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U 538 (Critical limb ischemia, CLI)> W F 3] T2 7 A g4 ¢ 5 stuz @
Aol o3 FEEe] s S F FR{RE AL AR GOl 2 AAL, &Y Hof wpet AR AEE =
5 ok A N2 E YA F A F# FA%E (percutancous peripheral intervention) 5-& Al =3k ot
ol s o1& B W AFAES oA Xt A2 @ AAE sHA F3h7] w2l AR ATET AR
ES FYSHA EolA Fata Qlot. HZ 247 E7142 Y FHEH &5 (paracrine effect)S F3 3874 2]
A A& mdte] tiefA] RuETh & AFoH s FFAEE T BN 24 FUHFE7IAZY A=
2 A€ § A (angiogenesis) A5 EHQIst A} St}
ol

3 A Eoll A Ze3 FRFEVINESY S4E FAIEEH 2SS Fa Fs)
HAHE AR A Zo M E7IA 2 wiF WA E 27t 5 FAY FUS T3 2
3t 10% Ferric chloride (FeCl)E ©|-8-3t9 259] drieled Wl B4 BAste] S5t} vt =4
gHElen, 109 A9 AT SLHFE7IMEE dotlsd o] F3o E}E} E}ﬂ‘—_jwc’ﬂ zﬁ’:lo} o289 &
o 7129 Az, e gee Wsh )52 AHet dfeh 52 vl st
ek

A 23 SV Z g wijA A2 & dadiuA 2] i 50l dRdET w3 E
ZHAE7IMEE FUL AF M AEH Il = trelof AEE SeteR 29t 58 Jr g Fof
Hov, oS HZo 228 JHet Aw3t JENAE Fofu|shA THEH . o]

oA &2 Mg FUAE7IMEE TSR LAY B FE obt ARt oA
A EolA otA] kg ogd o 52 gelsh

HotEy| g2 F5HA Y, e SUAAE7IAE, A 34
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%23} %3] € (Critical limb ischemia)2 W 332 2l
#o] mEH o 202WE HE(BAEAE)0 AU wol S3E Hukow

71470 AR 2] A1 A9 (No. A121991). 3 xFWo] FopA AU I3 HA A7) EReHEAS
AAH(B)E Q=R 2e] Tto| =kl e 43T 2= 713 AJst QAF oFAl = sluto|th 2245 E SRS
AR (E)E o] A9 Tt oA Y %.‘EME} o telo] B2 upu], 2A ARl oz} A3 AL oF
WA WA P s o2t s stad), Z4-8E Pt sta =
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7] S8l E71M2E o83
H2HL Aot FUASTNEE AL T4
H ARG 912 A=A [10] FolA= EAE A
A&7\ M2+ B3 (differentiation)E §3 E5H
= FWHEH) 85 (paracrine effect)2 £33 a7/ ¢ =2
o &EA Jom(11,12] @& AL FLSH= Vascular
endothelial growth factor (VEGF), Angiopoietin 1 (ANG-
1), Erythropoietin (EPO), Placental growth factor (PLGF)
So) gulgo] F7QE7|MEAN BulEkn gl
T[13] ol s HulE B AZ F4, o5, Wt A

% 58 =3 A8 A (angiogenesis)S -FdTtH= A
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AEE A EfE S E714Z (BD-
MSC)= Thu]Al (Seongnam, Korea)o| Al LuljstR o =
FHES] B4 shelety] Sstel Zkzt Ba} AR G4
= 24e s,

1) SM=Z 235t

AHAEE 7 9] £ 7]AIEE 6 well plate (Nunc, United State)
of Yol ujeFst ZA|Z E3} 8] [high glucose DMEM
containing 10% fetal bovine serum (Gibco, Rockville, USA),
0.1 uM dexamethasone (Sigma-Aldrich, St. Louis, USA),
10 mM f-glycerol phosphate (Sigma-Aldrich), and 50 uM
L-ascorbic acid (Sigma-Aldrich)|2 w&3s}o] 357t 37°C,
CO; incubatoro]| A vjoFs}oth B3l & ZA|E 0l 9
3}o] alkaline phosphatase GA& A5}t 41 Al
£ phosphate buffer saline (PBS)E o]-&3}4] 33] Ao &
73t F BCIP/NBT liquid substrate
(Sigma-Aldrich)2 *J%OM 1087F Zo] gMsta T8 3
3] PBSZ Ao} & & 3383 u] 7 (Olympus, Tokyo, Japan)
o=z 5’&%—__}6]-3";\11}.

3 cold methanol2 11

2) XMz 23t

ZAZ 23} AP FUS 219 AZo|A AHA=Z
23} v #] [high glucose DMEM containing 10% fetal bo-
vine serum, 1 pM dexamethasone (Sigma-Aldrich), 10 pg/
mL insulin (Sigma-Aldrich), 100 mM indomethacin (Sigma-
Aldrich), and 0.5 mM methyl-isobutylzanthine (Sigma-
Aldrich)2 72A1t wjofet F AGAIE {4 HjAZ 244
ZF 37°C, CO; incubatorof| Al vjFatict & aijF WS
Z 33 W& A3 & Oil Red O (Sigma-Aldrich) A 2F&
23 AGA| ol 4587 2o Fol AL T &
3+ ] 7 (Olympus) 2.2 &3 Tt

3) RAIZ 24

2 Ago A8-H A (Becton Dickinson, Heidelberg,
Germany)= X5 fluorescein isothiocyanate (FITC)o] 4F
AdEof dem 209k 79 £7]4ZE 0.2 mL PBSO|| 4]
£ o2 2449 AT AA2oA 2087 F-SAIZI 1
tt2 PBSE 33] Ho] & o} flow cytometry (Beckman
Coulter, Miami, USA)Z ¥ =& =439}

2. Wound migration assay

A A W =) A = (HUVEC)7E 714|129 2



H| & %5 (paracrine effect)o]] &3} o|F3dl= S FolH7]
Hste] E71M2E o7 YR WA E 0|85t mi-
gration assay= |33} $1tt. 4 well plate (Thermo Scientific,
Hudson, USA)®|| 1% gelatin® 2 coating?dt & 109 712
HUVECS Z}2}9] welle] Yol AlZE0] wellE 7H5 A
S E 37°C, CO; incubatoro] A vjFstgom F2LE A

ZEL Y7 1 mL pipette tip2E AS 19 plate?] 7}
+d 2ol ¥l Fto] A7|=F 3 T "HojAq Ut A=
== AAsH7] st PBS= 33] AR skt tizaoll=

300 L PBSE Y1 AFFole S0 Z7) A vkl

0

Yol & & A7 o wjgstint. H”Z}‘*Ulﬁ(OlymPUS)
of 1008} A=F o]&std A2 o]FE WETLH
A2 33 v AAste] Baghs 7 § 2Ly 6

23}t

3. Matrigel tube formation assay

229 7173 Growth Factor Reduced Matrigel (Becton
Dickinson)< 4 well plate (Nunc)oll ¥ 7] & pipette tip=
Aol Yol AR ExIsrch. ZF welld 300 LA g
o|& o3& 37°C, CO; incubatorof| A 358 Jx ZFH o
=< Matrigelo]l 107+ 71 9] HUVECH o 22l 200 pL
PBSE, Addol= 5T E71MZ wjg viAE &4 ¢
©} 37°C, CO; incubatoro| A 18A1ZF sl Et FA
F=E Blustich A Aoe A AFA ARES A
I 5L A @rE 9 1008 =F o]-gsto] G5t
Hom P4 AA wbe] HolE
£ &5t =A%

+ wimasis image analysis
% Wage 22U Pakdrt.
4. eFoMC| SESHRIGIE =2 M=%

7

ru° N

& Balb/c %313 (Orient bio, Seongnam, Korea)&
17t &A1 o2 Aol ARgskleh. 2= 25 mg/
Zd¥ 50 (Virbac Laboratories, Carros, France)¥} 5 mg/
43 (Bayer, Leverkusen, Germany) 40} 87 U FA}

2 FAste] mhFstlen Y T 1Y AolE Eol7|
95to] mE AR heating pad YollAl A3sFAT A<t
2] AFA| (supine position)ZE 53] §1-’H£’4 9= dZria B
Aol 258 dHES 28 25 F, % 2emE HREE 2
N & dehe] 9 (femoral artery)& =ZAI AT 33} 5
F42 343t 10% ferric chloride (FeCls, Sigma-Aldrich)
2 2mm’ 3719 3M paper (Bio-rad, Richmond, USA)9]|
A4 5 Aok Eue] 387 w2A A0 Paper A
& 3 ¥ T (saline) T} AFFBDMSC)Sl ZH2F 80 plo]
do A2 A4t 80 uLof|l 109k 7He] E7|MZE 1cc
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SEoHAISIZ0IM E7 (M= H&t g &b 63

Hamilton S£A}7] 0] go} dtle]sw o] =3 "Wkt 2 43
g2 o] 8o HHs] FASAT FAE B FHell
L AET Aol oA pEs Zojstint Arle e
5-0 prolene (Johnson & Johnson, Switzerland) 2.2 23 &
EolEoR 4N TS 25T 7 hRegc £ 51
A A4 A 55 #9 ¥71 45 F3(AAALAC
international)@] ¢1Z& W FAYEtw o]Zdo Iy
79 AFSEAE (LCDI-2013-0002)°| A 213 =] g1t}

5. In vivo imaging systems (IVIS)

At 7 9] Z71A1EE vivo track 680 A] 2F(Perkin Elmer,
Norwal, USA)T} 42 & 15587 A9 AF2oA A&t
7 PBS o]-§3to] Ao} Foitt. Hld E7IAEE dre
Fulo] A whet 280 XU F 4% 387 7o
& intensityE in vivo imaging system (Perkin Elmer)&
o1 g3te] 43T,

6. 52 ZXIZ2H M2

i

Z7IAZ £ T 2894 He ' AFHE COx gas cham-
berg o]&3to] YA drhe|sd FHO 255
AEt 5 cold PBSE &3] ol 1 4% paraformalde—
hyde (Sigma-Aldrich)ol] @oF A1t} 224 W Crystal
FAE FA5H7] Y3l 4°C, 30% sucroseol] 2447 H Ik
% OCT compound (Leica, Wetzlar, Germany)©]| &o} 52
AAS AR 25 222 10 umZE E4F & —20°Co
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d79) thelg SARW 2 A FYF BT
o FEES Sst7] st AbE -2l A2 mFA < anti-
human nuclei (Hu-Nu)E A3 3 gA AEE 4]
W35t7] €3} anti-Von Willebrand factor (vWF; Dako,
Carpinteria, USA) A E ©]-&3 AP FAMS A5t
Atk 22 WY v 5old FA-FANES £0]7] fl5to],
3% normal goat serum= A & oA 147 £
A= 4°ColA 24X A3ttt 242 PBSE ©|&
sto] HojE T A2 W & dMS 9Jsto] 4'6-diamino-2-
phenilindole (DAPI, Sigma-Aldrich)E A2 4 587t A
2 & F2Fdu]F (LSM 710; Zeiss, Jena, Germany) 2.2
<9 3 Zen 2009 software (Zeiss) 2 w413} th.
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Table 1. Ischemia scale used for functional test of limb ischemia

leg
Score
0 Auto-amputation > half lower limb
1 Gangrenous tissue > half foot
2 Gangrenous tissue < half foot, with lower limb muscle
necrosis
3 Gangrenous tissue < half foot, without lower limb muscle
necrosis
4 Pale foot or gait abnormalities
5 Normal

Sl ol AHgH T
stgom AT Wge

9l isch-

st7] $iste] 71&9] A
S e 2 Table 1]

emia scale [14]

skt

9. Hematoxylin and eosin A4

A mtol22 u|g 2 AAE 52 27 HH 9| OCT com-
poundE A|AS7] §J8te] FHFE AF2oNA 58X 39
Aol Z 5 100%, 95%, 80% 18]I 70% o er-&S A
wtel 58X @7t Fof Fttal, 525 BER 1087 A
SHAT. Fot e eSS AATT T A4S AJFsIAL
™ AEZS-L mayer’s hematoxylin (DAKO)% 1827 A2
of Fo] dMstglom I52Z Y AE2EL 95% AT
2 34 = eosin Y (Sigma-Aldrich)E 3027t A2 A A
glsto] FAsEGIT Hol Al eosin Y A|oFE B2+ F0
B2 97 AATI 70%, 80%, 95%, 100% ol g0l Zt
GAG 187 @7 55 APt G FHEE
=9]7] Y3+ 100% xylene (Duksan, Ansan, korea)o]] 5%
7F Ao A Aest & zz o] A urx|el £ARS Thy
AulF Wz Al 2EES FEA7I7] 98t xylene based
DPX (Sigma-Aldrich)E @2} 53t & oh-g 7|23t cover
glassZ Ho] Fot.

10. Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) &A4

BD-MSC &% & AZX}EA}(apoptosis) 2 AP =
Az o] 420 H3tE Qlsl7] 95t TUNEL assay kit
(Sigma-Aldrich)& ©]83t5ith PBSE A& 237 &a}o]
TE &g F AzAblA A Fohe ZREZ| wt o
Als Z3YstAt. 3 (Nuclei) @42 918t DAPI(Sigma-
Aldrich)E 24 A2 & F2HE8nH (LSM 710)=
0]-g-3}od %l’ % 3 Image J software (NIH)ZE FXE A|xE
o M Al 3 EA8H

11. Masson’s trichrome &AH

<229 HF3(fibrosis) A=F Fst7] 935t
masson’s trichrome (Sigma-Aldrich) F28-& A3}t &
S AWEL7] A 100%, 95%, 80% 1B 1L 70% e
Aol w2t iiﬂlé}oq 42 AP35t Bouin N 14]
2420l £ % 249 kol B w7k 2AAH
ZZ-& weigert’s iron hematoxylin £ o 5827t ©7} A|
Eo| 9% 99 F B2& Bo 587 AHSLIL Biebrich
scarlet-acid fucsiol] 587t ©@7F M| ZHS JAFHTH AG
AL FEMO R M| §J8te] 22]E phosphotunstic/
phosphomolybidic acid §of 527 AL204 g &
aniline blue £Hof 5E7F Fo] Hr3A|7] § 2Z& &
€ 29 gEEE o] &35t g4 ¥ xylened}t xylene
based DPX (Sigma-Aldrich) ] 2|3} &34t

&2 AT E2 HlojE s A2 HE 2 st Hr
7 (Non-parametric statistics), Mann-Whitney '# .S
£ £492 ANFLOH paLol 005 olatel A3
Ao folg Aoz Besg

%o 6—1 rc":>‘7|'

Aol 9] Zo A BEd SISV EY} T E AE
o] o] ¢ldE=A FHY] st F ‘ﬁ%mﬂi«l
SAHRAAR 42 CD45, CD14 EAT YL o] L3l
FAZ B8-S A 2Eg 4 EH FHEE7

A|Z (BD-MSC)°| A CD45= 78%, CD149| A& 75%2
=49 237 Utk (Fig. 1A). B3 £714127F 47] o
£ AN EE thstA BIE=AE ERlg 2 SAE
of AN ZE B3tE= AS T 4= 9t (Fig. 1B).

23 £ 2 FHEHESS B3 A8H 34
H71sl7] 915+e] matrigel tube formation
T} wound migration 42 A3} tt. HUVECS PBSE
A gt MlEZFEE S7]AE wiF wijx] HestES o =
AEd =g F271 & FAEHJL(Fig. 10), NIZ9 °oF
8ol o 9.3u) F7H= it} (Fig. 1D).

(angiogenesis)& %

2. 45 W E7IME 22 Al

A 2 SLAE7IAIZY

SERIEES

=h
H



100

B CD45
I Isotope Gla 80

60

[ CD14
[ Isotope G2a

Count
Count

e

20

g_l

SEoHAISIZ0IM E7 M= &

r
og
0x
fol
i}
o
a

Total tube length (x 103)

PBS BD-MSC

Migrating cell (%)

PBS BD-MSC

Fig. 1. Characterization of Bone marrow derived mesenchymal stem cell and validation of angiogenesis in vitro. A. Flow cytometry anal-
ysis showed BD-MSC of negative stem cell markers such as CD45 and CD14 expression. B. BD-MSC of left panel differentiated to os-
teocytes (right, top) and adipocytes (right, bottom) respectively and the differentiated cells stained with alkaline phosphatase and Oil red O
respectively. Magnification= X 40. C. HUVEC showed tube formation in growth factor reduced Matrigel assay after PBS treated (PBS) or
BD-MSC incubated medium (BD-MSC). Magnification= X 40. D. HUVEC showed wound migration assay after PBS treated (PBS) or BD-
MSC incubated medium (BD-MSC). Scale bar= 1,000 pixel, *p<0.05, **p<0.01 vs. PBS treated HUVEC. PBS: phosphate buffer saline,

BD-MSC: bone marrow-derived mesenchymal stem cell.

Fd= B flste FFoHAEE 5 229 o

<5 A2 G (saline)E FoIg 2T Vivo track
680 FA3H 109 7|9 &7 HE(BD-MSC)Z& &3}
At E7IME FY T A|7to] Aol wet vivo track 680
o W77t 4" AL & 5 A (Fig. 2A). E3, Hu-
man nuclei (Hu-Nu) A& o] &3 H9FF AMAH 2
I oA R 29 F 3904 TER Azt Fel w
2} Ao} Sl E7IAIZY 47t AEE It (Fig.
2B).

3. 5= HE0M E7|ME St AsH Hot

= STEE7INE Fojo 2 518 24 Y &2
A& (capillaries) I 25 (arterioles) A2 &213}7]
A5t T35 E TE Bl EV|ME B 45 F9
HA3}9] von Willebrand factor VWF)E ©]-83}¢] 34
YA ZE At BESHATHEFig. 2A). 27N ZE F
g & AP A HS(saline)E FoIgh df2FET 10 um
o|5te] BHAIEE] A7]ol= ZA W3 §lY e, 20 pm
o]/Fo] WOy =7} oF 4uf F7}s}ich(Fig. 2B).

Q2 B7HEETIMEL| 9t Tt U KIS

&
oY M
4>

ol

TS E 2d A 437 & Sto g ¥Rt A
2] A A4 (saline) T Folgt FollAl= SHT AXE o]
75%, BEE A1R] go] 15%2 BHH oW, EVHE
£ Fog FolAe ST ARRE™, FEA AR gl
aelon, drtgm At 33%, 359 WA7L 66%= 18 B
7F A7) oF 14.608) Z7151 At (Fig. 4A).

o259 =eF Wstel A2 AL (apoptosis) B4l
#]3}¢] Hematoxylin and eosin (H&E)2} TUNEL A| &€&
AgYPstgct 22 B E4E FoAT i“ﬂ’ﬂ“ &4
e ZAZ AlZA et £ F
&l (central nuclei)®] BH5-& Hols £50] L]'E]-‘;}:OL]’ =
7NAZE Fogt FolAe A ZEFY 5o HEEHSA
TH(Fig. 4B). E3F, Al Z AFHALR X5 7\1]:‘39] T E
ZIAEZE B3t oAM= 4178 ZaHe AL &elst
Ath(Fig. 4C).

A 2h(frbrosis) @] M3HE 2215t7] s 27 ‘oA
Masson’s trichrome (MT) G AA|5FH T th 222 A
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Fig. 2. Validation of injected BD-MSC survival to FeCls treated mouse model. A. In vivo images showed expression of injected BD-MSC
in FeCls treated mouse leg (BD-MSC) after 3 and 7 days. B. Confocal microscopy images showed Hu-Nu intensity of saline injected (saline)
or BD-MSC injected (BD-MSC) in FeCl; treated mouse model after 3 and 7 days (green: Hu-Nu, blue: DAPI (nucleus)). Scale bar =50 um,
Hu-Nu: human nuclei, BD-MSC: bone marrow-drived mesenchymal stem cell.
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£ O BD-MSC
=
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Fig. 3. Validation of angiogenesis in FeCls treated mouse model.
A. Confocal microscopy images showed vWF (endothelial cells)
intensity of saline injected (saline) or BD-MSC injected (BD-MSC)
in FeCl; treated mouse model (green: VWF, blue: DAPI (nucleus)).
Scale bar=50 pm. B. Density for each group of blood vessels:
under 10, 10-20, 20-30 and above 31 pum/field was obtained from
VWEF stained slides and measured by Zen software. **P <0.01 vs.
saline treated mice. BD-MSC: bone marrow-derived mesenchymal
stem cell, vVWF: von Willebrand factor.

A Aeg Foldt TolAe AR A= F+
2 A" A& (fiber)7} Bol] T 91—0—‘4' Z71A
ol ZollM A3k oF 15.108] Hadte Ae ¥
% 9131k (Fig. 4D).
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Fig. 4. Validation of BD-MSC protection from FeCl; induced damage. A. left side of leg appearance showed skin color and limb condition
of saline injected (saline) or BD-MSC injected (BD-MSC) in FeCls treated mouse model (arrow) and graph indicated improved functional
outcomes in BD-MSC injected group. B. Central nucleus of damaged skeletal muscles was indicated (green arrow) and confirmed by He-
matoxylin and Eosin staining. C. Confocal fluorescence analysis showed apoptosis cell (red) in FeCls treated mouse model. D. Fibrous (blue)
was validated by Masson’s trichrome in FeCl; induced muscle. Scale bar=100 pm, *P<0.01 vs. saline treated mice.

< Bt Bag vzt Qlok & dFllA E OE 84 2 F

7oA A ZEES SUNFE7INEZE AdE AZ FHAFE R4 AZER FA FES Bk
=1 &3 vjekE= A7 B7] g2l CD45,CD14 5 invitroo| A @I TN EZ Q] 0] (migration assay) T} FE
24 BAA E4[18]1& Bt &% 1S dfjof s, A2 (matrigel tube formation assay) A &S Ea <215}%]
E7INEZZA ZAE, ATAZ 5

et AZZ 3 1L FIAEE 8 RN E T2EH £t gl
[191°] A=A SeIstar Abgsfor gt & Aol A" 2ol vls) Fofu|sHA SV BolEr. BY F49E

o5 FNY/NEE SHEAL SHOR FE VIS FUT AL 2L (saline)el Hl5te] A

Holm, ZAZ, PR Btel 2 A o A7t A FAFORA BoaH FHEBIINEE
FUAZTIAE) AT A BT B HYH 259 FA 7lelRe SaAsdt.

AR AZAMNR0T HBY HEFR1AAY BT Y SN RS Sl L An 2 F 3
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Aol = FUT A|E2E0] In vivo image AT HAFF
EA AJ3 (Hu-Nu)ol| Al 1= gl o), 7d7 ol = Sl = A
2okt (Fig. 2). ol A4 23 Y& & E7|AZ7}
o 3537 A& Tk ol d AF[22]19 W2 Zolgt
ok o= Bkl S55A51E 2d JEH Ax
£ st &2t 71 14]00 et Brhskee o, S0
2% 79 289 7 thel w2 BAp} SHHYL
Bk oyt gEldS 229 A3 A=, tEEsY ¥
e WEE 5= Qo ol AR FUT EV|ME=
AzrE) o] Q1S wf FHEH]F I} (paracrine effects)S S5}
of @ F4, AR3 gA Fol 2t o] AR ddE
< E0le 2o Alrdr

REFERENCES

—

.Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris
KA, Fowkes FGR, et al. Inter-society consensus for the
management of peripheral arterial disease (TASC II). J Vasc
Surg. 2007; 45 Suppl S:S5-67.

2. Weitz JI, Byrne J, Clagett GP, Farkouh ME, Porter JM,
Sackett DL, et al. Diagnosis and treatment of chronic arte-
rial insufficiency of the lower extremities: a critical review.
Circulation. 1996; 94:3026-49.

3.Lee HS. How safe is the readministration of streptokinase?
Drug Saf. 1995; 13:76-80.

4. Burggraf D, Vosko MR, Schubert M, Stassen JM, Hamann
GF. Different therapy options protecting microvasculature
after experimental cerebral ischaemia and reperfusion.
Thromb Haemost. 2010; 103:891-900.

5. Furie B, Furie BC. Thrombus formation in vivo. J Clin In-
vest. 2005; 115:3355-62.

6. Soder HK, Manninen HI, Jaakkola P, Matsi PJ, Risédnen
HT, Kaukanen E, et al. Prospective trial of infrapopliteal
artery balloon angioplasty for critical limb ischemia: angio-
graphic and clinical results. J Vasc Interv Radiol. 2000; 11:
1021-31.

7.Nasr MK, McCarthy RJ, Hardman J, Chalmers A, Hor-
rocks M. The increasing role of percutaneous transluminal
angioplasty in the primary management of critical limb
ischaemia. Eur J Vasc Endovasc Surg. 2002; 23:398-403.

8. Silvestre JS, Lévy BI. Angiogenesis therapy in ischemic
disease. Arch Mal Coeur Vaiss. 2002; 95:189-96.

9. Gluckman E, Broxmeyer HA, Auerbach AD, Friedman HS,

Douglas GW, Devergie A, et al. Hematopoietic reconstitu-

tion in a patient with Fanconi’s anemia by means of um-

bilical-cord blood from an HLA-identical sibling. N Engl J

Med. 1989; 321:1174-78.

10.

11.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizu-
no H, et al. Human adipose tissue is a source of multipotent
stem cells. Mol Biol Cell. 2002; 13:4279-95.

Gnecchi M, Zhang Z, Ni A, Dzau VJ. Paracrine mecha-
nisms in adult stem cell signaling and therapy. Circ Res.
2008; 103:1204-19.

.Hocking AM, Gibran NS. Mesenchymal stem cells: para-

crine signaling and differentiation during cutaneous wound
repair. Exp Cell Res. 2010; 316:2213-19.

.Chen L, Tredget EE, Wu PYG, Wu Y. Paracrine factors of

mesenchymal stem cells recruit macrophages and endothe-
lial lineage cells and enhance wound healing. PLoS ONE.
2008; 3:¢1886.

Limbourg A, Korff T, Napp LC, Schaper W, Drexler H,
Limbourg FP, et al. Evaluation of postnatal arteriogenesis
and angiogenesis in a mouse model of hind-limb ischemia.
Nat Protoc. 2009; 4:1737-46.

Kurz KD, Main BW, Sandusky GE. Rat model of arterial
thrombosis induced by ferric chloride. Thromb Res. 1990;
60:269-80.

Ni H, Denis CV, Subbarao S, Degen JL, Sato TN, Hynes
RO, et al. Persistence of platelet thrombus formation in
arterioles of mice lacking both von willebrand factor and
fibrinogen. J Clin Invest 2000; 106:385-92.

Surin WR, Prakash P, Barthwal MK, Dikshit M. Optimi-
zation of ferric chloride induced thrombosis model in rats:
effect of anti-platelet and anti-coagulant drugs. J Pharmacol
Toxicol Methods. 2010; 61:287-91.

Mareschi K, Biasin E, Piacibello W, Aglietta M, Madon E,
Fagioli F, et al. Isolation of human mesenchymal stem
cells: bone marrow versus umbilical cord blood. Haemato-
logica. 2001; 86:1099-100.

Jaiswal RK, Jaiswal N, Bruder SP, Mbalaviele G, Marshak
DR, Pittenger MF, et al. Adult human mesenchymal stem
cell differentiation to the osteogenic or adipogenic lineage
is regulated by mitogen-activated protein kinase. J Biol
Chem. 2000; 275:9645-52.

Cai L, Johnstone BH, Cook TG, Tan J, Fishbein MC, Chen
PS, et al. IFATS collection: Human adipose tissue-derived
stem cells induce angiogenesis and nerve sprouting follow-
ing myocardial infarction, in conjunction with potent pre-
servation of cardiac function. Stem Cells. 2009; 27:230-7.
van Velthoven CT, Kavelaars A, Heijnen CJ. Mesenchymal
stem cells as a treatment for neonatal ischemic brain dam-
age. Pediatr Res. 2012; 71:474-81.

Ramot Y, Meiron M, Toren A, Steiner M, Nyska A. Safety
and bio distribution profile of placental-derived mesen-
chymal stromal cells (PLX-PAD) following intramuscular
delivery. Toxicol Pathol. 2009; 37:606-16.



SEoHAISIZ0IM &7 (M=l 22t FH &1

The Study of BD-MSC Therapy against Critical Limb Ischemia

Myeongjoo Son', Woong Chol Kang?, Kyunghee Byun'

1Department of Anatomy & Cell Biology, School of Medicine, Gachon University
2Depalrtment of Cardiology, Gil Hospital, Gachon University, Gil Medical Center

Abstract : Critical limb ischemia (CLI) is the most severe peripheral artery disease and caused by thrombus
formation in blood vessel. The current strategies for treating CLI does not protect limb amputation and reduction
in the risk of mortality. Recently, human bone marrow derived mesenchymal stem cells (BD-MSC) were reported
to have a paracrine effects on angiogenesis in several ischemic diseases. So, we validate to determine whether

BD-MSC protect against ferric chloride treated CLI and induce angiogenesis.

To characterized human bone marrow derived stem cell, BD-MSC differentiated to osteocytes and adipocytes
and validated stemness using flow cytometry. Endothelial cell induced angiogenesis followed by mesenchymal
stem cell cultured medium treatment in HUVEC in vitro. We also mimicked CLI patients condition using FeCl3
treated CLI mouse and injected one hundred thousand of BD-MSC along the femoral artery to leg muscle.
We validated stem cell survival, blood vessel formation, leg muscle condition and fibrosis compared by saline

injected mice 28 days later.

In this study, BD-MSC cultured medium treatment increased migration and tube formation of HUVEC and BD-
MSC injection had an effective blood vessel formation in FeCls treated CLI. As well as blood vessel formation,

limb salvage rate also improved and fibrosis area statistically decreased in BD-MSC injected mice.

In conclusion, bone marrow derived mesenchymal stem cell improved not only blood vessel formation but also

reduction of fibrosis in FeCls treated CLI mice and finally protected limb amputation.
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