CCG corresponding to exon 3 of the murine DCLK gene. In 30 cycles of PCR, a 457

bp fragment was amplified using mouse embryonic cDNA as a template and
polymerase Pful (Stratagene). DNA sequence analysis confirmed the DNA sequence as
being DCLK specific. Subsequently, a DCL ¢cDNA encoding the complete DCL protein
was amplified using CCAGGATCCACCATGTCGTTCGGCAGAGATATG (BamH!

site underlined) as a sense and 1A as an antisense primer, cut with BamIH1 and EcoR1
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and subcloned in the expression plasmid pcDNA 3.1 (InVitrogen, Groningen, The
Netherlands), A DCL-EGFP construct was generated by subcloning a Kpnl/EcoRV
DCL fragment from pcDNA3.1.DCL in the Smal/Kpnl site of pEGFP-C1 (Clontech;
see also Figure 1).

9.2 In situ hybridization
DCIL. mRNA includes exon & (Figure 1), which is absent in most other DCLK

transcripts except for CARP. As CARP 1s expressed at very low levels during
embryonic development, a 40-mer antisense oligonucleotide was developed (5° -
TTTGC TGTTA GATGC TTGCT TAGGA AATGG GAAAC CTTGA-3Y)
complementary to an exon 8 specific sequence. As a negative control the
oligonucleotide 5-TTTGA TGTTA TATGC TTGAT TAGGA CATGG GACAC
CTGGA-3" which contains 6 mismatches (underiined), was used. Both oligonucleotides
were end-labelled with o- **P dATP (NEN Life Science Products, Hoofddorp, The
Netherlands, 2000Ci/mmol, 10 mCi/ml) using terminal transferase according to the
manufacturers instructions (Roche Molecular Biochemicals, Ahnere, The Netberlands).
In situ hybridization and visualization of the signals was performed as described before

(Meijer et al., 2000, Endocrinology 141, 2192-2199).

9.3 Antibodies

The generation of anti-DCL-antibodies has been described previously (Kruidering e?
al., 2001, supra). Mouse monoclonal anti-a-tubulin was obtained from Sigma. Goat
polyclonal anti-doublecortin (C-18) aniibody, rhodamine-conjugated secondary
antibodies and horseradish peroxidase-conjugated secondary antibodies were from

Santa Cruz Biotechnology, Inc.

9.4 Celi culiture and treatments

All cell culture chemicals were obtained from Life Science Technologies, Inc. unless
otherwise stated. All cells were maintained at 37°C, 5% CO,. COS-1 cells were
cultured in Dulbecco’s modified Eagles medium (DMEM), supplemented with 100
units/ml penicillin, 100 pg/ml streptomrycin, and 10% Fetal Bovine Serum. NG108-15
and N115 cells were cultured in DMEM without sodium pyruvate, supplemented with
100 units/ml penicillin, 100 pg/ml streptomyein, hybridoma (HAT) mix, and 10% Fetal
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Bovine Serum. For transient transfection experiments, cells were cultured on plates or
coverslips coated with poly-L-lysine. Primary dissociated neurons from new born mice
were cultured in F-12 Ham, Kaighn’s modification (Sigma) medium supplemented with
L-ghutamine, 100 units/ml penicillin, 100 pg/ml streptomyecin, and 10% Fetal Bovine
Serum. Primary ncurons were isolated from the region of the hippocampus of a one day
old mouse, that was incubated in a trypsin solution for 25 minutes at 37°C.
Subsequently, the cells were washed twice with culture medium and plated on
coverslips coated with poly-L-lysine. 24 Hours later, the culture medium was replaced
and supplemented with 7.5uM cytosine-B-D-arabinoside (Sigma) to reduce the

amount of glia cells. The transient fransfection experiments were performed with
Superfect (Qiagen, Valencia, CA) according to manufacturers instructions. Primary

neurons were transfected four days afier 1solation.

9.5 siRNA experiments

For siRNA experiments, the mouse neuroblastoma cell-line NIE-115 (ATCC number
CRL-2263) was used. Synthetic RNA oligonucleotides 5’-CAAGA AGACG GCUCA
CUCC-3* and 5°-GGAGU GAGCC GUCUU CUUG-3’ (annealed siDCL-1), 5°-
CAAGA AGACG GCUCA CUCCT T- 3’ (SEQ ID NO: 5) and 5’-GGAGU GAGCC
GUCUU CUUGT T-3" (SEQ ID NO: 6) (annealed siDCL-2) and 5’-GAAAG CCAAG
AAGGU UCGAT T-3" (SEQID NO: 9} and 5’-TCGAA CCUUC UUGGC UUUCT T-
3’ (SEQ ID NO: 10) (anncaled siDCL-3) in which the 3’ thymidines are

deoxynucleotides, were obtained from Eurogentec and dissolved in annealing-buffer
(100 mM KAc, 30 mM Hepes pH7.5, 2 mM MgAc) to a final concentration of 100 pM.
For the siRNA duplex formation, equal molar amounts of scnse and antisense
oligonucleotides were mixed, heated at 94°C for 1 minute followed by incubation at
37°C for 1 hour. Per well a final concentration of 100nM siRNA duplex was used. For
gene silencing, 60 pmol siRNA duplex was dissolved in 50 pl opti-MEM (Life
Technologies) and mixed by pipetting with 3ul oligofectamine reagent (Invitrogen),
dissolved in 12pul opti-MEM. After 20 minutes incubation at room temperature, the
volume was increased with 32pul opti-MEM and the total mixture (100ul) added to the
cells (500ul). After 48 hours, gene silencing was tested by Western blot analysis and

immunefluorescence.
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9.6 Immunocytochemistry

Cells were cultured and transiently transfected as described above. At the indicated
times, cells on coverslips were fixed with 80% aceton in water for 5 minutes at room
temperature. Cells were then rinsed twice with phosphate—bﬁffered saline (PBS), 0.05%
Tween 20 and blocked for at least 1 hour in biocking buffer: PBS, 0.05% Tween 20,
3% Normal Goat Serum (NGS, Sigma). Primary antibody was added for 1 hour at room
temperature in blocking buffer, washed 3 times with PBS, 0.05% Tween 20 and
incubated with rhodamine-conjugated second antibodies for 30 minutes at room
temperature in blocking buffer. Following another wash, the nuclei were stained with
0.2pg/mt Hoechst 33258 for 5 minutes, washed 4 times and analyzed. Images were
obtained with an Olympus AX70 fluorescent microscope coupled to a Sony 3CCD
color video camera operated by Analysis® software (Soft Imaging System, Corp.). To

map DCL protein distribution, embryonic CD 1 mouse embryos of ED 9, 10 and 11

were shortly washed in PBS and then fixed for 4 h in methanol/acetone/water
(40:40:20)(MAW, Franco et al, 2001} at room temperature and then storéd in ethanol
70% for 2 weeks, before being embedded in Paraplast Plus (Kendall, Tyco Healthcare,
Mansfield, MA 02048, USA) after which 6 pm thick sections were mounted on
Superfrost Plus slides (Menzel-Gliiser). TBS was used as a washing buffer in all
following steps. After clearing in xylene and graded ethanol, sections were post-fixed
in Bouin’s fixative, prior to washing and blockage of endogenous peroxidase activity
by 15 min 0.1% hydrogen peroxide treatment. To reduce aspecific binding, 1%
milkpowder solution (Campina, The Netherlands) in PBS was applied for 30 min. The
primary DCL antibody was applied 1:50 in 0.25 % gelatin/0.5% triton X-100 in TBS
(Supermix) for 1 hour at room temperature and then overnight at 4°C. Secondary
antibody (biotinylated anti-rabbit, Amersham Life Sciences, 1:200) incubation was mn
Supermix for 1 h 30 min at room temperature, amplified with avidin-biotin (ABC) Elite
(Vector Laboratories, Burlingame), biotinylated tyramide (1:500) with 0.01% peroxide
for 30 min followed by another 45 min incubation with ABC. The last 2 washes were in.
0.05 M Tris HCI buffer (pH 7.6), which was also used to dissolve diaminobenzidine
(DAB)0.05 M). Sections were counterstained with cresyl violet and coverslipped with
Entellan (Merck).

For comparison, also DCX protein distribution was mapped in adjacent sections, using

the C-18 Doublecortin specific antibody (Santa Cruz Biotechnology, South Cruz CA,
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USA) at a 1:75 dilution. The same protocol was used as above, except for the biocking
step in milkpowder solution that was omitted and an biotinylated anti-goat as secondary

antibody.

0.7 Protein exiraction and western blotiing

Mouse tissue and cells were solubilized with lysis buffer (20mM friethanolamine pH

- 7.5, 140mM NaCl, 0.05% deoxycelate, 0.05% dodecyl sodium sulfate, 0.05% Triton

X100, supplemented with Complete™ EDTA-free protease inhibitor mixture ( Roche
Molecular Biochemicals) and centrifuged at 16,000g for 30 minutes. Supematant was
collected and protein concentration determined using the Pierce method. Equal amounts-
of protein were separated by SDS-PAGE, transferred to immobilon-P PVDF
membranes (Millipore). Blots were blocked for 1 hour with blocking buffer (Tris-
buffered saline, 0.2% Tween 20 (TBST), 5% milk), incubated with primary antibodies
in blocking buffer for T hour, washed 3 times with TBST, incubated with horseradish
peroxidase~conjugated secondary antibodies in blocking buffer for 30 minutes and
washed 3 times with TBST. Antibody binding was detected by ECIL. (Amersham

Pharmacia Biotech).

9.8 Phosphatase treatmerit _

DCL transfected and untransfected N1E-115 cells were solubilized with lysts buffer
(50mM Tris-HCI pH 9.3, 1mM MgCl, 0.1mM ZnCl, 1 mM spermidine supplemented
with Complete™ EDTA-free protease inhibitor mixture (Roche Molecular

Biochemicals), centrifuged at 16,000 g for 30 minutes., Supernatant was collected and
protein concentration was determined using the Pierce method. Each supernatant was
divided in 3 samples containing 50ug of protein. One sample was untreated, the second
incubated for 30 minutes at 37°C without enzyme and the third was incubated with 10
units of Calf Intestinal Alkaline Phophatase (Promega Bioscience, Inc.). The samples

were analyzed by Western blotting as described above.

9.9 Tubuln pelvmerization assay

DCL encoding cDNA was excised from the pcDNA3.1 expression construct and re-
ligated into pET28 using BamH]1 and EcoR1. The resulting DCL expression construct
was transfected into BL21 cells. A single colony was grown in 500 ml LB to OD 0.7, at
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which point IPTG was added to a final conceniration of 0.4 mM. After three hours of
induction, bacteria were collecied, washed with PBS and pelleted. Recombinant DCL
protein was isolated by re-suspending the pellet and passing it through a French press
after which it was purified using the Probond (Invitrogen) Ni** affinity resin according
to the manufacturer’s instructions. Purified DCL was concentrated to 0.8 mg/ml using a
Centricon 30 concentration device. Tubulin polymerization assays were performed
according to Gleeson et al (Gleeson et al, 1999, supra) using the tubulin
polymerization assay kit {cat no BK006) from Cytoskeleton. Briefly, 1 mg tubulin was
.dissolved in 1.1 ml ice cold polymerization buffer according to the manufacturer's
instructions and 100 pl of this was added to 10 pl DCL protein of various
concentrations in a 96-wells microtiter plate. Subsequently, absorption at 340 nm was

measured for 30" in 30" intervals using the HTS2000 (Biorad/Perkin Elmer).

D¢l and DCL SEQUENCES

SEQ ID NO:
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eccttcecett ctececseet cecteceacccocct ecttecessce gettetetet cccetetocc
cecececectt cecetcotittc cecccececctec teecteettt cecccgeect ctcteegete
etctcezettt ccccceccce ctececeecces totececcat ccetgcecte saceecatot
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cceeccctet caceetocte ctcesceece ececccctce ctecttegeaee ceccttetee
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ctcccescrce cocteetetee cttcegcect ttittecoctee ceeteecett tttettecet
ctccecceces cececttocet tecceccete stttectteoct ecetgeeect ceetctccec
tcctcezetc zecttottec acceeeetec cetceccgolc CCCCeEgEeEC BCEEBCCEECE
cccceccece thtcocceccece ecceectoce ceccctecec cecctecectt seteceesccec
ctcctactece coctototact ccecocctece ¢cceaectCace g&ctcoccetce cocceccegcc
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Csccesccct ccccescceg sgggecctet sccgeccect ctogtegcst cetttccact
ceccececte zcteteecee tic
SEQID NO: 2

ccecetccct crectectce CCCCEECCEE ¢éceLeeree teoceccacet cecicccgece
ECCCCCCCCC CCCCCCCCCC CCCCeCCeCT CCECCCLCCE ECCCCCECLL CULCCLCECCT
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cetCCCCCED CECCECCECT EECECCCCEC C&CCeLCreae coctacceee toocccteect
ccecceccte ectteesteecs sccoctecte cicecctete tectocecec tcagcceaact
cccocceecece ctceccceco ecccceccae cectoceccees ceecegegec cicteccecc
ccctctottc ccetcecttc cettececteg cececticect ctezzseacaze
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NO 1 or 2, or of a variant of SEQ.ID NO 1 or 2,
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nofe targeting conmpounds, wherein said targeting
cospeunided seknempabl e of targeting cancer cells of

neur oectodermal .origin in vivo or in vitro. 255. The
conposi tion according to claim4, wherein the .
3 abgetdcording trapywnelof claiml o glaimhoTIETESBRRNClC agid fragment is

mge?gcke%rﬁ%lm a%%ﬁ&g% A oligonucleotide, an antisense DNA oligonucleotide and/or
a double stranded small interfgring RNA. '

4. The composition comprising one or more sense and/or antisense nucleic acid fragments of
SEQIDNO:1or2, or of a variant of SEQ ID NO:1 or 2 and a physiologically acceptable
- carrier ; the composition further comprising one or more targéting bompomds, wherein
said targeﬁng cor;lﬁounds are capable of targeting cancer cells of neuroectodermal origin in

vive or in vitro.

| 5. The composition according to claim 4, wherein the targeting compound is an

immunoliposome or a monoclonal antibody..
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30 48 6. The conposition according to claim4 or 5,
wherein said conposition is suitable for treatnent of
cancer.s of neuroectodermal origin. 5 7. A nethod for
di agnosi ng cancers of neuroectodermal origin
conprising the steps of a) atélyzing a bl ood serum
sanpl e or a biopsy sanple of a subject for the
presence or absence of SEQ ID NO 2 RNA or DNA and/or
for the presence or absence of DCL protein of SEQ ID
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treatment of cancers of neuroectodermal origin.

7. A method for diagnosing cancers of neuroectodermal origin comprisiﬁg the steps of a)
analyzing a blood serum sample or a biopsy sample of a subject for the presence or absence
of SEQ ID NO: 2 RNA or DNA and/or for the presence or absence of DCL protein of SEQ
ID NO: 4 and b) optionally quantifying the amount of SEQ ID NO: 2 and/or SEQ ID NO: 4

present in the sample.



