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ZRI, EEEW, ML AR, TEH R m Ay n T oS aEas iR, &
BHEMIE R e RNE . RAR LB HEDBIAET LT FREF
2MEFpaEM T AN A FARAK, PEGER2 DR EELZRSZ
R, mTARBEGE MG FARAK, FE ETREERCREH S IR
FRARER YEXFEF2 W RFA B HREFRTEZR2ZR. RETF
hEEFREEFFR2EEER RETHRLF2MBFFLVEZR2E5Z
R, RETEF2. PHEAeF2hRFoa2ER, REWEM 2 ki #
EfidaZR, RETEF2BBEHHEFELI2Z R AEME CPERBFREN
CHEZEER» CARRKREB, CPERREHRE HE. EH. THK
% JE R PR

W E W, EEE, Bl AR I4 P EEFHFETOR E B F 8 7%Fn)
#mFARBEEFOERAEN, TRORAFERERELRELR/ERKLET RM
KEFARARARCK . PEFENSCEFRELEVZRSFTFER. RE
ThRSBEAEAEF2EE. B EFEF2Lh 5k EVER 2R L
FTHEF2ERAALEZVER2ZR. RETHRELZF2OCHEFELERS
ER. g E A ELY R A ZELE XM ELAY R . Frontier in Medicine-
Hematology¥i %+ < A BMZ# B> FRA. AEHFTERE. TRERTE.

AT TR & (8] 7T BT AR A R M 3 1EY)

mEERPHMRER
FET REW EAA

(R B 2 o 2 5 M YR e P ] 5 2 ok 2 e ML 0T ), S 6 M o P 5 B e S =

EHES

[l 5% 13K 22 B0 979 s PR 1= 2B 50 o, 40 R AR AT 556 =, R 300020)

S A HL7E £ A (acute graft versus host disease, aGVHD) 4 — K78 J7 77 & A48 KR

BME, AL MG TS £, 237 I 2 & T 4m it 4% 4 (allogeneic hematopoietic stem cell trans-
plantation, allo-HSCT)/& & % 4o 8% 69 R, w Bk Z @t 25 A ML I 78 £ R 6976 77 BOR RAE, B AT
M Bk Z ARG SR R AR, MU AT R A A AR, AR I K tn e e
aGVHD# Br 76 & 7T it B A AR4F 948 A, B o i ) 5 R M m it 6 77aGVHDS [ AL T )iz X iE, 3

s 7N

W VAR P AT 48 e (regulatory T lymphocyte, Treg)#= 8] /& - 4m iZ(mesenchymal stem cells, MSCs)#4 A
KRN %, A BT T MR M0 I 45aGVHD A IR A B I e JR L ) 64 5T AT b Fey 20k,
1% 3 E 23 TregAMSCs & 4 3 4 M VAR TregA»MSCs £ TR 5 74 57 aGVHD ¥ 894k I VF— 4234,
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Progress of Regulatory T Lymphocytes and Mesenchymal Stem Cells in

Acute Graft Versus Host Disease

GUO Wenwen, PANG Aiming*, JIANG Erlie*

(State Key Laboratory of Experimental Hematology, National Clinical Research Center for Blood Diseases,
Haihe Laboratory of Cell Ecosystem, Institute of Hematology & Blood Diseases Hospital,
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China)

Abstract

specificity of drug therapy is poor, which will increase the risk of infection and relapse after allo-HSCT (allogeneic

The first-line treatment of aGVHD (acute graft-versus-host disease) is glucocorticoid, but the

hematopoietic stem cell transplantation). Moreover, the outcome of glucocorticoid-resistant GVHD (graft-versus-
host disease) is not good, and there is still a lack of standard second-line treatment of aGVHD. Recently, with the
understanding of immunomodulatory cells, it has been found that these cells might play a unique role in the preven-
tion and treatment of aGVHD. Therefore, the application of immune cells in the treatment of GVHD has attracted
extensive attention. Treg and MSCs are the most widely studied. To better understand the mechanisms of immune
regulatory cells regulating GVHD and the feasibility and effectiveness of clinical application, this review mainly
reviews the biological characteristics of Treg and MSCs, as well as the research of Treg and MSCs in the therapy of
GVHD.
Keywords graft versus host disease; regulatory T lymphocyte; mesenchymal stem cells; allogeneic hema-

topoietic stem cell transplantation; adoptive cellular therapy

SUERIEYIBUIE £ 9 (acute graft versus host dis-
ease, aGVHD) & 5 2 [K i Ifil - 41 ffd #% fE (allogeneic
hematopoietic stem cell transplantation, allo-HSCT)J&
LI I RE, R R LT R
Kz —M, aGVHDs& H Tt 5238 F EHLHAEMER
&%) (major histocompatibility complex, MHC)&} /X %
HLUE MR G P)(minor histocompatibility antigens,
mHAs)Z [8] ) 2 5, it 25 ibk 02 40 it 2ot 52 o 4 24
g1 K I BE B 9 0E [ M. aGVHDI@ # & AE {Eallo-
HSCT/E 100K A, WL &8 5 O Bk T HEAT B
J1& . FERRARAZENRE H 5 MLl A 40 A 3% B8 1)
=N B O30 $2 2 41 B (antigen presenting cells,
APCs)[iE1h; @ E TH MRS, . /S
T, ORI, B AE NaGVHDIY)
—HIRIT TR, KIS G UG R KR
A 18 n, T L 3R K VA M aG VHD B 3 1 TS AN 4,
AR T R,

A G AT IE M T M — B S5 MR =
A 4m M. JH A 3 F-CD4" Foxp3 i 15 14 T4H Ml (regu-

latory T lymphocytes, Treg) W i N 2 &
b2 Ab, FEAE — BT B 03, DA A &K F B A
#-10(interleukin-10, IL-10), {H# 3[R 1 X LHEE H
3(folkhead box protein 3, Foxp3)# ik BH 14 A 4F 51, 1t
41 B P A AR 9 18 1T PR T MY (type-1 regulatory T
cell, TrD)®l. H#F 5N A, Trl/£aGVHDH K 45 519
VA5 T e 1) 2L A M, aGVHD 2 I Tr1 Bk = i fif
KIED, BRCDA4" Tregz 4, CDS" Tregth n] $l| i & 1)
PSS, P FEaGVHDH; B FCD8" Treg i 70 4H
P, R = o e A T bR B AKX 7% 2R 40
DAL I AN [R] S 2 2 (8] (1) 45 SR nl Re AR AE 22 . A
Hb, yd T B A7 A8 HA S B R R ) T, FR
AT PEYS T4H M (regulatory y8 T cells, yd Treg), LA
2R1Ey8 TN AZAR(T cell receptors, TCRs)FlFoxp3 N
R R, AT LERLAH B2 V& ) Rl 1 (granulocyte colony-
stimulating factor, G-CSF)5 T T, &% % J& #1l| Th
e, F%KaGVHDM) K& A4 Z0, AR F E A H 1) 2
CD4" Foxp3 A 5 T40 A .

8] 78 5T T 4H B (mesenchymal stem cells, MSCs)



138

L] MR U R -

e RERETHRE. B EREHMEZ [ 5140
BRI Z e T4, nT oo B Bl ML
WL LSS 2 Fh 4L S0 . MSCs e 5t 78 8 B 4k
RO, JGAUESL VPR AL, wiaf. B iR
Wi HWES B I SEC # AE AEMSCs. MSCsH A K
G JR e G BE R kI i R R i AR SR
TR o I G2 J5 M B ] 5 1 S 82 /2 MSCs Rz T
GVHD ) #H Z .

HF 52 I, Treg 5MSCsTE [ ffkaGVHD & AL % 1)
[ B, 53 R B % 1) IR - oA S35 1 m, RS A A
1ML 2% B (graft versus leukemia, GVLY3 2R 7ER, iX
—RIABAE— B REE E SR T AT AR TT R A
FUEMRIR . B SRR S5 3 0 75 4 i ok,
DA 22 A Ve 5 R0 T B — 2D IR IF, {HTreg &2
MSCs#EaGVHD] i PR B FH H AT 78 3 Bl 55 o

1 Tregh)EHZ4F M
1.1 Treghi4

CD4" Treg{¥ (5 #h i .CD4" T4H A #15%~10%,
EAEYE+7 A0 e it 2 i R E R EH. )
I 441 R S U8 P K Treg 73 R 280 — 2 1 It ke U
Treg(thymic Treg, tTreg), X FRRIRA Treg(natural
Treg, nTreg), f&CD4" 1 40 ff 75 Ji i & & i #4252
B H S PUFE R A ) (Treg FFRIAFTCRs 32 2217
B SPE, FKk, (TregfE Pl B & S B b A
MRF I HA . 2 A0 JE SR IR P Treg(peripheric Treg,
pTreg)si & 75 F M Treg(induced Treg, iTreg), M40
At 2 41 J& 1 ffinaive CD4 TR 76 41 i X -1 i %
A= K K] F--B(transforming growth factor-B, TGF-B)
MIL-20Z2 5K, Z3PUERIB R TR, 2t
TR R A AR A R BF, A ) B 2R 4 PR p Treg;
YRR, HAH E PR i Treg.  [AIFF I, pTreg
2R IE P TCRs o] 45 57 1 U Ah Sk B i, Bl itk p Treg
FEEL X AR () SR, T 4t B 428 e Jor v R 7
ERMEM. /AR, #1244 B & 1 1(neuropilin-1,
NRP )75 R IE FnTregH, KA LAX rnTreg
HMipTreg!®. @ iL XNRP1HI 5 #T & B, NRP-1° Treg
HINRP-1" Tregs) H AT 411 il 4 95 S 2 1) o 1, H 2
NRP-1" Tregft #& i Ak L 40 e = (335 R, L Ih
RER Ty 524, IX ] e 5 280E & FpTregH Foxp3
RIEATEA K. HZ, HAT k= X 7> AnTreg
HlpTreghI 45 FPE 4> 1o Treghl 5 11 25 FF 24k X 35

(Treg-specific demethylated region, TSDR)&Foxp3{i.
R AR PR ST B E S CpG I X 35K, TSDRIV 25 4L
T2 S5Foxp3fa e M 2 IEAH K, fEnTregHH TSDRIE4:
LR AL, T 7EpTregH TSDR H AL FE A 52 4211,
H AT, £ X TSDR 73 b7 72 S5 2 [X 731X P 2 241
) FE T
1.2 Foxp37ETreghRUFaE 14

Foxp3'F 53 1 R 18 T TregH, K5 W41 i &
B YRR AR E 1 B G g% R T ) RE K B AR A
B % 1 R A% BRURY S 14 I Rk Foxp 38 R, 4% 3 B Treg
(R =, T 51 ™ ) S e MR, 4ERE
Foxp3%E R 1§ e 318 /& Treg & H5 G 5 1A 15 Th BE 1)
Je ik Sk A AT R B W S A B, TR B 1 (liver
kinase bl, LKB1) [ #I|STAT44) 5 [ TSDR F 2= 4k,
MR i Foxp3 F A e MR IE, 4EFF Treg ) o % 411
Dhge. 1 H., s N TregH (ILKBIFE A, 0] 18 BY
Foxp3 ik )2 3 NI, COBBEE! R HLTE Tregl
H MLCD4" T4l ffl(conventional T cells, Tcons)H 3 /)»
RNAs(microRNAs, miRNAs)#& ik A [F, It —5
UESIH BRmiRNAs 1] LS Treg £ M i A (1 & &, I8
/b A1 J i Treg Y & 3 N AFoxp3 ik . miR-
42810 B 4% 5 Foxp3 8 5+ 1 IR TATA- & 3k /5 AH B
YER, &35 ¥ Foxp3 ik /K Fe,

TE RAEPEOIABE R, TregH Foxp3 ) K& A Fa
5, LHETEiTregH, Tregh LR AT 25
A B BARE P T M St a7 {H2 H AT R 4% Foxp3 A2
SENER) B3 ANTE R, I9R TR L Z A .
1.3 TregSe &L

Tregn] 18 1 41 i) 22 Fb 48 g, 4nT4H L. NK4H
Ao B 2R 4 fd (dendritic-cells, DCs)45 1 B g, K
PRSI T E F(EID)™M e [ 43 i 40 s 4 4 it DR 1
WIIL-10. TGF-P&§ 41 fil] 25 L T4H ffd (effector T cells,
Teffs) ¥ DR SN, Tregid I i I 7 Wb 7 FL 25« UKL il
S5 OK B 2 A 3 Teffs!" . Teffsi 78 43 36 4k 75 22 K 1H
1 T-CD285 H Ji $¢ 2 41 i (antigen presenting cells,
APCs), T 5DCs_E{ICD80/8645 &, Mt = A= il
WG 5. Tregl B2 3 1A 20 M 55 14 TIbk 2 40 f bt Jis
4(cytotoxic T lymphocyte antigen 4, CTLA-4), — /7 [H
CTLA-4% APCs I [f)CD80/86 155 Fl /7 5 i, W34 )
&k £ ] B A3 CD28 5 CD80/86 ) I 5, M Teffs ) 58
it B CTLA-4R] 8 i s P A FH 3k
APCsH! [fJCD80/86 2 CTLA-4 41 il i 33t 17 B 72, ik
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Fig.1 The immunomodulatory mechanisms of Treg

— 35 AT APCs X Teffs (UG E ™. IL-2X Teffs 1
Treg/MAAF AT REARAE S E 2L, T R RIAIL-252 1k
oi5(CD25), H.TregXTL-2 J S B, [A k] K &
Hi Y FEIL-2, ATITIE i # P B  IL-2 () #6833
TefTs ] Diy BE RITL-2 () Bk = 1M 52 2 5201, Treg#R ik
(1) 4 i 4 B CD39AICD73, TEBE&4F F F ki %6
A 51 iR = 1% FR (adenosine-triphosphate, ATP)#% 14,
PR AT RRAR, AR TSI T BRI T B, SRR
GVHD/) B SEIREY . Tregn] 14 5:DCs A W] Bk 172,3-
XN 4 B (indoleamine 2,3-dioxygenase, IDO)FJIE 4, {i2
SR RA R, 1T 8 2 R 2 Teffs A3 AT 0 75 1)
R, ©MFEE B HARB YR IR E R TR, 1
AIETAH AR T2, Sl 6 GVHD/N BRAR Y 44
RO, S5 - IDOKF LR, w] B = 4 2L T4
FL A A7 S 365 R 7, IR GVHDIEE IR, Tregl)
T PEIIHINLGIE A%, H AT R RS 2, Bl R
LR GVHDI R A K K .

2 TregZEGVHDF IR A
19954ESAKAGUCHIZS 22 YR ZEBALB/cnu/ />

B PR £ 55 R U o & B Treg, R AR i iR U7 & /N B
T H I A B T P, 4EREANE R S BR
B R 52 46, B 50 R I 4k i B Treg 2 52 F 44
W, TR AR HE R R AR5, BB Treg £ 15 8
TN 52 Hp R ¥ 56 B AEH . COHENZERI—25
R, FBRBEY T Tregn] hni#aGVHDIH & 4,

T #b 78 Treg U fit i 28 L 2 8 feaGVHD I B . 1E /2
1 T Treg ) G2 PN HREIE, I 4k 5F Treg LAk F allo-
HSCT /)5 GVHD I R A B A R 3 28 B R 1% ATk
WA RS . R1LEZ, T JLF TregfEallo-HSCTRY
FH A R 2% e R IR BR Y, 20094E, 7 55 14513 4k S v
2 SR PR Tregif J7 R A ¥ MEGVHD I I R 18 56
RI, i Treg i B .45 12 4 GVHD & T, {HEE
[£aGVHD & #5 FIER AR W] 2 2. B S, — I
e PRARES: B, Tt 4k i (it 5 R U R Treg I A5 Rl B
aGVHDIM R A, FH HAL R A G s i 21, H
A, % T Tregifi T aGVHD A RUME I 2 APk ik =
RIUAE I PR RS, B34 S8 R, o 4k vt 1
Treg [ iLF% £aGVHD LSS B LA, Tt 2 iE,
RAE G I A FH, I8 HaGVHDIE I 4 4 545,
T ZE K /N B AEAE IR, X R, i 4k T Treg
FE¥6YTaGVHD 7 538 B A SR FANME -

BR AL SRS, RV 25 = J5 I I (1) Treg th
AE A% B IR GVHD /N BRFREIR, 4E K A2 A7 HART; [F]
FEHL, e ARGRIE B R B, 5 = J7 i ISR IR () Treg il 4
R FEAKaGVHDI A 2, FH HARIE I GBI K 1 K
B, FEURES H, 23414552 0005 it A HE I Z 5 A E A%
TG 55 1 R 57E0.110°~30x10° UCB Tregs/kg, [FI 7 A
— R ARG SR 1SR4 52 277 8307 10° Tregs/kg,
510841 [y sonf FEZHAH L, $iid Treg#, I~IVEaGVHD
IR IR T BE(43% vs 61%, P=0.05)",

B i 4k S i TregHh, (L Bk Treg 7E 32 % 14 A H 4,
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1 TregfEiE I FHREFEE P B A M EZ R KIX I (RIESE SCHEK 1111825
Table 1 Main clinical trials with Treg in stem cell transplantation (modified from references [11])
s o 1 734 sy Treg Uit Treg 7] & Y RIS
Serial Number of Phase Type of trans- Sources of Treg  Dosage of Treg Indication Trial ID
number patients plantation
1 28 I Haplo-HSCT Donor Treg: 2x10° /kg or GVHD prevention NCT03977103
4x10° /kg
2 23 I UCBT UCB Treg 0.1x10°-30x10° /kg GVHD prevention ~ NCT00602693
3 43 I Haplo-HSCT Donor Treg Mean 2.5%10° /kg GVHD prevention  NCT03977103
4 33 I UCBT UCB Treg 3x10°100%10° /kg GVHD prevention  NCT00602693
5 12 /1l MSD allo-HSCT  Donor Treg 1x10° /kg-3x10° /kg GVHD prevention NCT01660607
6 16 I MSD allo-HSCT  iTreg 3%10° /kg-10%10° /kg GVHD prevention NCT01634217
7 50 I Haplo-HSCT Donor Treg 2x10° /kg GVHD prevention  NCT03977103
8 35 I allo-HSCT Donor Treg =0.5x10° kg Steroid refractory ~ NCT01903473
c¢GVHD
9 20 141 allo-HSCT Donor Treg 5x10° kg, 1x10° /kg, Steroid refractory ~ NCT02749084

2x10° /kg cGVHD

Haplo-HSCT: B 7R AH A3 T4 e A2 4 ; UCBT: it M ES 48, MSD: DTFL I [R5 18 #; cGVHD: 12 M P41 329 .
Haplo-HSCT: haploidentical hematopoietic stem cell transplantation; UCBT: umbilical cord blood transplantation; MSD: matched sibling donor;

c¢GVHD: chronic graft versus host disease.

BV AR AT AR R I PR P Treg 25 & % /b X — 1) . 7E
Treg ' 1 % i ICD25XFIL-21) 35 F1 /7 ', MK K B
IL-2B1 7] 5| # TregHI [ ¥ o — T4 A 164 allo-HSCT
B IR PR S8 A IR, (68 0 s J8 e v S R 7 =
IL-2(5F JH3R, B FiESHIx10° 8 0, Fr 8e6~120), M
G & N Treglt) T 43 Bt M 24 {54.8% - T+ Z11.1%, 1M1
HA 56 41 & W 22 2~V ZaGVHDI K& A2 5 2 A
bb, A 21210 B 3, I~IVZaGVHD) K AEF N
12%(4/33)%), R NIL-2 T AFE R E . WEE
A1 LA IR, B Tregz #F, Teonsth AJ [KIIL-211]
T & A I AL 5 . TROTTAZEPIY i Hy —F
B IL-210 Pk, 5PUiR g & IRIL-210 46 B % A o
AR, IL-2-PiiR & WAEAR A AR S ik BEPE Y 1 Treg,
M AN f&Teons, FRAK T /N aGVHD) KA F . anf]
RIS 114 N Treg, SN HAEZH A MEE, &
Z%aGVHD[I) R AEBUR &, 7] REA NG SR A AL AR A

3 TreghyEitbsRiR
3.1 FE=FKiFTreg

FAT, Treg s WL R 52 fa He 42 A L. B
41 J M Treg ¥ & i/ 2 Ah, S HRHLAUL R 1) fg F 41t
HOARAE —E M. AT PTR, 3 s ie T
S RS ¥ 2 B, 3 = J7 SR IR 1) i M Treg 1] P4
fRGVHDH & A HET, Bk 2 Ah, JLE O IEF R
J&, TR FE I R R 43 B R & K Treg, I HE

Tregha & Hi 3 EFoxp3, BIEAE JEIA T Hil iR I
Treg{3 98 BAT S BG5S E L . 3
FEOR B Treg Al EL, RE SEAT R0 2035 /)N B (aGVHDAH

THEARC, 58 =77 KR Treg I H IR, 4 A TregiBy7 i
IR HEETLIE .

3.2 EET ETreg

& A PUJi 52 /& (chimeric antigen receptor, CAR)
FOR T 5 BHLA 7y 1 b [, 48143 Treg B AT 4 7 1 1R
A B A 3R 0A & R Y. MACDONALD!®
FIFHCARE AR A ik H B I HLA-A2 1) 57 356 D] e 1
Treg, BIA2-CAR Treg. BT JEKGVHD /) Fl AR A
KIL, A2-CAR Treg'5 % b [E TreghH LU, REMY &35 4
Z2aGVHDIW IR, $2m /NI AP, i TEER
2 A R 2 HOE G R R, CD4 T4 W] 4 175
F IEA2-CARFFoxp3, H NA2-CAR Tregf)“Hi 14~
Y, HE— D AR T Tregifi SR inl @B, @ i CRISPR-
Cas9F R br 42 SLHLA 7 1, B 45HLA 128 5iHLA
K57, 8l Treg 7 KA JE B HLA 7> T 40
HLA-ES{HLA-G, W] & % Treg i) % 7 JELPE, #HINK
R R, DOk BiTE 3 s RS R A, 15
S £ BEiE LT 41 B (induced pluripotent stem cells,
iPSCs) R 38 ik & [R] 2 4 10 AR 3R A5 B A 1 e 2 0 k) 1
R, XA 153 AT RE R O 1 Treg Y 5 £ SR YRPY
B LR DRSS R R R R, A= dE M Treg, BIA
NHBA] F i Treg, B4 AT NS .



S SE A AT PR TR A A IR 78 TR IAE SRS AR A o0 P KT e i 141

4 MSCsHIEIZFHF=
4.1 MSCsHIThEETE ¥

MSCsA& —#f 57 PE 4 i, AR R IEMSCs
AR A AR, (H AR 22 e, R R IAE
WHE . Ak AR DhEe DT TP I A0 A R B
¥ -1(vascular cell adhesion molecule-1, VCAM-1) R
CD106, 7] Z 5T4H M FTEAL, f23F O M54 2 %
KEFBAL, FEMSCs K35 H A g 4 Dh e i A2 v e g
HEAE M. YANGFEPUR I, CD1067E fif 4 K
TR EIMSCs R IE KV f a1, Ho U2 1 BE KR [IMSCs;
CDI106" 5 £MSCs 5CD106 i #MSCsH Eb, ik 5
T KT 1 5 0 8 TR 1 R I A AR R % A 48 i TR
XoF A By P T 40 L ST P 8 55 S A 2, RT3 Ak
A TregP,
4.2 MSCsHy S ZHIHI A5

MSCs 1] J8 ik 73 WA 41 A BR 7~ 4 B0 g 4%
filiy oy ik S T A T 2 Fh e e 4 e, B R
A [ A 428 SCRE T TI0E MM fe g% . MSCs ] B $2
V1) 2 2850 I A L ) 38 B S5 Th e, A B B R AR
F o MSCsH] 3 i 43 WA {if #1) it 5 Ex(prostaglandin E,
PGE,) FIIDOH il NK 4H i 34 58, 8k 2> 248 B (K 5 7= A=
It HL AR G 20 B 35 PEP); [5) FF i, MSCsth 7 38 i
PGE 1l T4H A3 384 58 S 240 it [K -7 7= A2, (H IR oK BB 3%
o A% L 40 A 25 M, 1% 1] B8 S MISCsF£ K T GVHD K
A B AR T GVLAN A KP Btk 2z 4k, MSCs
Al I bR AR P R T 2 4K 1 (programmed death
legend 1, PDL1) 77 =AM I TS0 M 14 5, BAH A 1 3
FE M HUARIgM  1gGAITg A [ A2 AR T e MSCs 41l
{HBANH fr 235 AL R, 4nCD80/CD86 A H
21 fuDRHL Ji (human leukocyte antigen DR, HLADR)
LK FL 53 WA R 40 L TR, 2 Jied S B8 R - (tumor ne-
crosis factor, TNF). yT-# % (interferon vy, IFNy)%5Jf:
5% B BE RS

MSCs iz G B ML 7344 J7 171, TAlZE0 ) 4R
LAY DB, tHEMSCs KA b % 30 T RE 1) 2L
il MSCsH] i HAZ 41 ECD206 IL-10FITGF-BF
ek, HE R AR D) e, A M2 B R 4H B 1)
o34k It HMSCs ] #1i] B A% 40 i [AIDCs 746, 5
MSCHLH; 77 J5 FIDCs 2 (L R 1ECD83, H.AL T A ik
RES; Britbz 4k, DCsH #5270 F(WHLA-DR) 5
LR T (InCD8OFICDY6) ) 2% ik A, fhi 17 T E
A Gt 2V, BRAK T PrER 2 oA, MSCsifi it

— AN A S 2 (nitric oxide synthase 2, NOs-2){ i
B, S HERE R ALY oy B % i ig
PEICD1 b HE R 20, INPRFEAE S fo s B Ta AR,
MSCsH] /> 4 B E T M 17(T helper 17, Th17)f%L
&, PWATTh1 75 Tel B (P-4, 400 T L 534k i
FSPFT % H 1) 98 RF IS, I8 GVHD FE AR,

MSCsH %5 FTregE il (2 3 Tregh™ 1. 14
o Treg I RESEAE A B¥, Tolli 5244 (Toll-like recep-
tors, TLRs), Jt3 /& TLR3AI TLR4TE MSCsH ik /K
P . TLR3BLTLRAM)EA, 7l IS NotchfE 5
W % 4, M SRMSCsiE S TregE WK 1 fig /1), &
MSCsi% 3 4 B I Treg, SinTregh bt, P93 A AH B
2 AR AL . DNA FF B A0 R AE A G2 01 Th B
MSCsH] 43 WAIL-10. PGE,fITGF-pZ £ Fh 41 iy
TR B Tregl1 A4 B, (2 AMIAARLE 15 T3 TregE B 7 TH
AT RE R P B I A A, SR, MSCs#h ik & Hr
miR-21 35 ({8, 7T {2 # Treg HH Foxp3 ) % ik, 1
5 Treghe & T, ) /)y B 57 FRGVHDE 84 o 4 3
MSCs#h s, 7] 34 N Tregt) £ &, 95 /N RGVHD
(1) R R, BRARFLAE T3, A s AMSCs K H%
W GVHDAE H, 2218 1 Treg T 1. i H
AT R BIMSCsEE & Treg VAT 77 &, ELAZMSCs
B Treg [ 5 — 97 v, $0a G045 P i 32 495 J5 B I %
i SRR F R

5 MSCs7EGVHDRIR B
MSCREEAR 3 4 ZUE T S M 78 PR B, 2
% F-GVHDEE 22 ) HL i JE fitk; MSCs HIAR 5 28 i 14
DLRCE S BRAE. s 55 2 Rl 214 25 & 4T MSCs,
J FLAE S A i A SR T A, 2004
fF, LE BLANCEEMH] 55 = J7 Sk I 1 & BEMSCsia
J7 710 )L R MEVR TEIVEEaGVHD, 45 314 AR
w7, B )LMaGVHDAER 13 DAL B 2. — TN
55090 i K HME VA ME . E EEaGVHD I I 7R 5 56 &
B, 54.5%(30/55)1 f& & SIMSCsi ¥ e b B 2., H
SN 5 A N AR LG, FEAE A CBE T R R B8
(37% vs 72%, P=0.002), &= A4 E 17 F 5 2 203 (53%
vs 16%, P=0.018). {H &, — i 1 N & #EMSCs
M7 Sh Ak 77 firemestemcel - LA 8 2 HE 18 aGVHD
I RUTILA I R 3056 R B0, 5 22 B8 70 4 AH L, A8
remestemcel-LIf: A A 2535 3R 159 58 5 G VHD 5¢ 42 2%
fRZ(30% vs 35%, P=0.42)", 55 #f K5 IMSCs
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FHEE, JBF A5 ISR R (IMSCs 5 3515, ELUSCEE J7 (8 Al
B B8 7758, 2 I PR N B AER RN, — g\ 21
151 4% Zallo-HSCT () B i 7 A= [ A5 14 B 1fm 74y I PR A
FOR I, FiE T Ay SRR FIMSCs, 5 JEaGVHD R A4
I AI 0 H T AT 2 4 ST Ik 1 400 A P R D A
A,

H AT, o W AIMSCs K Y5 2 B 6 A 5 i, 5
HA A ZUR IR IMSCs th A H I R4 . B 7S R I,
IF iR 4 2R IR (FIMSCsth B A 1 i Tregha i M
BGVHDIE R ME F, 5% BT 48 40 i (4 /)5 B
bt FEMSCs GVHD /)N BRUAE A7 22 B B4R 51(87% vs
0%, P<0.0001), 4 ELii ik Jbk B 290 Jifa 35 5 400 1) 2 565
M, 5 BERIFMSCsFIHE T KIFEMSCsH EL, F HR4
SRR IFIMSCsTE b 5 $1 1) Th fie FH 388 5 R 77 77 THI B2
BRAET, B o B G g% 30 i1 D) RE 5 SR IFIMSCs T2 B
ZAk, EAER, RETR I AL AL I MSCs, {8 DR
3 LA =, 3T AEGVHDB i AR & 5 SE A AR H,
gl TR A . BRI, & REM
(WITFNy. IL-17. IL-1P%5)Ab 38 35 4k (1) fifF 7 ifn R 5
[FIMSCs [ B A T e S S e #011) ) e B S 3¢ i, L
Befs AUZEFRGVHD /N R IR,

MSCs M 19954F & R AE J i IR 259 B2 T A
LR, 25 Z53% (G AR RIS BT, BeAAE IR
BTG AL H RS B PR N A N T
GVHDFI AR (17674, mAHHE, (552 2 FhH
A, HATMSCstiE /b FH T I PRS2 A 1 1% D o
Z A [ I IR AR5 (0 B T, K AMSCsiE 5 1
AT N -G VHDI B 6 4R 22 1 Bs
SCHE

6 DEERE

aGVHD Zallo-HSCT/5 % WLH I K 4E, J2& it ilif%
MG EEGRIN R . Y& £aGVHD]
—8IRIT R, BB T 25 aGVHD & 35 Tl 5 22,
FUT 2 o I AT SR A X S 2 A0 B R R B,
4 H 7 15 EaGVHDH R 51 S T )2 K. 1R
SN 5 RIS 2 R B, MSCs 5 Treg 7F il
aGVHDJEIR I [FIF, JEoRk BB K IBGE K
W, MR8 T GVLAN . Tregr — B B AT Hh 52 #0135
PERIANRY, E4EFE i S R RIEEBEMEM . H
HinTreghs € 14 151, Ho e F0 | D RE R, A& i 4k farvE 1
AR = 5, (EnTregfE 4N L B &5 /0, 7 esd 1

R H H & 5t, — H AL Tregh FH - 1lfi AR 1) 3k
Rz —. iTregh[ fEMAMNAETE T 77 A, BRI AT e IR
BRI, HAl s S R E DU i Treg, A
b 22 v B Treg, UIRA 57 1R Treg 78 K 45 o 2
ThREJT vl B A & (HlI TAERIEREL T, Foxp3
AL AFE VE, FiiEiTreg 2 52 5 R W I RUMEE
FFIHE. IR, CAR TreghJ B, Wit —P4 &
Treg) % 2 30 Dy BE, J9 i v i PR F Treg B & AN A2
FEAUHT R . TMSCs R AR i, s
RAEEZ SR E, FIEMSCs— B [ B |48 =
S R H 2 MSCskt XTaGVHDIR I 1A
SO 1) 75 5 2 (10 11 R K5O ST HF o

BEHK (References)

[11  ZEISER R, BLAZAR B R. Acute graft-versus-host disease-bio-
logic process, prevention, and therapy [J]. N Engl J Med, 2017,
377(22): 2167-79.

[2] FERRARA J L M, LEVINE J E, REDDY P, et al. Graft-versus-
host disease [J]. Lancet, 2009, 373(9674): 1550-61.

[3] ZHANG P, LEE J S, GARTLAN K H, et al. Eomesodermin pro-
motes the development of type 1 regulatory T (T(R)1) cells [J].
Sci Immunol, 2017, 2(10): eaah7152.

[4]  BéZIE S, ANEGON I, GUILLONNEAU C. Advances on CD8"
Treg cells and their potential in transplantation [J]. Transplanta-
tion, 2018, 102(9): 1467-78.

[S]  PETERS C, OBERG H H, KABELITZ D, et al. Phenotype and
regulation of immunosuppressive V2-expressing vd T cells [J].
Cell Mol Life Sci, 2014, 71(10): 1943-60.

[6] CHENG H Y, ANGGELIA M R, LIN C H, et al. Preconditioned
mesenchymal stromal cells to improve allotransplantation out-
come [J]. Cells, 2021, 10(9): 2325.

[71 WU Y, CAOY, LI X, et al. Cotransplantation of haploidentical
hematopoietic and umbilical cord mesenchymal stem cells for
severe aplastic anemia: successful engraftment and mild GVHD
[J]. Stem Cell Res, 2014, 12(1): 132-8.

[8] BRUNSTEIN C G, MILLER J S, CAO Q, et al. Infusion of ex
vivo expanded T regulatory cells in adults transplanted with um-
bilical cord blood: safety profile and detection kinetics [J]. Blood,
2011, 117(3): 1061-70.

[9] AULETTA J J, EID S K, WUTTISARNWATTANA P, et al.
Human mesenchymal stromal cells attenuate graft-versus-host
disease and maintain graft-versus-leukemia activity following
experimental allogeneic bone marrow transplantation [J]. Stem
Cells, 2015, 33(2): 601-14.

[10] YADAV M, LOUVET C, DAVINI D, et al. Neuropilin-1 distin-
guishes natural and inducible regulatory T cells among regulatory
T cell subsets in vivo [J]. J Exp Med, 2012, 209(10): 1713-22,s1-
19.

[11] GUO W W, SU X H, WANG M Y, et al. Regulatory T cells in
GVHD therapy [J]. Front Immunol, 2021, 12: 697854.

[12] DOMINGUEZ-VILLAR M, HAFLER D A. Regulatory T cells
in autoimmune disease [J]. Nat Immunol, 2018, 19(7): 665-73.



S SE A AT PR TR A A IR 78 TR IAE SRS AR A o0 P KT e i 143

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

WU D, LUO Y, GUO W, et al. Lkbl maintains T(reg) cell lineage
identity [J]. Nat Commun, 2017, 8: 15876.

SU X, WANG Q, GUO W, et al. Loss of Lkbl impairs Treg
function and stability to aggravate graft-versus-host disease after
bone marrow transplantation [J]. Cell Mol Immunol, 2020, 17(5):
483-95.

COBB B S, HERTWECK A, SMITH J, et al. A role for Dicer in
immune regulation [J]. J Experiment Med, 2006, 203(11): 2519-
27.

ZHANG Y, LIU W, CHEN Y, et al. A Cellular microRNA fa-
cilitates regulatory T lymphocyte development by targeting the
FOXP3 promoter TATA-box motif [J]. J Immunol, 2018, 200(3):
1053-63.

HEFAZI M, BOLIVAR-WAGERS S, BLAZAR B R. Regulatory
T cell therapy of graft-versus-host disease: advances and chal-
lenges [J]. Int J Mol Sci, 2021, 22(18): 9676.

OVCINNIKOVS V, ROSS E M, PETERSONE L, et al. CTLA-
4-mediated transendocytosis of costimulatory molecules primari-
ly targets migratory dendritic cells [J]. Sci Immunol, 2019, 4(35):
eaaw0902.

HEINRICHS J, BASTIAN D, VEERAPATHRAN A, et al. Regu-
latory T-cell therapy for graft-versus-host disease [J]. J Immunol
Res Ther, 2016, 1(1): 1-14.

GERAGHTY N J, WATSON D, SLUYTER R. Pharmacological
blockade of the CD39/CD73 pathway but not adenosine receptors
augments disease in a humanized mouse model of graft-versus-
host disease [J]. Immunol Cell Biol, 2019, 97(6): 597-610.
JASPERSON L K, BUCHER C, PANOSKALTSIS-MORTARI
A, et al. Inducing the tryptophan catabolic pathway, indoleamine
2,3-dioxygenase (IDO), for suppression of graft-versus-host dis-
ease (GVHD) lethality [J]. Blood, 2009, 114(24): 5062-70.
SAKAGUCHI S, SAKAGUCHI N, ASANO M, et al. Immu-
nologic self-tolerance maintained by activated T cells express-
ing IL-2 receptor alpha-chains (CD25). Breakdown of a single
mechanism of self-tolerance causes various autoimmune diseases
[J]. J Immunol, 1995, 155(3): 1151-64.

COHEN J L, TRENADO A, VASEY D, et al. CD4°CD25" im-
munoregulatory T cells: new therapeutics for graft-versus-host
disease [J]. J Experiment Med, 2002, 196(3): 401-6.
TRZONKOWSKI P, BIENIASZEWSKA M, JUSCINSKA J,
et al. First-in-man clinical results of the treatment of patients
with graft versus host disease with human ex vivo expanded
CD4'CD25'CD127 T regulatory cells [J]. Clin Immunol, 2009,
133(1): 22-6.

DI IANNI M, FALZETTI F, CAROTTI A, et al. Tregs prevent
GVHD and promote immune reconstitution in HLA-haploidenti-
cal transplantation [J]. Blood, 2011, 117(14): 3921-8.

RIEGEL C, BOELD T J, DOSER K, et al. Efficient treatment
of murine acute GvHD by in vitro expanded donor regulatory T
cells [J]. Leukemia, 2020, 34(3): 895-908.

PARMAR S, LIU X, TUNG S S, et al. Third-party umbilical cord
blood-derived regulatory T cells prevent xenogenic graft-versus-
host disease [J]. Cytotherapy, 2014, 16(1): 90-100.
KENNEDY-NASSER A A, KU S, CASTILLO-CARO P, et al.
Ultra low-dose 1L-2 for GVHD prophylaxis after allogeneic
hematopoietic stem cell transplantation mediates expansion of
regulatory T cells without diminishing antiviral and antileukemic

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

activity [J]. Clin Cancer Res, 2014, 20(8): 2215-25.

TROTTA E, BESSETTE P H, SILVERIA S L, et al. A human an-
ti-IL-2 antibody that potentiates regulatory T cells by a structure-
based mechanism [J]. Nat Med, 2018, 24(7): 1005-14.

DIJKE I E, HOEPPLI R E, ELLIS T, et al. Discarded human thy-
mus is a novel source of stable and long-lived therapeutic regula-
tory t cells [J]. Am J Transplant, 2016, 16(1): 58-71.
MACDONALD K G, HOEPPLI R E, HUANG Q, et al. Alloanti-
gen-specific regulatory T cells generated with a chimeric antigen
receptor [J]. J Clin Invest, 2016, 126(4): 1413-24.

MARTIN A, DARIS M, JOHNSTON J A, et al. HLA-A*02:01-
directed chimeric antigen receptor/forkhead box P3-engineered
CD4" T cells adopt a regulatory phenotype and suppress estab-
lished graft-versus-host disease [J]. Cytotherapy, 2021, 23(2):
131-6.

RAFFIN C, VO L T, BLUESTONE J A. T(reg) cell-based thera-
pies: challenges and perspectives [J]. Nat Rev Immunol, 2020,
20(3): 158-72.

YANG Z X, HAN Z B, JI Y R, et al. CD106 identifies a subpop-
ulation of mesenchymal stem cells with unique immunomodula-
tory properties [J]. PLoS One, 2013, 8(3): €59354.

CHEUNG T S, BERTOLINO G M, GIACOMINI C, et al. Mes-
enchymal stromal cells for graft versus host disease: mechanism-
based biomarkers [J]. Front Immunol, 2020, 11: 1338.

TRENTO C, MARIGO I, PIEVANI A, et al. Bone marrow mes-
enchymal stromal cells induce nitric oxide synthase-dependent
differentiation of CD11b" cells that expedite hematopoietic re-
covery [J]. Haematologica, 2017, 102(5): 818-25.

MA'Y, WANG Z, ZHANG A, et al. Human placenta-derived
mesenchymal stem cells ameliorate GVHD by modulating Th17/
Trl balance via expression of PD-L2 [J]. Life Sci, 2018, 214: 98-
105.

NEGI N, GRIFFIN M D. Effects of mesenchymal stromal cells
on regulatory T cells: current understanding and clinical rel-
evance [J]. Stem Cells, 2020, 38(5): 596-605.

RASHEDI I, GOMEZ-ARISTIZABAL A, WANG X H, et al.
TLR3 or TLR4 activation enhances mesenchymal stromal cell-
mediated treg induction via notch signaling [J]. Stem Cells, 2017,
35(1): 265-75.

AZEVEDO R I, MINSKAIA E, FERNANDES-PLATZGUM-
MER A, et al. Mesenchymal stromal cells induce regulatory T
cells via epigenetic conversion of human conventional CD4 T
cells in vitro [J]. Stem Cells, 2020, 38(8): 1007-19.

ZHANG B, YEO R WY, LAI R C, et al. Mesenchymal stromal
cell exosome-enhanced regulatory T-cell production through an
antigen-presenting cell-mediated pathway [J]. Cytotherapy, 2018,
20(5): 687-96.

ZHU H, LAN L, ZHANG Y, et al. Epidermal growth factor stim-
ulates exosomal microRNA-21 derived from mesenchymal stem
cells to ameliorate aGVHD by modulating regulatory T cells [J].
FASEB J, 2020, 34(6): 7372-86.

CAPLAN H W, PRABHAKARA K S, TOLEDANO FURMAN
N E, et al. Combination therapy with Treg and mesenchymal
stromal cells enhances potency and attenuation of inflammation
after traumatic brain injury compared to monotherapy [J]. Stem
Cells, 2021, 39(3): 358-70.

LE BLANC K, RASMUSSON I, SUNDBERG B, et al. Treat-



144

L] MR U R -

[45]

[46]

ment of severe acute graft-versus-host disease with third party
haploidentical mesenchymal stem cells [J]. Lancet, 2004,
363(9419): 1439-41.

KEBRIAEI P, HAYES J, DALY A, et al. A phase 3 randomized
study of remestemcel-L versus placebo added to second-line
therapy in patients with steroid-refractory acute graft-versus-host
disease [J]. Biol Blood Marrow Transplant, 2020, 26(5): 835-44.

YIP H K, FANG W F, L1 Y C, et al. Human umbilical cord-
derived mesenchymal stem cells for acute respiratory distress
syndrome [J]. Crit Care Med, 2020, 48(5): €391-9.

[47]

(48]

[49]

NI X, XIA'Y, ZHOU S, et al. Reduction in murine acute GVHD
severity by human gingival tissue-derived mesenchymal stem
cells via the CD39 pathways [J]. Cell Death Dis, 2019, 10(1): 13.
MENDT M, DAHER M, BASAR R, et al. Metabolic reprogram-
ming of GMP grade cord tissue derived mesenchymal stem cells
enhances their suppressive potential in GVHD [J]. Front Immu-
nol, 2021, 12: 631353.

GALIPEAU 1J, SENSEBE L. Mesenchymal stromal cells: clini-
cal challenges and therapeutic opportunities [J]. Cell Stem Cell,
2018, 22(6): 824-33.



