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[ Abstract ] Islet transplantation is considered as one of the most effective approach for type 1 diabetes mellitus,
although its efficacy is limited by several factors. Anoxia, stress and rejection occurring during the isolation, culturing and
transplantation of islets may have impact on the outcome of the islet transplantation. Due to the biological properties such
as anti-inflammation, angiogenetic promotion and immune regulation, mesenchymal stem cells (MSCs) are all the way
focused by researchers. Additionally, exosome, a derivative of MSC, also plays an import role in regulating anoxia-
induced oxidative stress modulation, angiogenetic promotion, and immune regulation. MSC-based islet transplantation
may be a useful therapeutic tool in treating type 1 diabetes. Therefore, in this review, the potential effect of MSC prior and
posterior to the operation of the islet transplantation, its clinical application as well as its limitations were reviewed, aiming
to offer insights into the future application of islet transplantation in treating type 1 diabetes.
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1 BUBEPRAA (type 1 diabetes mellitus, TIDM ) J&
—FE e A S e, AR R RS B 4R
W, BERERMERZ, NINSFEC MR EFow R
BCA SR s, 2021 4R 48k 20~79 22 ABEREIR
W RRRLAH 10.5% (5366 12N ) , FiitH] 2045 4
W LT 2 12.2% (7.832420) Mo MopEE S A E ] 6E
FECO MRS T AAE L B AL . b 220
B WS I AE I & . G, TIDM Bl H
i 2R A I IR R G RIRTT S48 T MR R
2, AERZE0 TIDM H 3 0 B4R 76 AR IE
FALEIN, (RIS R AT AR A i S A i AR b
NAEAN R FE, M TSRS ZRIRTT, RSB
S PR AR T, PTG U i I RIS
MR Y & A 50T G, e 5 B 4 AT RE R R IR YT
TIDM [ —R A AT S A, SR, BRSBTS
J¥ TIDM BY) iz i I G 15 2 PR, A2 45 e 2 R
VRABRM . e BRI B ANMSE T DL A e R
JN AR

K, BT 40H ( mesenchymal stem
cell, MSC) 5k ILFAAEIRYT TIDM Jr iR H
A IVERH . MSC 2 —FP iR T IR 2 F 22 1 ik
EH A Z e T4, BA AR Z 10 i
71, I HAERSN KRS 1 J5 AT R PR A A A )
SRR, MSC n] L 2 Rl sl A 8T 435 ok
WEsE. Belidgl. ERIAIEE . B LI R R A
U R HE ik I A9 MSC ( bone marrow-
derived MSC, BM-MSC ) ¥ ¥4fe Sy AHATELAR, s

FPEH MSC (umbilical cord-derived MSC, UC-

MSC) ¥ Haae At E, NelikIEf) MSC (adipose-
derived MSC, AD-MSC) ¥ B4RE Sy 4%, 3 Fh
MSC e I AR

HOR 2 B IEYE R, MSC 7B AR IT
TIDM &% ZXRHEEMIEH . el il fs ik
N R RS A i 324, ORAP e S B AR ) S A2 HE e SOz
HE B G RO FSEIRPY, MSC 43 Al 5 G 3[R
TR AT, R R, I
REMT2Z AL, MSC i858 i HAMMA R 43I T REfE
PR LU E RNMAS A A, 00T 38 1 5 BB A 10 A A7
M fE 2 HEZ ) ARG LA AR MSC K
7 A AR 1 S5 RS A v i IS L DA Ry el
TIDM B3 WRT7 RIS B2 AT i L A LA .

1 MSC Mk & A5 AT o8 - AE R

L1 ENE A RIS

TIDM Z—Ff& 1 [ S etipon, 5 8 S
PR AR AR B RE H FE 1 B ARG S R A2 1 %
FERAA G, LY B AN S SE R Sy RGUAE NP e
ARG A AR A T RE 3 B AU o8 iR,
3 S X S B B o 2 1 B PR v Y B A AR A T
MSC FBAEIAYT LB, IR KA EA — o R B A 4
R, HBRE SOREAE R I N o ek, R MSC X
B 5 A A A WA AR APV E T TEREIRAE R R 5
PR DRSS & B KB R BT B, 35T MSC iR Y7 Al
PRI B AT RE I dEdr AR E . kA, MSC A
Bl T8 e U . TR R B FNIAE 58, R ER
I EDhaet . DL B ERIT, MSC RE6S ek B K
I KR AR 1 NI
1.2 RIFFRSINEE

JER S TEAR SN o3 BRI SR R v s ) AT Re A2
LRI, R AR, BN E I R %
IR RS B 2 BB AU JIE IV, 3R B 5% D) R
T FLEAN . RN TR AR, AR
ARG R, Y B s (] B AR AT AT 2 B A
S e e L iR - P L R T TN D O i P e
FTH#FE (interferon, TNF) -y, HYIMANF

(interleukin, IL) -1B FIMYEIAFEHF ( tumor necrosis

factor, TNF) -a AURURMER S, XATHES A
ER NNy S GO VA €S SR > e e s i 5],
B TENG RREAERT R IR . R, RIS 73 B AIG 73
T R SR AR RO i DR A i 52 % Tk B B AL 1) ) ) A o
L'

BORBRZ IR, B 5 MSC iRl i
e JR B B DI REFIAETR BE ), NGB RS A 25 0 . 7
A MSC 5 N & T2 0 S ge B GO S H
MSC [m] JB & ZE At 4 iy F- L3031 20 80 2F 4R 58
e, JERREIESK (tunneling nanotube, TNT ) %
45K . FROTERLIAT] LIGE A TNT REE5H MSC A4
WA ) AR B AR K AR, IR OR T
[y B A IR A Y S RE AL R A S S 2R 4y
AR RE SR, R B AR A 5 1 R 5 3R A3 A T
g, X STESL /N B S o s B 4 R — 30, —
FINLET R, SRR, RS
5 MSC 3577 ] i e B i 166 5 23R 0 M T RE 42 =
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JBE TS 1, TR RS AR A R ks, AD-MSC
LA HH 8 SR BT BRI BB 77 15 R RER BT
AR HIRNE , X5 R AT I PRIBE 85 77 P A T PRl
THBCAR I

2 MSC £/ 54545 09 B e AF A

2.1 RERBRIZ MR T SHRKGE K B

[ B FEAE A T1IDM B R4 T AT ey B & =k
SiVE, BFERRSREAIG , BAE . AN . s HER
JS2INE LA K Jie 82y S A7 1) PR o) 45 R R AR 2 S B0 i 5K
DA REA . WY B AR ]
K, SRR AR T I s A R
Y i 255 | S i AN AMAR A AR B DU TG, PR A R
Z MR A F W) RAE W (immediate blood-mediated
inflammatory reaction, IBMIR ) , X< SECER S
SRR S AEAN R FAFI A, B e i 240
JEL R APAL A 3R R 0 R A R R B 4511, MSC 5
i 5 TR A T AR 2 55 R AV AR DG A A B DU X B2
M2t AN FERER /N R SR,
BAOPh Y BT AR R TR AR L, BT AR S TR B AT N AD-
MSC FJHkA B HE e % T PR i Pk 52 0% F s /)N BRUE) i
P, SRR I, I T A R Z SR
2.2 HMHIHER R B

RS RARIS , R PY S 40 B i o sk S e 4 i 24
(4 35 Pk AE AT RE 23 S SO T B 5 1 i — 20 i 2k
MSC 3= %30 48 5306 T P B R - R 4 S e 17
PR, 400 5 92 20 B 5 | kS v e S B o AE g
MSC #E4T I S A I, 2SR P 98 5E 41 TFN-y |
TNF-a F IL-6 52 B HIEET, MSC 2374 ZFh Gy i
T, WA REEREE,. BlAEKKHTF

( transforming growth factor, TGF) -B. JF4uus: 1

R e 2,3- XU (indoleamine 2,3-
dioxygenase, 1IDO) . —%H LA . 4 EEAN .
CC #fLHFHA (CC chemokine ligand , CCL2) .
IL-10, Al AR A HTE-G (soluble human
leukocyte antigen G, sHLA-G ) FIREFLHEREE RS
[Fmf, TL-10. sHLA-G. TGF- 1 IDO it figfiis S5
A ARG AT B 4010 ( regulatory B cell, Breg) Al
P T UM (regulatory T cell, Treg) , Ml
HER P, tesh, MSC HAT R4 Sz 15 R
REAS TS AEAE W 32, DA T 3k SR HE 5 SN (1) A A= 0
¥ 52 R BM-MSC FM Wistar A BRARAS A0 BE 5 B0 A 8%

T AEAE B FR% ( non-obese diabetic, NOD ) /MR
B AN BRI B AE NOD /B 5 HEFR [
A RIEAR EWF B, W TNF-a, IL-1B FIH
Atk A (monocyte chemoattractant protein,
MCP) -1, TiEs2hr bRk 2, MSC it
AT AT o8 200 A (B) B s Lk A A RS A O U SR
HIZE ZR G0 RIS PR G R R S A BAE T, i
S G S o AN S B A e T 52 VR, e A S A
PR S R AR ) e 2 HE R BN AT B HeE SN R H BRE
2.3 HESHRH

RS RS, A A BB R, AR
A, TR AR, R ERAE TN 5 2 B
Aok irysgm e EGE R SIS N UC-
MSC 7 A= B9 4h s 7R 7] DL 3E i i/ RNA (mirco
RNA, miRNA, miR) -21 {3/ B 4 M 532 4
T2, WREEEAN RN, IR p38/22 s
15 LR {00 ( mitogen-activated protein kinase,
MAPK ) & 5@ G = 5 — IR, A
UC-MSC 74 B MIMATE S S5 T RE A il 16 1 4
B BRI A I S A 7% ( neonatal porcine
islet cell cluster, NICC) MJPIT-R, Ffis e ok
NICC 73 ff5 @ %20 5 &SN MSC A
o, SRESRETN, SASMNBARR) MSC RES T 4 i {7
1 NICC sz sk 85 i 4ipusbr, [N, 2R E
R, MSC KI5 i H M MALE D/ Jike & FE T F g 12k
JiR & D se Ty -5 B R MSC HA MR BRCR P, 7Et
SRR, N UC-MSC i AJ 5 it 3815 B i mot AL Aee- 3 -
M ( phosphatidylinositol-3-kinase, PI3K ) /%5 i
B (protein kinase B, Akt) /M. s H AR
M ( mammalian target of rapamycin, mTOR ) i %
HEMNICC Wy I vERE ST, [N et MSC 3455 L K fie
1114 29 v 1 2 2 S P R 1973 w7/ S (11 1= 22 =95~ 1
BN A K HFF (vascular endothelial growth factor,
VEGF ) I IL-6%+%,
24 {RHRENZ

R &5 F& AL 118 A7 37 AR 0 1 5% 2% 20 7 4 %5 DD AH
Ko AT —BiR, FHSBAHY RAEm 2 —
BARI SR IEPY, AikERY], MSC A R
GRETR TR E RS A FRTE AR T, OF HIH sy
DI tEdEA T il PRy TRR el Jo A A ® . Hiny
W9, BT MSC BIRYT Al DL 20y 20Ok 18
o I S AT ) AT R g
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IR L A o 15 PR B S R AR ) 1) S i T 52 %% DD AH
Ko 1€ NOD /NRAAEIH, FF5E A DUWER ], K70k
P Ji 55 F11 BM-MSC 155 F% 4 R A5 ol (AL 14 E24 40 i
B WA B E LT 3O BT I 0 e e
%, PRIPRALI IR S S 2 e e T, SR A Y
BOR . MAk, MSC REUSIFH TS SR AR YY) S el 52
FrRaEd#eik, fiIL-4. IL-10 F1 Foxp3, #H] MSC 7F
oS 2 Hh R BRI,

MSC BE 8 3l o 4 7 Fe 2 40 A ( 40 T 48 fg A
Treg ) HYIEHEFIE AR AERFA N oy fa s, —Iifk
MR RN, KB R AU AR, B
R HE CDA'T ARGk —2 5 1 T 415
1 B AR IR, Treg f& —Bh 2 ¢4 Tid 32 i 7k 2
MR, ErT AR CD4'T 40 [ # B T 40
(helper Tcell, Th) 1. Th2. Th17] B3, [FAHA
fer= P& A (IL-10, TGF-B. IL-35) , BFH
B 0 S S i R AR G s S (S L B £
NOD /)Rl H, 3T BM-MSC I UC-MSC B3R
I R RS Ul A0 I AN AR bk L 45 v % Th17, 38 m
TregB®', MtAh, MSC A LLi i DLAZE 4 iR
( human leukocyte antigen, HLA ) 43 a4 7 206 £eokn
RS B I N Treg v, $ 5 AP0 6l 16 M A1 ES
L7/ G
25 REEMEERSHLEE

[ oy B0, TR IR T A A Ak
ERGMA LT ME . FE, X—d/g R
IBMIR . R4, 20 07 33 R Il - P08 3 460 4 25 3 3
[ S AR TSR R o BRIIL, DRk ol 45 P
TRV L &7 5 o 9 6 T IR B T I RN D) RE 2B OC HE
PR R W, MSC g ot S B AKKE T
(insulin-like growth factor, IGF ) 1 {55 Hll# A SRR
AT S AL FNBETE, v T TIDM MRS B E P,
SRR S AR A L, RS 5 MSC RS [RIFS A fig
SRR HISRIE S A2, e, MSC HA iy i &
A R T DA G R 5 PR A TN D RER . FEARSI S 56
H1, AD-MSC e A B bk o K 20 B E A9 42 1
R U SRR Y, B0 A A A 56 R Ak 4
fn, 0 IL-la. VEGF. IL-8/CXCL8 J IL-6 2554 ¢
B IR AR TR R 5 B R PR R BB AL T, B4 A R
MSC AL AE AT LATE RS AR X S 2 10048 AR RO e & I
BOHTA AT, Hesh, RN R, R
RENSIE 1L T CD44 H- P miR-139-5p ikfe, A

Tt — AR A LS MSC 256 1918 A P
£ LRIk, MSC 7EBeiy B v i R HIAMA By Tiie it
MAEERAMHLUEID, FER SN /R BN AR .

3 MSC M5 FH P o906 K R &
By FRPE

7£ TIDM Zh¥ Rl MSC JE B H AR 37 55 5% T
REH 05 B S AR 25 SR 138 1 . MISC 76 R 3 B AE i
JE W FHER A B e s b . SR, HHTC TG
PRI S BRI ST SRAXT A R, [t Af A — 2L 5y
PR, L EHAE . RO, HESFR RO AT S 45 45 )
A, BT XX SIG R WL, AR LA kit rek
e (1) T MSC AR I FE AR B )
BRI (2) FEBSEREM (80) REBAMH
3 e B A0 A B A LR 14 A A [ 2 45 Y
B 4Lt MSC, LU KR 42 &= 6 97 3UR
(3) i MSC fiiA:= it EHA TR S IRYT >0,

e R 200 B B LA 1 1o FH T Y B g T
F G SR 5 P N R 738 Rk, X%z
MSC K HATEYNAIFH) TIDM B, FHEI AR
MY . HeAh, SRR B AEAR L, DTSRI T
B A DR B 2 AR vl I B RoAR IR 5 55 1 2 A R 5
AR B AIBE N, XF k3% TIDM M # B9ae IR If
FERH A A B F AP, x4 b 5 52 45
IF, AT RESS R MR PR JEE 55 A A D RE RIS T o 6 Ah,
M N 32 92 I R 1 5 A AE B AR Ak, DA AR i
T1DM & (4 [R] 440 J5 S SRS 16 100 4 1k AL 2 R AN
I7 . SEH MEEINIES S MSC BSBAEIN R1E K I hE
D& 10940,

4 0 %

‘o

Zi Bk, MSC 7EMES AR R Y HA —En
YRR, TRl m o . e 5 2 e = i AR 55
MIBETT, A B FWE RN MRS, Ak,
MSC B AT A Py AT G vl o R a8 A ket ar
TEOTES . BEIR MMt R vh R AR . e Al
SUEENMER, WUDIRE G, SIS R A
MSC fi ] & 4% 5 MSC Z50E/, th TAM
K MSC It A, —EFEEE Lk /> T MSC A & A] fig
R 1 iR T R B D S AN R AR o AR
1M, MSC TEIE AR 5 B AR i i H H R id e = 2855
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Table 1 Pathways and functions of combined islet and MSC transplantation
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