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BACKGROUND OF THE INVENTION

15
Stroke, Parkinson’s disease, Alzheimer's disease, Pick's disease,

Huntington's disease, amyotrophic lateral sclerosis, traumatic central nervous
system disease and spinal cord injury disease involve dysneuria caused by
injary of nerve cells, and they have been generally treated by medication or

20  surgical operation which may severely damage normal cells.

Recently a cell replacement therapy in which normal cells are
transplanted to replace destroyed or damaged cells has been recognized to be
effective for such diseases, and stem cells, in particular, which can be
differentiated and proliferated into desired tissues are under intense studies.

25 Stem cells are unspecialized cells that can be proliferated unlimitedly in
the undifferentiated stage and can be differentiated into diverse tissues in
response to specific stimuli.

Neural stem cells, from which neurons and/or glia such as astrocytes,

oligodendrocytes and/or Schwann cells form, are also undifferentiated cells
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neural precursor Celllnsreger:ntn?garrg,l the umbilical cord blood has become a target for
researchers because of its high concentrations of stem cells. A number of trials
15 to treat blood diseases by transplanting umbilical cord blood to a patient have
been conducted, and umbilical cord blood banks, which preserve umbilical cord
blood in a frozen form until use, have been established for the autologous
transplantation therapy.
Unlike the bone marrow, the umbilical cord blood can be obtained by a
20 simple operation from aun umbilical cord and it causes little graft versus host
reaction. For these reasons, worldwide studies for clinical application of the
umbilical cord blood have recently been performed.
The present inventors have also extensively studied umbilical cord
blood-derived mesenchymal stem cells and found that they are capable of
25  inducing differentiation and proliferation of neural precursor cells or neural

stem cells to neural cells,

SUMMARY OF THE INVENTION
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provided a composition for inducing differentiation and proliferation of neural

précursor cells or neural stem cells to neural cells, comprising umbilical cord
blood-derived mesenchymal stem cells as an active ingredient.

In accordance with a still further aspect of the present invention, there is

15 provided a method for treating a nerve injury disease which comprises

administering the composition to a nerve cell injury region of a subject in need

of treating the nerve injury disease.

BRIEF DESCRIPTION OF THE DRAWINGS

20
The above and other objects and features of the present invention will
become apparent from the following description of the invention, when taken in
conjunction with the accompanying drawings, which respectively show:
25 Fig. 1: a diagram of a transwell chamber used for co-culturing vmbilical

cord blood-derived mesenchymal stem cells and neural precursor cells;

Fig. 2: photographs showing the differentiation and proliferation of
NG108-15 (NG108) observed with a phase-contrast microscope (x100), 4 and 7
days after culturing NG108-15 alone or co-culturing therewith umbilical cord



cord bl ood-derived nesenchynmal stemcells and neural precursor cells;
Fig. 2: photographs showing the differentiation and proliferation of
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respectively; Fig. 7:" a graph show ng the nunber of viable cells

assessed by t heeural stem cells derived from the brain cortex of a fetal mouse observed with a
phase-contrast microscope (x100), 7 days after co-culturing the neural stem
cells with hUCB-MSC-1 and hUCB-MSC-2 of various concentrations,

15  respectively;

Fig. 6: photographs showing the immunostaining result for tubulin beta-
Il and microtubule-associated protein 2 (MAP2), early markers of neuronal
differentiation, 7 days after culturing neural stem cells derived from the brain
cortex. of the fetal mouse alone or co-culturing therewith umbilical cord blood-

20  derived mesenchymal stem cells, respectively;

Fig. 7: a graph showing the number of viable cells assessed by the
frypan blue staining, 7 days after co-culturing the NG108-15 with umbilical
cord blood-derived mesenchymal stem cells of various concentrations; and

Fig. 8: a graph showing the number of viable cells assessed by the

25 trypan blue staining, 7 days after co-culturing the neural stem cell, derived from
the brain cortex of the fetal mouse, with umbilical cord blood-derived

mesenchymal stem cells of various concentrations.



trypan blue staining, 7 days after co-culturing the NGLO8-15 with
unbi lical cord bl ood-derived nmesenchymal stemcells of various
concentrations; and Fig. 8 a graph show ng the nunber of_viab
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co-culturing the neural stemcell, derived from the brain cortex of
the fetal nouse, with unbilical cord bl ood-derived nesenchymal stem
cells of various concentrations. 4 WO 2008/ 066330 PCT/ KR2007/ 006084
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umbilical cord blood of a mammal, preferably human.

The term “a nerve injury disease” as used herein refers to a disease that

accompanies, among others, behavior dysfunction dne to damaged motor or

15 sensory nerves. Exemplary nerve injury diseases include Stroke, Parkinson’s
disease, Alzheimer's disease, Pick's disease, Huntington's disease, amyotrophic
lateral sclerosis, traumatic central nervous system disease and spinal cord injury
disease.

The term “treating™ refers to: preventing the manifestation of a not-yet-

20 diagnosed disease or disorder in an animal, preferably a mammal, most
preferably human, which is prone to acquire such disease or disorder; or
inhibiting the development of a nerve injury disease.

The term “a neural cell” as used herein refers to a neuron of central or
peripheral nervous system, and/or glia such as an astrocyte, an oligodendrocyte

25  and/or a Schwann cell.

In isolating a monocyte comprising mesenchymal stem cells from the
umbilical cord blood, a common method such as the Ficoll-Hypaque density
gradient method can be employed. Specifically, said method comprises the
steps of gathering umbilical cord blood from the umbilical vein after parturition
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shape are observed. Then, the mesenchymal stem cells are subcultured
15 repeatedly until the cells are sufficiently amplified.

According to the present invention, both the differentiation and
proliferation of neural precursor cells or neural stem cells to neural cells can be
induced by co-culturing umbilical cord blood-derived mesenchymal stem cells
with neural precursor cells or neural stem cells. Namely, the umbilical cord

20  blood-derived mesenchymal stem cells are simultaneously effective not only for
inducing the differentiation of the neural precursor cells or neural stem cells to
neural cells, but also for sustaining and strengthening such effects through
increasing the mmber of the neural cells, to enhance their therapeutic effects.

Therefore, the present invention provides a use of umbilical cord blood-

25  derived mesenchymal stem cells or a composition comprising the cells for
inducing differentiation of neural precursor cells or neural stem cells to neural
cells and proliferation of the resulting neural cells.

Umbilical cord blood-derived mesenchymal stem cells or a composition

of comprising the cells can be used for cytotherapy of a patient suffering from a
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The inventive pharmaceutical formulation can be administered

15 parenierally according to the conventional procedures in the art, for instance, via
direct injection into an injury region as well as injection into the cerebrospinal
fluid, for example, lumbar puncture and parenchymal injection, vein or artery.
Preferably, it can be administered via direct injection into a peripheral or
opposite region of brain or spinal cord injury region. Further, the clinical

20 method of Douglas Kondziolka (Douglas Kondziolka, Pittsburgh, 1998) may be
employed to administer the inventive pharmaceutical formulations into an injury
region. Specifically, a skull of a subject is incised to make a hole having a
diameter of 1 cm and a suspension of a mesenchymal stem cells in HBSS
(Hank's balanced salt solution) is injected into the hole by employing a long-

25 needle syringe and a stereotactic frame.

A typical dose of the mesenchymal stem cells may range from 1x10° to
1x107 cells/kg body weight /injection, preferably from 5x10° to 5x10° cells’kg
body weight/injection, which can be administered in a single dose or in divided
doses. Further, it should be understood that the amount of the effective
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medium may further comprise an antibiotic, e.g., gentamicin, and/or 5 to 15

15 weight% of FBS. The culture period may ranges from 5 to 10 days.

The present invention also provides a method for treating a nerve injury
disease which comprises administering the umbilical cord blood-derived
mesenchymal stem cell or a composition comprising the same to the nerve cell
injury region of a subject in need of treating the nerve injury disease. The

20  subject may be a mammal including human.

When administered in a therapeutically effective amount, the umbilical
cord blood-derived mesenchymal stem cell induces not only differentiation of
neural precursor cells or neural stem cells of cenfral or peripheral nervous
system to neural cells, but also the proliferation of the resulting neural cells,

25  thereby resulting in the recovery of the neural functions and treatment of such
nerve injury disease. The treating effect of the umbilical cord blood-derived
mesenchymal stem cell is greatly enhanced and sustained for a long time by its
capability of proliferating the regenerated neural cells.
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resulting in t b B’Fof Hé‘i’i‘iﬁ?‘df@aeafﬁﬁgsand treat ment of
such nerve inj ury di @wgam Revhs Bt Bk Ghe GibiiRal yabi b GAlicfRtse

bl ood-derived mesenchynmal emcell 1s greatly enhanced and
sust ai ned for woMangumdan'ehd:xy cnonsentca;fhimniﬁdailypfa dobegauger neddlg ohe UCB

o e B ool ub O SRR SRS SR e ross)
illustration %symsa@@h e tﬁ@hxﬂbm&ﬂ‘%ﬂl iooalhavmwcﬁ he ﬁ&?@ﬁto%etﬂ&% The

i nvention. anpl e I solation and culture of unbilical cord
bl ood- deri ved co&letaels’xﬂomxlmampm:emeﬂomlthm 483tcas d)d theaellsitvival rafe was over
unbi |i cal cordgﬂta/l ood (UCB)

0.

15 (Step 2) Isolation and amplification of mesenchymal stem cells
The UCB obtained in step ! was subjected to centrifugation using a
Ficoll-Hypaque gradient (density: 1.077 g/mf, Sigma) to obtain monocytes,
The monocytes were then washed several times to remove impurities and
suspended in a minimum basal medium containing 5 to 15 weight% FBS
20 (HyClone) (o-MEM, Gibco BRL). Subsequently, a pre-measured amount of
the suspension was added to the same media as above and cultured in a 5% CO,
incubator at 37°C, while exchanging the media with a fresh batch of medium
twice 2 week. When the cultured cells formed a mono-layer, the generation of
mesenchymal stem cells having a spindle shape was confirmed with a
25  microscope. The mesenchymal stem cells thus formed were subcultured
repeatedly until the cells were sufficiently amplified (Yang SE et al.,
Cytotherapy, 6(5):476-486, 2004).

Example 2: Culture of NG108-15 (NG108)




A UCB sanpl e was obtained fromthe unbilical vein of a delivering
woman under her consent. Specifically, a 16-gauge needle of a UCB io0
col l ection ining 44 n2 of CPDA-1 anti coagul ant S)
was inserté@?@?ﬁ@ﬁ%” e umbi lical vein to allow UCB to fl& &%%7@@
bag. The colleted blood was processed within 48 hours and the cell
survival rate was over 90% 15 (Step 2) Isolation and anplification
of mesenchymal stemcells The UCB obtained in step 1 was subjected to
centrifugation using a Ficoll-Hypaque gradient (density: 1.077 gl ng,
Sigma) to obtain nonocytes. The nonocytes were then washed several
tines to renove inmpu ihi@e BiEn-deHEeENGEd NGI@SITIISHI(Néﬁi'cﬂﬁ@s@dmﬂEﬁI glibma
containing 5 to 15 wei ght % FBS 20 CI one -MEM G bco BRL)
Subsequent |y, Iw@d}éﬁfe@@u Catl Nm:oﬁﬁ BnBaGRE \Sﬁ%ﬂ?é’dﬂé’éloﬂ‘égwal

whi 1 & oxchang # BRETHICR GEhgAFAergs il DR b b
week. \Wen heDﬁ/HiMUp%ib&%d’@ & fed Eagw@nécﬁmym hﬂﬁ/]g%ll\ﬂéﬁhﬁn@m Sig/L

mesenchymal stem cel havi ng a spi ndl e shape was confirnmed with a 25

m croscope. Theuoeserchympil wﬂdangl,t ﬂds ner hppbxpathing-ghanine.ufel nM

! Oyt ot hor oG, 0936 e SueRs. S B Ll pREt g, 00 > ©

NGL08- 15 (NGL08) 9 WD 2008/ 066330 PCT/ KR2007/ 006084 A nouse
brai n-derived cell, NGL08-15 (Neuroblastoma X glioma hybrid)(ATCC,
Cat. No. ATCC-W physi ol ogi cal and
nor phol ogi cal characteristics with a neural precursor cell was
cultured i ¥ 5 DVEM (DuI becco's nodified Eagle's nmedium (4 nML
glutamnne, 4.5 g/L %10§€em 4o s THéLkv Y TR XA Norhllel coPtet §Ma fetal mouse
hypoxant hi ne- guani ne,

(Chemicon, Cat. No. SCR029) were cultured in a neural stem cell basal medium

(20 ng/mé FGF-2, 20ng/mé EGF and 2mg/m{ heparin).

15 Example 4: Co-culture of umbilical cord blood-derived mesenchymal stem
cells and NG108-15 (I)

The human umbilical cord blood-derived mesenchymal stem ceils

(hUCB-MSCs) of Example 1 were co-cultured with NG108-15 of Example 2

20 (hUCB-MSCs: NG108-15= 1:1) employing a transwell chamber (Fig. 1) and the

culture medium of Example 2. As a control group, NG108-15 was cultured

alone in the culture medium of Example 2. As shown in Fig. 1, the transwell

chamber was composed of lower and upper compartments which were separated

from each other by a microporous membrane having 1 um-pores. hUCB-

25 MSCs were placed in the upper compartment, and NG108-15, in the lower
compartment.

The differentiation of NG108-15 was observed with a phase-contrast

microscope (X100) in 4 and 7 days. As shown in Fig. 2, NG108-15 co-

cultured with hUCB-MSCs differentiated to a form of typical matured neuron-

10



am nopterin, 0.016 mMthymdine, 5 to 15 wei ght% FBS). Exanple 3:
g:ulture of neural stemcells 10 Neural stemcells derived froma
rain cort tal nmouse (Chem con, Cat. No. SCR029) were
cultured in Q%\%@Pé Ustemcell basal medium (20 ng/ mJ é’éﬂ@“%ﬂ%f?}sﬁt
EGF and 2ng/ mA? heparin). 15 Exanple 4: Co-culture of unbilical cord
bl ood-derived nesenchynmal stem cells and NGL08-15 (1) The human
unbilical cord bl ood derived nesenchymal stemcells (hUCB-MsSCs) of

M08, 15 1+ 1) i 't”rﬁght%sﬁ;ag%ﬁﬁeeﬁiﬂﬁ%p%ﬁs%e ¢ ditcrebbiars T b B =
nmedi um of Exa”ﬁinﬁg fa control group, NGLO8-15 was cuI tured al one
e I um o

in the cul tur Exanple 2. As shown in Fig. 1, the transwell
chanber was conpose@hefifferestiatad delltpp’ere i&ldhpﬁ@@t;fam@ twrhecwuvmhke cells in

separ at ed fro 2g’;l/ch other by a m c ;Sﬁ'ﬁgcﬁ%ﬁ ﬁfw ng arlgnlalarkel of
gm pores. | RESESPIEIE
NG 8- 15, ' Wﬁ%ﬁJJa pevefb BARAL.! "?ké@uﬁ(y@ﬁr ﬁ[f(fB‘«MSCk aNGl'OSfIfS &J@-Q&nﬁb@ure

was observed ase-contra m croscope ( X100) i and
days. As shownthiereoFiwgre 2espbidsfy taltured it alcouereslide, tid bla@Bed/dedmg them

differentiated to formof typical matur euro 08/ 066330

PCT/ KR2007/ 00698107 HoRmAL gpp 29% ‘i@%ﬁ‘?i@‘&\f\gfoﬁ OBF hefaem

and differentig h:gn‘é rande! ha 21 S‘S&hﬁﬁﬂdﬁy Eﬁaﬁg»edTﬁf‘tﬂé fﬁlﬁﬁxﬁﬂkta%ﬁg Gf! hsti-

were further con e neuron-Fike"célls in 7 days enpl oyi ng

11 munost ai ni ngtubﬂhnibaﬁaulﬂil nebasa mmﬂqclca:al amhbydyrmdngxgawd vﬁﬂn@hym}'thrm

evel o t. S f |1
pmenm Cel%rmlcg % V%.S (ﬂ ufed 'l\J/B one hun d %{ﬁdavr\}%h The goat serum and added

thereto. The mixture was then kept overnight at 4 C, and the resulting mixture
was washed three times {each time for 5 minutes) with 0.01 M PBS.

As shown in Fig. 3, NG108-15 co-cultured with the mesenchymal stem

cells of Example 1 exhibited a distinct response to the immunostaining for

15 tubulin-beta I, verifying that the differentiated were neuron-like cells.

Example 5: Co-culture of umbilical cord blood-derived mesenchymal stem
cells and NG108-15 (IT) '

20 The human umbilical cord blood-derived mesenchymal stem cells were
obtained by the method of Example 1 from two different individuals (RUCB-
MSCs-1 and hUCB-MSCs-2). NG108-15 of Example 2 was cultured alone or
co-cultured with hUCB-MSCs-1 or hUCB-MSCs-2 in accordance with the
method of Example 4 for 7 days. Differentiation and proliferation of the cells

25 were observed with a phase-contrast microscope (x100).

As a comparative group, 1 mM of cAMP which induces differentiation
of NG108-15 to neuron-like cells (NeuroReport 9, 1261-1265, 1998) was added
to the culture medium of NG108-15.

As shown in Fig. 4, NG108-15 co-cultured with the mesenchymal stem

11



t hereof were respectively cultured in a cover slide, and bl ocked by
adding them to 10% normal goat serumcontaining 0.3%¢triton X-100
for 1 hour tenperature. The 151 anti body enpl i ‘
innunostaiﬁ?hé@m&ﬁgg%ti- tubulin-beta Il nouse nonocloﬁgﬁﬁg%%&%%ﬂ§4
conjugated with phycoerythrin io (Chem con), was diluted by one
hundred fold with the goat serum and added thereto. The m xture was
then kept overnight at 4 C, and the resulting mxture was washed

three tines (eagh tine.fo I Ju ' = h j

o 3, Netos. GabosEnitarui ik fite BE bl etdrbike 6817 "Mt Bas no
Exanpl e 1 exhifihigitant @iffédeisd bees@anHRICR-MBEs1nMaud dfIEBAMSTstDrin fifeir
tubulin-beta I, verifying that the differentiated were neuron-like
cel I s. Exanpl ediffereidiationtingusing aciiviigsi cal cord bl ood- deri ved
mesenchymal stem cells and NGL08-15 (11) 20 The human unbilical cord
bl ood- derived nesenchymal stemcells were obtained by the nmethod of
Example 1 fg Omkmﬁ' 6! eloearilniredifviisibaical cbHCBlodETerived itksenchvmal stem
hUCB- M5Cs- 2) . - 0 anpl e 2 was cultured al one or

co-cul tured wi¢dllsindnepal stenpeells (B- MSCs- 2 in accordance with the

met hod of Exanple 4 for 7 days. Differentiation and proliferation of
the cells 25 were observed with a phase-contrast m croscope (x 100).
As a conparative gr oy nelrdl¥dh ceVEY Phiehld Ndeeesuldirtd aldrt(tatitelnzroup)
of NGLO08-15 to neuron-like cells (NeuroReport 9, 1261-1265, 1998) was
added to the eukowudureldiwith BHORMBCs . orabUSHbMSCH2 mig Example 5 in the

NGL08- 15 co-cul tured with t L st.em., 1 2008/ 066330
1 oSl ot LB RRRC Y PR o AR

neuron-1ike celigrs JR&S BlaWeE il 'the Spipepichi et hhetenseuiPiteneeells, in the
hUCB- M5Cs- 1 and hUCB- -2 in their differentiation inducing
activities. lower compartment.

hUCB-MSCs-1 and hUCB-MSCs-2 were respectively added to the
medium in the concentration of 500, 1000, 2000, 4000 and 6000 cells/ct,
15 respectively, and the neural stem cells were co-cultured with the concentration
of 2000 cells/ci’. The differentiation and proliferation of the cells were
observed with a phase-contrast microscope (*100) (Fig. 5) in 7 days.
As shown in Fig. 5, the neural stem cells co-cultured with the
mesenchymal stem cells were differentiated to a form of matured neurons.
20 There was no significant difference between hUCB-MSCs-1 and hUCB-MSCs-
2 in their differentiation inducing activities.  Further, the extent of
differentiation and proliferation of the neural stem cells was directly
proportional to the concentration of the mesenchymal stem cells with which co-
cultured.
25
Example 7: Co-culture of umbilical cord blood-derived mesenchymal stem

cells and neural stem cells (11)

The neural stem cells of Example 3 were cultured alone (control group)

12



5 Exanple 6: Co-culture of unmbilical cord bl ood-derived nmesenchynal
stem cells and neural stemcells (1) The neural stemcells of
Exanple 3 I ed al one (control group) or co-cul ]
hUCB- I\/BCS-!WE))?O@M%/SCS-Z of Exanple 5 in the io cult %“%é&%’?ﬁbé?
Exanpl e 3, enploying the transwell chanber. hUCB M5Cs were placed in

t he upper conpartnent and the neural stemcells, in the |ower
conpartnent. hUCB- MSCs-1 and hUCB- MSCs-2 were respectively added to

the oredium | 0o fe SAREEAANUER-Plsci0dmdfe 17R0%m ARAC 306P O cots

co-cul tured wi 4=hl 1he) eRnNedhire ahéditmobf BREMpLES] & 91%3/11?%‘!)@ transwell chamber.
differentiation and roliferation of the cells were served with a

phase- cont r ast hifCE- *ﬁel(g@lgc@b)n theiuppes ponpartmgai/end e rewsalrbtemn cells,
Fig. 5, the neur stem cel | -cultured with the nesenchymal stem
cells were di fllnt?lgr\?l%ftcé)&lﬂ orm of matured neurons. 20 There was

no significant di ff%ﬁﬁ@s@ﬁﬁﬁg&@aéﬁbﬁﬁem h anghd9CBa SRS é&npm?zmg the

their differentiation inducing activities. Further, the extent
di fferentiati omethod qfrﬁtamrdca& fayrtublin-hetanlBuand nmr@tnb@éa assogiated protein 2

cel TS i th vy AR, Seropthars S RoBsb{ iR TRE ™S i B e

cord bl ood- deraff&qleﬁ@&qn@&g@hr&{sem cells and neural stemcells (11)
The neural stemcells of Exanple 3 were cultured al one (control

group) 12 WO 2008/ @663B0wrRCH K207/ o6 osurabrstenm- ¢alls woeehlturedy with the

hUCB- M5Cs of Exa stem =,L:.1), in the
cul ture nelfl umgﬂéﬁﬁwﬂf é;%%‘? g@ﬁ&f. (%16 5%@1&1 @hgwgg;tm t response to
immunostaining for tubulin-beta Il and MAP2, verifying that the differentiated

WEre neurons.

Example 8: Co-culture of umbilical cord blood-derived mesenchymal stem

15 cells with neural precursor cells or neural stem cells

NG108-15 of Example 2 was cultured alone (control group) or co-

cultured with hUCB-MSCs of Example 1, and the neural stem cells of Example

3 was cultured alone {control group) or co-cultured with hUCB-MSCs-1 or

20  hUCB-MSCs-2 of Example 5, according to the methods of Examples 4 and 6,

respectively. The number of viable cells was counted in 7 days employing the
trypan blue staining (Figs. 7 and 8).

As shown in Figs, 7 and 8, the numbers of NG108-15 and the neural

stem cells increased in proportion to the concentration of the mesenchymal stem

25  cells with which co-cultured, implying that the umbilical cord blood-derived

mesenchymal stem cells can be simultaneously effective not only for inducing

the differentiation of the neural precursor cells or neural stem cells to neural

cells, but also for sustaining and strengthening such effects through increasing

the number of the neural cells.

13



hUCB- M5Cs were placed in the upper conpartnent and the neural stem
cells, in the lower conpartnent. s |Imrunostaining was carried out in
4 and 7 day, oying the nethod of Exanple 4 for Ln-

11 and nlc 8?ﬁg§g§ga5500|ated protein 2 (MAP2), earlyHﬁﬁﬁbgpggﬁ%%4
neur onal devel opnent such that it conforned that the differentiated
were neurons. As shown in Fig. 6, the neural stemcells co-cultured
with the 10 nesenchymal stemcells of Exanple 1 exhibited a distinct
response to imrunostaining for tubulin-beta Il and MAP2, verifying
that the differentiated were neurons. Exanple 8: Co-culture of

unbi i cal cord bl oogyigRy fhy Skl erEids Mad ¥ea d&kanRd Wﬁh%&ﬂe@t w:he aB@#E Secific
precursor cells or neural stemcells NGLO8-15 of Exanple

cul tured al onectibwhments, it sl bowwwc@ﬂmﬁwa@wm@ﬂﬁm@ cbanges may
Exanmple 1, and the,neyral stemce | e ured al one
(control gr oudge%‘ﬁd‘?:%’ ﬁi‘}v&}l‘éﬂlﬁk’h’r‘i’sﬁ%&%me ?m%ﬂﬁ%?%iwg@ ©5Fope
Exanmpl e 5, ﬁccﬁtﬁéﬁﬁ'eﬁﬁbﬂ&eddﬁhﬂw Addiggast and 6,

respectively. The nunber of viablée ce was counted in 7 days

enpl oying the trypan blue staining (FIgS 7 and 8). As shown in

Figs. 7 and 8, the nunbers of NGL08-15 and the neural stemcells
increased in proportion to the concentration of the nesenchynal stem
25 cells with which co-cultured, inplying that the unbilical cord

bl ood-derived nesenchynmal stemcells can be sinultaneously effective
not only for inducing the differentiation of the neural precursor
cells or neural stemcells to neural cells, but also for sustaining

and strengthening such effects through increasing the nunber of the
neural cells. 13 WD 2008/ 066330 PCT/ KR2007/ 006084
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Wil e the invention has been described with respect to the above
speci fic enbodi nents, it should be recognized that various
nodi fi cati ons and changes nmay be made to the invention by those
skilled in the art which also fall within the scope 5 of the

i nvention as defined by the appended clains. 14 What is clained is:

1. A use of a conposition conprising unbilical cord bl ood-derived
mesenchymal stemcells for inducing differentiation and proliferation
of neural Wptdetlrigsdi®el I's or neural stemcells to neural cells. 2. A
met hod for inducing differentiation and proliferation of neural
precursor cells or neural stemcells to neural cells, which conprises
co-cul turing dnb‘hlliseadlf & oraanpigkition - @ermmm nmbéh@hy@l bb@éﬂed‘eddl S
with the neural curso cel |.s o 4 ._The

met hod of ERERC SHEr s Fhiefaff SFRREhT g PRI ReT 36 erder ved
rresenchynqirecatﬁmellslok&ear@l stenecelBUS ﬁéurplrcﬁuslr sor cells or the neural
stem cells enployed is in the range of 1:0.1 to 1:10. 4. A
conposition for inducing differentiation and proliferation of neural
precursor cells of pRausdlosSifmcmg! bt ahd Cﬁbl‘lt‘ératﬁéﬁnﬁr hedrg

unbi lical cord blood-derived nesenchymal stemcells as an active
i ngr edi entprecugor cells or neural stem cells to neural cells, which comprises co-culturing

umbilical cord blood-derived mesenchymal stem cells with the neural precursor

cells or the neural stem cells.

3. The method of claim 2, wherein the ratio of umbilical cord blood-
derived mesenchymal stem cells to the neural precursor cells or the neural stem

cells employed is in the range of 1:0.1 to 1:10.
4. A composition for inducing differentiation and proliferation of neural

precursor cells or neural stem cells to neural cells, comprising umbilical cord

blood-derived mesenchymal stem cells as an active ingredient.

15



