B KRR
17;{71‘ 9"‘”‘\%7& X5

8 4
% B 4

2007 & 12 A



>)4) 2 2)

K

2

of

—~0

A kD AT A

| 4]

Ao/

!

i

3

A O

V|

DR

ERE S

s
s

B

o),
73
=2

o) #x S

2007 12 A

DK

e
e

=
7G

20075 12 A

NET S TS,

1

;71(;&

~—

)

KK KK KK KK



%= B i
%—_ /g ............................................................................... 1
;q] 1 ZJ-. ;(]1:11— OEH %7]/(1]29] .‘.,‘=_L1'—!,]’ uﬂok 1;_1 l_ETAé ﬁ:rL ................... 5
I }\1 et 6
M. AIE T O HFH 9
I le_ 34_ ................................................................................... 14
IV, 32 Fbeeovereeoafone s i B i e e bt il e e 29
Al 2 . AREAN ALY bA, By D AU B B 33
I /\-] % ................................................................................... 34
o ;H_g_ =1 H&-lﬂ ........................................................................ 36
I le_ 34_ ................................................................................... 45
v. 12 7‘é1- ................................................................................... 59
Al 3 % AAHE FERDAANY AR STAE &5 o 62
I /\-] % ................................................................................... 63
O, AE E O HFE 66
I @ 34. ................................................................................... 70
IV, 3L Bl 77
%—_ @ B 81
FE G G B 83



Safety of passaged human adipose tissue-derived
mesenchymal stem cell and its ability of neovascularization
in an animal model for hindlimb ischemic disease

Advised by professor Kyoung-Kap Lee

Jeong-Chan Ra

Department of Veterinary Medicine
Graduate School of Cheju National University
Jeju 690-756, Korea

Abstract

This study was conducted to assess the characteristic of the adult stem cells
from adipose tissue and to demonstrate the safety and clinical feasibility of
therapeutic angiogenesis.

Human adipose tissue-derived mesenchymal stem cells (hAAMSCs) were
isolated post abdominal liposuction. The hAdMSCs were expanded ex-vivo culture
and were found to have the following characteristics: spindle-shaped, tight
attachment to the culture dish and self-renewal capacity during a serial passage.
Immunophenotypically, these cells were positive for CD73 and CD90, while
negative for CD31, CD34 and CD45. The hAdMSCs demonstrated a diverse
plasticity including the capacity to differentiate into adiopocytes, osteocytes,

neurocytes and myocytes. They also were able to generate sphere formations in the



colony-forming assay. Further characterization using karyotyping revealed a normal,
euploid set of chromosomes in hAdMSCs up to 12 passages.

Toxicity tests for hAAMSCs in SCID mice were conducted. Test groups were
divided into saline control group, hAdMSC low dose group (2x10° cells’kg BW),
medium dose group (2x10° cells/kg BW), high dose group (2x107 cells’kg BW), and
maximum dose group (2x10° cells’kg BW). The cells were administered once
intramuscularly and all groups were observed for 13 weeks. The toxicity tests
showed no abnormalities. Therefore, a safe quantity for hAAMSCs was determined
as 2x10® MSCs/kg BW or higher. To compare tumor occurrence in BABL/c-nu nude
mice, MRC-5 (human fetal lung cell line) cells were used as a negative control and
A375 (human malignant melanoma cell line) cells were used as a positive control.
Test groups were divided into hAdMSC low dose group (2x10° cells’kg BW),
medium dose group (2x10’ cells’kg BW), and high dose group (2x10° cells’kg BW).
The cells were injected subcutaneously one time and all groups were observed for 26
weeks for tumorigenicity. Every subject in the positive control group that was
injected with A375 developed tumors and no tumor was found in the negative control
group and hAdMSC injected groups. To investigate the distribution of hAdAMSCs in
the body, the hAdMSCs were marked with CM-Dil fluorescents dye and injected into
SCID mice. Test groups were divided into hAdMSC medium dose group (2x10°
cells’/kg BW) and maximum dose group (2x10* cells/kg BW). After the cells were
injected into thigh muscle one time, autopsy and histopathologic examinations were
conducted at 24 hours, one week and four weeks. Up to four weeks, the fluorescent

marked hAdMSCs were observed in the injected muscles area but not in any other
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examined organs.

The in vitro tube formation assay showed that hAdMSCs formed capillary-like
structures on matri-gel under shear stress or certain growth factor conditions. The
hAdMSCs took up Dil-labeled acetylated low density lipoprotein (Dil-Ac-LDL) and
positively stained for the von Willebrand factor (vWF), the vascular endothelial
growth factor receptor 2 (VEGFR-2, KDR) and ulex europaeus agglutinin 1 (UEA-1)
at the cell surface. Endothelial cells characteristic was also confirmed by analyzing
the expression of the endothelial-specific vascular endothelial cadherin (VE-
Cadherin) and VEGF receptors 1 (FlIt-1) at the mRNA level. A lower limb ischemic
model in a BABL/c-nu nude mouse was produced by ligation and dissection the
femoral artery and their major branches in the right thigh surgically. Test groups were
divided into saline control group, low dose group (1x10° cells/kg BW), medium dose
group (5x10° cells’/kg BW), and high dose group (1x10” cells’/kg BW) and observed
for four weeks. Lower limb total amputation rate was 75 % (9 out of 12) for the
saline control group and 16.67 % (2 out of 12) for the low dose group. Medium dose
groups showed no mouse that had its leg completely amputated. In addition, the high
dose group also showed no mouse that had lower limb amputated except one mouse
had partial foot amputation. Compared to the saline control group which did not have
any mouse whose lower limb healed completely, 7 mice in the low dose group
(58.3 %), 6 mice in the medium dose group (50.0 %) and 9 mice in the high dose
group (75.0 %) were healed to normal level, validating the effect of hAdMSCs in
treating mouse with lower limb ischemia. Also, an increase in neovascularization in

proportion to the hAdAMSC injection amount was validated from investigating blood
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flow amount using laser doppler and the number of capillaries per area using alkaline
phosphatase dye in the ischemic region.

In conclusion, hAAMSCs are easy to obtain, can grow to large quantities, are
multipotent and do not involve any ethical problems. Especially, in the case of
autologous transplant, the hAAMSCs do not show any toxicity and tumorigenicity.
The excellent capability of neovascularization of the hAdMSCs makes them ideal for

clinical approaches as a cell treatment for the ischemic blood vessel diseases.

Key words: adipose mesenchymal stem cells, toxicity, tumorigenicity, hindlimb

ischemia, angiogenesis
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o zA wEt BEEE fFHRAVE AR g2Y]) wie Az, daE, &
AE § 5243} 750 b 210 of 7HAe) A= B3t wdn. 34 g

fol &71A132= A5 (totipotency)e]l A& W, A S7|AE

olm] #3}7} Y=ol FHE MEEET E3eteE o= ol gt 1
AANFE AR 7]50] thE AZ=E 1313 5 d= Z7]HE (stem cel)7} &
Agohs o] SHAMA olglgt HIZMGH, nAHH F7]ME &3t Jidoe] Bhy
A H AT

19989 Geiger 52 QA9 27HE] ZER A27} Holda 7ol o
Azt efoprAe] #oId = =R W] fJste] AdRlo] ¥ FHel YR A
g TAFA wiwxdd Fsith. a1 Ay BT Fo A EE 9,
@3} (york sac), Bjopzt, A =Fol tigh AAlA FHEHAD HA =
AZ7E FAFHAT. gy Qo] AHE dEE=Re
&t= # (transgenic mouse for beta globin)® HE Al ZdR NI
1S o, o]EolA Hjold RIS ZRIQ AntZEvle] My = AL ds)
= A7 Ho] wAZAFol dvd A E7AMEI ERE A
(microenvironment) 3tell A= ElA7] 9] MEZSHAS thA] dHEE 5 Qo
Aol AAE A} (Geiger 5, 1998). o] Dolly2] =
oldde W 2EHFE I A T Hed RE FHF A Tt
oAl B A (Wilmut &, 19973 L3 SHolt}, meba ol F+ A+ A
Az olm F37F JgE Mzt A g 259 3
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E ugsm glom, oFe oud H4¥ AP FA4 AAY

’

(genetic reprogramming)©] 2 4 A= A o] S E AT

w e ATE A7 9 A9 dRRE Had A7) gerl gl
|

+ AR (neurosphere) & HAAFT F o wjopykitol| FJ3k 5 AV|A A
St Efjote] Zb x2S AR A3 FYE AN Mxe 1 E Aol 9
A HA7 LS MRSl = Eekal A, 9, W, 94141782 (notocord),
AN A AT (mesonephron) 2 Hof s@dls 22 WAl XS BEF s

of e RS Felstddt (Clarke 5, 2000). o] 3 34L& 2001 Krause &

(Krause &, 20019 d7olA B% gas] AyHHAT. 5 A HAY =FA

ZYR AES 23 T o]5S PKH=E AET A% & vt FHo| o4stx
= &

stol @ AN AAE

d 9y 2R ¥ S0l AL HEF AAUY A9 RE AE FAEE

M

ZIME7F 7FA AL e

N

Aol @ A9 AEBNNA FHHAeh. Wb A
sto] gAHe A nAH GBS AR A g Ade WHE xo
FAe E71A%9 ZAYl Bt A AFHES 8T HAh F A

E vjolr R A d5A =7|AE (totipotent stem cell), ThsA =714

2 o

F

(multipotent stem cell), &7] 5|4 =7]|A|¥E (tissue specific stem cell) E°]
Zt7] & 545 7H HEY 59A Q0 AEES (clonal identity)2 &A1 &
ofyz} o5 7t AXY FEC w} AolstA Folxl E3bs g AT
Hol AA =] = Aom AZAEATE e FH o] At PAgdd oig
ATER dste] HHE AARAMO =7AE] JhdRUE, Folxl Ak
(microenvironment)¥} 7|54 g} #As= AEe] EF3 7|5 (stem
cell as a function)©.2412] 7o)l 55 7] A&l ),

=7 AEE e 22 F 7R SA4S A =T AA, AE7E A4

TAE AETS A FAg £
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#ol 5AT VoS 7 Alxw W 5 3= teA (multipotency)s ZE=

Z7IMEE S F U source A we, Ao AE EE A A
Frefshes Al 714 23 A wjelE R E 2YE e wjolET|AEE
T F Aok AAS7IAEZE o7 Axels d8 A7 2 X853 534
AREstE Aol dig &84 =de AARRYH AgEdes S Adu. A
Z71ME F U] T3+ E7]1A1E (mesenchymal stem cells; MSC)= X WA
X, AAfolAE, ZAXE, ZAIE, AFAE 5 lineage-specific differentiation©]

b= AN S Axz £23kE o e 9= 7Y (Lin 5, 2006). At
=

ZANA g 22 Ad, dE W =74
4 At (Lin %, 2006; Barry ¢ Murphy, 2004; Pittenger %, 1999).

E7NAES o] &dt= AE AR VE JId2 olYd #3} THE I

2 &4 A% £ 24% ZTAMEE o8k VAol YolE ARe A%
e zdon B}, AN Ade 294 ARD AdEs b Aol
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Isolation, culture and characterization of

adipose tissue-derived mesenchymal stem cells



I A &
Foll A Hd5g S7IMEE EA T AR 130 | A 599 e
A} Cohnheim®ll &3] AU o]= A3 A X7 FAHAA collagen 27
£ BFole AdaoEY ddE 7 Aled F dvke Thsds AAEA
t} (Prockop, 1997). &7F & T3 MAE= 733 5 Jd= AxXE 7HA
U= F71+% Friedenstein Tl oafiA A& @sizlon, a4 25 4
5 Zekaa v e ge R 2EAXEE AATOEN T
Y E7IAEE FHE AT (Friedenstein 5, 1976). #be
ol %

24 delrle doit Jbg wus] debe MEs wige] mol

_]\‘\
x
nY
it
>

AL, 2~4 el A¥7F Bo] 2~4 4 FoF 2 A3 glo] AUt I F F4:9)
=

s7tetslon, o8 A wids AA= T 3 AlxE2 dFH L

I 2=

= N
colony®2 #3}stth= AS HAsG =, oyt #ze 1980 thE AFH
So oA ¢y s o]F ot} (Ashton 5, 1980; Castro—Malaspina %,
1980; Bab &, 1986). Friedenstein &< =94 &gt A7} ZolAx, A

FAE, APAE L TERAERZ BH Fed GRS A0 doks P
S gYsgon, ol AXES @4 09 Jue AL B s 9

ot st =719 =7])AME (mesenchymal stem cells; MSC)E E# X1 ¢l

MSCE dA = o]9olx A x4, g, W, glo} 24 FoA &
d Foglen, 7 FeelA EelE MSCO #dFol 2T zhelrl drhal 33
t} (Nakahara %, 1991; Campagnoli =, 2001; In't Anker %5, 2003). A% %3

ol

9] stromal vascular cell fraction (SVF)> &7]A|E A Aol A o< it

AFEH =Y, o] teA (pluripotent)S AW XWEZ F stromal cellS ¥
B3 Alssl7] woltd (Zuk &, 2002; Casteilla &, 2005). L3 A= 5
H F5Fd =09 271Axe Aad £7]43E (adipose tissue—derived
stromal cell; ASC)E W]k Aol A stromal cell®] 24, growth kinetics,

3} =HoA zo]7) Q= Aow FeHQltt (De Ugarte 5, 2003).
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g ol& ASCt =9 T E7IAEe 58 59 &3 dA"Es 7
Ao, colony A5 ME vjgA ] FA5 {FA
Ho} 3o skt (Lee 5, 2004).

A H-2] =714 ¥+ N-acetyl-L-cysteine, ascorbic acid-—2-phosphate2}
2o AastA| 7 AtE A, g wE7F S u) AAET life spane] E71E T

(Lin &, 2005). 3k ASCY F2]< fibroblast growth factor (FGF-2)ol 2]3}

i

A= WS 4= Q3 (Chiou %, 2006), ASC7} vascular endothelial growth
factor (VEGF), hepatocyte growth factor (HGF), insulin like growth factor
(IGF-D)¢ 22 A4 growth factorsS #HelE 2oz 4 vk (Wang
s, 2006). ASC= A Al&Ake] tho], =29 Bl (S1AA, 22X, 2=
Fa o (Feh, A7IA T, fFA Al wiYdERd, Eg2gAdY =F,
plating density, WA 24 ol wel S Eolv Eitso] 9FS HS F U
™ (Schiffler ‘&, 2007), T3t o] 2lg A& Ff

A AE AR F gAFoRY AEAoR AR dE FA4S Bl T &
ZIAEY T4 Riew & oe ¢34 A2 W] w2} doubling timeo] €t

A 7% sh+=d), 23 XS dso vs] 934 AA tumescent liposuction

-2
3t AdMSCE Z5u AldidellA sk S71Ax 9= va2A o] ¥ Rk
BalA AFH7E 7hsst A AHE W A A 1gs FAE o A
7b f#l (autologous)ol7] wiizell Wit ARukge] glvk= Fas 7hnh
aHy AEZIAE #EE V2 AT AEEC] H7] wiEel AWEIIA
ol Fedate] mEs, 54914, 35 18 AEAsARA ] gty 7]
ol gk F7h4 Q1 A7 a4-dn

ofo] ¥ AFrollM ZFfrele] S E71AIE Bl AHHSH] Hal, @



o o] Hj%Fo] folglH, FARULE gl HlE BEEEHE T 71429
oko] 100~1000 ®iv} t] %, self-renew 5% % multipotency T8H%E o]
Ao R AAAE AWFE s SVIMAEE AW AW 2Fo2HEH g,

i Fatdvt. 1A ols Al T3] E71AIETL in vitro WRFA oW g
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&Y<+ (iposuction)S ¢ & 7|SA=Z5H AW 22 dgt
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3} ). Liposuction (biopsy)
WElE glow A

o] tumesent & (2 % lidocaine 40 m¢, 0.1 % epinephrine 1 m¢, sodium
bicarbonate 20 m¢/1 ¢ saline)& T3t 10 7FHF 7Ivbd 5, A% =23
=349 turnesent &N 10m¢ FAL7]ol 1A ¥ metal cannulag ©]&34 HF

STk AHE A £4L 4CE st A9 5

2. A w3 S7IAZ 22 R S

474 F9ellA 3000 rpmo.2 3 B3k YA

stk 44 By Fo AlEE A
i

lower aqueous=, AW

N
=
o
o
Aty
—
©)
=
IS}
N
>~
e
N
il
i
ool

=)
om
rUPL
-
)
I
fo
oX,
g
rU O
kel
i
_OL
rir

a5 SR EVIAEIE Beldle ARSHS FAIE ol & %A spinner
woF ZefAd0] 1 mle 23 1 mg/ml collagenase [ (Gibco, Carlsbad, CA)S
4 me FH7yseltt.

37°C shaking incubatoroll A 1 AJZF 5ot oFshA EE9]
of DMEM 5 m{g ¥o]A 100 mm cell strainer® oJ3}stal vpA 1500 rpmol A
5 i Bt €4l EElste] AWFdA S7IME F8S FEsklth #Ee E7)
A EEE B 1500 rpmell A 5 &3 44 REEste] ASS wEla Add

o] 10 % fetal bovine serum (FBS; Gibco), 0.2 mN ascorbic acid (Sigma,

>
kel

St. Louis, MO), antibiotic—antimycotics (Cellgro, Manassas, VA)7} X3St%

DMEM (Gibco)Mi A & 7}l =2 T}



1~2 L3t mlg & T25 viF HAjol Fzhd A2yt @73 PBSZ A F st
3 defined Keratinocyte-=SFM (DKS; Gibco) HjA| 2 n3+S T3] w52k A
X5 AAFYEY. AXEZF 90 % confluenceES Ho|¥ trypsin/EDTA (Tryple
Express solution, Gibco)ES AF&3 vjF HAIZHE wolal a4 wes o
F7] 918 DKS w1 S ¥a 94 22 v, T75 flaskol A A2 DKSH)
A& gol Ad wigstler. AME At Aol Egldt EF (Gibco) 84 A%k
o]-gsto] A AFVIE ME AEEH AE 5 SHsHh

3. AE A E AX = 53

jus)

e AgErIAEes dvAds S8l Setoz #EEqlth. Passage 39
ARE7|NESE F7ASte AE F5 Aitste] 7F Al A 2EE AX 5
z3te] AFESITE AT AE dE A 20 we] HAE AMHAZ] FH]
| JHe Egs 55 AleF ZF 20 peoll Al 3 AstolA AAE A ZAE
10 wE 7iHEgtol=rt doldle 7 ST 7 o]
A T AN 7] w4 wdlelA Aokl AERES E8 AFTE o
&oto] AFsith. Ze WHoR date] Htgks Allstel NEFE

Wkl

Aol e sl

rE

2
=

v

4. Fluorescent activated cell sorter (FACS) £4

Z7|AEZ PBSe 2 % FBS7} A7kl A2k (staining buffer) 1
e Wil FAA 1 AIRE 59 4°CollA whgAIZ & dalatelete] AlaEet A
TANE FHAIHY. FT NS AAS PBSE M7t AIEXE F 5
96-well platedl surface marker & 2x10° 7§¢] Ax =2 2}7} B335}
i1 surface marker antibody 2 W& FH7tste] 40 &3 oAl whEAZT
PBS 200 w2 2 3] AH3 § dAdZeste 45 ds AAsL Eof = Al
of PBS 200 wE #H7}sta & &3t FACS tubeo] Yol & EFe<] 500
w7t ¥ % PBSE #H7bstal F o|-gste] MEFE ALtstST

T ES7)AME Eol¥el AE 3 FYorE CD73, CDI0S A EEsd
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A, Y ESVIAIE ol9e] v ARl ERol gl Ae A A 2A

A2+ CD31, CD34, CD455 A

)
QJL
3%
i)

5. Al¥ A&E (cumulative population doubling level; CPDL)
vl 539 714129 A<l Wl cumulative population doubling
level (CPDL) #t& ZAlsth CPDL2 AlE2o 2488 Yelys #4524, o

o3} e Ao A,

CPDL = In(N{f/N1)/In2

(Ni=%27] seedingd A Z5; Nf=3Z MEF)

6. A A (Karyotyping)

AAA ol FFE #HEY] 98] T-75 flaskoll A 50~60 % wiFd =4t

E71AES ABYEAT (HE, R oJ=ste] g &

1%
o
>
>
ol
ol

A%

Hgd ARE7IMEe] o AEre 3 TS AQlsty] 9l AFAE
L

Al

el
i

3} 2 matrigelo] A ¢ tube FA

7. 1. Adipogenic differentiation

kgl A HE7) M| EZE 6-well plated] well & 1x10° cells® Y, o

23

gl A 71Tk AIELE F2AZ F 50 % B AEsAS W wiAE
adipogenic induction medium DMEM-LG (5 % FBS, 1 uM dexamethasone,
10 pg/mé insulin, 200 uM indomethacin, 0.5 mM isobutylmethylxanthine
(IBMX) = wAskAe. A W2 (lipid droplet)e] A= =A w71

2~3 F7b W @ F, A% WSS oil red 07 A5} ikt
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7. 2. Osteogenic differentiation

osteogenic induction medium (Cambrex, East Rutherford, NJ) .2
3~4 < wit} WA= wstel by 2~3 =7 v oFslS Tk, Alizarin red SE

Qstol AEE BREU,

7. 3. Neural differentiation

kgl A HFE7|MEE 6-well plated] well & 1X10° cells® H7}sta
Axbuf ] ol A W FsEoAth AEES F-2 § 50 % B HF8HlS Wl PBSE
3 3] A#stal N FaL 2
F712 wAE wAHFAS. 2~3 F A AERY] E3E =T 5, AA
M Eo]x el EX|2l glial fibrillary acidic protein (GFAP) ¥&d& &H<l3t

o

eural progenitor media (Cambrex) BjA| = uL3}3]

7. 4. Myogenic differentiation

Four-well chamberE 2 A|ZF 5<F 10 ng/ml fibronections AF&dA =
gata vy AL=VIAEE 3X10° cells® F7tste] shF F<t vt
10 uM 5-azacytidine®.= 24 A3t ¢k wjgstal PBS= AlH3 § wixE
myogenic induction medium (Cambrex)® &3] F=At}t. 3~4 & vt} nvj#]
2 w37ty 2~3 F3F wjksto] skeletal muscle myosing WY o3 M slo]

MAE wshE Flskgith

L 299] 9

o

=
[}

o

7}

23]o] (sphere) AL 938 5 ml antibiotic antimycotic solution (100x;

_12_



Gibco), 1 ug/ml hydrocortisone (Sigma), 5 wg/ml insulin (Sigma), 20 ng/ml
EGF (Invitrogen, Carlsbad, CA), B27 (Gibco), 40 ng/m¢{ bFGF (Gibco) % B-
seeding ¥+ % 37C, 5 %

mercaptoethanol (Sigma)e] X% MEBM (Cambrex) WA S 6-well =7 o]

Eof B335}, 7t wellol 1x10° cells/mee] A
CO; incubatorell 4] wslsitt. 393 dv|dS AFE3}9] sphere FAAH-E

FrIH o fEEh
9. B¥ AIZHol mE X S7|AE HFA Ho)
9. 1. e S7IHAE & 2 AEE W3
A He ZISAEEREY 28 WY 3 Ad AR ES7)AME
(LMO060019: ‘A’= 3%7], LM060029: ‘B'® 3%7], RPC070629-1F: ‘C'Z %7])
2 1ml FA7)9 1.5X107 cells/500 pl saline 8O0 =2 wol 4T oA Z+zt
0, 12, 24, 48, 56, 64 2 72 A|ZF <t BASHHAM 2 BI A7 HE AXE F
9 AE AEES A A HEESo] S5
9.2. A4 f# S7|AE 9 I e W3
ol AF3 3 Al AW Z7)AHE ‘A, ‘B, ‘C'E fluorescent activated
cell sorter (FACS) #241 WS o] 83to], 72 A7 &b 2 B3} Az ¥H=2
7k EV71AE A el CD73, CDY02l waS ZAH3P 1 e AXE
E9e] gl 3 #elsty] $1ste] CD31, CD34 % CD45°] wd& Z
5 S48l
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1. 4 3

A T EVIAIEE BFE AdFolHE (fibroblast-like

morphology) 2o = vitte] A&HZZEeE Hgo R Ho] Agh= 5SS 7HAH
subculture & ¥HESt %= FE)7F & G2 H A (Fig 1).

Fig 1. The adipose stem cell population with a typical fibroblastic morphology
was observed using phase contrast and bright field microscopy. Day 3
culture of hAAMSC showed 70% confluency (Left) and day 4 culture of
hAdMSC showed 90% confluency (Right).

2. A% E7IAE 293 4
Al el Az gE VA A Ao mRE 2y v S E714
x5 ddew 10 Ad7ZHA Alx 59 Fds 4 S0 AR A

fral E7IEE e Ad fFde AW FUAETE EFEHES MY
(LM060018 (male), LM060023 (male), LMO60028 (female)). 53t3 =714 %
gels A% FWFdo CD73, CDI0S AHEsIaL, &7 F2] Wi 5
& Al =Sio] flSle=A BEetr] e W CD31, CD34, CD46E At
g3to] ATt (Fig 2).
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A. CD73 expression
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B. CD90 expression
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C. CD31 expression
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D. CD34 expression
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E. CD45 expression
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Fig 2. Human adipose-derived mesenchymal stem cells (hAdAMSC) from three
different donors sorted by fluorescent activated cell sorter (FACS) for (A)
CD73, (B) CD90, in adult MSC, and (C)
endothelial cell marker CD31, (D) hemangioblast marker CD34 and (E)
panhematopoietic cell marker CD45.

surface markers expressed
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Table 1. Summary of FACS results of human adipose-derived mesenchymal
stem cells (hAAMSC) from three different donors. The surface marker

expression level did not vary much after P1 through to P10

Positive marker (%) Negative marker (%)
Sample Passage
CD73 CD90 CD31 CD34 CD45
1 99.89 99.98 1.88 0.51 0.53
2 98.25 99.80 3.48 3.76 3.36
LM060018 4 99.62 99.98 1.20 1.39 1.19
7 99.58 99.93 1.64 0.71 1.40
10 90.16 99.71 2.02 1.55 1.73
1 90.24 99.96 0.52 1.89 0.40
2 86.54 99.88 1.00 0.78 0.50
LM060023 4 99.75 Q8R00 1.24 1.16 1.03
7 99.40 99.81 3.26 0.81 2.00
10 81.52 98.73 0.77 0.27 0.22
1 96.47 99.96 0.50 1.42 0.31
2 98.26 99.88 4.54 3.29 3.04
LM060028 4 99.26 99.99 1.29 1.14 0.80
7 98.87 99.91 4.04 1.09 3.28
10 83.62 97.39 0.82 0.20 0.25
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3. Al¥ AAE (cumulative population doubling level; DPDL)

Al =l

w2 CPDL #e A9
17~30=24 wj kst = w)

=71MEe] Ads 7 2

7M1 SAEC] e s YERAAT

CPDL(Cumulative population doubling level)

12904

35
30 T
25 T
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=
= 207
=
=
s 157
=
10 T
54
0 m - — — = —
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Passage No.

Fig 3. Cumulative population doubling level (CPDL)

77}

achieved after serial

passaging of human adipose-derived mesenchymal stem cells (hAdMSC)

from three different donors was determined.
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4. 93 £4 (Karyotyping)
Aukge] 27k Z71ME] A <

e dest7l fste], Al el 7

=4 A3 12 A

= Sample name : LM0GO0T S
- Sex: Mz

= Interpretation © 25metapases were counted and analyzed microscopically, Digitized karvotytes were
preparad from 2metapases(525banding). & normal karvotvpe was found. There was no chromosoms

indicating structural or numerical abemation,

Passage No. 4
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= Sample name - LMOB00O28

- Sex:Femalz

- Imterpretation : 25metapases were counted and analyzed microscopically, Digitized karvotyles were
prepared from 2metapases(525banding). A normal karvotype was found. There was no chromosome
indicating structural or numerical aberration,

Passage Mo, 4 Passage Mo, ¥
R TN T TR Y O I |G R |
BB w3 up 20 2¢ 5% 88 Hlawaun e
hé ha Bd xx aX Ra (TR T L S
X8 E‘}E * 8 % i s.ﬁ 1y ‘lﬂn = ba } I.I
Passage No. 10 Passage No, 12
3 = ]
TR oW o onow
A BE &R 23 Rk 2 & Bi %% B8 @5 82 ¢ M
|
UL TR TR T F R 1 | oh A &4 EX 11 as
i t 3} i & koa x‘l 'H-!'. ’Rt - & .‘.”h - Iﬁ'
B. LEY M- Vi T | !
- Sample name : LMOG23
- SexiMake
- Interpretation - 25metapases were counted and analvzed microscopically, Diaitized karvolytes were
prepared from 2metapases(52Fandings. & normal karvotype was found, There was no chromozome
indicating structural or numerical aberration.
_ PessaceMNo.4 Passage No. 7
DT RN T | BAT O |
8 j: I! i isa - 3 __\‘I ii i’!
BO B0 B3 B Bp e ok i B A¥ 3z oRe 3% as
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Fig 4. Karyotype of human adipose-derived mesenchymal stem cells
(hAdMSC) from three different donors. There was no chromosome indicating
structural or numerical aberration in (A) a male donor LM18&, (B) a female
donor LM28 and (C) a male donor LM23. The hAdMSC maintained a normal
karyotype up to 12 passages.
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(continue.)

Fig 5. Multipotent differentiation capacity was confirmed from three different
donor’s AAMSC. Adipogenesis, osteogenesis, neurogenesis and myogenesis
observed in (A) passage 3 MSC from donor LM18, (B) passage 4 MSC from
donor LM18, (C) passage 3 MSC from donor LM23, (B) passage 4 MSC from
donor LM23 and (E) passage 3 MSC from donor LM28.
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(continue.)
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6. 23 o](sphere) FA%

BoOAFo A Fy wjdst AH F7|AEE N-acetyl-L-cystein (NAC)7}
SH5-¥ mammary epithelium basal medium MEBM ®j#]¢] B27, BFGF, EGF,
insulin, hydrocortisone, mercaptoethanols 3 7}sle] vjst A3} sphere”}

g48e FA 5 At} (Fig 6).

Fig 6. Human adipose-derived mesenchymal stem cells (hAdMSC) growing in
aggregates as spheres. After 2~3 day within the primary cultures, a number
of small floating cell spheres that no longer adhered to the culture dish were

observed (Left) and increased sphere size with culture time (Right).
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)
~—

, T S7IAIE FAd AR #HE FACS 2 &% #4d FAC

To2 FAEAY (Table 3).

+

Table 2. A 72-hour time course study of human adipose-derived
mesenchymal stem cells (hAAMSC) viability (%) (A) and total cell count (X
107 cells/500 u0) (B). Experiment were repeated 3 times each time point and

data are presented as the mean * standard deviation.

A.
Viability (%) Donor A Donor B Donor C
0 hr 9423 + 2.68 9590 £ 1.28 94.10 £ 1.18
12 hr 92.57 = 1.99 92.83 £ 1.74 92.07 = 1.62
24 hr 88.07 = 2.68 90.07 £ 1.62 87.37 = 0.70
48 hr 91.97 £ 2.00 88.70 £ 1.42 85.33 = 0.80
56 hr 89.40 + 4.36 84.87 = 3.01 86.13 = 4.48
64 hr 90.20 £ 1.10 83.87 + 0.87 81.83 = 1.20
72 hr 90.37 £ 145 84.97 + 5.66 81.00 = 2.36
B.
(Xrllo()t? lc;ellsl/scg(l; n;e) Donor A Donor B Donor C
0 hr 1.39 = 0.03 1.40 £ 0.02 1.38 £ 0.02
12 hr 1.40 = 0.02 1.39 = 0.02 1.37 £ 0.01
24 hr 1.38 = 0.03 1.38 = 0.03 1.37 £ 0.03
48 hr 1.38 = 0.02 1.40 £ 0.02 1.38 £ 0.02
56 hr 1.40 = 0.02 1.38 = 0.03 1.35 £ 0.03
64 hr 1.40 = 0.02 1.38 = 0.03 1.35 £ 0.02
72 hr 1.38 = 0.02 1.37 £ 0.01 1.38 = 0.03
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Table 3. A 72-hour time course FACS analysis of human adipose-derived
mesenchymal stem cells (hAdAMSC) marker for MSC (A) and for impurity (B).

Experiment were repeated 3 times each time point and data are presented as

the mean * standard deviation.

A. MSC marker

FACS (%) Donor A Donor B Donor C
CD73 952 + 09 925 + 24 942 *+ 0.6

0 hr
CD90 95.6 £ 04 920 £ 3.3 942 £ 0.7
CD73 89.7 £ 5.8 94.7 £ 0.7 944 £ 0.1

12 hr
CD90 90.0 £ 4.5 96.1 £ 1.0 947 £ 0.3
CD73 96.6 = 0.3 948 £ 2.6 923 £ 0.6

24 hr
CD90 962 £ 1.0 96.6 £ 0.1 93.1 £ 0.6
CD73 929 = 1.8 943 £ 1.0 934 £ 0.7

48 hr
CD90 91.7 £ 29 96.6 £ 0.3 94.1 £ 0.6
CD73 949 + 2.0 948 + 1.0 89.4 + 72

56 hr
CD90 963 + 0.6 96.5 = 0.1 954 + 0.6
CD73 943 £ 4.1 849 + 2.3 855 + 24

64 hr
CD90 928 £ 33 95.8 £ 0.0 954 £ 0.3
CD73 964 = 04 949 £ 13 912 £ 1.3

72 hr
CD90 96.5 £ 04 96.5 = 0.7 95.8 £ 0.8
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B. Impurity marker

FACS (%) Donor A Donor B Donor C
CD31 090 =+ 037 0.47 £ 0.07 1.47 £ 040
0 hr CD34 0.58 =+ 0.20 0.44 =+ 0.06 1.03 £ 0.10
CD45 0.52 = 0.08 0.37 = 0.05 0.88 =+ 0.02
CD31 0.26 = 0.08 0.37 =+ 031 0.69 £ 023
12 hr CD34 024 £ 0.04 029 =+ 022 0.54 £ 0.08
CD45 021 £ 0.07 025 =+ 0.19 057 * 0.13
CD31 023 =+ 0.07 042 = 0.07 146 £ 0.23
24 hr CD34 020 == 0.02 026 = 0.09 149 £ 022
CD45 020 =+ 0.01 0.26 £ 0.05 128 £ 024
CD31 141 =*= 0.39 0.25 =+ 0.04 1.26 £ 0.16
48 hr CD34 069 + 025 024 £ 0.02 128 + 036
CD45 064 =+ 025 0.26 =+ 0.08 095 £ 0.19
CD31 0.63 =*= 0.06 0.27 =+ 0.08 1.16 £ 0.07
56 hr CD34 045 £ 0.01 025 = 0.01 1.19 £ 0.4
CD45 0.40 =+ 0.05 0.26 = 0.11 0.23 £ 0.06
CD31 093 == 0.14 041 = 0.03 029 £ 0.07
64 hr CD34 0.84 =+ 0.17 0.34 =+ 0.05 0.23 £ 0.04
CD45 0.80 £ 0.18 029 =+ 0.03 022 £ 0.07
CD31 1.00 = 0.19 049 =+ 0.25 031 £ 0.20
72 hr CD34 0.80 = 0.14 0.32 =+ 0.05 023 £ 0.12
CD45 0.73 £ 0.16 026 =< 0.03 0.19 £ 0.09
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1.

@43 Fo 54 AlY
1.1. 2438 &
SCID v}<$-2 (Harlan, Indiana Polis, IN) 6 8 < 9 5= z+zF 114
5

whel pejetel 1 77 akslglon], A%
100 vhel®g 54 APel AHgstarh A F7)A%

2% 20.3~23.8C, JUl&HE 40.5~60.5 %, 7|84 12~18 3/hr, 2
12 AIZF (08:00 A& ~ 20:00 &%), &% 2124+2.89 Lux, &5 45+0.0 dB,
7] (FEYel 715) 0 ppml®E Al 4S5 A0 oH, 31 Ao, T
2 #FE7IF S AlgAl= IVCS (Individually Ventilated Caging System)
polysulfone 7] #] (365x207*%130 mm; Tecniplast Co.)ol 5 =}&]® 4835}
of 1 Fdof| g ¥ HaAo|A=Z ustsle] FACH Atne b ERAN Had

o,
)

AHE=8& AP R (LabDiet 5002)& #Hr =°] sk3len, g4= AT=s
uz]
=

£ 123E+ (autoclave)dte] & 53kt

AN &AEZA hAAMSCE dAF dAf==S Aol 19 (50kg) & 1x107 cells®
3, FH] 1022 4 @A A
oty g iR R Yy o & < ¢ 247 20 vk A HiA

J_[E__
sholeh gvl daETols g Hule] RIAWS FolSAT} (Table 4),



Table 4. Experimental design for testing the 13 weeks toxicity of hAdMSC in

SCID mice.
Dosage No. of . Route of
G Test It . A 1 No. . .
roup est tem (cells’kg BW) X animals fumat o administration
) Male 20 114CM001~114CM020 M.
Control Saline 0
Female 20 114CF101~114CF120 M.
B Male 20 114LM021~114L.M040 LM.
Low  hAdMSC 2x10
Female 20 114LF121~114LF140 M.
6 Male 20 114MM041~114MMO060 LM.
Medium hAdMSC 2x10
Female 20 114MF141~114MF160 M.
) - Male 20 114HMO061~114HMO080 M.
High hAdMSC 2x10
Female 20 114HF161~114HF180 M.
) 1 Male 20 114VHMO081~114VHM100 LM.
Very High hAdMSC 2x10
Female 20 114VHF181~114VHF200 M.
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glq el gzl thele] metabolic cage® AH&-dtd Axdt §, mHARE Al

i)

Al (Roche, Controltest M, Germany)E A}£3}e] Urine analyzer (Roche,
Miditron Junior II, Germany)® plH, specific gravity, leukocyte, nitrite,

protein, ketone body, urobilinogen, bilirubin, glucose, occult blood HA}ES

ARG

goe# AL @ dH5EA AALE Hete] F G ol E el &
ANs AFNAY. 7 F o, 22 10 vl dNEH HAle) d A sheA
ArE AAeglt dRk dAskd A= leukocyte  count  (WBO),
erythrocyte count (RBC), hemoglobin (Hb), hematocrit (HCT), platelet

(PLT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
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2 FA438k8lt}r (Table 5).

Table 5. Experimental design for tumorigenicity of hAdMSC in BALB/c-nu

mice.

Group Test Item Dosage Sex N.O' - Animal No. R.O 1.1te Of.
animals administration
Negative 6 Male 10 116NMO001~116NMO10
Control MRC-S  2xl07mouse o 1o 10 116NF051~116NF060 S.C.
Low hAAMSC 2><106/kg BW Male 10 116LMO011~116LM020 SC.

Female 10 116LF061~116LF070

. " Male 10 116MMO021~116MMO030
Medium hASMECy 38 kg BYON /o e\ [ Vr g7l MRS 8.C.

Male 10 116HMO031~116HM040

. 8

High  hAIMSC - 2I0ke BW - pemale 10 116HF081~116HF090 5C.
Positive ] Male 10 116PM041~116PM050
Control 2375 2x107/mouse . le 10 116PF091~116PF100 8.C.

2.3. NEEZA HF

AlFEHd hAAMSC2 A9 7|2 28 2
o™ MRC-5 (human fetal lung cell line) M¥X+E &4 WE2EHZ, A375
(human malignant melanoma cell line) MXFTE S HEEZAZE #H]5F L

A = ATes SHT 295 EUE FoAF (0.1 m/mouse)s HiFaet]

AL viability testES A A8t}
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AR Fo] EFwE st ASHS A AFLZFS] 10 v S
= dAska, &4 10022 2 A9 AldEd Fodd &) a7
. A gre] W s Hrhstr] fste]l Fol A 24 AIRE 1 FAF R 4
FApoll FAE FRew, & T 5 R AN AdEEe] Al EE
9] ¥ 7}+= CM-Dil tagging (Andrade %, 1996; Ruhparwar &, 2005) #4

M
i v tlraels ¢ Rule] RPATS T3kl (Table

ity
o

>~
>
ofo

ol
o

Table 6. Experimental design for distribution of CM-Dil-labelled hAdMSC in
SCID mice

Growp Testltom ¢ ul8SL, | Sex oo AnimalNo. e isttion

5 115CMO001~115CM005 24 hr LM.
Control  Saline 0 Male 5 115CM006~115CMO010 1 week LM.

5 115CMO11~115CMO15 4 week LM.

5 115LM031~115LM035 24 hr LM.
Low hAdMSC 2x10° Male 5 115LM036~115LM040 1 week LM.

5 115LMO041~115LM045 4 week LM.

5 115HMO61~115HMO065 24 hr LM.
High hAdMSC 2x10® Male 5 115HMO066~115HM070 1 week LM.

5 115HMO71~115HMO075 4 week LM.

3.3. AdE4d <4

A FEZD hAAMSCS A9 7M1 2 22 2 alt Wiy o] st
G0, CellTracker CM-Dil (Invitrogen)Z A}8-3to] A FALe] v o] =389
AEE FF A6 2 Ald=dE o A8 A 2% WE oldstrzE,
ANAd=d3 EridEEd e L% HE <5 dol o4l Fo Al 49
e Avs 54T 245 A= FoF (0.05 m/30 g BWS $4ilste]

& Uz 18] Folsar
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Wil
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lo
I

NdEde MEzue] ¥FFEA (CellTracker CM-DiDE 3lod, W %2
Edhol= A2 $ ¥JA A (rhodamine filter: TRITO) 22 #HE3TH A
FEHE FoA WA F 24 AR 1 F, 4 FA FHES AAslen, 73 A
AE3}e] blood smear Eetol=& A|&stal, o] A H-9] (-5 dlE3S), liver,
kidney (L/R), adrenal gland (L/R), spleen, thymus, cervical lymph nodes,
lung, heart, testis, epididymis, brain, femurE 10 % A EX=ZHo| 1A s}
o Welxz &gol=gE AZeldld. 7 Z7]ME=E 20 section (A 200 serial
section & " 10WMA sections Efto|== AZHo] &dtol=s FFAWF o
= wEedn. FogdAndow dEsly] f1ske] serial section®] A WA

sectione hematoxylin & eosin M-S 2 A3} T},

4. TAAE € 43 #A

B OAFoA d& =HRELS SPSS (SPSS 12.0K)S o]-&3e] ANOVA
B AA8 B q=0.05 FFolA 7 FoAS AATNG I, §oAdo] oA
2 Tukey-Kramer test® Addslo] a3 2t 8

T e BATA fo)42 AAHA (p<0.05).
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. 2

AbeE XH F71 =7]A1E (hAAMSC)2] SCID mouseol| A9 13F =S4 A

L AVEE R AW 995
AR F R ASZFTNA 1 kel AR

TR A ANFEA Fo F 70 Aol H1LE&HF Fo (25.79£1.68
@Ol Al Ul (23.94%1.71 @)F} HlaLste] §-ol8 Z717}, 77, 84, 91 AR
= 8% FolT (25.28+40.87 g, 25.42+1.01 g, 25.44+1.20 g9) @ Hu&H
T (25.86+1.58 g, 25.93+1.59 g, 26.03£1.90 g)olA thET (23.93+
1.81 g, 23.64£1.97 g, 23.73£1.62 g)¥} vl fFolgt Z7H7F B2 T
(p<0.05).

AR A ANdED Fo T 63 A SHEF T (19.60+0.80
)l HEZT (20.60+0.92 g)3 Blwate] §2o3F a7k, 70, 77 LA A&
F oIt (19.76£1.07 g, 19.88+1.05 g)3 F7H&% Folit (19.514£0.81 g,
19.58+0.79 @)l A =+ (20.77£0.76 g, 20.88+0.73 g)7 v sle] H-<]3h
a7 HEEHAT 84, 91 AAlel A Fof &% (A8, 19.85+1.18 g,
20.41+1.10 g; =783, 19.58+0.88 g, 19.83+0.90 g; L&, 20.10+0.73
g, 20.45+0.86 g; HiL&%, 20.15+£1.09 g, 20.45+1.29 g)olA thxT (21.05
+0.82 g, 21.37£0.85 @) ¥} BlaLste] fofgh ka7 A& AT (p<0.05).

o
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0

e AFEEA ATk AFe] A Fof 8,9, 10 FA FHEF Foldk (2,76

+0.18 g, 2.78+0.10 g, 2.57£0.26 @)l A thxT* (3.18+0.18 g, 3.28+0.33 g,
3.26£0.30 g)oll vt gk HAavE BEEFHAT (p<0.05). 12 FAll+= A
Fol &8 (A8, 2.62£0.28 g F3H&%, 2.55+0.12 g &5, 2.54+%
D H e 2.7410.24 @l A tiET (3.15+0.19 @) Bluste] H-<] 3
A2, 13 FAdE AL Fot (2.771£0.24 )3 F8F FolT (2.92+
0.24 geolA izt (3.46%0.11 g3 Hlwste] Fo3F A7 AFHAG
(p<0.05).

AR EEANNE FRY AE Fo] 7, 10 FAl HugHF FolF (0.04+
0.003, 0.0240.010)9l4 Tz (0.02+£0.008, 0.00£0.005)3} B w3}e] 2]
g SUbF BREHUL, dAY A Fo 3 FA AT FAF (0.02+
0.006)1 A iz (0.04£0.014)3 Hluste] Fo|gh Fart, 12 Fajo] 18

F Fold (-0.02+0.01 DA thET (0.01+0.006)3 HlaLste] §o3 74
7b #ZEHAG (p<0.05). AtR 8FE&S o, F EFoA g2y vl alsle

O

N

Lo

3 3ol HAEHA FU

o
T

1. 4. S54A% 54

SFAFAFANE FR] A9 F9 8, 11 FA n&HF FF(3.80+
0.28 g, 4.29+0.49 @) HE&H FoJt (3.77£0.17 g, 4.12£0.61 g)°l A o
Za- (3.13£0.42 g, 3.17+£0.50 g)# wluste] % F7hh HEEH AT
(p<0.05). &H ] A 10 FAo FE&F Folt (3.20£0.22 g)ol A =
(3.90+0.24 g)¥} HluLste] Folgh 3HA7} 12 FAjol= FHE%F T (2.95
+0.14 @3 L&F FolF (2.90+0.20 g)olA vz (3.68+£0.16 g)7} H
she] froldt vk #EE AT (p<0.05).
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e

o A, erythrocytes
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=9+ (p<0.05) (Table 8).
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Table 7. Summary of hematological values of male SCID mice treated with hAAMSC intramuscularly in 13-week

toxicity study. (%, Significantly different from the control group; p<0.05)

MALE GROUP SUMMARY OF HEMATOLOGY (PERIOD : 13 WEEKS)

Dosage

(cells/kg BW) 0 (Control; n =10) 2x10° (n=10) 2x10° (n=10) 23107 (n=10) 2x10° (n=10)
Items MEAN < S.D. MEAN + S.D. MEAN + S.D. MEAN < S.D. MEAN < S.D.
Leukocytes (10%/ mm®) 122 + 0347 259 + 0.999 144 + 0.440 152 + 0392 113+ 0568
Erythrocytes (10%/mm®) 83 + 0.8 86 + 1.00 86 + 0.62 88 + 041 76 + 2.69
Hemoglobin (g/dl) 132 + 087 136 + 143 138 + 0.86 141 + 049 124 + 441
Hematocrit (%) 335 + 415 343 + 420 361 + 251 367 + 143 327 + 1161
Platelets (10*/mm?’) 739 + 1536 784 + 1443 894 + 977 817 + 939 661 + 256.6
MCV (fl) 404 + 297 39.7 + 091 21 + 141 419 + 074 428 + 182
MCH (Pg) 160 + 038 157 + 037 161 + 044 161 + 039 163 + 091
MCHC (g/dl) 397 + 297 39.6 + 120 382 + 0091 384 + 071 380 + 1.16
Neutrophils (%) 241 + 446 BA 53 28 + 291 27 + 327 232 + 375
Eosinophils (%) 0.6 + 049 02 + 031 02 + 038 03 + 027 04 + 038
Basophils (%) 04 + 0.19 05 + 035 05 + 028 05 + 0.11 03 + 021
Lymphocytes (%) 531 + 297 529 + 480 561 + 472 568 + 498 557 + 622
Monocytes (%) 197 + 293 207 + 4.65 180 + 190 177 + 201 176 + 488
Reticulocytes (%) 118 + 0.197 113 + 0271 123 + 0327 117 + 0334 141 + 0410
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Table 8. Summary of hematological values of female SCID mice treated with hAdAMSC intramuscularly in 13-week

toxicity study. (%, Significantly different from the control group; p<0.05)

FEMALE GROUP SUMMARY OF HEMATOLOGY (PERIOD : 13 WEEKS)

z‘gfﬁfg BW) 0 (Control; n =10) 2x10° (n=9) 2x10° (n=10) 2x107 (n=10) 2x10° (n=9)
Ttems MEAN + S.D. MEAN =+ S.D. MEAN + S.D. MEAN + S.D. MEAN + S.D.
Leukocytes (10%/ mm®) 0.86 = 0377 138 + 0.534 1.54 + 0430 1.83* + 0.703 146 + 0917
Erythrocytes (10%/ mm® ) 79 + 047 8.6° + 0.54 8.6° + 022 8.7° + 0.28 85 + 0.63
Hemoglobin (g/d1) 126 + 0.83 133 + 1.05 133 + 032 138 + 046 13.7° + 0.60
Hematocrit (%) 317 + 2.6 343° £ 295 341° £ 139 3450 + 110 35.0° + 1.66
Platelets (10% mm®) 657 + 1924 835 + 2512 882" + 1165 887° + 90.9 858" + 154.0
MCV (fl) 399 + 1.53 399 = 149 397 + 142 395 + 123 412 + 281
MCH (Pg) 158 + 034 155 + 047 155 + 033 158 + 041 161 + 071
MCHC (g/dl) 397 = 1.70 32 T T 391 + 1.12 400 + 1.17 391 + 133
Neutrophils (%) 250 + 343 235 + 529 226 + 216 217 + 478 27 + 211
Eosinophils (%) 11+ 1.68 0.6 + 129 04 + 038 0.1 + 012 03 + 040
Basophils (%) 0.6 + 030 05 + 0.14 03" + 0.19 04 + 0.15 05 + 0.10
Lymphocytes (%) 53.6 + 251 553 = 4.62 586 + 2.84 500 + 545 581 = 2.06
Monocytes (%) 170 + 129 179 + 237 162 + 152 167 + 097 155 + 247
Reticulocytes (%) 118 + 0393 142 + 0422 119 + 0228 125 + 0462 1.32 +0.746 (n=10)
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Table 9. Summary of serum biochemical values of male SCID mice treated with hAdMSC intramuscularly in 13-week

toxicity study. (%, Significantly different from the control group; p<0.05)

MALE GROUP SUMMARY OF SERUM BIOCHEMISTRY (PERIOD : 13 WEEKS)

22?;%; - 0 (Control; n =10) 2x10° (n=10) 2x10° (n=10) 2x107 (n=10) 2x10® (n=10)
Items MEAN =+ S.D. MEAN =+ S.D. MEAN =+ S.D. MEAN =+ S.D. MEAN =+ S.D.
Urea Nitrogen (mg/dL) 220 + 649 209 + 257 223 + 477 273 + 891 26.8 + 10.63
Cholesterol (mg/dL) 106 = 122 110 + 185 111 = 142 112 £ 142 109 = 10.8
Total Protein (g/dL) 50 £ 0.23 49 + 0.20 50 £+ 0.30 49 + 0.22 49 + 0.22
Albumin (g/dL) 1.7 £ 0.06 1.7 + 0.07 1.7 £ 0.10 1.6 £ 0.10 1.6 = 0.10
Total Bilirubin (mg/dL) 0.0 = 0.00 0.0 + 0.04 0.1 = 0.05 0.1 = 0.09 0.1 £ 0.05
Alkaline Phosphate (IU/L) TTRTETS ) 73 £+ 8.7 69 =+ 8.8 77 £ 9.2 77 £ 223
Aspatate Aminotransferase (IU/L) 92 + 852 66 + 12.7 7.4 £ 16:2 84 + 54.1 87 + 543
Alanine Aminotransferase (IU/L) 86 # 338 2P\ ENS:0 814y 4129 388 £ 155 39 + 230
Creatinine (mg/dL) 05 = 0.08 05 + 0.03 0.5 = 0.05 0.5 = 0.07 0.5 + 0.06
Triglycerides (mg/dL) 37 £ 153 SO .32 45 + 222 26 = 10.1 26 + 18.6
Glucose (mg/L) 120 + 249 140 + 16.3 130 + 43.1 127 + 242 132 + 402
A/G ratio 05 = 0.08 0.5 = 0.00 0.5 = 0.00 05 + 0.03 05 £ 0.03
Potassium (mmol/L) 521 + 0.618 564 + 0.700 542 + 0.667 532 + 0407 523 + 0.630
Chlorine (mmol/L) 113.2 += 3.66 115.6 = 2.07 1148 + 3.13 119.2* + 3.81 118.6* + 4.14
Calcium (mg/dL) 88 + 0.23 9.0 = 024 9.0 = 0.36 89 = 0.30 9.0 = 029
Phosphorus(mg/dL) 6.3 + 0.61 6.4 + 1.26 6.6 + 1.82 73 £ 1.02 77 £ 1.12
Sodium(mmol/L) 151.6 + 1.70 1522 + 1.37 1537 + 3.24 156.2* £ 3.16 156.3* + 3.17
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Table 10. Summary of serum biochemical values of female SCID mice treated with hAdAMSC intramuscularly in 13-

week toxicity study. (*, Significantly different from the control group; p<0.05)

FEMALE GROUP SUMMARY OF SERUM BIOCHEMISTRY (PERIOD : 13 WEEKYS)

22?;%; - 0 (Control; n =10) 2x10° (n=10) 2x10° (n=10) 2x107 (n=10) 2x10® (n=10)
Items MEAN =+ S.D. MEAN + S.D. MEAN + S.D. MEAN =+ S.D. MEAN =+ S.D.
Urea Nitrogen (mg/dL) 204 + 3.55 192 + 436 192 + 278 237 £ 552 204 + 327
Cholesterol (mg/dL) 73 + 11.6 T Qe == '] 88 + 139 81 + 135 78 + 132
Total Protein (g/dL) 45 + 0.14 46 + 0.16 4.8 + 0.18 49" + 022 4.7* + 0.12
Albumin (g/dL) 1.5 + 0.05 1.6 + 0.08 1.7* £ 0.07 1.7 £ 0.08 1.6° £ 0.05
Total Bilirubin (mg/dL) 0.0 + 0.03 0.0 = 0.00 0.0 = 0.00 0.0 = 0.03 0.0 = 0.00
Alkaline Phosphate (IU/L) 75 + 98 72 £ 95 T8 & L6 75 £ 9.7 73 £ 5.7
Aspatate Aminotransferase (IU/L) ST EhagfiA3 64 = 129 66 = 19.0 72 £ 199 62 + 11.8
Alanine Aminotransferase (IU/L) 3 & 44l 29 £ 113 27 £ 7.8 25 £ 63 25 £ 63
Creatinine (mg/dL) 04 =+ 0.07 05 = 0.05 05 = 0.04 0.5 = 0.06 05 + 0.04
Triglycerides (mg/dL) 44 + 242 40 + 142 39 £ 128 29 + 8.2 28 + 123
Glucose (mg/L) 163 = 224 168 + 18.6 168 + 2338 165 £ 322 160 + 333
A/G ratio 0.5 + 0.03 05 £ 0.03 05 = 0.00 0.5 = 0.00 05 = 0.04
Potassium (mmol/L) 459 + 0.469 498 + 0.625 5.24* £ 0.588 551* £ 0.482 5.49* £ 0.697
Chlorine (mmol/L) 1140 = 1.42 113.5 = 1.64 1155 = 2.65 117.0* + 2.62 117.0* £+ 1.64
Calcium (mg/dL) 87 £ 021 88 = 0.15 9.0° + 0.13 9.1* = 0.30 9.1* + 0.35
Phosphorus(mg/dL) 6.0 £ 043 6.1 + 0.70 74 + 127 7.6° £ 1.24 6.8 £+ 1.09
Sodium(mmol/L) 149.0 + 1.29 1494 + 1.33 151.4* + 1.58 153.8* + 2.77 153.6* + 1.48
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Fig 7. Tumor incidence rate of BALB/c—nu mice subcutaneously inoculated
with hAdMSC in tumorigenicity study.
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with hAAMSC in tumorigenicity study.
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2.4. F7) 74

34 5 A7l g Adsds 54 A%, TR A5 SHEF Fo

T F= A% (0.3579+0.0626 g)ollA &4 iz
wste]  frojst T #EEden (p<0.05), AR AF &4 dE2T
(0.2098+0.0241 g)oll W& 765 o7 F= 214 (0.235520.0176 )
A, 24 xR (0.0042+0.0012 el HE & T H= Hal
(0.0057£0.0013 @°lA, &4 dzx (0.0038+0.0011 ol Hl8] = A
(0.0055+0.0011 @)X, &4 iz (0.4599+0.0160 ol Hl&] ¥ (0.5057
+0.0133 @)l A frolat =717 BaH A (p<0.05).

dUEE A A, FRY A AL FAL A (0.9
0.3518 %ol S ET (1.4125+0.4947 %)3 v]aste] o8 7HAa7
e om (p<0.05), HAY 45 1&F Folut A (0.6191+£0.0644 %)l
Al S dlE=a (0.5453%£0.0519 %)¥ vlaLste] o3 5717 AT
(p<0.05).
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Fig 9. Pictures of CM-dil-labelled hAdMSC distribution at injection site (right
hind limb muscle). A markedly higher level of fluorescence was observed in
(B) high dosage group (post—injection 1 week), whereas not in (A) control
group (post—injection 24 hours). (H&E x40, Fluorescence x40, x100, x200).
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Neovascularization of adipose mesenchymal stem cells

in a mouse model of hindlimb 1schemia
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Fe BTAATA XEA 2 I Ao 2r]d oj=2w A Wl Aika

Zo] Astdol @4 Aol Az APt BYaw olele HAe 1/3

A A i A vbEE w9 HZEA o]FoAA 7] Wi, o
L 37kxe] A QdAhS Flske Aow AR, wEk $-3 I
= FAATIEH AEE olfste WMol & TS W vt (Kalka 7,
2000; Grines &, 2002). $7HA] o=, A2l A5 d Aol Al S5oA 2
28t w3 A 3 (bone marrow derived mononuclear cells)S o] 23 A3} & 1o]

AARE A5 g3E g3k Byl 9lt; (Shintani 5, 2001; Higashi %,

2004). Sl E71AES F28tH e AES olgsto] Mger AXE
w3 = VMRS Y

=

TE 59 F vk weA AE A8 % F
ZA BRI= Aol Jbedth 1dlal F4 =7|A¥ES= in vitro Matrigel
assays T34 EAEH x5 I Zo] FAHATY (Al-Khaldi &,
2003; Brzoska <&, 2005). 12yt &= o] A4S Fde] AsiM = v = F
B o =5 AFMF st A A A Ag AT HEW I = g

A2 89 AE7F monobutyril, vascular endothelial growth factor
(VEGF), leptin® #2 dadAd <Qaks  #8dt= Zo]  dexien

(Bouloumié %, 1998; Dobson &, 1990; Sierra-Honigmann s, 1998), in vitro
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oM WAHER H3}Hol dx5d & oy dF TS MAAAYE
B a7} 9}t (Cao &, 2005).

1908 Buerger’} &34 FdAQl 20~40t9] FAECA dA9] dato
i so] xpdA Hals dovle A g vEssith o] dREFS
Hol MY A T Sl B AWMAE AFE oA FTHER of
Yt g9 A 7zbA b e wiiEe] ‘AAd "dd "3 (Thromboangiitis
obliterans)' &2 W xlo] ¢t} (Buerger, 1908). B AW Zste] WHO i
&3 olg A Y AeH T F3F A7Y F
= 44 A0 2T, o] A 54U AT Wk A ¥ oo
A& olEt] 90 % AAVA WRio] w43 %o FHAld

A 9% A4 B4 4 A4 4R fuet SR 407 @

2
r,
2
ro
el
r:i

A, HE8AA, AdAAE AWt 3o (Buerger, 1908; Mills¥#} Porter,

WA gzpol Al of 2] WA AgWREe] Aol stoy AARA &
HAH ) A zmHo] Yl AAolt. web Tk ol TS e dNES A
9% d& A3 < (percutaneous transluminal angioplasty)o]tt 242 d& A

2 A7FEd e dxdas ol&ste] w3l das 3] (bypass)dte T
=& Wolof gpx|uk, o]H g A RE Aol dolA HFshA X B9rF =5}
th. =, olv] bypassE Al=stiont HAHo] AgEs shA Kete AF, 9
o] YF Zo} Azo] EI/Fse 45, d9F run-off Fdoly F& 2

inflow d#o] ¢l A3, 2 &8 d3tog Qlslo] Fxo wE HA

r

)
o g do
QoMo

¥ <3 bypass® ARE XY A4 Wwlo] PN oA B T8 4
ojoF &t} (Fiessinger$}t Schafer, 1990; Saha %, 2001; Matsushita %, 2003).

HT FEA AmTt AP A HARE dF7F £A Fe A3 AlE
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1.

I1. XH—IE-'— m 1:11:1];1]

8t f#l E71HNE in vitro SBYWIAE 23}
1. 1. In vitro tube formation assay

Fe ALE7INEE 10 m¢ M199 (0.5 % FBS-low, phenol red) =]
2 4 A7+ E9F starvation 3FaL, 18 Al7F E<F 5 dynes/cm? ZE2 Ea] 2 Ql
shear stress& At 18 Al $ AEZE countingsle] matrigel®] coating
H 48-well plated] KSFM vj=| ¢} 37 10° cells/me] AES 25311 6 A

7+ H ol tube formations #2Hs}9d T}

1. 2. A-5-AE7] M9 paracrine effect
1) WIAME F2AHE 24 (Endothelial cell proliferation assay)

Al E71ME9] paracrine effectE dolR 7] flste], AW £7]
AEE wSFFA g (hADMSC-CM)o] W3] HNEES SN 7= A=

oltdth. Aterel ti s @3 AlE (HAEC: human aortic endothelial cel)ZE
12-well platee]l 7} well F 10,00070% MEE seedingdtil 24 AZF &<t
EBM-2 /5 % FBS WA= aA|sto] wjgagiet. th&d 50 % 41413 EBM-2
/5 % FBS wA] ¢} 50 % hAAMSC-CMCO. & nAsld Tt A2 S7|AXE

lekge wjekd e £ 3 9 FH hemocytometer® A X5E =A39 T

2) W A3 AE A 4 (Endothelial cell apotosis assay)

Abgre] tiE US| A EE 12-well plateol] 3UzF wslar 24 A|zF &<
3 pg/m¢ cycloheximide®} 10 ng/ml TNF-aE X33t EBM-2 (hZ8iA])}
hAAMSC-CM< #7tste] wjkelglth. 24 AlzE vl $ endothelial cells
4 9 IJHEELHs|=o AHSAL terminal dUTP nick-end labeling
(TUNEL) st3lth. -2t9i= Adde dv)d AloF 10 3tellA TUNEL 4 AE
o AA Aol thgt vlE&E AHEslH



2. 8 BdS 53 AUFH SVIAXEY EF AAFH HUt
2. 1. 38 31X 2d AHY

6 +39 47 BALB/c-nu FE"F-2 (Harlan)E iAo =, 100 mg/kg,
ketamine (AE}2}, s, hetwl=)3} 10 mg/kg, rompun (HE, vlo|dH
glo}, tigtilar) AU FAR AIvlH AEelA -5 AElE 2 oiE
B A7) = 5 UE 9y A9s AEsta Mol FE7A] d3s

B 2
2 AAGLA, 314 38 RS wHETY (Kim 5, 2006).

o

2. 2. A A E71A1 X9 £

=

Ald =4 hAAMSC2 kAo Aif8 S7]AxE e %2 ud g &
o] w3t AlY AHH 0 S7AEES 3 AU7EA wiUd 3

H
saline F-3 Aol o} Aol Al&3}at)

2.3 NgT9 5
AgE4 hAdMSCel AAdR =4 F3 585 geletr] 98t Fo
&l me} A&F Folit (1x10° cells/kg BW), A& 109 &3 1§
F Folw (1X107 cells/kg BW), A8 FoJi 3} a8F Fola9] Afold] F
3

g Folit (5x10° cells/kg BWoZ adty, 28]l U &% saline
TS R v 2T oR Ul 4 M 4 & 9 % BALB/c-nu FE
oh9-2 12 kel ) 8o,

2. 4. NEEAQ 0]2

A 31" md Al7Z =& T 24 A7F FHol Rl A]PEFE (hAIMSCO)
S A Y mdo #=&S e gy 2§ HEd 330 ZAA FAEFAT
3 g RS v A R salineS A 259 AR o= 9 3
1S3 o

HR

tob
N
in

ol
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1) %914 B7h

AR =4S FUstL 45 Fol AFEE FoALH &) dxat
Hke thy] o] AElE 1) Total amputation, 2) Partial amputation (Above/Knee,
Partial foot), 3) Toe necrosis, 4) Grossly normal 4| 7FA 2 73t} (Fig
10). &b #E=E BREHe U 7 vy AEHE Hole tiiA
o A AR ZF tE A s=9 dF A 2 2A W 3 FEE

FA8E T (Fig 10).

Total Partial Toe Full
Amputation Amputation Necrosis Recovery

Gross

Laser Doppler
perfusion image
system

Tissue: Alkaline-
Phosphatase

stain

Fig 10. Evaluation of neovascularization in a BALB/c—nu mouse model of
hindlimb ischemia. Laser—Doppler analysis of perfusion in the ischemic
hindlimbs. Gross finding divided into 4 stage of severity of hindlimb ischemia.
Representative color-coded images representing blood flow distribution are
presented, and the maximal perfusion is displayed red. Alkaline-phosphatase
stain revealed capillary density. Grossly full recovery rate, blood flow and
capillary density were all improved in hAdMSC transplantation groups

compared to the control saline group in a dose-dependent manner.
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2) g7 de &4

Laser Doppler perfusion imager system (Perimed, AB, Stockholm,
Sweden)& o] §3te] AL o4 4 F F AA Y 2HelA] AR HUE
BAsgh HEe Fd 299 ARE 1 owuHe & WA g 299

A
7S A SAsto] ofol Wieh Al WEa= FAeY (Fig 10).

i)

3) 24 714}

FEPAAAA SE a4

tlo

stA d & 9 AME o] 45 F HAFETE
o] &85 w8, AMFHI H cryoembedding 8
alkaline phosphatase 94 AAIES AlPstolr &4 2 U ZAEH X5

=4ttt (Fig 10).

(i
BN
o
o

3. SAAE & Ao #H

2 AFellA d& SAHAELS SPSS (SPSS 12.0K)% ¢]&3te] F w319
HlAE Student’s t-tests, LAl Al i o] Fe A= ANOVA #4& AA]
g ¥ a=0.05 FFollA 3 FodEs AASAN, Yol dB8E BE
Dunnet t-test ¥ Tukey-Kramer testE 2 3ste] iz} 7} &2 7H9]

AR frel s A48T (p<0.05).
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1. 4 3

1. AWM R &3}

Akl F39 E71MEE in vitro tube formation wAHES  F3|
hAdMSC7} matrigel coated multi-well platecl] Z<tS of AWM ZTZE F3}
FrEs AT (Fig 11).

Hod JAFANS E& d3 WA I BAE+= vascular endothelial growth
factor receptor 2 (VEGFR-2, KDR) % von Willebrand factor (WWF) %
ANI M L] Eo]Ad MAEFHAEA (endothelial specific cell surface
marker)7} ## FHlow (Fig 12), dHHIAE &3} Fds stz #sh
shear stress®} growth factor® A X3+ ZHg-o] <ojA, ulex europaeus
agglutinin 1 (UEA-1) % acetylated low density lipoprotein (Ac-LDL)2] A3

Y E54E #2E 4 9Jo] endothelial cell®} §AE-S elstgltt (Fig 13).

0 001

420 F
iN &

— b0 E 100

?‘ B0
. 5 St L]
Xine T aale hre ; 10 =

Wik _E .‘:‘;C L
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Fig 11. Physiologic shear stress enhanced endothelial cell-like tube

formation in matrigel assay. (p<0.001 compared with control)
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Fig 12. Immunocytochemical stain of endothelial-specific cell surface

markers (Dark brown colored as positive stain).

Fig 13. UEA-1 and Dil-acLDL stain as endothelial-like cell phenotype after
shear stress (Left) and growth factor (10 ng VEGF, 1 ng hydrocotisone, 3 ug
bovine brain extract and 5% FBS) treatment (Right). Cells that were positive
for Dil-acLDL and FITC-UEA lectin were considered as endothelial-like

cells (Yellow arrow).
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Shear stress®& 73k ¥ %+ growth factorg& F7F3E § EAAY=5HA
o)A endothelial specific cell surface markerS RT-PCRZ 913l Zx
WM E EAAQ vascular endothelial cadherin (VE-Cadherin) 2@ VEGF
receptors 1 (Flt-1) ¢ mRNA7} SFH=o] AWF =7|AEAA WIAEZ

Sold xu@ddS TS (Fig 14).
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Fig 14. RT-PCR analysis demonstrated the expression of endothelial-
specific cell surface markers after shear stress (SS) or combination of
growth factors treatment (GF). (Abbreviations: Ang-1,-2, angiopoietin-1, -2; Flk-1,
fetal liver kinase-1; Flt-1, fms-like tyrosine kinase-1; PECAM-1, platelet endothelial cell
adhesion molecule-1, Tie-1, tyrosine kinase with immunoglobulin and epidermal growth
factor-like extracellular domains; Tie-2, tyrosine kinase with epidermal growth factor
homology; Ve-cadherin, vascular endothelial cadherin; VEGF, vascular endothelial growth

factor; vWF, von Willebrand factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase)
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2. A= 7) M £ paracrine effect

Al Z7|1A329] paracrine effects &olr 7] fgte], AW=7|AEE
G g (hAAMSC-CM)e] Wy AEE SAANT= ARs &<
hAAMSC-CME At#el s WaMx FAS S7HZAL, AlE AEAt

(apoptosis)E JAHS gl (Fig 15).
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Fig 15. Effect of culture medium from hAdAMSC (hAdMSC-CM) on human
aortic endothelial cells (HAEC) proliferation (Left) and HAEC apoptosis
(Right). Cell proliferation was determined by direct counting of cell number 3
days after plating. Apoptosis was analyzed by TUNEL assay. Data are shown
as mean = SEM (n=3) (¥, p<0.05 compared with control).



Bt S-E8% Fol (n =12)dM = & AP EE S Hol= A= e

I

o, R824 g 4 whe] (3% 9 2 vk, 75 obdl 2 whe), vk #A} 2 W)
g, 28 359 A F7F F 12 v F 6 vER 50.0 %] 3] HES UE
Wtk 28 Folx (n =12)dlM = GA AA AR BAsHA] skl &
obef F-EA @ehs ®el JiAZE 1 whe, drket AAF 1 owky] aE]a 35 Y
A= 9 whEE 75.0 % 3 HER YERRTE (Table 11).

Table 11. Physical evidence of ischemic tissue damage grossly evaluated at 4
weeks after surgery. The hAdMSC transplantation group showed the

decreasing the rate of hindlimb amputation

Partial amputation
Dosage Total # g ) Toe Full

(cells/kg BW) amputation necrosis Recovery
Above/Knee Partial foot

0 (control) 9 3 - - -
1x10° 2 1 1 1 7
5 x 10° = 2 2 2 6
1x10’ - - 1 2 9
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&, ALE7IAE gle] Folg o

F FolLollAE 69.6 %, T

64.8 % 29 wtal A&

saline®t

a8a 1gH FoToMdE 79.6 S YERHSIY (Fig 16).
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Fig 16. Quantitative analysis with laser doppler in ischemic hindlimb BALB/c-

nu mouse model was performed on postoperative day 28. Human adipose-—

deriver mesenchymal stem cells improved blood flow in a dose—dependant

manner. The blood flow was expressed as the ratio to that of the uninjured

limb (* p<0.05 compared with control saline group, ** p<0.05 compared with

low—-dose group).
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Fig 17. Evaluation of capillary density with alkaline phosphatase staining. The
capillaries in 10 different fields were counted. Human adipose-derived
mesenchymal stem cells increased capillary density in a dose—dependant
manner (* p<0.05 compared with control saline group, ** p<0.05 compared

with low—dose group).
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A Tgol Ay A3 (Miranville 5, 2004; Cao &, 2005, Nakagami
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W=, AW Z7] A4 E7F vascular endothelial growth factor (VEGF), hepatocyte

A7 paracrine 93-S o vy AWE7|NE} H
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growth factor (HGF) Z18]al transforming growth factor-8 (TGF-RB)& +H|3s}
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