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[Abstract] Currently, hormonal drugs are the first choice for the treatment of acute graft-versus-host disease (aGVHD). The second-line
treatment drugs for aGVHD include basiliximab, methotrexate (MTX), ruxolitinib, etc. Antithymocyte globulin (ATG), mesenchymal stem
cells (MSCs), and fecal bacterial transplantation are also used in the treatment of GVHD. In recent years, MSCs employed for the prevention
and treatment of GVHD after allo-HSCT have generated a wealth of basic and clinical research. MSCs can achieve immunosuppressive
function through cell-to-cell contact and release of immunomodulatory factors. Soluble factors, oxygen concentration, distinct ligands of
Toll-like receptors (TLR), injection dose, immunosuppressant adoption and temperature control are engaged in the therapeutic effects of
MSCs, yet their underlying mechanisms remain to be elucidated. Most studies have revealed that MSCs therapy could benefit acute and
chronic GVHD, but that still remains to be confirmed due to lack of large-scale randomized controlled trial. This paper summarizes the main
treatment methods for GVHD, with focus on the clinical research and mechanism of the cutting-edge technology of MSCs, and attempts to
provide some insight for further development of new therapeutic strategies.
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PR P T kA0 A s, ANTIRER SE, 5
P2 P, Le Blanc %5 ™ #fF 5% W7k, MSCs 1677 B
A R OV RSz, I B3R SR EEE
BRI AR, B E MSCs BURHEAFAELL T
BB RS e HEURIR . dUMuRERAAE . Rt
7o AABA S B VRO, X {75 MSCs ¥7 %
£ aGVHD /97 HF I KRB R FE A1 4 2% B
MSCs # F T4 97 aGVHD, [H 24 MSCs 1J i
U =3)) 67 L 1|70 e SIS = NI B N X el S R a1 B %
TREEAFPA 5T, DT = A 5 A Sie a il e g 1O
Z W58 2R W], MSCs 38 o 0 i T 48 A i 34 58 Fi
WE, V5 R T CD4'CD25 T 40 i L 2
i B E H ] B 8 40 B ( myeloid-derived suppressor
cell, MDSC) R B, 4 il 4w 2 4R 40 i 45 bt Jie
R 5L A0 A 8 5 RIS AR K 55 aGVHD Y, H i
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EAWFFERM, 2 MSCs B RiE g 11, A
T MSCs 1 5t 55 aGVHD., 0, k4 KA
F -B1 (transforming growth factor-p1, TGF-Bl) &
FEIRAY/INEL MSCs FEAR S M Ik T4 20 i 38 515 11 il
W5, FEARNIEES T aGVHDY, g E B -1
(intercellular cell adhesion molecule-1, ICAM-1)
/55 2 3K 1 MSCs (ICAM-1highMSCs ) 1] T #f 5¢
WA LR, FRAE T T A Gpe 2%, EK T
GVHD /NRIGAAE I B2 S R e 0 i 2 AR L
GVHD & 119 1M 2% b 3 i) MSCs ELAT B 35 1) e 93
PG, X — 28 & MSCs 78 GVHD iR Y7
TRRE T B8 B

H [ MSC SMMA (MSCs-Exo ) BT A% 1R
( microRNAs, miRNAs ) 7E 5 502 b 2 vp k1%
&HOLHAER ", S T BT miRNAs X aGVHD 1
G REVETTVER, Xk A A B T T A0 (hue-
MSCs ) 1L 55 %3 1 18] 78 51 T 40 ML ( mb-MSCs ) 11
AP WA R miRNAs 47 T R iK% 73 Hr, & I MSCs-
exo ARV Y MiR-223 A L i 410 il /)y BRLIpk 4 PN Bz 4
M ICAM-1 (2R AT T 4R A RERE . 88 e ik
AR T 2R XTI . RN 8 R, [ R
&R AE N F T4 % v (interferon-y, IFN-y) . JifJg
IRHE R F--a (tumor necrosis factor-o,, TNF-o) 11
Yl 4~ 2% -17 ( (Interleukin-17, IL-17) BI/KF, M
ik 5% aGVHD AR B9, MSCs i 25 1 40 i b 4
¥ (extracellular vesicles, EVs) £ aGVHD 345 J7
RS T —E AR . Fujii % @ ) aGVHD /)
BB e EVs R, EVs a4l T 401 A4
HEFRI [ RO 2 A 4340 F 55 2238 miR-125a-3p, AT
ZZf GVHD 1 [7) 2% B 1 R4 7 JF 42K aGVHD /)
SRR AR A7 I

Ak, FE—IRREMLIG RATF G, 4 50 B Stk
F I FB 2 B AIL 20 A &1 8 1t 20 B 97 7 i i 3 e
>R U5 ) 8] 78 5t 1 41 Bl (umbilical cord mesenchymal
stem cell, U-MSC) 4 FURHi{d: U-MSCs 41, &
e U-MSCs 2 il /MRS AR I 18] B B 80t f H A4
T 2% LA 1Y aGVHD 19 He A5 BH S5 FRAIG H2 Tl
TE U-MSCs {21/ N A BT AT B

GVHD M —Z Y R E 25, (R HIRYTAL

PPS

SFIFARTRAE, FRAlE THERm 250, % KE
BWUEHE BT, IR H 2 AR BIRAAERIGT 20% £ 2
FAL Y, MSCs ez A4 (HLA) 2%
Feik, XEATERA HHA - Z RV A B0 R T L
PEAT SR Z5 2[RI MSCs 58 K i e e 41 ol 6 7 18
HAEHRAAYT GVHD Hh R 55 F B4R B,

5 [RZERTAMmGrEEYnEERMIGREKTR

PEgeit, 50% LA B 82 HSCT Wy /& &4 T
GVHD ™, K25 1 1l T 40 B AR B0 (3, 3]
JEAR ML F AR IS 2, GVHD B e
W RGN, o0 B AR AR A T 2

GVHD 7ET0 B FIa Y7 7 R s Pk ik . AE T
PEJT I, FEHLIG T 200 0% 15 1 100 i 2 e FH G TR
W o {8 FH ATG FPLIbk 4 e BR 2 1 ( antilymphocyte
globulin, ALG ) il 738 T 76 (A o9 il BT T 40 Mg
LA TR GVHD MR & B, X Fp 25 P B T
GVHD By A%, HEAMMIRA RS SR A AR
M2y B, TEiR T et b, REREZY T H
SRR OPIMR AT RAEH, 5882497 GVHD
) —ZAnEIR I T 2. SR, 2R WIA YT AT
S RG2S IR BNAYT I GVHD B,
HAERE| LR BHERETEL2EM, B2HEN
P EEAE IR R, OS g2 ", R L IUAFTE
HSCT 4 s 7 Zdk e, (HX JL-TAR%A s
GVHD [ &5 R o 4L % ¥, ™8 GVHD B & 1)
KR RBYBARME: WPh 25% (54E) , IV
G 5%, Bl SRR BN —FiBOR A 15 |
TR RTAIF e, X GVHD #HAT T I iR R W
TERFLE N

MSCs B 23R dT, WA Byt CNI Af
P& = 16 97 SR-aGVHD M7 &L, FEAIL — 2259 Fn
cGVHD Wy 2598t mi A i GVHD W& %, Hiit
ZE R W I AT SR-GVHD YL # FI i D4R
(1)K BRI 58 2 — 250N T MSCs 7£3AY7 GVHD
F LA XTI AR T 25 i, H
W10 Il 7E HSCT ARJG AT, 71 & & WA 4
HIRE) 9.3 4F; 15 GlBH AT rgff, b 76% ik
PR, 24% iA%| OR, JfHZ it MSCs iR¥7 )5, 5L
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BT S e A S e A4 g Y

FIAME—TEE X MSC i597 ¢cGVHD FIRTHE: |
By TR SR, X 1L B RE . VA
cGVHD HBHTE 6~ 12 /™ H 1 5 13 51 744 B-MSCs,
HAA 6 1 % B-MSCs JA77 7454 56 [ NIH 42
RibniE, JEEREE GVHD AR AN 16 i A i
s MR EM, X ™E SR-cGVHD ¥, K&
HETE MSCs Je—Fh 2 4 HAT M ERYIRI T e

X 7 556 T 1B GVHD B Bl AL X R 32 56 1 3
A KTFIRYY GVHD B IE #E1T 1 R G2 o0 T s,
MSCs % 7 7T LAFEAR cGVHD (% % 24 %, (HANBER%
ik aGVHD By &£, MSCs i vl @i 14 fn CR Al
FER AL, NI B 284 aGVHD B i 5]
FURAE R P,

6 ZiESRE

>k B K HLXF B S 58 (randomized controlled
trial, RCT ) F13E fifi HL X} i 5 55 (non-randomized
controlled trial, NRCT ) [ UE #i& 3 B, MSCs 1] A

[ SE3EK ]

[l Xu L, Chen H, Chen J, et al. The consensus on indications,
conditioning regimen, and donor selection of allogeneic
hematopoietic cell transplantation for hematological diseases in
China-recommendations from the Chinese Society of Hematology[J/
OL]. J Hematol Oncol, 2018, 11(1): 33[2022-06-01]. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5833104/. DOI:10.1186/s13045-
018-0564-x.

[2] Wang Y, Chang Y J, Xu L P, ef al. Who is the best donor for a related
HLA haplotype-mismatched transplant[J]. Blood, 2014, 124(6): 843-
850.

[3] XuLP, WuD P, Han M Z, et al. A review of hematopoietic cell
transplantation in China: data and trends during 2008—2016[J]. Bone
Marrow Transplant, 2017, 52(11): 1512-1518.

[4] ARSI T AR A . A SRR S T4
MRAEIETT IR RSN T 4R (I ) — 2B EYhiE
75 (2020 £ERR [I]. b 42 duife 3 2 & , 2020, 41(7): 529-536.

5] AR, MRE2, BN . 20 GVHD HYIAITIFSTEHARE (3], ¢ B
TR ik F 4 &, 2010, 18(1): 238-241.

PPS

7E HSCT " & ¥ 5 #E 8 41 (U-MSC) . Tl B
GVHD ( F%/& ¢cGVHD ) Flek3#% aGVHD Ay H ZAF
. MSCs $iiF A ARG YT AR BT GVHD B1E 5L T
Al R E AR AR, HETW T GVHD [ Hipy, 7¢
HSCT J& i vE M F U-MSC 241 cGVHD % i 3
G IMBAR BT R e i, IR RERRAR AR &K
AL, HiE MSCs fefH AR xEiAPE GVHD
HR BB Z A, JHaE K H AL, JE—Fh
S BORITMEIG T GVHD B H B T B, (H2 HA
AT R AR BEHLXT A SZ 065K X AN IR T 5 SR MR
P GVHD (Y7 a8 78 1 i 20 B A% 4w i v A0 6
B-MSC HJREXTEE A H, HITEINILHEIE, BT
PAZEZS SRR SO AR, B, Aok
o L 3E AT T 22 11 e O o I PR R R o A T T
Uk, #fiE MSCs i X497 GVHD (Wil REE o [6]
A MSCs (kIR . A 25500 . (BA08. Hrff ok
P IR ARAT A S A ) i R e 35 25 5% ) MSCs TRYT
HERETE. PR MSCs J0Y7 IS AE L HE 7 /A A T
TR, IR MSCs I B - 5

[6]  Jamil M O, Mineishi S. State-of-the-art acute and chronic GVHD
treatment[J]. Int J Hematol, 2015, 101(5): 452-466.

|71 Hess N J, Brown M E, Capitini C M. GVHD Pathogenesis,
prevention and treatment: lessons from humanized mouse transplant
models[J/OL]. Front Immunol, 2021, 12: 72354[2022-06-01]. https:/
www.ncbi.nlm.nih.gov/pme/articles/PMC8358790/. DOI:10.3389/
fimmu.2021.723544.

[8]  Naji A, Eitoku M, Favier B, ef al. Biological functions of
mesenchymal stem cells and clinical implications[J]. Cell Mol Life
Sci, 2019, 76(17): 3323-3348.

|97 Pourjafar M, Saidijam M, Mansouri K, ef al. All-trans retinoic acid
preconditioning enhances proliferation, angiogenesis and migration of
mesenchymal stem cell in vitro and enhances wound repair in vivo[J/
OLY]. Cell Prolif, 2017, 50(1): e12315[2022-06-01]. https://www.ncbi.
nlm.nih.gov/pmec/articles/PMC6529123/. DOIL:10.1111/cpr.12315.

[10] Yang C, Wu M, You M, et al. The therapeutic applications of
mesenchymal stromal cells from human perinatal tissues in

autoimmune diseases[J/OL]. Stem Cell Res Ther, 2021, 12(1):

Prog Pharm Sci Jan. 2023 Vol. 47 No.1 -



14 | T8 % EEETHEESTBEDIETHOFRERE

103[2022-06-01]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7859900/. DOI:10.1186/s13287-021-02158-3.

Brown P, Inaba H, Annesley C, ef al. Pediatric acute lymphoblastic
leukemia, version 2.2020, ncen clinical practice guidelines in
oncology[J]. J Natl Compr Canc Netw, 2020, 18(1): 81-112.

Zeiser R. Activation of innate immunity in graft-versus-host disease:
implications for novel targets[J]. Oncol Res Treat, 2015, 38(5): 239-243.
Choi S, Reddy P. Graft-versus-host disease[J]. Panminerva Med,
2010, 52(2): 111-124.

Moreno D F, Cid J. Graft-versus-host disease [J]. Med Clin (Barc),
2019, 152(1): 22-28.

Ramachandran V, Kolli S S, Strowd L C. Review of graft-versus-host
disease[J]. Dermatol Clin, 2019, 37(4): 569-582.

Zhou X, Jin N, Wang F, et al. Mesenchymal stem cells: a promising
way in therapies of graft-versus-host disease[J/OL]. Cancer Cell
Int, 2020, 20: 114[2022-06-01]. https://www.ncbi.nlm.nih.gov/pme/
articles/PMC7137413/. DOI:10.1186/s12935-020-01193-z.

Murata M, Teshima T. Treatment of steroid-refractory acute graft-
versus-host disease using commercial mesenchymal stem cell
products[J/OL]. Front Immunol, 2021, 12: 724380[2022-06-
01]. https://www.ncbi.nlm.nih.gov/pme/articles/PMC8417106/.
DOI:10.3389/fimmu.2021.724380.

Kebriaei P, Hayes J, Daly A, et al. A phase 3 randomized study of
remestemcel-1 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): 835-844.

Kebriaei P, Isola L, Bahceci E, ef al. Adult human mesenchymal stem
cells added to corticosteroid therapy for the treatment of acute graft-
versus-host disease[J]. Biol Blood Marrow Transplant, 2009, 15(7):
804-811.

Kurtzberg J, Abdel-Azim H, Carpenter P, e al. A phase 3, single-
arm, prospective study of remestemcel-1, ex vivo culture-expanded
adult human mesenchymal stromal cells for the treatment of pediatric
patients who failed to respond to steroid treatment for acute graft-
versus-host disease[J]. Biol Blood Marrow Transplant, 2020, 26(5):
845-854.

Murata M, Terakura S, Wake A, et al. Off-the-shelf bone marrow-
derived mesenchymal stem cell treatment for acute graft-versus-host

disease: real-world evidence[J]. Bone Marrow Transplant, 2021,

Prog Pharm Sci  Jan. 2023 Vol. 47 No. 1

56(10): 2355-2366.

Muroi K, Miyamura K, Ohashi K, ez al. Unrelated allogeneic bone
marrow-derived mesenchymal stem cells for steroid-refractory acute
graft-versus-host disease: a phase I/II study[J]. Int J Hematol, 2013,
98(2): 206-213.

Muroi K, Miyamura K, Okada M, et al. Bone marrow-derived
mesenchymal stem cells (JR-031) for steroid-refractory grade III
or IV acute graft-versus-host disease: a phase II/III study[J]. Int J
Hematol, 2016, 103(2): 243-250.

Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells in health and
disease[J]. Nat Rev Immunol, 2008, 8(9): 726-736.

Le Blanc K, Rasmusson I, Sundberg B, et al. Treatment of severe
acute graft-versus-host disease with third party haploidentical
mesenchymal stem cells[J]. Lancet, 2004, 363(9419): 1439-1441.
Wang R, Wang X, Yang S, et al. Umbilical cord-derived mesenchymal
stem cells promote myeloid-derived suppressor cell enrichment
by secreting CXCL1 to prevent graft-versus-host disease after
hematopoietic stem cell transplantation[J]. Cytotherapy, 2021, 23(11):
996-1006.

Wang Y, Chen X, Cao W, et al. Plasticity of mesenchymal stem cells
in immunomodulation: pathological and therapeutic implications[J].
Nat Immunol, 2014, 15(11): 1009-1016.

Shi Y, Wang Y, Li Q, ef al. Immunoregulatory mechanisms of
mesenchymal stem and stromal cells in inflammatory diseases[J]. Nat
Rev Nephrol, 2018, 14(8): 493-507.

Zhao L, Chen S, Yang P, ef al. The role of mesenchymal stem cells
in hematopoietic stem cell transplantation: prevention and treatment
of graft-versus-host disease[J/OL]. Stem Cell Res Ther, 2019, 10(1):
182[2022-06-01]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6588914/. DOI:10.1186/513287-019-1287-9.

Tago Y, Kobayashi C, Ogura M, ef al. Human amnion-derived
mesenchymal stem cells attenuate xenogeneic graft-versus-host
disease by preventing T cell activation and proliferation[J/OL]. Sci
Rep, 2021, 11(1): 2406[2022-06-01]. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7843654/. DOI:10.1038/541598-021-81916-y.

Wu R, Liu C, Deng X, et al. Enhanced alleviation of aGVHD by
TGF-B,-modified mesenchymal stem cells in mice through shifting
M® into M2 phenotype and promoting the differentiation of Treg
cells[J]. J Cell Mol Med, 2020, 24(2): 1684-1699.

HFd A ool maTs 1M



[36]

[38]

Bt A 20231 HaTE H1M

Tang B, Li X, Liu Y, ef al. The therapeutic effect of icam-1-
overexpressing mesenchymal stem cells on acute graft-versus-host
disease[J]. Cell Physiol Biochem, 2018, 46(6): 2624-2635.
Silva-Carvalho A E, Rodrigues L P, Schiavinato J L, et al. GVHD-
derived plasma as a priming strategy of mesenchymal stem cells[J/
OL]. Stem Cell Res Ther, 2020, 11(1): 156[2022-06-01]. https://www.
ncbi.nlm.nih.gov/pme/articles/PMC7164240/. DOI:10.1186/s13287-
020-01659-x.

Liu W, Zhou N, Liu Y, et al. Mesenchymal stem cell exosome-derived
miR-223 alleviates acute graft-versus-host disease via reducing
the migration of donor T cells[J/OL]. Stem Cell Res Ther, 2021,
12(1): 153[2022-06-01]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7913292/. DOI:10.1186/513287-021-02159-2.

Fujii S, Miura Y, Fujishiro A, et al. Grextracellular vesicles is
associated with peripheral preservation of naive T cell populations.
saft-versus-host disease amelioration by human bone marrow
mesenchymal stromal/stem cell-derived[J]. Tem Cells, 2018, 36(3):
434-445.

Wang X, Zhang M, He P. Pre-infusion single-dose mesenchymal
stem cells promote platelet engraftment and decrease severe acute
graft versus host disease without relapse in haploidentical peripheral
blood stem cell transplantation[J/OL]. J Int Med Res, 2020, 48(5):
300060520920438[2022-06-01]. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC7221479/. DOI:10.1177/0300060520920438.

Jagasia M, Perales M A, Schroeder M A, et al. Ruxolitinib for the
treatment of steroid-refractory acute GVHD (REACHLI): a multicenter,
open-label phase 2 trial[J]. Blood, 2020, 135(20): 1739-1749.

Kelly K, Rasko J E J. Mesenchymal stromal cells for the treatment
of graft versus host disease[J/OL]. Front Immunol, 2021,
12:761616[2022-06-01]. https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC8577186/. DOI:10.3389/fimmu.2021.761616.

[EXNA] T45

[39]

[40]

[41]

[44]

P

PPS

MacMillan M L, Weisdorf D J, Wagner J E, et al. Response of 443
patients to steroids as primary therapy for acute graft-versus-host
disease: comparison of grading systems[J]. Biol Blood Marrow
Transplant, 2002, 8(7): 387-394.

Bacigalupo A. Antilymphocyte/thymocyte globulin for graft versus
host disease prophylaxis: efficacy and side effects[J]. Bone Marrow
Transplant, 2005, 35(3): 225-231.

Gao L, Zhang Y, Hu B, et al. Phase II multicenter, randomized,
double-blind controlled study of efficacy and safety of umbilical
cord-derived mesenchymal stromal cells in the prophylaxis of
chronic graft-versus-host disease after hla-haploidentical stem-cell
transplantation[J]. J Clin Oncol, 2016, 34(24): 2843-2850.

Cahn J Y, Klein J P, Lee S J, et al. Prospective evaluation of 2 acute
graft-versus-host (GVHD) grading systems: a joint Société Francaise
de Greffe de Moélle et Thérapie Cellulaire (SFGM-TC), Dana Farber
Cancer Institute (DFCI), and International Bone Marrow Transplant
Registry (IBMTR) prospective study[J]. Blood, 2005, 106(4): 1495-
1500.

Zhao K, Lin R, Fan Z, et al. Mesenchymal stromal cells plus
basiliximab, calcineurin inhibitor as treatment of steroid-resistant
acute graft-versus-host disease: a multicenter, randomized, phase
3, open-label trial[J/JOL]. J Hematol Oncol, 2022, 15(1):22[2022-
06-01]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8900437/.
DOI:10.1186/513045-022-01240-4.

Doring M, Cabanillas Stanchi K M, Lenglinger K, e al. Long-
term follow-up after the application of mesenchymal stromal cells
in children and adolescents with steroid-refractory graft-versus-host
disease[J]. Stem Cells Dev, 2021, 30(5): 234-246.

Boberg E, von Bahr L, Afram G, et al. Treatment of chronic GvHD
with mesenchymal stromal cells induces durable responses: A phase

11 study[J]. Stem Cells Transl Med, 2020, 9(10): 1190-1202.

Eefdt, #%/ ZEEN, BLAeSIm, o R ESSE I ER
MEREIEE; MEILRASEIRENTAEEE ., BB HIEARIZIE TIE, BUEH EE R
IR, TEETREERR R RERN, PEREEL2SMBRRE TV ERRER,
HEEAHEDRXBRERERRTEER, TEIVEDSRESMESRFEE, RNTEY2GERE
FREN, TREFRBRRREEE 2T, #HuEBAM RS 1 T BREHLEREat S — SR EE
Bt —55 . RER 2 T, AE—FE LR SCLUCIS A SO OIS S 30 s .

Prog Pharm Sci Jan. 2023 Vol. 47 No.1 -





