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USE OF MESENCHYMAL STEM CELLS GENETI CALLYMODI FI ED TO
EXPRESS A SUI Cl DE GENE FOR TREATI NGA CANCER FI ELD OF

wabka7idENTI ON The present invention rel ates tBCHKR2006/003928

pharmaceutical conposition and kit for treating a
cancer, which conprises a nmesenchymal stem cell
expressing a suicide gene. BACAGROUND OF THE | NVENTI ON
G ioblastoma is one of the nost difficult cancers due

U NI TN ST CRIN ALY oD

exci siPO EXPRESS rAaSUICiIJDEr GENE HRORETREATINGEA €ANGER
in nost cases and the chenotherapy with anti-cancer

medi cines is not effective due to the brain-bl ood
barrier (BBB) which blocks penetration of drugs into
the brain parenchyma. Al so, gene therapy for the
treatyer TeE aUVvEN Ry M by i ntroducing viruses
engineered to carry an anti-cancer gene directly into
the tunor cells is not effective when a nunber of tiny

tunors._are involved,., Further, re eated injections,n
Vit us Fag Peesite mERPR Telalcnio P gisief Goppgsition and kit for

(ﬁ%ﬁﬂ%}yy C?ﬁ &F {@r océﬁﬁﬁ{lp%t %\Elg%.e H%ﬁﬁlﬁi@%&;?&ﬁemng a suicide

-12851 (2000) Brown et al, Hunman Gene Ther apy,

14, 1777-1785 (2003); Tang et al, Human Gene Ther apy,
14 1247 1254 (2003) and Zhang et al , Neurol mage, 23,
: stemcel | s ( Nakamur a

= e o : 164 (2004) and Zhang et
aI , Neur ol mage, 23 ' 281- 287 (2004)) exhi bited tropism
toward glioblastonma, and therefore, there have been

at t enptGlibbladfond eoneiof tisd afose diffufiscapess dws o &k Inetastasis to
For exanple, it has been reported that the use of

nethenlsites emdcapl gffeatmhtr@atpm@gs argt ourenslydesailablee Conventional
Pt ke 50 o B R EOE P s and
Rty D S ARk B RUEER) GO bl
biesreies BBB) which blocks penetration of drugs into the brain parenchyma.

Also, gene therapy for the treatment of glioblastoma by introducing viruses
engineered to carry an anti-cancer gene directly into the tumor cells is not effective
when a number of tiny tumors are involved. Further, repeated injections of virus
may cause severe immune rejections.

It has recently been reported that the neural stem cells (Aboody et al., Proc.
Natl. Acad. Sci. USA, 97, 12846-12851 (2000); Brown et al., Human Gene
Therapy, 14, 1777-1785 (2003); Tang et al., Human Gene Therapy, 14, 1247-1254,
(2003) and Zhang et al., Neurolmage, 23, 281-287 (2004)) and mesenchymal stem
cells (Nakamura et al., Gene Therapy, 11, 1155-1164 (2004) and Zhang et al.,
Neurolmage, 23, 281-287 (2004)) exhibited tropism toward glioblastoma, and
therefore, there have been attempts to utilize such stem cells as gene carriers.

For example, it has been reported that the use of neural stem cells which

express cytosine deaminase (CD), a suicidal gene of E. coli, showed excellent anti-



nmust be isolated and cultured fromthe brain tissue of
aborted fetus. Thus, cell lines imuortalized by an

wor@wonsmes wer e used in the above experinents, MI/&R2006/003928
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could induce a cancer and inmmune rejection. It has
been reported that the injection of nesenchymal stem
cells (MSCs) expressing interl@kin-2 (IL-2) into rat
gl i oma nodel augnents the antitunor effect and

Creir Ot i oot LR RS R B, PERRLHRAS Brown er

t bRt sipra) s HolWever! & if Qrery RRfAicMERE oBﬁhﬂl ~°nehf'hl R@é}ﬁt deflsEbecause it
the brai n-blood barrier and that many cancer cells are

omnembm dsolatedranid cnhired fednh déh¢ daibytisshe of mhwntedsﬁwlsemThus cell
T t her e has exi sted a need to, devel op a novel
Sa‘HEIHE’ alizeget araﬂlacqg@pﬁ BeereHsedhindhe abeve exngeiusyts, which could
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MSCs are nultipotent bone marrow stromal ce
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v TSR RERE g SBREVALy Dy BinoF DEBRRY Vs 1NN gl supra).
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g anti -cancer agen S agal ns astona ow

ttb bb@étfaté rihpi Bmﬁ-@‘ﬁwdj blatrier an‘cblth@b nﬁlmlyct:ﬁﬁier MBSare often not
are capable of converting a non-toxic prodrug to

ceignidpoty iahigctad by tenbunueg skpictEor exanpl e, CD can

fl
ggtn Yi;t ’E@Il Jﬁgﬁﬁ Sggq?lis%grégpg@tq) d%gel}égfg %ﬁp{gl ghézg?%etu&g agent and
Hﬁdﬂ' g}h%lp @hﬁofak%g& gk)ééiﬁcmy %6 thﬁlo?adeh@dwﬁhout harmmg non-
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stherareptic wgynhaRe9ssibleossi bl e to generate 5-FU

3 g lu f (r:1 ;: W A gl%%g[mog?%t b&rgel rln%gr% 185 atj Eglgsdf%?nch 0% differentiate

into mesodermal lineage cells such as osteocytes, chondrocytes, adipocytes and
myocytes. MSCs can also be easily proliferated with maintaining their
undifferentiated states which are suitable for carrying anti-cancer agents against
glioblastoma owing to their tropism toward tumor cells.

Suicidal genes are capable of converting a non-toxic prodrug to
corresponding anti-cancer drug. For example, CD can convert 5-fluorocytosine
(5-FC) to cytotoxic anticancer agent, 5-fluorouracil (5-FU), and secreted 5-FU
kills neighboring cells, which is called a “bystander effect”.

The direct administration of 5-FU causes cytotoxicity and leads to adverse
side effects, but the combined use of a suicidal gene and 5-FC in a specific way
makes it possible to generate 5-FU selectively around tumor cells (Bourbeau et al.,
The Journal of Gene Medicine, 6, 1320-1332 (2004)).

The present inventors have endeavored to develop a safe and effective

anticancer agent using MSCs; and have found that a brain tumor can be efficiently



The present inventors have endeavored to develop a
safe and effective anticancer agent using MSCs; and

whaog/ossend that a brain tunor can be effici eneCER2@d/003928
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when MSCs expressing a suicide gene are transpl anted

into the brain of a brain cancer ani mal nodel,

foll owed by adm nistering a pr&rug of an anticancer

agent. SUMVARY OF THE | NVENTI ON Accordingly, it is an

USR58 25 M At B S g ofa brin

héldet AifRA1 hiddeE bl Gled by laﬂﬁxiﬁi%ﬁﬁg alprd@HMSof an anticancer agent.
ce and no

non-toxicity toward nornma I'ls,
I mmunotoxi city, which allows repeated adm nistration
0 he GOUPOS H Hon -a~@not her object of the

ese nventtofrto provide a kit for treating a
cancer conprising said conposition and a prodrug of an
anticancer agent. It is a further object of the )
pr esentAcenrdniglyn it ds paovoljecta offetheoprésent t invantion @ provide a

rarmbositiia doF dEerEDe. R oanore MAEH XM i Biglt ssgRling eficiency to
| OMRBE 1138hest Sﬁ-ecokﬁit{?lr O A8 h @ TeMBCEM oM mmunotoxicity, which

conpositron’for treating a caner conprising a

nalé®ns repeate dddaministtatioaxqfithe somgpositioul ci de gene. In
accordance with another aspect of the present, ) )
i nvent i s apetbier obiech o6 ¥hel pEesanidnvention £ PEEYIAg kit for treating a

SRS ERbin 2R BB HER AR of AR CUT: Focpy
an ant i B&8Ce fudB@Nbbjebh ofahershasas inemtién ftorproeide a method for
aspect of the present invention, there is provided a

nigeating 4 oancer émaisnbjest bpeomloyingsaslegmposition we&dt. of
ancer.,, whi ch rises admn nisteri

Enreg 2tn Ic E&ﬂ‘n@té{égl 30GF ot OB BFI&CCE gﬁ&%plgeg? i [gxeRtion Itﬁ%’e?lﬁ provided a
Sk U009 B BB iy s s

Téull elgoressingd soidide geg.ect s and features of the

present_invention w |l becone apparent fromthe, ) )
f ol | owi Hig ageerdangs ivsith canatker psRacht 9lohe esent alowgntion, there is

?ﬁr@gﬁ@eﬁ %gﬂﬂg h%vqﬁﬂg aacca%%gpgg%ipﬁgin%r eﬁlvviefﬁ%SSi&ﬁ L&Btor comprising a
suicide gene, a mesenchymal stem cell and a prodrug of an anticancer agent.

In accordance with a further aspect of the present invention, there is
provided a method for treating a cancer in a subject in need of treating the cancer,
which comprises administering a mesenchymal stem cell expressing a suicide

gene to the subject, followed by administration of a prodrug of an anticancer agent.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present invention will
become apparent from the following description of the invention, when taken in
conjunction with the accompanying drawings, which respectively show:

Fig. 1: light microscopic photographs of mesenchymal stem cells (MSCs)



Fig. 1: light mcroscopic photographs of mesenchynal
stemcells (MSCs)isol ated from human bone marrow after

wemoriosmwss ng for 1, 2, 3, and 7 days in vitro; PE/ER206/003928
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phot ogr aphs showi ng nulti-potentials of MSCs (A

adi pocytes stained wwth oil red-G B: chondrocytes
stained with alcian blue; C aldkaline phosphatase
activity in osteocytes; and D. osteocytes stained with

VBl KQP B8 hiitndn b3ne nidifovw @fRE tiRivafiig For 8 2.85 a7 @dys in vitro;
vector conprising the cytosine deam nase (CD) gene of

E. col iFigs 22 shitogphgashewingi mslti-patentialbCof gviSflss(Aanddipocytes
phot ogr aph showi n pression of CD in 293T cells, (A )
aXeing tvltgf Oﬁx’fcﬁde sl CRONTOENSE EPe swftg HHLctap BleneC: alkaline
t il R f . ' )
Phosplibtale AtV B ofi€ooutBEahE 5 ol St RE 354 Rbssa;
prodr ugFigf %®-the; catruCtioni ¢hh movaaL eRttr pbwhpdsiaghthe cytosine
of 293T and 293T/CD cells cultivated in the presence

ofleamingse (P gem) of Ei ¢@li as A suisddegengshot ogr aphs and a

h i ng .t he, bystander .ef.fects of 293T/CD cel | :
OEr S RA b HRRTAR RtiaEhR sRindre GignEsh et CD in 203T
286315 @hotRRT &Q)ﬁﬁééséd A 8GhieR coubbis EHY dRosht k8 FH] uracil; B:
glioma cells”in the presence of 1,000 mM5-FC, and
| ¢edhdeath of @93dpiedls pixprasginzths Glakdepeafling o tles oomy of 5-FC which

et apirabont ot b: i oUEb gSTascopf Phsobranhis of 293T and

PR oo YA T 18 bRabhdcf LO0O I TS ng t e

cel | depigh. A VRCSBapHotoeapsGidt & gf@flﬁﬁi(ﬁ?dingbﬁlb Wystander effects
u

retroviral vector conprising a CD gene (MSC/ CD), upon
t ple 293D wells (Big-CA:mhpsegantpsigmicraseapie pbpiagraphs of 293T and

Pt RST80T Senc o 100
SIIPIMSORCT e dblishensderos8bpRChRotebrdphe MREh AtGeltating with X-gal

(Fig. 7A: phase-contrast” m croscopi ¢ photographs of
MBEsgmfidatidC/ <D eatly); ahd drigec 6Bc ih¢ graphnvshdwidg/ pagakactosidase (B-

AR a5 0

o X, O S LS o 005 ot dats of
MSCs and the MSCs transfected with a retroviral vector comprising a CD gene
(MSC/CD), upon treatment with 5-FC (Fig. 6A: light microscopic photographs;
and Fig. 6B: the graph of MTT analysis results); (

Figs. 7A to 7C: photographs and a graph showing the bystander effects of
the MSC/CD cells (Fig. 7A: phase-contrast microscopic photographs of MSCs and
MSC/CD cells after co-culture with C6/LacZ glioma cells in the presence of 1,000
uM 5-FC and light microscopic photographs taken after staining with X-gal
(Magnification: x100 each); Fig. 7B: the graph showing the survival rate of
C6/LacZ cells in the P-gal assay; and Fig. 7C: dissect microscopic and digital
microscopic photographs of whole wells);

Figs. 8A and 8B: results of HPLC analyses showing the conversion of
prodrug 5-FC to 5-FU in the MSCs and MSC/CD cells (Fig. 8A: HPLC



C6/ LacZ cells in the b-gal assay; and Fig. 7C dissect
m croscopi ¢ and digital mcroscopic photographs of

wob@le3wss | s); Figs. 8A and 8B: results of HPLECT/KR2006/003928
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anal yses showi ng the conversion of prodrug 5-FC to

5-FU in the MSCs and MSC/CD cells (Fig. 8A

HPLCchr omat ogr ans of MSCs and KBC/ CD cells; and Fig.

8B: a graph show ng the anount of detected 5-FU); Fig.
%mgnﬁféﬁﬂnﬁmé bffd B C/APaédls; ahd Mk, €B: aU§17a%ha§}ﬂ)wmg the
U87 glioma cell lines with the coné of 5-FU, Fig
rasotmtofdetedted) StFGpi sm of MSCs for glioma (A

Cr anspifi dua HraDh hRBHE Biroral HEBHate o Coaltat 8, 41d UST glioma
géélﬂq%s%ﬁﬁ'tﬂgc&%nﬁghﬁ fe; B microscopic photograph

aln tissue section showing the nmigration of

MSC/ Lacigt dl(: hessalts asiewhisg rtroygsie ot S@iS€Ise foragtioaa(d: schematic
D m cr oscopi ¢ _phot ogr aphs of 100 and 200
ggﬂam showas the sy geasionved] YIS(Ghaok ﬁgartsnbnmcg in ppeathesHsphere to

el].s at, the b L o
Ve TmReEctloni e e, PUIRBbYr; BE b ERcopi $hototraph of a
EHRIE BiShiRD s&lﬁi)n Sdwin {E‘ the thisrafi6s Ldﬂ BIST/LhBE t§ @Rl glioma-bearing
staining of brain sections frombrain tunor rat

nisaheispherehi ehd sdbwande mntmmompl@f phetogragthsveds 100 and 200

THBEScal R GARETR Al DORTRE Ghe e igB et MO GIRCp@ells at the
%&jdl?lggp%gﬁbm\é t| ng enzyme vvh| ch converts a non-toxic

an anti cancer agent to the toxic anticancer

agent . mEgenh] MBI ﬁna%emho@ﬁﬁg&he nativaecer kefegeneB MSCs expressing
[ ex type 1 thym di ne ki nase

encodi ng her pes si
(@Bs'm(? and cytosi ne deam nase (CD). HSVTK converts

T WXL T —
(Robsls, WRidostdw thd dtRiafedradtdetd 8f MECs &Progies TDs.

preferable for use in the gene therapy because 5-FU
exhibits a strong

DETAILED DESCRIPTION OF THE INVENTION

The suicide gene used in the present invention may be a prodrug activating
enzyme which converts a non-toxic prodrug of an anticancer agent to the toxic
anticancer agent. Exemplary suicide genes include the genes encoding herpes
simplex type 1 thymidine kinase (HSV-TK) and cytosine deaminase (CD). HSV-
TK converts non-toxic gancyclovir (GCV) to toxic phosphorylated metabolite,
and CD converts non-toxic 5-fluorocytosine (5-FC) to toxic 5-fluorouracil (5-FU).
CD gene is preferable for use in the gene therapy because 5-FU exhibits a strong
bystander effect.

The suicide gene may be introduced into a mesenchymal stem cell (MSC)
by employing a viral vector, preferably, a retroviral vector, comprising the gene in
accordance with any known method for introducing a gene into a cell. For

instance, the suicide gene can be introduced into the mesenchymal stem cell by
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byst ander effect. The suicide gene nmay be introduced
into a nesenchynmal stemcell (MSC) by enploying a

wa ooalo3next or, preferably, a retroviral vectorPCI/KR2006/003928

conprising the gene in accordance with any known

met hod for introducing a gene into a cell. For

i nstance, the suicide gene can6be introduced into the
nmesenchymal stemcell byintroducing it into a

l5 t
PHCBARL S Syt o B SHRAISB g

vigzkagingcedll withniet é)@résrsmrsi/eabecbmmkmguhdetramﬁected cell under an
appropriate_culture condition, fil ter| ng e cul ture
reropsiats WEs wonditian, dilfsring thei eulfusg Meg gim 5 obtain a retroviral

LA E LN BGE Y MR ANGIRSHE W5 Akl 8RN L MSC which

yexpress the su e gene

beorRiiuaislgtxpyessThe Guii&LL@rd ¢aNberBbilagiedcionisin stdlébtlon marker
the retroviral vector. The nmesenchymal stemcells

ecqmmgsdmgﬂwl@cromr@bvg@m may be mass produced in

wtrofﬁlntrod C|n nsE}hes ci de enelnto %gemce b

and se %tmﬁsﬁ’m FHs 9? ef‘H’ée P8&uftt THE! tg?ﬁl%éﬁ‘% © mass

;@% hedd ﬁaoﬁfro ﬁlftltdd% t‘% sﬁi/m&éjgéﬁé:in%‘ﬁe)’n cells and selectmg, and
eratlng tem cel I ntroduci ng the suicide ge

| axhplifytieg nhelref,uitlages?temt ectic ehtler pmpdnaaomhﬁom (nhby sufﬁclently
resulting stemcells. The stem cel lﬁ whi ch
@

us
i prolifierafipg s&em ¢ellseiniroducing the suid tgééeflmﬂn lilfh @r%ﬁ%éated stem

ow r bl ood of any manmal
n% s&&d&%ﬁ%ﬁﬁ%tﬁ% g 8@%?{6 (?éol%the human bone
mar r owrhd hgemnéens ivwhichomids ibel ased afiPthies pigent invention can be
mesenchymal stemcells express[am% a suicide &Oe i's

uiselaied ifionn tee boaatmmowopeaph dloodeesprdbjoashat eny mammal

inc rain can eas anc | i ver cancer

ki Ee Nl bt cfesrblyclom the R baph MG o ancer
bUt Noihd iflenfidedd s?uonT@&ngFiFﬁ%tmE&rﬁﬁ Istdr?Re T8 ¥xpressing
further conprise pharnaceutic y ~accepta
ex suipidngene sarsefidris, the tredithemsindfSa caticerer Elxbmplal’gf camgers include
be formulated into an j.njection formul ation suit abl
flonain gpeeeti brpasheanaery 11§%ru%alt9|el’ RANEFCASTERICEH Y QIIGPPZ (fgncer, and

e BRAMMirhiGH Wl§eloubr | cating agents, flavoring

The inventive composition may further comprise pharmaceutically
acceptable excipients, carriers, or diluents. Preferably, it may be formulated into
an injection formulation suitable for injecting into a tissue or organ.

The compositions may additionally include lubricating agents, flavoring
agents, emulsifiers, preservatives and the like.

The inventive composition can be injected into the patient’s body
according to the conventional methods well known in the art such as the clinical
method disclosed by Bjorklund and Stenevi (Brain Res., 177, 555-560 (1979) and
Lindvall et al. (Arch. Neurol., 46, 615-31(1989)).

The unit dose of the mesenchymal étem cells of the present invention to be
actually administered ought to be determined in light of various relevant factors

including the disease to be treated, the severity of the patient's symptom, the



agents, emulsif ers, preservatives and the |ike. The
i nventive conposition can be injected into the

W@ 2107081653 body according to the conventional PEI/KRA®G6/003928
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well known in the art such as the clinical nethod

di scl osed by Bjorklund and Stenevi (Brain Res., 177,

555-560 (1979) and Lindvall et 7al. (Arch. Neurol., 46,
615-31(1989)). The unit dose of the nesenchymal stem

c i nv [ Ly P
ohgsEndpute st SLEREHatcfl B8 Mok SBE aRA HdBk ejght of the individual
vpatiants rel evant factors including the disease to be

treated, the severity of the patient's synpt .ogt] .
t hec hoblareevry éieyprosant Mventign| also paevidend ki eor drsating a cancer

i BASten HlreRioh ekl Sotiis e BUAGH epbl' ¢ PiStacymal stem
acélPaEEh peSdiE] ofl AR afXdRI#RRAE. ON vector conprising a

sui cide gene, a nesenchymal stemcell and a prodrug of

an antlc engenkit, the expresshnreme¢tor crinprisidgethe suicide gene and
expressi on vector c rising th ui ci de, gene an he

B aREepRRy el s 6T T, PO Brgyides S depEpheN s in the form of
p . e

S ARl Bl I g B8 SHRDIEL S et sqporbing the
ssuicidée ggme eoro traink dunsedu eeith Witisey i exmessiex pthessucidet gene.  The
suci de ,gene. The expression vector (is preferably . )
pPXIFEFEN gctortip duatarallyt prepaiedchy dnigadecingtthe Sujgida gene into a

Y r r et ital vector. The present
iﬁ@%lﬁ\%eicgﬁ, gﬂtezél%ﬂ%ﬁfggg$ﬁlﬁ§cﬁ&r ts scope a nethod for

treat i NMph@ pedsRheRmiveitibh Qldociudeivtifiafedcopdhd mithod for treating
conprises adm nistering a therapeutically effective

aarsubjectofulfermeniromna Cannegmvbish| congives sidirigistering @ thikrapeutically
gene to the subj.ect, foll oped by e adm nistratjon of
sty eTRGRTR A sk REmRl SR colHESTIeg ot phisile 2ene to the
C .

OO, T R A R B iy el Sgent.

obt ai neinfunertfeetipnd canbe sSneimizzdnie gale therapy asiagthe inventive
t he bone maryow of others having the sane HLA (human

| cmpesitien apbeny dhg mesgackignelh sieprcplintare abtaned fgem, the patient’s

t&%ni %’neengﬂa\fsow or from the bone marrow of others having the same HLA
(human leukocyte antigen) type as the patient. Accordingly, the inventive
composition can be repeatedly administered for thoroughly preventing the relapse
of the cancer. Further, the use of the mesenchymal stem cells in gene therapy
have advantages in that the mesenchymal stem cells can be easily cultured without
using an oncogene and obtained in a large amount sufficient for transplantation to
the patient.

Moreover, the inventive composition can be applied for the treatment of a
cancer hiding from immune surveillance because the effect thereof does not
depend on improvement of immune responses.

Accordingly, the inventive composition can be used alone or in
combination with other therapy for the treatment of a cancer, especially an

intractable cancer.



conposition can be repeatedly adm nistered for
t horoughly preventing the rel apse of the cancer.
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t herapy have advantages in that the nesenchymal stem

cells can be easily cultured w thout using an oncogene

and obtained in a |l arge anount &ufficient for

transpl ant ati on to the patient. Mreover, the

i nvent i YBof §ReAbL] P HERnERY Iﬁﬁphﬂeﬁ‘pc{,l 1ntﬁfé 1h5@ﬂﬁ‘5@96mp051t10n
of a canter hiding rom I mmune survel Il ance because
tcblsdnbi‘tfte(qnsmhmvmﬂ chmesr tisduedepdrdordinglypadversesidotffects to the
i mmun sponses. Accordingly, the inventiv

c'é?ﬁifbaj lsrFanabe ﬁgnuw@gdq.*/owc cally deliring fsnmaserehymal stem
LIy )@P?Srsﬂ'%a gﬁ)f;cﬁeb er{) rtg%taﬂgéfttls%ge?ar?@%gﬂ admlnlstt%rmg a prodrug

eSpeci |'e Cancer.. Upon 1’nj écton

NS &N aﬁu&miceﬁ te bt aelivatet byt the sufdie@d e s6 @lﬂmqﬁe tahﬁeancer agent is
exhibit tropismtoward cancer tissues. Accordi

agensraied il aseved the canaen éISﬁWSrralFlumelr,sﬂ@ames@lchymal stem cells

CPRRRsRS @ SFRE csnecERniti) ByhRlen el ol aErou g gancer cells
afflerciilCihe ETEIAY ekl 1Y 1t PAREEIHY ﬁfroﬁﬁcéki“ tH‘e%ernERiasmg its

be activated by the suicide gene "so that
amiticanoeregffagent is generated only around the cancer
ti ssues. Further, the nesenchymal stemcells
expressing a suicide gene exhibits bystander effects

on surrpyn ?gpﬁy‘g‘?% adﬁ@' ?“1 d}%dt e & %u%lﬁl@g the present

is not dir I nNcCreasi ng 1

amwbﬁﬁmwlﬂﬁfuiﬁﬁﬁtm%h@ sfc@bé ow ng Exanpl es are intended
to further illustrate the present invention w thout

limiti n@unﬂn@, smowtagamgmn bqievvc&m aokd igi vadid peixduve, liquid in

B pnd sp g LAt i e Bty ande e Blis. respectively,
basi 811 ﬂh%sfb%‘éﬁbﬂse here aagriéd lout 'h% ﬂo%ﬁgttérﬁgéra‘ﬁﬁ%e un ess specifically

carried out at roomtenperature, peci fi ca
i mdicasdcbothetwsewi se. Exanple 1: Isolation and cult ure
of human nmesenchymal stem cells (hMSCs)

Example 1: Isolation and culture of human mesenchymal stem cells (hMSCs)
(Step 1) Extraction of bone marrow and isolation of mesenchymal stem cells

4 m{ of HISTOPAQUE 1077 (Sigma, U.S.A.) and 4 m{ of bone marrow
obtained from Bone marrow bank (Korean Marrow Donor Program, KMDP) were
added to a sterilized 15 m{ test-tube. After centrifugation at 400 x g for 30
minutes, 0.5 m{ of the buffy coat in the interphase was collected and transferred
into a test-tube containing 10 ml of sterilized phosphate buffered saline. The
resulting suspension was centrifuged at 250 x g for 10 minutes to remove the
supernatant and 10 ml of phosphate buffer was added thereto to obtain a
suspension, which was centrifuged at 250 x g for 10 minutes. The above

procedure was repeated twice and DMEM medium (Gibco, U.S.A.) containing



(Step 1) Extraction of bone marrow and i sol ati on of
mesenchymal stemcells 4 mof H STOPAQUE 1077 (Si gma,

wa2®@7m3%58nd 4 n of bone marrow obtai ned from BON&ER2006/003928
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mar r ow bank (Korean Marrow Donor Program KMDP) were

added to a sterilized 15 m test-tube. After

centrifugation at 400 x g for 30 minutes, 0.5 mof the

buffy coat in the interphase was coll ected and

t f e efH@O ;

1207 TESGIOIR0T ol Aed dPcyeoRsmldle Greplie, | A ortion of the
srespkingj sodutiars camesponkingetd Atk HEGekls gvdsoplat@d ii ad08snm dish and

tor m)vethes er nat ant d 10 m of gsphat e ffer .
uiad et ALICot8r doNBESaPiils w&»@ﬁ& §”> &21 %ﬁé % air. The

c f

p§§°f: L dit%gte\&%sg{l}eégfgg{&ev%dta%ﬁcaéﬁe vr\{%_%&llj&qf ntlnue culturing.

U.S.A) containi nglO % FBS (G bco) was added to the

resulting precipitate. ortlon of the resulting

soitep 2bRubivre &ﬂhﬂlﬂ\@lﬂto hMSCD7 cells was placed in

a 100 mm di sh and incubated at 37 "C for 4 hours while

supplying 5 % CO2 and 95 % air. The supernatant was

then VAR 0Bt TR Qe 1Vaer& G bak &l %?ﬂl# AMSC medium

culturing. (Step 2) Culture ‘and subculture o

THO® PAEES ¢hiibcoyet 100 ngyedp bFGE(Sigmaubat eth penllcglmfstreptomycm

%bgs;j o0 P/ BT (GO0 s bes imeebupnient W 37T, Serial
ﬁcﬁgﬁ’t%(;ns' Wefe Grbiel W Q@ho U%ﬁ‘ﬁ%ﬁr}%{ %egl‘iun‘?ea? 'aﬁlmtegval of 2 days.

I ncu Ions were carrie an In

aWhash thetcelly aéachbd 20 48y%. coffiRientélahe lel§ Wdi‘é@bﬂéctb@ wfhg 0.25 %
% confl uence, the cells were coll ‘ected usi ng 0.25 %

terypsini. b mM BDBAEGSibqodi andodiluad 2@ falde cmﬂo thaanwshum and then,

il B B T ey e RLST i 4 RO Hlaib Sl Kept frozen in a

fm%aﬁﬁn'é'brﬂal 4y O/Q”DMSU)n?g Z (SkHERA - hégtgmlcroscoplc
1 shows |1 ght croscopi ¢ phot ogr aphs of nesenchyhal

spleotogeiphs df snesenehymabstehuoells isotetedrdromvinahare bone marrow after

cult|vat| , and 7 days in vitro. (Step 3)
I\EHFV%'[I“%}% rfk»%ﬁéﬂf‘i“i? (éﬂsﬂbf’@ffﬂl als of hMSCs In vitro
differentiation potentials of hMSCs into adi pocytes,
chondr ocyt es

(Step 3) Multiple differentiation potentials of hMSCs

In vitro differentiation potentials of hMSCs into adipocytes, chondrocytes

and osteocytes were examined as follows.
(1) Adipogenic differentiation of hMSCs

hMSCs were cultured in the MSC medium, followed by culturing in an
adipogenic differentiation induction medium (DMEM medium (Gibco)
supplemented with 1 upuM  dexamethasone (Sigma), 0.5 mM
methylisobutylxanthine (Sigma), 10 ug/m{ of insulin (Gibco), 100 nM
indomethacin (Sigma) and 10 % FBS (Gibco)) for 48 hours. The resulting



and osteocytes were exam ned as follows. (1)
Adi pogenic differentiation of hMSCs hMsSCs were

w@eeiorsma i n the MSC medi um foll owed by cul t uPCERR006/003928
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an adi pogenic differentiation induction medi um ( DVEM

medi um (G bco) supplenmented with 1 nM dexanet hasone

(Sigma), 0.5 nmM net hylisobutyl k&nt hi ne (Sigm), 10 of

insulin (G bco), 100 nMindonethacin (Sigm) and 10 %

FB; j ) 0 e; (&7 i . :

JHBas R bR bl IO Bbak iyl Rat AR Hhnince. medium
' ((RbEVhiresiteinie®n0apgimigof thsotih anid 1084 IFBS)afod 1 week and

10 % FBS) for 1 week and stained with oil red O, As . i

stiainad iwithciogl. red O adidsothpves ins Fig. e ddinaaytesi stawned woth @il red O is

pronounced. i nsi de t l'sy (K978 . Thi

SBBRURET jnsite et e, 2 L7 TRy i eshef§gt nMsCs can
| fHcBeAPHIPR AMF @ Entidte k t@fﬁégﬁd@@@sﬂi c differentiation of

hI\/BCg hl\}%?:s Werrélculrtlure1 in the MSC nedium 2 x 105

of the cells were collected using trypsin,

centrif . and then,.re-incub in 0.5 m of a

ser unf Qg&g%%&%@l&rfﬁ@feﬁmﬁa%ﬁ’?m%ﬁ i nducti on

medi um (50 w of hi gh-glucose DVEM (G bco) cont ai ni ng

0.5 mof 100 x ITS (0.5 ngM of bovine insulin, 0.5

ng/ m# oM BOsaRerer arlgfred rihnnthe VS hatddiuml  Sodi LN of the cells were
sel enate (Si gma)_ and 10 ng/ mof TG Dbl £Si ma)) for 3
veadlesteghpsing tejpsi icetrifigcdreand ey e-ipcybatggdn ﬁe‘ﬁ{ of a serum-

the cell nmasses e fixed with 4 % pagaforpml deh .
s‘g‘é‘fi D ETHG %?}}t}?@é’?& MhdtfOpr Bt Bpg (T ¥ high-gtucose
abMEM PGitso0) Aontdiaig 015 T 9of 200 LHETSX0r AR he! 6 bovine insulin,
cartilage matri x was stai ned blue and the presence of

chénug/ady of simanctransferig 0.4cug/ad ob sodivee selenater(Higma) and 10

b o TR0 S At D g vy 3 days

. rat? N L _
T o L o
omi@otmne,C adilf flene ndthiakd owithndluian oslueedi Asn HovaM in  Fig. 2, the

suppl emented with . ) .
extracellular cartilage matrix was stained blue and the presence of chondrocytes in

cartilage lacunae was observed (Fig. 2, B). These results suggest that the hMSCs

differentiated into chondrocytes.
(3) Osteogenic differentiation of hMSCs

hMSCs were incubated in the MSC medium, followed by culturing in 0.5
m{ of an osteogenic differentiation induction medium (DMEM supplemented with
10 mM B-glycerol phosphate (Sigma), 0.2 mM ascorvate-2-phosphate (Sigma), 10
nM dexamethasone (Sigma) and 10 % FBS (Gibco)) for 2 weeks while replacing
the medium every 3 days. Then the cells were fixed with 4 % paraformaldehyde,
and stained for alkaline phosphatase and with von Kossa method, respectively.
As shown in Fig. 2, the increase of the alkaline phosphatase activity and the

extracellular accumulation of calcium minerals in the form of hydroxyapatite
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10 MM b-gl ycerol phosphate (Sigma), 0.2 niM
ascorvat e- 2- phosphate (Sigm), 10 nM dexanet hasone

w@ Siogsesand 10 % FBS (G bco)) for 2 weeks whi PET/KR2006/003928

repl acing the medi um every 3 days. Then the cells were
fixed with 4 % par af or mal dehyde, and stained for

al kal i ne phosphatase and with ¥bn Kossa net hod,
respectively. As shown in Fig. 2, the increase of the
%dgghﬁﬁﬁmﬂh@%ﬂhﬁt@%Eﬂ%hh&teﬁﬁnﬁﬁé’stwbt‘yt C?' d% gham).
accunul ati1on of cal ci um m ner al

hydr oxy apatltesuggest t hat the hMsSCs dlfferent| at ed
into osteocytes (Fig. 2, Cand D). Exanple 2:

dorample 2 V“é’t#oé‘t chﬂ/!'?tHPVW@l:YQﬁtoé2§P€‘§§m‘gg¢ytosme deaminase
cytosi ne deam nase (Step 1) doning of cytosine

deam nase Cytosi ne deam nase (CD) gene was cl oned by
RSy EpCloring bSichthsgduiintinA of E coli K12 MGL655
(ATCC 700926, Korea Research Institute of Bioscience
and Bi otechnol ogy) as a tenplate. PCR was carried out

s Pl e S o
agléilloﬁﬁc FONA of 20 é-'f{rPZ Wlé%: R%@?O% I@Ea%s%arch Institute

SEQ ID NO 2 er t conditio 5 minutes at
Ci)f Bioscyericesand BiOteshnology) ais ;94e1ﬁpla¢él sEGRn MSaCalﬁdebut using
and 1 mnute at 72 G 7 mnputes at

mligancleptides CJPreFd(iJ s B’@@hﬁﬁ@&@/\ M&T(& |Tc§PmT kg3A ATA ACG

el TACRAN GPLG YO E N A G PER TS eaP T8 TR goc Too

>CAG K0A GETGGA 'GLSEQSI@N NOER) aﬂﬂieif&hé d@)ﬁldi’tﬁﬁi of 5 minutes at
pGEMT CD usi n% ol i gonucl eoti des of SEQ I D NG

' 98T 2Ray chsTofT ABs@radaen9¢ A 4hss@nds jat 44 SEd l(lmm@te at 72C;

CoRE T T oot ne BT TG 5 clorled, BOReROBRRT Basy veetor

rcﬁbﬁﬁlﬁakﬁ' Fl%ﬁiegg)%ﬁf Se&tol %@%&ﬁﬁ'—@}_@%‘éﬁ%xﬁiﬁ%ﬁh@ ©¥ene was

o at fromvect
(ivolabe] HGerblaeyyhiter deolbfRosehedtionandingnskrgaddandit PTGe Through
EcoKL and Not!| sites of vector pcDNA3, 1 (C ontech
sequange analyys o vesiar pgadel: Fﬂibélﬁ’élﬁ oligonygleotides of $EQ ID NO: 3

RIS M TG ACA TP ARG ) 380 $86 1D No: 4 5"-acc

GGG AAA CAC CTATTG TG-3"), the CD gene (gi298594) was verified.

(Step 2) Construction of a retroviral vector expressing cytosine deaminase

The CD cDNA was isolated from vector pGEM-T-CD with EcoRI (Roche,
Germany) and Notl (Roche), and inserted into the EcoRI and Notl sites of vector
pcDNA3.1 (Clontech, U.S.A.) using T4 DNA ligase (Roche). E. coli DH5o was
transformed with the resulting vector, and the resulting transformant was cultured
and selected in LB plate with 50 ug/ml of ampicillin to obtain pcDNA3.1/CD.
The CD cDNA was isolated from pcDNA3.1/CD with BamHI (Roche), and
inserted into the Bg/Il (Roche) site of the retroviral vector pMSCV-puro
(Clontech) with T4 DNA ligase (Roche). The resulting construct designated



and selected in LB plate with 50 bgl of anpicillin to
obtain PCDNA3. 1/ CD. The CD cDNA was isolated from

WO cmb37633 CD wi t h BanHL (Roche), and inserted POI/ERR216/003928

10

15

20

25

30

Bgl H (Roche) site of the retroviral vector pMSCV-puro
(Contech) with T4 DNA |igase (Roche). The resulting
construct desi gnat edpMSCV-purodZD is shown in Fig. 3.
(Step 3) Preparation of retrovirus pMSCV-puro/ CD

\% ' a retroviral packaging
Cgﬁﬂy—g@%@gﬁiﬁ&%@%%mg) or PGL3 (ATCC

CRL-10686) with the cal ci um phosphat e-coprecipitation
rrg(;fhod éJordan cI ei ¢ Acid Research, 24, 569-

60eR 9 §€]Par§1%ﬂf’ LMY were cultured at 37 C, 5 %
CO2. After 48 hours, the culture solution was

coll ected and filtered with a 0.45 mm nyl on nenbr ane

to obt g MSCQL%@I\U/CDSvé@tbtlt\ﬂ'akntraﬂﬁécté@tlhﬂy bl iéfroS il phelthging cell
O Cuntil use le 3 : Verification

was kept at
ohn@d’fg&b? £ATCEH GRLOITST e G 13 SATEA )CRLAIGEE) owith dhe calcium

CPhhe 'Q@rgﬁ??a 33 rritiad (igkebnotodiiscaicia  Resemrly 24, 569
tG’OI(W99 ﬁh&‘ﬁh@iéeﬁ@t%\?ér@ cﬁﬁﬁf&?htpi%"i@ '5“% | n%hgd f%tél%rhours the

8h of transfection, the cells were Sp
t d:ldtwrel sedutiam wasdealbectahad rfiltered lwmh}a: 0r45( gnbalytdn membrane to

U S A) for 2 weeks. The grown cells were
I?t@@s&eg@wrﬁs ﬁﬁ{%mat el fmﬁerr@wws Saliien %%kmt@é d79)f3 until use.

repeatlng 5 tinmes of freezing in dry-ice in ethanol
for 2 mnutes and thawing at 37 C for 5 mnutes. A

SERSMPA 3NVeriicationcoMED &dpression in 298 Mcélne cel | _
|ysate at 12,000 rpmfor 5 mnutes at 4 C, and protein

oncentratl on was quantified by Bradf ord method (Anal

12;..248- 25 19.76) roteins in 10 m
S T owattEo ff cup s donratasi el Y ne. (0. 14
nCi / mol , Moravek, USA) and incubated at 37 C for 1 h.
The reaction was terninat ed by adding 345 m of 1M
acet i c pMSAV-fine/GDx wase transfeefedt ado w2 93T ac@DgAERﬂ@i CRL-11268)
elute_colum (Variagn, US. A rinsed by 1 m of
REEOrEng c ey mﬁrd GAHEUBY RARSE a@@omq;p%mn v@@thod VAfter 48h of

dﬁﬁr?s“fgﬂtfb%‘,j HELRIR were split into 1:10 in the selection medium containing
puromycin (4 pg/ml, Sigma, U.S.A.) for 2 weeks. The grown cells were
harvested in phosphate buffered saline and lysed by repeating 5 times of freezing
in dry-ice in ethanol for 2 minutes and thawing at 37°C for 5 minutes. A
supernatant was obtained by centrifuging the cell lysate at 12,000 rpm for 5
minutes at 4°C, and protein concentration was quantified by Bradford method
(dnal Biochem, 72: 248-254, 1976). Ten ug proteins in 10 wf were mixed with
5 ul of 3 mM [6-"H]cytosine (0.14 mCi/rﬁmol, Moravek, USA) and incubated at
37T for 1 h. The reaction was terminated by adding 345 10 of 1 M acetic acid.
The mixture was eluted with a SCX Bond elute column (Varian, U.S.A) rinsed by
1 » of 1 M acetic acid and the produced [6-’H]uracil was determined with a
liquid scintillation counter. 293T cells transformed with pMSCV-Puro were used

as a negative control in this experiment. As shown in Fig. 4A, the experimental



liquid scintillation counter. 293T cells transforned
W th pMSCV-Puro were used as a negative control in

wao bdog/ozzeper i nent. As shown in Fig. 4A, the PCT/KR2006/003928

10

15

20

25

30

experi mental group in 293T transfornmed pMSCV-puro/ CD
was hi gher 4 tinmes than the negative control group.
This result indicates that pMSL¥- puro/ CD was
functionally expressed. (Step 2) Suicide effects of CD

ggr%%gflﬁ 2@%3“ &%&ﬂ)ﬁné\@ NPQC‘?%% oFD v siSh G OPfinde? theh Hfe negative

or me ur o prepared-in Step 1 were
ptattend gtou. de’ﬁhllst yesuit i’ndleﬂes: ethh‘s/pMSCV—pum)/(ZD wedsl functionally
plate cqoqntaining DVEMwith 10 % fetal bovi ne serum
A@’EIE?SS’.QE hours, 5-FC was added to the cells at various
concentrations (0-10 mM. The nedia was replaced with
fresh nmedi um containing 5-FC every 2 days for 1 week.

AStghoyBuldiddeffectd 6f CIMeené P2I3T ¥eled 293T/ CD were
reduced in the presence of 1,000 nM 5-FC as determ ned

by phase contrast m croscopy. The vi abi | i ty vvas

L

Y5 S0 T S5 L

Temntsining DIVIBM swithpl G &e dfetul tbovanéd sbrumf Al 24 dours, 5-FC was
d| net h%)l suI foxide (DVMBO, Signm). After .incubated at
epllsrat viasious soppentrationst(Qel G sdd phhe anedia suas replaced

%ﬁﬁ?eﬁﬁ%ﬁé‘iﬁ Bl SR Qs M SR, o Ao in Fig.

SUE; the ViabilRs REAIITYCD Merdfedueed GR ths passenbe ioff 1L0TO M 5-FC as
absence of 5-FC from 3 i ndependent ex er| nments. The

c}écttbrmm@dhbﬁf phise 20oBTAtDMiEOsHepIeCt dtief lemlﬂbfe“m esfimated by
%Qﬂgﬁgﬁ“ o dor B NADPH eiiviy d86 el Sdimeny hirdh2-yD-2.5-
Salfen SRRl BUPEITI IR HeSHB O BRI in 200

208 D5c el WTE (S?@m;th&lA)) - RBﬂ;tfmlre@I hourk. 3XME 3olution was
C6/ LacZ glioma cell a&)@TCC CRL2199). 6/ LacZ cells

v@p@cgdu Witha20Q Whokiabsalusy dimstit oyuforddedDISQueSigma).  After

flcliBatdt R {3 "f'emﬁ&la'tuljeafo% 15 minutes, the absorbance at 540 nm was
measured with an ELISA reader (Molecular Probe, U.S.A). The data in Fig. 4B
are presented as averages = S.E. with respect to that of the cells grown in the
absence of 5-FC from 3 independent experiments. The cell death of the
293T/CD was detected from the 10 uM of 5-FC with ICsq 0f 296 uM. In contrast,
293T cells did not show cell death in the presence of 1,000 uM of 5-FC.

(Step 3) In vitro bystander effects of 293T/CD cells

In 6-well plates, 3X10°/well of 293T/CD and 293T cells were respectively
co-cultured with 3X10° C6/LacZ glioma cells (ATCC CRL2199). C6/LacZ cells
were originally obtained by transforming C6 glioma cells with the E. coli LacZ
gene and used to determine the bystander effect of 293T/CD cells. After 24



gene and used to determ ne the bystander effect of
293T/CD cells. After 24hours, 5-FC was added to the

weed7®3mb3 | ndi cated concentrati ons. The nedi a MEFKR2006/003928
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repl aced with fresh nmedi um containing 5-FC every 2
days for 1 week. The culture was subject to X-gal
stai ning or b-gal actosi dase (bigal) assay. For X-gal
staining, the cells were flxed with 0.00625 %

t rresrgllp(tﬁ %Sa an rtﬁ%ﬁ t)éae )lmfhgﬁtrr#l/loﬁ\(géﬁ Etraﬂé&%’ed The media was

peparsd uwithefresle yaedidal pohtagshgny-Fer relvewial deys dod 11week. The
ng/ M X-gal (Koma, Korea) for 8 hours. shown in

mlgturgwascmbn%atzo Seigab s&aﬁuﬂg\%rﬁeg%l@cf@aldpm érgal)assay. For X-gal

I 293 ||
SEaRRG e selarare T Fich OGRS e AR Bfrek g s 4 for
vvm hna9§ﬁéé333 tﬁi@ésLﬂﬁK 8 had wlﬁ)a@é@ﬁl ? thmg@ngsseﬁfM potassium
of 000 nmM of 5-FC due to the bystander effect

Zﬁﬁrﬁcgzmnldﬁ]:@taasmmvﬁrrloj‘arﬁm Land Icaigisl Wergal f(Krdm:er Korea) for 8
conf I ' smﬂvpy i, f£ig. a’gésggﬂ@cgf 6‘?:}[:{ ?1%% E;vee?*e tcr(])eculrlteurH:]él with parental

?%%gég?% g@e?§ 311?(;1_}% ; errﬁz EI% eﬁﬁlr é’tﬁﬁ%ﬁ%lé@%ﬂ%ﬁg al." In contrast,
pwheri go-odlthaed ! withsﬁ@&‘B/OmSCBI‘IcadTatceHs iwerdOfietdt mothe presence of
0. 88 /M ONPG (Sig 12}’ %% 2 and 0.1 M phosphat e
DL POR NG S7F G todhe bystBader Seckph dDSECRhe  oant on

t d b d 0 1 -
abeor bRty oot P8neate fi wele ShRBRCFoRRfnsg with B-eal assay

F‘Wﬁlch5 Efné’&s%?@smtﬁet hemhehatdnyPmicatdcAgitt bF TasReGent Oproduct B-
that of untreated cells. ConSistently"with the resul

sgu:lmtosndaﬁe g. The\ cells/ wareZhamvested t ande dyseidt im 2¥3 Paskive lysis buifer
cont r ast

éa%'&tggéﬁid% R b vy 3% Jprotsh 1ol Brsplo, e fisybatsd in 300 ut
DSBSl AU, (5o AR R RAEPERGS Rl uttr o1 74

vatt 37 2988030 nttars. cdhk rdactidh ofas neopgpedosy addidy/ $6xZL of 1 M
cells due to bystander effects in the presence of

sNp€Opeadpalsarbancer e fiamishue wensdetenpingdsphng20 nm.  Fig. 5B
USRS SRR Honstl A Bl R sgpmsisny
tRahTRe 36818t 5RéWn ¥BSSe. 5A, C6/LacZ co-cultured with 293T did not altered
by 5-FC in B-gal assay. In contrast, f-galactosidase activity of C6/LacZ cells
was reduced by co-cultivation with 293T/CD in the presence of 100-1,000 uM 5-
FC. The data indicate that co-culture with 293T/CD induces cell death of

neighboring C6/LacZ cells due to bystander effects in the presence of 5-FC.

Example 4: Preparation of hMSC expressing cytosine deaminase

(Step 1) Introduction of CD genes into hMSC

CD-expressing retrovirus was used to deliver the CD gene into MSCs.

MSCs obtained in Step 1 of Example 1 were grown in growth medium (DMEM



M5Cs obtained in Step 1 of Exanple 1 were grown in
grow h nedi um ( DVMEMcont ai ning 10 % FBS, 100 unitsM

w@ewiosicsd n and 100 bg/ m streptonycin) at 37 ECEHR®#266893928
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CQ2 until 70 % confl uence. CD- expressing retrovirus
prepared in Exanple 2 was added to the culture with
1:1 dilution in the growh nmedidmin the presence of 8
/' g/ mpol ybrene (Sigma) for 8 hours and in the fresh

g&ﬁi%lguxg dousp @S, o, ‘ﬁﬂf §/51£%érﬁﬁllﬁﬂ ecgl’rde :1 2@ Vid/ fi\% Ssta%)rt%mycin) at

trans ion was repeat e e ce

spT It ahﬂt50%1C©2lumtg WO\%fbolmﬂdleum c oBiDaéxpressing bgkawirus prepared in
purorryc:| n (Si for 14 days.. The ]iurw ved cells_ were
pBsample %\N‘@S dT‘h theneulsurs g dik diliien imhe srowthmagdivm in the

2Bk 8 €L, SR SR AP TR et A i rovs
Ofnediv?? Xof €16 howR.| After tife M&Vl@dla&@nmu@ﬁmbﬁfr@p@ted 2 more
exposure to 5-FC. The nmedium was repl aced every 2 days

wiities f tles rceélsowehe m;ﬂltumt@ ohBaiimi grgwoh 1 medims- Eenthinring 4 ug/ml

k : c/
EPEOPIE G 187 4 500 THRSSTRLe] RIS WREERGoIeFnEHd used in the
Kﬁ%bﬁ érﬁ%hts‘mt ed by nmeasuring mtochondria

actlv ty using MIT assay as nentioned above with
293T/CD cells. The data are presented as averages S.E
with respect to that of the untreated cI‘eIIs from3
.(ﬁi@p@h&@tﬁd@&ﬁﬁtswm@gew in Me¥y/Chrgells el | death of
M5Cs/ CD was detected fromthe 100 mM of 5-FC with |1 C50
=332 MM In contrast, MSCs did not show cell death up

to 1, 003seMDf ob-NISC Eﬁﬂﬁméﬁ plaxedi fnf SrdWidt ARAAIM at a density of

effects of MSC expressing CD genes In 6-well plates,
| %000 zt.eMMWelbfn aBevabplatd onsday dicferemposnrssioerfi Grel Yhe medium

co-cul ture X10

Z ql |1
"R olaged EYery.R Hats ST Savibyg ﬂfng Cpﬁaa'lﬂla%r@%dm 5-FC

55 R 1 N T ) s e

wei® 500peeM SFQ- @alz sterknl nThé Rrighility Avam dstﬁﬁ)ttedr by measuring
b- gal act osi dase_assay . (Fig. .7B). as _descri bed above

windtechodriacNADRH . agtiviph euq@mesw}: assay 00 gatymed above with

SR P, B S ACHE e 5ty S fingopet ot of

the untreated cells from 3 independent experiments (Fig. 6B). The cell death of
MSCs/CD was detected from the 100 uM of 5-FC with ICso = 332 pM. In
contrast, MSCs did not show cell death up to 1,000 uM of 5-FC.

(Step 3) In vitro bystander effects of MSC expressing CD genes

In 6-well plates, 1X10*/well of MSC/CD and MSC cells were respectively
co-cultured with 3X10° C6/LacZ glioma cells in growth medium. After 24 hours,
5-FC was added to the cells to final concentrations of 1-1,000 uM and medium
was replaced every 2 days for 1 week. The remained cells were subject to X-gal
staining (Figs. 7A and 7C) or p-galactosidase assay (Fig. 7B) as described above
with 293T/CD cells. In the presence of 1000 pM of 5-FC, MSC/CD cells



C6/ LacZ cells (Figs. 7A and 7C). Therefore, colony
formation frequency of C6/LacZ cells was reduced upon

wa@eeocioBtesyati on with MSC/CD in a dose dependenPCTYRRR2@6/003928
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(Fig. 7C). The data indicate that MSC/CD cells exert
t he bystander effect on C6/LacZ cells in the presence
of 5-FC. The survival of C6/Lat& cells was further
verified by b-gal assay, by which the survived cells

FBTELT S QSO oSS 1, G 8sirnon o

uS6AgcO cellp I(Eigel WA aihdc®C). | Yheadefsre, Abkmybﬁmtmawm £2Quency of

mvvaszpresented as a relative ratio vvlth rgjﬁect 0
thaflast enllsrveas wdueed neon pe-cyiation vith in a dose dependent
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t St nl GOMREE ells Gl kil dprRbenet 6T MBE. CD cel I's. In
contrast, b-gal actosidase activity was not altered in
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1131smseb IAbk@beﬁceaatonzamnbaaseptesentédh as prrekaeine eatdd wittofd8pect to that
nv 5- FC for 3 days. The 50 fd of nediumwere extracted .
b9t swrefa&ecbfc@bhw A ethoven | wodrigpafdl : Breslastosidageeactivity was

(ol R n e ety n ket PR manner when
Ve delledvarkt @o-@u}tﬁfeldu Wify MSCACDY calls.4 fn f@mtR6t, Bt%ﬁt(leactosmase

m nutes, the pellet was reconstituted in 500 fd of
naotivityewes netaitared fraOsVL4o¥ ¢dlls tHRt @enaso-pakttradhwith normal MSCs.

usin TMRPI 8 5 mm C- col u 4. 6x150.
ity MEEICRICE ety sTatdes sHier oo b/ e iy oo presence of
aﬁ-F’C.f'OW rate of 0.6 m /mn wth a isocratic nobile
phase consisting in 40 mM KH2PO4 and adjusted to pH
7.0 with 10 % KOH 5-FC and 5-FU were eluted in 3.1

mn and_3.9 mn. 5-BU, an internal standard, was
e(Sierd) Varifigation of conversion of 5-FC to 5-FU by MSC/CD

MSC and MSC/CD cells were plated at a density of 1X10* cells/well in
12-well plates and incubated in the presence of 1,000 pM 5-FC for 3 days. The
50 wb of medium were extracted by 500 @ of ethyl
acetate:isopropanol:0.5mol/L. acetic acid (84:15:1(v/v/v)) with 0.3 ug of 5-
bromouracil (5-BU, Aldrich, U.S.A.). After the organic fraction was dried with a
vacuum evaporator at 4C for 90 minutes, the pellet was reconstituted in 500 w4
of the mixture of H,O:methanol (4:1). HPLC was performed using Xterra TM
RP18 5 pm C-18 column (4.6x150 mm, Waters, U.S.A). Elution was carried out
isocratically at a flow rate of 0.6 m/min with a isocratic mobile phase consisting
in 40 mM KH,PO, and adjusted to pH 7.0 with 10 % KOH. 5-FC and 5-FU were
eluted in 3.1 min and 3.9 min. 5-BU, an internal standard, was eluted in 10.2
min (Fig. 8A). As shown in Fig. 8B, MSC/CD converted 1,000 pM 5-FC to 2.67



mn (Fig. 87A). As shown in Fig. 8B, MSC/CD converted
1,000 MM 5-FC to 2.67nmM 5- FU whereas MSC coul d not

w@e@doswsany 5- FU. The results indicated convePGI/ER2@6/003928
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5-FC to 5-FU was specific to CD gene. Exanple 5:

Val i dation of cytotoxic effect of 5-FU produced by
M5C/ CD on various glioma cell I7Ynes To verify that
5- FU produced by MSC/CD is sufficient to induce cell

1 L A T o SRS 630 s
f casielsion bff SHRE do SEBIh IS $peciftn wal@Dcgdre. | | ne bank) and

plated in 96-well plates in growh nmediumat a density
of 100 cells/well, 100 cells/well, and 500 cells/well,

CERRETAL 5 Vandhh of bR et SO yRall MscicD on
epdrioné SHoma ddiiNiA&say as described above. As shown in
Fig. 9, 5-FU induced cell death in all gliom cell

lines with | C50 of 0._93, 5.34, and 5.65 nMfor C6,

o rna by S praated B MSERCDTS sDritieEt ednddCe, cell death
. . . 2 .

PO SusO 11&199_%1%,' eacggﬁg%ﬁ 1@!0%%?}% ugcm No. 30017), U87

sufticient to induce eath I'n rious gliom
c@ CEB Moarfli0d49:cells weneofresldyi shanfedVEOnt KGLBi (Korean cell line
tumyr (Step 1). Transplantati on Brain_tunor s .i nduced

bhank) ardmlated 4n9%nw £$ Hrgrovdh medignpat »dengity of H90 cells/well,

a | e..Spr - i.n ts §

oD e Bl B S c5Yah, PogpeBftyi, S A ERGurs! S hvas added
afoemhen@lls 2£ ©. ¢ 100 tuMP e A e fleck NEEIE WiLDISS w9 @stilrated by MTT
chloral hydrate (Sigma). After the fur at the incision
rasgayraswiescribed abdye.t hAsashiomal #n Wég.e9f 54dd indueed cell death in all

stereotaxi ¢ fra oe r ny,) he rt

el Sfings, RolGacbingoar So es oM s CholT s and UST7,
I ik h | inRG .

et et IRy in 4 10 100 THE A Arciiptq that concentrations

16651837 3s agirbductrofconvefiih one SHN dst MEGICDr iy suficteht to induce

0.2 m/mn using a Ham | tonsyringe. After the surgery,

t¢rdl dopth dn yArigus eiema cgle t he animal s were pl aced back

to the cage. Four days later, 2 x 105 cells of
MSC/ LacZ cells were

Example 6: In vivo tropism of MSC to brain tumor
(Step 1) Transplantaﬁon

Brain tumor was induced by transplantation of C6/LacZ cells into the
brain of adult male Sprague-Dawley albino rats (Samtaco, Korea) weighing about
250 g. Briefly, the rats were anesthetized by intraperitoneal injection of 400
mg/kg chloral hydrate (Sigma). After the fur at the incision region was removed,
the animals were fixed to a stereotaxic frame (Koepfer, Germany). The vertex
was sterilized with 70 % ethanol and the 1 cm incision was made. A hole was
made by drilling the dura at positions of bregma -0.5, ML + 3.0 and DV +4.0, 5 x
10° U373 cells in 3 pl PBS were injected at a rate of 0.2 pl/min using a Hamilton



transplanted to a contralaterally at the position of
bregma -0.5, M. - 3.0 and DV + 4.0, 5 m of PBS

w@oenwraseshg was i nocul ated. Twenty m nutes af t BCT/KR2006/003928
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i njection, the syringe was renoved. The incision was
sutured. The rat's brain was extracted after the
glioma was transplanted for 2 ¥@eks. (Step 2)
Preparatl on of tissue slice Two weeks after the 2nd

4%’31‘1‘1}8 kg%ig(%ﬂ ﬂﬁ:l g%ﬁ’h;efg‘{ mct ?@I gm?%ﬁgnrﬂgtejs zﬁﬁmgfra[bgwere placed

pleacku se cthed ¢dgePBYF aurddaywe tater, t 2 L. 10° Mo glés a{foMﬂﬂlﬂfabZdeells were
in PBS (pH 7.4). The brain was extracted and kept
dranspdﬁmeqlﬂq)apantiamraﬁﬁ whehe pospin phprezmg -G.9 25 0'and DV +

DTS 0 B9BS EbpiARE AT SO Y o nesin, i

Ndy¢TrdleORs \teinbvad.t NTaKIAsSioAf was sitiraddTHE YA’ € brai@ was extracted
si'l ane-coated slides (Mito Purew Chenicals, Japan) and

safiterdtie gliomacvantiragplanted fos? weeksep 3) X—gal st ai ni ng
The brain sections nounted on a slide were rinsed 3
times with PBS for 10 m nutes and i ncubated in 2 mM

V\@ f ocyani de/ pot assi um
f rllgcglan 2& 1§§%/s§165X_gal (Koma) for 8 hours. To

enhance the contrast secti ons were counterstai ned
wi th eogsin, dehydrat ed qand covered with Bal sam As

shown |IWEPge aeﬁer thegh irapsplantetion ety wers presthegizaf by injecting

O s P e (e BT TGP OBRE pUPRRL e PBS and

tihh veieR'®. 1C91 i)zﬁraf&ﬁﬁilﬁ@grdlefinm (5898 t rEckbiaiiehas eRacted and
MSC/ LacZ cell's were transpl anted. 1 n higher

neeptiat dc &t i h.1oM pheafoinaldelysioyin KBS (NHC] Hadar téhoyrs to post-fix,

%LB! o 10 b sudage Tores Foudn, . T Saiohs Word taade tsing a sliding
tfﬁ%rot\@gé wWiay g tﬂi&}ﬂ ROLEBS I#&Ilcl: ah@ b J%Fl% sPahb! 'EB% d slides (Muto

sites and to euse as ve l'es to iver SUICI

gemesy Chetigulstlapmn) arfckstofadeat 4: ‘CAlnt PBSuitbusef f ect s of
MSC/CD in a brain tunor animal nodel (Step 1)
Transpl ant ati on

(Step 3) X-gal staining '

The brain sections mounted on a slide were rinsed 3 times with PBS for 10
minutes and incubated in 2 mM MgCl,, 5 mM potassium ferrocyanide/potassium
ferricyanide, and 1 mg/ml X-gal (Koma) for 8 hours. To enhance the contrast,
sections were counterstained with eosin, dehydrated, and covered with Balsam.
As shown in Fig. 10B, X-gal+ blue MSC/LacZ cells migrated from one
hemisphere to the other hemisphere where glioma cells were firstly transplanted.
It is notable that some cells remained in the needle track where the MSC/LacZ
cells were transplanted. In higher magnification of the microscopy, the
MSC/LacZ cells infiltrated to the tumor mass (Fig. 10C) as well as along the
tumor edge (Fig. 10D). The data indicate that MSCs have high potential to

migrate to tumor sites and to be used as vehicles to deliver suicide genes to brain



As described in Step 1 of Exanple 6, adult
Sprague-Dawl ey al bino rats (about 250 g) were

wW@e@3obmss zed. At positions of bregma -0.5, MPGT/KR006/003928
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and DV + 4.0, 5 x 104 C6/LacZ cells were transpl anted
with 5 x 105 each of MSC/CD or MSCin 5 m PBS at a
rate of 0.5 m/mn using a Ham9ton syringe. From next
day the rats were intraperitoneally adnm nistered with
5@%&9/ kg/ day of 5-FC for 14 days. (Step 2) Measuring
of "anti-tunor effect by MRl Magnetic resonance inmaging
(MRI) was perforned at 2 weeks after the
transplantation of the cells to estimate intracerebral
tExemple 7 uAati-namen effgetscofISE/6d) in adngjn tumor animal model
i ntraperitoneal injection of 400 m chloral hydrate
and placed on a surface coil specially made for rat
stsiey 1) Nidhnsptaiaiow was performed with a 3.0 Tesla MR
system (Maghum 3.0; Medinus Inc., Korea) and a

bi rdcage RF coil (dianeter: 30 cm). The repetition

s pectAARHTIbPOsBieBel PRILIATGRLE Geuif SPFRUGDRWRY albino rats

L S P oS _
F(abB8: 9503) Wit aB0GhH, | OB BRG] Ibregma 0,5, MI, + 3.0 and DV
conp@red 105 CHE s crmllsSWWetﬁ'arﬁPﬁrmd with at £0° 8&Bsof MSC/CD or

(Step.3) Verification of correlation of MRl wth
thS[Cgu@éi klaPBieatrp sate f 9.0ritlfain vyngia ManHlopsyiggeon From next

bt MR ey’ Rt o Wk day of S-FC for

dppgsyded above except that the section was 100 mm
thi ck and subject to X-gal staining. The tunor size
was smaller in animals that recei ved MSC/ CD conpar ed

tg anj s treated w thPBS_ or w C (Fig. 12). The

AP gﬁiﬁaﬁ%ﬂ%e antiitimoprftestly MRLI st ai ni ng

consi s - 1 ndi t ed: tﬂ@ﬁr ' r

reduce &Eﬁﬂ%ﬁcz%ge\nﬁ%ﬁt 1}%\5{1@%‘? én a I@h@g%%F @ %rWde cks after the
agaispilattatidn ontief cdlsAE. esithialte irtthRetebrginfuintt VslamkeeMnimal were
described with respect to the above specific

eassthictiged by intrapergigonealyajection i 408quk ¢hleral ydeate and placed on a
dificati ons.and _changes be to the inventd on .
oy s SRAL R A R Fel S VRE st i€ B B bfied with
3.0 Tesla MRI system (Magnum 3.0; Medinus Inc., Korea) and a birdcage RF coil
(diameter: 30 cm). The repetition time (TR) and echo time (TE) were 1400 ms

and 60 ms, respectively. The slice thickness was 1.5 mm with no slice gaps.
MRI analysis indicated that transplantation with MSCs/CD decreased tumor

volume compared to the animals with PBS or untreated MSCs.
(Step 3) Verification of correlation of MRI with histological methods

To further confirm the reduction of brain tumor by MSC/CD, the brain of
the same animals that were used for MRI was extracted as described above except
that the section was 100 um thick and subject to X-gal staining. The tumor size

was smaller in animals that received MSC/CD compared to animals treated with



scope of the invention as defined by the appended
clainms. WHATI S CLAIMED I'S: 1. A pharnmaceutica

W@ owpo3icss on for treating a cancer, which conpPCEHER2@6/003928
mesenchymal stem cell expressing a suicide gene. 2.
The pharmaceutical conposition of claim1, wherein the
sui cide gene is a gene encodi ng0cyt osi ne deam nase or
herpes sinplex type 1 thym dine kinase. 3. The

fal G S{4y O [ i Bied
RB S Witk DG ST 1), T P oBltned R Qith (BRI and X.-gal
vétaindig conpikicatipdindiatad ilgitdbe daam tdimomhevere reduced in size with
phar maceuti cal conposition of claim1, wherein the
clamsplantatiers 6 MYos/Clband pémipisiatienet fGng of brain
cancer, breast cancer, |iver cancer, pancreas cancer,
col orectal cancer, and lung cancer. 5. The
phar meggiild 4Rl inteARASs hhé BBeRUesdriddd WithWeSp&itnotthe above specific
mesenchymal stem cell expressing a suicide gene is
obihhodiatkenty, it shoudd beiragpgrtizedsthiat vardogemedificasions and changes may

b yﬂ?{m@ﬁ%@ﬁ@@m TS gﬁhg iin B e R 80 21 within the
CE3Pe e inBhtBY R RIEEHT h D EpPERRACRIER, St e

proliferated nesenchymal stemcells, and harvesting
the resulting mesenchymal stemcells. 6. A kit for
treating a cancer conprising an expression vector
conprising a suicide gene, a nesenchymal stemcell and
a prodrug of an anticancer agent. 7. The kit of claim
6, wherein the suicide gene is a gene encodi ng
cytosi ne deam nase. 8. The kit of claim®6, wherein the
expression vector is a retroviral vector. 9. The kit
of claim®6, wherein the expression vector conprising

t he suicidegene and the nesenchynmal stemcell is
provided in the formof a nmesenchymal stem cel
transfected with the expression vector conprising the
sui ci de gene or transduced with viruses expressing the
sui cide gene. 10. The kit of claim®6, wherein the
cancer is selected fromthe group consisting of brain
cancer, breast cancer, |iver cancer, pancreas cancer
and | ung



cancer. 11. A use of a nesenchymal stem cell

expressing a suicide gene for the manufacture of a
wored7osmsent for treating a cancer. 12. A net hoPCT/BR2006/003928

treating a cancer in a subject in need of treating the

cancer, which conprises adm nistering a nmesenchynal

stem cell expressing a suici dezslgene to the subject,

foll owed by adm nistration of a prodrug of an

aNVHABRS 1L ADMED B=QUENCE LI STI NG <110> SUH, Hae- Young

et al. <120> USE OF MESENCHYMAL STEM CELLS

GENETI CALLY MODI FI ED TO EXPRESS A SU Cl DE GENE FOR

I?%@%@&%ﬁf%@fﬁgg%ggﬁggﬁﬁ i%géé%oéi@gg which comprises a

Kaetnehyal dteifilcelPdQredsin®a baicdde s@i> DNA <213>
Artificlal Sequence <220> <223> Priner CD-F <400> 1

gaattcaggc tagcaatgtc tcgaataacg ctttacaaac 40 <210> 2

<211> DNA . " . . .. .
211 f 61“h<ezp armaceutical composition of claim 1, wherein the suicide gene is

a gene encoding cytosine deaminase or herpes simplex type 1 thymidine kinase.

3. The pharmaceutical composition of claim 1, wherein the mesenchymal

stem cell is transfected with a retroviral vector comprising the suicide gene.

4. The pharmaceutical composition of claim 1, wherein the cancer is
selected from the group consisting of brain cancer, breast cancet, liver cancer,

pancreas cancer, colorectal cancer, and lung cancer.

5. The pharmaceutical composition of claim 1, wherein the mesenchymal
stem cell expressing a suicide gene is obtained by introducing the suicide gene
into mesenchymal stem cells, and selecting and amplifying the resulting
mesenchymal stem cells under proper conditions; or by proliferating mesenchymal
stem cells, introducing the suicide gene into the proliferated mesenchymal stem

cells, and harvesting the resulting mesenchymal stem cells.

6. A kit for treating a cancer comprising an expression vector comprising a

suicide gene, a mesenchymal stem cell and a prodrug of an anticancer agent.

7. The kit of claim 6, wherein the suicide gene is a gene encoding cytosine

deaminase.
8. The kit of claim 6, wherein the expression vector is a retroviral vector.

9. The kit of claim 6, wherein the expression vector comprising the suicide



<213> Artificial Sequence <220> <223> Priner CD-R

<400> 2 ggattctcta gctggcagac agccgc 26 <210> 3 <211>
WQ@2002837853 DNA <213> Artificial Sequence<223> PPCTER2G06/003928

sequenci ng a CD gene <400> 3 catacgattt aggtgacact

atag 24 <210> 4 <211> 20 <212> <213> Artificial

Sequence <220> <223> P riner f seauenci <400> 4

accgggaaac acctattgtg 20 . . )
gene and the mesenchymal stem cell is provided in the form of a mesenchymal

stem cell transfected with the expression vector comprising the suicide gene or

transduced with viruses expressing the suicide gene.

10. The kit of claim 6, wherein the cancer is selected from the group
consisting of brain cancer, breast cancer, liver cancer, pancreas cancer and lung

cancer.

11. A use of a mesenchymal stem cell expressing a suicide gene for the

manufacture of a medicament for treating a cancer.

12. A method for treating a cancer in a subject in need of treating the
cancer, which comprises administering a mesenchymal stem cell expressing a
suicide gene to the subject, followed by administration of a prodrug of an

anticancer agent.



