Research Reports of Suzuka University of Medical Science

Muse #ii/lY

FRHE B

PREERIER AR SR SRR

HWEERRFXFLE No.26, 2019



Muse ffifd 23

B
Muse il
#FHE HEL

BRI S SR

FoU—F 0 HESREHIN, JEBGERTE BREME, MHEEE, AR

— %5

Muse A K AARD RO IS HE N TR IR 2R 9 ZREMFHIIET, 2010 fFICHIER A TR D>
7o COWTETEDOMMISIRGEEBAANERL, FHHOEBEICE O TEHEMNICHLL, MZErE T2, Lieh->T,
Diriaze FV 7 EERRTRONS K5 N LA MU PFEZ R ZE LR, E5IC, TOMAIII TICITbNT
W5 BER AT SRR A ORI E EN TV, Muse M A AEEEIC IO TR TIBIMED EOHI
lRTHaLEZENS,




24

1. I®IC

AT ZREMHINE GPS AUl OBHTLOK, FAERE
BRI EICHYE 2B 0TS, LKL, iPS MIFERHT
DARIC Muse filfae KIEN2 NEMED Z REMETRIRRAFE
RENTHO, BHE, Nz AWIzEERIFZLDHE->T
Wa, LnE, Muse MIFUZIEIESEMET, iPS Milako
LIOLRTHBHIEEMEETN TS, ARITIE, D
Muse MIfAIDFE RN SERIRFZEE TS5 (& D,

2. [AEERERAI

MR ML, BHE-CREN 7% E ORIEEROMRKIC
TES 28Il TH S, EEHE, RO S
AEOME UTHEEE N A — IR A TH5E
REPHINE) EUTWIRENTE /72, TOEMICEE
NAMIAORERIL Z OFN P ipllfdDE F 2§ HD
DEG TR E DHANZIERDEHREEETH - L
AU, HEEREHINE, SHECNEN, W, e, &5
JED S LIS BUC IS 2 T e TE, eIk E
TEH, I 7xb bz (R 3 554 DIEHER T8 1 k
A4 2 DEEE L GIE RIS DTN KB HFIENRZ RS
fesh, BEEBICBOWTHEHINTETWS, THICM
HERIMIOR KORE, 3 FETXTOMEEDHMIfIC
LT BIEMNTEEHEVIRESITHS, BUKIAFET S
E ORI (ke fHESRTRE EVS) 13,

Z ORIV I Rk OMENE ML %, HIAIL, i
Erilffald mBRCR ORI, #hREEHII I AR OMITIC
UL e d, AR 2 Z Tkl
Vo FIEERIFHIIE, FIRIEROMIIREEICIE T 270,
FRIREEL SR TE S KO IR BED B3 72 B TR & DTl
g B Y,

3. Muse DR

MR e SR TR 5L, EFMICHI
DIFGAE—EMIN SR Z IR T 22 MD5, T
DY ZAZ—NRMEEHINE (ES flld) ° iPS MOt
BRIKICEITNBTEN D, ZHEMZE DMIRIDIFIEAVR
BEN TNz, BUKICTFEIES %2 ORISR IR AE
I2HD, AMLRAIEEENTE ZITHEMEL L THE5EZ R
B BTEMHIBNT VS, ZTTT, HAEFMTL-O 5
R 2 R AN LA (Y, KEER, M7
VIR E) 25 A, 7 HREREIEEE U2, 8 RERE U
16 N T2 2 CULEES 2L, [EREDY 50-150 pm DZ
By 5 A8—mME6NT Y, ilH OMBIEERE Ok
VTS TR RIE 5720 TR M 72 G
{LER) DIDIHEATLE D, VTAR—ITIETDLD
IR F T EER S Ml S ENTEBY, TOAML
AT P2 7 g M e ORHEHIIEIC 1.3%, MRS
MRS 1.1% BEN Tz,

D5 A7 RET HITOR AT IEH T, ShEM

®1 BEERICAVSNSZREMFHRDLLR

el AT Zhetia P
b p o 4 Muse FHlfia
o (ES #) (iPS A use il
K WA () BN
e L LR
ey - L * D0X-2 * ¢c-MycC * i~
T N f " o i </ N
i ML CH e | e sSEA3 T
i ERERRE b b 7 L oL
SR % o % %
e SHEOMIIAE | WEEOMRIAE | WEoMicsHE
WARHECO | G- MRS | Ak - A
ik )~ Y~ SR SRS,
D IR~
ASEIED | 55 e ) sk | 75 b G ok N
B
WA | R AR n L




DIEHED—DTH BT NIV T+ AT 7 Z—EiEN=ERL,
Z Bk < — 71— D Nanog, Oct3/4, SSEA-3, PAR-4,
Sox2 ZFEHL TV Y, XBiT, H—HIfaoisiitsEc
VBT 0S5 A 2= S5F > a— b LieT v a T
#9358, SMREMMRO~—/—TH% NFM, MAP2,
R ZE M e < — 7 — D a-smooth actin, desmin,
Nkx2.5, PIREEMERINEID~—A—D a-fetoprotein, CK7,
GATA6 ZFEBI Bl b Lz, TDRIICTTAZ—
AT B, ZREM~——BIE TOREIZIT
5, EBHCEDOMEEDOMIFNCE ML TESHE)12ED
CTEAVREN, multilineage-differentiating stress enduring
(Muse) MfEE#tHFSNE Y,

4. Muse JfaDHE

HBEO M EERFHIIL S Muse Ml R L7zBRIC,
AP AR 5215 TEITAR—ZEKL, ZhHelk~—
=R T 20N, ANAZEZTLED 1/75~
1/60 {F1ELTz, THUE, ITAR—DARL AU TIEK
TEBLZRB LTV, FHilCIE BRI, &
MErfiaz 3 CoH e 2 MR OMM, NI ZAED
TENTWS, TNHOHMNS Muse fildz AT 725
i, REFUFZ W THIRZERN LY Z A2 — B ROH
ATz, EIMRMEDO~—7—0 CD34, CD177 &
MERBMROS —H—0D CD105 ZRFI LIz T3,
CD34—/177-/105 + DIl B Z DT F AR —ME5
Nz UIzh > T Muse il CD105 (+) ORISR
facHiLEZLNT, Muse HildE 2L ELITAR—
& MBEREHIN TR ETUROFE B 572 FACS fRiTic kD
bt d 2L, Muse Mz 53575 A4 —T SSEA-3 (+)
OMBIMNEZICZ M oTz, ETHIC, B MREHEF oz e~
MR Z SSEA-3 DRBIDAIICK > TEAIL,
DIAA—EKER DL, SSEA-3 (+) MlED 57-60%
MITARZ—TRIK LT, SSEA-3 (=) HifdTIZr<
AZ—ZTBRT BHE 9-11% Ice EE-T Y, TDXS
IZLC, Muse Ml MEERME~—7—D CD105 £ %
AEME~—71—0 SSEA-3 ICK> GERITEZTEMNHS
557z Muse fifiRld, HHEOMERBHIZ T

Muse fifd 25

754, B ORMMELEMND 7 Dls e >0 Ics
TFET %, B2 NREIAMHRRH O Muse MIfREE, Finll
BITIHD T B, ZHEMECHISERE ITE VI ot Y
F7z, Muse ML ORMIFERBHITNI ZHENEZ R E 7%
Mol Tehb, IEOREZMZ T/MEd 2 RIEERE
FNROAAKIE Muse filaTH 2 EEZEN Y,

B IZENIO A, R OBRMIIED 21T %
&0, EAHBROMILDN L THMEdT 58D, 7
{EUTCHRE M R S AN LT 2 £ DD =DDEk
APREESNTVSE Y, 757 OFERIO— R
PEFTR IS WS ZEEM OB fiftic k> TlT3 ' &
o, WAHHOMOEL Y R RSO/A Y SO
LR D%, Muse HIfTIC K B HHFKDE
HIFHMIIC L 260 T, EEERBUTEENTE
BERND—DTH%,

5. Muse fillllAICKZHINRIER (ZHEM)

Muse FIFAOFFISEEENTBALT, SOl - Bk « fix
ICOWVWTREBRTZDT, TTTEZNLUNELHT S,
FIRN B 2O IEIEN S XN 72 Muse HITUEARERBIC
ERIT S GEME TMuse HIFIDOHF7= 2RI & TR
£ OEHZEBI), TOVEAE Muse MIFUREELHY CRIZE
FREHIFICIZASNRV, EBIC, HRELT: Muse Hifid
FUGHOBREICISCTHRMCMET %, TDDDFE
PEFEERIC IS Muse MO K E HFIHTHS ¥,

RROBIICBILT, 1 BIBEIRIS <7 A D 5,
WD AU U CTRIEDNEY, ORIk ME
JIAREAR IR D Muse MllfzZ GR35, HIGLIAH
FRICHEREL, #2455 1 Cdb% PECAM ZFEBId 5 IME N
FZAEZ DI OMIfaE UCHEAZ N, (GO ZH
Wiz, T, BRI TE, LM ESHIa ko
Muse flif SEHELEMIER T ST /AR, A5 %
A1 B2 ADSHUITRL TV B, ML TRAT /Y
AN Z RO ETIVESET 2L, ARDAT /T AL
BRICHRIECE MICAEB L, SHICENEI T ADKENE
FLIRE AT = DR il Tz,

AL ORI T OBAR TRATIC KD, FHI -



26

SR ORI - I BRI - 70 A OO
<EMEBAEZ 2T T EFHROMIE TH 2 TENHIS
NTW%, T, MO HEAICHHITERS LS ORM
JAMBI G LB eZ/RLTED, TOMBDOHEELT
HREOMIEREIaAMEHiE LTEASNTWS, Y]

Fr~ Zlck M RO Muse MifaZz kT4 2L,

Muse MIfEE A FEBICHEAT N, WTHH O FTF 5 5K
N—A—2RH L, Z0D%, Muse Ml i, H
MR, NEZRIRE, 2w S—HlifaAE BFERIC oL
U7z 2V, Muse Sl LASN oD R SE RN CLE P A VL
THEollehnd, ThECHERBAMIHOMKEEL Z
ZBNTWEAFHEERE Muse #ifdlc k26D TH -7 ¥,

KEREET IV DAL, E#iHR Muse Hifd7Zz 5k
FHd 5L, BIREOREENRLICH N T DL
& Muse MR M DY ESHHKD SBIRBEOHEENAD
AF, N BRI i & P A A N B RIS e LT
W2, Fiz, Muse iz 7 La gy IV TA T o
01 REFEINZERIROBZTE R EE, ThZIEHHHRE
DOBMEERTTIV RIS T L, EhiLiiEH;
FHEEAIIE LTz, CTOHEE Muse I E R I
WEZRIIE A~ MEL T 2,

6. Muse AllNCEBHIRRIER (RIEERMIUEL TORHE)

Muse MFIE EEEKAMHINE ML TR Z1EE T
20, FNLINCEY A MoV E R U THRKIEE
ICHIAL TV, BWENTNE R 7E (7L —
L) 7RI, Muse MfEE BIZERTHIAIC X
M RO ZAD MR, MbErEtt, fEichh
DEFTNEENTVBIENHSMNE R 5T, Muse Hl
JURFRINCRBIL C02E0L LT, MlEFED GyM O
DNA H{§F v/ RA Vb7 K= AR T 28D
(14-3-3 Z2808), HAHBICEDEED (A F7F—
Y&, FXR/RXR, LXR/RXR 7 F)V), HERDHlfH
IKBDZED FiEIRR/SAY A, HEERD serpin,
FXR/RXR ¥ 7 7 ), LXR/RXR 7 F )L 9 pregnancy
zone protein) HH %, Tz, TNEDRVINTBEDOFRIE
25| FR T EEZILNBIER TR 7 HD

upstream regulator AT LD Muse MIFEFF RIS IBE N
YA RIAVELTHVF IOV fiHRILEY (CRH)
EFNRPELIE R (LIF) A%, S5 7L U TE BRI T
(BMP) -4, HUHELEHIHQSSEA T (FGF) 18 %% 5 >,

HENHERR >R D Muse MK 561 T Cif/) Vi
HH >k 19 %l (X 7 (PDGF) -BB, Ifil & P FZ H4 4ifi (K] 1
(VEGF), LEMERNT (EGF), hIYAT+—3IV7
H5ER T (TGF) -B, MR T (NGF) -B, ##l
sE5EK 7 (SCF), bFGF, [EEHESER T (TNF) -0 7%
L OBESER T2 d % o TD Muse fifidz 27 20
ANEREE2L, K251 T VEGF-A, VEGF-B, i
HAaLE%5EN - (HGF), PDGF-A, PDGF-C H77ihEi
%2, Ffe, IEMfHRRERD Muse HifAE, ~70a77—
DR T HIIMNSD TNF-0 oA > Z—T 20y -y IREDR
FEVEY A N A A > O WEIIRILT, HIRFER R 2 FiE
I5 7,

EHIC, AMIERICK S E M FERET LTy M
XUT, PR 2 REZIC Muse fllfaZ BBIRD SIEA
5L, BRMFESRDHE, Miak - BRI RS,
Wi 7547 > Rix L ORfikRED [H11E L ARRK OB
HH5N Tz, Muse MIFNIBEEBAICERLL, Filif bR
FADT Rb— Z2B5E, Mifld IRt B saz i L
Tz, TOEE Muse MildiZr S5 F /YA MEGHRK T
(KGF) *® HGF, angiopoietin-1, FHAXT5Y E2
EEEEL TV,

HHE RIS~ AD RN Muse Milaz A3 %
L, 12 EBICHELTVAT L RENE Y,

7. Muse Hllfiu & il sk

X BINCOD o TARLRICESE NS, ¥
RIVR ANV AREIY AT LEFE A D DNA B8Rz
£L5>TW5 7, ES 3= iPS A% [ BE D DNA £15
HWREZ A T05 ™, L, ips flflacid, V7mss
VT OBNCI IOV R 7 KOTEERE RN — RIS A
EN, ZTNUCK > TRBEEFE DT I8 G KIS E
I BMIE FINE RN EHEEICAET TS ™ Muse fl
i3 Z&Z2E ANV AMEOHMnE LTROIBN/ZCE



PHoLFRINEESIC, YR - (L ARLRITHL
T, MERDMOMIIEOE XML A %2R UTZs Muse
FR LI ORZERFHIANTIE DNA 1815 48 BERTREE
LCE DNA BEHEMEDMEBI LRV DICKH LT, Muse i
Hall R R 7: DNA (BN ZE5THD, DNA A
Bk U ChERE S 2 IEARIRI AR SRS I B B 215 1
otz

Fiz, ZREMECRERRIEEEE N OREEZSNTED,
ES MilflE=® ipS filflaz 2O LIS 2L, 75
M=~ (W) 2T %, LML, Muse fildidr>
rM—=<ZER LRV, EWVoDE, ES ML ipS Hifalk
JRIRMEOHIIETH B H, Muse MINLIRAKITIEES A
7N STH %, FlBIEFREICEVWTE, ZheMkE
I IEICBI % RNA RS E 22737 H Lin28 DI
ES AR iPS MIFUC LEARTRS **2, IRFEA DR Lin28
ZHIHIS % miRNA O Let7 {3 Muse HIICE -7z,
E5IC, ES HIAE® iPS AIICEERT, Muse Ml 71
AT —¥ TRET 5 7 OFRBUIE -7, chbHh,
Muse fIFAOIEFEE I b>TWBEEZ 5N,

8. iPS il Muse FHllih 5

iPS AR - (Oct3/4, Sox2, Klf4, c-Mys) %
HMREANEATRCEICK>TI TRy I3V 7 N
Thb, V737 %2250 LT, 2 DODE
TIVHEEEN TV S, —DI& THERFHTT )V (stochastic
model) | T, IRTOMIEN) T 0TI 7ENBA]
HEMZE o TVAREWNIEDT, &I —DIIRHEDHIfEH
iPS fliliciz e iZ2b LBl E>TVBEND [ZY—]
T (elite model) | TH2 >, iPS MfIDZ IF R
J&§ ORI SIERIEN S, CORRMESF IR —A%
I OEEEENSNEEENT2LDTHD, Mol
I4bb, MRS ZTEN TV S, Muse MfdiE R
BEROMBICIFAET 2TEh D, NI
WKEENSEEZ BN, Muse Mz b7 O
HERE, ODMMIILFRFISE U Eh T, X,
b OFFHELF I, Muse AL JE Muse FIAZIC L
TENZ NP IR FZE AT 5L Muse Ml D HH

Muse ffifa 27

iPS MO In = —ZE K T &7z, £z, Muse MM D
(&, ESfifbkOIEReL ZRett i~ ——TbH%
TRA-1-81 ZRH T 2an——hERE Nz, ThbDT
WD, Muse fifEid iPS MifldDY —AD—DTHBHLE
Abh, TU—LEFILELHTEEDOTHS Y,

9. Muse LD Fi 7=

BB OIER A HEL L0 B, BEEFROIAA
DR, FEPADEHAHEANORE R IAF AN OB E) H B
%o FEPEDO MBI GN Z I P LM 2 T D AR
FMIHERNTDD, R - AL T2 TH
%o NVRATAIWAEEEOTARTY T THB I
zae)l (GCV) &, #FMEMMEL, MikikBEr 2L,
BNV ARZAT A )V ADFEFDF IV FF—+H (HSVK)
K& TI VB ENZ EHHEL TS Hllldd DNA #HH3
ZMHE ST HLIC KO Z A S5, ThZRIFALT,
HSVth AL L I A )V AR Z—IC K> TH AN
NEAL, Ay rae)VTIRET RiE%E THEGER
TiEH ] DRGEFENTVS Y, —F, eI
BRI, MREBEEE O TAICBMET AL, @
HE DS AR > TREIL, A AR E ISR
FTHIENHBNTVS ™, XoRMEEHMTITSH
% iPS ffRE MBI ER T BT MR INTEY 7, &
MRV EPES S SCF, PDGF-BB, Stromal cell-derived
factor, VEGFIZXI LT, TNHDRABIATHS c-Kit,
ICAM-1, CXCR4, VEGFR2 Zt L CH#EIT 2D Tk
WhEEZLNTWS, ZTT, TNHOWMHIIIIC HSVik
BETZEALT, MHllAZXI2—LUTHWATZED
EBRINT, WRBIEZED T ADMEENICF IV
FFH—EZEA LK Muse fillz 5L C, Aryrae
VLG %L, 2 JER CIEEARIDN AL, 4/10 DEIG
T 200 HEL FAEAFELE ™, Muse Ml LN A SIS
5, MgEEBIRW e DERNRIAREE LT
N,



28

10. HEEHRAOHLHHD

10-1 D¥RE

SR DTSRRI R RIS Muse HIfAA BT 228
WHIBNTVS ™, 79 HORMELTRISEERS, 44 70
EREREEEE (CAD), 64 HDEEHET, KMl
H D Muse Ml $ 72 71X 7z, CAD **f@ % % Tld Muse
MiosEE RSN, 2 0mizE% 1 3T
1fH1 o Muse MIfIEHEINL, ZDHBRLITE T LT,
Muse fifaZD#INE, IBEATAL—2—THEAT ¢
vdvy -1-V VR (S1P) DIiEHOEEEE DRICHIRE
WAHLNTz, EHIC, 2N Muse HilddDZh -
FEREE, 6 A% BEIENSEE N, &
RBVEFV T EMSNTLE Y,

ZTT, UYELHEETTIUC, HIER 1 BRI 30
JiHD Muse Hifldz 55 Uiz, #5452 HIC Muse
AR 14.5% WHEFEANER LTz, TOHERITIZH
AR & > THESERR A B HIS SIP &2 MUK %32
Bk (R7qvdvy -1- UV EEZBR SIPR2) DR
§BHTLN, SIPR DFHFEA® siRNA ICK>THSEME
oz, B U Muse MIIRIE, 1M PY R AT S
cardiac troponin-1 *° sarcomeric 0-actinin, connexin-43 7%
ED—A—72REB LoDl N BRI ME Lz, 2
W HEREZERIZ 52% K TRAL, IR 38% [HITEL
Tzo BBAHENTZ Muse HIlEOHK (AREMZR) 1Bk
5, BHZEROM N DREOUEDH BN, 6 AR
\Zi& Muse AT HROMIEA DIRFRRNICFEL T e,
W, SNSRI KOIEHIEND DY, Muse
HIRIERR YN RHAD I KD B2 kN S s D —D
TH5 HLA-G ZHBELTWAIEh D, i sz
Ei#EL7EE 2 5N5 s

BHEHAD.LRETIE, Muse fMIfADAEE T 2XEMN
BGOSR HABE I DI TICED Muse HIldDOHIEGE
NMANOEEPMARFTEHRVDT, HEHLHHMOHA
NG ER BN D B, Muse Ml id D 7736 15 4% T
azacytidine LFHIC KDL~ — /1 —Nkx2.5 DT 0 E—
2R DA F I 5Tz, TOHNEE PR

KB LT, istEpE &> 7878 D Wnt-3a, BMP-2/4,
TGF-B1, E5IC cardiotropin-1 T Y %L, «a -actinin
*° troponin-1 2 FEH 9" B0 N2 — 2 %28 o T B
fic /b Uiz DEMEI AT VRSS2 (MLC2a) HVFEE
L7z SCOMfliZ LEETHEEEZBNS, FTe,
Whnt-3a DUELDKIC, Wnt-3a DFHEH|TH % DKK-1
>, BMP-4 DB #I T&H % Noggin TULE L TH 5
cardiotropin-1 CHULH T 5 &, LEMEIA T VEH2
(MLC2v) ZFH T 20E OO/ ME L 2,

10-2 B&E

o RIMBIIRMEZEE 7L < 7 ADREZEG O i~ & Bk
KD Muse Ml zBHE LTz, BIHZ3ZIT T2 AISHE%E
#% 35 HHICIXEIEN A SN Tz, Muse MIFRIEHZER D
JEICHBAE N Tull & NeuN BRI MFERIFEANE L
Lz,

Fie, SUFHEET IV AOMSE 2 BR%IC, &
K Muse Milffdz B HGE BRI, BiiEh/z
M 28% A 8 HZICHICIRSTUWT, NeuN, MAP2
D=2 —m> GSTpi FHEOAV I T Rt
AUz, TFEARI YIS > THlER 7B HR
%E, Muse e o b Liz=a—mig, [FAfIOsEA
HIRADIR NS F T AN S22 Tz KTz, Muse
MDD M Lle = a—aig, B TR KA
I U B HED R 2R TR I3 aT A OB — 2 —n
NV FT AT, Bkl 2\ T igE~ ™ A 3 HE i ARE
FANDOBREIE IR L s

10-3 B

TS IE B R D ez 7R 9 RN R T 5 Bk 5y
FiPERBRIARELSE (FSGS) 1A % Muse MO RIH
WCDWTHEIENT WS, TRUT ATV iFE N FSGS
ET IV ANEHENRD 2 J7{HD Muse HifaZz &R
559 %L, Muse MG LIORERIAICHIAT N, B
FERNCEAIRE, AU LR, ARl eL,
RERR DI L& BB OMHAL 2RIV T Wz, Bkt 7



ETEHAE (ILT7F= PV 7T R) WEE L, b
FD Muse Mz (5EH) LizeEicid, 7k
MR O 575 UT 5 HETICBHERRIZRIE LIS, Z
D%, REHEREIC X 5T Muse MU HERE N, Zhe
IR BHSREAMIE R L7z, COTEd, BAHENTZ Muse
MPAARER DM L THREL T T e B R LT
%",

11. HEEBFEADIH (BHOHID)

INETHARTZESIC, Muse AITSIEIENESEMET, &
IRIESH CIEEICEEREL, ZcES U THRNICHEE
IS CIHIfEANE ML LT, M EE T2l TH
%o TNHORHEND, ok, RERMNEFRABRMNICH
BTz, —DRAMOMEE Y %, £5—D13,
HEH D BRRETHEDTHS, ES MY, iPS Mz
KOEXOLETEZRENZ/RT Muse fifldD, ZHEE
HBOHEEBADIGH P E NS,

54 3k

1) Wakao S, Kuroda Y, Ogura F, Shigemoto T, Dezawa M.
Regenerative effects of mesenchymal stem cells:
contribution of Muse cells, a novel pluripotent stem cell
type that resides in mesenchymal cells. Cells. 2012; 1:
1045-1060.

2) Kitada M, Dezawa M. Muse cells and induced
pluripotent stem cell: implication of the elite model. Cell
Mol Life Sci. 2012; 69: 3739-3750.

3) Kuroda Y, Dezawa M. Mesenchymal stem cells and
their subpopulation, pluripotent muse cells, in basic
research and regenerative medicine. Anat Rec
(Hoboken). 2014; 297: 98-110.

4) Kuroda Y, Kitada M, Wakao S, Nishikawa K, Tanimura
Y, Makinoshima H, et al. Unique multipotent cells in
adult human mesenchymal cell populations. Proc Natl
Acad Sci U S A. 2010; 107: 8639-8643.

5) Kuroda Y, Wakao S, Kitada M, Murakami T, Nojima M,

Muse fifd 29

Dezawa M. Isolation, culture and evaluation of
multilineage-differentiating stress-enduring (Muse) cells.
Nat Protoc. 2013; 8: 1391-415.

6) Yang Z, Liu J, Liu H, Qiu M, Liu Q, Zheng L, et al.
Isolation and characterization of SSEA3(+) stem cells
derived from goat skin fibroblasts. Cell Reprogram.
2013; 15: 195-205.

7) Liu Q, Zhang RZ, Li D, Cheng S, Yang YH, Tian T, et
al. Muse cells, a new type of pluripotent stem cell derived
from human fibroblasts. Cell Reprogram 18, 66-77, 2016.

8) Tian T, Zhang RZ, Yang YH, Liu Q, Li D, Pan XR.
Muse cells derived from dermal tissues can differentiate
into melanocytes. Cell Reprogram. 2017; 19: 116-122.

9) Heneidi S, Simerman AA, Keller E, Singh P, Li X,
Dumesic DA, et al. Awakened by cellular stress: isolation
and characterization of a novel population of pluripotent
stem cells derived from human adipose tissue. PLoS One.
2013; 8: e64752.

10) Ogura F, Wakao S, Kuroda Y, Tsuchiyama K, Bagheri
M, Heneidi S, et al. Human adipose tissue possesses a
unique population of pluripotent stem cells with
nontumorigenic and low telomerase activities: potential
implications in regenerative medicine. Stem Cells Dev.
2014; 23: 717-728.

11) Kinoshita K, Kuno S, Ishimine H, Aoi N, Mineda K,
Kato H, et al. Therapeutic potential of adipose-derived
SSEA-3-positive Muse cells for treating diabetic skin
ulcers. Stem Cells Transl Med. 2015; 4: 146-55.

12) Gimeno ML, Fuertes F, Barcala Tabarrozzi AE,
Attorressi Al, Cucchiani R, Corrales L, et al. Pluripotent
nontumorigenic adipose tissue-derived Muse cells have
immunomodulatory capacity mediated by transforming
growth factor-B1. Stem Cells Transl Med. 2017; 6: 161-
173.

13) Yamauchi T, Yamasaki K, Tsuchiyama K, Koike S,
Aiba S. A quantitative analysis of multilineage-
differentiating stress-enduring (Muse) cells in human

adipose tissue and efficacy of melanocytes induction. J



30

Dermatol Sci. 2017; 86: 198-205.

14) Dezawa M. Muse cells provide the pluripotency of
mesenchymal stem cells: direct contribution of Muse
cells to tissue regeneration. Cell Transplant. 2016; 25:
849-861.

15) Tanaka EM, Reddien PW. The cellular basis for animal
regeneration. Dev Cell. 2011; 21: 172-185.

16) Wagner DE, Wang IE, Reddien PW. Clonogenic
neoblasts are pluripotent adult stem cells that underlie
planarian regeneration. Science 332, 811-816, 2011.

17) Whited JW, Tabin CJ. Limb regeneration revisited. J
Biol. 2009; 8: 5.

18) Wakao S, Akashi H, Kushida Y, Dezawa M. Muse cells,
newly found non-tumorigenic pluripotent stem cells,
reside in human mesenchymal tissues. Pathol Int. 2014;
64: 1-9.

19) Hu MS, Longaker MT. A Muse for skin regeneration. J
Invest Dermatol. 2017; 137: 2471-2472.

20) Tsuchiyama K, Wakao S, Kuroda Y, Ogura F, Nojima
M, Sawaya N, et al. Functional melanocytes are readily
reprogrammable from multilineage-differentiating
stressenduring (muse) cells, distinct stem cells in human
fibroblasts. J Invest Dermatol. 2013; 133: 2425-2435.

21) Katagiri H, Kushida Y, Nojima M, Kuroda Y, Wakao S,
Ishida K, et al. A distinct subpopulation of bone marrow
mesenchymal stem cells, Muse cells, directly commit to
the replacement of liver components. Am J Transplant.
2016; 16: 468-483.

22) Hosoyama K, Wakao S, Kushida Y, Ogura F, Maeda K,
Adachi O, et al. Intravenously injected human
multilineage-differentiating stress-enduring cells
selectively engraft into mouse aortic aneurysms and
attenuate dilatation by differentiating into multiple cell
types. J Thorac Cardiovasc Surg. 2018; 155: 2301-2313.

23) Mineda K, Feng I, Ishimine H, Takada H, Doi K, Kuno
S, et al. Therapeutic potential of human adipose-derived
stem/stromal cell microspheroids prepared by three-

dimensional culture in non-cross-linked hyaluronic acid

gel. Stem Cells Transl Med. 2015; 4: 1511-1522.

24) Alessio N, Ozcan S, Tatsumi K, Murat A, Peluso G,
Dezawa M, et al. The secretome of MUSE cells contains
factors that may play a role in regulation of stemness,
apoptosis and immunomodulation. Cell Cycle. 2017; 16:
33-44.

25) Yabuki H, Wakao S, Kushida Y, Dezawa M, Okada Y.
Human multilineage-differentiating stress-enduring cells
exert pleiotropic effects to ameliorate acute lung ischemia-
reperfusion injury in a rat model. Cell Transplant. 2018;
27:979-993.

26) Mahmoud EE, Kamei N, Shimizu R, Wakao S, Dezawa
M, Adachi N, et al. Therapeutic potential of multilineage-
differentiating stress-enduring cells for osteochondral
repair in a rat model. Stem Cells Int. 2017; 2017:
8154569.

27) Frosina G. The bright and the dark sides of DNA repair
in stem cells. J Biomed Biotech. 2010; 2010: 845396.

28) Momcilovic O, Knobloch L, Fornsaglio J, Varum S,
Easley C, Schatten G. DNA damage responses in human
induced pluripotent stem cells and embryonic stem cells.
PLoS ONE. 2010; 5: e13410.

29) Yoshihara M, Araki R, Kasama Y, Sunayama M, Abe
M, Nishida K, et al. Hotspots of De Novo point mutations
in induced pluripotent stem cells. Cell Reports. 2017; 21:
308-315.

30) Alessio N, Squillaro T, Ozcan S, Di Bernardo G,
Venditti M, Melone M, et al. Stress and stem cells: adult
Muse cells tolerate extensive genotoxic stimuli better
than mesenchymal stromal cells. Oncotarget. 2018; 9:
19328-19341.

31) Wakao S, Kitada M, Kuroda Y, Shigemoto T, Matsuse
D, Akashi H, et al. Multilineage-differentiating stress-
enduring (Muse) cells are a primary source of induced
pluripotent stem cells in human fibroblasts. Proc Natl
Acad Sci U S A. 2011; 108: 9875-9880.

32) Simerman AA, Perone MJ, Gimeno ML, Dumesic DA,

Chazenbalk GD. A mystery unraveled: nontumorigenic



pluripotent stem cells in human adult tissues. Expert Opin
Biol Ther. 2014; 14: 917-29.

33) Wakao S, Kitada M, Dezawa M. The elite and
stochastic model for iPS cell generation: multilineage-
differentiating stress enduring (Muse) cells are readily
reprogrammable into iPS cells. Cytometry A. 2013; 83:
18-26.

34) Culver KW, Ram Z, Wallbridge S, Ishii H, Oldfield EH,
Blaese RM. In vivo gene transfer with retroviral vector-
producer cells for treatment of experimental brain
tumors. Science. 1992; 5063: 1550-1552.

35) Aboody KS, Brown A, Rainov NG, Bower KA, Liu S,
Yang W, et al. Neural stem cells display extensive
tropism for pathology in adult brain: evidence from
intracranial gliomas. Proc Natl Acad Sci U S A. 2001;
97: 12846-12851.

36) e, Rz O IEEE U A— < O s T
1A% Neuro-Oncology D, 2016; 23: 21-26.

37) Koizumi S, Gu C, Amano S, Yamamoto S, Thara H,
Tokuyama T, et al. Migration of mouse-induced
pluripotent stem cells to glioma-conditioned medium is
mediated by tumore-associated specific growth factors.
Oncol Lett. 2011; 2: 283-288.

38) Yamasaki T, Wakao S, Kawaji H, Koizumi S,
Sameshima T, Dezawa M, et al. Genetically engineered
multilineage-differentiating stress-enduring cells as
cellular vehicles against malignant gliomas. Mol Ther
Oncolytics. 2017; 15: 45-56.

39) Hori E, Hayakawa Y, Hayashi T, Hori S, Okamoto S,
Shibata T, et al. Mobilization of pluripotent multilineage-
differentiating stress-enduring cells in ischemic stroke. J
Stroke Cerebrovasc Dis. 2016; 25: 1473-1481.

40) Tanaka T, Nishigaki K, Minatoguchi S, Nawa T,

Muse fifd 31

Yamada Y, Kanamori H, et al. Mobilized Muse cells after
acute myocardial infarction predict cardiac function and
remodeling in the chronic phase. Circ J. 2018; 82: 561-
571.

41) Yamada Y, Wakao S, Kushida Y, Minatoguchi S,
Mikami A, Higashi K, et al. SIP-S1PR2 axis mediates
homing of Muse cells into damaged heart for long-lasting
tissue repair and functional recovery after acute
myocardial infarction. Circ Res. 2018; 122: 1069-1083.

42) Amin M, Kushida Y, Wakao S, Kitada M, Tatsumi K,
Dezawa M. Cardiotrophic growth factor-driven induction
of human Muse cells into cardiomyocyte-like phenotype.
Cell Transplant. 2018; 27: 285-298.

43) Yamauchi T, Kuroda Y, Morita T, Shichinohe H,
Houkin K, Dezawa M, et al. Therapeutic effects of human
multilineage-differentiating stress enduring (MUSE) cell
transplantation into infarct brain of mice. PLoS One.
2015; 10: e0116009.

44) Uchida H, Niizuma K, Kushida Y, Wakao S, Tominaga
T, Borlongan CV, et al. Human Muse cells reconstruct
neuronal circuitry in subacute lacunar stroke model.
Stroke. 2017; 48: 428-435.

45) Uchida N, Kushida Y, Kitada M, Wakao S, Kumagai N,
Kuroda Y, et al. Beneficial effects of systemically
administered human Muse cells in adriamycin
nephropathy. J Am Soc Nephrol. 2017; 28: 2946-2960.

46) M&tt AMBPEA VAT Ta—F 2RO
WZEZ IR RE LTz Muse SISO PEZR IR PR AR
BRBRERICDWVWT TLAYY—RZ 201841 H 15 H

47) Batt AMPPEA VAT T2 RS
Bl G Uiz Muse Ml s OERR N R BRI AG
IZDOWT FLAYY—Z 20184E9 H3 H



32

Muse cells

Akihiro MORITA

Faculty of Pharmaceutical Sciences,

Suzuka University of Medical Science

Key words: mesenchymal stem cell, non-tumorigenicity, spontaneous differentiation, tissue repair, regenerative medicine

— Abstract

Multilineage-differentiating stress-enduring (Muse) cells are discovered in adult mesenchymal tissues at Tohoku University
in 2010. They are endogenous non-tumorigenic pluripotent stem cells, integrate into the damaged site and repair the tissue
through spontaneous differentiation into tissue-compatible cells. Neither artificial differentiation nor induction is needed.
Indeed, Muse cells are present in bone marrow and mesenchymal stem cell transplants. Thus Muse cells are practical and

plausible candidate for regenerative medicine.



— W M

Muse HHfia

33

FHE BAL (85 G9) SHEEEEREEAY AR SRR B

?

i

E
TR 104 KBRS KRR ZEBTIR 2R B R A YA &7

JE
FHEC104E HACAHRELE KRt e b ER ARG R AR
134 HACAMHRELE  ACKRBIFHEERSE 78 E =FRPAEAE
1548 RBRANZRARERE  RAHSERE Shllifse B
184F HTHMNTATBOEN  RBURZIRRehS KRB L R IRIERS S IR e > 2 — Tl
TP REILR
2L4F BREEPEIERRP AR AR AR BhFE
284 SREEEREERIARY: AT SER BhE

FRIGH)

HASEYYS (ERA)
HAEY) 2
HAZRY = (
HARHRZEES (EE28) WK 24 £~274F 95FE  Entomological Science fitEEE

il
g

&

i
W
@

TAMFE S

(D) FAEY Y
() HmAEY



