WO 2007/037653 PCT/KR2006/003928 1 USE OF MESENCHYMAL
STEM CELLS GENETICALLY MODIFIED TO EXPRESS A SUICIDE
GENE FOR TREATING A CANCER 5 FIELD OF THE INVENTION The
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treating a cancer, which comprises a mesenchymal stem cell expressing a
suicide gene. 10 BACKGROUND OF THE INVENTION Glioblastoma is
one of the most difficult cancers due tolits metastasis to other sites and
no effective treatments are currently available. Conventional 15 excision
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brain-blood barrier (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 20 when a number of tiny tumors are

b, ¥ Sptddinjections of virus may cause severe immune
rejections. It has recently been reported that the neural stem cells
(Aboody et at, Proc.” Natl. Acad. Sci. USA, 97, 12846-12851 (2000); .
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Neurofinage, 23, 281-287 (2004)) and mesenchymal stem cells
ggkamura et al., Gene Therapy, 11, 1155-1164 (2004) and Zhang et at,
Neurolmage, 23, 281-287 (2004)) exhibited tropism toward glioblastoma,
and therefore, there have been attempts to utilize such stem cells as

eihdahiaks xamplaNiy gasthelen reported that the use of neural
stem cells which 30 express cytosine deaminase (CD), a suicidal gene of
E. coli, showed excellent anti
Glioblastoma is one of the most difficult cancers due to its metastasis to

other sites and no effective treatments are currently available. Conventional
excision of the brain tumor cannot be performed safely in most cases and the
chemotherapy with anti-cancer medicines is not effective due to the brain-blood
barrier (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 iramune 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 ef 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-



WO 2007/037653 PCT/KR2006/003928 2 cancer effects in the treatment
of glioblastoma (Aboody et al., supra and Brown et at, supra). However, it
is very difficult to obtain neural stem cells because it must be isolated and
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immortalized by an oncogene were used in the above experiments, which
could 5 induce a cancer and immune rejection. It has been reported that
the injection of mesenchymal stem celié (MSCs) expressing interleukin-2
(IL-2) into rat glioma model augments the antitumor effect and prolonged
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tumor cells, and has no immunotoxicity so that repeated administrations of the
therapeutic agent are possible.

MSCs are multipotent bone marrow stromal cells which can differentiate
into mesodermal lineage cells such as osteocytes, chondrocytes, adipocytes and
myocytes. MSCs can also be easily proliferated with maintamning their
undifferentiated states which are suitable for carrying anti-cancer agents against
glioblastoma owing to their tropism toward tuumor 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, S-fluorouracil (5-FU), and secreted 5-FU
kills neighboring ceils, 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



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
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be efficiently WO 20071037653 PCTIKR20061003928 3 cured when

MSCs expressing a suicide gene are trg'msplanted into the brain of a brain
cancer animal model, followed by administering a prodrug of an

anticancer t. SUMMARY QF THE INVENTION 5 Accordingly, it is .
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non-toxicity toward normal cells, and no immunotoxicity, which allows
repeated administration of the composition. 10 It is another object of the
SiesEtARE Gito i HT-Ang W daNd Kikfor treating a cancer comprising said
composition and a prodrug of an anticancer agent. It is a further object of

the present invention to provide a method for treating a cancer in a
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In accordance with one aspect of the present invention, there is provided a

pharmaceutical composition for treating a caner comprising a mesenchymal stem
cell expressing a suicide gene.

In accordance with another aspect of the present invention, there is
provided 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.

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)



25 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
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microscopic photographs of mesenchymal stem cells (MSCs) WO
2007/037653 PCr/K22006/003928 4 isplated from human bone marrow
after cultivating for 1, 2, 3, and 7 days in vitro; Fig. 2: photographs
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showingFige. &N aedthof pina G antts trdv STephafisrednadihathygtander effects
' riging ) , t
B e, ot HRADAIERT BF295T and
293T/CD cells after co-culture with Co/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); and Fig. 5B: the graph showing B-galactosidase (B-
gal) activity in the 293T and 293T/CD cells with the conc. of 5-FC);

Figs. 6A and 6B: photographs and a graph showing the cell death 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-coﬁtrast microscopic photographs of MSCs and
MSC/CD cells after co-culture with C6/LacZ. glioma cells in the presence of 1,000
M 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 B-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 celis (Fig. 8A: HPLC



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
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of 1,000 25 pM 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
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MSCs expressing CDs. DETAILED DESCRIPTION
OF THEFINVENMRNimages showing the anticancer effects of MSCs expressing

CDs; and
Fig. 12: results of the X-gal staining of brain sections from brain tumor rat

models, which show the anticancer effects of MSCs expressing CDs.

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 (HHSV-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



The suicide gene used in the present invention may be a prodrug
activating 20 enzyme which converts a non-toxic prodrug of an anticancer
agent to the toxic anticancer agent. Exemplary suicide genes include the

WO geés®atoding herpes simplex type 1 thymidine kinase B4SNARA) 4028

10

13

20

25

30

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). 25 CD gene is
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The inventive composition comprising mesenchymal stem cells expressing
a suicide gene is useful in the treatment of a cancer. Exemplary cancers include
brain cancer, breast cancer, liver cancer, pancreas cancer, colorectal cancer, and
lung cancer, but not limited thereto.

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, flavoting
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. (4drch. Neurol., 46, 615-31(1989)).

The unit dose of the mesenchymal Stem 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



15 The inventive composition comprising mesenchymal stem cells
expressing a suicide gene is useful in the treatment of a cancer.
Exemplary cancers include brain cancer, breast cancer, liver cancer,

WO p@nereass cancer, colorectal cancer, and lung cancer, butraaidirztedonssozs
thereto. The inventive composition may further comprise pharmaceutically
20 acceptable excipients, carriers, or diluents. Preferably, it may be
formulated into an injection formulatior suitable for injecting into a tissue
or organ. The compositions may additionally include lubricating agents,
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pempesition can be injected into the patient's body 25 according to the
conventional methods well known in the art such as the clinical method

disclod¥é@sy Bjorkdiner siaSteTRVieBralFeRE Y itrY, 558580 {eotiop hgancer
Lingyalit aln QISR NeHralotdh BRI M AhE st desRREHBymal stem

mesenchymal stem cells of the present invention to be actually
5 selhmndrersadsugni RpselstBrRtiAgEnh light of various relevant factors 30

including dhe disgase RiPartealprbshersOuerly QiR PALSINES YR WBne and

the WO 2007/037653 PCT/KR2006/003928 7 chosen route of

Hemreraismal et aseR antPBit TeIgRIEHIE Mavidehindiseiorm of
YareQyRhiha presantdveationalse wigyides akitlaidieatite ACAREBking the

comprising an expression vector comprising a suicide gene, a
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sucide gene, The 10 expression vector is preferably prepared by

e -ﬁﬂfﬁ%igg iEon @ec,@@qﬁrfovéhwh comprises administering a therapeutically

effective amount of mesenchymal stem cells expressing a suicide gene to the

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

Immune rejections can be minimized in gene therapy using the inventive

composition when the mesenchymal stem cells are obtained from the patient’s

own bone marrow or from the bone marrow of others having the same HLA

(human leukocyte antigen) type as the patient. Accordingly, the inventive

20 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.

25 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

30 intractable cancer.



viral vector, preferably, a retroviral vector. The present invention also
includes within its scope a method for treating a subject suffering from a
cancer, which comprises administering a therapeutically effective amount
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followed by the administration of a prodrug of an anticancer agent.
Immune rejections can be minimized in gene therapy using the inventive
composition when the mesenchymal stém cells are obtained from the
patient's _own_bone, marrow or frorg the bone marrow qf others having the

same HEROPHIHESH 2 KBR RESSREGERPL FERCHE PiRninkertig sgpposition
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30 intractable cancer. WO 2007/037653 PCT/KR2006/003928 8 Upon
UEHRTRE Rk senchymal stem cells in the inventive composition exhibit
tropism, toward cancer tissues. Accordingly, adverse side effects to the

normal cells be minimized by specifically delivering the mesenchymal
stem cgﬁéﬁeg‘@r&]&&ﬁﬁé rggﬁﬁ’&f’(iﬁg gehe %t%%@grtﬂs%%geénﬁi%féﬂ? H’e present
adnigistenndeuptaditie Hinfabmnticancer to be activated by the suicide
gene sa that the anticancer agent i@ﬁgener ted ncly_aroupg the cancef, .
tissues. Lr, RRECFRERRICRUMRR) BElATVedpE solid”in solid mixture, liquid in

liquid, and solid in liquid are on a wt/wt, vol/vol and wt/vol basis, respectively,
and all the reactions were carried out at room temperature, unless specifically

indicated otherwise.
Example 1: Isclation and culture of human mesenchymal stem cells (hBIMSCs)
(Step 1) Extraction of bone marrow and isolation of mesenchymal stem cells

4 md of HISTOPAQUE 1077 (Sigma, U.S.A.) and 4 ml of bone marrow
obtained from Bone marrow bank (Korean Marrow Donor Program, KMDP) were
added to a sterilized 15 m{ fest-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 mi 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



expressing a suicide gene exhibits bystander effects on surrounding
cancer cells wherein the suicide gene is not directly introduced, thereby
increasing its anticancer effect. 10 The following Examples are intended
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Further, percentages given below for solid in solid mixture, liquid in liquid,
and solid in liquid are on a wt/wt, vol/val and wt/vol basis, respectively, 15
and all the reactions were carried out at room temperature, unless

ecifically indicated otherwise. = Example.l: Isolation.and culture of
Bt R Ao o B SOy L SRS T it b BT the
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minutes, 0.5 in of the huffy coat in the interphase was collected and
transferred into a test-tube containing 10 mt of sterilized phosphate
(SitfeBd sdtine. abdesutesiltting SlispESSIon 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 rifime st SKie citaimee3GiprSeed Ureveras irepbated twiog amd ISME Medium
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Ehnovie aatsacwhenh ediBinw asreticeddotbentablsercurttuvidlpctdd using 0.25 %
trypsin/0.1 mM EDTA. (Gibco) and diluted 20 folds with the medium, and then,
subcultured in the new dishes. The rest of cells thus obtained were kept frozenin a
medium containing 10 % DMSO (Sigma). Fig. 1 shows light microscopic
photographs of mesenchymal stem cells isolated from human bone marrow after

cultivating for 1, 2, 3, and 7 days in vitro.
(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 uM  dexamethasone  (Sigma), 0.5 mM
methylisobutylxanthine (Sigma), 10 peg/ml of insulin (Gibco), 100 oM
indomethacin (Sigma) and 10 % FBS (Gibco)) for 48 hours. The resuliing



(Step 2) Culture and subculture of h(MSCs The hMSCs obtained in Step 1
were incubated using an MSC medium (10 % FBS (Gibco) + 10 ng/ui
bFGF (Sigma) + 1 % penicillin/streptomycin 10 (Gibco) + 89 % DMEM

wo (Biboe)ysn a CO2 incubator kept at 37C. Serial incubationsawacaoesiiesd2s
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out while changing the medium at an interval of 2 days. When the cells
reached to 80 % confluence, the cells were collected using 0.25 %
trypsin/0.1 mM EDTA (Gibco) and dilul€d 20 folds with the medium, and
then, subcultured in the new dishes. The rest of cells thus obtained were

RepiS 78RS WSS THeathm Benkarfgito ¥ BHBeSERIgNBYIREY AR SR
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uman bone marrow after cultivating for 1, 2, 3, and 7 days in vitro. (Step
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prigodals OTRNIRGRdNtR B igngytes LNONHRE AN AR NSIAOGHASINGSE s can
examined as follows. (1), Adipogenic differentiation of h(MSCs 25 hMSCs
frsrevdibredifiriraivis dineditciifowed by culturing in an adipogenic
differentiation induction medium (DMEM (nedium (Gibco) supplemented

with 1 M dexamethasone (Sigma), 0.5 mM_methylisobutylxanthine

(Sigma$21 Eheprosmis it ienicsion 06 XSSP indomethacin (Sigma)

and 10 % FBS (Gibco)) for 48 hours. The resulting WO 2007/037653
PCT/ICR2006/003928 10 mixture was subs%%Jently incubated in.a

adipogdAiSnaiMteisaseHrRE i b EONE W et containiig ‘?L’i)thﬁrllﬁﬁllﬁ were
sRaNe Y ByreR) nkasl and shaleduwitipiead0 05s BhoviRerum-

Fig. 2, adipocytes stained with oil red 0 is pronounced inside the cgll
1

S
fi%g. shondmigenies W ErgEEaEIhaANRSER Cidium (50 mt of high-glucose
DMEM (Gibco) containing 0.5 mé of 100 x ITS (0.5 mg/mé of bovine insulin,

0.5 mg/ml of human transferrin, 0.5 pg/ml of sodium selenate (Sigma) and 10
ng/m{ of TGF-B1 (Sigma)) for 3 weeks while replacing the medium every 3 days.
Then the cell masses were fixed with 4 % paraformaldehyde, sectioned using a
microtome, and then, stained with alcian blue. As shown in Fig. 2, the
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
mé 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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5 successfully differentiate into adipocytes. (2) Chondrogenic
differentiation of h(MSCs hMSCs were cultured in the MSC medium. 2 x
105 of the cells were 10 collected using trypsin, centrifuged, and then,

WO mssTictfiostted in 0.5 mu of a serum- free chondrogenic diffeernTiationns 603928

induction medium (50 M of high-glucose DMEM (Gibco) containing 0.5
m-~ of 100 x ITS (0.5 mg/m.C of bovmilnsulln 0.5 mg/mL of human
transferrln 0.5 ug/md of sodium sele }e (Sigma) and 10 ng/m.! of

eks while replacing the d|u ery 3.days.
R s A eradaeg i BISEHIISh eyt Bletioned
usmg a microtome, and then stained with alcian blue. As shown in Fig. 2,
gwe exi)eC éular cart|I atrlx was stained blue and the presence of
§te RS HETREW S VRERICE RGBT YIHRNE fediinase
suggest that the hMSCs dlfferentlated into chondrocytes. 20 (3)
&steﬁieé}lc dlff iation of hMSCs hMSCs were incubated in the MSC
Eﬁﬂlﬁ GHBB°m$ of an osteogenic differentiation
induction medlum (DMEM supplemented with 25 10 mM a-glycerol

phosp te Sl 2mM rvate-2-phosphate (

Hexamb D (G0 B e R W uifction. wing
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ostepaytes (FOC2GC-a3nd BRCEXBNE: 2 Constiutiivraidittetraral minutes at
yeslon,expressing gytosine deaminase, o (Step ) Claning ol eyiesing. 7,
7 minutes at 72T, The PCR product was cloned using pGEM-T Easy vector
cloning kit (Promega} and vector pGEM-T-CD containing the CD gene was
isolated by blue-white colony selection using X-gal and IPTG.  Through
sequence analysis of vector pGEM-T-CD using oligonucleotides of SEQ ID NO: 3
(5'-CAT ACG ATT TAG GTG ACA CTA TAG-3') and SEQ ID 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 Nof (Roche), and inserted into the EcoRI and Nofl sites of vector
pcDNA3.1 (Clontech, U.S.A.) using T4 DNA ligase (Roche). E. coli DH5a was
transformed with the resulting vector, and the resulting transformant was cultured
and selected in LB plate with 50 ug/m{ 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



Cytosine deaminase (CD) gene was cloned by PCR reaction using
genomic DNA of E. coli K12 MG1655 (ATCC 700926, Korea Research
Institute of Bioscience and Biotechnology) as a template. PCR was

WO eafriesteat using 10 oligonucleotides CD-F (5' -GAA TTC HOGITTHR/GEA8
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ATG TCT CGA ATAACG CTT TAC AAA C-3: SEQ ID NO: 1) and CD-R
(5"-GGATTC TCT AGC TGG CAG ACA GCC GC-3'; SEQ ID NO: 2)
under the condition of 5 minutes at 94°C; 27 cycles of 30 seconds at 94 C,

Wnds e}%ﬁé} % 1m t 72C; 7 minutes at 72C. The PCR
B WaE & Hé@ Easy vector 15 cloning kit (Promega)
and vector pGEM-T-CD containing the CD gene was isolated by

E%I Vé(li e coloréy selection using X-gal and IPTG. Through sequence
§R/ Jr Ve P]E) ?VéBSusmg oligonucleotides of SEQ ID NO: 3

(5'-CAT ACG ATT TAG GTG ACA CTA TAG- 3) and SEQ ID NO: 4

5'-AC C CTATIG TG-3 29 594) was
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Bglll (Roche) site of the retroviral vector pMSCV-puro 30 (Clontech) with

T4 DNA ligase (Roche). The resulting construct designated WO

VA3 65 BGTe R 4R QP& DD 9@ BedstopMBENE-MUESHCD is shown in Fig.

3. (Step 3) Preparation of retrovirus 5 pMSCV-puro/CD vector was

transfected into a retroviral packaging cell
(Step 1) Quantification of cytosine deaminase activity

PMSCV-puro/CD was transfected into 293T cell (ATCC CRL-11268)
according to the calcium phosphate-coprecipitation method. After 48h of
transfection, the cells 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 37C for 5 minutes. A
supernatant was obtained by centrifuging the cell lysate at 12,000 rpm for 3
minutes at 4 C, and protein concentration was quantified by Bradford method
(Anal Biochem, T2: 248-254, 1976). Ten ug proteins in 10 x¢ were mixed with
5 yb of 3 mM [6-"H]cytosine (0.14 mCi/m‘mol, Moravek, USA) and incubated at
37C for 1 h. The reaction was terminated by adding 345 £l of 1 M acetic acid,
The mixture was eluted with a SCX Bond elute column (Varian, U.S.A) rinsed by
1 m{ of 1 M acetic acid and the produced [6-"HJuracil 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



line, PA317 (ATCC CRL-9078) or PG13 (ATCC CRL-10686) with the
calcium phosphate-coprecipitation method [Jordan, Nucleic Acid
Research, 24, 569- 601(1996)], and the cells were cultured at 37C, 5 %

WO QO23dter 48 hours, the culture solution was collected ahdHik@rodets2a
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0.45 m nylon membrane to 10 obtain retrovirus solution. The retrovirus
solution was kept at -70 C until use. ﬁ)tg{?mple 3: Verification of CD
expression in 293 T cell (Step 1) Quantification of cytosine deaminase
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medium containing puromycin (4 gg/nU, Sigma, U.S.A.) for 2 weeks. The

YBHERSEIs were 20 harvested in phosphate buffered saline and lysed by

repeating 5 times of freezing in dry-ice in ethanol for 2 minutes and

{ﬁ%am t.37,C 1 r 5 m| S. A su was obtained by
Hbciﬁ%e iﬁ%’?@é’@ f8? minutes at 4C, and protein

concentration was quantlfled by Bradford method (Anal Biochem, 72:
248-254, 197 re mixed with 25 5 0 of M
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Fertnits f@,ﬁ‘fp”o O st icroscopy.  The ViAbily was ¥stimated by
measuring mitochondria NADPH activity by 3-(4,5-dimethyl-thiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) assay.‘ The cells were incubated in 200 ul
of 25 wg/m{ MTT (Sigma, U.S.A) in PBS for 4 hours. The solution was
replaced with 200 uf of absolute dimethyl sulfoxide (DMSO, Sigma). After
incubated at room temperature for 15 minutes, the absorbance at 540 nm was
measured with an ELISA reader (Molecular Probe, U.8.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 pM of 5-FC with 1Csq 0f 296 pM. In conirast,

293T cells did not show cell death in the presence of 1,000 pM of 5-FC.
(Step 3) In vitro bystander effects of 293T/CD cells

In 6-well plates, 3X10%/well of 293T/CD and 2937 cells were respectively
co-cultured with 3X10° C6/L.acZ 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. Afier 24



5 (Step 2) Suicide effects of CD gene in 293T cells Normal 293T cells and
293T/CD cells transformed with pMSCV-puro/CD prepared in Step 1
were plated at a density of 2,000 cells/well in a 24-well plate containing
WO DWMBEMaasth 10 % fetal bovine serum. After 24 hours, 5-P@GUTASRE00aH0EAs
to the cells at various concentrations (0-10 mM). The media was replaced
with fresh medium containing 5-FC erry 2 days for 1 week. As shown in
Fig. 4C, the viability of 293T/CD were feduced in the presence of 1,000
RM 5-17C as determined by phase contrast microscopy. The vj i"%e as
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5-FC was added. to the cells at indicated concentrations, The media was
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15 of O.8ég mg/m{ ONPG (Sigma), 1 mM MgCl, and 0.1M phosphate buffer (pH 7.4)
at 37°C about 30 minutes. The reaction was stopped by adding 500 uf of I M

Na,CO; and absorbance of the mixture were determined at 420 nm. Fig. 5B

presents the relative ratios with respect to that of untreated cells. Consistently
with the result shown in Fig. 5A, C6/LacZ co-cultured with 293T did not altered
20 by 5-FC in PB-gal assay. In contrast, B-galactosidase activity of C6/LacZ cells
was reduced by co-cultivation with 293T/CD in the presence of 100-1,000 pM 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.

25 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,
30 MSCs obtained in Step 1 of Example 1 were grown in growth medium (DMEM



staining, the cells were fixed with 0.00625 % glutaraldehyde (Merck,
U.S.A.) for 5 10 min, rinsed 3 times with PBS and incubated in 2 mM
MgCl2, 5 mM potassium ferrocyanide/potassium ferricyanide, and 1

w0 mglneXsgal (Koma, Korea) for 8 hours. As shown in FigeGRKEBIlsa0Z928
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cells that were co-cultured with parental 293T cells were increased in
numbers and stained blue with X-gal. |n contrast, when co-cultured with
293T/CD, C6/LacZ cells were died in the presence of 10 1,000 1V1 of
5-FC due to the bystander effect of 293T/,CE§.} The survival of C6/LacZ

caaipve 10heriddneir8 duRitH 18- geracd st idtifestcatomycin) at

3eONARESNIY 0 26Vl 0Tk AG4 ERRErodUDL dreainplesiARseud Pepared in
cells were harvested and lysed in IX éﬁgﬁ}i‘,v;é_lysis buffer (Promega,

Gamply FReEG g irdhe sranayE HiemRtebG bt B g in the

8808/ RCONEE (PaFEbnt TMMaE TeragdHd i phesphatecbtfeh (pHbwih
7.4) at 37 C about 30 minutes. The reactiqn Wasgsto ed b addingg %O
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e ighSBodiiesaRis thplielative 1a8iom Withoregpesttdumatoohtnitibated 1e/ml
cells. Cansjstently with the result shown |n F'g.%]ff, Cé6/Lacz co-cultureq , h
DHABHED GrFBehidd 9878y 5ime THTAR SR HrF A and used n the

(Braalpeiasisipeeiaetvity of C6/LacZ cells was reduced by co-cultivation
with 293T/CD in the presence of 100-1,000 M 5- FC. The data indicate
that co-culture with 293T/CD induces cell death of neighboring C6/LacZ

ol dys dchystamses efferisinti MESEITD 06BsPC. 25 Example 4:

Preparation of hMSC expressing cytosine deaminase (Step 1)
Introduction of CD genes into hMSC CD-expressing retrovirus was used

to deliveiSlIg(GD gengitaMisGeer8pMEE Solpiainel md&kemlafa density of
Example 1 were grown in growth medium (DMEM WO 2007/0376 .
- A bericif mediom
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and Algedmisire amycimtat i éHCoansth YddRmuiilidthioconfuence 5-FC
f(%}?ée)‘gf.%gl?ss.ingf{g tgg\éigv%shqr%ﬁ)ga.r%%,nl\/ISC/CD cells almost died after treatment
with 1,000 pM 5-FC for 2 weeks. The viability was estimated by measuring
mitochondria NADPH activity using MTT assay as mentioned above with
293T/CD cells. The data are presented as averages = S.E with respect to that of
‘the untreated cells from 3 independent experiments (Fig. 6B). The cell death of
MSCs/CD was detected from the 100 pM of 5-FC with ICsp = 332 pM. In

contrast, MSCs did not show cell death up to 1,000 pM 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 B-galactosidase assay (Fig. 7B) as described above
with 293T/CD cells. In the presence of 1000 uM of 5-FC, MSC/CD cells



Example 2 was added to the culture with 1:1 dilution in the growth medium
in the presence of 8 /ig/m-L polybrene (Sigma) for 8 hours and in the
fresh growth 5 medium for 16 hours. After the retroviral transduction was

womspsatad® more times, the cells were split into 1:3 in growgTmeienie3o2s
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containing 4 itg/mt puromycin (Sigma) for 14 days. The survived cells
were pooled, and used in the subsequent experiments. 10 (Step 2)
Suicide effects of CD gene in MSC/CDI@eIIs MSC/CD or MSC cells were

plated in growth medjum at a density of 5,000 cells/yell in.a 6-yell plate .
Biwees) G5dr e b RS 6/ FeeradeMNici i Al adieedeg seration of
Ao Shown I Ei AL MISCICD calk amoct died ater reatment with 1,000,
s shown in Fig. 6A, cells almost die e ent with 1,
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293T/CD cells. The data are presented as averages } S.E with respect to
c(‘)f”%h%%?‘@f@(ﬁ%@ﬁ ?ﬁlﬁ?e?)%%f t experiments (Fig. 6B). The
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week. The remained cells were sybject to X-gal staining (Figs. 7A and
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3933'5}@@ eele kothelpiasenerioMBINAMOLEHSC, MSChaiacellg Biictosidase
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5-FC. '

(Step 4) Verification 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 uM 5-FC for 3 days. The
50 wf of medium were extracted by 500 uf of ethyl
acetatedsopropanol:0.5mol/LL 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 uf
of the mixture of HyO: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 mf/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. 88, MSC/CD converted 1,000 pM 5-FC to 2.67



C6/LacZ cells was reduced upon co-cultivation with MSC/CD in a dose
dependent manner (Fig. 7C). The data indicate that MSC/CD cells exert
the bystander 5 effect on C6/LacZ cells in the presence of 5-FC. The

wosmvnabaf C6/LacZ cells was further verified by a-gal assay;iayrvehéciv it
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survived cells were indirectly quantified. Assays were carried out in a
similar way as described above with 293T/CD cells using 10 jig proteins of
cell lysates. Absorbance at 420 nm whs presented as a relative ratio with
respect to that 10 of untreated cells. As shown in F| ﬁ; -galactosidase

udMivi Wadersaralidafly Foit apinieedisezaseS 1 Té comBEntPatith ndicated

Q@lﬁ’@é%%ﬁ%ﬁ@@@%"h%ﬂ%§$§cﬂﬁ!%¢@ﬁlg%@d with MSC/CD cells. In
contrast, (3-galactosidase activity was not altered in C6/LacZ cells that

were co-cultured with normal MSCs. Again, MSC/CD cells exert
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Verification of conversion of 5-FC to 5-FU by MSC/CD MSC and MSC/CD

variopeetipmaceeliingdnsity of 1X104 cells/well in 20 12-well plates and
incubated in the presence of 1,000 .tM 5-FC for 3 days. The 50 O of
medium were, extracted by 500 jt of eth g/‘g acetate:isopropanol:Q.5mol/L
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isocratically at a flow rate of 0.6 M/min with_a isocratic mobile phase
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whtheaRd Hak . en@celved in Bk minad &2 miéba%@bheﬁfbﬁ’éiﬁméﬁ by MTT
standard, was eluted in 10.2, 30 mm n (Fi BAé As_shawn in Fig.
1

RIS EDISSRVRRE B D50 pRFSRER zn 206 Horgsd %elleath in al
PlhoksREA06AQ3948 1T, of 0.93, 5.34, and 5.65 uM for C6, U373 and U7,

respectively, and reached plateau at 10 uM. The data indicate that concentrations
of 5-FU as a product of conversion from 5-FC by MSC/CD is sufficient to induce

cell death in various glioma cells.
Example 6: Ir vive 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, 3 x
10° U373 cells in 3 ul PBS were injected at a rate of 0.2 pl/min using a Hamilton



M 5-FU whereas MSC could not produce any 5-FU. The results indicated
conversion of 5-FC to 5-FU was specific to CD gene. Example 5:
Validation of cytotoxic effect of 5-FU produced by MSC/CD on 5 various

WOghema’edll lines To verify that 5-FU produced by MSC/CDPISTSaTeRe 828
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induce cell death in various glioma cells, C6 (KCLB No. 10107), U373

(KCLB No. 30017), U87 (KCLB No. 32%14) cells were freshly obtained

from KCLB (Korean cell line 10 bank) and plated in 96-well plates in
owth me a density %6100 .cells/well, 100 cells/well, an

Q%?ell gwgirﬁfér 1518{?’,13 HSV\L—aFJ Was ad (lj‘ t(%%e cel‘fwrf3 placed
BA2k- 160t/ cééw 1Fweekdep| Lishility wad @%tuahﬂedfbmmmaﬁa;eﬁs were

A R SRR g
W8y 51hl resmmwanm@adsamh@ialemdaﬁmmﬂy Thiendasadifidicatiettiat, the

concentratlons of 5 FUfﬁ‘ roduct of con\ﬁmrs&onﬂl -EC k]?( MSC/CD
e

is' Sifiei8AT o mduce ¢ P various ghioma cefls >S<a1?na B Sgeted

aﬁmshe@ﬂﬂmﬁﬁ:msbtmnspland)a:d%r(gtwpek)ﬂranspIantat|on Brain tumor

was induced by transplantation of C6/LacZ cells into the brain of adult

male Sprague-Dawley albino rats (Samtaco, Korea) weighing about 25
P5@m2 Biedhar thienats ssve ahi@sthetized 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,
Germa@oﬁneekemﬁmrmg{immmmﬁm ofatstivemolaanstietizbd iy injecting

R G PSR SRR Y B R U AR Yo ane
ereviifadiddMtpmraieraf0d2hgidnim Wﬁqp}lﬂ Ar)ltor e 20O WOSZEFacted and
Eec I %%2%06/0{9 :fgl%lSparafcrmaidehyde in PBS (pH 7.4) for 16 hours to post-fix,
and then in 30 % sucrose for 24 hours. The sections were made using a sliding
microtome with a thickness of 35 pm and mounted to silane-coated slides (Muto

Purew Chemicals, Japan) and stored at 4 C in PBS till use.
(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/mé X-gal (Koma) for 8 hours. To enhance the conirast,
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



syringe. After the surgery, the incision was sewn and the animals were
placed back to the cage. Four days later, 2 x 10$ cells of MSC/LacZ cells
were transplanted to a contralaterally at the position of bregma -0.5, ML -

w0307a3ddEV + 4.0, 5 sl of PBS containing was inoculated. AWEKRzasi0ies
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after injection, the 5 syringe was removed. The incision was sutured. The
rat's brain was extracted after the glioma was transplanted for 2 weeks.
(Step 2) Preparation of tissue slice 10 Ko weeks after the 2d
transplantation, rats were anesthetized by injecting 400 mg/kg of chloral
H’;FHPéfte (Sigma). The rats were perfused with PBS and then with 0.1 M
paraformaldehyde in PBS (pH 7.4). The brain was extracted and kept at 4
'Cin 0.1 M paraformaldehyde in PBS (pH 7.4) for 16 hours to past-fix,
Eramels i d0 s aumaiselients ahRIRS /I et duipdnfara o arimahipedel

sliding 15 microtome with a thickness of 35 m and mounted to
silane-coated slides (Muto Purew Chemicals, Japan) and stored at 4 'C in
RN EanERRM AR gal staining 20 The brain sections mounted on a
slide were rinsed 3 times with PBS for 10 minutes and incubated in 2 mM
MgCl2, 5 mM potassium ferrocyanide/potassium ferricyanide, and 1

mg/me R3gAFTREFD) ForERu F5UARKN e aeRlE e-Llawliys fine rats

contierstainpd vith gosigenydratesh andmoveteednith-B3ISBm, +A50 and DV
shown in Fi%{‘ h%%lx al+ blue MSC/LacZ cells migrated from one

e AT D PP R R S 2o WP MSC/CD or

vemspiased. Pib & fosehie thabsompmellsspaingainltbs seedie trabkom next
where the MSC/LacZ cells were transplanted. In hi hﬁﬁnr%?wgtio of
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I0Cd-as well as along the tumor edge (Fig. 10D). The data indicate that
MSCs have high potential to 30 migrate to tumor sites and to be used as
vehicles to deliver suicide genes to brain WO 2007/037653

RS KR RACRIPAIOZBardi@ tumor effect by MRI

Magnetic resonance imaging (MRI) was performed at 2 weeks after the
transplantation of the cells to estimate intracerebral tumor volume. Animal were
anesthetized by intraperitoneal injection of 400 pl chloral hydrate and placed on a
surface coil specially made for rat study. MRI scanning was performed with a
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



tumor. Example 7: Anti-tumor effects of MSC/CD in a brain tumor animal
model 5 (Step 1) Transplantation As described in Step | of Example 6,
adult Sprague-Dawley albino rats (about 250 g) were anesthetized. At

wo positiensof bregma -0.5, ML + 3.0 and DV + 4.0, 5 x 104¥CH/KacP@elss28

were transplanted with 5 x 105 each of MSC/CD or 10 MSC in 5| PBS at

a rate of 0.5 I/min using a Hamilton syringe. From next day the rats were
intraperitoneally administered with 500291g/kg/day of 5-17C for 14 days.

Step 2) Measuring of anti-tumor_effect by MRI 15 Magnetic resonance
DRSS BT VAG pbrriih o Bcig AsFiBed SRR s X-ea
ceifily estipRient aaaiehta WHROMm© kiR, Anival were raastietizetze with
by intraperitoneal injection of 400 | chloral hydr placed on a
gﬁﬁﬁ@@@&ﬁ%@&%%ﬁa WQ@WWWP%%% was performed

with a 3.0 Tesla MRI system (Magnum 3.0; Medinus Inc., Korea) and a
birdcage RF coil 20 (diameter: 30 cm). The repetijtion time Tﬁ)@i d echo
tmo (1P 09 A PO P s PG BE B TRRPERL Ao ARRLs et
aBbvanNgiisNa slicelgaeseddRiiapalisis vadicaiaddhiidsanaplandationges may
with MSCs/CD decreased_tumor volume compared to the anjma ith . .

PR &gl dafegirar® 3y (@%i?é%ﬁidﬁt%ﬁ &F“c&fﬂéf&iak%fm&%hﬁl the
higipdogient mehats ke derhen eenflitnphredaddelidmef 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 m thick

and subject to X-gal staining. The tumor size 30 was smaller in animals

that received MSC/CD compared to animals treated with WO

2007/037653 PCT/KR2006/003928 20 PBS or with MSC (Fig. 12). The

data obtained both with MRI and X-gal staining consistently indicated that
the brain tumors were reduced in size with



transplantation of MSCs/CD and administration of 5-FC. 5 While the

invention has been described with respect to the above specific

embodiments, it should be recognized that various modifications and MCSLLP
WO gtargesimay be made to the invention by those skilled iR €&} 28

also fall within the scope of the invention as defined by the appended

claims. MCSLLP WO 2007/037653 PG T/KR2006/003928 21 WHAT IS

CLAIMED IS: 1. A pharmaceutical composition for treating a cancer,

whigh-¢qmaprisesiapngsenchymal stem cell expressing a suicide gene. 2.

The pharmaceutical composition of claim 1, wherein the suicide gene is a

gene encoding cytosine deaminase or herpes simplex type 1 thymidine

kinase; 3a Thie PRATIACEUEEALSAMRRSRNREEIIM bandiereihille comprises a

mesenchymal stem cell is transfected with a retroviral vector comprising

s nBIRa) Han £ol KEDIREFHA ctitieii - 8fSosition of claim 1, wherein

the cancer is selected from the group consisting of brain cancer, breast
cancer, liver cancer, pancreas cancer, colorectal cancer, and lung .
cance?- 5L RNIRRATRIEIH CoreBARoRish Fp il ‘f}:‘ﬁfﬁg}é ghcide gene is
&%%%%%Mﬂg%ﬁ%ﬁﬁ"&éﬁfmmﬁ@wﬁﬁ igyplataingehi¥ine kinase.
introducing the suicide gene into mesenchymal stem cells, and selecting

and amplifying the resulting mesenchymal stem cells under proper

conditipnsherdnaRraliiainacmnasesehimat siem cekshdndiadueingeti@chymal
suicide ‘g.ene Into the_proliferated mesenchymal stem cells, apd

Yy estig HRaTEHhE HSERIWRANSRAT CaRPBSREIR AT AR R
cancer comprising an expression vector comprising a suicide gene, a
mesenchﬁmal stem cell and a prodrug of an antjcancer agent.. 7. The kit of

claim 8, wHreRh#FRAGFHa g SRR RO HeR et lifig yBEfigin the cancer is

£84Mia88m the group consisting of brain cancer, breast cancer, 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 celland 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



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 suicidgic g | p
MCSLLP WO 2007/037653 PCT/fii12006/003928 22 gene and the

WO LA Hymal stem cell is provided in the form of a mesehEhJHTal 'Sl 28
cell transfected with the expression vector comprising the suicide gene or
transduced with viruses expressing th&suicide gene. 10. The kit of claim
6, wherein the cancer is selected from the group consisting of brain

grarcendbiien st coonchy ek sicancsl] panewddwhicdhadoronef eanesenghymal
el -%%ﬁeec’%gﬁyglﬁi %%%@E%Bﬁe%%&gﬂc%%%%ﬂgQﬁef%it!ﬁie gene or
manufacture of a medicament for treating a cancer.

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.



