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Recently, the prevalence of ischemic diseases, such as ischemic heart disease, cerebral ischemia, and
peripheral arterial disease, has been continuously increasing due to the aging population. The current
standardized treatment for ischemic diseases is reperfusion therapy through pharmacotherapy and surgi-
cal approaches. Although reperfusion therapy may restore the function of damaged arteries, it is not
effective at restoring the function of the surrounding tissues that have been damaged due to ischemia.
Therefore, it is necessary to develop a new treatment strategy that can safely and effectively treat
ischemic damage and restore the function of surrounding tissues. To overcome these limitations, stem
cell-based therapy to regenerate the damaged region has been studied as a promising strategy for
ischemic vascular diseases. Mesenchymal stem cells (MSCs) can be isolated from diverse tissues and
have been shown to be promising for the treatment of ischemic disease by regenerating damaged
tissues through immunomodulation, the promotion of angiogenesis, and the secretion of various relevant
factors. Moreover, new approaches to enhancing MSC function, such as cell priming or enhancing
transplantation efficiency using a 3D culture method, have been studied to increase stem cell therapeutic
efficacy. In this review, we provide various strategies by which MSCs are used to treat ischemic
diseases, and we discuss the challenges of MSC transplantation, such as the differentiation, pro-
liferation, and engraftment of MSCs at the ischemic site.
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Msce] ¢ “—1 ol g7 Aol Ug AUt WaE o 3]
H 7153 A0 Ui kA a9E JF3HA 22,
38, 46, 47, 50] I8 31%*3 £ F-9loll MSC ©] 4
Al A We] e AE 3& Zke] A A A, T8]3 &%
H F819) o] 2= MSC«] 528 Fol o3 EAER
Q3] MSCE &4-3F HIEXl A2 A7 ATH1S, 58,
82, 93]. ol2gt ZAIE FE3I7] H3te, A7 AE2 MSC
o]2] & A H A NEE B35 F=3te WY o
T ARJ Aol EFFSI(Cytokine) 52 53+ X &, &
Zlol| A MSCE| W& A2z Z7|Axe] A&
AA717] skl Al 9] 7] (Extracellular Matrix,
T 3D ZHUES 53t Az A5 53 A
g oo E ATE At Ao
oA HA, MEZXSAZA MSCe] EX & H
w3k, o]& A8 wf ME Zetolr] 7]&e] AdedA
o MZAEA M-S % A2l olslE FA st
S 53] MSCE AHE3 Al X 59| 715
Mtk gt

5

l

off ox mr mu
-

offt g
r}m o 2 o it <
o?,v ot PN

>

>

© H

o
o

oo

Nl

B>

=2 =
— —

MSCe| H9o| 4l EN
MSC+ 1974'3A Friedensteind} AFAFE0] oA =
Az B3t 9 AR B5F rAEE 98-S
= Adf-olAl o] AFA| E(Precursors of Fibroblast) ¢
AL AFo g 1990 ol MSCet HHE kAl = ATHIS,
82]. MSCE Z, B1E, A hxa, & B2 So A
2212 4 QthFig. 1A). 28 MSCE ¥, 4%, &4,

o

] 8}(Regenerative Medicine)oll A A
2 A Zbsgaka olq_[sg] Thoral 9 x| oA Ha
A A (Immunophenotype)= ©F27FA] ™ &
A ko,

ARE 9
=

3+ A
MSC¢]
gstA A=

Ak o 7 ) A 32| §8}3] (International

Society for Cellular Therapy)oll A g2l ® MSC2] EA| A=

CD73, CD90, CD105+
+ CD 14, CDI19

183515 CD34, CD45, CD11B &=
EE CD79q, HLA-DR-E 3 5] =] ¢ko}

ofF gttty Ao B =75 o3lH dukz o

= CDY9, CD105,

CD73, CD44, CD90, CD71, CD106,

CD166, ICAM- 1, CD297} %3 ® tH(Table 1).
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Az, TEAZ, ARAE 534 2
dermal Cells)Z #3818 4= 9o 4l
Hl 9 M Z(Ectodermal Cells)e} THAIE, A17A E 9}
=4

R

[o_l

o T

A

H] 9] M| Z(Endodermal Cells)
T lﬁ‘r[ss 63]. 2+ NZERE &
thofsl upH o 2 BalE AE
)

mfgje

o 5

}

ol

g AE X goA WAMEZRE 35
7]1Z(Mechanism)©| 2} &2 A JQTH[75]. MSC7| W A| 3
2 E3slr] 93 AAF 2 AAEH SOX18, HOXAT,
HOXB3, HOXBS, NOTCH1°] WM Z 22| E3}F=0
7158 FFE VA= AR HIFHUOS™ VEGF-A
9 ATHE A Al 54 24-1Ae] Hdo] F7idH3,
11, 35, 36, 72, 74](Table 2).

MSC2l MIZ 0IS(Cell Homing)

& Mscel Mg 2% B4 &
Z )

¢U E&

| =

A

&1%—% AYAZ)E BRol sl dHdS
&4d =4 Al 71, o

F shiesl =3

M| 3 (Meso-
i A

BHIAZE

Ao, AR, 2R S 08 DU ATEL BT 4 MSCE o] 23] HW 48 2302 AL} o) 53
A W ol e AMEATE 22 Uk E=F G PF A He AL AT ojEolgtw Atk 2H YR A E
W3- e x4 :Lﬂli 4" FRE o)Fd F Ae o]F A MSCY F8 A7 7| F shfolH o]t
53 WAARNEE AT 5 9E Ao A3 AW HHS B G 0 Marker)7h BEH T £3E =
Table 1. Typical markers of MSCs
MSCs Origin of MSC Marker References
CD29+, CD44+, CD73+, CD90+, CD105+,
gZE: gﬁrﬁsg‘;“mh-"ml Stem C(ﬁglalci‘:tle’ Sca-1+, CD14-, CD34—, CD45—, CD19-, [15, 56, 93]
i CD11b—, CD31-, CD86—, HLA-DR-
. . D29+, CD44+, CD73+, CD90+, CD105+,
Adipose Derived Mesenchymal Subcutaneous Fat ngZ 61 CCD 16 6+C 1\7113& C IC+ 9C0D3 IC_ é)]i 45— [12, 30,
Stem Cells (AD-MSCs) in The Abdomen ) ’ ’ ’ ’ 76, 94]
HLA-DR—
CD10+, CDI13+, CD49+, CD44+, CD73+,
Synovium Derived Mesenchymal Synovial Membrane  CD90+, CD105+, CD147+, CD166+, CD14-, [92]
Stem Cells (SD-MSCs) of The Knee CD20-, CD31-, CD34—, CD45—, CD62-,
CD68—, CDI113—, CD117—, HLA-DR—, ALP-
CD29+, CD44+, CD73+, CD90+, CD105+
ilical Cold Blood M hymal ilical Col ’ ’ ’ ’ ’
Umbilical Cold Blood Mesenchyma Umbilical Cold CD166+, CD14-, CD31—, CD34—, CD45—, [74]

Stem Cells (UC-MSCs) Blood

CD106-,

HLA-DR-




Table 2. Differentiation method of MSCs into diverse cells
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Differentiation cell Induced drug RT-PCR References
1 hosphate A i i
Osteoblast Glycerophosphate Ascorbic acid 1o\ OpN, ALP, BSP, RUNX2 8]
Dexamethasone
Chondrocyte Ascorbic acid Dexamethasone Col II, SOX-9, Aggrecan, SOX-5, SOX-6, [62]
v TGF-B1 / TGF-B3 NOX 4, Col X, Chondroitin 4-sulfotransferase
EGF, HGF, VEGF, BHA, KClI, Tubulin-BIII, GFAP, Enolase, NeuN, NCAM,
Neurocyte Valproic acid, Forskolin, Glial cell marker, NANOG, OCT4, SOX-2, [2, 10, 33]
Hydrocortisone, Insulin MAP2, NF-M, GAP 43
Desmin, MYODI1, MYOG, MHC, a-cardiac
Cardiomyocyte b-FGF, 5-azacytidine actin, cTnT, MYF5/6, MEF2C, TNNI1/2, [49, 86, 87]

CKM, Myosin2, HCN2, HCN4

Aol g3l FHE 0)F3le 7E2 AHKHOE AT
HATH16]. MSC AE o]F5L& WA MScol &d3H
CD448} YT M T o] A& El(Selectin)] 3 2H&-S

%3l U] T] Al Z(Endothelial Cells, EC) B ol 2531 MSC
7F 83 9& ue o] 58 = A S} ol B3tk ¥
2ol A MSC7F W 2hs B343H7] Y8 W= ute] 714
uS g A7) 2 7] A S B8l § 4 (Matrix Metal-
loproteinase, MMP)7} &4 38}l=o] &8 2202 £9
Z & ok 3 YRE2 S07F MSC= W H A £ 2] SDF-
13 37 MSCEH ) &= CXCR49F CXCR7 & EH|H
CCR2, CCR3, CXCR4¢} 22 Alo] E71R1-2 SDF-1, PDGF,
IL-8 & IGF ¥ A 2 7}21(Chemokine)?] &32 &3 &4
glxlo] &4 R E o] F3TH13, 16]. &4 =324

23 MSCE= JH ™ (Integrin) a4%} 1] AE 1™ ©]
A (Very Late Antigen-4, VLA-4)9} B 3AM| ZH 2 E =)
1(Vascular Cell Adhesion Molecule 1, VCAM-1)2] &2}
o 93] o]Fo] AAHTHFig. 1C - Fig. 1D).

MSC =Z2}0|L(Priming)

MSC9| thE3ls 8 Al EFIQIE Bulste] A
A3 NMEZXSAZA YFAT7 A& o2 7135
I 9tk Ty A Yol o] 2| MSCe| 71E 2h4et
&89 BojoA A" AZE o]AE Az S R 3
A AL ko] A= doldA He EA7F At olefgh
2AE S5 1 A G Eo g MSC Zgo|d
7l& 3 JHH39, 59].

o ﬁ?ow MSCe] BE&o] A5etd g &£ 8h3
Y (Niche)oll ¥a< wh=chy @3lti34, 85]. o] 213k A

E HIRCE ECM 7]9He] 3D i, 3iA] A 5o A+
7} &Y= ar ek 2010880 AlAE AFAZ A A AFAL
E2 A9 v Al v ATA (Microsphere)oll ECM2] o}
A4 A ER] ol271d, Z8]4l, of~H H o] E(Arg- Gly-
Asp, RGD) RE|ZE Eo] MSCE wjYdstozx Z718
MSCo] AEE F dAFYAFS FAAUTH90]. = A4

HOI 7347} )J:‘r[60]
ATFAA AEFA
E FUEA
7l A77F 8 JAPHa Jot A7AES A o
I (Lipopolysaccharide, LPS)E 2|32 4 L-61}
TNF-09} 22 Aol E711e] EH &2 S7HA 7 MSCe
4L FE3IY &8 A& AN E 2dHE B
SkTH(48, 69].

%E}EH(Melatonin)Q‘ = Yo $3A43 g2 o8 7]
T A A== Ao, AAF7] g5S 2=
F8% 98-S ) AFAES MSColl HEtEW o=
of& 3 g 78’7]7]' Aiul et Al MSCe] £4-& BA 3}
o, AlEo] w5E ARG KA =3 W)
EUS dAE & AW o2 2o o] 23 A3, MSC
9 o)A g 5 vty X5 &Fr) Ve AH4E
B 85 tH68].

ol = AZ X529 dAE MNAdste st AT
AR A F7HE AZAEET] I EES ufB S E MSC
o N ZAZAZA AHE- 7HsA S AlAISkAL QlthFig. 1B)
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FE3] AlZ=s k7). AT AHES MSC o] 9] HA S
gl3l7] 93l 5794 23K Acute Heart Failure) FHALE T
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For AN 4% AAE &8 STEMI (ST-
Elevation Myocardial Infarction) =2 o] BM-MSC
233 FARES 3 Atz 1500 Hs
ATk T3t MSC o] A9 kg -
2R -1 B A2} g3l Ulg Az
a7k ok HTH9, 27]. =3, o
18 MSC7F A2 <ol o] & Bx2
Z-83to] 1201 9] FAtol| A o] F
ol dFSHAL6], AT FAE
7 37 MSCE ©2 & &<lst3A
Holx] gkgkom izt Szl wlwst
N7 FAsATHI
C2] o]2le] 9%t N T P A H 3o A
of gheFsiAl ATH L dnk 7 1ol
-7 (Chronic Ischemic Heart Failure) 3
A A A7HrEe] BM-MSCE A2 79 F A87%
355 AL ol T T1F HIs) MSCE ©]4]
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Adipose Tissue
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MSCs Isolation

Ischemic heart disease Ischemic Stroke Peripheral Artery Disease
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Mesenchymal Stem Cells (MSCs)

1218 1 d A dg 8ae] AAolA sd 79 77]
i, FHAA 8 REAHQ A 5 P, A
FE7|D R} ojgby|d Bl vl go| 1A% AHE

grow[84], THd TATH A3

38

th21]. &<
AIES HIRC2 MSCE o]4ste] 5|84 Aol A
AEE 71-e tig AT = AP Ak AR St Al
MSCE ©]4%k 228 9] &xlof| A 3/1E H A2 75S
AFAORE I EATE ANE Bokon, o o]
MSC7} U3 - A Z(Endothelial Progenitor Cell, EPC)E
A=3te] A WA ZE AT A 22 ATH64].

SA AF}EL BM-MSCE o435 om o]¢ AD-
MSCE FU& AT EE Atk TG ATHo] e
g oAl AD-MSCE FU3R L ol 59 e =z
ghake} vl lS W AlAe] 71N # A3 F(Myo-

3D Culture, RGD Motif

. °
™
-

% -?7%-%2’-7&%

Growth Factor, Cytokine

K

MSCs Priming

-

Ce ]

Homing & Differentiation, Proliferation

Fig. 1. The mechanism of MSCs therapy.



93‘3}[65, 66] 3 um oqg Az g A TAE
= AWOoE UC-MSCE FY3tger o= 7}
WA B AS 0E AN, S g 0,
A5sh darh B QTSI oA AT

OE ATASES WA ARR @xA A W
UC-MSCE A o2 ZA3t9 ) o] A7 AT oA MSC

oﬂﬂl‘,rﬂ
o ol e =
i fo 4 i

==
i
&

ol &ate] HA7]sol ¢t e A5 F AMYE,
AdLdE, FE9 5o FAZA A= AT5].
ol AHE dFATES st W TFd =
2o A e MSCE 184 Ag SatolA o4 Al ¢
stE e ARV e T dRAES Aoy AFAES
ol gt Atsl el FY W=} MSCQ Foll stk A
T7F Basitta gt ' A7 A 308 S

I~
I~

A AZAZ BN A A 2x10° 9 1x10°7 9] M ZE
133t 7 159 SAolA FA48S A < gl
A7) E3E 799 AVl vlisssA A EU
glo] 1x10°70 ] AEZE FASE 180l A
SFATH17]. oloF 22 AFARE gl
o MEE &4 A= A7
71(_
o

O
- g

) 02i
m]o N

fu o
_U_z‘:
rlra

1

d

7%l
%l
o

Y= 3 gk YAATNA A3
WEH oz APson FuFa

2 1x10°70 A 1.5x10°7) Alole] Al 571 34 A &
FE Yehil s A4 golar, 7x10°7) o3 & 2x1077)
ool &Aool ot AAHTH4] $A AEE
28] AFE MSCY Al #al AFEHAY HEA
AAZ A o] A3l= Al7]ol B A E AH3] =T o
A7} Tk o]of] #ste g AFAELS FHY Al HE
A A2EES FES FH 1AL 1579, 2579 Foll MSC
£ FYste &1 A= A Z74 A (Myocardial Infarc-
tion) F-= &, 1Y H FH oA MSCE o] st= Aol 4
71%, @3N 5 aHE el o HAY Aztolzt
3 ZEAATH40].

o2 do 0% o (o ¥@ N
mir%l@ﬁLlOm"

OO
A<
=z
'é—

rlo 2
A
N
)

Q

S|8N HES

AP HEFTS HET AU 87%E AAET) o=
Aoyt dror Q| FHo] A Hol| FFEE
A&7 FolEo] WO &Aoo g wAstH AR Fef
22v =7 g4 8}9) AH(Plasminogen Activator)E ©] &3l &
AE &alste WAd X5t 23 o H28 AH

S AASE AR 57t EH HEFT AR
2 o] &5 ATH20, 42, 51, 78]. 3HATE, WY o] F =&
A A5 Hol dsf AA3T] =7ho] o &S 9
Al o] & 7hee S A9 gltke Aol AES}

o

Xz
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o] FAH o t42, 70]. ©]$}F TIEZ 02 MSCE ©]&3
gL &8 ABAE AYATIE §Ho] Ao 3
A& FESIAL &4 ©]F = AJAY(Brain Regeneration)=
ZZ3tE A28 AZFolth81]. MSC 7|4¥t HEF 59
HAUE L o1& A3

eI A A FkAIRE, AA Al 7F

A2 A=Y MSC7F AAAZ Y Holu Mz 2 B3)s)

A, AARIAY A EFR] 55 BEH|st] 48 23
AN FFAAY, 2 &4 BEFE

&38 NE9 75s 8= W

[51].

Hiof mpEd 2005 d0 ATFAES H2E g4 HE
% 32} Aol A BM-MSCE é k! ol
g B8 UERA] 49 4]. °l=
2 JFATAES MSC9| o4 F 73 kA
ShAth 162 HEA HES FAFA BM-MSC

ol

AN o
Tt Ao 5:dzt A3E AT BM-MSCE )4
W0 Zlo] & AYE-E(Cumulative Surviving Portion)<
27 32 153 vasgd s u 13 23S 1o
o A2 Barg2 RAE A Ak THAT). el A MSCE

o] 2] Al Al gk kg 1B o o] HiES
S 1299 HEF A lA ALYl mlj gzt
A3t MSCE= s1dA HEFol EW F 36-
133%1 o] % o]AFlom o] ¥ Fx}o] NIHSS (National
Institutes of Health Stroke Scale)ol] w2 A7 8h2 Abef 3
o F2 o] A e} vwstg S W ¢hsle 2w
£ X 3 MRI (Magnetic Resonance Imaging)E &3l <7
B 59 =3 20% A FR1SFATH32]. < Open-label
Randomized Controlled Trial 4-7-oll 4 Z}7} BM-MSC ¥
FYol 5715 MAAKITE A37F EaEATE A
TAEL 1689 54 3184 HEF I T 25 U=
A A A7F BM-MSCE o] 23t A& st A Tt
A5 = o] T 12701 FHo 3B 3 o1 Barthel
Index, NIHSS, Modified-Rankin &4} Zo] 9] 7]5 3
3|5 FIb A ol ek 2kol= fIAARE, Motor-NIHSS,
F-M Motor Scale &<, MI-4a¢} MI-4p F 2] JF 53
MRI ZA4 =04 BM-MSC7} o] 218 $2} T1Fo A thz
T B2 aFC vlE MAdE AAE RT3
EHZ;H oz o]}\o]-o:]?.oﬂ/(«] 7<] 5§Q H]—lgg. BM-MSCE
A FEALZ o] AlBlT) Y 3 AAA T A WA FHE
A HETE &3 e 189 FA oA BM-MSCE =E
2.3 % <(Subcortical Stroke Region)ol] ©]4 & 24743t
g5 Bt 1 A3 A8 90T+ glglen
European Stroke Scale (ESS) %4>, NIHSS &<, Fugl-Meyer
(F-M) % A<=, F-M Motor Scale 5= Z5F =T 3
of st W 4R AHE FAUT77].
AD-MSCE #87} O g1 F&-8o] A= A3 o]
Rol H ol E o] &3 A7 = &3] WP EHI Y24,
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25, 67]. 201439 AIAE A 24 AFANA FA HET
22} 209 oAl Al AD-MSCE AW o2 o] 23T} o] % 2
| E¢k 3 AFS A9, AATE FHE A4 dHE,
TF HA T FAgo] HHEA &%k e™ AD-MSC F
Yol HEF ANBAZA AE 7FsAol Jthes e B
3t TH14]. UC-MSC =3 gd4d0] w1 &84 ZA7}
Ao glohe Ao = Qs B2 A77F A= Sk
g dAATFAA T8 HEF A 108l A UC-MSCE
Ao U3 AGATAA Fefmg 7)E 3 Ho] By
© 2% BM-MSC, AD-MSC ¥4t o}lyz} UC-MSC =3+
ABAZA kA, Ad JH53itE AS RAFAY
[88].

s Mt
Z & Z 3(Peripheral Artery Disease, PAD)-2 =7
Aol o3l g 1 9 R 75 F2o
] = dAdsow HI7A MSCE X 59
A% gAto o]2lste] B AdATIE FHL Uk
[52]. RaE Aol 2w wx 59 A3 x|
BM-MSCE ©]2]3te] 31d &<t %1— %?ﬂr’“ < 3t AnE
159t BM-MSC7} o] 4 )
2F 25 vasta-S w XH%EOI L E4E 9ot
oS waA AfEdon A4E i A%
HATS54] = 02 AT 22 59 A3 dx
18 o Al BM-MSCE ©]213t3 < w tl=
st 53574, 459 M 55 gl o
23k A 7ot A 04??%—‘;——3— x10°7) &
Zo] Fohal et AA SFS skl
A7t Fasitta wehrh23].

272 (Autologous) ¥ oFH 2} 5 F(Allogenic)$] UC-
MSCE &z 57 A% X5 & A #E3] A5 3
ot 20190l AAE & FATolA UC-MSCe A&
aHRE Hrkstr] fls) 239 ] 2x “—H %4_5’4 fﬂx}éﬂ =
o UC-MSCE FY3H
o} 2 A3 o) A3 v S

[e]

AF

::‘4_4

OHT

o Qa&uﬂr ﬂl%kOI
MdE AF4E BAth &= OE YA FolA = UC-MSC
g ol & 2z T A3 3zl X 7)FES Rl
ot sy Zx T A% xS s Y A5 T 1L
H 2E vustRe o 49 23 AAEQA TNF-a9t

IL-69] Z+49F AAER] TAIE 9 NKAI 2] S &
AFo2N MSCE o83 AR 3= & I3(Anti-
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