SUBSTANCES | NTO CELLS, AND USE Field of the invention The
present invention relates to i In vivo nmethods for introducing
substances into a manmal i an stem c&%®%And/ or progenitor cells, as well as
to use of 5 such nmethods. BackQ ound of the invention For sever al years it
has been clear that cellular mechani sns st that allowcells to
internalize nucleic 10 aci ds. “ﬁﬂ“ﬁ“ﬂﬁﬂm&h for chenot herapy has been
devel oped based on the fact thmw \ f defined oligonucleotides
(antisense inhibitors) to cells inskhgsue culture has been shown to bl ock
speci fic gene expreSS|on PreV|ous studles have establlshed t hat short
si ngl e Z5 sti Afkh BTRG ' : plak$ otANIDf cul tured
cells (Bennett, R M, Gaboryé% d@ gﬁEbIMgw'dg hA hA J. din. Invest.
76, 2782-2190 (1985); Loke . . Zhang, X. H) Mri, K
Nakani shi, M, Subasinghe, C , Cbhen J. S. and Neckers, L. M, 20 Proc.
glatli Acadv SEi. PSA 86, 3é7§1§4325@19§8)1n¥?5$pgﬁh Lk A, 3 Dseva 5 A,
arytova, V. F. vanova, . ur chenko, an
Viassov, V. V.,K TRBCPTREENT ABYgntaon reéatgé t645%- §A5EO( 3880} |versen, P.
L., Zhu, SVlvbhmethoAs faBd1ZQ&pdac1n©n@ubem&acEeSan25 Bevam@al2&h- 222
(1992); and H har maco 9,
(510- 1017 T10955e Tthate/ F pFockr Rl cSilg SRaferan s eegbee BF,, iy
| mmunob. 9d9uch| @=thddgl993)). There are reports of DNA receptor structures
t hat nedi ate uptake and destruction of DNA in 30 human | eucocytes
(zgggngitgg (?98?)) GaHt(;or G T. and I\/Erfrltt M M_J CI:n tIgvest 76,
wevet A & dFdegivulgdnucl eotides are in
ggnergl gnab#e i@rcéé§ér§§|§ébgk E%”hbéngéehncYéHQ éﬁat c%lﬂuﬂé% 72g8821315
ado sukanot o ar har C
(1998). THB‘F%*P%%S“‘%%FEF Sfrkt églé’§’ SS%X\IH 5R t'LHEeBFﬁ tAG B’flc%‘\lﬂcto

sol ubhe caxecidss, Arﬂeephppr&ébucEw&e&hemocharagathas(Beeg dONALbpadi ng

proveins, £90.8 bHoehes ol PoLY:LoLuskag.and aB-ALAOCh Doreseptor |11 gand

nmedi ati ng eraction w ransnenbraneou SysTem (see
e.g. WO 96ridss 1$am9an256®8hmatt@;5i’. tande3lgi yanbisyueCruttuRey. Ther.

Drug Carrisssystn dAowh8¥a3B1oCkI%pkchfic gene expression.

Previous studies have established that short single
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15 stranded DNAs are rapidly internalized by a variety of
cultured cells {Bennett, R. M., Gabor, G. T. and Merritt,
M. M., J. Clin. Invest. 76, 2182-215%0 (1985); Loke,

S. L., Stein, C. A., Zhang, X. H., Mori, K., Nakanishi,
M., Subasinghe, C., Cohen, J. $. and Neckers, L. M.,

20 Proc. Natl. Acad. Sci. USA 86, 3474-3478 (1989); Yakubov,
L. A., Deeva, E. A., Zarytova, V. F., Ivanova, E. M.,
Ryte, A. 8., Yurchenko, L. V., and Vlassov, V. V., Poc.
Natl. Acad. Sci. USA 86, 6454-6458 (1989); Iversen,

P. L., Zhu, S., Meyer, A., and Zon, G., Antisense Res.

25 Dev. 2, 211-222 (1992); Wu-Pong, S., Weiss, T. L., and
Hunt, C. A. Pharmacol. Res. 9, 1010-1017 (1992); Chan,

T. M., Framton, G and Cameron, J. S., Clin. Exp. Immunol.
21, 110-114 (1993)). There are reports of DNA receptor
structures that mediate uptake and destruction of DNA in

30 human leucocytes ((Bennett, R. M., Gabor, G. T. and Mer-
ritt, M. M. J. Clin. Invest. 76, 2182-2190 (1985)).

However, naked DNA, RNA and oligonucleotides are in

general unable to cross cellular membranes in vivo (Bo-



10 ~ In general, replacenent of neurons follow ng degeneration & M@e IS
not a.characteristic of the mammalian brain. Neuronal loss is thus

consi dered pernmanent. Prol onged postnatal neurogenesis has been descri bed
in the granule cell |ayer of the hippocanpal formation (At 15 man, J. and
Das, G D., J. Conp. Neurol. |24: 319-335 (1965); Altman, J. and Des, G
D., Nature 214: 1098-1101 (1967); Caviness, V. S. jr., J. Conp Neurol. 15I:
113-120 (1973); Cueneau, G, Privat) A, Drouet, J., and Court L., Dev.
Neurosci. 5, 345- 358(1982) Eckenhof f, M F, and 20 Raki c . Neurosci .
8: 2729-2 1988)9 -+ CRFIR BRI H artlihdaisherias s havid: r%ceﬁb??mbeen shown
}39 pErséi stgvel Is1 Ntos galul 3 hwoch 998) rrarwrr(eEreﬁ@ﬁpg sdredal E@fitég@&@ EF ’

j or k- Eri ksson rg, et erson : e, F. H,
e ur e e RSEa 1. 4 o IbHE oD RSP THRR 1T SRS oF GHEPESe |

| ayer exprsssudmykes SOchasinjxﬁ@ftesm I 6d.ed M dnisnainty havet @bnphotogt+ cal

o e el ua e 81 AP MM EILILLEN el o Be o8 Logphap an M
Wol | ey, @edativicRvidre Bt @ac: jommitod ctr@smermn%@eewﬁce:’f&es 337- 344

(1993); C?W I d I [a esy 611:
342-346 (199 i% y%uerrfhesf%?ée éa%/hvg%/igggtlasaqiqsh@;o%a %?%%esjéﬂggl n¥o t he

mossy fi bempatuminaend ¥ or®hyndisd ¢ TherneQiUh<Can ¥ ¥ heystt atdets in
hi ppocanpuysg A3 Spik997)’s‘)5 T. and Ar al, Y., J. Neur osci. 13: 2351-2358
(1993% Stanfield, B., and Trice, J. Res 2: 399406
(1988)9. The h.%b&?mml i SRR eﬁvsrﬁm A ey féommn 3

| ear ni ng anNch BRI (cM}NGg‘ﬁirl’:s Bt Kk chantddeatiiaan,c R Whe BaanfiaRes. Rev.

18: 33-49 (19 3 nTtLee %hasitl Qn, %ﬁw%r ﬁ%eqm% ézl S ex@t? i nfluenced
met

by the adrfini s raJtl on o asparta cept'or "antagoni sts
or by 5 tRralansed mstmmtaa;ldrwoqﬁn@rsdg (f@aarré:e@n ¢¢S¢rlbecﬁ1dlm;oul d, E,

Neur osci enggs &l-ar203 209 { H93A)» c@arf@lﬂeo?x’lg:‘ﬁoc%m pahaNapPathat fon ptﬁoul d,
E., Neuroscience 82:_ 349354 ( 1998?1?5 Plasticity_is reduced wlth i ncreasi ng
t

age, Hhd rEdentd staifl Eeha® deronst CMed N?e\’trodf -0l3%%t at1 O AP of
progeni tor 104 d)s; al1xondrs, decraasethdHuiz . not. lelﬁ:t§|2/l@-b01®§®eﬂl(mth age

( Kuhn, i nson- Anson, and Gage, ci 027- 2033
(1996)) . étlgrﬁcﬁe' VAT St e\g tSr ddgh tﬁEPé“PcN?éiﬁ%gL%%?ﬁ jajo% T9Us tissue
cul ture prdcEtire Gierorad hes adBnivaadent. ,bDaicuettas JL5 rav@ntdyrieen

transpl anted ifgd.p tu qﬁbd?d fn ij ag t3ggth§%|2§ V‘?%’)%rh{kgfé dlﬁfe§en§ﬁ@te into

cells wit h neur onal aracteri'stics t'er son Ray,

J., oA GEFELF. M., NatNRWrss3: 684 872 9¢ 2996) (L.o8Rere Gkl IFReFi%io known

stem cel | a1 K@L&dd"@{esﬁb_rﬁ H&@'I%Je@x‘hl%oblé@ﬁi Ghicse! atd q&e:@élﬁi eﬁemel l's or
progenltor ceIIs frq}nﬁg}t{e adul t ﬁl( nervouys s ste This f inhibits
the ther apsth et | SfFarans. So Hefect O'n of stem

cells rel wmkmﬂ}fsﬁmdewect imdrei had , uslionrgibood;, fI(E.d, reet exxdomes t hat
i ncor por ages Ji n Ef%é?{tf he 1._25 I_penq\{’get%rré gll él d| ngﬁ%l ll%ldf"”{]f%é he S- phase of

the cell cycle.’ Saf'ter: 't he p enotype of "t'he "progehy can be detected
usi ng2$ munohi Steodieam cwunmstshdds ththegrhhpileaciedd viayien rexpuess of

i dentifyi ng ArOQeRid Qfi QA8 died %%hrbh%s%n%'ﬂa%é‘%&%o@?@éﬁss the
stemcell or pro 30 genitor cell properties nmeaning that these cells |ack

the abili t%}'lac]%f"%térflsr %%S@O@W@gr £8e IS FREETONL e tFRV L€ or
ol i godendrdmﬂgsmaedltaa{ na i\ satﬁdamguespt oH solmat eveateseel | s2 f rom rodents,

B o A S B S E R, TSR0 J A poct e
ventriel eg. &. ,unmd exiulde imf.ediduaoseiithcel B¥sesS 30arI44 nifl 3 9e) gene for a
sel ect abl %é{w&%,’ }y\.’ai.r,e%\%glllye‘ﬁu%. Sp,4ag1HLG%QJ(1%i3, E., Brain Res.
611: 342-346 (1993)). Furthermore, they establish axonal
processes into the mossy fiber pathway and form synaptic
connections with their targets in hippocampus CA3 (Seki,
35 T. and Arai, Y., J. Neurosci. 13: 2351-2358 (1993); Stan-
field, B. B., and Trice, J. E., Exp. Brain Res. 72: 385-
406 (1988)). The hippocampus is associated with spatisl



4 |ished (Johansson, C. B., Monmma, S., Carke, D. L., Risling, M, &ﬁggﬁ?m3
U, Frisen, J., Cell 96: 25-34 (1999)). Neither of these nethods is highly
efficient and thus unsuitable for rapid isolation of stentells fromb5 snall
human ti ssue sanples. Therefore, it is of inportance to identify a usable
mar ker or property allowng for rapid isolation of stemor progenitor cells
for therapeutic purposes e.g. autol ogous neural transplantation. 10 Summary
of the invention Due to the fact that mammalian progenitor cells and stem
cells fromthe adult CNS | ack specific marker nolecules it has up to now
been vi rt udgkyninpossidbmemorypdMciBmasgm RapKd. dendcSkeatand Rsolati on of
those cells.oPurkag t hewonk | 63080 (6o8Ne PraseBl-olaYeRbioBn bevas found
that progenitor cells and stemcells fromthe aduft brain possess a highly
ef fici ent FECHARLEATT 62145t ke BF ADElvpRCadi BY, tEGCcRIBINDRATY2FiORas al so
found thatoftyisegflyRopsbBbartarusenaphfl FEa8sPBE abYaEBAL EBsObgebyt 0 mark
or tag progenitor cells and stemcells_via adm nistratjon_of e.g. double

st randed Eﬁﬁ?e??ﬁ@Va?noﬁiﬁ@&raﬁ6?ﬁ?$r9}ﬁn Fr GFEFIPBrnﬁ(pPasn?Bg) which is
t aken up byotibe, progeRetigbseekhge0t1t h2OSt 2OD CéllbS4yi;acdmeeeh,i nteracti on
bet ween 25.th nd_the_cell Lthout_th .facil Ltating drugs,
carriers,5%b|§b$2@?§858%0r5'0ra8 e§$%2€5 %i’gﬁ§a§8§%ﬁgﬁgée§%6eéggThe DNA i s
not i mredi a5l y1828) Ade@labnsteny, isfredecpfasntt DNAresatinpnagehe
necessary r LO LO : Q be de 30
octod by The o e oy aF B R e P P R b o Senr “Efncai i ng
sui t aBle ePENPHPSERHECEXPLESS @h@%WAd%ﬁew@%b@F,npg reenbatedyin the

presence ofppi PgRBAL QL rhebbe QkuBhEeMCEl bSck SAEENDMASHE, tAKkeNaHA
efficiently and the protein correspondi ex 35 pressed by

qg to the cDNA is
the progerf?9%: cBt | - or Ist BRHEBPFS: The 100Emt P33 ($9B8Lkd BhePhe use of
this nucl et€lbg| disopaspar theysgrRNa i tife ocgemétildingebhhd aabosieunxcel | s 0 4

J UL ?003 for different purposes..Accordi ng.to_t res .Lnyention, it
is possibl%§?%u?r%ﬁiF3Fe gﬁf@ﬂ%ﬁt £ %WH%Q% %?ugfdpg?ggsgspé%#a gYc’/ectors.
The i Avent¥ereptr byi desnnevanerhadsed ointsol the pragendfoadedt | snand stem

cel|s in SnyiyouRofel Bnulthoe s Thbs: 1904 atdon dBY)beybageHoRohbe expression

fromplasm d contai ni ng CDNA protein that enables selective

i denti fi cafPdReaRhErLabladi 6Aubared: oh i AmukRe2EEPT tY; Br oR@Yne

expressi onyby £NA ehga, prot gl n thatrensdd esosedeet (veosHentThégat i on and

i solation 10 baseg on _the exgressioq%ﬁg fuﬁgrescent pr ot ei ns influding
FRCS sortidgS Ther FhvBRt FBRYAI §bePr oot L ST et Hdls2ED tFaRsPot P

di f f erént sapisd ahsesawnidh efgsteharerdlceudr gatogéhecds c¢albs pfogenitor cells
and/ or st etpcelder ¢ Then PPk eChe DL N IIMERT 10 & ScL0US; AnIBibOd:fOr 1015

troduci ng a substance conprising a n el c acl into a mammal | an neur al
stem cel | ©Reprgeni €orseePl, seprarartty i FedyrprRhat Saf A nule® efe- aci d

directly itdetashSo shehhgetel| rapfianhdfr St dacetet O6n amsOBNENt _
within said cell qgnﬁra e in vitro whereby the substance conprjsing 20 said
nucl ei ¢ actd 13 TAke 1%% BYCLRRETFT WhaF tHETRRT 2Rt S t FANSPor € mechani sm
of thesceldenGat dinesbotldimy bel perdwrired diot hsiphasé rof atlde i ceVlvo. The
method is riicularl uitab%e for isqlation of p ito S or stem
cells from ‘ﬁiee a%??r%?g‘lc%,r'f }?e Zé)“eg%oﬁcgnﬁeorgp%/ ef%’?g%%l“? é%lgte]%}%\g and for
di agnost i cdpreceedresing immunohistochemical methods. The limita-
tion with this way of identifying progenitor progeny is
that these cells no longer possess the stem cell or pro-
30 genitor cell properties meaning that these cells lack the
ability to self renew and to give rise to neurons, as-
troglia, or oligodendrocytes. Alternative strategies to
isolate stemcells from rodents, based on either unselec-
tive dye staining, immunosorting with antibodies against
35 the protein nestin expressed by all cells surrounding the
ventricles, or unselective infection with viruses carry-

ing the gene for a selectable marker, was recently pub-



The characterizing features of the invention will be evident fro&tmg?gm
foll ow ng description and the appended clainms. 30 There are seve

advan_t ages with the present invention conpared with known strategi es based
on the binding of DNA to a soluble carrier, a receptor structure or a
conjugate (such as a DNA binding protein, a conjugate of poly-L-lysine and
an integrin receptor ligand) nediating 35 the interaction with a

t ransmenbr aneous transport system One 4nportant advantage is that the

i nvention does not rely on the binding of DNA to any sol uble receptors or
0 4 JUL 20b3sbedar fobesissmmot ibr B .npdtamma, advanCagekeés Phalk- i tRE$1 ows for

the sel ectiygy| agel i p@ratngel ks, %Steq) the fagtiihat.optyscells with the

above descri bed i nherent transport mechani smare transfected. 5 Detail ed
descri pti ohl8P9t he Nei&herorIiThdaseamardiQdsretsahi il vipohf imient tand present

invention tgubaggduanRdpiBi ¢Byr $-HAWNd I SRR bANs séfee CRd | Srsmd
pr ogeni_t or ceHs fromthe brain, “i_ncluding hu 10 nan stem cells and

progen|5tors‘8% SHEPER Fﬁésb‘ﬁalsﬁm&;éﬁ bemﬁliefﬁci’é%l i bt kRt tI RS por t

singl e or danbketst ideded fPNA asaRYR inlrker C@Hpm@eﬁw}bs&mmdg/ al 'ow for
t he DNA or.RNA to. renai E]a%:ntact an undegraded in e%%ﬁl[ Cell's in which
thi's transpott AREHanPERRFSFoGHd SHE™ S %%?%H?/r S &% ved neur al
stem cel | stlaedapeogeéri porpoeklss e .By atitldlzigwus hisutahnspordpliantss t hus
possi bl e to;insert nucleic acids into said cells. These nucleic acids may
either be used for their 20 ability to nake it possible to identify and

t hus £8ol ate progenitor cells and stemcells fromother cells, or for their

phar maceutical effects. As stahsd ag@vehet hev@resm; invention relates to a
met hod for introducing a substance co a nucleic 25 acid into a
manmal i an neur aPUSt Bth EBE fBFthBQEnF‘F‘ RIRFERNRE A5 Lish At sai d
subst ance $tSerb)l’@d=JZgIIb Fpb@ that agulwi CNSSaIaﬂ:}C&iﬁecWh&f ayridr inolledken up by
t he cell ‘%1 he i nherent iI:ransgog rrechancl sr’fq of the Scsel I e 'Ehe net hod may
be used both TR VT tFeSatl FR PVoPe58 Tré ¢ii1e WEPSS iR Sedtd

accor 8bng tormheapidedetentape pndf ésabky ider ok d Hosem el ladultur ifige
Substance dife Mol ! LO0HERY LBl 8 EELEARCANUAM 14 Lhe JIRE hOll® o7

CoerI’I Ses .g. a single oub ran I near circul ar
single or fci?ﬁﬂmer%eewaﬁdealﬂmanqihétembﬁeéﬂc?e fegm finsp aswilg frsiion

ol ecul e cov@séss ng algumj/eeﬁfaehenaambcﬁednasnprmzelupdwé 0 fOfLAN
expressi on, yept of . £9ntaLnifNg 3 SREC! ThCuGBVA SN MY $hae it is
20 possible to use said transport system in order to maxk or
tag progenitor cells and stem cells via administration of
e.g. double stranded DNA either in linear form or in cir-
cular form (plasmids) which is taken up by the progenitor
cells or the stem cells via direct interaction between
25 the DNA and the cells, without the use of facilitating
drugs, carriers, soluble receptors or chemicals or any
special devices. The DNA is not immediately degraded. In-
stead, if the plasmid DNA contains the necessary compo-
nents for expression, the aforementioned cells can be de-
30 tected by the expression of plasmid cDNAs. If the
DNA/plasmid, containing suitable elements for expression,
cDNA and promotor, is incubated in the presence of pro-
genitor cells or stem cells, said DNA is taken up effi-
ciently and the protein corresponding to the cDNA is ex-
35 pressed by the progenitor cells or stem cells.
The invention is based on the use of this nucleic

acid transport system in progenitor cells and stem cells



0 4J UL 2003 sion "expression vector" used herein relates to all Veﬂ%ﬁ&@
or .plasm ds consisting of a double stranded DNA structure conprisi”é C

for a specific peptide or protein. Once this expression vector is taken up
by the stem5 cells or progenitor cells it will lead to the synthesis of
sid peptide or protein. When the substance is an expression vector it is
preferably, according to one enbodi nent of the invention further commented
on .bel ow, that the cDNA gives rise to as10 peptide or protein that activate
proliferation and/or differentiation and/or |ineage determ nation of said
cells. As foutédfibyenr pherpasesod Parrarding tco thee ATRAATIH dmvYey be

performed Bobl | BeViL Boctigd R dit e Odd At il dng Go1ndyd n vi vo.
When t he net%oa ?s per ané FLQVi&b, t e’ﬁeﬁ%%linto'mhiph tﬁ%%gubstance is
t ranspor t edidr@f peefer FBIR Icd8cs ans -+ A& eftviedIt Liedy V317 i8est &Y The met hods

accordi ng ©8thbEsi e&se%bq%tréam%ﬁﬁ%ﬁ%éﬂrs eertlentiddiarenty pur poses,
bot h diagnostic and, therapeutic. en the nmethod_ is perforned. in vitro, it

i s especi at tYPstPtabPeVEEF ot hd PiFedSFiadtaiqToMeeT H5r fiefid & &9 €%and stem
cells. V\h]?p_ré@eid;rfﬂ_t hede @Qg@m_didn@otn;tatih%’lr@ dr?memrfi @npgcrcﬁ:eli%dhl;?@r t he .
purpose of jidentification_ it .i.s _pr.eferahle that .t ubstance that is to be
i nt roducede?%?gegaﬁaigggllgegil\?gg %slga&olozf cf‘é’t%ed‘tsa atsatlé:ing%zflseéjtr “o a

pepti de oripnetereathaviewablbes oseltéet isrercdeionf byatiNen off astpew-cel I's and
progeni tory el éh%?abﬂag?cg%' de1ak AL 3y i%%léib%e%rﬁ' i3 YR give
rise to a detectable signal, as the case is'for e.g, a fluorescent protein,
or a Hfrkeprapedtennthexanpiressépnsgift d3luenesciesits et estnem dadlador

progeni tor; €&l £8c8r 8oRPEQLEI NTERAMRORRRMS 2 hiRe LraRdRRId naYstRPhodych as
receptors and carriers. The de 35 tectable signal may al so be obtai ned by

the use oft?agfRUSBABEt ShEESTCBECHURSERNCESH Yalt FelBy PAGFEGCRYELSI ¢ aci d.
p 4 J UL ddD3afeéttbSinspeprabkyiitaierceslisngnigobe stlehe de lisdenti fy, and

thereafter isolate, progenitor.cells and stemcells_in | es_constituted
of e g, difforetesoPieth 88 bpenravsitich d% ERunT st Bor SR o

cel | sleul ttredugingom aupatreae. compe isiagseencdklis ecigr dgéw eor cel |'s
have been figaii iLfdnehbsY E8BnDRAASOLA ¢dcbEARLED cRlNer chipgscat-cells in

t he sanpl e, by_any appropriate netho nown o man SEI in the art. The
i sol ated ce¥$< HAnthRAENSRAF BOcéRafpREeive dizeqtiy dprrepshe vdsbs, for

di agnost i clpaIr pOEESmenbPenkr epagatadcand braaspbapbadntowatpahi eaid The in

vivo method nb gsed i n gtdeg tg id ntk%%, agd subse uentL%.igolate,

cells in Vivo: THMRERRY P t5FCt YRERESYn tOFt PHPREBRGE GEEEFHB&G9above.

Wien 2he maidddSlescpecidr iredtaheni vp, byt the peddi blie tbhei deherty, and
ent transport mechanism of the cell. Said method may be
performed both in vitro and in vivo.

The method is particularly suitable for isolation of
progenitor cells or stem cells from the adult brain, for

25 gene therapy, for cell sorting and for diagnostic proce-
dures.,

The characterizing features of the invention will be
evident from the following description and the appended
claims.

30 There are several advantages with the present inven-
tion compared with known strategies based on the binding
of DNA to a soluble carrier, a receptor structure or a
conjugate (such as a DNA binding protein, a conjugate of
poly-L-lysine and an integrin receptor ligand) mediating

35 the interaction with a transmembraneous transport system.
One important advantage is that the invention does not

rely on the binding of DNA to any soluble receptors or



thus isolate, stemcells and progenitor cells in different structures of
the intact brain It is also possible to propagate stemcells and p@&gé&bi)gedr
cells. with the nmethods according to the inven 20 tion. This propagati on can
be perforned both in vitro and in vivo. The cells, which optionally first
may have been identified and isolated with the nethods according to the

i nvention, are then brought in contact with a substance that conprises or
gives rise to peptide or protein that, 5 once it is taken up by the cells,
activate proliferation and/or differentiation and/or |ineage determ nation
of said cefbgrilars.s Aadigossietary wsyapdaoe He ithat tito alnldwshe in vivo
met hods acegrding i tdi 1y el Oftyf0lo0RRA IO Ry LG fubshance ¢ hat

is brought into contact w e ce , 1d subsequently 1s transported
into the cerly qafdls Hettbehe pRevRGapddaad ahanants IBAEREE 1t may

al so give ke 48 i R mesidiLaldy. active substance once it is taken up
by the cells. The substance may then 35 e.g, be an expression vector
conpriéing cDNA encodi ng the pharmaceutically active substance. The
pharmaceutical |y actipersibsd afsecpimditwedbideipbNA pfigce it is taken up
0 4 JUL 7nnz 9 the cell may be a.peptide or .protein_that wl.l get
transported out Fﬁ?ﬂ&ﬂ%ﬁ&ﬂ qg%agéﬁppgpogtg#ﬁgél%%Fopgffggﬁl§&Vrounding
ti ssue or wehics orbExanleesdbfarsliothizhpest ifdendr ipr oeimaldre tatephi ¢ fact or s,
or other p i i i, ti i g i Ll.s and
tissues. T%gﬁggpﬁﬁ e%gﬁkﬁ#ggéﬁhqﬁgééﬁgég kﬂ?h%Qg%ﬁA Eg&ﬁéﬁggﬁﬁéﬁg

subst dfce MR&t skiEn asiltlfe gk npgea igor ﬁ:aﬁtlis\/aftr@rrprtélei Bt o an

di fferentiBki @R iQn REGIH idkddNe20 rdelspoNatingl Okt kR udiegeni tor cells
or stemcells ei_ 10 they in_order to be_able to nore easily isolate

progeni t or SEERNSESTER 1 &NA ATECdér S8l ABGC EVLREWEREYs 2dH Mew neur ons,
astrocyt esfoer @hegouiRndroRRes d remaphodanbtar andr usidemreeleds imn tthae brai n

or within progenitqrs ar stem.cells in a tissue culture for .concom tant use
for 15 transprantation o "8 i& cglls 0 nglenF%. P08 élsg p8 sible to

- use alSubsaarrcespedsdriliipt edudft defriyiednnaplkedubsemetr®dds andupkei-c aci d,

t hat enabuﬁéngggxtggqgggrt into the cells, and a pharnmaceutically active
pr ot ei n. en the gene therapy  is performed. in vivo, it can 20 be used for
treat nent of neﬁVoPB@ﬂééPan§éP§,tH?§éS§§F yef i 8i EhyF eBRAEEPLENntPN a

patient. Thasketmllliedicrertidsusedoheeginceeliates to both treatnment in
order to cure o aIIeviage.a di sease_or a gond%tion and tghtreatnent in
order to preventFRE GEGEFSHnEREOSE "aYFsEASE BF 4SEGn&PT25DFR6r . The
treat @ént akyletyhéo bekeeritopwedibdecanocatdertdfyi and thuenieowaye The term
‘patient” ,a8qkhit 8, u3ed 1eLaIN S LLF] BLESS! 2 BAY oBHERN Q7 180NpUFRY. mANTE

in need of trgatnent according to the invention. It is p035|8 e to produce
medi ci nal PpRedicPhafrorcesoticadt REAEC6F-conditi ons due to di sturbances of

the normal funchkoBtatest 8BbGE, | 8her pPEBERRI 1 ALcREibs bP¥latbtachbng a
phar maceut i nucleic acid e nucleic.acid wll,

cabl ?ctlve coagound to a . _Th
When 1t 1 S"BFBEENE OFntBtEGRESAPIWPt FURSEEBRT CBPIPE} SpPEGBNPEEISAEI |, be
taken26p iatodt heteekl mdbmby} ikhenkenkelentetr aaspootr peobanisowrof the cel |,
and since éQ?lPh%%;g%%%%%&ﬁéé'fiya%PEhV€ %%?BOQ{}BSL%QQ aehgdohignthe nucleic
acid it too W ll bé fransportedin to e
into contact with said cell, whereby it is taken up by
the cell via the inherent transport mechanism of the
cell. The method may be used both in vitro and in vivo.
30 The cells used in the method according to the invention
are preferably derived from an adult.
The substance to be introduced into a cell according
to the method is or comprises e.g. a single or double
stranded, linear or circular DNA, or a single or double
35 stranded RNA. The substance may also be a fusion molecule
comprising a nucleic acid part and a protein part, or an

expression vector containing a specific c¢DNA. The expres-



p GJ UL ~4a~to cell. Such nedicinal products may al so conprise %tqﬁr
subst ances, such as an inert vehicle, or pharnmaceuti cal acceptabl@ JUL 2003
adj uvants) carriers, preservatives etc., which are well known to persons
skilled in the art. It is pref 5 erable that such nedicinal products are
adm nistered to a patient by infusion into the cerebral ventricles through
a surgically inserted canula or via a syringe inserted between | unbar
vertebras and into the spinal fluid. The nmethods according to the invention
can also be 10 used in order to test or screen a protein or a detectable

signal . | nsdoscreeapiregsdont esctappl ucati baréhe relenkeisona slusetkan wth
stencel |'s that %§k§1%%m9§é cB%EEQkQQ CE%”aCSShﬂg f%% 3ROl @4dp Of interest
t hat are subject Screeni ng testin proteins are
receptors £5ruhaureanompru§engfGDNécfeenangpﬁeminecéﬁp@ndag@w‘$ﬂ§2 The
transport gad,upbake oh;and,SUBSSINANGCEXRLCSS! OaIEROMPLASHHLS dubigel | s
accordi ng to the i nvention used 1 n detect screeni ng

deV|ce§5mhéﬁé1§x9¢e§§p§ﬁnéﬁ0§pé§ﬂﬂﬁclbr@%kln%eﬁﬁkéoré@épﬁ&ﬁ§h@ﬁ1§hzynes are

20 desiredgfThe iad gggggg ek %Qgtgggsent invention conpared with
conventional trans ectlon tec ues in which drugs or conﬁounds t hat
a

facilitate DNA UB?§k5h§r§UH§Eé§§§rysf%ﬁ SFPTRFBHPIUNESkETaRd éXpression, is
the high ebtie¢eendyyandcbagking peednt oemdsdgsencospounds ioveshdrbircal s to

fa 25 I t ak b t t Th t
w1 now bECFOPEReF CBRBMGPRoB™ AECRE: TohFbul NS, EANADBAY S Thra “Sxampl® 15
onIy_ﬂﬁIenpeptude|bkugtoaeénthbatnaeniV@neapdothﬁatdtﬁnnnanddprbe
CO“S'dereddﬁggkkEhE FP§850888/8§ EDEGA%&&?%#QEmlﬁg Bohebgdgsgll ption of the

drawing In t exa el ow, "'referenc e nmade to the acconpanying
figure, whepélf:- Flgure | Ais a fluorescence photom crograph showi ng the 35

result of 'nCUbﬁé'Qﬂa@édpéﬁgﬁélt@ﬁecﬁéﬁﬁbdrb@@@f@ﬂh@ﬁtb PRe~ghi¥knaf a
pl asm d contai nin JUL 7~n~11 Flgure 1B a

I|ghtnlcro§&8ﬁl@agnéﬁepgﬁgﬂfﬁﬁdthetgah%'ngﬂ?t 8s9fi gtir8 TASSEEgGRe 1Cis a
fIuoraﬁcencelmhohmﬁU£éogéﬁﬁr:nshovmrmwmémftwéumétbbdlmeuperfb@medf

progenitor. ﬁckkgolntHES %ign1¥$£h g/ of 8r Egagggg not con

tai ning t he géne; rgure nlcrosco rc image shomnng t he
same resul poatedf agarprgg.erablzxaerbl% IEXpTFk&sq-‘@ﬂtb?l prez¥niisosysel | s from
mature ratyppain of a fluorescent marker

The methods according to the invention may be used
20 for several different purposes, both diagnostic and
therapeutic.

When the method is performed in vitro, it is espe-
cially suitable for the identification of progenitor
cells and stem cells. When the methods according to the

25 invention are used for the purpose of identification it
is preferable that the substance that is to be introduced
into said cells gives rise to a detectable signal or to a
peptide or protein that enables selective identification
of stem cells and progenitor cells. Said peptide or pro-

30 tein may then in its turn give rise to a detectable sig-
nal, as the case is for e.g. a fluorescent protein, or a
marker protein. Examples of suitable markers for stem
cells or progenitor cells are protein components of the
transport system, such as receptors and carriers. The de-

35 tectable signal may also be obtained by the use of tagged
substances, such as a radioactively tagged nucleic acid.



The expression of green fluorescent protein (GFP) was ef>am ned im4 JUL 2003
progenitor cells isolated fromthe adult 15 hi ppocanpus. Progenitor cells
(Palmer, T. D., Ray, J. and Gage, F. H (1995) Ml .~Cell. Neurosci. 6:
474-486.) and cos-7 cells were cultured according to standard procedures
and plated onto 1-inch circular coverslips coated with poly-Dornithine and
lam lin. The cells were incu 20 bated with plasm ds containing the cDNA for
G-P, and plasm ds deficient of the G- gene) respectively, in a humd
atnosphere at 37C with 50 C02 and 95%air for 10 m nutes. The cells were
cul tured for 48th}sf GPPERIAYIDNANELFESTHINGh.t 2P ermahbaf teridert &&pr . ~ssion
of the fl upreseeRkapielelBoWas edebeTReUTNE &N & NYLHt dekheteI KM RB

m croscope e ukgged f or fluor sg&nce nlgiﬁﬁ%gﬁ%¢ The cells merﬁ viewed in
the m or 03BoBETHAFRg COREFLALIEH OF GRS all: is? RESGRUREE] O | aser
(Spectra Begsncsieedel t2@2h- 0ot 3¢ Sumandiare, &GA)celhe tasenrédght was sent
througﬂ af%88line interference filter followed by a spinning disk to break
the coher SACE &nH35¢8fer the |aser light. The | aser was collected by a

| ens and sent Ohreugheasfteuworeddsi prf progenduler (delba ha® heern t he

obj ective, L 3 e uQr.o FeS.. T i uoy, enee was
coIIectedlEgnﬁﬁg&ggﬁe§8gpe8%#v§%aﬁgggﬁz%qgﬁigﬁigg%e€g%%%d9£§§§.%fchip

col or CCDCégﬁfér an( Pagasenpéy Bidapycerpadrstiate methyed longgn 10025 Hz frame
col l ectiopahakRibyed SUPEheVHPL(PaRRSQRINA 2SS AG BS003n dien &Y i mages

were digitized_fromtape and processed for presentgtl on. \Wen progenitor
cel | & Ser 8XPAPUBaPEd UERIREI BMEWPERTS $6StRy/ MO 2PPAR M @ Béht ai ni ng t he
cDNA for gEbRekobrlBenpidpagavetihautl addnispiarafedhem capstidwt. facilitate
upt ake or tranﬁgort of t her e%fter r Quwn fxoée 48h be%or e.n%det ection,

. €t y'DNﬁH gﬂgd Grg used 410 o r to 1 %Rtl '
t hey were highlfy~f Hord¥Relit! rgare [ fluorescence photoni-“cr ogr aph
showi ng t hhd sebektpehflandsEilgoee tBldisovis tHevaespecaiway |$ghtldcr oscopic
image. lp.c rast,,: n nj el lss a r i re
i ncubat ed?\?vi ?’ﬁgo?ﬂe’r\’lp_gsr&géggﬁ(‘)?gggﬁgg}ﬁ%_r?fﬂos{?e' %é%eﬁtée, t}ﬁ%&%%‘gr escence
was dfser ¥&dreFfgumedltnandves ib dRowoskdblesgertident hegesanthen GFP

defici ent tpliasikd1 PNA, Wet enused1 sAksa, pHdgRitR@entd Dr's Ch | &1 fese i ncubat ed
with plasmd contalnlng tEe gene exgre S|n§tb-galact05|dase 50 ~g/m ,
wi t hout a8fft PERUGFUERENPEaFESt hBEEFSCPFPEEt e 20 upt ake or transport of

DNA, and thereattes giswnpbeseidBehtbebpovpadetectsten o=lls axpressed

b- gal act osj actLhyiLty. |t S f.o i - i | Cos-7 cells
t hat V\ereakﬂgg at g%h:ﬂﬁ %r%%iljutr:nﬂ% P%Légdgg%%gogﬁg%lgg;%}f%%%t ai ning the
cDNA2f0or ©EPnf ofhigophPpagesiaint Aant bedeerfoameast katdhi val sl tymtafdici litate

upt ake or; hrgaggor ¢Laf DN, and: bhebgahibah1ar0ws i A8h afonsdet ection,
| ack expre§S|on of .green fluorescent protein Gﬁﬁ%. Det'ecti on an
experi nent 9f7ptbegdupred torleherd EkEErFH@anﬁ§9 AFSRF 43R Fhat  f ox

progeni t oinceht sofxpasedcthenpbasugHtcant abhiagt hei toDNA fulsst@iRe Al so, when
C0s o LFaleLan PSRt £5 MY DoPLESI, § ool Binia ) e 050G, Spessino,
trangPortonce it is taken up by the cells, activate proliferation
and/or differentiation and/or lineage determination of
said cells.
It is also possible to use both the in vitro and the
in vivo metheds according to the invention for gene ther-
30 apy. The substance that is brought into contact with the
cells, and subsequently is transported into the cells,
may then be a pharmaceutically active substance. It may
also give rise to a pharmaceutically active substance
once it is taken up by the cells. The substance may then
35 e.g. be an expression vector comprising cDNA encoding the
pharmaceutically active substance. The pharmaceutically

active substance produced by the cDNA once it is taken up



35 of DNA, and thereafter grown for 48 h before detection, they digplayedna
| ack of expression of b-gal actosidase activity. 0 4 JUL 2D03 13 It is
clear fromthe above experinents that progenitor cells fromadult rat brain
has a capacity to in vitro transport doubl e-stranded DNA plasmds to their
interiors, and to syr_thesize the proteins that the DNA sequence 5 codes
for. 04J UL 2003 14 CLAIMS 1. A nethod for introducing a substance
conprising a nucleic acid into a mammuald an neural stemcell or pro s
genitor cell , char actar i zadinthat said nucleic acid directly
i nt eract s Wy tthe¢ heekkl hapehbr anpept idei drcpidoteim tdwmporignt akitt hin sai d

cel | wembrangdoxtig ooubepebyy e sBsk aRee LTS s aldl e of 0 acl d

is taken up e celT via t ent transport nechani sm of the 10
cell. 2. A akfdod secordndgngotsbahm or @RdASI-n Beamples 195 9t ved from an

adult.3. A @ﬂ‘i’ea&f ealﬁoa%at%shwh%@t%x%a' dretdod 4 §xﬁﬁreflce{srred ina

hum d at nosphere at C. 154._ A et hod” according to any one of the clains
1- 3, mére%%@%b%t%%br@@ BFEL&BRPPIsBEIhORGNS S ldsuRrssthiditded,

| i near or §1hé§U|'ﬂﬁe DN ©1 e n@ihpgoaégﬁr gkaaub@damyy e &pNAen=6 ai ms

1- 3, wher e| substance is or conp ?‘ a, sl n%sc% .or_.doubl e205tranded

RNA. 6. A me‘_’l1 ‘?1 %c%r%%t?ﬁcﬁn§hﬁﬁe ot 1t RECEFE V8 5th &eiti3Gd subst ance
is a fusi wamlmﬂef@.om)ios; nglﬂﬂaréﬁtcacudnpam @r&a«tlaflm dtigieageart . 7. A

net hod acc&gtdé gpetﬁé % Jlﬂg%l\lé 3,:%5 tho rgﬂsadeq ?%slt ance i s an

expressi on vec r co ai ninga s according to claim
7, cahér eithenih cONgf Vies lpeseblg nopepredeasd Ipr diseila teh @tr oseriivat e

prolif- er%dﬁ‘a:.gtd/&erﬁ“ééﬁ§néira£h08ré8§l/ eb Ilhla%@et%%t %re'ﬂe'},%&%tf' on of said
cells.9. A nethod according to any one of the clains wher ei nsai d

subst ance RfW LYY t AL HREBERALPE @igﬁﬁﬂeP@chh‘éteﬁogrﬁbé’rrdﬁgﬁgllt'o claim
7, wherei ncsad dneEEMV@élié Sént end@ BeRt hderokviRMahe ik ddeati terabloes

sel ective35identification of stemcells and/or progenitor cells. 0 4 JUL
2003 15 LECSF AT Hecbral FOME oo bl SPRF 100 nREPER LS AT B8t (50% or pr ot ei n
gi ves1bi sectansp ldettect adab eoBi gaad. cdPlsAtoephadeatsor ditng st @lelcai m 11,
wher ei n S%&ﬂ}ﬁ[eelﬂaléséa gléﬂ%gégﬁgé Bgﬂtsgg.guted of a fusion mole-
cule between a nucleic acid, that enables the transport
into the cells, and a pharmaceutically active protein.
When the gene therapy is performed in vivo, it can
20 be used for treatment of neurological insult, disease,
deficit or condition in a patient. The term “treatment”
used herein relates to both treatment in order to cure or
alleviate a disease or a condition, and to treatment in
order to prevent the development of a disease or a condi-
25 tion. The treatment may either be performed in an acute
or in a chronic way. The term “patient”, as it is used
herein, relates to any human or non-human mammal in need
of treatment according to the invention.
It is possible to produce medicinal products for
30 treatment of conditions due to disturbances of the normal
function of stem cells or progenitor cells by attaching a
pharmaceutically active compound to a nucleic acid. The
nucleic acid will, when it is brought into contact with a
stem cell or progenitor cell, be taken up into the cell
35 by the inherent transport mechanism of the cell, and
since the pharmaceutically active compound is attached to

the nucleic acid it too will be transported in to the



5 13. A nethod according to claim 11l or 12, wherein said detectabl L?U?ﬂﬁ
is.due to a radioactively tagged nucleic acid. 14. A nethod accor

any one of the clains 113, wherein said cell is a cell in a tissue or cel
cul 10 ture. 15. Useof a nethod accordingto any one of theclains 1-14,for
identification of progenitor cellsand/or stentells.16. Useaccording to claim
15, wherein said cellslbafter identification is isolated from surroundi ng
cel |l sof other types.17. Useof a nethodiagccordi ngto any one of theclains
1-14,for gene therapy.18. Useof a nethod accordingto claimé6 and

17, 20wher eFaldai Gmodt ened paima lc gsidicdef meyplderacsmtciad yadidwe

prot ei n. 19, Hseat,ca et had, aa%coc{rﬂllr}&tﬁ Ceisd  fQr SO0 dﬁ% of neural

cells.20. Useaccording to clalm18, wherein said propa-25gated neural cells
are sui t abPECEBERPAEs AT Gh (CRFARIEEH s PXESQUVEs e Sdttifod adtiatiHi ngt o

aBKIAone of atBegkanMknlow, ﬁf&r éi%tce@t Izg,gt&quedafﬁ%u@ Hra&lotl: prICtdli(H p&@’j&-pr' si ng
c cont ai ni ng.ex Ssi 0 eof a nethod accor 0 any one
of thecd ai ﬁﬁaglﬂeg‘@r cﬁ%{ﬁh B@&p%@ usgs @@o@dé“%%eﬁgg&(ﬂ ngt o
any one ofpabeehai b &rﬂf&;yﬂmf eimosaihe pleeieira o cteiraeilal Etlﬁlcg@ai al | ows
for testi n% Qr._scr eg@t or ment i.oned rot ei n35ar_ si qnal A net hod
fox i ntrodicPh§IaShnstta ORI ﬁﬁcl éifc 2 d %% i an neur al
stem cel | betpeen 1ufmb4arJ u&mez&@@ h&dgemtbortheelsplmalwftlmd charact
o or oo of o SHBL AU Ol A6) doTkhect iy hiliarachs, Wi bae cell
menbr ane of sai or a conponén I'n 3aid menbrane in vivo,
wher eBy t h‘ésgébéflaﬁéél%rﬁm |t§|5ﬁ-g oFais@rres| ai @réé-lednS qrs at deseatpde t he

cell via tgeghaherent A rsa;rﬁa@mtnmhaels%nhgbltlmtwrﬂ £ hed i rAreiRlilRd
according to claiim, 24, V\t/%rens i,d ¢ erive fromarédadult 26. A
c i 1y

met hod accbdf dPfigdt o7 2k r1§| ﬁg%l Hafﬁ SBpSNEn &S PGP ses a
singl e or dodbhg fbtrardedotldireaf dhterestl ahaDNAreZEubéemt lked accordi ng

to claim?24 in_sai ubsta ce. i r _¢o | e or. _doubl e
st randed R‘f'\ﬁ\r&\ggggg Oi{ %t ?&F@Piegt 8% E’% ﬁlggﬁls ar&r er?e?glodr subst ance
is a flasi ophabl esvl becomsd for.rg sa:maopegcwm depept candgengsttsei Thgart. 29.
A method accondbBoc! Ard Abaid. Jtherd Buﬁ@i&ué&{'@sgﬁ G 5ls§ AN £RYRI €SSi on

vector contal nlDF\a a SpeCI ccordarn tO claim 29
wherei n sa@#@tP€ gFL\‘?e§er311§eaiC§°éfd|5€§t FBetBE PREEBFACTh&ETalE Vaee

proliferati®wndapdtebrdideharcent aati earasding beneage d}ﬁb@l’eﬁbﬁt@&‘ie@n of said
cells 25 31 A t hod . CCOI’dI n n sai d substance gives

rise i:o a tdted aSPSCsH dﬁa}pr? %ltﬂgnétlﬁSdrﬁgggggFﬁgofoegFé{Pﬁ]SZ@r Swher ei n
sai d €DNA @ﬁ:s'esedL s®heo advpeptigdeodr theopeerehhatinerablies sempetriede

i denti ficapfon 85n§%§'&‘1%%' ah S £3a06e écl?EBQeg!eE%iégege LS wh3dn érggtshod

according to claim wherei n sai € or protein gives ri
det ect abl €°%i GAEPOUBAS Ahfst Iﬁé&l&éééf-@l RYAt BPERARNRES, NRREEERAYSAPE protein

is a f|UOV@ﬁﬁE@ieﬁEOh?h%ke35n@5exﬁrggéhgﬂ aggordengibd ekak@yddcywherein
sai d det ect ag'f sjgnal is due taq radi oacti v |y tagged nugl eic aC| d.
an ack~of need for drugs, compounds” or emicals to fa-
25 cilitate uptake and subsequent expression of proteins.
The invention will now be further explained in the
following example. This example is only intended to il-
lustrate the invention and should in no way be considered

to limit the scope of the invention.

30
Brief description of the drawing
In the example below, reference will be made to the
accompanying figure, wherein:
Figure 1A is a fluorescence photomicrograph showing the
35 result of incubation of progenitor cells in me-

dium with 50 pg/ml of a plasmid containing the
cDNA for GFP;



17 0 4 J UL 2003 36. A nethod according to any one of the clains 113
wherein said cell is a cell in the central nervous systemof a patﬂénﬁﬂ-@ﬁﬁ
Use of- a nethod according to claim?24, for iden5 tification of progenitor
cells and/or stemcells. 38. Use according to claim 37, wherein said cells
after identification is isolated fromsurrounding cells of other types. 39.
Use of a nethod according to claim28, wherein 10 said protein part
consists of a pharmaceutically active protein. 40. Use of a nethod
according to claim 30, for propagation of neural cells. 41. Use of a nethod
accordi ng Fogamg dFe oflidlecntcxdatopig4insge f orodeneact horsafe arqredi ci nal
product conprising c C 4 ression plasmds. 42. Use of a method
according to any one%tt%gglarqﬁn% %1936 for diagnostic purposes. 43. Use
of a met hoHig¥&sr dichd & & d RS @RNER POt ANEFFRIBBP B35S haikt®i thesai d

protein or detectabl ecghanralomliowsdOfon est ig¥bdn S e NE G me-
af orenenti oned protein or signal

CAQFI . R AL, AHF. A. A3CLIAITO WAER AP Mg/ H@pTRtASA PLRffHd not con-
P< (" (9:]Mxy~ytoj e [ Yhaaliew) ad]ec alrm]ga]ealaar] ca] ca] ca] ca] ca] ca] ca] ca] ga]z]ca
n ! [ n N T. ! % DEST. n c
L] oh ob] on] SRPER] OB Gl C P S L R b o K5 64 o A0 Ay el cal Gal o
a] ca] ca] ca] ca] ca] ca] callca'a{sXdeguxe 1B.
?@NCG xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal $ %) *
10 Example
Expression by progenitor cells from mature

rat brain of a fluorescent marker

The expression of green fluorescent protein (GFP)
was examined in progenitor cells isolated from the adult

15 Thippocampus. Progenitor cells (Palmer, T. D., Ray, J. and
Gage, F. H. (1995) Mol. 'Cell. Neurosci. 6: 474-486.) and
cos-7 cells were cultured according to standard proce-
dures and plated onto 1-inch circular coverslips coated
with poly-D-ornithine and lamilin. The cells were incu-

20 Dbated with plasmids containing the cDNA for GFP, and
plasmids deficient of the GFP gene, respectively, in a
humid atmosphere at 37°C with 5% CO, and 95% air for 10
minutes. The cells were cultured for 48 h, following DNA
exXposition.

25 Thereafter the expression of the fluorescent protein
was detected using an inverted Leica DMIRB microscope
equipped for fluorescence microscopy. The cells were
viewed in the microscope using excitation of GFP at 488
nm using an Ar-ion laser (Spectra Physics model 2025-05,

30 Sunnyvale, CA). The laser light was sent through a 488-
line interference filter followed by a spinning disk to
break the coherence and scatter the laser light. The la-
ser was collected by a lens and sent through a fluores-
cein filter cube (Leica I-3) into the objective to excite

35 the fluorophores. The resulting fluorescence was col-
lected by the same objective and the image was detected

by a 3-chip color CCD-camera (Panasonic) and recorded at



<=]{| } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Qé] {%2@%{]
ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]jca]jcaljcajcal! () f gr s

10

15

20

25

30
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25 Hz frame collection rate by a Super VHS (Panasonic
SVHS AG-5700). The CCD images were digitized from tape
and processed for presentation.

When progenitor cells were incubated in medium with
50 pg/ml of a plasmid containing the cDNA for GFP for 10
minutes without addition of chemicals that facilitate up-
take or transport of DNA, and thereafter grown for 48h
before detection, they were highly fluorescent. Figure 1A
is a fluorescence photomicrograph showing this result,
and Figure 1B shows the respective lightmicroscopic im-
age.

In contrast, when progenitor cells from adult rat
brain were incubated with other plasmids not containing
the GFP gene, no fluorescence was observed. Figure 1C and
1D show the respective images when GFP deficient plasmid
DNA were used.

Also, when progenitor cells were incubated with
plasmid containing the gene expressing b-galactosidase
50 pg/ml, without addition of chemicals that facilitate
uptake or transport of DNA, and thereafter grown for 48 h
before detection, cells expressed b-galactosidase activ-
ity.

It was also found that kidney-derived Cos-7 cells
that were incubated in medium with 50 pg/ml of a plasmid
containing the cDNA for GFP for 10 minutes without addi-
tion of chemicals that facilitate uptake or transport of
DNA, and thereafter grown for 48h before detection, lack
expression of green fluorescent protein (GFP). Detection
and experimental procedures for this experiment was iden-
tical to that for progenitor cells exposed to plasmid
containing the cDNA for GFP.

Also, when cos-7 cells were incubated with plasmid
containing the gene expressing b-galactosidase, without
addition of chemicals that facilitate uptake or transport
of DNA, and thereafter grown for 48 h before detection,
they displayed a lack of expression of b-galactosidase

activity.
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5 genitor cell, characterized in that said nucleic acid
directly interacts with the cell membrane of said cell or
a component within said cell membrane in vitro whereby
the substance comprising said nucleic acid is taken up by
the cell via the inherent transport mechanism of the

10 cell.

2. A method according to claim 1, wherein said cell
is derived from an adult.

3. A method according to claim 2, wherein said
method is performed in a humid atmosphere at 37°C.

15 4. A method according to any one of the claims 1-3,
wherein said substance is or comprises a single or double
stranded, linear or circular DNA.

5. A method according to any one of the claims 1-3,
wherein said substance is or comprises a single or double

20 stranded RNA.

6. A method according to any one of the claims 1-3,
wherein said substance is a fusion molecule comprising a
nucleic acid part and a protein part.

7. A method according to any one of the claims 1-3,

25 wherein said substance is an expression vector containing
a specific cDNA.

8. A method according tec claim 7, wherein said cDNA
gives rise to a peptide or protein that activate prolif-
eration and/or differentiation and/or lineage determina-

30 tion of said cells.

9. A method according to any one of the claims 1-6,
wherein said substance gives rise to a detectable signal.

10. A method according to claim 7, wherxein said cDNA
gives rise to a peptide or protein that enables selective

35 identification of stem cells and/or progenitor cells.
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protein is a fluorescent protein.
5 13. A method according to claim 11 or 12, wherein
said detectable signal is due to a radiocactively tagged
nucleic acid.
14. A method according to any one of the claims 1-
13, wherein said cell is a cell in a tissue or cell cul-
10 ture.
15. Use of a metﬁod according to any one of the
claims 1-14, for identification of progenitor cells
and/or stem cells.
16. Use according to claim 15, wherein said cells
15 after identification is isolated from surrounding cells
of other types.
17. Use of a method according to any one of the
claims 1-14, for gene therapy.
18. Use of & method according to c¢laim 6 and 17,
20 wherein said protein part consists of a pharmaceutically
active protein.
19. Use of a method according to claim 8, for propa-
gation of neural cells.
20. Use according to claim 18, wherein said propa-
25 gated neural cells are suitable for transplantation to
patients.
21. Use of a method according to any one of the
claims 1-14, for detection of a medicinal product com-
prising c¢DNA containing expression plasmids.
30 22. Use of a method according to any one of the
claims 1-14, for diagnostic purposes.
23. Use of a method according to any one of the
claims 8-13, wherein said protein or detectable signal
allows for testing or screening of aforementioned protein
35 or signal.
24. A method for introducing a substance comprising

& nucleic acid into a mammalian neural stem cell or pro-
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15 28. A method according to claim 24, wherein said
substance is a fusion molecule comprising a nucleic acid
part and a protein part.

29. A method according to claim 24, wherein said
substance is an expression vector containing a specific

20 CDNA.

30. A method according to claim 29, wherein said
cDNA gives rise to a peptide or protein that activate
proliferation and/or differentiation and/or lineage de-
termination of said cells.

25 31. A method according to claim 24, wherein said
substance gives rise to a detectable signal

32. A method according to claim 29, wherein said
cDNA gives rise to a peptide or protein that enables se-
lective identification of stem cells and/or progenitor

30 cells.

33. A method according to claim 32, wherein said
peptide or protein gives rise to a detectable signal.

34. A method according to claim 33, wherein said
protein is a fluorescent protein.

35 35. A method according to claim 33, wherein said de-
tectable signal is due to a radioactively tagged nucleic

acid.



10@10@10@&" 109 ()-"&" 109 () - ee@f%g g/g|l[?i H &' " 10%#& () -WAh
109%4& ()- 1M 10% & ()-' @1 M 10%+& () "@1 M10% & ()-') 04 JUL 2003
M 10% & ()-'/g7gMy_g gagng{ ?i H & "10%& ()- U% 10%+&" () - U3r-" " 10%#& ()- U
08 109%& () - U6 1096& () - Winggggggg. 2i H &' " 1094#& () - U9 10%6& () - L% 109%+& () - U
%31 - " 10088 () - W% 10%& () - WgggggggdDi H & " 1094+& () - LY 1094& () - UYB 10944&:
()- W6 10%& () - W&#3r - " 10%+& () - Uggaghhhd@ H &' #31 - " 10%¢& () - L% 10%¢&! () -
WD6-10%¢& () - UYS 100%#& () - U#3r - " hh, hOh1h2h3hdH H & #3" 1006& () - W#3r - " 10%/&
() - W96 10%& () - UPF00se MOtNO% Fovge qina uigh any one of the claims 1-
hQhchdhehr h{ s &HcbQISR! o) SBhQO8E (3 -ADA3riny (CHEOUR ) URMQMEE: () - U6 1
0968 () - W& hhhhhhhcG H &' " 109%&& () - U6 10%¢£& () - W% 1098&’ () - UY #3r - " " 10%¢&" (
) - W6 10%6t& () SUAHIThIfHh 22iRa @ e 0ome () - W6 L0%& () - U 1004& () - W% 10%¢& ()

-g’gﬂr- éo‘%#& ()- %hm&d oofO a metthJ)Od aococordln to ézolalm 24, f?c))r iden-

id@H & # 04t % 10%¢ % 1 8 1094& 43 -

iii)i@Ai Dﬁ!r ‘%@tf(%t&fl 8%&?% Orl(ﬁ%ﬁ: "\9‘% CTOGH-EM ) ﬂﬁslocy#& ()- W% 10
068 () - UYBi Zi [i\i]i34 f GG Ho&d&‘d]ﬂﬂﬁi&d)el%ﬂ@%i&wgeﬂékﬁtﬁrsd'im&%i&s() WA 1

0%1&' () - U 109%4&' () -\ 01 hid i j i, 2 H L0 LU
S {hogra () - ﬁ(f%)o}%‘%llfdf;%lﬁ S “%%6’5/&%0(@ %ﬁ%&g&% ]C%ﬂﬁ%o%é&' 0
- U% 10%:&: () - O BENeT] OIS - W6 i 1 1 ]

jo<iH #3r-""10%t& (Jg WESEOBEE o hd PR W& ks W LOVBES i)y W3

i1 Ej Fi G H dH H #3r-"109%& () - U%#3r - " " T0%& () - W% 1094#& () - U 10%#& "O-ws 1
0%t () - LB USgi) MEAGeE ™ basE fomsd 08 % FORPGTIMPOSHREICAILY GRERVE) - L% 10

%8 () - UA 10(Vd;t_zsgdt)eltp$’/¢j j1] jj ?i H #" 1096& () - U6 10%#& () - U% 1004#& () - LoA#3r -
10964& () - U 10%#& () - \D4 ] ] ] ] i k_2i H #"10%& ) U% 100648 ().~ U6 1006& () - U% 1
0%t& () - U%#3r - " " 105698 ﬁé’ CBCTIESPSE AGGOESHIS: fo0e A g1 #e () - W6 10%

#& () - U% O‘V#@I(opdgmoﬂ 2 Arekcie{lk |dekddid . H #3r -"10%#& () - WoBt3r-""10%& ()-U

1098 () - ki3 " U SO “oeh TR A IO () STl 541 100424 1086
#& () - U 199 & 1 MPL2E0 RS (f)om;%ex@mqr» A Bt CLeR & HRAYRH 199M-| | Y1 yX7
"10 10%& () - ﬂ:rSL]sQ. C@N‘A cdnl:@lm expre551on [plasmlds

10#10#10#" 1094& 43 - HE 1090608 () -
Q XxZ" 109X " X& ()E)f%cz U;'?@% o8 @) "‘ftr}“i@[z af(f%j‘ 1&@ P anf“%%%]téze()-
QcZ" LOYKUAXE (O1-0io@ el | fyn)f? G grQAEL POMHOEEeE).- - V 9$2"109 "] & () - -

; ??g%{;g)/f;& S)rrrlr r rsy?é@l%@(a %}90({3@%%)%%&%@ g%n%o&e Of&ltf(?fy (1& ()-

Llo%q(& (3010683106 3P0gSy  wiegsZ GRSy & roteiys om drienEabheUsiona
"10%( & () - alﬂowslcf%i'%ﬂ%s@ln lor Js%@e&l(n)g of'—af%@@né@f%l@ned protein

p "10%/ & () - "10%H >& () Nor mal " Hea | ng 13]c" Head| ng 23]c’
"Headi ng 33] cOr Iﬁé@d?arjrg 43]c" "Headi ng 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Headi ng 93] C'A’ "Def aul t Par agraph

Font @ ( 5<ELSZ[ ubi oW xz| ~

) H W IMNOPQRSTUVWKY<X7u+! &) 4+T. 03&8: =@ ) H} NO, QU=WZ] " " | aaaUbbb: cccBdddoee/ gn

gggh3hrhhh i Bifiii

j Hijj k?kkkl Yl orysWrZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~6Ti mes New

RomanAri al Courier New'h Root EntryWrdDocunent BK

I"#B9& ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~



