WO 20091028870PCT/KR20081005026 COMPOSITION FOR THE DIAGNOSIS, PREVENTION OR
TREATMENT OF DISEASES RELATED TO CELLS EXPRESSING IL-8 OR GRO-ALPHA,
COMPRISING 2EBEISICS 5 TECHNICAL FIELD The present inventioPGEERREMMYene therapy
composition for transferring a therapeutical gene, a marker gene, or a product thereof to a cell that
expresses interleukin-8(IL-8) or GRO-a and induces tropism of umbilical cord blood-derived 10
mesenchymal stem cells or mesenchymal stem cells isolated from umbilical cord blood and/or the
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disease related to a cell expressing IL-8 or GRO-a, or brain tumors in gene therapy, using the
composition includes 15 UCB-MSCs. The H%ﬂmntion also relates to a composition or kit for
diagrosing brain tumors, preventing brain tumors, treating brain tumors, or monitoring brain tumor
treatment progression, using UCB-MSCs. 20BACKGROUND ART It is known that stem cells
migrate toward sites of pathology. Recently:rﬁ%y%%dﬁwalt-@one marrow-derived mesenchymal

stem cells (BM-IMQCpléwsuia: arivepieon frsIbewots @%én@rmerabyaéémrt@W%ﬁuﬁhﬁMrM%s that

can migrate to sites of specific tumors may prove to be a useful tool in gene theraﬁ%/. For example,
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interleukin-8(IL-8) or GRO-a and induces tropism of umbilical cord blood-derived
10  mesenchymal stem cells or mesenchymal stem cells isolated from umbilical cord blood
and/or the mesenchymal stem cells expanded from said mesenchymal stem cells
(UCB-MSCs), wherein the gene therapy composition includes UCB-MSCs.
The present invention also relates to treating disease related to a cell expressing
IL-8 or GRO-a, or brain tumors in gene therapy, using the composition includes
15 UCB-MSCs. |
The present invention also relates to a composition or kit for diagnosing brain
tumors, preventing brain tumors, treating brain tumors, or monitoring brain tumor

treatment progression, using UCB-MSCs.

20 BACKGROUND ART
It is known that stem cells migrate toward sites of pathology. Recently, it was
found that bone marrow-derived mesenchymal stem cells (BM-MSCs) have a tropism for
tumors and migrate toward tumor sites. Such BM-MSCs that can migrate to sites of
specific tumors may prove to be a useful tool in gene therapy. For example, BM-MSCs
25  having a tropism for tumors can be used as vehicles for transferring a therapeUtic suicide
gene to tumor sites [see Ponte A.L. et al., Stem Cells, 25, 1737-1745 (2005); Kahler C.M.
et al., Respir Res 8, 50 (2007)]. Despite this interesting phenomenon, the molecular
mechanisms regulating MSCs trafficking to tumor are unclear. |
Growing evidence over several years indicates that induction of BM-MSCs
30 migration seems to be stimulated by several soluble factors. Recently, monocyte
chemoattractant protein-1 (MCP-1) secreted from breast cancer cells has been shown to
stimulate BM-MSCs migration [see Dwyer R.M. et al. Clin Cancer Res 13, 5020-5027
(2007)]. Furthermore, chemokine ligand2 (CCL2) and chemokine ligand10 (CCL-10)

can induce the migration of neural progenitor cells to sites damaged within the middle
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gene to tumor sites [see Ponte A.L. et al., Stem Cells, 25, 1737-1745 (2005); Kehler C.M. et al., Respir
Res 8, 50 (2007)]. Despite this interesting phenomenon, the molecular mechanisms regulating MSCs
trafficking toXOrad194288Tficlear. Growing evidence over several years indicR€$/HR2GANdN of
BM-MSCs 30migration seems to be stimulated by several soluble factors. Recently, monocyte

h attractant protein-1 eted from bre cancef cel s ha been sh o stimulate
e BTl BT L TRNIC A S RO AP Hesere, Reot i eAmore.

chemoklr(@d@ﬁ)]dZAGMImEImQerQdmﬂdu@F:QLn@k in@r@@smtmgwemqm@gal
Crory oo NATBIP AR CH LR b (LB IR T HIGR 18-S ORBOE ALl growth
factor-1 ((mi)]ma'medmrn@rmwhﬂgem SIS a2 tovig thist M fespaiigRatisie dvente b MBigshem
i St or BGPTSR I SRS R ARET AR 5o o
damaged tlssueeenesﬁﬂf@@uaa@wmmmu&%@@r%m@seéarﬁss% iandvshandseaititgactivity.
T e B B A R T o fapagdor,of tood
Blochemg@h&%ﬁﬁ@i&@@&@@@ﬁ@ﬁ%@%@h@%@% RO M PabriEMTarTRYR IRRISISSINg
Molecuiaf AL L AH5 el 8bo EAREAT e BRI P BRI SC BTG SR RO
improve g, @Mb@@@m&@%@ém%&%@@%&t angbBMdMBirfapMRI aHEssIng
ohypertbPRISNASLESRME Bet oxe RS N AR s B HeEoK 400 da0Eo0.
2006], Bcl-2 gene-modified BM-MSCs prevent apoptosis and improve functions of heart
[see Stem Cells 25, 2118-2127 (2007)], and BM-MSCs overexpressing endothelial nitric
oxide synthase recovers the damage of right ventricular caused by pulmonary
15 hypertension [see Sachiko et al., Circulation, 114[supp! 1):I-181~1-185]. These resulits
indicate that MSCs to which genes are introduced can be u‘sed as a tool in gene therapy.
Meanwhile, in general, cells of the central nervous system are well regulated,
wherein the central nervous system consists of a brain and a spinal cord. However,
when this regulation collapses, cells are continuously divided and tumors are formed.
20  Tumors can be categorized as benign tumors or malignant tumors. The central
nervous system has neurons, and glia cells that support and protect the neurons.
Tumors generated in glia cells are known as glioma. Glioma accounts for 50% of
primary brain tumors and accounts for 15% of primary spinal cord tumors.  In addition,
brain tumors include neural tumors, blood vessel tumors, and gland tumors. There is
25 also a secondary brain tumor caused by other tumors developed in other sites of the
body. The secondary brain tumor is the most common type of brain tumor
Treating brain tumors are difficult due to the sites of the tumours. Brain tumors
can be treated by physical surgery or chemotherapy. For physical surgery, when tumor
sites are completely removed, complications are likely to occur.  For chemotherapy, a
30  high-concentration anticancer drug needs to be injected due to a brain-blood barrier, and
thus, it seriously damages other organs. Recently, gene therapy has been used to treat
brain tumors. In gene therapy, a gene is introduced for suppressing growth of cancer
cells by using a virus vector. Since the virus vector does not have a selective migration

capability toward a target cancer site, the virus vector is surface-modified to obtain such
2



indicate that MSCs to which genes are introduced can be used as a tool in gene therapy.
Meanwhile, in general, cells of the central nervous system are well regulated, wherein the central
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been dis¢losed, indicating that stem,cells can be 5useful delivery. media for treating Qrain tumors.
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an apophosis promoting gene, a pro-drug converting enzyme, an oncolytic virus, etc.
Brown et al. identified that brain tumors can be effectively treated by injecting a cytosine
deaminase gene-containing vector into the brain, wherein the cytosine deaminase gene

15 changes 5-fluorocytosine (5-FC) into 5-fluorouracil (5-FU), wherein 5-FU is an anticancer
drug and 5-FC is a prodrug of 5-FU (see Brown AB et al., Human Gene Ther. 14(18),
1777-1785, 2003). Ehtesham et al. reported that growth of brain tumors was
decreased by injecting neural stem cells treated for deIiVering interleukin-12 or a tumor
necrosis factor-related apoptosis-inducing ligand (Cancer Res 62, 5657-5663, 2002;

20 Cancer Res 62, 7170-7174, 2002). However, using neural stem cell in clinical
experiments causes ethical problems related to how neural stem cells are taken, and
immunological rejection caused by allogenic transplantation. Accordingly, there is a
need to find other types of stem cells that do not cause these problems and can be easily
obtained.

25 Akira et al. disclosed that BM-MSCs have a tropism for brain tumors (see Cancer
Res 65(8), 3307-3316, 2005). BM-MSCs can be taken from patients. When
BM-MSCs are injected through autologous transplantation, immunological rejection does
not occur, which is an advantage for a clinical use. In a study, human BM-MSCs were
injected into nude mice having skulls transplanted with human glioma cell lines through a

30 carotid artery. As a result, the human BM-MSCs were found only in glioma and not in a
normal part of the brain adjacent to glioma. In addition, even when human BM-MSCs
were transplanted into a skull, human BM-MSCs migrated toward glioma. When
human BM-MSCs were infected with an adenovirus vector containing cDNA of an

IFN-beta gene and then the resultant vector was injected into a glioma-transpianted skull
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cells trafficking to tumors are unclear. It is known that neural stem cells have a tropism for a type of
brain tumor, that is, malignant glioma. Based on this theory, research into a method of transferring
genes to a B¥ARMI3¥SRe by using neural stem cells that function as a ve IETEkRBBHEOHducted
(see Yip S et al., The Cancer J 9(3), 189-204, t02003; Kim SK et al., Clin Cancer Res 12(18),
5550-5556 20({)&)9 Yip et al, found that brain tumors can be treated with neural stem cells carrying an
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15 present specification are incorporated by reference in their entity. Also, all the
information disclosed in the present specification is used only to help understanding of

the background of the present inventive concept and cannot be prior art.

DETAILED DESCRIPTION OF THE INVENTION
20 TECHNICAL PROBLEM
Target gene therapy recently developed uses specific migration characteristics of
mesenchymal stem cells (MSCs), in which therapeutical genes are introduced to MSCs
and then the resultant MSCs are migrated to a disease site and the disease is treated.
To develop gene therapy using tropism of MSCs, a molecular mechanism regulating the
25 migration of MSCs toward tumors should be completely understood. However, the
molecular mechanism has not yet been determined. Accordingly, the present inventive
concept is to find out the molecular mechanism of UCB-MSCs migrating toward a tumor
cell and uses the molecular mechanism in gene therapy.
Although research into whether brain tumors can be treated with neural stem cells
30 or bone marrow-derived mesenchymal stem cells (BM-MSCs) are being conducted,
collecting neural stem cells and BM-MSCs may lead to ethical problems, immunological
rejection, and mental and physical stress of a subject from which BM-MSCs are taken.
Accordingly, the present inventive concept also provides a stem cell that can be taken

without these problems described above and have better tropism for brain tumors.
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of a nude mouse through a carotid artery, the lifetime of the nude mouse was increased.
WO007/037653A1 discloses a composition for treating cancer, comprising BM-MSCs expressing a
cytosine dedYRIRAQUIZRKT8. In this case, however, since BM-MSCs are take®€Hra&RFa0&/ M ity of
complex processes, subjects from which the BM-MSCs are 5taken suffer from mental and physical
stress for a long period of time. Accordingly, there is a need to find other types of stem cells. Unlike
bone marrow, umbilical cord blood (UCB) having many MSCs can be easily taken from umbilical cords
which are discarded in delivery processeFFG$NIOAIVSBISLrRON industry is well established and
thus, itis easy t gnd donors. Eyen when to MSCs taken from other human-induced UCB are used,
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ADVANTAGEOUS EFFECTS

Umbilical cord blood derived mesenchymal stem cells (UCB-MSCs) in the
composition according to the present invention has a selective tropism for cells that

20 express |L-8 or GRO-a and thus induce the tropism of UCB-MSCs or brain tumor cells.
The tropism capability of the UCB-MSCs is better than that of other stem cells and thus,
therapeutical genes or a product thereof can be more effectively delivered than when
other conventional stem cells are used. Accordingly, a pharmaceutical composition or

a kit comprising UCB-MSCs according to the present invention can be used to diagnose,

25  prevent, and treat diseases related to cells expressing interleukin(iL)-8 or GRO-a or

brain tumors.

MODE OF INVENTIONS
The inventors of the present invention have studied stem cells having an effective
30  tropism for tumors, and surprisingly found that umbilical cord blood-derived
mesenchymal stem cells (UCB-MSCs) have a strong tropism for brain tumors,
specifically a stronger tropism for brain tumors than bone marrow-derived mesenchymal
stem cells (BM-MSCs), which has never been known before. Also, the inventors found

that interleukin (IL)-8 or GRO-a relates to the tropism of UCB-MSCs.
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WO 2009/028870PCT/KR2008/005026 TECHNICAL SOLUTION The inventors of the present
invention have conducted research in order to solve these problems, and found that mesenchymal
stem cells iSBRAANABE Wmbilical cord 5 blood and/or the mesenchymal stebf BEdR280818(1392@ from said
mesenchymal stem cells (UCB-MSCs) have a tropism for brain tumor cells and that UCB-MSCs have
a stronger migration capability than mesencté?/mal stem cells isolated from bone marrow and/or the

mesenchymal steREJBNEREQ5E C9attrRd MG BiMBRsrsnddenmseniptive iumeicss|l ¥aestentors
have provigtastisy thRsrRcIeisNicaRIT IFRIIBB I BRUTEUAICE HAN ¢§ikihe HIRM R Hose ifsgrthe

inventors of the present invention found the tropism of UCB-MSCs is affected by interleukin-8 (IL-8) or

GRO-a. E2biNss thiSkReificplincUGR-MSS vrand prasalasiachifomdivias sraistener erlliiaang a

therapeutialigeeIos 2 MOILRHBEERE0 elbBbRsPRePISA el cGitier2anfiiBdicgsdge tropism
of UCB-MSCs, 15and a therapeutical application thereof. ADVANTAGEOUS EFFECTS Umbilical

cord DlookSrdrfddd MeveRdB raparsHe ucASENGISE dnpvasesdibrpplasbiNAbadRIng aaatécpresent

invention Eascaeiqive SIS X TO!IRIRAILAY eXRRICEl hersatHus AB4dNERdNEIlGS: Bsnikapism
of UCB-MSCs or brain tumor cells. The tropism capability of the UCB-MSCs is better than that of other

stem cellSShANRSUh a3 FLGIER G veare co-sibired i Alirpawel sharabarde megsyssvarkilitian

when othgf crTBEVISTR! Stexs aalksafe ivaRe W@mlw@omm@%@s@%ﬂ%&g&m& kit
comprisinﬁ UCB-MSCs according to the ?resent invention can be used to diagnose, 25prevent, and

treat dises8¢ MfatddN B 438 addirpihralisuniviol peedrreindumer sedtm (RaadrlGS. 3 and 4).
10  UCB-MSCs also had tropism for a conditioned media that did not include U-87 MG cells

and was obtained by culturing U-87 MG (see FIG. 4).

Also, the tropism for a brain tumor cell line of UCB-MSCs was compared with that
of BM-MSCs that is currently used as a source of stem cells. As a result, it was found
that UCB-MSCs have a stronger tropism for a brain tumor cell line than BM-MSCs (FIG.

15 5). Also, the chemotactic index of UCB-MSCs was largest with respect to the brain
tumor cell line arhong various cancer cell lines (FIG. 6). Such a high chemotactic index
with respect to the brain tumor cell is an additional advantage of UCB-MSCs, in addition
to the fact that UCB-MSCs can be obtained more easily and have more immunological
stability than BM-MSCs, proving that UCB-MSCs are a very suitable medium for gene

20  therapy of a brain tumor because a therapeutical gene can be efficiently transferred to
the inside or neighboring portions of the brain tumor.

The tropism of UCB-MSCs in the transwell chamber may be derived by cytokines
that are derived to be secreted in the co-culture of two cells. Thus, two cells were
co-cultured in a transwell chamber to prepare a medium and then, the medium was

25 analyzed using the cytokine array. As a result, it was identified that high levels of
cytokines, such as IL-8 or GRO-q, were secreted in a medium in which UCB-MSCs and
U87 MG had been co-cultured (see FIG. 7). Accordingly, it is highly likely that these
cytokines may derive a tropism of the UCB-MSCs..

The inventors of the present invention cultured UCB-MSCs alone, cultured U-87

30 MG alone, and co-cultured UCB-MSCs and U-87 MG, and then analyzed IL-8 mRNA
levels of these cells using RT-PCR. As a result, UCB-MSCs did not express IL-8 in
either the presence or absence of U-87 MG cells. However, U-87 MG expressed IL-8
constitutively in both the presence and absence of UCB-MSCs (see FIG. 8). Treatment

of UCB-MSCs with IL-8 significantly enhanced its migration when compared to untreated
6



MODE OF INVENTIONS The inventors of the present invention have studied stem cells having an
effective 30tropism for tumors, and surprisingly found that umbilical cord blood-derived mesenchymal
stem cells (VORBNPECEAave a strong tropism for brain tumors, specificallyRE S(FIRRYES/BP2M for brain
tumors than bone marrow-derived mesenchymal stem cells (BM-MSCs), which has never been known

before. Also, the inventors faund that interleukin (IL)-8 or GRQ-a relates tg the tropism of UCB-MSCs.
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lung cancer cell line such as A549, and a liver cancer cell line such as PLC/PRF5 were co-cultured in
a traﬁswé‘hrgh%&%i
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FIGS. 3 gnd 4). loUCB-MSCs also had tropism for a conditioned media that did not include U-87 MG

cells andiﬁz%’ Beshdaei§ ARG R siogHiraatditerarses) in UCRMS{e migiationdnLuliesumor cell
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cells. As a rg?ég,fié%\/ﬁs found that UCB-MSCs have a stronger tropism for a brain tumor cell line than
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B e e e e,
the brain tumor | itional advantage o - s, in addition to the fact that | - S
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gene ca (eeefafilceiﬁ?cglr)/at{s?é] rsrﬁ%gggré% IL-8 secretion level in various glioma cells. All tested

glioma cell lines which were target cell of UCB-MSC tropism also showed high secretion

15 level of IL-8 ((B) of FIG. 10). This data suggested that UCB-MSCs had a strbng migration
attraction toward IL-8 secreting cells. In order to identify this, IL-8 was artificially
overexpressed in A549 that is a low level of IL-8 expressing human lung cancer cells and
then, A549 overexpressing IL-8 and UCB-MSCs were co-cultured. As a result, it was
fbund that although the UCB-MSCs had a poor migration attraction toward A549,

20 UCB-MSCs had a strong migration attraction toward A549 overexpressing IL-8.
Therefore, IL-8 could be a strong inducer of UCB-MSCs (see FIG. 10C).

The inventors of the present invention compared migration characteristics of

BM-MSCs and UCB-MSCs with respect to U-87 MG cells or IL-8. As a result, it was
found that UCB-MSCs migrate more strongly toward U-87 MG cells or IL-8 than

25 BM-MSCs. UCB-MSCs migration is enhanced dramatically in response to IL-8
treatment, but BM-MSCs migration is weak in response to IL-8 treatment (see FIG. 11).

Expression levels of CXC chemokine receptor 1 (CXCR1) and CXC chemokine

receptor 2 (CXCR2) in UCB-MSCs and BM-MSCs were compared by measuring mRNA
and protein (see FIG. 12). RT-PCR analysis using total RNA isolated from UCB-MSCs

30 and BM-MSCs reveal that the PCR product of both CXCR1 and CXCR2 has a higher
intensity in UCB-MSCs when compared to BM-MSCs.  In regard of protein expression
of CXCR1 and CXCR2, CXCR1 and CXCR2 are highly expressed both in UCB-MSCs
and BM-MSCs. Since IL-8 has a high affinity to CXCR1 and CXCR2, increased



the inside or neighboring portions of the brain tumor. The tropism of UCB-MSCs in the transwell
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UCB-MS S IG. 8). Treat of U Cs, with IL S|g ific enhanced its migration when
compbrod T\ RHEATAD SHES SO0 BB RS S RS R (o ) o S S TR
when UCB}MWWWRW@@SWWM@M&@@EPI%wﬁb&@g’s‘ﬂ&%@ﬁ?ﬁ#{@@?ﬂ?@d to
IL-8 ant IL-8 was appli MSCs, JL-8 mediated migration o
DCBMO R elfoec D dBSUG AR eeMBG 3o Biigies et RISpHPHES spts
Anti-CXCR2rteitoent edsobehrramsidhesaneaieicRitilysGRERAgatment also enhanced
UCB-MSCs migration when compared to untreated UCB-MSCs ((C) of FIG. 9). In contrast, there were

no significant differences in UCB-MSCs migration in cultures treateq with MCP-1 ((D) of FIG. 9). This
dataiindicates thBaded omthie Réuitp alsisipiied ablve; MEGrasiialine itioa @ idisd i'a aRltpod0The

co- relat|0n§ prgnS%w&enegnéhgeeggné:re&t{) ttlj%?t felrlég;f %g %r%telfieb pree%Csrl]n%alnLC%ror GRO-a by using
UCB-MSCs. The present invention also relates to UCB-MSCs containing a
therapeutical composition for transferring a therapeutical or marker gene or a product
thereof to a cell that expresses IL-8 or GRO-a and drives tropism of UCB-MSCs. The

15 present invention also relates to a therapeutical pharmaceutical composition, a kit, a use
for preventing or treating brain tumors, and a treatment method of brain tumors, using
UCB-MSCs. The present invention also relates to a composition, a kit for diagnosing
brain tumors or monitoring the progression of brain tumor treatment énd a diagnosing
method of brain tumor or monitoring method of the progression of brain tumor treatment,

20 using UCB-MSCs.

Specifically, the present inventive concept relates to:

[1] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC;

[2] a pharmaceutical composition for preventing or treating brain tumors, wherein

25  the pharmaceutical composition comprises a UCB-MSC, wherein the UCB-MSC
functions as a carrier for gene therapy for brain tumors;

[3] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC;

30 [4] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an
angiogenesis inhibitor gene;



cell and UCB-MSCs migration was measured. As a result, U-87 MG, which migrated the highest
concentration of UCB-MSCs, showed the highest IL-8 production (FIG. 10A). The inventor also
measured |W® 38¢48E¥T0evel in various glioma cells. All tested glioma cell RGESBANB/ WeFotarget cell
of UCB-MSC tropism also showed high secretion 15level of IL-8 ((B) of FIG. 10). This data suggested
that UCB-MSCs téj:ld a stro %Eaﬂtlon attracEE goward IL secret pel In order to id nt  this,

IL-8 was artificial gV%tIJg g‘gg ABIPOPIYOD 100 RI Y e Ol F@mmﬂia‘?ﬁu Rer
cells and therphfamweheabmﬁp@mea aomu@mmm@mﬁwﬁrﬁaﬁ\ammﬂgm iund

that although the U S oor, m| ration ction toward A5 CB-MSCs had a
strong mlgnga?on Ex zﬁ:t%n %&%@ JBgx x&'?gs%r‘iat MOr SO I8 Cég (R W96ng inducer
of UCB-Msappressof-g@né)an. apoptbsisriveloting ¢ ther g@sena icat bjioke cogUIAIST Guaiationd an
characteristics of BMTMS@EA?M UCB- SCs é&%res ect to U-87 MG cells or IL-8. As a result, it was

found that UREEERISE'S IRYRIRT HBRS W ﬁéﬁ}"{ B SURRISSI FaDes Ry Pesslackad From

UCB- Msmm@mmmsnhgm@ghamaflpahsphmmmttBHslﬁ Heaioreg (T RV dVifee Brigration
is weak i "M onse to IL 8 nt (see é)éﬁé?'fﬂ ressmn levels of CXC chemokine receptor

1 (CXCRYAIEREDN r c@pﬁ?rnf gmf MRII8RE &R PERIRIAred by
measuring gﬁNbfeBnd:slneiela geee BIGnHIBtOR f RiBRO Ay adysis INCGI4RtaldeNé dF@aieilifi0Oa'gene

UCB-MSC and BM-MS(Cs re hat the P R rod cto CXCRL1 and CXCR?2 has a higher
intensity .nﬁ&ﬁ%&% e %S%Hﬂ}éﬁf&wm Sl ?%m )pl%ﬂa‘?ﬁ‘% FRUIBh3APIEIR1 and ,
o hioh aifinty to e R0 00 Ilte}02887OPC KR Ogg;\g(?SCOSZGSSCCIeBl:\_AggaS
high affinity to and C increas O 2009 [ S
igration towar U SAETRER e SETPUB BN IR ARATIER0 Oh T RS REUHHBRERINCTo e
inventorstbétpbarraaeeutroaémnnwlmeedeEB@ImemM?mr%ﬁwEm @l@mrtemaggﬁﬁfénlf
fluorescen tein s. As a result, jt was found. 5 t was successfully
mtroducedttaﬁ)n exr?ﬁgssezd? p@gb&gq}@ﬁﬁ%n?}‘ r\“@ W@?ﬁz&%&@ ﬁ%ﬁﬁg?%&r@?p‘? dU510 the gene
coding GE@pales davgemtromisap dptdsis- IN@IcQBEQEfEdﬁJrbéhéla?bewéyﬁlﬁffbgmélt‘@wlé@ﬁel\/bﬁﬁsaw

f d b ferred ting IL- 8 GRO-
omad G HEIRR R (R M AR e R sy be™ 0%

selected from the group consisting of a gene of cytokine, a gene of interleukin, a gene of

a tumor necrosis factor (TNF), a gene of interferon(INF-a, INF-8, INF-y), a gene of a
“colony stimulating factor (CSFs), a gene of p53, a gene of Apaf-1, a gene of TRAIL, a

gene of Caspase, a gene of Bax, a gene of Bad, a gene of FADD, a gene of JNK, a gene

20  of p38 kinase, and genes of proteins regulating these genes;

[7] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an

25 angiogenesis inhibitor gene, wherein the cell cycle regulatory gene may be selected from
the group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a
gene of cdc25C, a gene of p21WAF, a gene of p16INK4, a gene of CDK(CDK1, CDK2,
CDK4, CDK®), a gene of Rb protein, a gene of E2F, an antisense or SiRNA thereof, and
genes of proteins regulating these genes;

30 [8] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an anti-tumor gene is
introduced to the UCB-MSC, wherein the anti-tumor gene is selected from a tumor
suppressor gene, an apoptosis-inducing factor gene, a cell cycle regulatory gene, and an

angiogenesis inhibitor gene, wherein the angiogenesis inhibitor gene may be selected
9



of transferring a gene or product thereof to a cell expressing IL-8 or GRO-a by using UCB-MSCs. The
present invention also relates to UCB-MSCs containing a therapeutical composition for transferring a
therapeuticVOr2603(a88 Yene or a product thereof to a cell that expresses IPETOKRARBLYNHECE drives
tropism of UCB-MSCs. The 15present invention also relates to a therapeutical pharmaceutical

compositjon, a kit, a use for preventing or treating brain tumors, and a treatment, method of brain
tamors, SRy D BRSSO RIPACLA GRS Rl QD RSERBORS b ChARERIFN IO AR R ing

brain tunggiaieistatinitarjend o fsaseatinmQjdieiofvartdtire A igens afdsstagngsiwdonathod of brain
tumor or monitoring methqd of the progression of brain_tumor treatment, 20 using UCB-MSCs. :
SpecificHRSGHIAL RAARINFHRL drowth IUBIAL A dens of mespin, a.0ene s angIcRRiRiesich dene
preventing 96 ikeRbrddoRITiaGRoEnt VaiRl & yEie Ridideeepéitia; composition comprises a UCB-MSC;

[2] a pharmaceuytical composition for preventing or treating hrain tumors, wherein 25 the )
pharimaceuticallSbBHaNBACSHHEALERMAGEHORtoF PSS R SERRAR A ABRES A YRS Rer for

gene thegiapp FrairPrade (iticrl'somposRich ItRApases BCOCBINS SRR R 8 YROURIESFRaTagorain
tumors, wherein the pharmaceutical co E(ﬁ&iﬁéﬁ&g@_prises a UCB-MSC, wherein an anti-tumor gene
is introd (Y PBRAETR-IE e ]t%%] artfacetitival composition for preventing or treating brain

tumors,dwhe(rjeiqﬁgpaobﬁammé@amgéc@mwg@mmﬁdg@?tﬁésg‘};g/meiﬁifummtimmmene ~
Is introdyced to the UCB-MSC, wherein the anti-tumo is selected, from a tumor suppressor
gene, art 36 BOBRTERRHIGAL B SUAB CPRMT 55 U ARE o e i I AR SRRt iRt bitor

geng; \EpAHAB/GERE 19 R{trbdiiiedds/Bp UB-MS] wirhieimens plicaheg crnsitng enayenenting or
treating brain tumors, wherein the pharmaceutical compgsijtion comprises a UCB-MSC, wherein an

| : s
anti-tum&eGEne REIRtis Eegueriosine BeRBRaRM A nCQtP(E 2Ril-85A8r gene is selected from a tumor
SUPPressor gen, 1/ phepinsie Uit serRUstioRer prevlrisldeuiing aaneLMers wherein

AN R Aacaulical Compostion compress A B ER R atels ar antisonss or SIRNA
of a gene related to a brain tumor is introduced to the UCB-MSC;

15 [12] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an antisense or SiRNA
of a gene related to a brain tumor is introduced to the UCB-MSC, wherein the gene
related to a brain tumor may be selected from the group consisting of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,

20 agene of Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein 1
(WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of Erk-1,2
and a gene of BclL-2;

[13] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an oncolytic virus is

25 introduced to the UCB-MSC; |

[14] a pharmaceutical composition for preventing or treating brain tumors, wherein
the pharmaceutical composition comprises a UCB-MSC, wherein an oncolytic virus is
introduced to the UCB-MSC, wherein the oncolytic virus is selected from Herpes simplex
virus and Reovirus type 3;

30 [15] any one of the pharmaceutical compositions for preventing or treating brain
tumors described above, wherein the brain tumor is selected from the group consisting
of Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma,
Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma,

Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve Glioma, Acoustic
10



the group consisting of a gene of phosphatase and tensin homolog (PTEN), a gene of Maspin, a gene
of RUNX3, a gene of Caveolin-1, a gene of nm23, a gene of Rb protein, a gene of Brush-1, a gene of
inhibitor of tHAGOEIETYING-4), a gene of survivin, a gene of X chromosoR{ETIR&$AINTI6r
apoptosis protein (XIAP), a gene of neural apoptosis 10inhibitory protein (NAIP), and genes of proteins
regulating these genes; [6] a pharmaceutical composition for preventing or treating brain tumors,

wherein tRes QRHTR2CHHIERNR TS I RS CrarilpRaPgionhe IReraanydbldBteraene is
introduced to the UCB-MSC, wherein the anti-tumor gene _is selected from a tumor suppressor gene,

an apoptd4rIpiphiagianaoManiagioma; Bieraldymansy Rt ntHmeis dli¥gesis inhibitor gene,

wherein thg arReRiRdeR TSR ISHEIETURROTS eSER ERRDHRE, QYR CREeSIFAéfhatasre of
cytokine, a gene of interleukin, a gene of a tumor necrosis factor (TNF), a gene of interferon(INF-a,

INF-8, INESBULQJURObLL e Rl iR&iRYS REIGTPESFs), a gene of p53, a gene of Apaf-1, a gene of
TRAIL, a gene gf{GpaRasApadifee for BrigrrogRitephRatinfoss Be wbhAdHAgbesine @hdNK, a gene

200f p38 kinase, and genes of proteins regulating these genes; 7].a pharmaceutical composition
24

for prevedtiRBERERIRY ERsitNUNRS LRSS TROSHIATACHARS, BB comprises a
UCB-MSC, whergir] ancaribbsiiondenaisghsilyasaiin thad/S BrMdRitavhey eimtheuwnsrtumor gene is

selected from a tumor suppressor gene, an apoptosis-inducing facto a cell cycle regulatory
gene, andSADE T RIRYERSIO0 IHISTEI YS-CHMERSTHARATEN ISR HEGRTHGG GRErRiy R selocted
frgm the wwm&f@@img@a gﬁneapﬂgmamg@ngmé@y?lin(CycIin A, Cyclin D, Cyclin E), a)gene of
cdc25C, a gene of p21WAF, a.gene of p16INK4, a gene of CDK(CDK1, CDK?2, CDK4, CDKG6), a gene
o1 Ribprote. a EE SE3ROSION 0GR RTE DR BAFTS A GORIO TR I LU ating these
genes; 3Qf8hematr prageedisiane avhieesii andaaphpveititiyinciidating WCBINISO) whefereinghe
pharmaceutical composition comprises a UCB-MSC, wherein an @\rét{i)—éumor Eege is jntroduced to the

UCEMSUGHMSH Reheler WP Gore Rl BaTEr WErRE: B iriesiabin miarkfr i

apoptosissileadiaei Nidrase-eehaiiting edpiasbacea faistestenpirtebrsiaifthiRitor gene,
wherein the a@%i(f)&enesi_s inhibitoh%ene may be selected WO 2009/028870PCT/KR2008/005026 from
|

the groupPEErAg PLZR 8RR BARARPBAHNES 2 gene of endostatin, a gene of tumstatin, a gene
of capstatin, a g¢rg) ahyasielior theeoenpbiiitns dgyelisgpiodivigsstial rRitoiSJahgitivaling bkiiar, a

gﬁgﬁ;ﬁﬁﬁf&ﬁ% e rrogi SRl B NS Bt oo To s Rs Horntha grosy”"
consisting of Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic
Astrocytoma, Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma,
Subependymoma, Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve

20  Glioma, Acoustic Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma,
Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors,
Primitive Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts,
Neurofibromatosis, Pseudotumor Cerebri, and Tuberous Sclerosis;

[20] a kit for treating brain tumors, including: an expression vector having a
25  prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug;
[21] a kit for treating brain tumors, including: an expression vector having a
prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug,
wherein the prodrug converting enzyme gene is selected from a cytosine deaminase
gene and a CYP2B1 gene;

30 [22] a kit for treating brain tumors, including: an expression vector having a
prodrug converting enzyme gene; an UCB-MSC; and an prodrug of anticancer drug,
wherein the prodrug converting enzyme gene is selected from a cytosine deaminase
gene and a CYP2B1 gene, wherein the UCB-MSC is transfected with the expression

vector having a prodrug converting enzyme gene;
11



5[9] a pharmaceutical composition for preventing or treating brain tumors, wherein the pharmaceutical
composition comprises a UCB-MSC, wherein a prodrug converting enzyme gene is introduced to the
UCB-MSC; WO 20910388Harmaceutical composition for preventing or treatin@@ GFARIMOLS¢herein the
pharmaceutical composition comprises a UCB-MSC, wherein a prodrug converting io enzyme gene is
introduced to the UCB-MSC, wherein the prodrug converting enzyme gene is selected from cytosine

deaminase and R¥PABLGRNEE the Kild Hagdiietesbovisphvt@myinshiobriainfenenigededtedtingnrain
SIRNA o e SRR B B LR AR A LBl Ao IEB A Sy SArEA AR HA Bucal
com IOQSitiQﬁafpraBtR)/Aeti@@)itbtf\%atﬁll@ab(amdmam_lﬂmmmmm%maﬁﬁuﬁml Epenﬂwi’iim’na,
iroduced BRHESE T CARGTBRTHE R R (0 NP RO B B GURIELNRENE e
group coriiiging, Keogstic Netamfatioroans INSLympragne, € riiocplyeryngidbenaB-1, a gene of
AR SR A TERRRE R A KRS
Erk-1,2 apsimigesdNeiibedctidermal IR)ragsa Rivatridid Al womso Stowéomoreee Ciyglsor treating brain
25 ntroc el By R oe a0 I CLERIAEBEN CAPSCISRRBI R preventing or neating brain
tumors, wherein[ti afyemattrstiog composition fopirarisfsring GRAYISPe wivalege re onprgiclirus is
Reclius 3! SR SF LS 1 I G R BN 0 BORP UGS UGPB A (R o AT Brain
tumors debertedexpovesaeibrSitH@ROamN dnthavdacesaobpisiroof the YOBIMSBASisting of
A L e e e e
Oligodenttiegdionta, =il Weeveittioergemecthetipy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces tropism of the UCB-MSC, wherein the
15 UCB-MSC function as a carrier for gene therapy;
[26] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC;
20 [27] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected
from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
25  a cell cycle regulatory gene, and an angiogenesis inhibitor gene;
[28] a gene-treating composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected
30 from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
a cell cycle regulatory gene, and an angiogenesis inhibitor gene, wherein the tumor
suppressor gene may be selected from the group consisting of a gene of phosphatase
and tensin homolog (PTEN), a gene of Maspin, a gene of RUNX3, a gene of Caveolin-1,

a gene of nm23, a gene of Rb protein, a gene of Brush-1, a gene of inhibitor of tumor
12



WO 2009/028870PCT/KR2008/005026 Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma,
Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors, Primitive
Neuroectod®h07(93%878, Rhabdoid Tumors, Schwannoma, Cysts, NeurofR3KR8$80B8udotumor
Cerebri and Tuberous Sclerosis; 5[16] a composition for diagnosing brain tumors or monitoring brain
tumor treatment progression, wherein the composition includes a UCB-MSC; [17] a composition for

dialg réosi@&éninaegtéo@,;ﬁ gm@rtl@fiegrbmm wgu‘ﬁ%relamnrtlamggméimmeittt@wmmﬁtion
includes a UCB-M wherein the UCB-MSC is labeled with a detectahle marker; 10[18]
compositfbrm%'lno(iéb%%ﬁ R RRARIRRIR AR AR RIS ﬁ@)ﬁﬁf?fg Sr°wherein the
compositigipisirisdegdata these genesin the UCB-MSC is labeled with a detectable marker,
wherein the dett—i: ble markﬁr is selected from Ifucigeras%contairi'n enz ﬂwe-based fluorescent
detector and Ta %%pﬁi@@-%?\%@d%%é‘f@h [HRGELNG & H@?@Wﬁ ‘éa6pﬁféec%rn9[58éﬂl ns for
diagnosingémesh tozees owhereiio ting deais thenapyreampositivndnehsiizs avDGBHMSBE brdiereimor is
selected from the group consisgin trocytoma, Pilocytic astrocytom -qrade Astrocytoma,
Anaplasti RS ATTARSER Dt A AR e AR S A DB SR eI an
Subepengyjtidinge CgeTdi @ ritrotacd iethe DB MI Qodeedsig ivenantPrimdigareis Sdiectad
Acoustic Neurgma, Chordoma, CNS L homa, Cranio 15,%&/8” ioma, emanﬁﬁijpblast

r

ViedullobEQ e GFoHR SRSt GLR Fimer SUBRIESSS S TR A
RhabdoidaTeen@it| S ebydaturnge hysihd\av enfgioyeatesisinRistargenanidendin thad Tuberous

B A B s B R R SRS P58 B o
treating begtokinepesgmutuoingtenie eixipres gone/of totumupmaeserpsisifagtoo (Vifi) aeyeryenef gene; an
setected TR BN hetAN Pl U SS O B YT 16T et B Eors.
including p&3 cxpression Apafor, aygingesop MRAIY, cogeerting Cazpasegeaysrmnd) BBx\ViSgemmdfan:
Goamina i ORI £ LR GRRES (AN eV B KT AL U T S
vectyy hamiguiatingdhegegarassng enzyme gene;
[30] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected
20  from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
a cell cycle regulatory gene, and an antiogenesis inhibitor gene, wherein the cell cycle
regulatory gene may be selected from the group consisting of a gene of cdc2, a gene of
Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of cdc25C, a gene of p21WAF, a gene of
p16INK4, a gene of CDK(CDK1, CDK2, CDK4, CDKB8), a gene of Rb protein, a gene of
25  E2F, an antisense or SiRNA thereof, and genes of proteins regulating these genes;
[31] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
anti-tumor gene is introduced to the UCB-MSC, wherein the anti-tumor gene is selected
30 from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene,
a cell cycle regulatory gene, and an antiogenesis inhibitor gene, wherein the
angiogenesis inhibitor gene may be selected from the group consisting of a gene of
thrombospondin-1, a gene of endostatin, a gene of tumstatin, a gene of canstatin, a gene

of vastatin, a gene of restin, a gene of a vascular endothelial growth inhibitor, a gene of
13



WO 2009/028870PCT/KR2008/005026 [23] any one of the kits described above, wherein the
brain tumor is selected from the group consisting of Astrocytoma, Pilocytic astrocytoma, Low-grade
AstrocytomadV ARYUINAZRT Nstrocytoma, Glioblastonna Multifornne, Brain SteRCGERHYSPH36ymoma,
Subependymoma, Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve 5 Glioma,
Acoustic Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma, Hemangioblastoma,

Medulloblagiepid, Agenrotdriaibihotetingagsnlidfit®kd pretsstiRfragiveMedreratgeagddl Tumors,
Rhabd0|d Tu ors, fchwannoma Cysts, Neurofibronnatosis, Pseudotumor Cerebri and Tuberous
Sclerosis® re[@g 'gene therapy composition for transferring a therapeutical gene or product la

thereof to a cell, [BRFsag Hectberp nesaOBIDATEIRaNSRIndeG atﬂ@ﬁﬂ\éﬁﬁ‘ea{\/@érﬁr@ﬂm@@kt
expresses IL-8 or GRO-a and induces tropism of the UCB-MSC % % ne therapy composition

for transfdNRi§e] tR& S58uNeGin s 9588 JB?fﬁQVeﬁ??&peQ%'@f?%%lr‘Qﬁ 1R YRR 2N e D osition
includes aHéCoBH\é&%]eelﬁ@samw@I?@xargﬁdaﬁdu&@@%@mmueﬁ»m[m?némm ah
UCB-MSC erein the 15UCB-MSC functipn carrier for g 26] a gene therapy
composnlBFP Pﬂé‘x%&?ﬁ'@%ﬁ?@f%ﬂﬁ% 'aéﬁg@ 6&@?&% ell, wherein the gene therapy
composition InclWﬁ@tﬁ%y@momemwramemmg.a&m@mmargbn@mq;‘rcbmmsm of
the UCB-MS erei nti-tu introduced to the UCB- e therapy
compostIITEP & EF Y PGS HERF JLRIAGY STHRE BT B R VST erapy
ComDOSItlmeleeluésepreslé&BrMSGr GROeNhe rrilessraseasismbPtHeRICB-MBIONMraeiA Bopism of
the UCB-MSC, wherein nanti-tumor ene.is.introgduced. to heg,l PPééSgC herein hea ti-tumor
gendls sAERGEUHINAEBRERYOMR ﬁH&&ﬁQ BPRA iR R08s Pﬁ >dn vﬁ%{%& ‘?rl%ﬁ? HiPfactor
gene, 25z6alieNtg epyrio YR, suldaedingindnsetisuplibisisgagef cytdsiibaleandriseating

composition for transf therapeutical gene or product thereof to a cell, wherein the gene therapy
composnlgﬁqﬁc?un?n% §YPC,9§ herein the cell expresses IL-8 or GRO-a and induces a tropism of

the UCB-MSC, v[/sma]rel@aneammpmcgapeéaiﬁmfmummmmgmm@ummw@mﬁducnor
geneiss Ofrom rou S|st|n of a tumor sup fessor ucmg factor
gene, a ci*"le ?e%&%q[ )}%éﬁ(g @W B%ﬂ@%&&g‘ﬁfﬁ?‘ o 51&]1 %ﬁ%f@% Bressor
genesmaﬁﬂrmwlemtpcéﬁges tllleagml@REmIandgrm‘Lmesmmm&m&mwmnlw
(PTEN), a_gene of Ma of RU enge of Cave in-1, a geng of n iene of Rb

- ﬁ&%?%ﬂi?@@%jﬁe%’]ﬁﬁ %?ﬁff& Figmoris in roduceag% %e uHIﬁmé@

protein, a

[35] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an

20 antisense or SiRNA of a gene related to a tumor is introduced to the UCB-MSC, wherein
the gene related to a tumor may be selected from the group consisting of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,
a gene of an Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein
1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of

25  Erk-1,2 and a gene of BcL-2;

[36] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene-treating composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein an
oncolytic virus is introduced to the UCB-MSC;

30 [37] a gene therapy composition for transferring a therapeutical gene or product
thereof to a cell, wherein the gene therapy composition includes a UCB-MSC, wherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein a
oncolytic virus is introduced to the UCB-MSC, wherein the oncolytic virus is selected -

from the group consisting of Herpes simplex virus and Reovirus type 3;
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WO 2009/028870PCT/KR2008/005026 growth (ING-4), a gene of survivin, a gene of X chromosome
linked inhibitor apoptosis protein (XIAP), a gene of neural apoptosis inhibitory protein (NAIP), and
genes of prdY&R80UeAsRng these genes; [29] a gene therapy ompositiBHdR2a¢%85MR Y a
therapeutical gene or product 5 thereof to a cell, wherein the gene therapy composition includes a
UCB-MSC, wherein the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC,

wherein an anti-{g@ios geRfpSsilBRYFakEh BYnd GRiHseWReIRIAGR AURKL GiRgeiTsplsicted

from the group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene, a cell cycle

regulatory YEHEO I IGR Sﬁfg‘yﬁ&ﬁsﬁiﬂfbﬁgtﬁeﬁ@%ﬁ%rﬂﬁ?ﬁ@’i‘oﬂ&?ﬁﬁmﬂgﬁwwdfﬂﬂl‘fé@ﬁ)?gene

may be seJ@ReM8aviherginuheeshiskpecetaine 6f GROIGaRIdREaIIRIerRism. of Brne of a
tumor ne;q&sés factor (TNF), a gene of interferon(INF-a, INF-13, INF-y), a gene of a colony stimulating

factor (C e of p53, a gene of Apaf-1, a gene of TRAIL, a gene of Caspase, a gene of Bax, a
genepf Bad, a 39 9icoAlpbsitgefs dfaliéshgendisdasiBddoasth@ it Hsiesneiudpigiasell or

15regulating these genes; 30] a gene therapy compositjon for transferring.a therapeutical gene or
oroduct BRI (A IR QHEE S LT GARS RRT R I ORI BCHRERA the ol

expresseyCEMSBRWharis tgleeticitprissesliths IABROSEandaigiices AbPihobaeRe is

timor sc RGeS R LT Cr RS GUE & QEIRE)RH BRIkeEng B, and an
antiogenesis inhjapagsiapsitoeiichaisghcying setivisdesy IRGMGIN0g sitdcirisiading dheimeup

o A WAP S oA TIRI A RS8R CDIRR NSRS B eI e BR B S GBS Forcin o
gene of 2BEH-MBGINIRers aiSTRNAxprresisanBIREROEaratRinadegssaind fiesedienss;  [31]
the on HCIA) S HRSIRUR e Uit e 1 TREBIA NATR A A SRR MALKEE MISERIRE a and
induces adetpitablef harkéE PrbiSie vdiesaid aromnthdugrongeondistinpotadddifetzed. edntdifing
i e O e
whersin the angidgesinaiten ttitpresa magriivAaidtissl desoribedirpdptednsisting of a gene of
o R s s el el S e BB e g
2009/0288nQAUMAbINKA 2Q08E8Yatkxing a placenta to a fetus in all mammals including humans.

In the present specification, the term “umbilical cord blood derived mesenchymal
stem cell (UCB-MSC)” refers to a MSC that is isolated from umbilical blood of mammals,

20  preferably humans, and cultured.

In the present specification, the term “treatment” refers to: preventing disease or
disorder development in an animal, preferably a mammal, and more preferably humans
which are not yet diagnosed with but susceptible to a disease; suppressing disease
progression; and alleviating disease.

25 In the present specification, the term “brain tumor” refers to a malignant or benign
tumor developing in the brain and the spinal cord and all kinds of tumors developing in a
glial cell and a non-glial cell.  In this regard, the brain tumor may be a primary brain
tumor or a secondary brain tumor.

Meanwhile, terms which are not defined in the present specification may have

30  meanings which are conventionally defined in the art.

To isolate a monocyte including a MSC from an UCB, any known method such as
the method disclosed in Korean Registered Patent No. 489248 filed by the applicant of
the present application and registered can be used. For example, the isolating method

may be a ficoll-Hypaque density gradient method, but is not limited thereto. Specifically,
15



maspin, a gene of angiopoietins, a gene of 16-kd prolactin fragment, and a gene of endorepellin;
[32] a gene therapy composition for transferring a therapeutical gene or product thereof to a cell,
wherein theWerl0HeI3{59 composition includes a UCB-MSC, wherein 5 thePESITERHI85926 -8 or
GRO-a and induces a tropism of the UCB-MSC, wherein a prodrug converting enzyme gene is
introduced to the UCB-MSC; [33] a gene therapy composition for transferring a therapeutical

ghene ?lr IOUEIBQbmfrgfrfpg’hQghbﬁi@gl&ﬁgiﬂ@f@%ﬁb@fﬁ%ﬁi%@tg@ﬂhg gawﬁa @slé@;gaMt’éd@,iwherein
the cell expresses IL-8 or GRO-a and induces a tropism of the UCB-MSC, wherein a 10 prodr
convertinﬁ%ﬂ%@é@ﬂﬁ‘i ﬁﬁ%@ﬁ%@ﬂ%ﬁﬁé@@@fﬁé@%&éﬂ?ﬂ?&%oﬁﬂ ﬁ?ﬁﬂ/éﬁﬁr@%ﬁ gene
is seleﬁteté fhershbe %Omeﬁm@rem@im@Mﬁmiﬂfmm amiereyifaint rpenecyte cddd] a
gene therapy composition for transferring a thera ical gene or product thereof to a cell, wherein the
ene therbioy CERNOLRRRTIRMPLOD SE BLRKER CORIC D6 FEPAIPSBIELIEE 419G RERRS. S ang

induces aitiapism of the UCB-MSC, wherein an antisense or SIRNA of a gene related to a tumor is
introduced to the -MSC: . [35] a gene therapy composition for transferring a thergpeutical
gene or product’ﬁgﬁg& ?5"?;1l&%I|,39\£ﬂ@]r%iﬂ%ﬁﬁﬂ;@ﬁeﬁéﬂé@%ﬁn‘ﬁ%gﬁimmﬂ?ﬂ %‘%E‘é%& wherein
the cell eRitsges MF&0alcBEeacaRBuiuT43-7, tigaorantithadafiB- MMt whdomeavPoantisense or
SIRNA of a gene, related Is.introduced to the UCB-MSC, wherein the e rela 0
amor el B SRRkt S ol S e A A oS SN Re A RSP ) EA Y 2 8 o
abl, a gerdoo200B-0069¢¢6¢e of EGF-R, a gene of Bax, a gene of an Apaf-1 interacting protein (APIP),
a gene of Wnt-1-induced secrete ein 1 (W|SP-1), a,gene of Wnt, a gene of Raf-1, a geng of Src,
2 Gl of Akt alJErl BEBER AT & SERTas Wit 107 YgERIEnE TREIEhY CoMB AR
transferring seigraeaniter gess inchididgcl thenegtbisoietielcelrigia M8 Qcandibeaingheomposition
includes a UCB-MSC, whereip the ce|l expresses IL-8 qr GR%—ea %Ed iegduces zi.tro ism of th?

Fg'i'r%? RISE" es

UCB-MSEXIRENH S VARASH REVRE s BIERAYR BRE B9EY) a e RPRSY
compositigre fee s iarangpprepenttoabgatatimivaucitoesadisote gadwvsedissin shiogert therapy
the UcE-RRAE I8 HEREATIE WA ORTBECAA 16 B SR NECS GO OB on o vius i
selepted phastheqriraptonitsssicmpid iregesascojay vircelEnkaRimova botypgeéheous spindle
shape are MSCs. Then, when cells are cultured and grow, cells are sub-cultured and
then multiplied until the number of the cells reaches a desired number.
UCB-MSCs included in the composition according to the present inventon can be
cryopreserved using known methods (see Campos et al., Cryobiology 35:921-924, 1995).
20 A medium for the cryoporeserving process may include 10~20% fetal bovine serum
(FBS) and 10% dimethylsulfoxide (DMSQ). The cells are suspended in the medium
until the concentration of cells is about 1x10° to 5x10° cells per 1 mL of medium.
The cell suspension is divided and each part is loaded onto a glass or plastic
ample for cryopreservation, and then, the sample is sealed and loaded into a
25  temperature-controlled programed freezer. Cells may be frozen using a freezing
program providing a temperature change of -1 C/minute so that damage to cells can be
reduced when frozen cells are thawed. When the temperature of the sample reaches
-90°C or lower, the sample is moved to a liquid nitrogen storage tank having a
temperature of -150C or lower.
30 When the frozen cells are thawed, the sample is quickly moved from the liquid
nitrogen storage tank to a water bath having a controlled temperature of 37°C. The
thawed content in the ample is immediately moved to a culture dish containing a culture

medium in a stabilized condition.
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WO 2009/028870PCT/KR2008/005026 [38] a composition for diagnosing a disease occuring in a
site including a cell or monitoring treatment progression of the disease, wherein the composition
includes a YEB2ME28§Merein the cell expresses IL-8 or GRO-a and induc®§ BRI Ree
UCB-MSC; 5[39] a composition for diagnosing a disease occurring in a site including a cell or
monitoring treatment progression of the disease, wherein the composition includes a UCB-MSC,

wherein the cell Axpteangs tb-tBopreBEMtimRshiish)ceswtiiapisediinh fobiicBldvisg andretdinrihg a
R B R A RO LR TR R PRI A, .
compositizredishdeayeCMEN cultereimbuiuee ltreaiscssredhtid iy ised mthéndrices a tropism of
e S el TR R S A R A R e
fluorescent k&Rt taedion at Me@sles ddtivaddiethnay aegerabasarﬂwkzﬁuﬁcﬁlamtm@amr@sent
SR L A e PR R o e
In the preBefivenesinadioiunEVIBM). E(bibcahieryi bios dndeitied anese RIPMNAEIE MESim.
e S s B o R e e Bh b B
disorder dmuglbpreaspéndacsinthbtitteferaihdteatratiomadicelislisnabe prasetabty Rurmbthsells per 1

10  mL of the medium

Also, the cell culture medium may further include one or more additives, if
required. The additives may include at least one material selected from the group
consisting of: a serum of fetal calf, horse or human; a penicillin G for preventing
microorganism contamination; antibiotics such as streptomycin sulfate or gentamycin;

15 antifungal agents such as amphotericin B or nystatin; and mixtures of at least two
materials selected from the forgoing.

According to the present invention, UCB-MSCs may be genetically engineered so
as to transfer a therapeutic drug for substantially inhibiting growth of brain tumor cells.
Also, according to the present invention, UCB-MSCs may be genetically engineered so

20 as to transfer a therapeutical gene or product thereof to cells secreting IL-8 or GRO-a.

In this regard, the term “inhibiting” refers to inhibiting cell proliferation and growth, in
addition necrosis and apoptosis. The therapeutical gene may be, for example, an
anti-tumor gene, a gene of an enzyme converting a prodrug into a drug, an antisense or
SiRNA of a gene related to a tumor, or oncolytic virus (see Yip S et al., The Cancer J.

25 9(3), 189-204, 2003). The anti-tumor gene may be a tumor suppressor gene, an
apoptosis-inducing factor gene, a cell cycle regulatory gene, or an angiogenesis inhibitor
gene. Specifically, the tumor suppressor gene may be selected from the group
consisting of a gene of phosphatase and tensin homolog (PTEN), a gene of Maspin, a
gene of RUNXS3, a gene of Caveolin-1, a gene of nm23, a gene of Rb protein, a gene of

30  Brush-1, a gene of inhibitor of tumor growth (ING-4), a gene of urvivin, a gene of X
chromosome linked inhibitor apoptosis protein (XIAP), a gene of neural apoptosis
inhibitory protein (NAIP), and genes of proteins regulating these genes. The tumor
suppressor gene is not limited to those genes described above. The apoptosis

inducing factor gene may be selected from the group consisting of a gene of cytokine, a
17



which are not yet diagnosed with but susceptible to a disease; suppressing disease progression; and
alleviating disease. 25In the present specification, the term "brain tumor" refers to a malignant or
benign tumd¥der@3ftdgoin the brain and the spinal cord and all kinds of tuRfFSR208$419136n a glial
cell and a non-glial cell.In this regard, the brain tumor may be a primary brain tumor or a secondary
brain tumor. Meanwhile, terms which are not defined in the present specification may have

30meaningswhitthfRNwY eaRREIb g inRb MBI factdP(PRIFfEAJBABUNIIRINEHSHINE M SC

from an UCB, any known method such as the method disclosed.in Korean Re%istered Patent No.

489248 il oy tNF 2¥b 98061h 8 FRIQBY SHPNHAIRGHaFA YRSk @ 3FNEoTiRad: BSe8&Rple, the

isolating mpHfof Baehe &f Taol-rblartlaptpneiis drrlisinggEHUTTRA 5) natdenkesk tDaspase, a
Specifically, WO 2009/028870PCT/KR2008/005026 UCB taken from an umbilical vein after delivery
and befordehe piRana gens afdad i@ esnrribeaMitn2arm Al iNKue genrfth RoBiiarss, and

monacyteyamsktbe proeimY ragkstittg\theBeGenksral TheageprIsiRvViaduiiHg s thegetiens dde
resultant monocyte can be directly used for jsolation or culture of MSCs, or cryo preseryed for a long

period of Bited fonrsse gRnesidestahehaboNes ahReGRLUFIGTRGURIPRAIRRASMRBYRE see Pittinger

MF et al. Ssietter) 78 fe3gfodf Wnarlingelagéhd 6f alid20agy s TeNCTERROIRIN 10:Opoli® D,
1995), such as a method digﬁlosed in Korean P#Jblicated Patent No. 2003-0069115. 10First, the
f

isolated UeHS!|8 EdniARNRIltCrr @ dene S Ro IV baf ReRalea0 s A 2eNE Hocytes
including e DENGINEP S DK2]IGDK 4 IdBKeR N jene. dnRprIeIAe dsgenshsrEseergiHEss| teyeenove

e gehens Mol PSS & Treas s e SERE R o o ThEeleDi e dish to
grovikell (G HatRRY gpge is not limited to those g giog

inhibitor gene may be selected from the group consisting of a gene of thrombospondin-1,
a gene of endostatin, a gene of tumstatin, a gene of canstatin, a gene of vastatin, a gene
of restin, a gene of a vascular endothelial growth inhibitor, a gene of maspin, a gene of
angiopoietins, a gene of 16-kd prolactin fragment, and a gene of Endorepellin. The

15 angiogenesis inhibitor gene is not limited to those genes described above. The gene of
an enzyme converting a prodrug into a drug may be cytosine deaminase converting
5-FC into 5-FU that is an anticancer drug, or a CYP2B1 gene participating in
bio-activating cyclophosphamide and ifosfamide which are anticancer drugs, wherein
5-FC is a prodrug of 5-FU. The gene of an enzyme converting a prodrug into a drug is

20  not limited to these materials described above. The antisense or SiRNA of a gene
related to a tumor may be, but is not limited to, an antisense or SiRNA of a gene of Ras
family, a gene of c-myc, a gene of abl, a gene of erbB-1, a gene of EGF-R, a gene of Bax,
a gene of an Apaf-1 interacting protein (APIP), a gene of Wnt-1-induced secreted protein
1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt, a gene of

25 Erk-1,2 and a gene of BcL-2.

The oncolytic virus that can be carried by UCB-MSCs may be a Herpes simplex
virus or a Reovirus type 3, but is not limited thereto.
UCB-MSCs to which a desired gene is introduced in an expressionable state can

be appropriately manufactured using techniques that are known in the art. For example,

30  a vector including a to-be-introduced gene is prepared (see Dehari H et al., Cancer Gene
Ther., 10, 75-85, 2003; WO07/037653) and then the vector can be transduced in ex vivo
into primary culture MSCs. In this regard, examples of the vector include adenovirus
vector, retrovirus vector, adeno-related virus vector, herpes simplex virus vector, SV40

vector, poliomavirus vector, papillomavirus vector, picarnovirus vector, vacciniavirus
18



single layer. These cells were identified with a phase-contrast microscope. In the 15phase-contrast
microscopic image, a colony of cells having a homogeneous spindle shape are MSCs. Then, when
cells are culVR R ®w, cells are sub-cultured and then multiplied until B{ETRRANY WFRe cells
reaches a desired number. UCB-MSCs included in the composition according to the present
inventon can be cryopreserved using known methods (see Campos et al., Cryobiology 35:921-924,

1995). 20v%¢rmr<];lalam P@hth@rasywamsermge&@ﬂ@ffél , mmyéﬂfgdotﬁehi@la@gd byam?u#a talcdnBS) f
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isolating AWOBMSBglsy MSifgraayaed DNACaHitrany ecditihod seleictiag fofH accalrof fidsphbeecel
R 3 A R Bl SRR B ™ A e
fusion protein gene of protein transduction domain (PTD) and anti-tumor protein can be
introduced to UCB-MSCs using the fusion protein gene-including vector (see Wu SP et
al. Biochem Biophys Res Commun. 346(1), 1-6, 20086).
The vectors may further include a gene marker for an additional historical
15 examination. The gene marker may be, for example, a gene for coding a chromogenic
or fluorescent protein, such as lacZ or a green fluorescent protein (GFP), but is not
limited thereto (see Yip Set al., The Cancer J. 9(3), 189-204, 2003).
Brain tumors that can be diagnosed, prevented, and treated using the
pharmaceutical composition according to the present invention may be primary brain
20  tumors or secondary brain tumors.  Examples of brain tumors that can be diagnosed,
prevented, and treated using the composition according to the present invention include
Astrocytoma, Pilocytic astrocytoma, Low-grade Astrocytoma, Anaplastic Astrocytoma,
Glioblastoma Multiforme, Brain Stem Glioma, Ependymoma, Subependymoma,
Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve Glioma, Acoustic
25 Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma, Hemangioblastoma,
Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors, Primitive
Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts, Neurofibromatosis,
Pseudotumor Cerebri, and uberous Sclerosis. However, brain tumors that can be
diagnosed, prevented, and treated using the composition according to the present
30 invention are not limited to these tumors described above.
The pharmaceutical composition according to the present invention may be
administered together with any known anticancer drug.
Since UCB-MSCs do not express HLA-DR (Major Histocompatibility Complex

class ll) that is a major cause for immunological rejection when a tissue or organ is
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5 a-MEM medium, a McCoys 5A medium, an eagle's basal medium, a CMRL medium, a Glasgow
minimum nessarily medium, a (Ham's) F-12 medium, an iscove's modified Dulbecco's medium
(IMDM), a (WELWRDIBH5 medium, and a RPM! 1640 medium. For exampRCEAERZBMBENHRE medium
may be the DMEM medium. During culturing, cells may be suspended so that the concentration of
cells is about 5x103to 2x104cells per 1 10 mL of the medium Also, the cell culture medium may further

include opgpspIaRa(diyes Blerired; Bxp Mishiyes, Ba80TI8de, 20eashadcTewmiamaésalected
from the g[(:é%?consistjn of: a serum of fetaicalf, horse or rLuman; agenici lin G for revengngH
microorgafi at{oho RtitRG O enREURIRGIRILTEREHRRS FUFBRSFSIGAIAB N HER gal
agents sugfe FAOMPIOIEME Bf oranspRiMaton dorotecolrbiansi benmataRRlg. seRstoediryly the
forgoing. Accarding to the present invention, UCB-MSCs may be genetically engineered so as to

transfer a{BAIaR Brivaer & Hkerhalmanauiic) coowresiia ArcRidiBadaidearESgR ording to the

present iNMeBHABN YarB DY TakeMaphe s enrligalte rotesriedvedA0eBiaandr s atfetansiiisal gene
or product thereof to cells secreting IL-8 or GRO-a. In this regard, the term "inhibiting" refers to

inhibiting B&tBbroferidingAa e Rirsenhinyestia HoRsMRé s sanbeusakatier 858 cal gene may

be,_for exam@igeggregd;tumor gene, a gene of an enzyme (_:on\_/erting a pr_odrug into a drug, an
25009, 166-204 D64 HLSAe RIS Ry BEob 5 LA T eSS EBIoRIahcing
factor gengesaitihgyslaregtingtaivarre asaidingirpenepiesunbirvention. hagfiitady inbrigemor
oo (PERACE SRULARHRGIRDIE BERL PR UNGRS PR ELEBI CorERIRT b ks, & gene
of Rb proteTB as0s-6bafH I phairaasewicahdoias ssition en gy GefoiNed 4dté gengalervivin, a
gene O T Taton hat Can b8 BdnTiniterad 16 & Body, the X Bl rormataton Muky be a
non-oral administration formulation, such as an injectable formulation or a locally
administrable formulation. For example, a sterilized solution or suspension that
15 includes water or a pharmaceutically acceptable solvent can be non-orally administered
in an injectable form. Specifically, water or the pharmaceutically acceptable solvent is
appropriately combined with a pharmaceutically acceptable carrier or medium, thereby
forming an injectable formulation in a conventionally acceptable unit dosage. Examples
of the pharmaceutically acceptable carrier or medium may include sterile water, saline,
20 vegetable oils, emulsifier, suspension, surfactant, stabilizer, excipient, vehicle, an
antiseptic substance, a binder, etc.

The injectable formulation described above can be non-orally administered,
specifically directly administered to a site of disease, by using a conventional method.
Alternatively, the injectable formulation described above can be administered through a

25  cerebrospinal fluid, a vein, or an artery supplying blood to the site of disease, preferably
directly administered to neighboring portions of the site of disease in the brain or the
spinal cord or the opposite portions thereto. For example, the injectable formulation
described can be administered using a clinical method developed by Douglas
Kondziolka in Pittsburgh in 1998. That is, a skull of a subject to be administered is cut

30 to a diameter of about 1 cm, the size of a pea, and then a MSC solution mixed with a
Hank's balanced salt solution (HBSS) is injected thereto. In this regard, the injecting
the MSC solution is performed using an injector including a long needle and a
stereotactic frame for accuratly injecting the MSC solution into the brain.
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inhibitory protein (NAIP), and genes of proteins regulating these genes. The tumor suppressor gene is
not limited to those genes described above. The apoptosis inducing factor gene may be selected from
the group cd¥Ri2YP¥t8dlgene of cytokine, a WO 2009/028870P CT/KR2008/005R20%1826f
interleukin, a gene of a tumor necrosis factor (TNF), a gene of interferon(INF-a, INF-y), a gene of
a colony stimulating factor (CSFs), a gene of p53, a gene of Apaf-1, a gene of TNF-related

apoptosis-inducimgdigang (dé38!bF ICERMSE S arRAEe. BaohR akbeX calgaapidareryaene of FADD,
a gene of JNK, a ?yene of 38 kingse, and Sgenes of proteins r%(\;?t(ﬂating these %enes. The apoptosis

inducing RE&E8ENeIX bt d tealisdy weigtibed Re SRy Hasednay de ARSI AL may

be selectemh o Br the diteydacRsstiaearira Afmnel cdedwuena et sy (o Xakpfederlinventiyglin E),
a gene of cdc25C, a ?en,e of p21WAF, a ﬁge of p16INK4, a gene of CDK(CDK1, CDK2, CDK4,

CDK6), aHerRIBt RSTRBMIfosg ST GREMS G By VAR aaestineio P g s offirraResPthEse

genes degeriied, ahe\suvEyBTHRGLRRSTS HE REAAERRIMMIShatSIERIatEoanihthe WBRREERLNg of
a gene of thrombosgondin-%gﬁﬂene of endostatin, a gene of tunnstatin, a gene of canstatin, a gene of

vastatin, 23S HEBEFESNP B - of AGELENGNe TR ARUTUD GG AR SIESCHERE PR ARES gene

of angiopaistingita gL eedpel6f kHeoppeitit fragmesys. and a gene of Endorepellin. The 15angiogenesis
inhibitor gene is not limited to those genes described above. The gene of an enzyme converting a

prodrug into a drlUgEREGSROEIRYEMIP R AIRARIoIdES RMIRINSER irating 8 disgase relpigdiitar drug,
or a CYPZBIl thenRalicealing b Bractivatd inerleskrsopimdd BICBINEasIde wihikdiritémor,

o D RSB AAES e AR ASKETE B B MRSRE e M e BN PiEgene.
related toghtitmaceiaicfecdivipssitidriadestdinioanbssrs o iiBNdoafta agntienRRasrfandy, a gene
interacin PSR BT S B GP . e LR aER G el AR YDAV OF IPKEnd oMM
gene of ReffthegpatisatafsBitopdthee Mimkhadeitiméals used for medical purposes. In this
regard, UCB-MSCs may be used after cyropreservation.  Such a method using
15  UCB-MSCs is not limited to humans, and can be applied to other mammals.

The present invention also provides a method of diagnosing a disease related to a
cell that produces IL-8 or GRO-a and induces a tropism of UCB-MSCs, or a brain tumor,
and a kit used to perform the method, wherein the method uses UCB-MSCs. In this
method, UCB-MSCs may be labeled with a detectable marker. The UCB-MSCs labeled

20  with the detectable marker can be visualized by a state-of-the-art technique, and can be
tracked in real time in a live animal. The detectable marker may be a
luciferase-containing enzyme based fluorescent detector or Tat peptide-derivatized
magnetic nanoparticles (Yip S et al., The Cancer J. 9(3), 189-204, 2003). If a stem cell
expressing luciferase is used, the administered stem cell migrating to the site of disease

25 can be tracked by identifying bioluminescence in real time and thus, diseases can be
diagnosed and the site of disease can be identified (see Weissleder R et al., Nat Med 9,
123-128, 2003). Tat peptide-derivatized magnetic nanoparticles are connected to
UCB-MSCs using a method developed by Lewin et al. (see Nat Biotech 18, 410-414,
2000) and then administered in vivo. The administered UCB-MSCs can be tracked by

30  magnetic resonance imaging (MRI). Accordingly, UCB-MSCs labeled with a marker
can be administered in vivo and then, by identifying a location where UCB-MSCs gather,
the tumor and the site of the tumor can be identified. In addition, UCB-MSCs labeled
with the marker can be administered during the brain tumor treatment or after the brain

tumor treatment to identify the location and size of the distribution of the administered
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25Erk-1,2 and a gene of BcL-2. The oncolytic virus that can be carried by UCB-MSCs may be a
Herpes simplex virus or a Reovirus type 3, but is not limited thereto. UCB-MSCs to which a
desired gen¥W&IMPEREEWd in an expressionable state can be appropriately PAAR00§&$08ing
techniques that are known in the art. For example, 30 a vector including a to-be-introduced gene is
prepared (see Dehari H et al., Cancer Gene Thor., 10, 75-85, 2003; W007/037653) and then the

vector can)pBUASTHICETHAES e FriyrsiBastRelbraMeasr ichinerdash alssbianshitorgector

include adenovirus vector, retrovirus vector, adeno-related virus vector, herpes simplex virus vector,

SV40 vectsiCHEliBEniRERIESRIT PYSNTRMLAMRBRIGUE S IRHRAIS VERBIOASRIRIARSS IR0 ST

2009/028 O Bfainl HiRABP HELRREG Weel @l kanssianity beryralthe TREMRINWEe RN EHOMEMGRIoped by
Tsuda H et al. can be used (Mol Ther 2003, 7, 354-365). Specifically, one day before being infected

with an adSSSMHEBMRCsEhesReniring methed anstingkl Highieneremshermetheed sascs
and a soligied HRCHBREPLd AGRAWERSHREEY {9 WBINtHR BRANRELIE GPBP CFRIHQhE AthatRs a

incubated at 37C in a 5% CO2 incubator for 1 hour, so that the MSCs are infected with the adenovirus
gene. ThePREThRI P S%ire washed with a phosphoric acid buffer solution and then a

conventional megilgnsicrPcaingieteridVigrnaifsplydwithio el prelen iviipscieaabraisiesired gene can
be introduced into UCB-MSCs by using a naked DNA and any method selected from a

calcium-pisSpParateth v saiBrencedndi e me method, and an electrophoration method.

Alternatively, a fusion protein gene of protein transduction domain (PTD) and anti-tumor protein can be
introduced to UCB-MSCs using the fusion protein gene-including vector (see Wu SP et al. Biochem
Biopiye Res ColHRAISSEBI VRIS HH) br RReLBRE 1y R A IR Ror an
additionakbligaiitg bigaprplagatioThdie aenfpiea keé foavInsirivexpipises erilg 488 dInDE
chromogenic or fluorescent protein, such as lacZ or a green fluorescent protein (GFP), but is not

limited thdPERGYELdS [Inddhs Scane L& PRHRAS INKRNY¥A CORGSPBrain tumors that can be

diagnosed, prevented, and treated using the
Examples

15 U-87 MG, A549, KATO Ili, PLC/PRF5, LN18, U138 and U251 cell lines were
purchased from American Type Culture Collection (ATCC) and used in the present
experiments. A549, KATOIIll and PLC/PRF5 cells were cultured in RPMI containing
10-20% (v/v) FBS (HyClone, Logan, UT, US) and Gentamicin at 37C ina 5% CO;
incubator. U-87 MG CELLS, LN18, U138 and U251 cells were grown in an Eagle’s

20  minimum essential medium (MEM) containing 10-20% (v/v) FBS. Bone
marrow-derived mesenchymal stem cell (BM-MSCs) was purchased from LONZA.
BM-MSCs and established UCB-MSCs were cultured in a-MEM media containing
10-20% FBS.

25 <Example 1> Preparation of umbilical cord blood-derived mesenchymal stem
cells (UCB-MSCS)
UCB samples were collected from the umbilical vein of deliveries, with informed
maternal consent. Specifically, a 16-gauge needle of a UCB collection bag containing
44 mL of CPDA-1 anticoagulant (Greencross Co., Yongin, Kyungki-do, Korea) was
30 inserted into the umbilical vein and UCB was collected by gravity. In all cases, UCB

harvests were processed within 48 hours of collection, with viability of 90% or more.

<Example 2> Isolation and expansion of UCB-MSCs
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pharmaceutical composition according to the present invention may be primary brain 20tumors or
secondary brain tumors.Examples of brain tumors that can be diagnosed, prevented, and treated
using the coMpai@assctording to the present invention include AstrocytoReTRREYEOESAcytoma,
Low-grade Astrocytoma, Anaplastic Astrocytoma, Glioblastoma Multiforme, Brain Stem Glioma,
Ependymoma, Subependymoma, Ganglioneuroma, Mixed Glioma, Oligodendroglioma, Optic Nerve

e R g B e T
edullo Sto , enlngloma, Inea umors, Euitar umaors, Fri euroec ermal umors,
Rhabdoid IO PaCHR GBIt ()RR R0 s AL SN Al 6 SR AN (o erous
Scler%sis Wé@v;@u@emmn; téh’ié@l’@ tharh6as hefﬁiﬁ@%meﬂonwe%%dsmﬂmg@g@@l b@almﬂnﬂamh g asition
according to the present 30ij tion are imited to t e tumars described above. The
Ao ARG I HEL B 2L G JaKER BARREAO S FeSHIAT BT Ll SRR any
klnowm )antikc:amﬂsmsa.g. $hEQIOE§EMSﬁT/dmrplnrﬁmmatrﬁ.&:m@/mjncéﬁmmmléébh@ﬂmplex
class Il) that js jor. cause for immunological rejection, when a tissue o nis
001028 00D QY B DI PG & R B A HiEh RIS ko Ladh 3 A% 906, 2003
arrl]ql Ese \ivcusatdr, \ghae&h?matﬂmrrlnﬁﬁaﬁang%d AR innanieN B _n990?n§nm&d_ | uipgeiction,
wnicn are majo roplems o trans Oon do Nnot.occur or can pe Inimized. AcCcordi [

oo SRR A ESIA TP SR EomAllna M SIS TGRS WEsE AeERaan be
taken frorphigsacstinorasd misedsdopecd Didh, anbtbaltmaties v ikgsebieBlyAsrnfoangd bt theesent

mve%mn,l\}IJ&J;%S-I\él)?p(%l?1 828 g&ngi%% t%;j[er being cryopreserved.

<Example 3> Preparation of UCB-MSCs labeled with PKH-26
UCB-MSCs cultivated according to Example 2 were dyed with PKH-26 (Sigma
Co.) using a method disclosed in a reference [Barreda DA et al., Developmental and
15 Comparative Immunology, 24:395-406, 2000]. First, UCB-MSCs were separated from
the cell culture dish by using Trypsin and then, 2x 107 cells were washed with an
FBS-free medium. The washed cells were collected using a centrifuge and then
suspended in 1 mL of Diluent C in a kit provided by a manufacturer. Then the resultant
cell suspension solution(2x) was mixed with 1ml of the PKH fluorescent dye solution(2x)
20 and then the mixture was reacted at 25C for 5 minutes. To terminate the labeling
reaction, a medium containing an equal volume of fetal bovine serum (FBS) was added
to the reaction product and then left to sit for 1 minute. Cells labeled with PKH26 were
collected by centrifuging and then, washed with a 10 to 20% FBS-containing medium
three times and used in experiments.
25
<Example 4> Co-culture of MSCs and other cell lines in transwell chamber
Human UCB-MSCs (hUCB-MSCs) were dyed with PKH-26 (produced by Sigma).
The dyed hUCB-MSCs and other tumor cell lines were co-cultured under a culture
condition in a transwell chamber (FALCON) (MSC: cancer cell lines=1:5). For a control
30  group, cancer cell lines-free MSCs were cultured in the same condition as described
above. The transwell chamber used in the co-culturing, as illustrated in FIG. 2, included
a lower compartment and an upper compartment, wherein the lower compartment is
separated from the upper compartment by a microporous membrane (8 uym size.) In

the upper compartment, PKH26-labeled hUCB-MSCs were cultured; and in lower
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The UCB-MSCs-containing pharmaceutical composition for gene therapy or for preventing or treating
diseases according to the present invention may further include 10pharmaceutically acceptable
additives, inVedar819388Me effective component. The UCB-MSCs-containin§GIHERASAGH02
composition may be formed into a suitable formulation that can be administered to a body. The
suitable formulation may be a non-oral administration formulation, such as an injectable formulation or

a locally agEmpistaRiati @aaulai trunan B Rien e FeNiliAeUBTLUG) AUREPeSSiQNcHdel edNgiveles
water or a pharmaceutically acceptable solvent can be non-orally administered in an injectable form.

Specifically® Wtk AP MBRBARY NSO ioNRE S MOEBRIaH Rt I Wt ed iada

pharmacenfieplt acAeRiag el tay edidaysharePinfeetiagsedBic e laifranoRben in a
conventionally acceptable unit dosage. Examples of the pharmaceutically acceptable carrier or
|

medium nid§ 1RORRIEHERMSCs AR, IRAHAINGIR PERRASARIINraSL PURISRORE 242 and
stabilizer, EKEIRBMbYRINIGIE BaN S TisAfatsipas o umiaqeIcetg).  ThesHnacaedaiantaian

described above can be naon-qrally administer cifically directly administered, to a site of disease,
by using (P@Bp Hﬁ'l%iﬁﬁ@r(ﬁ ﬁftkﬁ&r&f&%ﬁfbjﬁ cgﬁg foimitafod dstlivdichrrseteaPhe
administecedt! tivesiahd theasighitisniof KRG ueledr 90 BURESCILWAY ide ititied . to Tt
disease, preferably directly administered to nejghborin rtions qf the site of disease, in ain or
the el e BPSRE W RSTICTRAIE 8RB T8, PR SR B8 B20h et oo
be adminigédiecdaisipiacedimapbmaiee¢oeriaarshbyFGug)as Kondziolka in Pittsburgh in 1998. That
is, a skull of a supject.to he adminjstered | t 30 to a diameter of ahout 1 cm, the size of a pea, and
Iyt 11 i e T o e G R A
regard, thip igjgeiirevEiEchErhbes bhartie REFRFNRG ISR SrRiz dnERPn Al sllefinecfidaRatRpde and a
stereotactic frame, for accuratly injecting the MSC solution into the brain.

. WO
2009/0288Y8FX NS 308 YT TIRAHTIF Yy @ COvBEts dasiippiit HeB-HMBGD Padig/kg body
weight, pretienadlydpidAbfty DEOMCEIIskiBh Q38 cisi U281 dRlY sRsBralatimadieinipiescdsd ence

et TR A S R VT e PR I BT

15 the case of the control group in which a human cell line-free medium was added instead
of tumor cells, and the right image shows the case in which UCB-MSCs were co-cultured
with U87-MGcell.  Referring to FIG. 3, the migration of many PKH26-labeled
UCB-MSCs was identified.  When the human cell line-free medium was used instead
of tumor cells and cultured, the migration of PKH26-labeled UCB-MSCs was negligible

20 (see the leftimage of B of FIG. 3). However, PKH26-labeled UCB-MSCs had a tropism
for a conditioned medium that did not contain U-87 MG cells but U-87 MG cells had been
cultured therein (see D of FIG. 4). Such results show that the conditioned medium
contained soluble factors that function to attract UCB-MSCs toward U-87 MG cells.

25 <Example 5 > Comparison of tropism of BM-MSCs for U87-MG and tropism of
UCB-MSCs for U87-MG
A tropism of BM-MSCs for U87-MG was compared to a tropism of UCB-MSCs for
U87-MG, using a transwell chamber.  U87-MG cancer cells or medium were placed in
a lower compartment, and BM-MSCs and UCB-MSCs each were placed in an upper
30 compartment. In all cases, the culturing was performed for two days. As a result,
UCB-MSCs were found to have a stronger tropism for U87-MG than BM-MSCs (FIG. 5).

<Example 6> Comparison of migrations of MSC
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Streated, the severity of disease to be treated, administration routes, and the weight, age, and gender
of a patient. Accordingly, the administration dose described above does not limit the scope of the
present invelBc09/0288Fk present invention also provides a method of trealifil/BRASKSRated to a
cell that produces IL-8 or GRO-a and induces a tropism of UCB-MSCs, or a brain tumor, 10 wherein
the method includes administering a therapeutically effective amount of the pharmaceutical

composition acce/dBMS G dyraRY froRidun oA IR ke Ppsr 88 MhEhDEpdelgiused in the

pharmaceutical compaosition may be taken from UCB of the patient itself or other humans or animals

used for OdRANBLIDILRE GANFRE RelafielrciBatis cenyisy! s neRtcele ARG S EM B dhBhisRiaina

method ugiigcdhld il 261Fiis thetibwieddthparment ast<ap-ealanaled © wihewameamder. The
present invention also Provides a method of dij\%nosing a disease related to a cell that produces IL-8

or GRO-a AN ifIREBSAGHGIRAICES OERMSBMSCS infrtliFesenars cemaadiad fdifo the

methgd, whereinabgonpiéios usrsUEZEMGCells Wéhs puRthaded fFEmVISherBay pébaledenith a
detectable Wgrker. 'Iﬁéé;B-MSCsﬁlgbeled 20 with the detectable marker can be visualized by a

state-of-tHRFEHOH] nd= 2N fradReand HES MG RIS wasspituied i HRRYahe i ker may

be a lucifesarzprceoiiifoeRBVIE S ashiudstsearisieittienan DIVEsntidendssaiiasd Nagnetic
nanoparticles (IYip S et al., The Cancer J. 9(3), 189-204, 2003). If a stem cell expressing luciferase is

used, the laehicdndervas erigHiales Bdlviding theuabesabHGBMBksdgrattingrd

o St e e
identifie ISS er eta o at , - , ., la pep lae-aerivatize magne IC
o ISR TR aoce CHOBSK AT Vot SO B b AR lap it Wameuan BB

Biotech 18,CBME@s H0henstihegyadntivisiaie oinroM enadisiaisieriacwWhdi-d4B Ginecan be

tracked by 30 magnetic resonance imaging (MRI). Accordingly, UCB-MSCs labeled with a marker can
be administered in vivo and then, by identifying a location where UCB-MSCs gather, the tumor and the
site of the tumor <ExdpepRentifegdkiadditieay UCB-MSCs labeled with the marker can be administered

during the brain fgmar trearment of after e bralp tumor veqiment (o ey i Rsaienancatze
15 co-cultured, and the cultured medium was collected. The cytokine profile from the
cultured medium was examined by using a cytokine antibody array.

A film to which antibodies of various cytokine were attached was taken from a kit
for a cytokine array purchased from R&D System Co. and was reacted with a blocking
solution for one hour. Separately, amounts of the media prepared by co-culturing

20 UCB-MSCs and each of three kinds of human cells, including U87-MG tumor cell were
adjusted to 1.5 mL or less; and each medium was mixed with the mixed antibodies of
cyokines contained in the kit and an antigen-antibody reaction was induced for one hour.
The medium in which the supplied cytokine antibodies were combined with secreted
cytokines was reacted with the film that was subjected to the blocking for 4 C for 12

25 hours. After the reaction, the film was placed in a washing solution and washed, and
then washed with tertiary distilled water. Then the film was dried at room temperature.
After repeating the washing and drying process two or three times, the film was reacted
in a solution containg streptavidin-HRP for 30 minutes. Then the film was washed with
a washing solution three times, reacted with a chromattic reagent, and then exposed to

30  an X-ray film in the dark room.

U87-MG inducing strong tropism of UCB-MSCs secreted growth-related
oncogene (GRO-alpha), IL-8, MCP-1, G-CSF, GM-DSF, IL-6, IL-1B, a migration
inhibitory factor (MIF), and Serpin E1. Specifically the amounts of GRO-alpha and IL-8

were higher than those of MCP-1, G-CSF, GM-DSF, IL-6, IL-18, a MIF, and Serpin E1.
25



WO 2009/028870PCT/KR2008/005026 UCB-MSCs. That is, the progress of the brain tumor treatment
can also be monitored. Accordingly, the present invention also provides a method of monitoring
progressionVWOtHEYMIAR mor treatment and a kit used to perform the metRSdl/ WRAESAEHEMethod
uses UCB-MSCs. The monitoring method and the kit used to perform the method can 5also be applied
to a disease related to a cell that produces IL-8 or GRO-a and induces a tropism of UCB-MSCs. It
is noted tiFRaGal thedwio Fetti RefeBRANEd by enpIpSiIE coeREatsioand ibenrtaie s ydrigranee in its
entirety. 10The present jnvention will be descrilfed in further detail with reﬁ}?rence to the followin

examplest U A GHRRIEALRY: 1ALt (RS BeddinrnatiamAPAYE Fandes fhaRiFARRAEHe of
the preST‘It}i tmeemh‘@cltyiﬁaptaEef(eﬁwmiﬂMﬁ MGnA%ﬂ?el K,A“%Hiné%lﬁ/B&)EEtné%aadﬁéiS and
U251 cell lines,wer rchased from American Type Culture Collection (ATCC) and used in t

oresont cSHARHERIBLEH SSFIER AP IV AR R S0 m e MIEDM R BB 2006
(Vv/v) EBStﬂéggIcy@khmméﬂmmﬁ;)e@d@%naaﬂumstm—s@ga 5% CO2 incubator. U-87 MG CELLS,
LN18, U138 and U251 cells were grown in an Eagle's 20 minimum essential medium (MEM)
containing 10-20% (v/v) FBS. Bone marrow-derived mesenchymal stem cell (BM-MSCs) was

purchased from LOMER. BM-MSCs and established UCB-MSCs were cultured in a-MEM media
containing 10-20% FBS.

Cell Lysate Supernatants
NC37
MIF+++ MIF+++
SICAM-1-++ Serpin E1+++
MIP-1a++ MIP-1a++
IL-16++ MIP-1b++
IL-6+
IL-8+
LS174-T
MIF+++ MIF+++
IL-1ra++ SerpinE1+++
GROa+ IL-6+
IL-8+
us7
SICAM-1+++ (GROa+++)
|L-6+++ IL-6+++
MIF+++ (IL-8+++)
SerpinE1+++ Serpin E1+++
IL-1ra++ (G-CSF++)
IL-8++ MIF++
G-CSF++ (MCP-1+)
IL-1a+
IL-1b+

26




25<Example 1> Preparation of umbilical cord blood-derived mesenchymal stem cells (UCB-MSCYS)
UCB samples were collected from the umbilical vein of deliveries, with informed maternal consent.
Specifically VEO1BWA28&heedle of a UCB collection bag containing 44 mL dICAERR084REEHagulant
(Greencross Co., Yongin, Kyungki-do, Korea) was 30inserted into the umbilical vein and UCB was
collected by gravity. In all cases, UCB harvests were processed within 48 hours of collection, with

viability of 90% @@ dnelifon&caneria 2oliselatidroan d CRMBES Alkired- Mk U WOMG cell
2009/028870PCT/KR2008/005026 UCB MSCs prepared according to Example 1 were centrifuged

with a FicGHI4RS.08 P 4R BRaeitEE B ROt WereRIEPATeS7 Jratdh) canditiatiediashed
several tlm@jtorfﬂﬁwm&nbufé@anléhtarZQ%F&@ofbiu&I@ha o KNUaIZEed ByPASIE O1eFbagent.

a-MEM, RL Co. add to the resultant product to uspe 5 UCB- MS The
CB M DR R G R UAAIS RTRPRIES, G F0Ht 6% (358 F G Ening Bhasic
media, amwmmwsltn mmeta’iﬂmcwE%e@@aa}ny?ibawm@ﬂmmeheeﬂwmmq&@ﬂigred byice in a week
(FIG. 1). When.the u lIs formed a single layef, MSC 0 n a spindle shape were
|dentn‘|edV\Hfjlﬂ'%{r@ngéé:é ﬁ%é%torﬂ%@% c?p@ ﬁ% lr{ngﬁﬁ 2Bt a&%(n%] é‘éﬁ%ﬂég@’b%ﬁ[}ﬁf‘é%nm the
l%MSCg gX@f?ﬁﬁdlﬁg‘ﬁ'fﬁUﬁé& ﬁ@ﬁﬁ@iﬁé@uﬁfempamw Bu|MH‘$gI$16 (S&UEHUCMG)}FOWFE&G thhe .
UCB-MSCs cyltivated accqrdin xam igma Co.) using a metho
disclosedTFg! Fgfbpéﬁegrféa 85'38 %éveﬁé%fd'n %wgﬂj omparative Immunology,
24:395-406, 200P|G-i8¢, smwé\né@awdmmﬂedrweddmmghaRammwdisw\bsmsiallmmmﬁmnd
then 2x 107 cel an_FBS- diu The W d us
contifogeP TG i MG P TR MG SO OR Ay HTRBHL MG LA dHaRE-
resultant ET-REGRavsopesfdutiz M)astsipedficibrimersfdhe BAFDIHaescastd s sobdimrdlx)
20and hap e A HETel SFILBHRNGA 30S 1Re30TIad 65 RPCRINPARL o3R8 1k u-87 Mo
expresses IL-8 in both cases which US-87 MG cultured with and without UCB-MSCs.

15 <Example 8> Effect of cytokine with respect to UCB-MSCs migration
The effect of IL-8, GRO-a, MCP-1(RND Systems, MN, USA) with respect to
migration of UCB-MSCs was measured using traswell migration assay.
PHK-26-labelled UCB-MSCs were placed in the upper compartment and no cells were
placed in the lower compartment. UCB-MSCs were cultured in an IL-8 free medium or
20 in a medium containing different concentrations of recombinant humane IL-8 for 24
hours. As a result, it can be seen that UCB-MSCs migrated more when treated with
IL-8 than when they were not treated with IL-8 (FIG. 9A).
IL-8 receptor on UCB-MSCs can be effectively blocked by anti-human CXC
chemokine receptor 1 (CXCR1) antibodies. After pre-incubation of UCB-MSCs with
25 anti-CXCR1 antibodies, recombinant IL-8 was again applied to UCB-MSCs. [L-8
mediated migration of UCB-MSCs was reduced, in a dose-dependant manner, by
anti-CXCR1 treatment (FIG. 9B). Anti-CXCR2 treatment also showed the same effect.
Similarly, GRO-a treatment also enhanced UCB-MSCs migration when compared
to untreated cells (FIG. 9C). GRO-q, also belongs to the CC subfamily and can interact
30  with the CXCR2 receptor [see Wuyts A. et al. Eur J Biochem 255, 67-73 (1998)].
In contrast, significant differences were not found in UCB-MSCs migration in
cultures treated with MCP-1 (FIG. 9 D). These data strongly indicate that IL-8 and
GRO-a participate in migration of UCB-MSCs towards U-87 MG cells.
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reaction, a medium containing an equal volume of fetal bovine serum (FBS) was added to the reaction
product and then left to sit for 1 minute. Cells labeled with PKH26 were collected by centrifuging and
then, washe Q2 WUO28BT8 20% FBS-containing medium three times and usBETYK&RRPLFHMERE. 25
<Example 4> Co-culture of MSCs and other cell lines in transwell chamber Human UCB-MSCs
(hUCB-MSCs) were dyed with PKH-26 (produced by Sigma). The dyed hUCB-MSCs and other tumor
cell lines were co-cultured under a culture condition in a transwell chamber (FALCON) (MSC: cancer
cell lines=1:5). For a control 3Q group, cancer cell lines-free MSCs were cultured in the same condition

as described abSVe@RRIE IR IB&@%GW@@@%W%Q-MM@U QUETIEXREGESIRY 11 2, included a
lower compartmeihieansatio nsiprameaitinetontaieatidie do1Ies CrBRASIRON S60oRIBEM ETM the

upper compartmen a nnicroparous membrane (8 pm size.) In the upper compartment

A S R S R P e T Y

ﬁomDs’irg@mw%ﬂghIswééﬁgmshfﬂimﬂlmb@fﬂéb@lg?éﬁ&ﬁﬁ\_'@LthﬁéarélQétﬁ!jrﬁTfttméQﬁlw'rlﬂeH-SS}ﬂ-T,
uman B lymphocyte NC-37, ouse's fibroblast was cultured. I CO- ring for one

oy, o IO AN ) (RS EARrech PRAS W Sa R AR eI ssing a

phase-cogtiasktMicsnscoer: ($dRMeand MRKE 2Sydlcthsd cahdbhfrstivinsARdsNaasmuEdedréd Gen)-

The same engriment was performed us ATO I, A549 PLC@’ F5, LN18, U138, and U251 which

ing K
are tumor CEIPTiELS, RMRE SIS ERNCEF SRILIbes:Aes e e - 5@9%%%%@%&%

experimepryRCcHeRormakidaengdissted Wit e BREEs hadditstreshimigrdioM ateattiowas placed
PKH26-lapeled UCB-MSCs wer -cultured with

varidls « SACLA AR K LR 4P RSP G NSRRI BB SR Py ek St ks
have migratesBiniadnedaweenoranasheledCifecsiHiigtcditcargatitnUs et MEIC BhaglthtsINg §ppism
cols (HOUCIRRE B BB 1P SIafitsef AR ST TS ST B FARTE P fich
human ceddoretéedyrindintunas adifed instead of tumor cells, and the right image shows the case in
which UCB_MS(}?\ %Vr%fgr?g_lg%\lfvn\?v%ether addition of IL-8 to cells expressing a lower level of IL-8
15 induces the migration of UCB-MSCs, IL-8 was overexpressed in A549 that is a human
lung cancer cell. FIG. 10C shows migration resuits of UCB-MSCs after IL-8 gene was
introduced to A549 cells that secrete a low level of IL-8 by using a lipofectamine reagent
and then IL-8 was overexpressed. Referring to FIG. 10C, more UCB-MSCs migrated in
A549 cells having overexpreesed IL-8 than in A549 cells.  Accordingly, it can be seen
20 that IL-8 could be a strong inducer of UCB-MSCs migration. FIG. 10D shows the

concentration of IL-8 secreted into a medium in a condition of C measured by ELISA.

<Example 10> Comparison of reaction of BM-MSCs and UCB-MSCs with respect

to IL-8

25 Since it is known that BM-MSCs migrate toward U-87 MG cells in vitro and in vivo,
migration characteristics of BM-MSCs and UCB-MSCs with respect to U-87 MG cells
were compared to those with respect to IL-8 (FIG. 11). A of FIG. 11 shows tropism
characteristics of BM-MSCs and UCB-MSCs migrated toward the lower compartment B,
that is, toward U87 MG. B of FIG. 11 shows tropism characteristics of BM-MSCs and

30  UCB-MSCs migrated toward the lower compartment B when they are treated with IL-8
for 14 hours. Referring to FIG. 11, more UCB-MSCs migrated than BM-MSCs.
Therefore, it can be seen that UCB-MSCs strongly corresponded to IL-8 and migrated

more, but BM-MSCs relatively weakly corresponded to IL-8.
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with U87-MGcell.Referring to FIG. 3, the migration of many PKH26-labeled UCB-MSCs was identified.
When the human cell line-free medium was used instead of tumor cells and cultured, the migration of
PKH26-labele@d WPB2PICs was negligible 20 (see the left image of B of FIGCBIKRAMARN26
PKH26-labeled UCB-MSCs had a tropism for a conditioned medium that did not contain U-87 MG cells
but U-87 MG cells had been cultured therein (see D of FIG. 4). Such results show that the conditioned

medium containegEsalwplie REOR@EasEIGr Ievels BittRstILIGBetisr ioNaR 1aRd BkcrRYSn
25<ExamBI8§> Caomparison of tropism of BM-MSCs for U87-MG and tropism of UCB-MSCs for

u87-MG st of BM-MSCs for U87-MG was compared to a tropism of UCB-MSCs for

U87-MG, using EiprssspdrCra@1bast CRCICapANCXCRESAI EResHE M 18akecE i BABYRISCs
compartment, and BM-MSCs and UCB-MSCs each were placed in an upper 30compartment. In all

cases, th@RAIRMYRES y&T6 somerried Byarasaeing Bl NA Kl pretein jp @agh fd ('R e and

stronger tORGREfOr P -MGAmo B/ rddtits dFFT-PL RENABIDIRLpeABARE WMtRICXGREIqiIfiof MSC
WO 2009/& 70PCT/KR2¥)08/005026 UCB-MSCs donated from four donors in the u

compartm R S AR WAk elated Rraghof (PR tarsttGReer c%ﬁtpifﬂ‘ahé?-MG

that is braiwchadeg irgbasagiced ipiea doesices THAHNEIYVE heOisI HIBE RN A. ranisyvelb (D MBRE
Then, chemotactic indices of of UCB-MSCs in each case were compared (FIG. 6). 5A549, HelLa, and

U87-MG CERYNFPE DIRESRRIRA IRYRISPhEHERT AR LIR?2 obtained by measuring each mRNA

band intensity of gel obtained from FIG. 12A using a densitometer (* and **, p<0.001;

10 n=4). As aresult of RT-PCR analysis for all the RNA isolated from UCB-MSCs and
BM-MSCs, the band density of the PCR product of CXCR1 and CXCR2 was higher in
UCB-MSCs than in BM-MSCs. FIG. 12 C shows analysis results obtained by
immuostaining UCB-MSCs and BM-MSCs with anti-CXCR1 and CXCR2 antibodies to
identify expression levels of CXCR1 and CXCR2 (x400). Referring to C of FIG. 12,

15 UCB-MSCs and BM-MSCs showed high expression levels of CXCR1 and CXCR2.
Since IL-8 has high affinity to CXCR1 and CXCR2, increased UCB-MSCs migration
toward U-87 MG may be due to up-regulated expression of CXCR1 and CXCR2. FIG.
12 D shows analysis results obtained by immuostaining UCB-MSCs and BM-MSCs with
a secondary antibody only without anti-CXCR1 and CXCR2 antibodies to identify antigen

20  specificity of the anti-CXCR1 and CXCR2 antibodies.

<Example 12> Introduction of gene into umbilical cord blood mesenchymal stem
cell
As an example of an experiment in which a gene is introduced into UCB-MSCs, a
25 green fluorescent protein (GFP) was overexpressed using an electroporation method
with a human MSC neucleofector produced by amaxa biosystem Co. and an
electroporation method. 4x10° cells of UCB-MSCs were cultured for two days and then
placed in a mixture of 5 mg of a GFP encoding gene and 100 ml of a human MSC
nucelofector for 15 minutes and the gene was introduced in an electroporator. The
30 resultant UCB-MSCs were moved to a plate and after 24 hours, expression levels of
GFP were identified with a fluorescent microscope. The GFP could be identified in a
cytoplasm of each MSC (see FIG. 13).
To test a tropism of UCB-MSCs to which the GFP encoding gene is introduced,

each of a GFP encoding gene and an empty gene was overexpressed in UCB-MSCs
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collection (ATCC). Each of A549 and U87 MG cells was cultured in 10-20% bovine serum-containing
RPMI1640, and HelLa was cultured in DMEM. In each case, the chemotactic index was calculated by
dividing the WORMYBBICB-MSCs migrated toward U87 MG by the numbeP6THEBBUNSE2Migrated in
the control experiment. A tropism of toUCB-MSCs for those cancer cells was analyzed. As a result, it
was found that UCB-MSCs had the stronggest tropism for U87 MG that is a brain tumor cell line.

<Examplﬁaﬁa %ﬁkwwﬁrw of théﬁﬁ@@lt&lh@' @g@t@@b%klﬂctslfqméwaﬁ i@@l&&ifki@@ludmﬁeuftﬂel\/lﬁ
tumor cell, were 15co-cultured, and the cultured medi collected. The cytokine profile from the
tored rE R DA R b S PR UL S G Eypressing b AES, FARREd s o
various cyiakipperaserapathashnebdakaisivenoh &iburaadiUSE MG asisaseadiranoR&D System

Co. and was reacted with a blocking solution for one hour. Se arateﬁl;s/s, amounts of the media prepared

by co-cultBPTRaBTRAE Qh e drang Uelichampes RRANSMUHEMES RoressNgsstiandhvoe Lell
were adjustedvierb eenéuftllesisior 2 arsiitsnedie epsemiXath vate dhevabee thanstvedies of cyokines

contained in the kit and an_antigen-antibody reaction was induced for one hour. The medium in which

the suppliEAEHRIEREUnASSaRRSINR SIS MR HRRIEEG o et R (S HES hRaN RS SBBNHRthe film that
was subjegEB-MICsioeking fesgifgfGRR defe heirgoflietidheofenaiop. dba fid wasrblas 6@ pist

washing s Iu%%ﬁgt\éga}gef and then washed with tertiary distilled water. Then the film was dried at
room tem@e(r . rrep ﬁing the washing and drying process two or three times, the film was

reacted in a solution containg streptavidin-HRP for 30 minutes. Then the film was washed with a
washing solution three times, reacted with a chromattic reagent, and then exposed to 30an X-ray film
in the dark room. U87-MG inducing strong tropism of UCB-MSCs secreted growth-related
oncogene (GRO-alpha), IL-8, MCP-1, G-CSF, GM-DSF, IL-6, IL-1[3, a migration inhibitory factor (MIF),
and Serpin El. Specifically the amounts of GRO-alpha and IL-8 were higher than those of MCP-1,
G-CSF, GM-DSF, IL-6,a MIF, and Serpin El.
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WO 2009/028870PCT/KR2008/005026 FIG. 7 shows results obtained by analyzing cell lysates and cell
culture supernatants through a cytokine array. Array results and information about changed spots
compared to the control group are shown in FIG. 1. In Table 1, cytokines in parentheses are cytokines
that were derived by the co-culturing with tumor cells. It is highly likely that 5 these cytokines may induce
a tropism of UCB-MSCs. [Table 1] Cell Lysate Supernatants NC37 MIF+++ MIF+++ SICAM-1++ Serpin
E1l+

CLAIMS

1. A pharmaceutical composition for preventing or treating brain tumors, wherein the
pharmaceutical composition comprises mesenchymal stem cells isolated from umbilical cord blood
and/or mesenchymal stem cells expanded from said mesenchymal stem cells, wherein the brain
tumor cell expresses at least one selected from the group consisting of IL-8 and GRO-a and is not a

glioma cell.

2. The pharmaceutical composition of claim 1, wherein the mesenchymal stem cells isolated
from umbilical cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem

cells function as a carrier for gene therapy for treating brain tumors.

3. The pharmaceutical composition of claim 1, wherein an anti-tumor gene is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

4. The pharmaceutical composition of claim 3, wherein the anti-tumor gene is selected from the
group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene, a cell cycle

regulatory gene and an angiogenesis inhibitor gene.

5. The pharmaceutical composition of claim 4, wherein the tumor suppressor gene is selected
from the group consisting of a gene of phosphatase and tensin homolog (PTEN), a gene of Maspin, a
gene of RUNXS, a gene of Caveolin-1, a gene of nm23, a gene of Rb protein, a gene of Brush-1, a
gene of inhibitor of tumor growth (ING-4), a gene of survivin, a gene of X chromosome linked inhibitor
apoptosis protein (XIAP), a gene of neural apoptosis inhibitory protein (NAIP) and genes of proteins

related to regulating said genes.

6. The pharmaceutical composition of claim 4, wherein the apoptosis inducing factor gene is
selected from the group consisting of a gene of cytokine, a gene of interleukin, a gene of a tumor
necrosis factor (TNF), a gene of interferon(INF-a, INF-B, INF-y), a gene of a colony stimulating factor

(CSFs), a gene of p53, a gene of Apaf-1, a gene of TRAIL, a gene of Caspase, a gene of Bax, a gene
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MIP-1la++ MIP-1a++ IL-16++ MIP-lb++ IL-6+ IL-8+ LS174-T MIF+++ MIF+++

of Bad, a gene of FADD, a gene of JNK, a gene of p38 kinase and genes of proteins related to

regulating said genes.

7. The pharmaceutical composition of claim 4, wherein the cell cycle regulatory gene is selected
from the group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of
cdc25C, a gene of p21WAF, a gene of p16INK4, a gene of CDK(CDK1, CDK2, CDK4, CDK®6), a gene
of Rb protein, a gene of E2F, an antisense or siRNA thereof and genes of proteins related to

regulating said genes.

8. The pharmaceutical composition of claim 4, wherein the angiogenesis inhibitor gene is
selected from the group consisting of a gene of thrombospondin-1, a gene of endostatin, a gene of
tumstatin, a gene of canstatin, a gene of vastatin, a gene of restin, a gene of a vascular endothelial
growth inhibitor, a gene of maspin, a gene of angiopoietins, a gene of 16-kd prolactin fragment and a

gene of endorepellin.

9. The pharmaceutical composition of claim 1, wherein a prodrug converting enzyme gene is
introduced to the mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal

stem cells expanded from said mesenchymal stem cells.

10. The pharmaceutical composition of claim 9, wherein the prodrug converting enzyme gene is

selected from cytosine deaminase gene and CYP2B1 gene.

11. The pharmaceutical composition of claim 1, wherein an antisense or siRNA of a gene related
to brain tumor is introduced to the mesenchymal stem cells isolated from umbilical cord blood and/or

the mesenchymal stem cells expanded from said mesenchymal stem cells.

12. The pharmaceutical composition of claim 11, wherein the gene related to brain tumor is
selected from the group consisting of a gene of Ras family, a gene of c-myc, a gene of abl, a gene of
erbB-1, a gene of EGF-R, a gene of Bax, a gene of Apaf-1 interacting protein (APIP), a gene of Wnt-
1-induced secreted protein 1 (WISP-1), a gene of Wnt, a gene of Raf-1, a gene of Src, a gene of Akt,
a gene of Erk-1,2 and a gene of BcL-2.
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IL-Ira++ SerpinEl +++ GROa+ IL-6+ IL-8+ U87 SICAM-1+++ (GROa+++) IL-6+++ IL-6+++

13. The pharmaceutical composition of claim 1, wherein an oncolytic virus is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

14. The pharmaceutical composition of claim 13, wherein the oncolytic virus is selected from

Herpes simplex virus and Reovirus type 3.

15. The pharmaceutical composition of any one of claims 1-14, wherein the brain tumor is
selected from the group consisting of Ganglioneuroma, Acoustic Neuroma, Chordoma, CNS
Lymphoma, Craniopharyngioma, Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors,
Pituitary Tumors, Primitive Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts,

Neurofibromatosis, Pseudotumor Cerebri and Tuberous Sclerosis.

16. A composition for diagnosing brain tumor or monitoring brain tumor treatment progression,
wherein the composition includes the mesenchymal stem cells isolated from umbilical cord blood
and/or the mesenchymal stem cells expanded from said mesenchymal stem cells, wherein the brain
tumor cell expresses at least one selected from the group consisting of IL-8 and GRO-a and is not a
glioma cell, wherein the mesenchymal stem cells isolated from umbilical cord blood and/or the
mesenchymal stem cells expanded from said mesenchymal stem cells are labeled with a detectable

marker.

17. The composition of claim 16, wherein the detectable marker is selected from luciferase-

containing enzyme-based fluorescent detector and Tat peptide-derivatized magnetic nanoparticles.

18. The composition of any one of claims 16 and 17, wherein the brain tumor is selected from the
group consisting of Ganglioneuroma, Acoustic Neuroma, Chordoma, CNS Lymphoma,
Craniopharyngioma, Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors, Pituitary
Tumors, Primitive Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts,

Neurofibromatosis, Pseudotumor Cerebri and Tuberous Sclerosis.

19. A kit for treating brain tumor, comprising: a prodrug of anticancer drug; an umbilical cord
blood-derived mesenchymal stem cell; and an expression vector having the prodrug converting
enzyme gene, wherein the umbilical cord blood-derived mesenchymal stem cell is transfected with the

expression vector having a gene encoding the prodrug converting enzyme, wherein the brain tumor
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MIF+++ (IL-8+++) SerpinEl +++ Serpin El +++ IL-Ira++ (G-CSF++) IL-8++ MIF++ G-CSF++ (MCP-1+)

cell expresses at least one selected from the group consisting of IL-8 and GRO-a and is not a glioma
cell, wherein the umbilical cord blood-derived mesenchymal stem cell is mesenchymal stem cells
isolated from umbilical cord blood and/or the mesenchymal stem cells expanded from said

mesenchymal stem cells.

20. The kit of claim 19, wherein the gene encoding the prodrug converting enzyme is selected

from a cytosine deaminase gene and a CYP2B1 gene.

21. The kit of claim 19 or 20, wherein the brain tumor is selected from the group consisting of
Gangliomeuroma, Acoustic Neuroma, Chordoma, CNS Lymphoma, Craniopharyngioma,
Hemangioblastoma, Medulloblastoma, Meningioma, Pineal Tumors, Pituitary Tumors, Primitive
Neuroectodermal Tumors, Rhabdoid Tumors, Schwannoma, Cysts, Neurofibromatosis, Pseudotumor

Cerebri and Tuberous Sclerosis.

22. A gene therapy composition for transferring a therapeutical gene or product thereof to a cell,
wherein the gene therapy composition comprises the mesenchymal stem cells isolated from umbilical
cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem cells, wherein
the cell expresses at least one selected from the group consisting of IL-8 and GRO-a and induces
tropism of the mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal

stem cells expanded from said mesenchymal stem cells and the cell is not a glioma.

23. The gene therapy composition of claim 22, wherein the mesenchymal stem cells isolated from
umbilical cord blood and/or the mesenchymal stem cells expanded from said mesenchymal stem cells

function as a carrier for gene therapy.

24. The gene therapy composition of claim 22, wherein an anti-tumor gene is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

25. The gene therapy composition of claim 24, wherein the anti-tumor gene is selected from the
group consisting of a tumor suppressor gene, an apoptosis-inducing factor gene, a cell cycle

regulatory gene and an angiogenesis inhibitor gene.
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IL-1 a+ IL-1 b+ WO 2009/028870PCT/KR2008/005026 Conditioned media collected from
UCB-MSCs cultures only, U-87 MG cell cultures only, and the co-culture of both cells were prepared.
Each conditioned medium was incubated on an array membrane, and then visualized by an ECL reagent.
Then the visualized conditioned media were compared to each other (see FIG. 8). FIG. 5 8A shows
cytokine antibod8P alfaPHsarEIRyeSTREs oA i iRy Bp 488" BYPEIRtERTIIEEC SIPSes only and a
control mediurrm Fir@B sheiatmayteliere aitiverhptaseanatradysiomeyltBTromabeneddaspiprepared by
culturing the kNG, gind sheamreriun peeparedday CaadiringotdcBridss moshW-87 MG. FIG. 8C

shows results ddepiifieghByoisHigm MRINA B LEB-MSGS sylimetkuiihieandanitauiie? MG (ieft) or
from U-87 MG guliucesl wilnane WibeubCRMSGe (g R TSGR wies Rerfaimed il i 8 specific
primers and épAE’%I-SI was used as g control. Wﬁerﬁ) ?he 'Ievei ofFfL-g RNA was measureg y RT-PCR, it
was found thEt 178 R ERBAELEELTE-8 in both cases which US-87 MG cultured with and without
UCB-MSCs. 15<Example 8> Effect of cytokine with respect to UCB-MSCs migration ~ The effect of IL-8,
GRO-a, MCP-1(RND Systems, MN, USA) with respect to migration of UCB-MSCs was measured using

traswell migl’atiOZY.aﬁ&Q)éne therapy composition of claim 25, wherein the apoptosis-inducing factor gene is
selected from the group consisting of a gene of cytokine, a gene of interleukin, a gene of a tumor
necrosis factor (TNF), a gene of interferon(INF-a, INF-B, INF-y), a gene of a colony stimulating factor
(CSFs), a gene of p53, a gene of Apaf-1, a gene of TRAIL, a gene of Caspase, a gene of Bax, a gene
of Bad, a gene of FADD, a gene of JNK, a gene of p38 kinase, and genes of proteins related to

regulating said genes.

28. The gene therapy composition of claim 25, wherein the cell cycle regulatory gene is selected
from the group consisting of a gene of cdc2, a gene of Cyclin(Cyclin A, Cyclin D, Cyclin E), a gene of
cdc25C, a gene of p21WAF, a gene of p16INK4, a gene of CDK(CDK1, CDK2, CDK4, CDK®6), a gene
of Rb protein, a gene of E2F, an antisense or siRNA thereof, and genes of proteins related to

regulating said genes.

29. The gene therapy composition of claim 25, wherein the angiogenesis inhibitor gene is
selected from the group consisting of a gene of thrombospondin-1, a gene of endostatin, a gene of
tumstatin, a gene of canstatin, a gene of vastatin, a gene of restin, a gene of a vascular endothelial
growth inhibitor, a gene of maspin, a gene of angiopoietins, a gene of 16-kd prolactin fragment and a

gene of endorepellin.

30. The gene therapy composition of claim 22, wherein a prodrug converting enzyme gene is
introduced to the mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal

stem cells expanded from said mesenchymal stem cells.

31. The gene-therapy composition of claim 30, wherein the prodrug converting enzyme gene is

selected from the group consisting of cytosine deaminase gene and a CYP2B1 gene.
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PHK-26-labelled UCB-MSCs were placed in the upper compartment and no cells were placed in the lower
compartment. UCB-MSCs were cultured in an IL-8 free medium or 20in a medium containing different
concentrations of recombinant humane IL-8 for 24 hours. As a result, it can be seen that UCB-MSCs
migrated more when treated with IL-8 than when they were not treated with IL-8 (FIG. 9A). IL-8 receptor
on UCB-MSCs can'be e diriaty HIBerReiPhy’ sttranaprenas ¥ReresenefBeaptsrersERER?) antibodies.
After pre-incurationicgfodCa!M BE mewdirAHalrste@ XlRdokiztiiociesbiEebrridipiast 4hd®migs again applied to
UCB-MSCs. hekibgghatednmigiasipanatdtoR-ME meswapyredueatdnr.a dose-dependant manner, by
anti-CXCR1 treatment (FIG. 9B). Anti-CXCR2 treatment also showed the same effect.  Similarly,
GRO-a treatment also enhanced UCB-MSCs migration when compared to untreated cells (FIG. 9C).

GRO-a also belon%in to the CC subfamily and can interact 30 with the CXCR2 receptor [see Wuyts A. et

al. Eur J Biocheftt 258 9872 'S"ePy &Y oS O P Lttt ast "ORIRMLE S efrferly 8L ars PtH8HAen ucB-MsCs
migration in dUf@I¥S ASEIAA WTPLRIFRTY DYSRIESE HamISIvPIGY inaREAR BREt 1Le@elitd GRO-a
participate inafigfatton whe@ BaM & @odohartisat- 8@ geltssinAABIRD 92 88WOPBTIIKR2008/005026
<Example 9>sbieBdVoes Migrates, oyeacchAVpd QaGrievataxp eessiaer Bro3aldagerelakipaghip sietween the
concentratior:gf 1b-§,s6¢&ies Ham several cancer cells and UCB-MSCs migration toward each cancer
cell was identified. FIG. 10A 5shows ELISA results indicating concentrations of IL-8 secreted in media in
which U87

34. The gene therapy composition of claim 22, wherein an oncolytic virus is introduced to the
mesenchymal stem cells isolated from umbilical cord blood and/or the mesenchymal stem cells

expanded from said mesenchymal stem cells.

35. The gene therapy composition of claim 34, wherein the oncolytic virus is selected from the

group consisting of Herpes simplex virus and Reovirus type 3.

36. A composition for diagnosing a disease occurring in a site, comprising a cell or monitoring
treatment procession of the disease, wherein the composition comprises the mesenchymal stem cells
isolated from umbilical cord blood and/or the mesenchymal stem cells expanded from said
mesenchymal stem cells, wherein the cell expresses at least one selected from the group consisting
of IL-8 and GRO-a and induces tropism of the mesenchymal stem cells isolated from umbilical cord
blood and/or the mesenchymal stem cells expanded from said mesenchymal stem cells and the cell is
not a glioma, wherein the mesenchymal stem cells isolated from umbilical cord blood and/or the
mesenchymal stem cells expanded from said mesenchymal stem cells are labeled with a detectable

marker.

37. The composition of claim 36, wherein the detectable marker is selected from the group
consisting of a luciferase-containing enzyme based fluorescent detector and Tat peptide-derivatized

magnetic nanoparticles.

38. The gene therapy composition of any one of claims 22 to 35, wherein the cell expressing IL-8

or GRO-a is a brain tumor cell.
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MG (brain tumor), KATOIll(gastric cancer), A549 (lung cancer), and PLC/PRF5 (liver cancer) cells were
cultured. In this regard, the concentration of IL-8 was measured per 1x105cells. Among the cancer cell
lines assayed, U-87 MG showed the highest IL-8 production. This data suggested that UCB-MSCs had a
strong migration attraction 10toward IL-8 producing cells. In addition, other human brain tumor cells, that
is, LN18, U138, #hdng2amreelian aisayshnewetrine 3ifnitar Wb Hpgab A<rcasingr 28 & Prativ? U-87 MG
(see FIG. 108¥aiTherefcré, it can be seen that UCB-MSCs has a tropism for IL-8 secreted by brain tumor
cells. In order to know whether addition of IL-8 to cells expressing a lower level of IL-8 15 induces the
migration of UCB-MSCs, IL-8 was overexpressed in A549 that is a human lung cancer cell. FIG. 10C
shows migration results of UCB-MSCs after IL-8 gene was introduced to A549 cells that secrete a low
level of IL-8 by using a lipofectannine reagent and then IL-8 was overexpressed. Referring to FIG. 10C,
more UCB-MSCs migrated in A549 cells having overexpreesed IL-8 than in A549 cells. Accordingly, it can
be seen 20 that IL-8 could be a strong inducer of UCB-MSCs migration. FIG. 100 shows the
concentration of IL-8 secreted into a medium in a condition of C measured by ELISA. <Example 10>
Comparison of reaction of BM-MSCs and UCB-MSCs with respect to IL-8 25Since it is known that
BM-MSCs migrate toward U-87 MG cells in vitro and in vivo, migration characteristics of BM-MSCs and
UCB-MSCs with respect to U-87 MG cells were compared to those with respect to IL-8 (FIG. 11). A of
FIG. 11 shows tropism characteristics of BM-MSCs and UCB-MSCs migrated toward the lower
compartment B, that is, toward U87 MG. B of FIG. 11 shows tropism characteristics of BM-MSCs and 30
UCB-MSCs migrated toward the lower compartment B when they are treated with IL-8 for 14 hours.
Referring to FIG. 11, more UCB-MSCs migrated than BM-MSCs. Therefore, it can be seen that
UCB-MSCs strongly corresponded to IL-8 and migrated more, but BM-MSCs relatively weakly
corresponded to IL-8. WO 2009/028870PCT/KR2008/005026
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<Example 11> Expression levels of the IL-8 receptor CXCR1 and CXCR2 in UCB-MSCs

Expression levels of CXCR1 and CXCR2 which are IL-8 receptors in UCB-MSCs and BM-MSCs were
compared bYehaM8WABMRNA and protein in each of CXCR1 and 5 CXCRXTAB29B/MER6ws results
of RT-PCR which was performed with CXCR1 and CXCR2 primers after mRNA was isolated in each
of CXCR1 and CXCR2. GAPDH was included into each sample to assess the quantity of the isolated
RNA. FIG. 12 B shows results of expression levels of CXCR1 and CXCR2 obtained by measuring

each mRNA band intensity of gel objgi | ' igometer (* and **, p<0.001; 10
A R M PRAGRIGS

n=4). As a result of RT-PCR analysis fo isolated from UCB-MSCs and BM-MSCs, the
band density of thE3PJRipradvisvefiltisttatingna Oxecrsswak erleeting UnssarstyishrsiamBMaiSCs.
FIG.12C ﬁ,{@@/@analysis results obtained by immuostaining UCB-MSCs and BM-MSCs with
anti-CXCR1 and’CXCR2 antibodies to identify expression levels of CXCR1 and CXCR2 (x400).
Referfing to C offfti&s. 2518 schemeticvigw BiviaMsmswabehamber et isibredvias ei-OxXtoreL and

CHCR2. IInfibaPding BlEBPIEHe feSeRdanthi e ealReBRIEUSER MRE Fdnia e e

U-87 MG may be due to up-regulated expressi R1 an G.12 ows analysis
results obégieeiging itarheopreseng IDEBIABICSs and BM-MSCs with a secondary antibody only without

anti-CXCR1 andiCR2;aniibofligs 10gAGRUn, anigen %P%?‘?gﬂ%%otgﬁn%'é?éﬁxﬁﬁé@”% Qﬁé;’rfs .

antibodies. <Example 12> Introduction of gene into umbilica enchymal stem ¢

example GPaMPEXBBAM ftartianrmed gbﬁmmhwb@uc85Hﬁ@WM§@§w§Q§gwl@@¢<ﬂd@r@@,mer
proteln (GhPa iR BPIRS SRS AhSIRPEPRATGIZRM SPGBy NG NLERMMS ey glegiRptor

produced b?/ amaxa biosystem Co. and an electroporation method. 4x105 cells of UCB-MSC's were

cultured fOHEW dgRlla ipl#hedowel sripRroRentef e Erswelt sy enarared wltuieds a
human Maf BUeLIGEGST PickPBINER AR B Ie0 e aRitH fl cet iﬁhﬂﬁ%’ﬁt}?’%@ﬂfﬁﬁ% a0

resultant UCB-MSCs were moved to a plate and after 24 hours, expression levels of GFP were

identified ([9WeR SRIDRATEAANIBre SN swellchenebarisd Xidinelsiactadjaht hastindisatese (see

FIG. 13). case in which the cell number of cell lines in the lower compartment in the transwell
15 chamber is 5X10° cells, and in both cases, the number of UCB-MSCs is 1X10°cells and
in (B), a left fluorescent microscopic image shows PKH26-labeled UCB-MSCs migrated
toward the lower compartment of the transwell chamber when a human cell line-free
medium only is used (control), and a right fluorescent microscopic image shows
PKH26-labeled UCB-MSCs migrated toward the lower compartment of the transwell

20 chamber when when UCB-MSCs are co-cultured with U87-MG cells;

FIG. 4 is a graph of the number of UCB-MSCs migrated toward the lower
compartment of the transwell chamber when PKH-labeled UCB-MSCs placed in the
upper compartment of the transwell chamber and each of U87-MG, KATO IlI, A549,
PLC/PRF5, LN18, U138, and U251 cells placed in the lower compartment of the

25  transwell chamber are co-cultured (A and C), wherein (B) is an fluorescent microscopic
image of PKH26-labeled UCB-MSCs migrated toward the lower compartment, and (D) is
a graph of the number of UCB-MSCs migrated when UCB-MSCs are co-cultured with
U-87 MG cells, or with U87 MG cells-free cultured-conditioned media which is prepared
by culturing U87 MG cells in media and then removing U87 MG cells from the media;

30 FIG. 5 is a graph for comparing tropisms of BM-MSCs and UCB-MSCs for U-87
MG cells, wherein each of PKH-labeled UCB-MSCs and PKH-labeled BM-MSCs placed
in the upper compartment in the transwell chamber and U-87 MG cells placed in the
lower compartment in the transwell chamber are co-cultured and the number of
PKH-labeled UCB-MSCs migrated toward the lower compartment is compared with the
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To test a tropism of UCB-MSCs to which the GFP encoding gene is introduced, each of a GFP
encoding gene and an empty gene was overexpressed in UCB-MSCs WO
2009/028879PCHKRIYM8/005026 and then, a tropism of the resultant UCBMETR40%/WBIMG was
identified. After the gene was introduced as described above, UCB-MSCs expressing GFP were
placed in an upper compartment of a transwell chamber and U-87 MG was placed in a lower

com paftmnﬁﬁdhﬁmwébdmwmthgﬁbk@%ﬂ?ﬁba@m ﬁc’:ﬂ%@gﬁ\éﬁhﬁ% YME Mﬁ@f €
o-cultured for 24 hours. Among cells ated foward the lower compar positive cells
were iden LR, 06 BPIc KR EEA SABLH AP AN SHEM S Sr3FelR R G AP G Gel5 RS B of

a GFP genuaber svrongzrmﬂeﬂ@riysxm %@LﬂﬂdthW&&QQ%WTM?@G?S/W?POZG

DESCRIPTION THE. DRAWI FIG, 1 js a view illust s of collecti

mesenchymal st rE;ce}%lés(l\ﬁSQfgf ftey rff??f% e ﬁéﬁgﬁﬁ% B%Uéﬁﬂggb%saé&to

co-cuj;tureoonduiliuaé«tmdrbhmd:ehewwdn*esqmﬁdwrhldm;eand&use(bm&WQ)S) and various cell lines

according to the se?t invention; FIGE ph of the numb qg BMSCs Cnélr&rate toward
H MEEL

a lower compartment o ﬁ!?&%%%éﬁ%%‘&?né’é’ 9498 IQHQJ(?@ sI;ac%[bdm uppeyis
compart ahhtantsrtbrelijbhamytekimedse aﬁéﬁ&b@hcﬁxfw -LSNZ437, andl BLUBBIACE8H

laced WTﬁ\Jgﬁlow co rt L transjﬁ)rl chamber are co-cultured, wherein: in (A), a left gar
# AR ARG

indicates & G&E&TIR ®r of cell lines in the lower compartment in the transwell

chamber is 1X105IGel8s stislv rigiulpsis Ir@h@ﬂt@@l@t@m Ibw\/bmﬂbéhﬁg:ebn@mwhwdiléﬂﬁwmﬁw
Gl o el v Sy YL BT SR T 8
UCB-MS@O‘BM@d tamdld-8% merediemmﬁmemmfamﬂrmmmn@aﬁ&)ebnmﬁaraab wnr@dia:eah
e o PR A SRR R P ragens,
wherein (A) shows cytokine antibody array analysis results from the conditioned media
with UCB-MSCs and medium control, (B) shows analysis results when the conditioned

15 media in which U-87 MG only is cultured is used and when the media in which a
UCB-MSCs and U-87 MG are co-cultured is used, and (C) shows mRNA isolation results
from UCB-MSCs (left) cultured with or without U-87 MG cells or UCB-MSCs, and from
U-87 MG cells cultured with and without UCB-MSCs, wherein RP-PCT is performed with
IL-8 specific primers and GAPDH is used as a control group;

20 FIG. 9 is a graph for identifying the effect of IL-8 and GRO-a, among the cytokines
analyzed with reference to FIG. 8, on MSC migration, wherein (A) is a graph of cell
migration toward the lower compartment when MSCs are treated with a recombinant IL-8
protein for 0, 1, 10, and 100 ng for 24 hours, (B) is a graph of cell migration toward the
lower compartment when UCB-MSCs are pre-treated with 0.02, 0.2, and 2 pg of a CXC

25 chemokine receptor 1 (CXCR1) antibody that is known as a receptor of IL-8 in cells and
then treated with 50 ng of IL-8 to promote the MSC migration. (*, p=0.007; **, p<0.001),
(C) is a graph of cell migration toward the lower compartment when UCB-MSCs are
treated with GRO-a (*,p<0.005), and (D) is a graph of cell migration when MSCs are
treated with Monocyte chemoattractant protein-1 (MCP-1);

30 FIG. 10 consists of (A), (B), (C), and (D), wherein (A) and (B) are graphs of the
amount of IL-8 secreted in the cultured media with U-87 MG, KATO I, A549, PLC/PRFS5,
LN18, U138, and U251 cells, measured by ELISA, (C) is a graph of cell migration when
IL-8 gene is introduced to A549 cell secreting a low level of IL-8 and overexpressed, and

(D) is a graph of the amount of IL-8 secreted in the media in the condition of (C),
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20 chamber when when UCB-MSCs are co-cultured with U87-MG cells; FIG. 4 is a graph of the
number of UCB-MSCs migrated toward the lower compartment of the transwell chamber when
PKH-labeledVQCBXMEEY placed in the upper compartment of the transwell REEMB2IEAIE2ch of
U87-MG, KATO III, A549, PLC/PRF5, LN18, U138, and U251 cells placed in the lower compartment of
the 25 transwell chamber are co-cultured (A and C), wherein (B) is an fluorescent microscopic image
of PKHZ6M&M®9W migrated toward the lower compartment, and (D) is a graph of the

number of UCB- rated UCB-MSCs are.co-c 87 [ 87 MG
cells-free cuItureIEI@'C dT]?oqﬁegjr W%?%ﬁ%ﬁ?@B%ﬁ?@@@f&f@ﬁ%%&i@gg@wa@ﬁg qﬂ’dethen
removing M& ¢é(Bs celtscireim (A8 iwexdigraph HGCM&WQH%&S@DWB(WH}M%&%&WM@@ and
UCB-MSCs for Jvé\ﬂg;‘-tﬁelrlﬁ wherein e h of PK»—éIabeled lgpﬁm PKH- Izgﬁled BM-MSCs
placed in QUSRI ARIONS ﬁ?h%o Sk R resResh o SlspArd 4k 72 BRRP
com partmﬁemtcmmmnagsmcqiiﬁhaoﬁ d&CBrmﬁu&BWMSMWMWIMGBb%ﬂd BEBMESSsS
migrated towar i}%!? \ﬁﬁ ﬁ) égp ér‘g t is compared with the 38 WO
2009/028@58 Y 8] 85 %ér of PKH-labeled BM-MSCs, wherein a left bar indicates a
case in which U- BIG\/I@cﬂibwiamwyew%aulﬂsdmtgtmrhpamﬁbcaipmﬂamwm@hCXGkNKh@ﬁ'ﬁe?XlSt
(the number of U-8/ M |s 5X105. and in bpth SCs.i5 1X105; FIG. 6 is a
graph of chiert okjact{c i |ces o) 9%@&%&8&’0@@3@&6 %@?@% %%prlﬂﬁes
(A549, HdLa8 aedeldtSrBMGLd:@B}MSCstﬁi:I BYRMBC dytmebiunied mRMAlgridpestéiisaeerand cell
cult h a c |ne rray IS each of NC 8174 T,.an ells is
co- cu ure@%?ﬁ%%% 5 shows an IyS|s f&sti ﬁg%gfgﬁ 505?/ &ﬂ@:tfﬁ ﬁéﬁd%%ﬁ%d ?ﬁ'é‘dla in
which 10 BMBVMS@samdaﬁk—ﬂmféwmﬁm&émtbeﬂ]xmmaﬁmm}mR@mm@@ h@leOIBLMEECMSCS
and U-87 M S ultured, incubating th nditioned
then visuﬁ&ﬁnwﬁ(ﬁ%&fv Fg%&%ﬁﬁp@é}% %’e\% W%&‘é% \}vi c%r ﬂ‘ée % kg%%%ljﬁay
analysis rmmtfwﬂhmacbm;tmied (mpma\gmau@éwﬁ@sm I@mismf CI)(IURH @ OXCRaNBYY SIS
results when the con |t| ia | U-87 nly.is cu n th media
in which Qﬁl?ééu san %’é’? ‘% repgn\gf%:uﬁ (E,‘Sag uggji § "{fﬂ‘ \ﬁ' Alg&'&f’ ?fts
fromlliJCB(’l\/I@@is ’(Tefp{ﬁnﬁ(lﬂzdrmd) ofQYitsloonv)- aﬁaW@s:ehwltéJﬁiBmtﬁéia axporéssioh)-BrdiECafells
cultured u RP- P ed with IL-8 s ecific primers and
GAPDH |s qa\sgﬁla:org %B%%@S%hﬁ St?ss aaara%MWﬁtl%'rﬁe 2TEHRY fmnéLPQr?& 'ﬂ'@ga
among thprgaekmesd anti- CXCR1 and CXR2 antibodies (x400), and (D) shows analysis results
obtained by immuostaining UCB-MSCs and BM-MSCs with a secondary antibody only
instead of anti-CXCR1 and CXCR2 antibodies to identify antigen specificity of the
20  anti-CXCR1 and CXCR2 antibodies;
FIG. 13 is a fluorescent microscopic image of UCB-MSCs to which a gene coding
green fluorescent protein (GFP) is introduced and overexpressed:;
FIG. 14 shows results of an experiment in which each of the gene coding GFP
and an empty gene is overexpressed in UCB-MSCs. Said UCB-MSCs are placed in a
25 upper compartment in a transwell and U-87 MG cells are placed in a lower compartment
in the transwell and cocultured for 24 hours, and then UCB-MSCs migrated toward the
lower compartment are identified; and

FIG. 15 shows primer sequences used in Examples of the present invetion.

40



analyzed with reference to FIG. 8, on MSC migration, wherein (A) is a graph of cell migration toward
the lower compartment when MSCs are treated with a recombinant IL-8 protein for O, 1, 10, and 100
ng for 24 hours, (B) is a graph of cell migration toward the lower compartment when UCB-MSCs are
pre-treated with 0.02, 0.2, and 2 pg of a CXC 25chemokine receptor 1 (CXCR1) antibody that is known
as a receptor of IL-8 in cells and then a@EtR200BPD5026g fdlL-8me promote the MSC migration, (*,
p=0.002%* p<dEIMOSICFRs a §fdph of cell migration toward the lower compartment when
UCB-MS6:s aredsppted viith GRO mé* drdyii)s anstéDarievgraphebaellenigetion when MSCs are
treated with Moddggesep arabztaactancptbeipxp@dcha ) BRI, $8Ccedsixs of (A), (B), (C), and (D),
wherein (A) and" 5?8'&%p%$6¥§ﬁ§ amount of IL-8 secreted in the cultured media with U-87 MG,
KATG:150A549 KRLEIRRBG3 12288, U138, and U251 cells, measured by ELISA, (C) is a graph of cell
migrafithiwhen PR e ¥s introduced to A549 cell secreting a low level of IL-8 and overexpressed,
and @ks-a graph edsbeoagwount of IL-8 secreted in the media in the condition of (C), WO
200902887 0P CPKR2YIZ/005026 measured by ELISA; FIG. 11 are graphs for comparing
tropisms,@f UCBM3Es @i &MaMSCs for U-87 MG cells, wherein (A) is a graph for comparing
tropisa1af-UCB-M&Esand BM-MSCs moved toward the lower compartment, with respect to U-87 MG
cells, and (B) isL?Sgé:i\ 88%;5?5 comparing tropism of UCB-MSCs and BM-MSCs when UCB-MSCs and
BM- s-are tm@cgg\u L-8 for 14 hours; FIG. 12 show analysis results for comparing
expression levels of CXC chemokine receptor 1 and CXC chemokine receptor 2 (CXCR1 and
CXCIﬁﬁ%hich%re known as IL-8 receptors, in UCB-MSCs and BM-MSCs, by measuring mRNA and
proteig] wokereirkdpaensinows analysis results when mRNA is separated from each of UCB-MSCs and
BM-M §>and I?T-PCR was performed with CXCR1 and CXCR2 primers in UCB-MSCs and

BM- 5> Whepgin the separated RNA was quantified with reference to GAPDH reacted with each
sampt21@dB) is atyaph of expression levels of CXCR1 and CXCR2 by measuring the band intensity of
mMRNAZDP8ach GEBISHEY FBHEFwith a densitometer 15 (* and **, p<0.001; n=4), (C) shows
analysgpresults of protein expression levels of CXCR1 and CXCR2 in UCB-MSCs and BM-MSCs by
perforfAfig a imPTURBStEpMYG iR cEYs &PHNti- CXCR1 and CXR2 antibodies (x400), and (D) shows
analysis results obtained by imnnuostaining UCB-MSCs and BM-MSCs with a secondary antibody

only irgtad of dnti-CXCR1 and CXCR2 antibodies to identify antigen specificity of the
accacagtcc atgccatcac

<210> 2

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for GAPDH
<400> 2

tccaccaccc tgttgctgta 20
<210> 3

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for 1L-8
<400> 3

tcctgatttc tgcagctctg tg 22
<210> 4

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for IL-8
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zo anti-CXCR1 and CXCR2 antibodies; FIG. 13 is a fluorescent microscopic image of UCB-MSCs
to which a gene coding green fluorescent protein (GFP) is introduced and overexpressed, FIG. 14
shows results of an experiment in which each of the gene coding GFP and an empty gene is
overexpressed in UCB-MSCs. Said UCB-MSCs are placed in a 25 upper compartment in a transwell
and U-87 MG cells are placed in a lowrTeeasmens®2oistud tegupswell and cocultured for 24 hours,
and then UCB-MSCs migrated toward the lower compartment are identified; and FIG. 15 shows primer
sequenges used in Examples of the present invetion.

tgcttgaagt ttcactggca tc 22
<210> 5

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR1

<400> 5

gagccccgaa tctgacatta 20
<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR1

<400> 6

gcagacactg caacacacct 20
<210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR2

<400> 7

attctgggca tccttcacag 20
<210> 8

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer sequence for CXCR2

<400> 8

tgcacttagg caggaggtct 20
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