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SUMMARY

(8 & & ¢4 &)
1. Title

Development of therapeutic strategy for the recovery of radiation-induced

tissue damage
II. Objectives and importance of the project

Objectives:
To develop regeneration technology for the radiation-induced tissue

damage

Background
There has been increase in the number of nuclear power plants due to
short of energy sources and radiation-related facilities due to its
medical application in Korea. Therefore we are having increasing chances
of radiation exposure., However we need to have safety and therapeutic
strategy for those radiation-exposed victims. The most sensitive organs
to radiation damages are bone marrow, gastrointestinal system and
neuronal system. Currently, regenerative medicine and stem cells are
emerging technologies. Recent report reveals that only embryonic stem
cells but also adult stem cells share equal pluripotency, which brings
omnipotent therapeutic power for tissue damages (Nature, March, 2001:
Nature Cell Biology, September, 2001). In future, regenerative medicine

will play a significant role in the treatment of the radiation-exposed
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patients, In this regard, this project would make a significant step for
the advance toward regeneration medicine for the cure of

radiation-exposed victims,

IlI. Scope and contents of the project

1. Cell therapy using haematopoietic stem cell and bone marrow stroma
cell
A. Regeneration capacity of bone marrow and marrow stroma cell
implication to bone marrow regeneration after irradiation
1) Grade analysis of bone marrow regeneration after irradiation
Radiation effect on bone marrow was analyzed by counting both
colony forming unit-spleen (CFU-S) and colony forming cell (CFC) on semi-solid
methyl-cellulose, After collecting irradiated bone marrow, primary cultured
marrow stroma cells were analysed for CFU-F (crystal violet).
2) Effects of marrow stroma cell on bone marrow regeneration
Kinetic assay of Regeneration capacity of marrow stroma cells after

irradiation

Analysis of the role of marrow stromal cells during bone marrow

regeneration
B. Immune tolerance induction using histocompatibility antigen and FAS
gene delivery

1) Construction of retroviral vector expressing MHC and FasL CD40
gene

2) Optimization of gene delivery to mouse bone marrow

3) Analysis of effects of bone marrow transplantation of allogenic

MHC antigen in mouse model (Graft-versus-host reaction)
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C. Identification of mobilization factor of mesenchymal stem cell
Identify candidate factors to mobilize mesenchymal stem cells among

factors expressed in wound environment,

D. Biological effects of substance-p on mesenchymal stem cell
mobilization from bone marrow
1) MMP activity
Expression of MMP-2, -9, MT1-MMP, TIMP-1 and MMP activity
(zymography) of mesenchymal stem treated with substance-p.
2) Cell migration
We investigated whether substance-p induced mesenchymal stem cell
migration/invasion using Millicell (insert plate).
E. Substance-p induced signal transduction pathway of mesenchymal stem
cells
We analyzed Erk activation of mesenchymal stem treated with
substance-p.
F. Effect of substance-p on mesenchymal stem cell (CD29+ cell)
mobilization to the blood
We analyzed whether the proportion of CD29+ cells increased in the
blood by intravenously injected substance-P (0.1 nmole/g(65ng/g)) in
the mouse alkali burn model,
G. The wound healing effect of substance-p (iv injection)
In the rabbit alkali burn model, we investigated whether substance-p

affected the rate of wound healing.

2. Remedy of damaged gastrointestinal tissue using stem cell therapy and

sustained growth factor delivery system
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A, Identification of GI stem cell and optimal culture condition
We immuno-stained whole crypts and intestine tissue sections with
candidate stem cell markers, Primary culture condition of intestinal
epithelium was optimized by the combination of extra-cellular matrix
and cytokines,
B. Sustained growth factor delivery carrier, and combined condition for
gastrointestinal tissue regeneration
1) Whole body irradiation animal model
2) Development of gelatin matrices as drug carrier for
gastrointestinal tissue regeneration
C. Development of selectively nano-patterned ECM coating method for
tissue engineered scaffolds
1) Gene activated matrix
2) Synthesis and identification of o-Mercapto-oligo(ethylene glycol)
derivatives

3) Selectively ECM coating method using nano-patterned PDMS stamps

3. Transdifferentiation of adult stem cell to the therapeutic target

cells

A. Identification of rudiment stem cells in adult tissues
Adult stem cells have been reported to have tremendous capability of
differentiation, equal to embryonic stem cell, multipotency and
pluripotency, A recent report showed that the unknown population of
skin derived precursor cells (SKPs) in the skin of postnatal animal
and man. Those cells were able to differentiate into myocytes,
neurons, glial cells in vitro. Skin has advantages over other

tissues, in that it has a massive size and easy to obtain.

-xv_



B. Establishment of tissue-specific differentiation condition for SKPs
Neural precursor cells were induced by the following conditions as
DMEM : F-12 (3:1), B27, 40ng/ml of bFGF, 20ng/ml of EGF and 20 ng/ml
of LIF, Neural precursor cells were further induced to differentiate
into various lineages of neuronal and astrocytes and identified by
the expression of nestin, bIIIl tubulin, MAP2 (post-mitotic neuronal
marker), GFAP (astrocyte marker) and morphological characteristics

(dendrite formation).

IV. Results

1. Cell therapy using haematopoietic stem cell and bone marrow stroma
cell
A, Regeneration capacity of bone marrow and marrow stroma cell
implication to bone marrow regeneration after irradiation
1) Radiation sensitivity was different at various lineages: more
sensitive in progenitor cells than in mature cells, more sensitive in
lymphoid lineage cells than in myeloid lineage cells.

2) Marrow stroma cells are as sensitive as haematopoietic stem
cells, Regeneration occurred from 5 - 6 weeks and took more in higher
doses.

3) Bone marrow was repopulated by adipose tissues within 1 week,
but their origin was unknown and further study is required.

4) After bone marrow destruction, bone marrow was eventually
repopulated, not by donor marrow stroma cells but by recipient marrow
stroma cells, Regenerating marrow stroma cells appeared to be derived

from the host. After irradiation, donor marrow stroma did not home to
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bone marrow but migrated to spleen and liver within 1 - 3 days but
disappeared within 14 days,
5) Mesenchymal stem cells enhanced the graft rate of haematopoietic

stem cells,
B. Immune tolerance induction using histocompatibility antigen and FAS
gene delivery

1) Construction of retroviral vector expressing MHC and FasL CD40
gene |

We confirmed the expression of retroviral vector and Kb, Db, IAb

MHC and CD40.
2) Optimization of gene delivery to mouse bone marrow

Ve optimized gene delivery to mouse bone marrow using early
precursor cells (up to 40 % of gene delivery rate) as target.

3) Analysis of effects of bone marrow transplantation of allogenic
MHC antigen in mouse model (Graft-versus-host reaction)

We established a protocol as follows: i) intraperitoneal injection
of anti-thymocyte serum at day -5 and Day -1, ii) sub-lethal
irradiation at Day 0 o} (350 rad, iii) skin transplant at day 6.

C. Identification of mobilization factor of mesenchymal stem cell
We identified substance-p as mobilizing factor of mesenchymal stem
cells to the wound site,
D. Biological effects of substance-p on mesenchymal stem cell
mobilization from bone marrow
1) MMP activity

Substance-p increased the secretion of MMP-2, -9 and MT1-MMP and

decreased the secretion of TIMP-1 and -2, Zymography showed that

substance-p enhanced the activity of MMP-2 and -9. This result
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E.

implies that substance-p induces cell migration/invasion via
MMP/TIMP modulation,
2) Cell migration

Substance-p induced mesenchymal stem cell to migrate/invade
through the collagen on the Millicell (insert plate) chamber at a
concentration-dependent manner,

Substance-p induced signal transduction pathway of mesenchymal stem

cells

F.

Translocation of beta-catenin from cytoplasm to the nucleus occurred
by the treatment of substance-P (100 nM), Secretion of VEGF and
fibronectin to culture medium increased as well. Erk phosphorylation
occurred at 16 hours at all ranges of the concentration of 1, 10 and
100 nM of substance-p.

Effect of substance-p on mesenchymal stem cell (CD29+ cell)

mobilization to the blood

The proportion of CD29+ cells in the blood was increased up to 15
times at 24 hours after injecting substance-P (0.1 nmole/g(65ng/g)) in
mouse alkali burn model. This result supports substance-p as

mobilization factor of mesenchymal stem cell from bone marrow to

blood,

. The wound healing effect of substance-p (iv injection)

In the rabbit alkali burn model, intravenously injected substance-p
dramatically increased wound healing rate, comparing to untreated
alkali burn animal. Substance-p plays a significant role in wound

healing.

2. Remedy of damaged gastrointestinal tissue using stem cell therapy and
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sustained GF delivery system
A. Identification of GI stem cell and optimal culture condition
Nuclear translocation of beta-catenin was observed in the crypt base
cells, candidate stem cell location, We are further investigating the
expression of Wnt target molecules in the crypt base,
HGF/SF and type IV collagen significantly increased colony forming
efficiency.
B. Sustained GF .delivery carrier, and combined condition for
gastrointestinal tissue regeneration
1) Whole body irradiation animal model
2) Development of two kinds of gelatin matrices with different
pH-dependent swelling behavior as sustained GF delivery carrier
C. Development of selectively nanopatterned ECM coating method for
tissue engineered scaffolds
1) Synthesis of water-soluble low molecular weight chitosan as gene
activated matrix and their complex formation with plasmid DNA
2) Synthesis and identification of 1-Mercaptoundec-11-yl
tri(ethylene glycol) for selective ECM adsorption

3) Selectively ECM coating method using nanopatterned PDMS stamps

3. Transdifferentiation of adult stem cell to the therapeutic target

cells

A. Identification of rudiment stem cells in adult tissues
Nestin-expressing cells were not found in normal adult skin, We
optimized in vitro culture condition to induce nestin-expressing
spheres (up to 80 %) and it was bFGF-dependent.

B. Establishment of tissue-specific differentiation condition of SKPs
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Neural precursor cells induced from skin shared common features with
neural crest stem cells, in that SKP expressed p75. However we failed
SKPs to differentiated neuronal cells or glial cells., Further
investigation on the neuronal or glial differentiation is undergoing

using co-culture system with Schwann cells,

V. Plan and proposal of application

1. This result provides the biological indicator for radiation

sensitivity of bone marrow cells and marrow stroma cells.

2. This result provides development of therapeutic strategy for the bone

marrow transplantation/regeneration of radiation-exposed victims,

4, VWe identified a novel mobilization factor of bone marrow-derived
stroma cells, We are further developing clinical application of substance-p as a
wound healing agent for the various injuries caused not only by radiation but

also by other diseases.

5. VWe developed a protocol for the induction of neural precursor cells
from skin-derived cells. Since skin is easily accessible source, this technology
could bring immense impact on the treatment of spinal cord injury or

neurodegenerative diseases.
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4.5 Gy (#3L: Brain 60 Gy, Lung 24.5 Gy, Bladder 45 Gy)&o] B Eo] ol
mhetA gabde] 2§ AAzE &4 F M WA vehda, g4A mAsE
713 89 A AnAE B4sl= 24 (bone marrow) ¢.
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FollA AWEIL L EFT ZA =23 YoM g 2Fow FIAL
4 9% multi-potent stem cello] Ex|§to] FHE Qo] Z/|HEE o]
8% &4 23 A U Azt Y YU iea g, sy
o2 BA7 g 2F AP U oeto e QA (Nature, March, 2001;
Nature Cell Biology, September, 2001)
O QA gl ZZo] £A3l= multi-potent stem cell 2] ¥2] 3} 7] ¢
olF oY &4 27 J|%Y HE 4 IEL FA A= RAYY B
A T AXAE 71¢Z A4 23 YRS AT =23 AP F=23 #AA
Aol /Y-S S hybrid AFF7] @ =3 AU N2 Bol=A FHH
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X7} A3E Y, o]= multipotency W pluripotencyZ}x|&] plasticityE& &
F3laL Qe 57 lineage® EEVL 7Hsd A= JuEo &4 239 A
EXEAHZ 71X FL&AMo] L Jle® H/pia A4S (MAPC(multiponent
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H AT pxt EIA|FF (Development, 2001) ¥E3ZF SKP(Skin derived
precursor cells)E AIAAME ZL glial cell® EIAZ 4 glgoerns
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&S5 AFUL UL
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71 vlg Ao 78 REE Adages AFsta st AU

O PTi 24 #t2of &shd A 22F3 7|2 ujF AN 713 weA
F28lasle BT 7lg EoF2A 287} Alatgog zjste] & A% FRE

40009} US$ o], o]% engineered tissued] AJAt H|-L-L 800Y US$E A
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GIT, Rice Ti3t 5& FALE v} &4 ¢ 35 AFE U] A, H
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science Inc, GeroneAl o] AAZIIME X FEH, CurisAl’} EeH HEXE
A & U3t ok

AH Aok =32 A Aol gastrin, enteroglucagon, EGF, TGF, IL-11,
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77 7Ms AAALE Bustn g 2otk Aly] AWML wES Al
SHBA crypt stem cell8] 4 71& @ WA Zab F 25 Aol eryptic
fissiono] HAETH: A7E $seL, AR Ake AW 433} A¢
1% 5 AN AE 2L DS Bobe] A7E FYstel, T A 2 AUY TF A

F7t AA 22 2AFEH ATE TSl HAY dF 7)ol

Zltistz glch

0 EIME B skpe] LA Bijol Y AP UGG AZEH APBT

AS AYstae ARSI, FF Y AFE 247t |32 sl
st NTAY ATE F7XNBATH AQGLE st g ol AR 349
o] 49 A W ol A s 47 MSCY AMAFME mx £33 d7E 3§

=
or.
)
>
kil
fr
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EAxe] #e] FAE I, ATY AX XA ¢S AHE BA HES
218 MX EFH 9 bioractor AZ 7|4, o]l Rz W AAEIZe] dA/ 53]
24, 24 A4 SEol B HRAR UE Se, AE 49 U 4F S5 A

o] 7%t AAA Ay Folth

MAZ oo BUT|ESE

&9

0-20% | 20-40% | 40-60% | 60-80% |80% ol&t

A7k B ol oF
BolME g2 ¥ g5 RE 7S
ZUSME #Y o g5} 7|H odF

ATEAH EIINZE 9_4-?‘
AR MEH gHE IS
HAZEIIMZ| WAEE Hp
AZMZ2| F5 J|™ AP
HEZo| =3 FE
ASXIXH HM=E7|=
|Z/78A X2 AP

..>.:

A 3d goge) A

AEY 7o) L
d Alole] FEEZ WAL JOE 23 4 gty 2 WA

Z2AF% Jlg0) AW AAF wFEIe SR
% =5

O 3al, A E7|HZE o] &% 23 o] IF Y AZolA HFPo2 )
LE o] QA= AT AYstgdong 27 H &7] HZE o] &% A
E AR 7le W 2AHIFY JEe] ¥F 2-49 oluel TIE AI7lA] AgH o
AZ AGY Zoln, M7 9 AFojN HEH 71&0] tIE 2 Ao ¥
A 7le® 2849 ot

O &7, 4Al 22| dFof rudiment stem cell &L residual stem cello] &
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AN, MAPC, SKPe} o] theydt zzog F3J} JMedt Ao Hiy
ouZ Fab 27t B EVIHARTE 08T AE Ng U A EFHE B3
£ lineage28] &3} 7lgo| ¥ 5d ol 7MAFA FE202 MUY Ao
HYAR g L §3 AF 5o B gle ol F HAX XE e ¢
2gejet Algyo] H Zojr.

O Az, 24 2AL2FH FeH E7HZE HE X Fof stemessE 4
317] #] 2= in vitroolA] stem cell niche (stem cello] &ojgls 2ws}
SEI F4)E A2ste A7 ZA 2-39 do] JMAFHA JeE ¥E
Roltt.

O dzl, Moy F2 237 o] F Fo AEY W2 HAE 5o AU
TAHE ZAY cell preconditioning 7]&o] 3¥FE 1-2 fof RT3t A3
Lokl AFHoe LY AYoll, o]E engineered tissue HZ thHA 71X
A8 bioreactor® 7UE o] ¥z bencholA YAIZIX] L] 5-10 do] AL3}
7|12to] 3] " Arolch

(N 3
f1oSLo3e

N

i

>

ot [

O
r

O TiA#, Functional Genomics, Proteomics, Stem Cell Biology 7|&EXE =
FE = BERERE, FF 6-7d AloJo] 27 Solxy E3} W Falo] Hojste=
A UENT 9 AZAGAA ALY thild YEIF s 7EEY A

golm, o2t JXFERZNE HA E7HZY F4], 23, ax BHE =
A 2EY 5 9l FAA Y AZ2FELE] Aud Hojrh

O ARA, MoIE7IHMEE o[§¥ RIYEAHXE U TIE lineage® Holz £3}

7leZ ot &RE ThAo]a Scale-Up ©HAo] oj2x] R3] HgFHo|M ¢oy}
ol MiFTIES ¥ F 59 Alolo] Hr|Hoz MY Aoln, FI] 3

2tofo} oy Fl&z} %ﬁ% o @ BAA AP AU gl

O dg#, Aid 2% 4 ZA 74X 2309 o]go] L Ynutsl=lo] njyy
o] ZERAEL] oo tinlsts o] Aol Halz} HerE oloj: W
BA 3 ti7t7t 2oy Zort
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A 4"d Sl AFAY st A Tle=EY 7He4

O VAT WA AFol AT 27 &4 W YA AR A FUHE 24

(p

& A8shke 7l el FU & oflel Fu| MAFoA A} HHoR

;‘)_1:

ofstal IS L2 FAUFHA Fto], WA ¥F F=] ZAHA A8}
tE APBEA

0 MURE A FAHMEE o83 ABYsI&o] WA NF Ve 7|

)

EA Hg THsdo] ALY 28 Ve Bk ARE 2 U HE =2

O

N

9 A 9¥ AR U S AY DA I 84S UF (YR NRse] =

% 2e Ay, n]F Oakridge L Osirisd] WA XF  HHzlof

O A= Z¢ A A7 @A A& 7gc] WeEg A dF 21§ F
T 47 % H3y 71HE Husleo Jle FRHE st olf ¢ ¥A o £
B/UAAA 2L 2H 27d& HRE AE 72 Qo E=F o] £of
Z1€d] QAZE gotA AAF Jle AAY FHE HL A3 Bopola xR £
of 7l€8] W2 FES #Fbiotech HAZL EAIIEE J|E o]F A7} ol
3tx] Rslal, YRR RD FA AAFE QT ¥ Zoln, Jg =Y il 32U

A7 FAE S 47 S 243 Y A F 42831 E R ¥ 5+ g&
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A3z d7Ag =8 ls H 24

A1 A RE ESVAE Y 7+23Z Z7)ME (Mesenchymal stem cell;
) &4 Amo)e My

1. ZYEIAZ] A 33 7l& AY € A 24 F 25 Q¥ ©
Ad B, T ABAFA JAAE] 4% L A At @ AAA
X2 715 U3 4

7. A3 U8 ¢ ¥y

1) WA ZA ¥ B4AAE TAE 2
W BAMEA Y A ZAY GUE uTYATE AT $ol
o= NEE S5A3l= colony forming unit-spleen (CFU-S) & =3 WHIE 450
rad, 900 rad B ®IAE ZRAE FA3lgon, AFME U oligolineage
progenitor cell ol njx]= d3F2 semi-solid methylcelluloseo]r] Z=hE A
3 Y& &3 M= colony foming cell (CFC) assayS Z3lo HA3IGS
371’8 AEE BYshe AL AN I5E A4 st 3 HHA
Hehs BB ZFANLSHE (competitive repopulating unit: CRU)E S 8I%+
ZF7| MR (stromal cell) of thgh G2 WAld ZAE ITAEE 23]
siol, 10-1402 JAAZS Wgsiel, YA (CFU-F)E FASHE AZE WS

crystal violet S4& %3}@] F3319 3.

S0l Z1AAEY] 4 9 abd 2Alo] 2% JAAX
7158 4

YAkl Al ¥ TEIIAMEY A 9 4 ZFUY uNBEF
(microenvironment)S FA3H= AEQY 7]AME (stromal cell) & XERAXL] 2

Ao 223 A FTUL 3= AoE ddA 9oL}, high dose radiationo] 2]

rl
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3 g, webd sk $39] radiations W ¥ V|AAETe A HEs X
Absbal, 71 o] % stromal cell &9 Azt whet AAHE FHe 4T

HFANF 7IEAEY g BA 2 EAET AAET] g nAgE o R
A9l stromal cell 9 71%5g ATsl7] Y8ll, 71EAAESY co-transplantation ©] =
FAABA A v A= FgS AFEG oM MSCE intrafemoral injection 8 § =

271 A E0) o3 ARelsel ojAE JFe ATIRL,

1) AR ZAF & EFA8 5 dAE 4
O et GYAEL (CFC) 3 WAL (CFU-S)9 AR 254
AL HAR ZALe] g | AERA AlEe sl digh E4elA,
Sublethal dose (450 rad) & ®AM ZA}E F944 ¥+ Non-irradiated iz
ol Bla] 50%¢] CFC7F #i 5l e, CFU-SE 10%7F A&t (28 1).

1. Effect of Radiation Effect of Radiation
on CFU-S on CFC

©
o
= o
53] _8 15 mNormaI}
5 S . E450rad
= o] |
\V,) 10 [1900rad |
) !
L i
] 5
0 , :
CFU-GM CFU-E CFU-GEMM
Norral 40 rad S0 rad
Al
radiation 1x1075
= =1 =
8 1, gArde HeFE 4l DIX= S

@ B Z2HZ7)MEY AR FAF] i3k 744 #4) CRU assay
oM 3FAM 1250 ZA oAz o] dlFdte] 60%2 oA 714

AZ S By v, WA ZALE FFAIEE 5%9 AFEES YES]
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50.00
T 7000

2 |
2 60.00

'

s 4000 |

i
30.00 |

Z

2 2000 |

=]
s 1000

0,00 =

K 5000 |

=8

B,

A Lymphoid cell®] A2

i}, o4 6%
2}o] 7}

CEU-512, CRU XEF

75Hs B4

WAL =AM 9@ E57
74 (microenvironment) & T4 3=
T AR FA AAGEE g
radiationell ¢ja] &, webs t}Fed 8% radiations
MELL] 33 Qe FALSaL,
w4133l

A 32 €]

TAHd =AM AEE
#27F Myeloid cell o B3] FE=2{AA vergte
2 125 # 9] Long-term Engraftment o lojA &
ZAEAT (29 2). 28y 900 rad2 ZAME 259 3%

of olE F AAHE P4kl o} o]4 3%

Z} Lineage ¥

LAEA Fkrt.

Total Engraftrrent
6255 6608 ]
[+
£
%
3597 %
2
=
539 413 436 .
013 006 bt -
duks Tuks 12wks
Days
== Nommal == 450rad 900rad
J8 2, 434
P
= 2)| A 24 of] A <]

£0.00
70.00
60.00

B 5000
o
Z 4000

£ 3000
20.00
10.00
0.00

ZESIIMES ZASE KAl CHEt 24

Z1AAES] 98 H©

S -
= LBG
Normal 450 rad
90,00
— 8000
g | ke
63,63 2 7000 | o7
o
S 2 000 |
ol ol 5151
(5 2 50:00 | !
= =
= = 4000
W57 il 3501
g E.30.00 &
S 2000 |
1061 & |
2 10.00 . RE7
0.00 “— — —
3uks Tuks: 12wks uks Twks 12uks
Days Days

=== Mac-1/Gr-1 —8—B220 == NMc-1/Cr-| —8—B220

HAME AL &7 Z|EAAE
AAES] AP AT 4 U9 A%
7| AME (stromal cell) & FdR
Aoz &HA Aoy, high dose
we 5 714
Al Zbel] wet A A

o
i

1 o]F stromal cell 9

Eg 2EEAEZ QAEH7] % vAEH o242 stromal cell <
7] $18l, 712 AE2] co-transplantation ©] A TA e n

o 4

slsien, MSCE
8ol 1] x]=

FFS

intrafemoral injection 3 ¥ ZEZ7|ME

A8kt
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@ 71AMHEFE (Mesenchymal stromal cell)®] BlApd Raipo] izt 7zt
4 EA: Stromal cell & Z$E 450rad® ZAMH A9 thzZo] s 1712
Femur % CFU-F 7} tjRtof W3] 5%&8 ZhAStg on, 900rad®] ZH-$ 0.8%%

st (o & HX).

Cell Dose No. CFU-F
Normal 5x1076 45
450rad 5x1076
900rad 3x1076 4

HEE o|A3le], o]F FgolM Q=& MSC & %ALE CFU-F AT 53&
B3tol 23s19e.

T3 3of FAIQ upel o] 450 rad B ZAE AL 5-6F 5 A4
28] 40-50 % 7} AR, T F 1650 FAA O = 8Lt high
dose (900 rad)® ZAMH Z-¢= 55 712 FAAX¢ 30 % o3t FA|=HTIZL 5
F ol F AAET| AF3IA 1650 BAXI2 90% 712 =¥,

utelx], high dose radiation &] -9 o]4] 7] (6 F o|d)o] =
= U ZIAAEY A2 2go] F-Z3t HejoH ZEEINAEI} AP
< YAy

18 3)radiation injuryg® MSC o Jlacis 24

120

100

80

60

40

20

44hr 1wk 2wk 3wk 4wk Swk 6wk 16wk

'INon-irradlation B 450rad -900radl
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@ AR A F 24 Ul vAIBA ] WSk BAMA XAl Sd 7] EA
¥71 939 39 LA vASZ e HElE RALE7] S8k WA ZAL 1
7Y F UEHEE AN HE) &3S 2 A3, WA ZA & A9 AA
8] E47F AMAER A FHY S A (¥ 4). 2t A,
E AWAEZL 714 FUAE7IAEE] adipose tissue 2 w313 A1,
FU £A8ta adipocyte 7} WAMA ZALE FA3F AR = £

kR

A=
g8

ﬁll-.l

g
&2
dlo

OE4) BAHE ZALOl 28 B0 MSS B3t

Non-
irradiation

900rad

@ 59 Agsel A AYEY AT WAL 2AF 25 W AW
dEe] AT 243 BEE AAA ARl HAdd, WA ZAE,
1X10%6 ¢ =FMEE IV B, fESWFA (intrafemoral injection) o 2]
3 FhaqAct. @A AER o) AEFYTAAY Astd did dFS
A Folt.

® 5 7124 AAAEY 7|9E4: WAL RAF F 259 71A & AA
b= ME7} TR s o)A E A XEoA 7|dEk=A] FASHZ] f18k], GFP
transgenic mice 9 ZFE o|Ad F 10 Fol, AAE ZFE wlgsto v

of ¥-#%¥ (adherent cells) MlETS Ao Fsts CD45 o] tigh YAEE S

_18_



Fstodrh  olE KA M E2] serial passage o WS ZEA (CD45 P78 ) Al
2 23% A3, 32 59 o] WAL 2} ojFe] BAYol
27] Aviujerell s cD45 o MEZ7} thREo|L}, 8 passage o]F HEL:

CD45 78 F38 SUYEE A2 tfX= At

a

60.0 Y

40.0 \
\ \
20.0 \\ \
~

(X L

%CD45
rd

> passage
[—@— Non-RT _emetr—900rad

J8 5. AR XA 28t 2+ 0IM&3 B3

o] AZE 7I2E, YA ZAtd 3 mIAHE FF71E AFAHARSY
719& =434, GFP transgenic miceE o]M¥ A7 ZTFE Yt #,
8AIT) 71=] Al gt APl Y FAFGHEF, FA= Fe (GFP o
8) R o=t fell (GFP SE)AIZL] EXE A 23}, a7 6) of vehd
ufe} o], At o] F Uehls D454 ($70848 AE)= tlf-& GFP &4
(o2} frel) 2 g E At

| 218! 6) tg-GFP marrow 012 % K M4E S2t2Z0|MZ D121 24 |

1 passage 5 passage 7 passage

A 953
— et Radiation
e -
y 75.1

CD4s

" o n b
e
SRS 19
F

o

o

@

7

217

900 rad
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3
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X

A F2 A gl

7} lung ©]4Y spleen o] +#*

T
L

]_

S

hy2
sl

I=
O

o FLE o]

(MSCV-IRES-GFP) #EZujolg]x o 797 &

U7t 14 A A9

TR W N B T 9 oo O
N~ od N GG T o
Mo~ 1 T - T N o
W o Cwow | C
o) M oo o = ° Y .
R oM T gy
— — oy ﬂ
T X X o B gy Mo 0
e T g MK ©
g 1 T R 3d| A G
Y ¢l eEE R T F
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(NI g N SR
oW = = W K
i Cl e 5, R
g T R T M
w X & B i)
ERI BN P e o
5 g .o N o g !
g 8T omL T s
© e m O m ™o PE
= X s ~ & o = 3
T 8 %8 8 g8 ° N~ R E T w Y o2 5 R
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dao o % ~+ mm e B © =
= O | At N2 P 2
T s TEZ 8
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T STk mebd, A Zate] o8] wIAH FRHGEIMEE s

U] ZUSIATI 4% © FNSEd ANYLS ge HAY 4

M

60

ECD45/71
EmCcDi1g/20

50 - OcCcDé6b/15
MGlycoporine A

40

30

20

% of engraftment

10

1 3 6 10 100
MSC cell dose(X10%)

18 8. SAUY EIIHIE YAHD dosell 218t #13t

a. TECAIL AWH AT A Z(progenitor cell)Sof ulsj njizis
ZYETMEE0] WA ZAel he] O sensitivests], 27| o] shedt
Lymphoid progenitor cell o] Myeloid progenitor cell o] H|3] ¢
sensitive ¥t A& A sty

b. Z4 mARFE TG MSC EE A 2o RESI|HX
ob $A BE2 WIALY, 56 2PY AYAHA] AL high dose
radiation oAl ZFsH=d] o A te] AY L !SI T

c. YA Zalel o3 mA" FuHITRE 132Y ool A
Ae o] dojuh, AFTZE AL FAstgoy, o x|y xy
7190l thsid e 714 A7} Wasi},

d. I3y F AYEHE P FUGEIAZE g2 24
%ol ohd S=ofzte] ME=2 FAEo] 9lo] Z4ol homing B} Eel= Re ¥
dstolch. = P FLFEIMBE AU ¢ A 22 74, v 1-3d

=

N
—'d
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of A EX3Itizt 14 o|de] £AE, F+2E A FHEA Ues B
Z3tolch

e,

4

2Ll ZEEI|IMRY oJHE T AN SBHE
1A Ee}t EUH BT FASHA APl S Ae BASHTH

wlebd, 24AZ PR Zalel o8 WY A, 2YEAMZY o]
g BU ABIRIN, BFUHBHY A4S 2AY 4 9

& FUE 4 dder, F5U FAFY (intrafemoral injection)o] ]3|
o7 AAdo] FIE + dER] F7HH A7t I Folth

s #d7 olN o= WG

:lo
m{u

A 7y
7. 47 U€ 9 9y

1) # MHC (ZZ3}¢1) WU FasL CD40 -S4 =x} U3 Retroviral Vector?]
e 2] Az}

olg] oo} Zo] Class I L II MHC Typeo] Atoldt Al 7}A] mouse

straing Y35} breeding 3} retroviral vector 2]l

FA EAE S
Z A} .
MHC Types of the B10.A: Kk I-Ak I-Ek Dd
Mouse Strains Used: B10.A(2R): Kk I-Ak I-Ek Db
B10.A (4R):

Kk I-Ak I-Ek/b Db

Murine Stem Cell Retrovirus

| LR F— Ea* | RES | EB* [ LTR |
[ v |— ¢ | RES | GFP | —| LTR |
| LR | FasL | IRES | GFP [ LR |
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2) B ZHALNE] FAR oy 24 ¥
FaAZAY EIHHQ FEAAY 71€8 ¥RE 93] total bone

marrow, &2 lineage marker-positive MEE A A EIRIIAZE £t

o] cytokine &z} stollM FHA A LS vl HESISCL

3) AR A 2] FFolo] o]F MICE AW XHAN nX &= €%

Z2olAle] o)Al zAe U3t VLAY K= AFE HBStL o)A
=1 "lq yul o T = no

T

ot

Al
protocol & ¥3l3}7] ¢85t Balb/c moused] C57BL6 ZF+E o3t IFE
o]Algt A-2-9} control Alojo] olal® IEZZ o] thit AFHEE Kinetics?
o] & BAstgcrt. Day -5, Day -1¢] anti-thymocyte serumE& &7+ FAFSIAL,

Day 0 of 350 rad®] sublethal irradiationg 7}3}&= protocol S H 34T}

4. 47 23

1) & MHC (2= &) U FasL CD40 A=} U3 Retroviral Vector?]
Aee A%
2] MHC (22 %Y) 9 FasL CD40 -§A R} W Retroviral Vectord] ¥
El8] A2} retroviral vector £]o] Kb, Db, IAb MHC -3-Ax} W CD40-F-A e}
e8] 38 9 dEo] HAFHAS.

FAEAL 727 o4 2 F3

312
2" B3 XIHXE cytokine 2 3tofA FAR AE Ao

(4

].
e 233} F2 ZAAE Aok umietd BF HPolM= lineage markerE
Ad AZE AAY, IEHARE o] &3le] fAA oJME £APE A
3.



Efficiency of Retroviral Infection in Mouse Bone Marrow Cells

0 1008, 01 - 00 6

Total bone marrow: "

0300927 004
. 39.02%

T
21
No‘
:FN":
Lin— bone marrow: R
o
o"!
e

0 4

o' 10 10® 10
FLIH

3) A EDA e FFo]Ao] o]y MHCE Ad ZAAF A= 9%
37HA M2 & AL o&3ld EFF04S +#8F Z, Day -5,
Day -19 anti-thymocyte serum< &7+ FA}etal, Day 0 o 350 rad®]
sublethal irradiation® 7}8H  protocols  E#H3EAT o] ® skin
transplanti= day 6°] F3sk3ich. olle] YA R wie Fo] = E
o] 2|3 7o olAg HE RFo| 7|7 FAHe] AEHA.

3. &AzAnMIANA 7+EZH Z7)4 E(mesenchymal stem cell) 7153}

7b. A7 W& 2 Y
T4 7+%4 %7) Al E(mesenchymal stem cel)7} £48 %29 3
Bo| fojal=AE HES D, o] Ao FFEFEH IFH AEE FToE

FHA7IE 71%5S 71 AAES PCRY ELISAZ #4134, #d FE AAE
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SAIa, o ¥RV} 153 F/HRIF F4EFE fFel(nobilization)H
o] YFOE o]F3l &4 Rz o Al &4 2F HFo o F3I=A
E BM3slgc}. PCR3} ELISA AoA FRUAE ZAH

o2 7H32 Z7|MR2] 49, beta-catenin U] o], MMPse] ¥ 3 T

7% EBAo8 mobilization factorBAQ oL FHsER, ET

substance-P& thA}

-

substance-P7} 7t2 2R Z7|M|X2] migration, mobilizationo] & o] o7
£ #3793t 71E3 Z7|HEE in vitro collagen plug $lofl v ¥
o]5o] substance-P X 2]& collagenE #3l35te] millicell ol & o] Fd=X]

o4 %8 H7HstTh

U, a7 33

AT 2052 JAAE F 2I14E UEEHAL O £24 225 A
¥l AL Substance-P 3., VEGFR-1 &JA] H]$gE okite Uehie
inflammatory cytokine@l IL-1, TNF-alpha &A] 3at F Z7J)o] wWdo] Z7}3}
%Th SCF, HIF-lalphats 39z U¥o] F7lstdon dFd Fol= Udo] 7
4314t} VEGF, VEGFR-29] Z-¢- Fite]] 'd@o] gt RT-PCRE F3f F71%t
IZIE £ Yo R Eulzl:= A& Eliza® #Ql, Substance-P7}, &4 ZZ
L FAol A 270 o] F77t 7MY E FRAAUE HAstrh

RT-PCR ELISA

ELISA{Substance—p)

M C D1 D3 D5 D14 2

C D1 D3 D5 D7 D10 Di4

129 After alkali burn, change of Substance-P expression
is detected by ELISA, RT-PCR
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4.

7433 &7 AX2 {e ol 3 Substance-p?] ¥ '3
b A3 g g 3y

1) MMP activity &3
T2 o] Bojgl: 7Hxz Z7|ME] mobilizationd] Z7] A
Substance-P7} 4% Foja} oAdste] In vitrodolA ZEH E7IAE
o] Substance-p= He|3t] MMPs BB I} FI7I5I=RXE gelatin
zymography 2 HAM¥ Az} MMP-2,9¢] Fulzb FUIStAR b MWPS
InhibitorQl TIMP-18] ¥u|: ZrAFHe #eldtgch =3 MvP-2,98] B4
Blo] 223 AXuto] ¥ MTI-MMPS] U8 9 A] Substance-p2] X g]
F71E 8% ¥4 W western blot2 2 3Slgch ol &€ A7 W
4 ZZ oA v]&E & substance-p= FES B3 5 U FEEH] ofX
H 7123 ZJ|HXE 2 0% nmobilization A|A 733 714
X7t &4 2FLZ RolA dto] &FRFY FHE FASHA ¥ He=
A ste S A7 Ftolth

X

rp

=2
2,
ol

2) cell migration assay

Millicell(insert plate)U collagen plugd &3 ASHE type IV
collagen® & coatingdle] ARz} (A} LRE APB3IGEL 2 A5E
of Z+23Z ZI7|MEE vt ¥l chemoattractant® substance-p
g sEds Ay 23t sustance-p BE YEFoE 137 27 AE
7} collageng E33te 31SEE o]|%3sl4drt. o]l substance-P 7} 7+
R ZIMEL T2 HE RO mobilizationof AAFH o8 HFAY A
& Yujsh= 23 A 53 &4 U =% &¢& J¥Ysta Q.
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b. 47 a%

1) substance-pol 2J3t ¢l MSCe] MMP U3 Z 7} & TIMPs w3l zta
4 o] BoJ9l= MSC2] mobilization®] 27| %FAlo] Substance-P7}
2h-g3 Zolgt aﬂ%t‘s}@] In vitroAtolA] MSCo] Substance-pE A 2|3}
MMPs B =7} Z715}=R]& gelatin zymography® *4J3%t ZAz} MMP-2,9
2] Eul7} Z7}stels whH MWPY] Inhibitorel TIMP-18] Hull 7hAg
HAstglrh. E3F MP-2,98] EA3to] FR3 MEtol] F-2tgE MT1-MMPL]
UH HQA] Substance-pd] A F Z71EE FH gM 9 yestern blotl
2 sigich ol &€ A7 9 &4 ZFoA ul&EE substance-pE
S B3 U HHEFEe] olRe] AP MCE YFoE
mobilization A]# MSCI} €A} R0 T Ro|A dlo] £ARZ L] FBo]

BASHA & o2 33F sk F2% A7 Ao|th

o

Immunoprecipitataion of MMPs Gelatin zymography
and TIMPs
0 1 10 100 nM SP 10 100 nM SP
< MMP-9 MMP-9
MMP-2 MMP-2

MMP-1

TIMP-2

TIMP-1

MT1-MMP

a-tubulin

& 10. Substance-P X2l & UELI= MMP 2 TIMPSl &

o
£
kg_lg
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2) substanc-po]] 2]¥t MSC cell migration &3l
millicell(insert plate)ul] collagen plugE® "IE3l AEFHE type IV
collagen® 8 coatingdte] ZAARAI} FA} LRE AQHSET 1 ASFH
of MSCE uj3lal 3} &Yo] chemoattractant® substance-pE HFEHE
A elgt A3} substance-p B EH 0T QA MSC7} collagend E3|3
o 3}5HZ2 o3}t

-

5. 33 &7 M2 felo] ti¥ Substance-p?] AFE AW

7}, 7 Ug& 9@ Py
Substance-P 100 nM& A 2] ¥ Beta-cateninof Tj¥F WY Fd g

< AAl, UE HAE YU =T FUY AR wjgdolA beta

Z7] signalQl Phospho-ERK level& u]zl3}gitlt.

4. a7 23
Beta-catenin®] ¥] o]%Fo] substance-pd] HEEL FIIE A
Substance-P 100 nM& ] 8]8t Z-¢ Beta-catenino] WO E o|E3t AL
HRTENLE HASIAL B FUY MR vfgdol A beta catenin
of 23] WHE= YA VEGF, Fibronectin #H|E u|ag A

RS

Substance-PE *] 2|8t 7% Z7}5l= VEGF ¥ fibronectin®] W&o] ZJ}
g AL sty X7) signalQl Phospho-ERK level-& u]zZ.& Azl 16

Al ZF 8] F controlol H]3] Phospho-ERK levelo] ¢t ©om™ Substance-P

1, 10, 100nM BFojlA v]sxe3t =& 0 8 L}E}yic)
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SP effect on cell proliferation and Erk activation

2 10 — -

s 5 SPO SP1 SP10 SP100 NM

= e _P42/44

* & '_ "+ ErkPhospho
4
2 S S S S < o-tubulin

SP10  SP100 nM

Nuclear translocation of
beta catenin by substance-p

18 11. substance-pOil 2|8 @IXl MSC2 &4 S0t

6. substance—-p iv injection®] ¢]3F CD29 + cell®] % 8 57}

STERE Tl E7] AxY 8F fFEd g3 9FS Eoh
Qs <Ze] 34 glo] Substance-PE FHo mz] HE A

nmole/g(65ng/g) 2. & FALS}IL, FAF 24413 &, HA 9L FHsla

L=

& 233, o] & 48417 B¢l wjgSliisuspension AEES A A3

A, 3.7% formalin® ¥W4EH MEES 1AL Y £7]

markerd] CD29+ & WY QNS AA§ ZAHSubstance-PE FA}SHA]

o
=2
=
2
{
-N
S~
i
~Olt
B
o,
o
G
®,
[{e]
+
=
}-k'll
U
L,
ugl
o
A o
[u—
(d)
=]
—
2L
{1
ofN
~d
. f
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A & 4 9ot ol& B THENH FJoE Fuld E7IAHETL o

57
55 2ol SubstanceP7t 28 AT VThe R & 4 ddrh
. a7 Az

e JME AAst A7} Substance-PE FAISIR| ¢ 7-$of ]3|
FAEE A9 D29+ AEEC] ¥ uf 158 F= FUIE AL A
gth ol T3 TFEHE ooz Fujyg EI7AMEI olFHE AA
o] Substance-P7} 2% AL gri= AL & 4 gt

t

6000
5000
4000
3000
2000

4377.5

1000 297.5

CD29-positive cells

No SP SP IV

8 12. CD29+AMIZES EEC=22 Rl st &
7. Substance-P iv injection?] £4} A§ &A HI}
7 A7 ug L Py
ozte] HgE& 42 ¥, Substance-PE FAISHA] 42 E7|9} FAIRE

7] Zhutg sttt (T3 13). A AF Qhpel AN He: Ay

3}:‘_
Uaz mopo st WsED 4 xdel Y 7 Adsgen A

Y
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A F9E SHOE FHo| ol A== 2 ¥H 1T U & + U
it} Substance-PE FAISIA o2 Ff, BH o] Alto] AHFF
Z23t2 stg et ¢ AHE A(TY)7RA Hotdglen, sty HY 4
gz deiglgdeh. 8 Ay @ T3 JA T Axe

2] AR B9 3 F 7 4 A A S 83 Qlo] vt FEE &
340U} Stroma ¥-E8] Z-¢ €@F A AP3It oL A &7
MEE ZAE L= M E(fibroblast-like cells)Eo] A EHE Eol A
& £ 4 Yoot ¥F 29+ MEES TEY A, 2lde wA A4
b HEZEo] B F 7 d Aol MY g2 AEF Uil A& HAsiA
th ol B3 Y U Fulg &7 AEIF FUIRE Al71eE A FelelA
BRI AR A7I7F RS o 5 T

Substance-PE FAIE -9, Xl FARIA] 4L E7|& vy
BEIE BAol 3¢ FREE 3 A0l vl HA €71 AW Y
A EPUL FA FHE FABK] 4L Ero uls) FHsiAct. 22a §
B F 7do] AE o, X Feo AFFHoE P Pl BF ¢l
Fom StofA MUY FA Fo= Tt 53] 29 EN& AN
Az}, FABIRA] 4L EolA g F 7dxjo] Ry dfibroblast-like
cellso] 5z FHEFG oM 7drjol= [HY 4 ok 23 3t F 7
do] At F7A] A TF A= AAEHUY Ay HR= ZE A7,
Substance-P& FAIRY Z-¢ Fol FGA BAEH B} 2o /1A A
o] Hel 93E& HU & 4 ddrh 8F 29+ AZES £E& AT
HE HA 3, HAY F 5 MY B2 £E& UrhdES Hdsid
o o] RZoJA fibroblast-like cellso] Al W 7| (34 F)oj

o

3AA FoJE AL BVASIYGcE. o] E3 Substance-PES FA 3 AL Zu)
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H E7] AX7t BA FHAE olFse AI7I7F 4BAZ AL AT 5 A

=2
U A7 23

2 A7 A= MSCE SFEHE fIAA &4 Afd F938A 3§
4] Substance-po] MZ2E AL FHYsts ARE A 33 53EUS
SR (2004 109), =g AFsHATH2005d 1€). EF &3
(3h= <Qritehy], 23] &, v|F kit A3 20049 49 #E, SA=x
2333 $E 20049 109,4¢ FA E7HAE AEAE EFE 20049 9
€, u]=- NICDRe #E 2004 129)¢] @¢E )

NoSP  SPIV
“ 2

CD 29+ cell in the peripheral blood

!l control
|[ASPiv

0 3 5 7 days
& 13. Substance-P Ml & 8F L &H BHUAN EHE = CO28+ cells
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rt

2 23 ESVNME QD MUY FAIA LGS o] &3 FIA &4
RV

anef

1 938 /A% 54 2 A7 W 24 49
7} A7 g = By

1) E71HA2 2|2} (FH )

AELE o8 XRo QoA EIAEE MYFoz 438 = U=
71&o] 8353, Crypt stem cell EX|AES AL3t= do] glo] whole
crypt®] whole mount immunofluorescence?] ©]-& 7}54& stem cell ¥
|22 AEE = b-catenin®] FF FAE A 3te] HAdIT]

E71HXE X 2E d1317] $18t b-catening crypt whole mount
A¥FEA ZAI b-catenin ¥ U AEF FAE U3t HAH
crypt 7]|A]4-o]l+= b-catenin/wnt signale] FArF oz A3} Fof 9=

RO 8 71B 3 Ho] Wnt target ¥ A A3¥t moleculed 23 gt}

2) {4 Wi 24
YAH crypt epithelial cell® FLICE Fa| -ujersty] ¢s)
Cytokinez} MEZ2] 714 welstel 3 wjtzAL Ustdch

U, 47 a3z}

1) E714X A=} (FR tid)
E7IME EXAE 33517 ¢3td b-catenin crypt whole mount ™
H¥FEY ZA3 b-catenin ¥ G HAstgch E  Frizzledl, 2,
notch, MDR-1Fo] E7]AX FR thide dF 3 Folt}. 53], 9F
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¥ crypt 7] A 5o b-catenin/wnt signale] A4H o g 43} o 9l
7] W&o Wnt target & 3F}7} MDR-10| 2% o]& A¥E {W EA| AR
Xl ]l Folr.

2) A g =4
xS 71A=E type IV collagen, Cytokinel.i Hepatocyte growth
factor/ scatter factor (HGF/SF)Z 50 ng/ml AF8-31S W Matrigel®} EGF

-}

- AHee dud 2w olde Fzu FHEL YERIRTType IV

"
i

:

collagen coating, HGS/SF 50 ng/mloll A 21 FA&o] FHujdl o] F.

Type IV collagen coated dish, with EGF (10 ng/ml) + HGF/SF (50 ng/ml)

8 14, ATMEZS LRHY BFHNAN SEHE S22 4R &0I3 AHd

2. 93WA 27 A A AFAA BF =4 5, ALY A4 A

7k @7 g R e

WAl ZAF AT &4 249 49 Whole body irraditione 6 Gy

2E 12 Gy (Csl33 3.3 Gy/mim) HolA A ¥ 94438 HRS

L~ o |
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whole-mountAYENoll A methylene bluse® GAdte] IHEAn|H oA &4
& st FF 2Y £3. YA A HXBA & BE a3
Whole body irradiationg 6 Gy 12 Gy (Cs133 3.3 Gy/mim) H¢|olA]
ZAL ¥ A3H A& whole-mountE G434t}

2) $137 ZAQRe) AT AWy gAY
AEbel ASH B(10, 8, 6w/wk) EFao] mol S0THAM 1417 et 2
WhetE A 7hESt 4TCol A geldt A7 ThE, EDC7E REo] Ue oMl

o)
ER47} 912 TUY 2N HaE A PAES A=t

Cf

U, a7 a3

1) A 24 A3AA &4 38 24
AT AutE whole-mountE FMZF A ulcer F= F9E FHUY
4 g9t (2 15). o 8 Gye] WAL ZALZoIN o 200 o7he] &4
F917 dA8stE AL 7 doll AF HEFTE ofof sl 7 Gy A& A
2Jo] 2-3def] HA o|Fo] HI, 8 Gy o|elME= R zjAYo] o] Fo
]2 ¢tatth. wlebM Gastrointestinal syndromed] X|&¥ 7y RYg
12 GyE 43, 2 7]A A3 oE 8 GyE HA3H= Aol At &4
F7F Ak Aol &2 S (12 Gy o] )ol= &% FHSolA #
2= dlo] v3le] 8 Gy olstoiA = A% FHFEANA FE2 HHAFA
c}. tﬂ’s’% &30l u|3te] &Afo] nf- FHA A (U2 IFAA 2
3= AEiety], 3y 2 FEF o] TAE UE, Int, Symposium on Rad

N

Emergencies-Medical Preparedness and assistanceolA] 23 wWH),
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Ulcer generated regions

I'. y = |" e ———
55“‘"‘“‘5‘ Small intestine _]Cud:um ]Anu:

o 0% BO % 100 %

Examples of ulaer
N, T

Cz137,33Gy/Mm b

Dose (Gy) Range Namber a4
7 56-7T7 % 89 2-4d
8 §6-77 % 211 7-8d
12 23-80 % 325 Not healed
17 20-85 % 311 Not healed

8 16, YAE EAL = whole-mount S45H01 &0&E & 92 Zgi

AT FAAE QA 71H AFE 5t LA ZAF 228 Y3}
AE, WAL S WE ulcer FEAGAAN QA 7]A A9
= 8 GyE AASE= Aol HASS 7] wFo moused] WAMA 8 GyE

whole body®l FA}&}Sith.Tunnel assay 23}, WARHA FA} 45417 3

crypt cell death7} stem cell zonel. & FAE+«= Lx|oA] 7} Suls)

|5

dojta 2-347F &g om 74 o]Foi= cell death7t A3 5

control 45h

dek

Apoplosis/crypl (No.)

m B R

0 4.5h 48h 72h 120h 188h

816, 2ALE ZAF = AIZ2HO U2 small intestine Tunnel assay
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WARA ZAF F AZto]l wE small intestine AV AES] crypte}
villus®] Ze] WstE ZABIAG 4543 F crypt celld] HZHE
death® <13 2-3U# Villus atrophy?t ¥ei%kth. 2 F 4-544 ¢ =
crypt hyperplasia 7} ¥ojdo 2™ crypt & A9} Zol7}l 3 EHUL

ol 3t 7 YAl Villus atrophy EF FEEHE Aol AU

(29 17, 18, 19).

Degeneration Regeneration o |

Hours pott-imdlaﬁnn

1817, YAKE AL F OAIZHOI 2 small intestine
AT HIEZS! crypt@t villusel 2101 B8l

5 Degeneration Regeneration
2 4]
=
E 3
g 2
oL
0 45 48 72 120 168

Hours post-irradiation

1318, ZARE EAF & AIZ2H0 2 small intestine
ATIMIES crypt number B3t (315)

i T v



(4]
wbiaH
Jaquinu dkip

Apoptosisicrypt (No.)
~n

0 4.5 48 72 120 168

hour post-irradiation

819, AR EAF & AZHO 2 small intestinell 3=

2) 9788 =AAR ARG ALy FAMNL

7h Al g s

EDCO +FX27F 0.05, 0.lw/vyd we wEA A{JFAT
0.15w/v%F-E+= A9 A& A+ W3} fla 150 Azt olA71A o
A FAEY. olFd AL e #3 FEE AR Z
T e 498 & F S EDCY FE7F 0.15w/v% o]8Y &
AlZbel mE &3l A= WS A9 §lo] 150 AR -3
i, EDCY FE7} 0.05¢ @& A9 ASFEH 03 wgo we} 24
e & F AAHTH 20).

g g
il HE
1 )
A a
0
0 1} 160 0 i} 100 150
Tinebo Time.}o
(pH=1.2) (pH=4.0)

18 20. EE XS EF pHOl HE =SS
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w}) In vitro enzymatic degradation 2 Swelling

bol 7ba Apole]

loch(ad 21).

)

©

el Arrt F7t

1

3|
“

EDCY Fx7} 7t

TR =UE <l

o

—— e b
—c-—wB

Lo

10

b1

nl 013 0.2 3]

(0K}

Tine hr

H soms, wiis
L

<)

ul- o

g o

T

A

4

bl we} AT o)

A

o
T

Ak wels Ay

238

A

°]-&

o
=

J =

s

okl

3

7F & F F7F9 gelatin

ol

ol
2o
=0

HFA

17he] A

o}
1

K

=]

nanopattern A%

&

_CH

SRR

EXEL

3.
Nanopattern 99 ECM

7k

CEEIECE

d

9

g

X
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b 4 U§ 9 3y
1) Gene activated matrix (GAM) =3 7

7}) Water-soluble low molecular weight chitosan (LMWC) ==&
Chitosan (Fluka : Deacetylation degree, 85%) 5g (20mg/ml)
& 35% HClo] 0C, 3x|ZF &<l ¥, 50Co]A 3A] 7t hydrolysed A]H
IMVCE A =31t

L}) Plasmid/IMWC complex A
Transfection efficiency: pBlue script II (pBC : szie

3.0kb)E AE¥3}] E. coli strain DH5aol transformationd}oq
QIAGEN plasmid maxi kit®E isolation 3}ic}.

C}) Plasmid/IMWC complex® 33} gel retardation
plasmid/IMWC complexollA] 2] AAH plasmidE 1% agarose
gelollAl  100VE A7t plasmid/IMIC  complex?] DNase

protection Fluor-SMultilmager (Bio-Rad)® ¥¢Qls}grt}.

2) nfo] A8 A®IX(micro stamp) AR

O 38l= Feld si¥l& CADU CADENCE AXEQJolE o]&3le] A
AStaL AR (EBWF 10,5, LEICAfE)E o]-&3lo] Alg]d gloy A
o] ZE A AE(photoresist, PMMA)o] W3}: IElE I8 Y=
1=

@ ®2H(Developing)sto] BE3| B x| AES AABT




@ AA AZ(Dry etching)E& o|&3te] fo|¥E €3 ZHolUF &
gtZol(Plasma)& ©]&3te] A Zpgic}t. AxPY 2] Z}(Electron Beam
Lithography) 22+ 2t 0.5 um 7}x] 4] Zto] 7hHs3iTt,

@ A A7t FBoAN &2 ZEYAALEE A A YT}

® AIE dHYAEH (Mixture silicon elastomer-184) : Ag|& F
3}A(silicon elastomer curing agent-184)& 10:1 E3}sto] &o]
Ho] dAeF 33t T (Dow corning Corporation, Midland, MI)
10004 1A ZF o]} ZBA]H ARIZ(PDMS stamp)E HgA131
1=

) 3 212 ¥bY (photo 1ithography)

D photo lithographyojjA+= WA photo maskES | ZF3tt}. Electron
beamg o]&3to] W& FAU3I= glass fo|F oA ZEHALE
£ 2] Z}313l Developingdle] F&E3] H EZEHAALAEE A AEC]

@ Photo masko]l WVE A Hsts Tjelos TEdxrEs
FA1Z The Dry etchingd ©]-&3te] SlolME dF Zolwtd
Plasmag ©]-83}e] 21Z3it}, Electron Beam Lithography ¥ o
S 0.5 uwolael Zo| 7hx| Azst:, o ¥ TAL e-bean
lithography?] Z& 3} Zo] Dry Etching -> P/R A|A -> A&
dH LB £F -5 3 > 20Z PAA

i

3) Axize] wj=l %ol

ST PMSE RS R o8] Sxtl Ae ¥ AZY o)
, 2B FHo] Gold Coaterd o]&3te 2 IABISte] Ax}HD| A
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L) gL dnlBE o83 " /A
e Y H PIMSE ol&h&S o] &ste] Fate B F A2 o}
= 9o =g HFE3] 23t A uF e sES HAY

T}

4) <7tx]&[o-Mercapto-oligo(ethylene glycol)]l -§%A] HS(CH:)n
(OCH;- CH;)sOH2] 3173

7}) Undec-1-en-11-yl tri(ethylene glycol) Fw=302 ¥4
50% TASMIER &Y Ez|dd FeE& TSt 7|58l
A AL FHH JElE 10024 3087 ¥H§ AU th 1.0g4 of
11-bromoundec-1-ene(Aldrich)& X 7}3t ¥ 24x]7F 5S¢t ¥kg-& A
Fgrh Whg FAF EZHY Foll n-Hexaned o]-§31 63o] AA
g AYEE F&%Urh Evaporatorg o] §3tH ABEES Y

The A2|7H2 ZE3t Ethyl AcetateE AME3to] FARict,

1}) 1-Methylcarbonylthio-undec-11-yltri (ethylene glycol) 3%¥}43
#1e] AFLE YEH Olefinsg WEhE BulE ]3] 300mM
o gUg WE ¥, 24 TBo] seh ] Lol4E AH(Thioacetic
acid)®} F7NA)AQ1 AIBNS 5-10mg H7}SIaL 4-6XHE < 4508 &
T2 W T (450-W, medium-pressure  mercury lamp (Ace Glass)
filtered through Pyrex. )& o|-&3}e IurgS 3ttt Alz|71A

ZE 3} Ethyl Acetate?} Methanol & AME-3ty A =A)gict,
T}) 1-Mercaptoundec-11-yl tri (ethylene glycol) ¥4

2]2] Ao T FEH E|QolMEo]E(thioacetate)S 0.IN &
AHE A (RS ) ol HItste A2olA 4-5¢ AE WRSAAAN &7
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< [o-Mercapto-oligo(ethylene glycol)] F=45 &A1 vg Az
714 AY o2 AA| 3},

5) PDMS A®iZ ol A7tX & Hz} IS o] &3 A7lejd S (SAMs,

Self Assembled Monolayers)#| %

Hexadecyl Mercaptan
CH,(CH,),SH

Gold Surface
Thiol Ink

SAMs of CH,(CH,),,SH . " Ra
— s ' WY

SAMs

SAMs of

Adhasive to protein HO(CH,CH,0),(CH.), SH

/ & Nonadhesive to proteln
P

-

18 22. PONS AB8ZE O|8SIK & EFS 2SS XS SAUsS
g88A7ls &S LtUEsE 2Ak

7}) At A E 3 E(Hexadecanethiol) &(TClit)& 2He Wel &%
A~

B2E3 3 AZE 292 gjdol 70%A 10%37F WX sl A¥
I g 47hA & HAE S3A| 7Y

) ket 9ol (Gold coated Glass wafer; Au(20nm)/Cr(5nm)/Glass
wafer)o] dglo] AZg We] AWITE oF 102 AL HIF9 UHS
7Vele] HE:A|ZILE, A7 G EFH(SAMs) A= 12 ol 4%
=

h " LA & [o-Mercapto-oligo(ethylene glycoD] #=A]€]
ImM &2 £31 F 6AIZF ol Ao SAMsE FA AR
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2h) SAMsE RS B BAE ofTeg olgsld Bojdl F g
22 elo]24:(Deionized Water)E o]&3to] BlojA &Ad3Ict HA
< A4 FHE oA Il

6) M2 (ECM)F3
SAMsE B33 Sle F FHY Exte 47 g2
31 ¢Jt}. Hexadecanethol SAMs= 24’ (Hydrophobic)®] 472 zt3 9l
202 AXE/IZA(EM)FY whidg Fste 4ol e
o] P& B3l ol UNAE FEAE 44 (Hydrophilic)®]
ét—% 23 g s MELIAFY wiAE FA3IA]| BA = 4

lo,
_llﬂl
_\,L
X,

ECM & Fibronectin®] £¢] (20 ug/ml)ol] S ¥ SAMs SJo|HE &
7} 1A 2t T¢t 4Eojl A W3 ThS Yol LE o83t ZAF| Ao
L] Hexadecanethol SAMs& uw}e} &M Fibronecting] |H-& 4A #H

T

7) AL 71 A (ECM) 2] sigi o]
7b) AL 7™ (ECM) ] FAE o] &8 sib e

@ =FE=zJdReY sHe] FHH  SIME 3.7% XEUI
(Formaldehyde)o] 20&3t A2oA wo] mB2URIE 23T
¥ PBSE o] &3}o] 3x1¢ Bt}

® n]‘ﬂi‘e-lﬁl(hbronectm o] th¥t monoclonal anti-body(Ab)E 4}
ol 142 BP—o-Alzl ¥ PBSE 3xtd] A=rh.

® ¥ B ZJEl(Fibronectin)o] tigt 2x} 38k Ab(fluorescein
anti-mouse 1gG, VECTOR)E& A}ojlx 1X]7F T¢t wh-gA]zl F PBS
2 3218 Heth

@ Mounting solutionQl Vectashield(Vector LAB)E o]£&3}9] slide
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\

glassol] FAIZ thE BF TnFB & o] &3t sidS FAPTh

) AlZr1dzt ¥R AYE(FITC conjugated ECM)E& ©[&¥ i

2] el
@ A5} 254718 HAL 7R G7Hx29 SaMs7F HAAH o]
HE DWE A=},

@ collagen-Fluorescein(SIGMA)2] 20ug/ml €ojof 4ZoflA 1At
¢ &2

® Mounting solution?l Vectashield(Vector LAB)E ©]-&3} slide
glasso] A1},

@ ¥ WuAe olgsiel Yug A,

8) ECM2] i€ glo] A A xu]}
b mEEJEe]  3side] FAZH  dolsE 10 Pemnisilyn

Streptomysin(in PBS)ol 1A]7t o]AF w7l HF3Jic)

1}) PBS, Media(FGM)® Z}z} 2lA%F S, N-HDF AHEZE B33l 29

sereie,
t}) ¥} G (Immuofluorescence)dto] A2 FefE JHZic],
4. a7 Az

1) Gene activated matrix (GAM) &3 7j*d

7}) Water-soluble low molecular weight chitosan (LMWC) A%

depolymerized chitosane FT-IR spectrum®} 1H-NMR spectrum
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3.0kb

E3A F2FLE chitosanyE #HQA3}g s, FQE depolymerized
chitosan®] molecular weight+ GPC(Asahi Pack GFA-30F column, 5
0C, 0.5 ml/min 0.5 % acetate buffer (pH 4.0), RI detector
(SP6040 Differential Refractometer Electronics Unit), pullulan

standard) & EA3}e] ¢k 1,000 - 3,000 Mw ¢-& Felstdry.

1}) Plasmid/IMWC complex 3343

Purity= Ultrospec 3100 pro (Amersham pharmacia biotech)E&
AH&3to] 0D260/ 0D280 ratio® QISP o X+ 1(0D260)=50ugo
2 ¥el3tgdct. plasmid/IMWC complex= T}eF3t oF2] LMWCo] plasmid
DNA lugg A3 ZFY H/Y F, A719Ssted  Fluor-S
Multilmager(Bio-Rad)E DNA2] $X|& Hel3dle] <F 1 : 1004 FH
complexZ B E o] sized] WE 7} A& HASIHI, complex FA

Al A 7tE]& solutiond) wlg} retardationd ¥Ql3}gith

1 M pBC

Molar ratio ¢ 13 25 3 B M
{plaamid : LMCO)

T}) Plasmid/IMWC complex® A3} gel retardation
plasmid/IMWC complex sample?] DNase I protection 1:108foj
A DNase I o] 2]3)] plasmid7} $¥A38] degradation .o ¢k 500-1000
ajoll A protection & HUS T3 M ELEA Y 7He/dE& HUsL
ATt (WEZHE, LEAEE 23] T T oA UR)
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2) 2913e] WQ ol

7}) SEMZ o] &% si- el

S48 AHIZ(POMS)

A HEHSl THE Ol &
X

O 24, Crast
A& 250088 BiE2) 010]

HOO MX=AE01ZE

8 25, 0.5 umS AEZeoi(Strip line) THEIO| A&
AEGHT(POMS) HCio| MXIFAFS0IZ ALR! 80008 HHE2l 010i X

gdE AHI(POMS)

AN HERS WEOl B
HHO (&t 8013 (Stereo microscope) A&

J3 26. Chyst
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I (POMS)
01 Xl

8 27. Chst A SEC HEO S48 A8
HOO| MXIZFAIS01Z (SEM)ALR . 1004 B =2

3) <7kx] L [o-Mercapto-oligo(ethylene glycol)] =] HS(CHg)y

(OCHz- CH2)sOH9| 34

7} Undec-1-en-11-yl tri(ethylene glycol) Fw=302 &4

lﬂ~.°—_9. i?ﬂ"-} 1 Ag)s]}.-,] E‘__X}_E 51]}\}—0 6§| OI /\OT- _3]’;2&“;_:-6“]- :f-?_'. _g..
) & 2w A A @& Olefing TLC(Thin Layer Chromatography)& ©|
f£3lo] E23 & wpdd(Vaniline)S o] &3te] 7}E3 ¥ sl A

Qo] 9Ae #elg},

18 28. 4429 TIC 2

Azlele] FRol WA AAEHE $ES} RUHE SR Aol

g 4 YAk Uik ANES F odA AAEE BAR 339
A AARE vgedgotieo]E=2:8, H¥he:

t}. ANfAe H=

oA EH ol E=1:9, mErS:seolAHo|E=19:1, 100%°l ¥ olAlH ©

= Oe
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A7 AL o] f3lo] Ee]d & NMR(&AA7]|3E) AHEHSE B
A ste] A H BAHES S5t =& 78% HNMR(300MHz, CDCI3)

25(12H), 1.55(2H),1.7(1H), 2.05(2H), 3.45(2H), 3.55- 3.75(24H),
4.9-5.05(2H), 5.75-5.85(1H)

1}) 1-Methylcarbonylthio—undec-11-yltri (ethylene glycol) 34

WS B (27 TLCY #3)3 A4E(ZHz TLCY $-3)9] TLC 2%
& Boto] 4Bl NeuFol FAH FYL du Y& AL ol

g g Ao, AegFAE o8 £ F NMREAR7|EH) 29

E

stol1 3k th.: HNMR(300MHz, CDCI3)
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1.25(14H),1.5(4H),2.3(3H), 2. 4(1H), 2. 8(2H), 3.4(2H), 3.5-3.7(24H)

WG S
m«w;; B4

s8R veEL2yNe me ’39&‘8*38%33‘%%3 ERLLALGEL QLAY "‘3*‘ #R&ﬁfﬁ%ﬁﬁn%
**ﬂﬁ*ﬂl‘(«ﬂ L R R A K A 5 &) »Nﬂﬁﬂ e B E T QQN‘**&Q& - R, wt .‘3
Hon, Skt Aol bl &
/ MWW [

| =M
ks 31
k2ol

1] e

T}) 1-Mercaptoundec-11-yl tri (ethylene glycol )v 120
S-H 288 W E4 332 204-210 nm Q1 AL 7|08 W A
MEYS Folod WUe UM FES @& + dgch

a b c
% 32. (a) PS8 AEGID| A BIS29 W ABEZ  (b) BI22 ARSI 17AI2t
OI=0ll BT W ABEY, (c) BISAE £ 46A12F 0129 ABER S-H JE0| M
HS20 ZEEUD BIS0] E206 S2DUSES & £ UL

A2 7S o] 83le] Ee3t F WMR(YA/|FE) 2¥MEHS &
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Hste] P A¥ES  HUdstdcok HNMR(300MHz, ~ CDC13)
1.6(4H), 2.5(2H), 2.7(1H), 3.45(2H), 3.55-

FHGLY G5
wgtEE dae B
Fo dar

g *}Qﬁ%&“ﬁi“kﬂ«?f’igxii‘ﬁ% 3E82aAzREIREGES
P = st &

4) PDMS AR ol UTX & A} JAE o] A7hdtSat (SAMs,
Self Assembled Monolayers )#] %

N
Ny

PDMS AEIXo] ¥ AluAlH 7HE (Hexadecanethiol ) 2 x1E &2}
¥ et fllo] = (Gold Coated Wafer)o] A¥IHIE Fof F-& F2]A
KCN-E-of] go]HE 108 ¢ #FHiAluAl Y 2L E (Hexadecanethiol ) 22}
2] SAMs7F BAEER] 2 X2 KCNojl 2J3] HAIEo] Mo] W= A
el & 4 slglch

]
]

4

rr

o

5) A7 (ECM)2] D¢ FHel
ECM(Fibronectin)-& Z R - ™ of 3 o Al

(Immunofluorescence)& 3t ¥ FAHn|A L o] L3dlo] el Hel3t A
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7 solnzdwle] Ay sedo] FAH &S FAsR, AA
Aot Ee] B¥7) slojpzvy QoA FFHoZ FXES &

UM

02 34, CHYs AU @go2 J& 35, 2umaune| & IHEICZ 0|2
IEO] SAE NEZuEl OfFl mE=delo HHM
& 2 M AR AFRI, &Ao[ Hh= 4 um OICH,

@ 36. N-HOF AIEE IMEZYE S
HEIRIOA S = SN AL

A 3 A AA Z/AEY wx BiE 5 A &3 A8 7E

M
1 BA 2AelA wxt £3 7Hsd o 714X B4
7h A e R 8
HAE7IAE B3 L dEssel Ba HHA oiEste A7t

= >
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JINEE o &3 ThR¥ 2 A4 JHsel tit 7tz F718tA =i
e =REo] Zolx o3 qlrt QA thEAQ neurogenic regiond]
33l hippocampus®} subventricular zoneS UAHE L F = inaccessible
stem cell® {71 Hrh A2 A7MHE X EE ¢siMEe thE2dtsE714
xo HHyl "agly, BRI fo|stejof Tl FHITo o] EAsl=
skin derived precursor cells (SKPs)o] X I E|ZT}. o]& M E= in vitro
N 2%, A7, glial AXE F37} 7he¥e] gF=HUch o8t 22 B
I AA] 7By 2 HAS AR, Ao dlof FZFe] Lol IF =
A2l multipotent stem cell sourceE2A ¢ 7hsAdo] & WL AAFI o
Th E AUAGME AY fe DN ATE UAZAG Fo oy 2L
2 ool AW 19 7 B3 2z 4Asel Yo AW PHE Y¥ 248
Hz] dispase A z|3l Ry gt Ee|dl3, oJ7]o] hyaluronidase,
collagenase, DNase & A|g|3}o single cell suspension 2.8 ¥z *
neurotrophin cocktail Q1 B27¢} bFGF, EGF, LIF & A7}sto] njorsid &
M E7} neurosphere 8} ZHE spheroid & FAFIT), A|7to] Ao ule}
spheroid 8] 377t AAEE ©o]E& pippetting 3to] AW 7|2 Lol

Al wjeFstlct.

v a3 43
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Nestin expressing cells (%)
100

80

40 L :
20 = :
o i L
V- M-2 M3 M4 M3
(BMHFBS) (BMHN2+bFGF) (BMN2)  (FGM) NtZ
Optimal! The most optimal!

8 37, B 2A0 [HE Nestin &2 B3l

|
1=
-z
EN

Ao A accessible 217 AFMEE SHEE 7E NLEE

e

~

A3t 27 FHste] of 80% 74X A4 AFALE fEshH: /&R 3
o}

- 8t<8] 9] W (ASCB 2003.12, Keystone Symposia 2004.1)

20ng/ml EGF, 20 ng/ml LIFE H7}8te] ek & thakst 23 G A5 A
Folo] A 7429 EA A nestin ¥Hd oA 2 dendrited A, A1H

Al

s

FA#el bIl  tubulin, post-mitotic AZAAME  FX]AF] MAP2,

astrocyte ¥A| A1 GFAP v o] H-E w|n #2351,
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E, AA Fd W Aot Xy 2ZE dispase AHIE EIIFES AA
3}3l microvessel endothelial cells& MACSE Ez|/A|AZ F ol& AEE
6708 clE vy ZZA (F medium, FGM, Step II (DMEM/F12 + N2
supplement), Step III(DMEM/F12 + N2 supplement + bFGF + laminin), Step
II priming + Step III, MSC neural medium)ojA A ZFA|F1 F AIZAZTAHXE
2] markerQ! nestin, bIIIl tubulin 508 33} GA3}o nestin YIAES

Bl steiTt.

. a3 23

Serunz} A ARZAI7} ¢l RZA¢l Step 112 1] a] primingA]I1 7 Step
III vjge oF 80% o[Fe] MZ7} nesting ZSHA HAY A& FUsHA
thad 3-) o]AM2] Canada F Miller 182 =1 (37]¥¢] spheroid
culture, very low incidence)R T} HZ ZEI FEHQ AZATLAEZ f=
BIHQl two step neural induction protocol & 7|3t t}. Step III ujet 4
UFo] spheroidE FE & + AN HF v ¥ 4 3%t spheroid
& W nestin WH 7= step 111 medium®] bFGFo] 711 FH3tsch

Al7Aoge] BIE K=317] 3] forskolin, retinoic acid, NGF,
buffalin, PA6 feeder, R}ZAIZ oA 2|3t Schwann cells&} 5 uvjjof ¢
3 ol AW Folth |

Ay oA Fel3t Nestin WHBE}= spheroidd] EA EAZAI} neural
crest stem cell FEAIX}Ql p75& WG 28y} N 3H-ZR22] frozen
222 2P E nestin LHAZE A H & 4 ¢olA nestin
UF spheroid HET-Z A e

N

Z7)1ME7} in vitro vjeF R 7oA

=
=
Aol HA FL inductiono] )3 Ao g Hrlslgdct.
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Aad d3g Sx gdx | 28 2o 7K =

A1d HF EE W APE HX

1. HFHE:
AB2AY Tlas o] 8T WA IF VA AR§ &4 23 HE Je d
« 28 ETAE U 3 AZE o 8T WA &AHF AEZARI MY
« ABBA STAE FF L AYR AR A TS ol &Y HFEA
&8 HE Jle Y

« A E7IAIES 2t 2HE T YA IE B2 AR Ve Y

_ = i e
2 & HAPNL=H A U8 % He IR HIIAN "HIoPIE (&)
-REEI|MES 2 &E Ol MY
T8 B/NE Y 7= -TYEEBIINE Y EF A
-Z8 BINE 28 7 TH 28, Hel
I HZE 088 WAl SN XDESs 0jAls9] 2
WA I8t BAME 25t chig Tl
M &4 52 HEZAZ| bl 014 &8 B7)
A8t YH(HED
J1E e
-0l A5 U Fas RAXL 0|42 N
oqURKT 2 Y
M1 A
M MEIR MY -9ZE 2I|ME S5 U FF WY Z|-zat ZIMNE SH
As 225,700
& Hee o8t 9l +Y -l = Aol EE A
(2003)
T &4 318 DS |-HEEA TH MM FEH MEQIA YIECIRE ME 2 Meks S H|
o & U g, MuE e g TIl&
MHl SVIMES RH-AA 7""0{|A1 oX 23 Jtsst T &
-wAb 23 F% OjMEtE =A
282 S8 WA I |JIME e
U &3 A 28t 28 RE
Z SIXt X7 J1E Y -TH E0|18 23 R =AH £¥ (AF
T I}
2 JIEl KO X))
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Tl WAPd ZALY F BF J|@oE AYY T4, FABA, ABA =Y
242 Z7IMEUo] BALA 3 oh

gt A dFoefs] ojn] UFHYLER FIHEE o8 HEAEI& A
3

ol WAtd ¥& Bat AR MY F2% HA Jlgo]l HE Astalch

T ZYEAE] AR d I+ U repopulation ZpFol F4 7|AAE

THE E71AES A8 FhdS st g E71AEE I35 T
B2 F &89 5o SAHe 47 Zids WA IF 4 s o1 8%
o AT F2E AR T 2T 7I&2A FHEE + A& Rolth

BAR &4 2 JlE 23 EgolA BAEEE &4 ulA & 43t Sl
@ E7IHEE 7HEHAA &4 F9 2 honingE Al SH= substance-pd] UL 7
Bt ol & F3 UL ol WA AT A ME RU|Q EAREY o}
Uzt 88 23 &4 & 388 ARAY, AR o= &Y 4 S Jle

5] 3
=4 BY Rope] Jlg Wl 2A sleiy Ao svjHL).

AN 37 239 HITE A7t spheroid® wiYSIRE A% AZARE RE
dH= 7]&©] 20010l Nature Cell Biologyol K.l Eof ¥¢l¢] accessible stem
cellZA F|F 2Zo] k= E FHFo] LA YoYU 77 AZufjoe] wE {3
2l reprograming®] 7Hs’d Fol AMAEHF 2L, 2 AFoAE 12¢ Tl 80% o]
FE& ABATAZY BEE BFste AEE fESgons, B a3 Je A
o] 7] 71ed] A& Jdgutrt 3a 53 WA Zalo] &t wxAl
&4 U FFAUFA EAboll 22] accessible stem cell 24 X} B3A|FH o
o H&¥ 4 e 7/IE nfstdtiE HolA A SIIHAEE o2 AAA
ABAZ L d ol FH 53t 2UEHUL 3 F o] Bof: AXE 38
TAEY AR ATHR o]f J|eBA F71 d77 AL Hor}

oy

ox.

2 M
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H 5 & AP Le] #22AHE
- 2 ZAoA Waldo] 23t Z4 REEBME % JNIAMZ(FuIEEIIHE)Y
WA w3 g3E A RS S 2o ZERME 87 ol Fuj
4 E7IARZIE FaT 9L TE A AREA PAd IF B/A A=
ol wlxld olx| | o] Hz2M2  Z4 o]A](bone marrow transplantation)sof FH-&

= =4
4 e Fa% 894 Jlec] € Zofrh

- g EVIAES Y FHY o8 2FE AFAE e theFH
E7HZUAE FF31a EAANEE A3t 49 AR o dx
oA F4 WET} ofF Yol FHFEIIMEY AZAEAE &St AT
o] Fglort £ AN FEE &R {25+ substance-p7t 42
MY E7IHMRXE EFLE JEHAA &4 HES FAAAES HIsidr
(5% &Y ¢E). substance-pE £ TN $HET AR U AXHA &
2 52 B2do HEst WA §U 3T Ay & X B0 FEALS BT
SLaL utolrt TheXdt HEA AG BT FHE ¥ 4 URF ARAZ U
Agoltt. B3] peptide A7t ARUAL Hio] Fotstns B A7t oA
71¢ 7|8t encapsulationg =3} controlled release ¥'H & LY A olr}

oX,
re,

it

o

- Al MR 2N AF ATAEE B3} SEATE 71 AUstdR, ol:
FHXE7} tRE ¥ Z&o] &A5lL Qo] inaccessible stem
cell2 ¥go] o]#-$L} skin biopsy7} 3 Adwtake] U7 ATHMZ(80% o|F)
2 HHIl= 7€E 2 Ao YHAZHLER accessible 217 HFALEA
AZA L B3 A= & H £ U= 223 7/1&2M AEABAEMY in
vivo B ZE ¥ 217 ABMEASAZ AL & ot} (53] &Y ¢8)

re
o
(A
S
o,
(2

- AZEE Ve A AR A Je € 2T Eof ey Jed A
FEY JIeRA, oA M AHE U AEE I 5 AEFU A=

K
=
&2 T& F3o F8 HYilyisoln ex vivo FAR} X8 MR NEE F
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