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A novel nRNA splice variant of the doublecortin-Ilike
ki nase gene and its use in diagnosis and therapy of

w@e 2000e8@4Df neuroectodermal origin Field of theCT/NL2007/050033

i nvention The present invention relates to a novel

doubl ecortin |like protein (DCL) and a novel nRNA

splice variant encoding it. Provided are nbuse and

human nucl ei ¢ aci d sequences (RNA and DNA) encodi ng

the novel DCL protein, as well as the nouse and human
itde:ei n Praveks famihevanodugtion f psosp harodsfcompesmds and
variants suitable for therapeutic and di agnostic
applications. The invention further relates to nethods
for ”pdu*[l‘ﬁh'iﬂge%nﬁ’g&ﬁ%bﬁ%d to'e foder FANHR proASEABYN of certain
especi al 'y neuroblast oma therapy, and to dlagnostlc
phabssistsroasdogippgmds] hamlely ared?:phksp}mmds cbmpbends, thio-urea
I nvention As the npst co n soljd tunor in children
nbgm&mraslﬁ @ﬁﬁlp@@@éﬁn%dfea nAmIgegpRISPRAPTORSGERP QURGS.

chil dr en g% i&&égﬁ%ﬁ’dsg%gn va a%tle iy nse2i0chort t1on(%dfgplex

N. Am 3 I'nci dence ranges
ts?stlaﬁlspﬁfmﬂﬂ@n%o@uﬂdhfr@fﬁlﬁcks’i @@eh dis rt@etc@nﬁﬂmﬂdatde&mmed in
based screeni ng conducted in Canada, Gernmany and
Yépah-200d(k&H5158%st oma i s a het erogeneous di sease, with

have a vaD$ Go6hesF JERBEFROIERS compoRae ry s EhSsphites, is
ot Siéx%gg%a%%dy&w@ asHildosanba IRt PhAORALIBEO§ISbEanic

[ dvanced rredi cal and surgi cal managenent.
componntls dshatre:mnyflurdrpny]eglrmlqbﬁanethe adsdnagrofra Base. The hydrogen

S’é‘il etnvpgw Slﬁgaé{}rg gf%ﬂfg{)ll‘geaé: 1g§?¥s)gq}%gfcby the base. Typically,

Qﬂtgnc‘é {?Hmoyfﬁﬁi Lssaﬁ §r§£{(g)21t5‘gﬁﬁ9h?sv@rﬁ0m@@ %ﬁﬂﬂ%ééév is for

e naj ese undergo rel apse, which
|1ﬁsmfnb@ Ariadlsylabent suoh eertviethymainet (T&EX)nantritarylamine,

dly overwhel m ng. Thus, after_indyction qQf t
S\bd@lkYMJ@g o818 lqugﬁ%@ hetesqeyelengt $hféﬁ nglrrf‘e\?ﬁ‘e hydrogen

LRSS ARSULH o SRl e0lts AL s IRGHEd L HOMRhERELY,

nunber Fvivin
prevent rgliafsendiee ofhnfthonitR3altsup ba}tlcﬁraalyl’la serious problem
devel opnent requires the co-ordinated and precise
patthe syintlgesas of the uma,;|tbmnrem1agd@rusuifoaﬁmlde phosphorous

dﬂé;{ﬁogl%ggéﬁf%gal ! H{] e?l%c%ast %hg%\ics) 1815} u al ?he%ggflare in the
NEHEAG T rGOB6tid syﬂ%sis"ﬂl)eth&ié‘ gY hay %@En iffuR@! thalt kB8 &eparation of
processes Is the (re)organi zati on and

(the)prbabet froat aminef Chealtyisqskeicelany difficult fox these types of
conprlsed of m rotubules and m cr ot ubul e-associ at ed
mhoseharoys\iagands. A careful Iy orchestrat edinteraction

of nicr OtSr%F&B%#gfloWb%ﬁﬁYlﬁh% P! \%rge}f&iﬂraerfh 86thefires even

neur onal I on "can ocCcur reviewed i n Fen

M;&J@mbl@@lle tbiahe 16 wapbaupessiure 2f th@&oﬁbﬁhenﬁ ﬁh@b@d
the factors jinvolved in neuronal n1grat|on are

&hma@ﬁé@mhméeahnmey are spMetimes AP lgp BUt tl@%are very time

t.hat t I k
1aae pag e 2an Rer SR hE VB ERE R alty P uffHeRcp pr6tiim exist
| 1AUPlaY @h ki@ oF ﬁlﬁ)@ﬁhﬁb'f@ﬂn@%dﬁh@téﬁvﬁﬂﬁ%hﬁ H1dsalt, resulting
cytoskel etal elenents as well (Haydar et al., 20083,

Andurthéat diffiedsids vss@h pUIIfOBatEBE@ Bos;0f papdeeth disck cesequence,
al , 2000,

e el vihlq Pegrs wa o plizhle BRRrbANripE il bymg of
%ﬁﬂ%ﬁ hiifaV e)pyed dffthe Yresdft! ialeRtibRQS JReeEsd 1 dR¥R a process for
een’i l('ilent [ ﬁlg(%d tha%btr V\/nen1 di srlupt ed or nut a{%d caué)e
neuronal mgration disorders (reviewed in Feng and

Wal sh, 2001, supra). One of these genes is

doubl ecortin (DCX) that encodes a 365 AA protein

critical for mgration of newborn cortical neurons

(see WXO9/27089). In the human and rodent genone, a

related gene, called doublecortln I|ke klnase (DCLK)

e " - s 1 a4 .= o o I L
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degree of sequence identity with DNA sequences,
thymne (T) in the DNA sequence is considered equal to

wae@ciose7¢d)) in the RNA sequence. "ldentical" seOUSDZ®F050033

have 100% nucleic acid or am no acid sequence identity
when aligned. Also in this casg an RNA sequence is
100% i dentical to a DNA sequenCe if the only
di fference between the sequences is that the RNA

IR HOATIBE S ctHol}3h SR A sulfiHarh RRIPh AR d
%ge |glﬁg1.gﬁ ec}ilféﬁbiéﬁfglq}é%rrents %%d‘ﬁ{s%ore *%?’ Orous compounas

tiertcdiivegthepepdrietioni dfenid tympaynds, filed éom nadneH@bsalts.
comput er_progranms, such as the GCG W scansin Package, .
Ver si on Thisphicedi hagpeery m@ﬁwbxdél@mrygeasm,f.theg@saent invention for

cranton,.Road, ' -
e BB o, o RE cop PR B DAL R R uctyren
determ ned by searhi ng agai nst dﬂtsabases such as
FASTA, BLAST, etc. WA referringjto "sequences”

herein or to "sequence Ppaghepts” girit is understood

that nolecules with a cgrtain equence -ef Rhucl eot i des

(DNA or RNA) or amino_xcids are referred to.

"Stringent hybridizafion condi R ons" can al so be used

to identify nucl eotide sequepces, which are .
wiszeianX ilﬁh’)N PH &:Rldﬁlant %‘T(XTQJ}%@HI%M O fearbon atoms, R? is a

e ' : i 1 I p3s P4 P5
BEAGRF ool Bf PREPEEPAA ) MIRRLBBAPUANT ASDPRARH. . R
£RARMA deYindspehd@istly hgarshen einsn aptioaellgcubstit@edearyl or alkyl
about 5C |ower than the thermal nelting point (Tnm) for
groups pael Z icatlapsbavesfat a defined ionic strength and
pH. The Tmis the tenperature (undeg defined ionic
strength and pH) .at which 50% of th§ target sequence

hybrigizes to a merfectly matcked probe. Typically
itri ngent coqdit'ons wll be chBsentin which the salt
c{icentx@tton N s a 0. 02 nol ar aH pH 7 and the

I

tenperatiire, i s at ast 6. LowerPng the salt
concentration and/or increasing the tenperature
i ncreases stringency. Stringent conditions for RNA-DNA
h brLdﬁzations (Northern blots using a probe of e.g.
T%@ﬁ?f BF¥F8r exanpl e those which include at |east
one wash in 0.2X SSC at 6 for 20m n, or equival ent
conditions. Stringent conditixps for DNA- DNA
hybri di zati on (Sout hern bl ots usj-rgeia probe of e.g.
100nt) are for exanple thos:/ggrch i nclude at | east

X

one wash (usually 2) in 0.2 C at a tenperature of
at | east 500C, usually abost” 55C, for 20 min, or
equi val ent conditjonsg. A "subject” refers herein to a
m gﬁSQ:bH\I é’@td, aeéﬁéanéw Fre Sndenendent0 ghilnal

' 1 Ri@s). 7 gE ; t I8;
N R AR S R
desipediadoky t6 plode) thenshid phosphorty coanmamd; éhlthe ipresence of a
whi ch DCL protein is normally produced, in particular
sehd alkaléne orpexehangsaesbter nal origin, especially

neur obl agt oma _celil s., The e '

cells caﬁuﬁgmﬁgﬁg¥hgﬁﬁﬁwg§&5%g@ﬁﬁ%g%agﬁ%%gﬁgﬁgkﬁgbafﬁwpounds
BetOYhO PR Yhedh 136 eAR behehahysisedin bafitasitsyie and
referred to, but it is understood that any reference

substemtodlawidwat eddust frmatiom pptwestnanimewiven ghlogide salts and
ot her. types of can arget. cel | in particular
ehngepith By gutng T L pLARjeEBener 8oyl . and

t hat such nethods, uses and kits are enconpassed
herein. Detailed description of the invention The
present invention provides novel nucleic acid and
protein sequences for use in neuroblastoma therapy and
di agnostic nethods. The DCL protein was found to be
cell specifically expressed in all neurobl astom cel
lines tested so far (human and nouse cell |ines). DCL
was found to polynerize and stabilize mcrotubul es and

o - . o ] B e .
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1 or 2 which differs fromSEQ ID NO 1 or 2 through
substitutions, deletions and/or replacenent of one or

worooe/osared eoti des. "Variants of SEQ ID NO 1 anci/R1.2007/050033

al so includes sequences conprising or consisting of
m m cs of nucl eotides such as ENA's (Peptide Nucleic
Acid), LNA's (Locked Nucleic Acid) and the like or
conpri sing norpholino, 2'-Onmethyl RNA or 2'-Oallyl
RNA. _VarhpbotiCl il iRk broRauaneas (I8 phobhota s ds of
be made de H%vo’by %henical synthesis,¥ggﬁg§%ted b%ﬁmun 50
the prpseas isvartigearse sihtafified ngampetre dodsmopwitlsuitdhe chebdafifurther
nat yral, sources, using for exanple PCR technol ogy or
PUBUSAHORCi d hybri di zation. A variant of SEQ ID NO 1
or 2 ca I [ ' j

an s 19 b%en&?{iyﬂlgaﬂ Wo-4. % 3{6%&%‘& c‘f‘g%\l%:{'ﬁx[%ghod for

whi ch i s ™essenti a m |ar efi ned a

PR udih Norganophodphitbeby thewphasRstiat of phedpivrus trihalides or
conpl enent. Especially, variants which have at | east

gEmnopbosplanws ludidesoshargapicecompriariscthatoarty hydraxyl groups,

SEQ ID NO 1 he. ent i th of t .

G thromronre oL ReSmEEt all Moo Sk B8k TenmsuT e desebed
M@hbd e i RNt hegauefleh OF tAPhlcIREah6 hb$u®Eompounds.
nucl ei ¢ acid sequences which are essentially simlar

to SEQ | D iN@sstmed thasrthe peasdrofes. thaprdbleams rethd synthesis of the
t he fragnents qf ID.NO, 1 or 2, the fragments, of
oA HRCUESa 3Rt soRamde ghosp Rirsais HEEBH Ik y 1ot these

alr |
BB ATkbpLEse st B! heleoh SUAUREL bl aad cam s
tastance behlsed dbr theupepatration méhydrogimboredal ligands for
neur.obl astona cel |.s._ Functi onal | t hese vari ant

FoGHgiRAHIaN FAPOURALS otids Kase &b?@oéﬁbmf%lst eeRegs of the
RS AU BETD N [P IR SEPOR Mool S0 B apopon

bbedsane way as described. Al so provided are the

i solated_proteins of SEQID NO 3 and SEQID NO 4, as
wel | as Puededhisintataction the phesphosefs compomads of the present
roteins (or fra n{s_or variants, thereof) acgordjn

PO AFervs DRty PREy AR BiieniE af Spbe gl bl
atthBRAIR ThIGNE s A% 1ARAE FHiid Fro@hctP Puect ol hydggfen bonding
anti bodi es, which may then be used in various
dap dulity of tie¢ hoaisn, thiaguesin,carot sulfenapids partmdithe gdhosphorous
or kits. A ternativyely, epitopes, which elicit a
oIS CRAY | B8 Ot ARGt liE fFF ROTHESP th 8 sionely

. . Cont _
BOGARE m el @hFichf pf bhAgHIRRLRS ChmpBLAR. Shek DY BRLARYL Vitcually
sapbssibleoothroaghhwrexgl prscathrertorproduts aanfficehtly porre
cell cultures. A DCL protein fragnent may be any 0
PhagpRTOUS COBmOUNY, Key MmoTe ﬁhw@%@ e, nrq,felf?&ﬁyémrg than 98 %
20 e50, 100, 200, or nore consecutive am no acids
P&gﬁtical or essentially simlar to the corresponding

part of PhEdde d¥Q scalidalkhlineGbnRyxehahpe Ya§ingitosides an immediate
i ncl ude am no aci d sequences whi ch have substanti al

physieat sepatation of the sgi® fromNbe 1Froduct the produefnsineains in

am no aci d sequences whi.ch differ. fr SEQ | L 3.or .
Aohiert ' BTG Spb b gl GaHGRiof tbF bt mixture
sleh GhipRAso séddn@Vds8fSoveYal fikB} SA@hS@siRChH#Eproduct is obtained
proteins conprising peptide backbone nodifications or

amithe secirdl vessel whdle isnymirities nbrtheomoxiire shay heharwl ds the resin in
.Q. b-, 9;:, dq-amno acigds, .b-, g-, d-imno acids) or

gg?&V%ﬁYﬁﬁglBchﬁgpﬁhPﬂﬁsggi@g?nA nunber of suitable

amino acid mnetics are known to the skilled artisan,

t hey i nclude cycl ohexyl al ani ne, 3-cycl ohexyl propi onic

acid, L-adamantyl al anine, adamantyl acetic acid and

the like. Peptide mnetics suitable for peptides of

the present invention are discussed by Mrgan and

Gai nor, (1989) Ann. Repts. Med. Chem 24:243-252.

Met hods according to the invention In one enbodi nent,

o s r
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nore conti guous nucl eoti des of the reverse conpl enent
sequence of SEQ ID NO 1 or 2. Such RNA

w@badogosired eot i des can easily be made synt heti cetT/WLZN07/050033

transcri bed froma DNA vector.Backbone nodi fications,
such as the use of phosphorothi,oate

ol i godeoxynucl eoti des, may be 6sed to increase the

ol i gonucl eotide stability. OQther nodifications, such

as to t ! [ < K :

& pr opyl TRGPFEo R bl et ORh] pP Rk enlib e the
filkbiihgtgeneNonformiulat i ng exanpl es of suitable

anti sense RNA ol igopucl eotides are: As for the si RNA

mol ecul es, a skill &k~person can easily make ot her

sui tabl e anti sense RNR“QIngnucle¢tides and test their
del - gene silencing efficpenc bsgrﬁgggzabove.

I nstead of using contiglous stretches,Zwhich match the
reverse conpl enent D NO %sor 2 to 100%

sequences which areRessentiaIIy simlar to the reverse
%@M&ﬂ%ﬂk %tmpg g%%@th@ Ve Hd&HtifedRieadingsed, for

exanpl e by adding, replacing or deleting 1, 2 or 3

nucl eot i Réss aknpoivpatlyetbatitutddsaryDNsy alkydend swietiynIn a
particul ar _DNA vectors capab of producing.antisense, .
exgRodImgah Be(cast %@%S\i&tﬁm&iawé&? eﬁ@ﬁfyoﬁgaéswwt@?d with one

B AR Bl SR D050 Lo P TSR Rl

BAS$eoL6 tarbdu dtdBl < ntddel prlefdradly PNA oy dcdagben (atoms. TAY
vectors, see above) may al so be delivered into
aubstdbieanss eam eaeh lcantainyg tol) garhogedtoms.si | ence

endogenoys . del - gene ression. . Ik N -

del i veri F% i Ap PR e TPt gerﬁiu%ﬁ@?ﬁl eaéic?%ol@eet%{%"r"é’hc’ oF
HRYmBticdebll ECEMbIRafibies BﬂHéé@'g&@h?éTﬁré? 8ldopaBible. R? preferably
prevent or reduce neurobl astoma cell proliferation. DCL

pompeises e | Istcad@ cprbonertably Inedee 83 ippubstitutadt one or more of

out. 50% 60% 70%,. 80% 90% or 10096fo||omﬁn% . lkvl
Fhe Pobeityests SravsRe fuumetaniQP BMATEnthPBIrT ey eREiaY alky

l ! SRR, Vit £ e -CN, -C(0)-

R e
IO RY, It ONRY, cO(@DORarDCERNRE, aNSiI(RT)3, wherein R7 is
ol i.gonucl eotides (i.e, .wthout effect on DCL protein
hydapgen oy sapp sermpaising fam Jdiokd earboaatoms ¢ an alkyl

R R R e R e
pRYEYIS a-weD) ehefill, PheSE D RPaphtylroup2. Such DNA

ol i gonucl eoti des can easily be made synthetically.
Backbone Ridd, Riamd Bf gre the pame aridiffgientand are hydrogen or an

phosphar ot hi pat l.. godeoxynuc].eqt i.des y. be us
BrEpBal Rhetih foCHraat RV LGPy o fu oltRite bidup.
nodi fi caty erreHnourdl AQ8r&ingUdaheMivEhdion s 8-compound of
Wi th Ongxtﬁi/bl? quoP%,ﬁ)Opropyl, O allyl or other P
dooopk may al so i nprove stability. Non-linmting

exanpl es of suitalkle anti sense DNA ol i gonucl eoti des
are:As for the si"RNA nol ecul es a&id antd sense RNA

ol i gonucl eoti des, a ékjLng persbn canj easi ly make

ot her suitable antisengé ifgQnuclieot i des and test
their del-gene silencyng ef filci encyj as fbed

above. Instead of _usi'ng contirguous stret ches, which

mat ch the reverse conplenent of SEQID NO 1 or 2 to
L8feirs &g RENBRSRWR G Ranad Rssientd dld gbwienideatified hésnings.
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%

80% 90% or 100% follow ng introduction of antisense

DNA ol i gonucl eoti des i nto neurobl astona cells,

conpared to cells without the anti sense DNA

ol i gonucl eoti des or conpared to cells conprising

. o e e - ™R I A o - . - o
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useful for selective screening of early stage
neur obl ast oma occurrence in subjects. Subjects may

wa@boogaghr4have tested positive in one or nore OPCENL2007/050033

neur obl astona tests, in which case the present test

may confirmearlier diagnosis.zAlternatively, they may
not have been di agnosed w th neurobl astoma yet, but

they may show synptonms whi ch coul d be caused by

neur obl aFﬁé’F@actB?P&ﬂﬂﬂQn@ bf Eﬁ@pfdé@?é of ﬂf@fdv%ﬂtmn may vary
synptons may vary greatly, such  oss of appetite
withedreeadstitueatsh iHuyvorerstyglitally nlge thdcdtiomuistdaesied out at a

(R GBS0 50 K TR HaRTEEIAplY ADGIE 1L SBFEERGon of the
¥ DR P A, £ O Y 35, ORI G L

regul ar rnterval s usi ng I agnosti c ne

Regrdt i 1ombhethay ¢80 °Cn Therefoss)reéatbly d@garmio&, is carried
whi ch g(;eat l'y increases the chances of eradication of

Quteatne teppeatuaemef éwin s20 adodP Kr-vo di agnostic

met hods eta bl ood l,e froma s

and det e@?‘?ﬁ H)él ’f§r é’?g% Cc?lrnggse caet BPTPPEE® Olfq k?ara

neur obl 3&&1@9@1(3‘-‘3@1%%11:% Foxt Elaergrﬁfg;mt Ad prdeatd ¥eihe inveRtion

ex vivo diagnostic nethod e carried out on a
inicbypdsybwtard Boolimibesl ‘(qoireesahmlrpfunanm toluene wad dishldyremethane

ﬁ’éc‘f‘tl-}r?g“&ﬁa%’h ggétﬁl r%ﬁér%p'\'@gar od SE'{I{PIGCI‘J@O xact ghoigg of the

v eet & gp ggegmfﬁ{é ﬁ%ﬁbh %f%ﬂ&'r%é&%nt?yﬂ?@%l%hﬁgh&&lﬁ further

presenc or DCL proteln in the sanple.
Bdirgert 20 the reactants iTip patshndkillebimthaatthwilhbe abdeitdichose a
as (quantitative) RT-PCR using . ?c/-specific or

wiprhaseflon herpecrreyhatHygats dhide neactagts.

ex xanpl e e ?)%éegs 3phd {ﬂ&eb 18%#%%3}‘ atied O Hfiler

ﬂﬁhﬁiﬂﬁlsmh@m&ﬁg aHis "cﬁﬁ U@(ﬂch@é@deb)ﬂ peBUEiRg a two fold
Enzynme- | i nked i nmunosor bent assays (ELISA) or Western

atestranig dwulh@tlmf @qha@m frorahhe me@ntwl Yessgls prior to the reaction.

I i bodi
B carnahenttindimelty BernyBRboR o SR ot oo dragof pomoving
{ager @Mﬁﬁ%‘tﬁ@ 298061 S8 nbl8culEP %‘i@de%@ga&rﬂa@&ﬂi{n a neighbouring
anti -DCLK (al so referred to as anti -

Yessetigiatnig iatopein, coﬁﬁ)@&tmn oyitlaYhe weiation eessghiHeswater evolved
i nds human and/or rotein (detectable.a
a‘awgt ThBr B0 inAiSH v g HRgee 5&@@3 C%@&%?énaﬁéhe
fnt% é&ﬁaf %6BL i Phe élaéil%‘d&'@ aqyi - DCLK al so I‘9‘309”' Z€s
er sp I'ce varl ant suc as DCLK-short (i.e. cpgl )
and CARPTht hékslpaé ion-exahzorgel resapay picfenabdf aB)ﬁ‘éz_iKlyoﬂkaline ion-

cp and CARP expreSS| on, and the differenc in.
%@emeaqesm d omzamine graapst Brefasably, Fh%aﬁsaﬂm%?ar%change

a0 B T 0y PR TR i e i

PréRBFcYl Rh-eHchR@Se $PSiislHre fHPink¥Afe BasdWor BhEiseHaskn
DCL RNA but absent in DCLK-short RNA) may be used in

favxtibaadity | Brefarahlpdeommereighyrasiadlableoregaghsinge resins of the

M&ﬁfﬁ? B P bes which, bind to (hybridize with) exon
Wo?rieﬁe . cpgl ) and CARP, or to exon

9 to 20 ’?Be P4 IR YorREx TR feYiRdin WhyChe ﬁf‘&eﬁ@%ﬁ rﬂhe iféym of
DCL RNA. Prinmer pairs, probes and anti bodies
ppeiicles.cRidfgraddy ant 1o(1mxghahge $wrnea e@phpdowthca mean particle size

applification sequence s di z r

0 Bepuaf fims 00 2 H0-G7 FHESRUAAD Bidost Tagent B KAV, and
the protein of SEQID NO 4 can be nade by a skilled
person using standard nol ecul ar bi ol ogy nethods, as

found in references to standard textbooks bel ow.

Primer pairs and probes can be nmade on the basis of

SEQ I D NO 2. Monocl onal or polyclonal antibodies

specific for DCL-protein can be raised as known in the
art The dlagnostlc nethod conprlses the steps of a)

o o Y o, r o o
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nonneuronal tissue |like the mandi bul ar conmponent of
the first branchial arch (M is devoid of any signal.

wo o703 h ventricle. Bar represents 150 nm BCHNLC2007/050033

Adj acent transversal (coronal) sections fromthe early
neur oepi theliumat ED 9 innunogtained for DCX (B) and
DCL (C). No DCX staining is observed (arrowheads in
B), whereas DCL is already expressed both in the inner

I
R PR o bBekn FUTREPUSL 005 AR 1t i83dvinti g toueo small
Partdelgs bf ain-emhange rekin. h’eleugur eapfatb areaiof the panticles is

neur al at, EDI , Shagwj n bundant. expressi Qn, at
refpopgihl ﬁgqﬂ’ pérster cmwrs\/q%mha %ﬁr%ﬁn &ﬂpﬁﬁ’?ﬁermeg during the
gzxglgplng neuronal tissue, isolated dividing cells

are |rmunop03|t|ve as well (arrows). L indicates the

neural | THBMmfintlie akesuidd oftalkelinBasn-eepl @s@niasin o Mnapplied
E: Detail of a DCL-imunopositive nmitotic cell in the

e besplaated fromrihe %W@ﬁb@ﬁﬁwt(lﬁ?sr é?m@aab)ly@ foregpcdiproduced

re obvi,ous

b aer & SRR BAHONEH oo Enb bbb Yigsk reterably

ts*t@ Tehdn6LRBaRARe 3 alFkllshle THPVAEW nIdPlof @XM, €SSi On i N
the ventricular (ependynal) |ayer (arrowhead on the

| eft) asImalpreferred emt@dnmegt ridle/reactipn as C@rméozbnea double

(arr owhead t he [ noposi t |
upHe gﬁﬁ@‘ﬂz o heretin the, B dhiont e son oot e Shli i ion-
}f}( Fﬁ ?é"%érfoﬁﬁéd L Bh@%@&ﬁ WhildeHe d’reldm thio-ureum and/or
ransversal cr sections of e cortical
palpheepintidel p hosphotdussproduict s ¢dllectid frea enhnedtedysetond vessel
partly over | appi ng, distributions of DCX and DCqueDt%
péter gaebion cElis @ llows for pm egsy(and agriraks peparation ¢fdhe final

U%J (’L{Iaﬁ %ﬁ?&é}q‘{mé{@tﬁ% Ilél?lg)%lﬁt alr% 0\/%3]6%?r atﬁlgeléortl cal

neur oepi el mblBculdslof the pregydtaskentisn @bheddya double hydrogen
expressed at ED9 (H) at particularly high levels in

bhudemor inelies and sendeniiupledjemolegulenthatrconsaimbydrogen

| eft h | l. | th
gt o B lg R SRHERH ot bt portll s for e
%@&Qﬁh&ﬂbﬁ leohbRndé aﬁﬁ@(ﬁ bB&d‘lﬁ‘a@n b§m§)@‘dﬁd§ nﬁ’afty P&Xsed as

signal. Bar represents 5 : Detail of the
damacmi‘ymnlmém entadfstshén medﬂrr tocsmraen 2adaegealibEDy ofivoairdigation

ﬁ@mpg)ég;ig & quﬁhytﬂé Ig(t:)tt? y?ﬁ{sgq%%gfgé&got hmmultaneously
g Cﬁ,@q&iag ?l\ng@@f Hffﬁﬁ‘%ﬁ\? SRR b Tk It is PRERIOrel d¥diftageous to
ependynal ~ [ay&r s

oW ng cl ear mmunoreactivity In

Prud déatherarva) ehid-eda ahd/oesiifoadimde phosphdroaslcompounds of the
that are in; tel ophaseeil eft),  anaphase (njddle), )
BEEsentdngentionan aypayall éye%hqsm nrcmeéum Jpherein pgmultitude (for

bl h
SRR kP APSTLLT Pt e B, (A ERIRRGR)
rsgﬁﬂ@@,ﬁgg@aﬁtmalﬁe tﬁ@g | rmunor eact ivity in the
ependymal layer at EDI | , in cells in prophase and

t el ophas @%hr&r paredied §yn§lge% pf phesphorguy p@@pounfié 1*2: el |

B SRS L) e B bR A Mt pate

%e&&%ygake 5ﬁyc%hn@bt%ral t%ﬁhaﬁnﬂﬁhpfi&%hlbHHM'BL%H%%@&I'SVBWmeans of the
also In the centrosone-like structures (l'ower arrows).

Babot syptemesesied 062 tm 150 phdﬁphﬁmmllg@ndﬁ aR $3@Lthes1sed in parallel

EHESBRADS 3 Paylhe] BT RiAe b ele PRaRRalee fategrfion of o

the chronosones clearly visible (arrow), while al so
some m crotubular staining is observed (arrowheads).

Bars represent 1 mm Figure 5. - DCL expression in
Neur obl astoma cells. Panel | : A DCL is endogenously
expressed in several neuroblastoma cell-Ilines.

Screening by Western Bl ot analysis for DCL positive
ceII i nes. Lane 1: COSI ceIIs, | ane 2 Hela cells,

o ~ RIANA 7/ NS A ™ - o A R 1IN 7N 7 o e
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tested by incubating different concentrations of

reconbi nant, non-tagged DCL with purified tubulin.
wada000k0867@s used as a positive control, which | BCENL2007/050033

wel | - known m crotubul e pol ynmerizi ng conpound.

Spectrophotonetri cal nonitori of m crotubul e

pol yneri zati on reveal ed that pol yneri zes

m crotubul es in a dose-dependent manner (Figure 2.11).

D B e e v el ithances the

autpuoofibhe paraliedaymtheds byGvai dingeediatsi workofip prbGidures for all

recogni zi ng anti body. Recently the generation of an

RAYC P%%EW% t CARP, called anti-CaMKLK, has been

descri bed (Kruidering et al., 2001, supra) which al so

recogni zes other splice-variants of the DCLK gene

Ersplé peegdvalionhsfighosphite known as cpgl (Silverman

et al., 1999, J . Biol. Chem 274, 2631-2636) or

CaMLK). CARP is a small protein of 55 am no acids of

which 43 are identical with the Cterm nus of DCL,

that shares 70% anmi no aci d honol ogy wi th human DCX

( Vr eugdemhi lreitofblockld@9dinid® 18ddaesys  imewhdcCivé tinky of

of anti-CaM.K, DCX and DCL were overexpressed in COS-|

xealctarsarerezgoaingstad inopaipe st sisneltanewss phosphiity synthpsis were

BT 500 5 Sha RORNE! s O AN TV EC R SREORE Bt o he
?%y%)ﬁ%ﬁg%ﬂfﬁﬁg Wempohaas Rde Wdd dRSXHJ0 g & e?qfhéb@@ﬁcs) of

the ot her hand, the DCX anti body use
Antteirtyst A 1s dd tagasulsequant rdles, @ mdl ofidryatol menawiad adided to all

Dl SRR e ad 5y e 2R ot o

O G I i ap . it
R QPR SEOOAET S BUPAIR (BRJAER L Rlg B b ion mivtures
and ke blockrwhecosldd dowasto' @nCL OPCGddivalentadfinhi69 M R-
some crossreactivity of anti-DCLK with occur,

\ DgX may :
ok RE1 pebution imbHF was sybsequentipadawdtia thmeeagtion

B8b 0k B BBk &y nofTpeh i B BE RGBSRl to warm up

A ors kEmPbretie YOBE ¢ Hyudl dhd@eBe eidhes voreead ad rbtia
presence of a 40 kDa protein i nmunopositive for

tempedeure fornks boues. il miktunes stesierthevmuanpeth ée the vials on the

t.h of the reconfj r ot ei r ressed in
Bt o e e b hid 1 BiteandtaeioR B ABBE P8R dilpes of the
5dlid BRsEENROP Y oMPEEE 2 RE U fih g Y t‘P&W%shinés to the vessels on
I mrunor eacti ve bands were observed (Figure 3B | ane
thelBght-MNamldozide, thegrudventasvaierreatyedrasdnt reduc&Dp@ssure at
hi ghest | evels of inmunoreactive DCL protein were

oo dempertitieand ED14. The |evel of DCL protein

declined after ED14 and a weaker but clear 40 kDa band
was still present in adult brain. Here, an additiona

band of 53 kDa was very promnent (Figure 3B). In
agreenent with its nol ecul ar weight of 53 kDa, this

band nost likely represented DCLK-short, which is
abundantly expressed only in adult and not devel opi ng
brain (Vreugdenhil et al, 2001; Ovori et al., 1998).
Wthin the adult brain, highest |evels of DCL protein
were found in the olfactory bulb, with |ower levels in

t he hi ppocanpus and cerebral cortex, and very | ow

| evel s in cerebellum brain stem and hypot hal anus

(Figure 3C). DCX has been reported to be specifically
expressed during devel opment but to drop bel ow

detection level in adult brain (Francis et al., 1999
supra; G eeson et al., 1999 supra), although DCX

remai ns expressed in very | ow anobunts in selected

regions (Nacher et al., 2001, Eur J Neurosci 14,

629-644). For conparison to the DCL findings, the

protein |lysates were further analysed with a

o - ~ i o
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aberra t cytoskeleton
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15 cells in a highly specific manner.

kingly, in 40%of the cells trans fected with
waeedThs24mnd in 80% of cells transfected w th BCDSL2087/050033
the cytoskel eton was di srupted, as
the altered, nore dispersed a-jubu
irregular organization. NT 15
with siDCL-2 and 3 but with a normal cytoskel eton,

was apparent from
in staining pattern
cells transfected

jore anti-DCLK staining than cells with an
This further supports a causal

nnnnnnn

conosrthoayplersyaeand t he centrosonmes, DCL knogkdown

SUJEBGUQEY‘QBﬁornalltleS in mocrotubule stabil Weight | mmol
Compared to the nornmal mcrotubule cytoskeletao (g
Aonit(Bdatdoxyplidpyl)-8ipheayhoranl pattern after DEL4 0.45
Bnogksiawd- 34 -kydoaobatarzd/ljyreaundl es of mi crof vl es | 0.35
o 'i-lﬁl&?%%%%ﬂﬂ%&?ﬁfbﬁ]‘ﬂxrb&ss di spersed struclyjs, 0.54
B F1:(1/hydroxyb t;am 2+y‘i)3§ (i nglge‘t{)o;& RIESDLFIIUTE Prid!] Bﬁ'j‘, 0.46
¢ b (Lt bydroxypEapany, oEYRDERENUIEH on BBADe | 0.40
m_lﬁ&ﬁmxﬁi%m&tbﬁmr@ha%ylﬁ&% in higher |102.4 |0.43

Gy 1af1fleedrog§pidpase 281 P8 4R eh et hos§pheny Biiebas ubs EHO4L.0t |

0.46

BUthEa hpfiehy

(=)

: Jy'I'}JB (OMhOHERY B

hé yEJQbeeCt VI ty] 8084

0.48

(re-

yorgant zatTomn. 10 address th
knockdown was perforned in conblnation with g-tubulin

SSUEe,  DCC

espite—efficient

seen in the
indicati ng t hat

er—DbBwding N E-1

staiini NgeighEANbAW S 5|1 Volk bisndphteDpegment with the
eupl{oi d natq of NI 1% cellssoﬂﬁhhiple centrosones
percett—wer 55 bserved]—However

ko k—dowr—o] .

nBrfler or Qt‘f‘Eﬂ"fnrp of lcentroso .

CL |is not a%ky factor in the 8f/Puctural organi zation
oD gentroson®®l Exanple¢ 7 - DCLO/74 essenti al for
ngtatic spingde formation in negrebl astoma|cells. The
ppesence of TN tne VentLqub%% Zone (klgure 4) is
R EPRATE T I M i 1ol

1H:rpllq mpr493hpr ef are analvqu §Q|nn confloca

n1croscopy follomnng DCL knockdomn by “si RNA. Strong

’Qég@r

n all dividing
early anaphase (see

ity largely

Aofdé@&ized mnth a- tubulln i

HBCatl

ng an associ ati on

B fh4ble mtotic spindles. H

\gver,

an i nmunor eacti ve

gfaqggng was apparent for DCL

1o al

| cells anal yzed,

lli L]- W Fevel S nmear the cent

nel - oo

145”

> and high levels in

ne
ot+€ DlJI Rtr-eS—ana—Heat
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! He—1Tit
p
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Lélgfe?nn arole for DCL in

Epild

el Consistent with thi

!LII§C
J3are

ki net ochore,

or mati on of mtotic
the dramatic

6f fddD2 of DCL knockdown by giSCL-2 and si DCL-3, which

8 ¢ jaggpciated with a conpl et

g def ¢

or mat i on and

soneti mes absence of the mtotic spindles (Figure 6

GL).
in 40% of al

This effect on the mtotic spindles was observed
dividing cells (siDCL-2) and in al

dividing cells transfected with si DCL-3. Inefficient
knockdown by si DCL-1 | eaves DCL co-localization with
mtotic spindles unaltered while the phenotypic

appearance of mitotic spindles is simlar to that of
the non-treated ones mtotic spindles (Figure 6 D-F).

Thus,

apparently, DCL is required for the correct

formation of the mitotic spindle of dividing

neur

obl asts or neural progeni

tors.

Exanple 8 - DCL

overexpression |leads to elongation of mtotic

dl es. Gin-of-function was studi ed by

expressing DCL in COS-1 cells that nornmally do not
ess this protein. Consistent with the above

findi ngs on endogenous DCL expre33|on |n d|V|d|ng N

spin
over
expr
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0.2mg/ M Hoechst 33258 for 5 mnutes, washed 4 tines
and anal yzed. |nmages were obtained with an d ynpus

WA200/08d7wdr escent ni croscope coupled to a SonyPGIZED2007/050033

col or video canera operated by Anal ysis(r) software
(Soft I nmagi ng System Corp.).n%o map DCL protein

di stribution, enbryonic CD 1 use enbryos of ED 9, 10
and 11 were shortly washed in PBS and then fixed for 4
h in nethanol /acet one/ wat er (40:40:20) (MAW Franco et
al, 2001) at roomtenperature and then stored in

et hanol 70% for 2 weeks, bef@aémbei ng enbedded in

Par apl ast Plus (Kendall, Tyco Heal thcare, Mansfield,
MA 02048, USA) after which 6 mmthick sections were
nmount ed on Superfrost Plus slides (Menzel-d aser). TBS
was used as a washing buffer in all follow ng steps.
After cleapidegsd forthesrodasdon bfdgthosphails cosgsdirmhBaving the
were post-fixed in Bouin's fixative, prior to washing
gmuctyireckage of endogenous peroxi dase activity by 15
mn 0. 1% hydr ogen R@rom de treatnent. To reduce

aspeci fic binding, | kpowder B&l ution (Canpi na,
The Netherl ands) in P @Xappll d for 30 min. The
primary DCL antibody was”appl R'50Q in & 25 %

gelatin/0.5%triton X—é 0O in TBS (Sup@rm x) for 1 hour

at room tenperat uregand then ogerni ght at 4C.

Secondary anti body (biotinylated anti-rabbit, Amersham

Wh&ﬁelﬁcXQmC)eNoﬂCZOO) i ncubation was in Supermx for 1
30 min at roomtenperature, anplified with

BA/ i~°dfrllh apkyens magty of) it & qavben @fomahor at or i es,

B A0 han B R SR AT Dol Yot & B8

RACRO S £1H W6 tahe MidepeiR ntBShy & ﬁhﬁsa 2o dllP s@BstMuted aryl
Tris HC buffere(pHpe 6),11??19(7: Oﬁs al soﬁ/\@%sed t}f)) Y

oi syl geowpp;aamnihobenzi di ne (DAB) (0.05 M. Sections were
gﬂoun%%ﬁ%%al ne with cresyl violet and coversli pped

i't A Iolnﬁr? (Merck). For conparison, also DCX
protein distribution was mapped i n @dj acent sections,

usingythe G 18 Boubl ecortin speciflfc anti body (Santa
Cru/fjjﬂnt echnol oﬂy, Sout h Cruz\ﬁ;a_ A) at a 1:75

di | on Thﬁ prot ocol was usen;l as above, except
fQ thewstockinng stgﬁi n m | kpowderlisol uti on that was
onmi tted fand an bioti nyl ataayl anti - go%t as secondary
antibody. 9.7 Protein extraction and western blotting
Mouse tissue and cells were solubilized with lysis
Bibhseh RS t ri et hanol am ne pH 7.5, 140rM Nadl, 0.05%
deoxycel ate, 0.05% dodecyl sodium sulfate, 0.05%
Triton Xl OO suppl enent edRWl\t h Conplete(tm EDTA-free
protease inhibitor mxture ( che Mol ecul ar

Bi ochem cal s) and centrifuged ap-1&!'000gy for 30

m nut es. Supernatant was col |l e¢ted and protein
concentration deternm ned usjng-the Pierce method.

Equal anounts of protein were separat ed by SDS- PAGE,

I t 0 i pore).
BhAPERCE RSO S of TR s Ll AT OB 1 B
{sT¥dasbud Wﬁm@KRﬂeRl(R5)ZZOWEEI‘3ﬁ1 YTBSY br NIY ahdl 1) is as
i ncubated with primry antibodies in blocking buffer
flefinad pbove, tpayrducathe axd piasphosss cqnnmamg da thetpyesence of a

(ﬂr(g [}gaﬂ'Sh ero daseeconj ugated secondary antibodies
PR W’?g nlggrr 3% ninutes and washed 3 tines
Wi th TBST. Antl body bi ndi ng was detected by ECL

( Amer sham Phar maci a Bi otech). 9.8 Phosphat ase
treatment DCL transfected and untransfected NIE-1 15
cells were solubilized with lysis buffer (50rM
Tris-HCO pH 9.3, IMMMWdA 2, 0.1nMM zZnd 2, 1mM

sperm di ne suppl enented with Conplete(tn) EDTA-free
prot ease inhibitor m xture (Roche Ml ecul ar

Bi ochem cal s) centrlfuged at 16 OOO 9 for 30 m nut es.
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enbodi mrent Rl can be unsubstituted, but preferably Rl

is substituted with one or nore al kyl- and or aryl
w@emapsa74The aryl - or al kyl ene noiety of Rl predENREI0Y/050033

has O to 6 carbon atons, nore preferably 2, 3 or 4

carbon atons. The substituentg%fan each contain 1 to

10 carbon atons. R2 is an opti'onally substituted

al i phatic, alicyclic, heterocyclic, or aromatic group.

nmbi nat I

B oter abl § 2gpneifaf A1 URR FIBALRs AOSMALE iofonchange

eade 192 wealsdlksillinetivackxchaageresinf prefbralilg based on amine groups.

substituents may be_ for instance prinary, secondary

3¢ tertiBroress Rogorging tesany pf thepraceding plaimsgy Whﬁf‘?lél the

gk%;f%%d?nl\ééggglzlgpor%n 19@?8%%9 t&x’e&%)of'é(rg)des%ﬁh a mean

diaint &t 3f fne e |imRé 2 SOM e, GaeR: Preféradlptivrs AUPNiMited 500 pm,
from1l to 20 carbon atons such as an al kyl group or an

ang |mcgsrtmxpferably fropr éf)@tuablt@/ ld)Qﬁ)ymlogen atomor a

tpmlg/l g{—"@éﬁé ag@o Eﬁig ﬁga&tg tmregilét hen%\(l’ncﬁ process is
il S0 iR ‘aoﬁbfe PHAEPESRESY, vatbrefl tIRN1LY alkaline ion-exchange

substituted aliphatic, alicydlic, heterocyclic, or
eashivad prespnoup ond vesedlamdetheprpowhds ecbated ny the other vessel.

Lnventiog is a co ound of formula wherein,X . R2, )
%3, R, Rencess acHR5 UM 0 R OhHeR Brocadng FRads, W which process is

ERAL 0% Thg tbEREEA o GPRHM LORSCh ddasprocess of the
Irnvent i on nmay v ry wth the su stltuents However,
6ypi cal | Prdd@és aeagdinto ang of thegrevetig cl@.lﬁlemeﬂi(ﬁi preeess is
above -80 0C, nore preferably above -20 0C
ouatetiont Bha 6plvens cgpg%m frem e gromsconsdsting ef teysahydrofuran
§B§SUfts may occur when the reaction tenperature is
538 180 oc Therefore, preferably the reaction
f7s carripgodys a@éoramg‘«‘t"ﬁ)@ﬁ?bﬂ tige prededaii clAPmBGHhRrSid the
OC. The reaction is typically carried out at a
pma:gsw isecayfried] oralr a8 a&mral-;lbl wyrsbesieof ait fleastcadifferagt phosphorous
a ocess of the invention include but are not
?WV He%o t et rahydrof uran, toluene and
gi chl or oppidagg %c?drﬁiﬁ% {8y ok YBObPeifng @Iariﬁl@y%‘éi‘éﬁlml is
and tol uene. The exact choice of vent depends
chogelmefreml thei grouy @hsidtmg efwhadissitufdbandisubatitsteduhdthylene,
f her be ipert_to the reactan he person s
ﬁﬁﬂs%lﬁ@e,awp ane, butygne v e%@é@@&%ﬁh@%@ﬂ%ﬂﬂ%@éﬁ? Sthylene,
eqet
HEDSAe 58 LPLTRAERS bEe Bk B PR e i SAR FLkore plkyl- and
ondeyl gobpsrhus canaohidinrsto Thtsrhoamntoemsachi eved by
Berforn1ng a two-fold azeotropic distillation of
ol uene Prosess necardang toany of see preneding elgimgewherein R? is
acti n a special odiyrent,, ot he i nve
G2, BB iy B I, i ey A ooy
pﬁéﬁ% AmethéB) eyl nitRYE efRY1, Beop1aaasit ;y[‘ #hd t- butyl
nei ghbouri ng vessel that is in open connection wth
the reaction vessel. The water evolved during the
reaction is distilled with the toluene and is captured
at the nolecul ar sieves in the separate vessel. The
al kal i ne i on-exchange resin is preferably a weakly
al kal i ne i onexchange resin, based on ani ne groups.
Preferably, the al kaline ion-exchange resin is based
on organic polynmers, which are effective in capturing
the acid. Preferred ion-exchange resins are for
i nstance based on am ne base functionality.
Preferably, comrercially avail abl e ion-exchange resins
of the AMBERLYST(tmtype are used. The al kal i ne
i on-exchange resin may be present in the form of
particles. Preferably an ion-exchange resin is applied
with a nean particle size of from10 mmto 2 000 nm
nor e preferably fron1100 mmto 1 500 mm ananst
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