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NMa2E 2oz o] gH7|dd=
AT s HojETth
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2 Adstx ok STAE7INEE A E5lA
AAE H AN 9] AEA[10] FoAA= FAEA
ot E7HEE27|M 2= B3t (differentiation) S £33 5K
th= FHEB| A% (paracrine effect)> S &7 o 3
o &EA Jom(11,12] @& AL FLSH= Vascular
endothelial growth factor (VEGF), Angiopoietin 1 (ANG-
1), Erythropoietin (EPO), Placental growth factor (PLGF)
59 ggo] FHYEI MR Bulgrky BuE Y
T13] olefe BelE guALe AE F4, ofF, B A4
& o2 T AEH A4 (angiogenesis) S FEATHE A
F11]= EFEEH

£ AT FFHA 5P IS GASH B
S e (FeCl A28 $3) BA % 335058 29
2Ug ART F B44Y FUABTIHNES Folstel
A2 Bg W B YA AR s

2 Agol AHE AFE E57d SUIE714Z (BD-
MSC)= Thu] Al (Seongnam, Korea)o| Al FLulistR oy =
ANZ) BAE Selelr] gistel 242 Bah AR A
N Y

1) 2MlzZ 23t

AHAEE 7 9] £ 7]AHIEE 6 well plate (Nunc, United State)
of Yol ujeFst ZA|E 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 pM
L-ascorbic acid (Sigma-Aldrich)|2 w35} 357t 37°C,
CO, incubatoro] A vjoFs}gth B3l & ZA|E ol 9
3}o] alkaline phosphatase G212 A5}t 4 Al
£ phosphate buffer saline (PBS)E ©]§3t 33| Hlof &
% cold methanol2 A3t F BCIP/NBT liquid substrate
(Sigma-Aldrich) 2 Aol 4] 1087F Fof GASHT TS 3
3] PBSE Ao & & 338Fdul 7 (Olympus, Tokyo, Japan)
oz BT

2) XML 23t

AIZ 23 AP FUS 219 AlZoA AHAlZ
£33} v A] [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 72417t Wi Fet F YA Z 2] HjA 2 244]
7+ 37°C, CO; incubatoro| A B3t Tt 2 wjoF WHS
Z 33 W& A3 & Oil Red O (Sigma-Aldrich) A|2FS
25 AN Eo] 4527 ALl H Fol QAL o 5
&0)% (Olympus) &2 22512,

3) RAIZ 24

2 Ago A8-5 A (Becton Dickinson, Heidelberg,
Germany)= X5 fluorescein isothiocyanate (FITC)o] 4F
dEof dem 209k 79 £7]AZE 0.2 mL PBSO|| 4]
& T 2420 FAIET AF2ol A 2027t ¥HEAIXIT 1
tt2 PBSE 33] Ao & o} flow cytometry (Beckman
Coulter, Miami, USA)Z 3% =& =339}

2. Wound migration assay

A AW e A= (HUVEC)7E €714 29 FRi2



H| & %5 (paracrine effect)o]] &3} o|F3dl= S YolH7]
Hste] E71M2E oS3 YR WA E 0|85t mi-
gration assay= |33} $1tt. 4 well plate (Thermo Scientific,
Hudson, USA)®|| 1% gelatin® 2 coating?dt & 109 72
HUVECS Z}2}9] welle] Yol AlZE0] wellE 7H5 A
S E 37°C, CO; incubatoro] A vjoFstgom F2LE A

ZEL H7H 1 mL pipette tip2E AS 19 plate2] 7}
+d F2of 8l Fto] A7|=F 3 & "HojA Ut A=
== AAsH7] 5t PBS= 33] A|A skt tiz2atoll=

300 L PBSE Y1 AFFole S0 Z7) A vkl

0

Yol & & A7 o wjgstAint. H”Z}?ﬂulﬁ(OlymPUS)
o] 1008} A=F o]&std A£9 o]FE BEFLH
A2 33 v AAste] Baghs 7 F 2Ly

23}t

3. Matrigel tube formation assay

29 W73t Growth Factor Reduced Matrigel (Becton
Dickinson)< 4 well plate (Nunc)oll ¥7] & pipette tip=
W] gof A FHlstith. 2 welld 300 uLA] 4§
o]& TS 37°C, CO; incubatoro| A 355 Ax= ZHOoH
& Matrigelo] 109+ 7}¢] HUVECH} o Z3ofl&= 200 uL
PBSE, AdTol= T E71M2 wjg wiAE oA ¢
o] 37°C, CO; incubator®|A] 18A]7F vjeFsln] EH A
AEE vwstglch A3 Zdats b AP olA AR A
I 5L A @rE 9 1008 M=F o]-&sho] PG5t
Fom FAE HA tubed] Zol=
£ &5t &A%

+ wimasis image analysis
% Wage B2EAE Pakdr.
4. eFoIMC| SESHRIGIE =2 M=%

7

ru° N

& Balb/c %313 (Orient bio, Seongnam, Korea)&
17t &SAIZ o Ad ol AH&-sHlth S5 25 mg/
Zd¥ 50 (Virbac Laboratories, Carros, France)¥} 5 mg/
43 (Bayer, Leverkusen, Germany) 401 87 U FA}

2 FAste] mhEstlen Y FE 1Y AolE Eol7|
95lo] mE HAH= heating pad YollA A3sFAT A<t
2] AFA| (supine position)ZE 53] §1-’H£’4 9= dZria B
Aol 258 dHES 28 25 F, % 2emE fREE 2
N & dehe] 9 (femoral artery)& =ZAIATH 37 5
F42 343t 10% ferric chloride (FeCls, Sigma-Aldrich)
2 2mm’ 3719 3M paper (Bio-rad, Richmond, USA)9]j|
A4 5 doieEue] 387 wBA A0 Paper A
& 3 v T (saline) T} AFFBDMSC)Sl ZH2F 80 plo]
do A2 A4t 80 pLof|l 109k 7] E7|MZE Tcc

—
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SEoHXISIZ0IM E7 (M=o H2t FY &b 63

Hamilton S=A}7] o) o} Ytle]smw o] =3 "kt 2 43
g2 Uiro] 8o HHs] FASAT FAE B FHell
L AET Aol oA pEs Zojstint Arle e
5-0 prolene (Johnson & Johnson, Switzerland) 2.2 23 &
EolEo 4N R4S 25T 7 hRANgc £ 58
A A4 A 58 #9 B71 45 F3(AAALAC
international)9] ¢1Z& e FAYEtw o]Zdo Iy
79 A S EAE (LCDI-2013-0002)°| A 213§ =] g1t}

5. In vivo imaging systems (IVIS)

At 7 9] £71A1EE vivo track 680 A 2F(Perkin Elmer,
Norwal, USA)T 42 & 15587 A9 AF2oA A &]st
F PBS o]-§3to] Ao} Foitt. Hld E7IAEE drte
U0 2L uet 20| FYA H 242 303 70
& intensityE in vivo imaging system (Perkin Elmer)<
o1 g3te] AT,

6. 52 ZXZH M2

L

Z7IAZ £ T 2894 He ' AFHE COx gas cham-
berg o]-&3to] FPAITE drhe|sd FHO 255
Agt 5 cold PBSZ FE3| Ho] 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
AHE At BE 232 10pum= H4F $ —20°C9
Bkt

22 oA FUAT E7IAE
el A2 mFA QL anti-
human nuclei (Hu-Nu)E A3 3 gA AEE 4]
W3}7] 9314y anti-Von Willebrand factor (vWF; Dako,
Carpinteria, USA) 3412 ol Helauaiae el
ek, 22 o Seld FA-YAUEL Folv| Sistel,
3% normal goat serum= A2 & AF20]A 1A|7F F91a
AL 4°ColA] 24217 Aeleledth. 4L PRSE o4
sfol Aol T AIE W) o A8 9510l 46-diamino-2-
phenilindole (DAPI, Sigma-Aldrich)E A= 4 587t A
2 & F2Fdu]F (LSM 710; Zeiss, Jena, Germany) 2.2
29 T Zen 2009 software (Zeiss) 2 £4 3}t

8. Ci2|of 5iE el =2l

F2A5Y 29 A% F thelo] Y AEE 3
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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

SolA gol 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 &4

A mtol22 u|g 2 A4 52 23 HH 9] OCT com-
poundE A|AS7] §J5te] FHFE 204 58X 39
Aol 2 5 100%,95%, 80% 13 70% O EHL-L 4 A0
wet 5EH @7F Fof gpdtal, 52 B2 10870 A
sttt got e AEES AAT & NS APt e
™ AEZS-L mayer’s hematoxylin (DAKO)% 187 A
of Fol dMstgom I52Z Y NE2EL 95% TS
2 34 H eosin Y (Sigma-Aldrich)E 3027t A2 A 3
gJsto] FAEEGIT Fol 3l eosin Y A|oFE B2+ F9f
B2F &7 AASEL 70%, 80%, 95%, 100% o gkl zt
DAY 187 @7 248 APt duAge EHEE
=9]7] Y3+ 100% xylene (Duksan, Ansan, korea)o]] 5%
7F AeoA st T 20| Bl wrx| 9} 2AFS uhy
@n7g B Al 2EeS FPA717] 18] xylene based
DPX (Sigma-Aldrich)E @z} 53t & oh-g 723t cover
glassZ Fo] Fot.

10. Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) &4

BD-MSC F¢ & AZX}EA}(apoptosis) 2 AP =
Azl o H3LE &Qlsl7] $J3ate] TUNEL assay kit
(Sigma-Aldrich)& ©]83t5ith PBSE AL 237 &a}o]
TE &g § AzAblA A Fohe ZREZ| et o
Als Z3YskAt. 3 (Nuclei) @42 918t DAPI(Sigma-
Aldrich)E 424 A2 & F2HE8n% (LSM 710)=
o]-g-3}od %‘ % % Image J software (NIH)Z FXE A|E
o M Al 3 A8

11. Masson’s trichrome EAH

a2 9 HF3(fibrosis) A=F Fst7] $sto]
masson’s trichrome (Sigma-Aldrich) F28-& A3} th. &
WS AWEL7] A 100%, 95%, 80% 1B 1L 70% &S
Aol w2t 5\43]3}0“1 42 AP35t Bouin N 14]
2420l £ % 249 wakol B w7k 2AAH
Z2]& weigert’s iron hematoxylin £ o 5827t ©7} A|
Eol 8% 98 § B2& Bo 587 AHSLIL Biebrich
scarlet-acid fucsiol] 587t @7 M| Z2S JAFHTH AG
AL FEMOE JMEH7] §J8te] 22-E phosphotunstic/
phosphomolybidic acid §of 527 AL204 H-g &
aniline blue £Hof 5E7F Fo] Hr3A|7] | 2Z & &=
€ 293 gEEE o] &35t @4 ¥ xylened}t xylene
based DPX (Sigma-Aldrich) ] 2|3} 5314t

&2 AFolA E2 HlojE s A2 AE 2 st Hjr
7 (Non-parametric statistics), Mann-Whitney '# S
£ £498 ANFLOH paLol 005 olatel Feu
AdoE folg Ao2 Besg

AL ol 22 FHAETIAET HE A=
of Edol fid=A wEs] Aste] FHAE7INES

SAHFAARZ LA CD45, CD14 THFYL 0] L3}
FAEZ BHS AAsiat. 283 T4+ G SUHEEY
A Z (BD-MSC)ol| Al CD45% 78%, CD14o| = 75%=

S A9 Ayt Uskth(Fig. 1A). B3 Z7|H| 27} 247] tf
2 ZANEE chpsb] BobE LA S Sold 23 BAE
of ANz B3tEl= AS T 4= 9t (Fig. 1B).

223 7|29 FHEHAESS 53 AT FA
H71sl7] 15+e] matrigel tube formation
T} wound migration 42 A3} tt. HUVECS PBSE
Aejet Ml ZHETh E7]AZ wfj < wjA] AH2etHS o =
AEd =g F271 & FAE UL (Fig. 10), AIZ9 °)F
sgo] oF 938 71 it} (Fig. 1D).
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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 bufter saline,

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

Fd= B flste F5oHAEE 5 2EY o

<5 A2 A (saline)E FoIg 22T Vivo track
680 FA3H 109 7|9 &7 HE (BD-MSC)ZS &3}
Atk E7IME FY T A7to] Aol et vivo track 680
o W77t 4" AL & 5 Ach(Fig. 2A). E3, Hu-
man nuclei (Hu-Nu) A& o] &3 HFF AMAH 2
I oA R 29 F 3904 TER Azt Fhel w
2} Ao} Sl EVIAIZY 47t FAEE It (Fig.
2B).

3. 5= HE0M E7|ME S AsH Hot

= SUEE7INE Fojo 2 518 24 Y &2
A& (capillaries) I 25 (arterioles) A2 &2l13}7]
A5t T35 E T E Bl EV|ME BY 45 F
HA3}9] von Willebrand factor VWF)E ©]-&3}¢] &34
YA ZE FAste] BESHTHEFig. 2A). E7INZ2E F
& 22 AYA A (saline)E Tt 2 ETE 10 um
o|5te] HAIEO] A7]ol= ZA W3 §lY e, 20 pm
o] AWl =7} oF 4ulf F7}SHATh(Fig. 2B).

Q2 B7HEETIMEL| 9t HIt U KIS

&
oY M
4>

ol

TS E 2d A 437 & Sto g ¥R A
2] A A4 (saline) T FoIgt Foll A= ST AXE o]
75%, BEA A1R] o] 15%2 RHHoU, EVHE
E Fog FolAe ST ARRE™, EEA AR g ol
aelon, drtEm At 33%, 359 WA7 66%= 18 B
7b A7) oF 14.608) Z715FATH(Fig. 4A).

o5 =eF Wstel A|ZAE Ab(apoptosis) B4l
#3}¢] Hematoxylin and eosin (H&E)2} TUNEL A| &€&
AgPstgct 272 B E,E FoAT i“ﬂ’ﬂ“ &4
e ZAZ AlZA et £ F
&l (central nuclei)®] BH5-& Hols £50] L]'E]-‘;}:OL]’ =
7|AZE Fogt Folie A ZEFY 5o TS
Th(Fig. 4B). E3F, Al Z AEALR 2 gPst= 7\1]:‘39] T E
ZIAEE B3t FoAE 4178 ZaHe AL &elsth
Ath(Fig. 4C).

A2 (frbrosis) @] ¥M3HE 2215t7] sl 27 ‘oA
Masson’s trichrome (MT) G A A3} =¢84
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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 FeCls 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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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.

22 Aeg Foldt TolAe AR A= F+
2 A" A& (fiber)7} Bol] T2 91—0—‘4' Z71A
ol ZollM A3k oF 15.108] Haste Ae ¥
% 9131} (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.

S3b &5 WYEE 2971 8] BEe] CD4s, CDI4 5
&4 EAR BA[181S ot <& gl sof ahl,
2AMERA BAE ABAE 5 o

T AEE Z3ks
[191°] A=A BBkl ARg-sfoF gy, & Aol AMg-d
Trad FLEE7VINES SABAA ] S42R HE
LN AA|ZR 23 A Flstgin

FE7IHZ] QPSR Aol diE 252 5EA
HZAA 201 84 HEFT 2110149 EH7}

o
oiN ¥o
S T

;é_!_

P

Hug vph gloh 2 Aol E oE FEA AEl F
oA E oA AFER A TS BUISHAH
in vitrool| A @IY I A|EZ 9] o] F (migration assay)d FH
244 (matrigel tube formation assay) A 8- E3f &<2l3%
I F5AEHE FE RN E RERY 7 gz
o] Bl&| fojustA S7HES Holeth B3 SUAE
7IMZE FYT IF = 2 (saline)ol HITF] 25T
o g7t 2A FUHFeRA Iefd FUHEEVIANEZ=
a5 FA4ol 7193 grlstt.
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dA o= FYsE AIEZS9] In vivo image A3 H
EA AJ3 (Hu-Nu)ol| A Rl glout, 747 ol= &
29kt (Fig. 2). ol A4 24 =48 & &7|A4
o} 3537 A&tk ol d AF[22]9 W2 Zolgt
ok o= Bkl $55A51E 29| §EA
£ st &2t 71 14]00 et Brhskee o, S
E7IMZ £ 289 ¥ o7 HAd d JAF SAHEUS
Bak ofyet s 229 AR A=, dEdsY ¥
35 WEE 5= Sl ol AR FUT EV|ME=
AzrE) o] Q1S wf FHEH])F I} (paracrine effects)S S5}
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The Study of BD-MSC Therapy against Critical Limb Ischemia

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