Hifdizg sk Ann Jpn Prosthodont Soc 8 : 346-353, 2016

ik 3 i X ORE: F124AFMAS PRI LS [RMERARORR EFREZ]

IS SRR DR L v hhE
— SRR & L C oSSR —

FRILGHRACER, R T, EARY

A new function of mesenchymal stem cells

— Mesenchymal stem cells as immunomodulatory cells —

Kentaro Akiyama, DDS, PhD, Keiko Komi, DDS, PhD and Takuo Kuboki, DDS, PhD

s

MR, M4 ifiliic b cE 2202 E L Cu 2o N TE ), Z0MWEEZI0H L 71
R ARESRAAEICIED, %8 - BRICH S Ok, 0, HERGHIRoR > ERgisEsEH I Nn s
X9k, xR MmN T 2 3R AERE L ORBR SRR E I NS LI Icko7. 2
D X 9 I RHIIE O BERE X 2 2 IE 2 25, Z ORERE AR HIH X 1 = X L IFREEAHZL K%, IRIERD
BORHEELEGAL H 5, AFTIIHEIEHEOBOEEED I 6, & )b TR FEiEERE DB & BB
PEOENDEADZRLICODWTRLDIIET =5 L L HITHNT 5.

¥y —F

ISR, oEaRibERE, FAS/FASL, HfIME T fife, @

I. FU0&IC

MR 23 B ALRR 2> & Y - BB I Th
58 &2 T C Rl L 22, BIE I EREZ
TR, WY, EEY, BRRGY, WAL, S
XY Ot T d SRR, HELIHY, A
& o Tk 4 R RRHARICEAE L, kDY =2 —T7 L
KBS LTw3 EEZNTWDS, RSO &
HERR L LT, OREILCAHE T 2 5T H
52¢, @Qauvn=—HlEETRINS HOEMELZH
T52E, ZLC IROEHLRITH 5, O, K,
Wel, M7 & OHIREERRES, JMRIZENE T dH 2 kg
fiHe, PIRZEME DRI~ LT & 2 %o ik, %
HEEHL WL I EBBTFoNE O, ZoMERE
HNE DR 2 I FH U 7 SRk 2 Asi g, O
faz Jfc s S 2% v U 7 —, QMO EFERy
fLEESEZIA M ALy, @%bz HET 2
MR 3 DDOHEEZ FRHCEAET 5 2 L T,
MO A PR S, BEINEEENE IS 2

EDTE B L OEBEVIZERREIRIC H A D 5% < it
SNTE, LoL, [FZEREHNED AR E DRI
DRIEINCHBEFEI NS L) FHHE» S, MR
AR RIEINC I RIEZ I 2, HAEDEZ BT 5
V=)L & LTHRET 2 REMEZ RIR L T & 72, Z D
7- D EERED M TR ERE CH 5. C ORIEEREHINED
Frogifiiing 12, Tk CIBEICIRPiE2m L 7
BED A AR EDIER 2 BN I 5 2 L% 6
n, s opBICEaSEEMTbN S X9 IC
ot (R 1), WEITIE T ISR LA 235
FE, BHANETRICNT 28 LBk L LT
HRENBICE-T1 D,

ATlE, MZEREMLO R ED X 9 I
SRS ER L, 72, ED X 5 IEBOIEIR
UEICEN LD EENT 5.

II. FEZERFHIAE & e il

3 R e A3 T = B M {42 S N5 s
LA A FIE T 2 E W FHRDZD A A=A LI

R LR R BE R B AR AR A WS R A > 779 o b PR 0

Department of Oral Rehabilitation and Regenerative Medicine, Okayama University Graduate School of Medicine,

Dentistry and Pharmaceutical Sciences

346



FZEREAE OB L ikE  —S0EFEifig & U T oM Ruillie— 347

=& 1 HEEREIEBASRGL

B fEik 5 HR ’E55&% BEXH RRE
REBIE 2l LB B SRR R SR/ FAER RIS Bartholomew et al.'? 2002
L2HMEITYTIF—TR TIR R B B kRMER B FERH FHIRMIRS Sun et al.'¥ 2009

YR Bt R 7L e B Rt A/ AR R HARAERS Yamaza et al.'¥ 2010

SRMRALE ¥R <7y A BRI R R/ FAER HIRABRS Zappia et al.'® 2005
L HMEILE TIR MR R SR R SE R e A/ R AE R MERRERS Gonzalez et al.'® 2009
BT XIR TGFRMEBAT Y R BB RMERG M/ RIER BENRS Park et al.'” 2011
XTI )R E B RMER G FERH RN S Akiyama et al.'® 2012

K% TR <7y A BRI R iR/ FAER HIRABS Akiyama et al.'® 2012
TYR = o A R SR R SE R e 4R/ R A R [k Zhang et al.? 2009

XTI Zvh iR/ FiER RN S Zhao et al.'¥ 2012

HEPRTA TYR B Rk R SR AR/ RAERA HBIRMES Lee et al20) 2006
XTI IORBHBkMERRER/ AR -FAERR HIRMIRS Urban et al. 2" 2008

___________________ YOR_ XOABHERMERRME/ FAR- FERK  BIRASS  Fornaeta® 2009

BHEAREER = BB R R SE R AR/ RIAE R FARMES Le Blanc et al.2? 2004
=8 ENB B R R MR R RN S Prasada et al. 2¢) 2010

= BB SRR SR MRS/ RAER HIRNRS Perez-Simon et al.?9 2011

ek ENB B RRAZE R MR/ RIER HIRK RS Baron et al2¢) 2010

ek ENB BRI R MM/ g BARNIRS Zhou et al.2? 2010

LHMEITYTIN—TR [ ENERE SRR R MR/ FAER HiIRMR S Liang et al.2®) 2010
=3 BB SRR SE R MR/ R AE R HIRNRS Wang et al 22 2012

ek ErERBEHERGMR/ B RIS Carrion et al.30 2009

L HMELE =3 e B A R SRR 3E R R/ R B RS BIRK RS Akiyama et al.'® 2012
BRMEILIE ek ErEHBRMER SR/ B2 BHIRK RS Connick et al.3" 2012
ek ErBRBRMERSER/ B HIRK RS Llufriu et al.3?) 2014

ek MR R SR R SE R A HIRK RS Lublin et al3 2014

Bl =3 ErEHBRMERSER/ B2 BARNRS Reinders et al.3 2013
ek ErBRBRMERSER/ B HiIRMIS Perico et al.®® 2013

YA—29K ek ErEHBRMERSEN/ B BIRNES Ciccocioppo et al. 3 2011
=3 BB SR R SE R e MRS/ R AE R HIRKRS Mannon et al.3” 2011

(=3 AR BRRER S HIRMIRS Mayer et al.?® 2013

(=4 EERE R RRZE R MR/ RER kRN S Forbes et al3? 2014

DR =3 BB ek R SE R AR/ AT R RN S Hare et al.%0) 2009

WTINXTILEHOREDVD 5.,

T AR RE 2 I SERE R 2 H ¢ 2 2 A=A &
L <, Glennie 5 (% Cyclin D2 o ¥8iflfH %258, T
A e oD FH el 39 S0 B 0 22 BT 9 % G L T B,
Z o Tk mEandlic i, MEERefloEES 2%
R R LDEEZR 72 L Tws tEZSNT
W, B2, e b E R R R A R AR AR T
% Transforming growth factor beta 1 (TGFp1),
Hepatocyte growth factor (HGF), Prostaglandin
E. (PGE.) %, THIIDH 7% v FTdH 2 CD4 Bk
i, CD8 By it i b 1 /5 o il i 3 7 2 4] L+,
Indoleamine 2, 3-dioxygenase (IDO) (& T fll iz
FOT 77 vt dT sl ETHF XL U
e fHE L, TMEoEM2 M 2 e @I T
WY F 7, —bEFE (NO) o T Hlla#nlic
ELTWw2 2 ERME SN T w5, Ren 5 I3[H
AWM A 3 3 NO 23 T fil i o ¥4 5 % J il
LY, ¥/, Wo@E il THRNOIRERT-TH
% Signal transducer and activator of transcription
5 (STAT5) @V v {tz#Pfl L, T e o5z 4
fl4%* &L CTw3, & 561, Human leucocyte
antigen-G5 (HLA-G5) (Z~ L 8— THllldo d ¢4
PIRIER O & 2~ o8 — 2 B TRl (Th-2) o
1 T A (Regulatory T cells, Tregs) it % {ig
HET 2 2 & CRIEEIIC ZERENE T Al e o b il 2 #1] 5
200 LEIN TV,

Bz it 258 W T b L DG S
TWw5, b Mgl d R RS Rl ot B fil i o fik
PEAHE & WEIE A I L 72 S S Y, Deng 5 1%
A S R 2s, BT TV~ A K B il
DR L O 1gG PEAEZIIHI L 72 L L Tw 3",
—75, [FEEREHIAEAY B A HE o 35 b e 2L 5
ZRRMEL 72 L WY HE ™ b H D, KREMK—-I N
IR nTwn,

Z DA D A LI IS DT S O DWEH
XN T3, Natural killer (NK) #Hf iz %f L <,
MR e M 3 5 TGFB, PGE. 12 & b ¥l &
KOV A M AL VEADBIRIE N, 2w 77—
2 B b PGE, 12 X 2 B 2321 % 2
EDREINT V5,

RIEEAESICEETH L 2 DM NT VDS
Tregs 12DV T H kA fltdE 2372 LT %, Tipnis
o IFFTERBMILO AT % IDO B X NEEZN 2
el i faEE e %3, English & (& TGFB 8 X X PGE,
8 Tregs DA ZERET 2 £ LT3, X512,
WA A ok PGE. 28, RIEMES A AL v TH DA
vy —a A4 X217 (L-17) ZEET B~ — 17
BTl (Th-17) o3z T 27210 Tk <,
Tregs Bk D HLRIEVEIEH 2 5> T M i 18 % 21t
SEDLVLSLHEY b ARINTVE, TDLIHIT,
HIZERERHINEI IR % 7 i i D B8 525 1, B
BEZ I F 72 13T 2 2 L HEIN TS, 2



348 H i 22 it

Merged

—~ 80 - *%
. 2g —_—
xj - Eg 60 1
. o0 Xk
w1 @O .z « IS 40 -
v A y 3 £ 4 O
* °' ® . "|:°S° 20 4
[GEEn T Rz R R 0
+FASLE A will| - *
FASLHA - +

X 1 [FZEREMAEE FASLZ AL CT/MIE7? A F—> %5
4z

(A) Biilfi~—A—D0E>TH 2 CD73 & FASL O HE 2

R

(B) MIZEREHINIEE THEOIEETII THIE? R b= 2

MEFE XN, FASL TRIFiATZDERTEH I N TV

(TUNEL %:faf4) .

NoDIEMD, ED X X =X L TRE TR
BONEIREEEICE G L Tw 2003 AHTH > 2,

I, FEEREMR O REBLME Y R~ —2 XFHE

) 6% SR W A D 028 24 M 02 o3 2 i) U 1
Bz k2 b oAb HE I N T3, Augello 5
R EIEAS T #o Programed cell death-1
(PD-1) #&%zEMALS ¥ 3 2 LIk - T THEOM
MFENFE I NG Z L2 WMEL T B, I 51T, 4
DOMFEFERICB VT, MRS, THEo 7
R b= 2R DOZEMETH 2 FAS IR 2 ) v
F, FASLZZEBIL TE 0", MZERuElEs T i
OHBEETIE T X b= A58 I N, FASL
FRIYUATZ ORIRBHEI NS Z L23bh o7z (¥
1), olc, MERSMEEEEIRNICe Y 2124
BB L7254, mETMIEO 7 X b — 28
Btk 6 Rifl 2 ©— 7 iclg s ni (K2). F7,
BERENY 7% FASL 238 % | 72 = 7 & (C3H/HelJ-Fasl®/J)
EHEH R REAIIE TIE 7 R b — > ZFEMEH %
bt h (K2), MIEREHMIE FASL 2L T
EHEMICTHR? R = ZAZ2FEELT0WB I EN
HHS 2 E o7z,

V. BETHR7ZRN—2IAFEELRERER

fiF T M MY H C o MLkl 2 U & L
Tagak L, PUEPUABOGZ 8§ H 2 fuiep i L

8% 445 (2016)

A
C57BL6 | 1x10° s#faRs 18

@*EH

B, RAHMAET

1 3 3

0 15 6 24 72 (h)
HilfBiE%Re
B m#@m ¢rAsLximmEmn c DR @ FASLRIBSEN
(10%) A\ FASL*FASLR 8% R 50 . A:FASL*FASLXIBEHIR
s s b
g o - X o
& - m
% 2 . < JI_ 30 *”:f:r 555 *kk
= * % *
& $55 N 20 4 $ $55
*kk
8 ! # 2 ——————
Kk g 101
P s
0 0
0 15 6 24 72 (h) 0 15 6 24 72¢(h)
BififafsiERZe HHlaERZS

2 MZEREHlaIC X 2 TR B b —o AGHE"Y

(A) MIZERESHIIaM Y £ 5 a— 2

(B, C) MizErefilumist T Mo aE LY E X7 R
b — > AFBENEILE I N0, FASL BB TR BlZE I n
9°, FASL ZRABHINE I BEEERY FASL B iE T EA L 2541 T
MDA, 78 b= ABEPHOBIE I N,

T, O e e GRS & B L A SRR O E %
FERIT 2 “ BN " 29T 2 2 L 3B e
BOIREGEICIIANTH 5. 2 DREERER DT
DINEEZ R LT 5D Tregs L INTEH ™,
M5 R I 4 By 8 5.8 0 Tregs D BIMNIRE &4 7395
BEFLTREIN TV, —JThi CD3 bifk
FIC X 2 THIlE? X b= AFEEIZ~r0 7 7 —
Y Ik TGFB D FEA % it X &, Tregs D431k % ¢
HETEHAT—FD5&& 05 2 EHEY I
Tk D, MERGMEESEICE WL TGFB
D L5 E I Tregs MR D sz (K3), %
72, FASL ARG TIZ NS BRZEDT (¥
3), TR D Tregs B b T Mg 7 &K
F—=S AW EE LTV AI Lo, T0D
Tregs ¥4ic <27 v 7 7 — 2 ik TGFB 2384 5- L T
2083 DD 25, S L R~ 2
07y —YHERTHS 70 Fo v e ks L
7P, EBMfEBALR IS L Cwike a7 7 =Pl
FoHicifl s, TGFB D ER RS o,
Z DFER, Tregs OB D PIH X 1, [FZEREHIE
fitit% D Tregs B o—3ED A 27 — K23 T fifia o 7
RE—AFFE L~ v 77—V X % TGFR
FEAERINC X 2 2 EBHS L ERo7 (X 4),

MR e D F8 B3 % FASL IC X O 53 T iz
TRV ADFEE I NN EREROG 2R LD
CEDHS Lo s, RIEEREHIEE S 0T



FIZEREHE DR L VWHREE  —SuiEifiie & L T oRZEREE— 349

48  W:FASLRIBEHR
[:FASL*FASLR {854

O MFASLRIEH%MA

[:FASL*FASLRiRE HfE
(102)
B 4

* 60 *
& 3
g oer ] z L
& bl ox 2 1 ]
5 40 - i
z & [
& @
z G 90 .
& =
& &+
= H 0
0 15 6 24 72 (h) 0 15 6 24 72 (h)
BB EREE BB E%EZE

3 TR OHlEIE T Ml (Tregs) FFE "
(A, B) 2 Tregs B EE BN & 2
fEo 721 TGEP & LA-DMEIZE S N7z, FASL RIBEAINE Tl
Tregs DM, TGFB » LRF & bt 3 nd, FASL EnT
HATING OEREDINIE I 17,

A B ok C

(10—

- 8 C57BLE | 1x100 g 4ifatsHa
FASL | s — *kk

' X6
B-actin 27 N
4
et R 2 3R
2 Y
?,64' ~ 015 6 24 72 (h)
N 0 BERBELEE
Bl + -+ -
FASRIBHMEE - + - +
FASL HAlfifk - - + +
D
(10%) D4R O:FASRIRHR D@ OFASRERER (102) D:3440H [:FASRIARHGH
3 = 504 4 ok
B i, . N %3 w7l
22 1 bt ) I g n
2 4 "
g i 25 : H & 2
21 [ 1 S 4
o @ =
E o 0

0 15 6 24 72(h)
R RER

0 15 6 24 72(h)
BB EREA

0 15 6 24 72(h)
SR ERER

5 FAS KBTI T M7 A b — > RFEH
&L)IS)

(A, B) FAS RIEEHIIIZBEEENY FASL 253 L TE b, T #llg
EDIEHE TR TR b=y AFEpHE SN, (C~F)FAS
KA AL < THIlE 7 & b —> A0 I 1T, Tregs
DFELHEIN Lo 7,

TH7 A= RARMRZEARTH S FAS b —HD A
A — FICB 5T 5 2 &4 O EEFE D & I
L 7. FASZ ¥ < 2 (C3MRL-Fas"/J) 5tk
IEE R, BEEEIY 72 FASL 2 5BIL CTEB D, in
vitro IZBWTIE THIE7? R F—2 A 2FEET 250D
D, FEEIRNESGBHL 72854, THlO 7R b—>
2Tz FH X T, Tregs BN 2D o> 7 (¥
5). Z#ulx FAS Z BB ZER el o B 3% LiE T
Monocyte Chemotactic Protein-1 (MCP-1) %0/
EAOA VPEFEHIIEKTLTED (K6), FAS27Z1
5 DWW B G- L Tw 2 2 EAVRR S Ll
Thbb, 7H b= AREDOZENARTH 5 FAS 23,
ZOUVAN Y FTHDFASLICE D THIIE? X b —23

A B C
(102) el o (102) .

- 4
EE 1 R
& 4 &3 7
g = 40 ol
Q# 3 i £5
O« [ORS 5«42

2 2. -2 o 3%

x =~ 20 5R=)

S g 1

0 0 0

B — + o+
yorovig — — o+

Wil — +
sokovE — — o+

Wil — + o+
sakoveg — — o+

X4 ~7u77—208hE TGF EA"™

(A~C) MEEREMEERRIC 7 a 7 7 =B ORI M E
2EN, ZIUHEV TGFB » L5, Tregs Ml o i hnhseizs
SN, v rm 7 7—=CHEATH S 70 Fu U BoERH S
TR E2 12 TGEP @ L5, Tregs MHa% o B0 i3 iz
ENnpot,

&

:'2 lﬂ . _.I
gy v B

. FASR A ve | oo FAS'FAS RS IR -
™ e 2T [ef] N I ‘ -n
e e G | eagyeegevan deogm
3 mwmn
B FASKIRIER

0 FAS FASRHRHIE

AR RBLL

S N N N P I CEIR S IR

3 RO AR N 2 2 2 R N O v o §
TN T (Vo ¢ & @ S &S
8 a4 A- SR O N

S PO RN ) [

6 FAS ZMIEEREIED 7 € h A Vo353 5

FAS RIFEHIIECIIRE T BB hIcE EN 2 7T h 4 v DEMH
WA D X N, FASEIE TFEAIC X W T EER o r €
HAVvEPAE LI D6, FAS 37y T4 Vi lEG4
LT EDRBI NI,

A AR 2 58 LT B &) JERT I BRI O B hE
ZRIEL TS LWL (7).

V. SEREREN S HcEERFMI O SR

B SR R e I RE A 1 2 BRI % R >
Thd, 207, HMUEDEVIC X DEIlgE LT
DOFEHEIZYS— L I35 A0\, EHERIC, FU BBk
ERHHIETH > TOREDG & THE o HEEL o5
MR D LB IC 1T K & 22503 2 LGS T
2 X 51TlE, v ARMEEREO RO © B
LMl &, e B o BEE L 7 Al % L U
EBATIZY , BOICiZESRL S DD, B
W Ok [T 2 R A Bl D 7 3 SR BRI BB L B L T



350 H i ik

8%& 4% (2016)

RIS TR REESHRE~NDZE

| [ FASIFASLIZ&3TH#IT Kb — X558 |

T4Em RIER S
TGFB
PGE,
1
ﬂﬂﬂ "7"(Ll~7:l'f‘/§i I[\I]DOO
B "
0 I;ﬁﬁ HLA-G5
—

(] N
) HGF #¢&
g (]

HHEE. @ © © oo
)

NK-‘ﬂBH@o \4

© O

HHKHRRE
Tregs Th-17

=
< @t |

7 [HEER AL O S R iR AE

THERD
o0 ©
GEl
© " rsn, O RN
O?? =00
: lﬁﬁ
FASL 0©

\% e \C MERRMAR 0 0%9°
5 % =yaIF—v

Tregs ROETHARE

A1 R e A DRI 12 & 2 St M~ D 58 (/) & FASLIC X 2 Tl
7 R b —2 AFERS w707 7=V 2N L GEEAES (4).

Tregs FHERN RN <, HERIGREERE 7 VIS
LCHEWIBESRZ R L 72%, JlomETid, &
R, REILCAE L WllasEEL, 206
DOffEE, EE O EEE & R OSSR AE
A o b 2 % big 2 L T 5221 T% <,
EWREFAMEZAEL TWE ELTWREY, X5,
N E THIAAERT & ST & MRS o
TR I D RIENED A S AL v D—D>TH 3 IL-17
EPREATLZHEMMBHFEL, 20613 Tregs DFFEE%
e 3, REEALFEL LV EORELH DT,
2Dk Hiz, MEEREHIIEDFCH IR I 2203
HY, SETRETRE A O FIHBENE ORI A ZZH S D>
SN Twizwy, LaLl, mEoc omtse Ty, M
TEZEHIE D FASL #B3 70 X 5 — ¥ Wil 5%,
BAT =, BRG-1 % v %7 DBEAMEKIC XD HIH S
NTWRTEBHSHPERD, TrAT7—EiEEDOS
WHTEREEE, XD @RI G L Twb
ZEnbhrol®,

VI HERFHREERERFREDSRE
BERERFMEDIGA

RO X 912, MEEREMEO Z&ED? S, 281
B GHTED T3 BB DE S ik WA, Bl
WEHIIE D AR - Rek, MUEOHERF 2 S EENICERRIT
AT 2123270 7—FXREKRELEMBFEEL TS
CELFEHETHD, ool LT, g

HE O O HIEEREHIE 2 0k X D R EE oM T
L EVoBEERS BT oNDd LI Ihot, &
S ISHEAE TR\ ISR D A B 22 I EE R i o (47
PR - BB L D D, fEEICHTET 5 [HZE 28 % 8
BL, MAEECREREEIICHL X9 & T 55 AY
NHEENTWS,

VI £&8

ARTlE, FMEERSHHIEAIC X 2 25 Mg i
DRIEEREROFHEME A H = A LIZOWTHEN L 72
23, THIRL? R —> 2025 Tregs FEDH A7 — F
DB ERIER A H = AL DT TIER L, HiRkow
PR IC & 2 A i 2 D B =y T4 L
Bz T OMEMEICBI G L CwB 2 EREIETHL R
W, L LAaDS, IS DM X =X L ELR
T EIiTkD, Xh&EeT, FFEOEGHEREPH
BB DIBIHEIC O35 LHEE L Tw 3,

X

1) Friedenstein AJ, Chailakhjan RK, Lalykina KS. The
development of fibroblast colonies in monolayer cul-
tures of guinea-pig bone marrow and spleen cells. Cell
Tissue Kinet 1970; 3(4): 393-403.

2) Williams JT, Southerland SS, Souza J, Calcutt AF, Car-
tledge RG. Cells isolated from adult human skeletal
muscle capable of differentiating into multiple meso-
dermal phenotypes. Am Surg 1999; 65(1): 22-26.

3) Toma JG, Akhavan M, Fernandes KJ, Barnabé-Heider



4)

7)

10)

11)

12)

13)

14)

15)

16)

HEEREAINE DT L - FERE

F, Sadikot A, Kaplan DR et al. Isolation of multipotent
adult stem cells from the dermis of mammalian skin.
Nat Cell Biol 2001; 3(9): 778-784.

Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz
Al et al. Multilineage cells from human adipose tissue:
implications for cell-based therapies. Tissue Eng 2001;
7(2): 211-228.

Erices A, Conget P, Minguell JJ. Mesenchymal pro-
genitor cells in human umbilical cord blood. Br J Hae-
matol 2000; 109(1): 235-242.

Gronthos S, Mankani M, Brahim J, Robey PG, Shi S.
Postnatal human dental pulp stem cells (DPSCs) in
vitro and in vivo. Proceedings of the National Acad-
emy of Sciences of the United States of America 2000;
97(25): 13625-13630.

Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S,
Brahim J et al. Investigation of multipotent postnatal
stem cells from human periodontal ligament. Lancet
2004; 364(9429): 149-155.

Sonoyama W, Liu Y, Fang D, Yamaza T, Seo BM,
Zhang C et al. Mesenchymal stem cell-mediated func-
tional tooth regeneration in swine. PloS One 2006; 1:
e79.

Zhang Q, Shi S, Liu Y, Uyanne J, Shi Y, Shi S et al.
Mesenchymal stem cells derived from human gingiva
are capable of immunomodulatory functions and
ameliorate inflammation-related tissue destruction in
experimental colitis. J Immunol 2009; 183(12): 7787~
7798.

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,
Douglas R, Mosca JD et al. Multilineage potential of
adult human mesenchymal stem cells. Science 1999;
284(5411): 143-147.

Reyes M, Lund T, Lenvik T, Aguiar D, Koodie L, Ver-
faillie CM. Purification and ex vivo expansion of post-
natal human marrow mesodermal progenitor cells.
Blood 2001; 98(9): 2615-2625.

Bartholomew A, Sturgeon C, Siatskas M, Ferrer K,
MclIntosh K, Patil S et al. Mesenchymal stem cells sup-
press lymphocyte proliferation in vitro and prolong
skin graft survival in vivo. Exp Hematol 2002; 30(1):
42-48.

Sun L, Akiyama K, Zhang H, Yamaza T, Hou Y, Zhao S
et al. Mesenchymal stem cell transplantation reverses
multiorgan dysfunction in systemic lupus erythemato-
sus mice and humans. Stem Cells 2009; 27(6): 1421~
1432.

Yamaza T, Kentaro A, Chen C, Liu Y, Shi Y, Gronthos
S et al. Immunomodulatory properties of stem cells
from human exfoliated deciduous teeth. Stem Cell Res
Ther 2010; 1(1): 5. doi: 10.1186/scrt5.

Zappia E, Casazza S, Pedemonte E, Benvenuto F,
Bonanni I, Gerdoni E et al. Mesenchymal stem cells
ameliorate experimental autoimmune encephalo-
myelitis inducing T-cell anergy. Blood 2005; 106(5):
1755-1761.

Gonzalez MA, Gonzalez-Rey E, Rico L, Buscher D,
Delgado M. Treatment of experimental arthritis by
inducing immune tolerance with human adipose-

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

— PSR & L T oRIEERETE— 351

derived mesenchymal stem cells. Arthritis Rheum
2009; 60(4): 1006-1019.

Park MJ, Park HS, Cho ML, Oh HJ, Cho YG, Min SY et
al. Transforming growth factor beta-transduced mes-
enchymal stem cells ameliorate experimental autoim-
mune arthritis through reciprocal regulation of Treg/
Th17 cells and osteoclastogenesis. Arthritis Rheum
2011; 63(6): 1668-1680.

Akiyama K, Chen C, Wang D, Xu X, Qu C, Yamaza T
et al. Mesenchymal-stem-cell-induced immunoregula-
tion involves FAS-ligand-/FAS-mediated T cell apopto-
sis. Cell stem cell 2012; 10(5): 544-555.

Zhao Y, Wang L, Jin Y, Shi S. Fas ligand regulates
the immunomodulatory properties of dental pulp stem
cells. J Dent Res 2012; 91(10): 948-954.

Lee RH, Seo MJ, Reger RL, Spees JL, Pulin AA,
Olson SD et al. Multipotent stromal cells from human
marrow home to and promote repair of pancreatic
islets and renal glomeruli in diabetic NOD/scid mice.
Proceedings of the National Academy of Sciences of
the United States of America 2006; 103(46): 17438~
17443.

Urban VS, Kiss J, Kovacs J, Gocza E, Vas V, Monostori
E et al. Mesenchymal stem cells cooperate with bone
marrow cells in therapy of diabetes. Stem Cells 2008;
26(1): 244-253.

Fiorina P, Jurewicz M, Augello A, Vergani A, Dada S,
La Rosa S et al. Immunomodulatory function of bone
marrow-derived mesenchymal stem cells in experi-
mental autoimmune type 1 diabetes. J Immunol 2009;
183(2): 993-1004.

Le Blanc K, Rasmusson I, Sundberg B, Gotherstrom C,
Hassan M, Uzunel M et al. Treatment of severe acute
graft-versus-host disease with third party haploidenti-
cal mesenchymal stem cells. Lancet 2004; 363(9419):
1439-1441.

Prasad VK, Lucas KG, Kleiner GI, Talano JA,
Jacobsohn D, Broadwater G et al. Efficacy and safety
of ex vivo cultured adult human mesenchymal stem
cells (Prochymal) in pediatric patients with severe
refractory acute graft-versus-host disease in a com-
passionate use study. Biol Blood Marrow Transplant
2011; 17(4): 534-541.

Perez-Simon JA, Lopez-Villar O, Andreu EJ, Rifon J,
Muntion S, Campelo MD et al. Mesenchymal stem
cells expanded in vitro with human serum for the
treatment of acute and chronic graft-versus-host dis-
ease: results of a phase I/II clinical trial. Haemato-
logica 2011; 96(7): 1072-1076.

Baron F, Lechanteur C, Willems E, Bruck F, Baudoux
E, Seidel L et al. Cotransplantation of mesenchymal
stem cells might prevent death from graft-versus-host
disease (GVHD) without abrogating graft-versus-tumor
effects after HLA-mismatched allogeneic transplanta-
tion following nonmyeloablative conditioning. Biol
Blood Marrow Transplant 2010; 16(6): 838-847.
Zhou H, Guo M, Bian C, Sun Z, Yang Z, Zeng Y et al.
Efficacy of bone marrow-derived mesenchymal stem
cells in the treatment of sclerodermatous chronic



352

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

H it 25

graft-versus-host disease: clinical report. Biol Blood
Marrow Transplant 2010; 16(3): 403-412.

Liang J, Zhang H, Hua B, Wang H, Lu L, Shi S et al.
Allogenic mesenchymal stem cells transplantation in
refractory systemic lupus erythematosus: a pilot clini-
cal study. Ann Rheum Dis 2010; 69(8): 1423-1429.
Wang D, Akiyama K, Zhang H, Yamaza T, Li X, Feng
X et al. Double allogenic mesenchymal stem cells
transplantations could not enhance therapeutic effect
compared with single transplantation in systemic
lupus erythematosus. Clin Dev Immunol 2012; 2012:
273291.

Carrion F, Nova E, Ruiz C, Diaz F, Inostroza C, Rojo
D et al. Autologous mesenchymal stem cell treatment
increased T regulatory cells with no effect on disease
activity in two systemic lupus erythematosus patients.
Lupus 2010; 19(3): 317-322.

Connick P, Kolappan M, Crawley C, Webber DJ,
Patani R, Michell AW et al. Autologous mesenchymal
stem cells for the treatment of secondary progressive
multiple sclerosis: an open-label phase 2a proof-of-
concept study. Lancet Neurol 2012; 11(2): 150-156.
Llufriu S, Sepulveda M, Blanco Y, Marin P, Moreno
B, Berenguer J et al. Randomized placebo-controlled
phase II trial of autologous mesenchymal stem cells in
multiple sclerosis. PLoS One 2014; 9(12): e113936.
Lublin FD, Bowen JD, Huddlestone J, Kremenchutzky
M, Carpenter A, Corboy JR et al. Human placenta-
derived cells (PDA-001) for the treatment of adults
with multiple sclerosis: a randomized, placebo-con-
trolled, multiple-dose study. Mult Scler Relat Disord
2014; 3(6): 696-704.

Reinders ME, de Fijter JW, Roelofs H, Bajema IM, de
Vries DK, Schaapherder AF et al. Autologous bone
marrow-derived mesenchymal stromal cells for the
treatment of allograft rejection after renal transplanta-
tion: results of a phase I study. Stem Cells Transl Med
2013; 2(2): 107-111.

Perico N, Casiraghi F, Gotti E, Introna M, Todeschini
M, Cavinato RA et al. Mesenchymal stromal cells and
kidney transplantation: pretransplant infusion pro-
tects from graft dysfunction while fostering immuno-
regulation. Transpl Int 2013; 26(9): 867-878.
Ciccocioppo R, Bernardo ME, Sgarella A, Maccario R,
Avanzini MA, Ubezio C et al. Autologous bone mar-
row-derived mesenchymal stromal cells in the treat-
ment of fistulising Crohn's disease. Gut 2011; 60(6):
788-798.

Mannon PJ. Remestemcel-L.: human mesenchymal
stem cells as an emerging therapy for Crohn's disease.
Expert Opin Bio Ther 2011; 11(9): 1249-1256.

Mayer L, Pandak WM, Melmed GY, Hanauer SB,
Johnson K, Payne D et al. Safety and tolerability of
human placenta-derived cells (PDAOO1) in treatment-
resistant crohn’s disease: a phase 1 study. Inflamm
Bowel Dis 2013; 19(4): 754-760.

Forbes GM, Sturm MJ, Leong RW, Sparrow MP, Seg-
arajasingam D, Cummins AG et al A phase 2 study
of allogeneic mesenchymal stromal cells for luminal

8% 445 (2016)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

Crohn’s disease refractory to biologic therapy. Clin
Gastroenterol Hepatol 2014; 12(1): 64-71.

Hare JM, Traverse JH, Henry TD, Dib N, Strumpf RK,
Schulman SP et al. A randomized, double-blind, pla-
cebo-controlled, dose-escalation study of intravenous
adult human mesenchymal stem cells (prochymal)
after acute myocardial infarction. J Am Coll Cardiol
2009; 54(24): 2277-2286.

Glennie S, Soeiro I, Dyson PJ, Lam EW, Dazzi F. Bone
marrow mesenchymal stem cells induce division
arrest anergy of activated T cells. Blood 2005; 105(7):
2821-2827.

Di Nicola M, Carlo-Stella C, Magni M, Milanesi M,
Longoni PD, Matteucci P et al. Human bone marrow
stromal cells suppress T-lymphocyte proliferation
induced by cellular or nonspecific mitogenic stimuli.
Blood 2002; 99(10): 3838-3843.

Meisel R, Zibert A, Laryea M, Gobel U, Daubener W,
Dilloo D. Human bone marrow stromal cells inhibit
allogeneic T-cell responses by indoleamine 2,3-diox-
ygenase-mediated tryptophan degradation. Blood
2004; 103(12): 4619-4621.

Ren G, Zhang L, Zhao X, Xu G, Zhang Y, Roberts Al et
al. Mesenchymal stem cell-mediated immunosuppres-
sion occurs via concerted action of chemokines and
nitric oxide. Cell stem cell 2008; 2(2): 141-150.
Bingisser RM, Tilbrook PA, Holt PG, Kees UR. Macro-
phage-derived nitric oxide regulates T cell activation
via reversible disruption of the Jak3/STAT5 signaling
pathway. J Immunol 1998; 160(12): 5729-5734.
Carosella ED, Moreau P, Le Maoult J, Le Discorde M,
Dausset J, Rouas-Freiss N. HLA-G molecules: from
maternal-fetal tolerance to tissue acceptance. Adv
Immunol 2003; 81: 199-252.

Selmani Z, Naji A, Zidi [, Favier B, Gaiffe E, Obert L et
al. Human leukocyte antigen-G5 secretion by human
mesenchymal stem cells is required to suppress T
lymphocyte and natural killer function and to induce
CD4+CD25highFOXP3+ regulatory T cells. Stem Cells
2008; 26(1): 212-222.

Corcione A, Benvenuto F, Ferretti E, Giunti D, Cap-
piello V, Cazzanti F et al. Human mesenchymal stem
cells modulate B-cell functions. Blood 2006; 107(1):
367-372.

Deng W, Han Q, Liao L, You S, Deng H, Zhao RC.
Effects of allogeneic bone marrow-derived mesenchy-
mal stem cells on T and B lymphocytes from BXSB
mice. DNA Cell Biol 2005; 24(7): 458-463.
Rasmusson I, Le Blanc K, Sundberg B, Ringden O.
Mesenchymal stem cells stimulate antibody secre-
tion in human B cells. Scand J immunol 2007; 65(4):
336-343.

Traggiai E, Volpi S, Schena F, Gattorno M, Ferlito F,
Moretta L et al. Bone marrow-derived mesenchymal
stem cells induce both polyclonal expansion and dif-
ferentiation of B cells isolated from healthy donors
and systemic lupus erythematosus patients. Stem
Cells 2008; 26(2): 562-569.

Aggarwal S, Pittenger MF. Human mesenchymal stem



53)

54)

55)

56)

57)

58)

59)

60)

61)

HEEREAINE DT L - FERE

cells modulate allogeneic immune cell responses.
Blood 2005; 105(4): 1815-1822.

Ryan JM, Barry F, Murphy JM, Mahon BP. Interferon-
gamma does not break, but promotes the immunosup-
pressive capacity of adult human mesenchymal stem
cells. Clin Exp immunol 2007; 149(2): 353-363.
Németh K, Leelahavanichkul A, Yuen PS, Mayer B,
Parmelee A, Doi K et al. Bone marrow stromal cells
attenuate sepsis via prostaglandin E(2)-dependent
reprogramming of host macrophages to increase
their interleukin-10 production. Nat Med 2009; 15(1):
42-49.

Spaggiari GM, Abdelrazik H, Becchetti F, Moretta L.
MSCs inhibit monocyte-derived DC maturation and
function by selectively interfering with the generation
of immature DCs: central role of MSC-derived prosta-
glandin E2. Blood 2009; 113(26): 6576-6583.

Tipnis S, Viswanathan C, Majumdar AS. Immunosup-
pressive properties of human umbilical cord-derived
mesenchymal stem cells: role of B7-H1 and IDO.
Immunol Cell Biol 2010; 88(8): 795-806.

English K, Ryan JM, Tobin L, Murphy MJ, Barry
FP, Mahon BP. Cell contact, prostaglandin E(2) and
transforming growth factor beta 1 play non-redundant
roles in human mesenchymal stem cell induction
of CD4+CD25(High) forkhead box P3+ regulatory T
cells. Clin Exp immunol 2009; 156(1): 149-160.
Ghannam S, Pene J, Torcy-Moquet G, Jorgensen C,
Yssel H. Mesenchymal stem cells inhibit human Th17
cell differentiation and function and induce a T regula-
tory cell phenotype. J Immunol 2010; 185(1): 302-12.
Augello A, Tasso R, Negrini SM, Amateis A, Indiv-
eri F, Cancedda R et al. Bone marrow mesenchymal
progenitor cells inhibit lymphocyte proliferation by
activation of the programmed death 1 pathway. Eur J
Immunol 2005; 35(5): 1482-1490.

Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M.
Immunologic self-tolerance maintained by activated
T cells expressing IL-2 receptor alpha-chains (CD25).
Breakdown of a single mechanism of self-tolerance
causes various autoimmune diseases. J Immunol
1995; 155(3): 1151-1164.

Gonzalez-Rey E, Gonzalez MA, Varela N, O'Valle F,
Hernandez-Cortes P, Rico L et al. Human adipose-
derived mesenchymal stem cells reduce inflammatory

62)

63)

64)

65)

66)

67)

68)

69)

— PSR & L T oRIEERETE— 353

and T cell responses and induce regulatory T cells in
vitro in rheumatoid arthritis. Ann Rheum Dis 2010;
69(1): 241-248.

Zappia E, Casazza S, Pedemonte E, Benvenuto F,
Bonanni I, Gerdoni E et al. Mesenchymal stem cells
ameliorate experimental autoimmune encephalo-
myelitis inducing T-cell anergy. Blood 2005; 106(5):
1755-1761.

Perruche S, Zhang P, Liu Y, Saas P, Bluestone JA,
Chen W. CD3-specific antibody-induced immune tol-
erance involves transforming growth factor-beta from
phagocytes digesting apoptotic T cells. Nat Med 2008;
14(5): 528-535.

Akintoye SO, Lam T, Shi S, Brahim J, Collins MT,
Robey PG. Skeletal site-specific characterization of
orofacial and iliac crest human bone marrow stromal
cells in same individuals. Bone 2006; 38(6): 758-768.
Siclari VA, Zhu J, Akiyama K, Liu F, Zhang X, Chandra
A et al. Mesenchymal progenitors residing close to the
bone surface are functionally distinct from those in
the central bone marrow. Bone 2013; 53(2): 575-586.
Akiyama K, You YO, Yamaza T, Chen C, Tang L, Jin
Y et al. Characterization of bone marrow derived
mesenchymal stem cells in suspension. Stem Cell Res
Ther 2012; 3(5): 40.

Yang R, Liu Y, Kelk P, Qu C, Akiyama K, Chen C et
al. A subset of IL-17(+) mesenchymal stem cells pos-
sesses anti-Candida albicans effect. Cell Res 2013;
23(1): 107-121.

Chen C, Akiyama K, Yamaza T, You YO, Xu X, Li B et
al. Telomerase governs immunomodulatory properties
of mesenchymal stem cells by regulating FAS ligand
expression. EMBO Mol Med 2014; 6(3): 322-334.
Aikawa E, Fujita R, Kikuchi Y, Kaneda Y, Tamai K.
Systemic high-mobility group box 1 administration
suppresses skin inflammation by inducing an accumu-
lation of PDGFR a (+) mesenchymal cells from bone
marrow. Scientific Reports 2015; 5: 11008.

HAE MR BKILEIACER

T 700-8525 Rl ALIX FEHHHIT 2-5-1
Tel: 086-235-6682

Fax: 086-235-6684

E-mail: akentaro@md.okayama-u.ac.jp



