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Abstract
BACKGROUND: Allogeneic hematopoietic stem cell transplantation is the most effective method to cure leukemia and other malignant hematological diseases,
severe aplastic anemia, and hereditary hematological diseases. However, immune reconstitution is often delayed in the early stage after transplantation, which
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significantly increases the risk of cytomegalovirus infection/reactivation. Only promoting early immune reconstitution can produce a cytomegalovirus-specific
immune response and truly and effectively control virus replication for a long time.

OBJECTIVE: To summarize the research progress of immune reconstruction and anti-cytomegalovirus immune function of mesenchymal stem cells after
transplantation, and analyze the current problems and future development directions.

METHODS: The PubMed database was searched with “allogeneic hematopoietic stem cell transplantation, mesenchymal stem cells, immune reconstruction,
CMV” as key words. The search time limit was from 2016 to 2020. Repetitive articles irrelevant to the research purpose of the article were excluded, and 46

articles that met the criteria were included for review.

RESULTS AND CONCLUSION: The restoration of thymus function is beneficial to promote the restoration of the diversity of T cell response pools, and is the key
to immune reconstitution and antiviral therapy optimization. The latest progress of immunology indicates that mesenchymal stem cells may have the functions
of reversing thymic aging, repairing thymus damage and promoting thymus regeneration, and exert antiviral effects through multiple targets and multiple
mechanisms and protect the host from virus attack. However, there are still many limitations. The miR-21 genetically modified mesenchymal stem cells are
expected to provide new ideas and new strategies for immune reconstruction and anti-viral immunity after transplantation. These will be the direction of future

cell therapy.

Key words: stem cells; mesenchymal stem cells; allogeneic hematopoietic stem cell transplantation; immune reconstruction; anti-cytomegalovirus immunity;

gene; review
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0 5|= Introduction
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{2 8 7 A B o T A HR A T, o T BT o o JE
PR RN G TS T R IE ) RIE, KA E mR R AR K
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E 40t Jh At R E Mo m AR BT RE, RILA R R
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B hnE R E ARG, Ak A B e R AR R b R A E e AR st
F, RFBRRLESERE T —RREMBBREHND, o
Maribavir. Letermovir. CMX-001 %, 4{2if XA KA AE KR
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AR TEBLA BFHFR, RELER TR FLREET
By TRbE, R4 T R AR Tt e R K. AL AR A,
i8] 755t e S £ F R dm st b kA SS9 B, 1A AR
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1 #RFN753E Data and methods
1.1 BRISKIE v “allogeneic hematopoietic stem cell transplantation,
mesenchymal stem cells, immune reconstruction, CMV” # x4
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Ll “allogeneic hematopoietic stem cell transplantation,
mesenchymal stem cells, immune reconstruction, CMV” JhyJcg#
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2 Z5ER Results

2.1 BEMFHRREENEEERNG] LA ETELith T
mip i B WA —ANEZRE, ZEHREY AR
%, BT KA AT R A% TF 00 R g A AT, &
FEBMERET OFRAVEMRKIAEA ., EE DI

BZJE, Bamie., Eimie. Emit. A RFJ0mieEE
A S G iR R B, Ak E i A 1E R R IR T S
FTHANPRHE TR ENREL, 2ETE2HALZEK
BB A), R 2 ATt B iR A 0h 4 R S TR R
PR TR YRS I W) N WL N R LR - g
mpg, EFHRRBAR (Jefa ) B3 @I 7w o m it
2P EFEERER, CRIKNREFEAR AT E, TR
G B fm B E AL R AR I BR B T e B4 dm e )
T T @l T it —FE B R e e AR S, A
W BA I F IR AR, B, (R T e S % AR
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FBARR A T ASHAR £ M09 AR TH AL 38 B, BAEH A A
T e R 2R AR F A A EZ S, T RS IA
HARMT ol m T Sk &b, 122, MR L
MNAR R ARG xR, FRERAT@mEZRY,
ek E e TV ABst TR A A A A 8RR ILE, RA
BHEAAG & TR R IR LRI, o, TR IS
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PIMRA A, Rd, ER T kst TR A8 09 R B R A TR,
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22 EYMERSER/ BEENEENG Emitmasieim
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S AR TR S AF G AR AT, Mo, Edmitgm
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R ARV A AT AW AR AR A0S 7 F I, A2NIT RS 5T
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W, FoAmE T 60 B R RIVE MLIAE T R, B #R
T oAl TR e mineg =4, UERIKE F 89 LB Hh ik
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TSI 2 4R R 64 R AT 25 €45 Maribavir. Letermovir. CMIX-
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W RMRE T, ShFFmAugd (D/R)4L, oF
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RELRERBEIL. RERE, RAMETEZERZHTE
FARN B E ok R e o E w RAR R, RIS % R
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b KA B A4, A EIARE R A E Wm0,
24 NEAREERS5EMIRRSRE / BAENEXAR A+
Chetbtie RATHAR—ANGELLMH /AT EAE,
—7 &, AeEhEEERETFRRENFGR, S—F 8, E
WML FERE R R RN AR S EER G E @R EILR R
g 1 B Je D/RTAAR A Z R ARG RS, RAXAE
mf R A A R R A Y A B Itk LR B H 4 R
B, AR E e AN e e At T T A 2 E K
RN R P SEE X Yok S Y St =) A
B, AR EERERRRELEERE wimER LM
EEER AN, W E @R ERLE [ FRE R RA
i) %95 TEIET A BR., PR R RS R E 90 m
BMEG AR L, 2h T @RBHAEN AR ETERL—ANERY
WA, R OZIEEBAE M AR EREET, TR0ETH
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R PRESHER. Bt &8 A & 2R AGBFR,
At E SR ARG ERTEHALE B RN, EE5—9FFL
BEARGEMARRELENEL R LR LSRG, REEZRE
L m A B 6 T ALES B R TR B R At s RSE, f2
EXRARFRAEEEZNR R TR, Emfmiig/
L 0 R A AR 3 .

EhBEEZEIEY, SEMRBEREMEANYAREL
ZAUNTIAFT@: @ ERT @mi% A CD8 thmie KT
e U, il it B AR B B A TR AR B R R LA A
FEZGH, WATAZA T CDA* Th wfe e i sh: £ KERR
FIBRZE, —3n T mILE Z oAk mie A T e B,
TRABREBERLERNFRIFEEZNR. EEZHR, pih
EHREETEZNLELEERGREN R E, REhEEESREET
BRI AR, TR EELE TR IR AR
T afee)3giaEie, BARMA T LIN: OL4t EHHAHAOFE
FAME (D/R) BF, B&:ZmEn R e, BHRA RN 3] 4t
TR IR QAR TR R TR R, F =74
MW T MK TRAEBHIRNIGIAEN, BRFAGRES
ME; Q@FREIRIFLEAL, LTHRARA T @MILA AL,
R EAIGIA S w0 R Tkt el AR, FR A
BRI TR, EmlomEaR AL NegE. Aok, B
WITE E I 09 KA BERAC T SRR 06 7 VT S 3 T e AR
BRI R AL, R AN, TaRAAETEMESR
BATEREMRAERL TP ENEIZAREE, MEME
TS AT S R B I ) AR T
2.5 [EFRTFERAIFEMSERIWLHIRSRIE

o [B)7E BT 4 & 1 £ 1 R AL

o miR-21 7B FE R F A FIT A K IERIER

251 B AR Tl X FEEMFAARGIAE E—RIRE
2, TEA NG RENH D A LI R R T amie. 18 %
RFmRAEFTHAS PO LR LE, L8 RENE LS
FEor i VT B B F R AR e e ik e F 4w U, 1A AR T e
BRABALT iR Bk dn T amfeagis 7 R . EA—FERM %
SR i, 19 R T BT AR KR IR, bR AR e AT
JE % CDA'IL-10IFN-y" T @i 49 7 4 5+ TR d i & e je % 27 K
PO Jpd) T, B, B ARFZASmMICIEIE, AT Treg/
Th17, Th1/Th2 %45, FHSHAAGE G LR TR, BTk
b % fm At A% T T AAAL R F ARSI F AR A E
2P R AR, RART @R R K AR IR

Fo % @bk be, ERR LM T THES A S A tm i
SN LLLR bt ERAXAT S @ LR LR RS P £ 4E
TE2EA, CHRITAFFOMARS AME M, AEEEHEN
Fitheheasr, TR IEE b, SubmieE FALay
4. 2k EdmE, FHL R R SR T s 7 EmibmER g,
A AN TR S 5 T e S, ZATFLET E 400 52 4 [ FsE,
AR AR AT A BB AG S A Sk, A BRI R, A
EFOAREIG, o, BART @R 2. BRI,
AH B BAN SRR TR, IR 1R, RiEieeRE
Bl H TR R EFHRE, A=+ B, &k
WZ b, B R T A 2 dn T 40 A% AU B9 S A IR R
HY RBMATR. RAMLBRAEFRMBGSLET LLB T —
TG R AR AT

252 B AT mine Bkt R T mib s R A
JZE LR, AR R AP RET LA MR RN Y
HEEZFKR;, BREEHEEK, RERNBLREEER, LTS
F R BIE; FEL RO BARIEIT A BT A B IR 3 2
He RSB mRAIL TS, XA FEAH 4 T 18 AR T e A K
B BARTaien 2026 MRM, BTATE LR T @it
VeI ALE] T ik, & R VUEA SR MIEFE R A . LT,
) E A RER R T miesgin. £, oA LR34
) KRR R, REFBIILRAEFE, WAHFRLLIA,
) Z SR F R AR Y 3R e B, % B T Rk )
b MR PG R) R T . G 6 FRIESE, SRR A
Ji T am el 4y e AR i A B BL LR 4R SRAE R ARG B, R AR
LA A A Ao AT AER .
2.5.3 miR-21 F A T b A M F AT A P RIENER Rk
A, 18 FJR T e B £ By m B b sk A S O
18] AR T m R R SN S AR AR LR SRS B R ARAE R, Aottt di A
A K FF BiF549 CDA'CD25 T M B 4 i1k 4 Foxp3'Treg 4m i,
Rk emin = Afe i FIE v G @ienF 6. WRERL
BT afFmmpR-F, LELLAT A, WK T @ik
TSP BRI VA AT 4] Th17 stk Treg sl ki %95
AP s, ) R aa e R S AR B LR UE S AR e,
RAE i 745 A M E RN T AR, AL meE e
Ok, AR AR Tttt AR, MFRGG
SABHA, CHARER, AR T @8R BIN AR P
447 4 miRNAs & 19 7o T e X AEVE R e E 2B, EA17T A
38 3E A 4% H ¥ R R 69 RGA SRR T R LR T e e el S A 4 F AT
AHA e, miR-21 2 sLahdh e 42 % F 5 49 microRNA =
—, R—EARMEAPE S RNA, TiEid 5%
KRB LA, FlA AR LB mRNA #1iF, EFE
Kt KB B AT RS, b T H AR @R T A BE P
A A mACEABE . BFR K I, miR-21. miR-23a F= miR-210
FOA I S U T e A TR A 3G 5%, d Rk TR Ae
MR T, 3BT miRNA X I % F e @ K 24 a9 Rt A .
FANG % 2 LB 1) 7008 T ik R sh bk A A st &, 4t
W) . it & A F= knockdown & S B K48 7 T 4 sk K F miR-
21. miR-23. miR-125b F= miR-145 340 L2 §e 45 A 4 £ S4E .
o, A A5 RBA 18] SR T fa Rk R A1 b AR B 3E miR-21 476 4w
Je AT ™, miR-21 kA FHiBE S RBFAFIRE T, K
TR 4m e & A28 T 35 B = 4% PDCD4. PTEN. Pelil v Fasl 49 %
% 052 & ik miR-21 TR A AR T e . 42 e
46 P, miR-21 B ST AR IR Tt g e, AT h
A AR )RR AT R P, miR-214R G T A AR
T em e 64 4 LA AARITIL, A5 AR ) LR T e e @ 5 B e
B AP mpeE ok, YERME iR LA KB B RS ake
448 % B o AR AR T miR-21 £ 1R AR T ey A
TAhAAETET EZNAE.

$bg), miRNAs £4IA A - £ A X R E, KoM
LA B A, AT @ity oibfelai, AH S 4K
MR AR T, miR-21:8iE4pH] T aafeid 1L, REBLIE R .
B AN, miR-21 A H Thl AR EERFF4hE v, L
WA Th2 A XK E B F & @Ie/-Z% 4, -5 Thl/Th2 FHr& Th2
1k, vABRARSE Treg @it tg ik, RIELZEIFHAVER. HAH %
FiAH, miR-21 ZREGAD R, —F @ T LR ATC T @
WEN, BH—F @B TREMACE TR 7 REIHR 46 T @
JeEgE, 4k, miR21 B —R M eEAT RS, X—KIT
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h A o ?%#%%&ﬁf&#%%ﬁmfﬁ&ﬁf%ﬁ
WRAE. 5T miR-21 A5 HER AR T @ b ékﬁ"ﬁ%fr

& G An S A5 S 8, APFLAN R miR-21 A 9T #8 ﬂmﬂﬁ
Ftm AR S o ¥ AR 09 £ R, AREEIN AR Tl @ R4 A it
BAEE, WA TE, ABRERESFHXFLE, Bk,
miR-21 L E 54 18 SR T o 2 A FHE % B TR &
T SR ARAEHT B AR R
26®%ﬁ$%mm%ﬁiﬁmrE%Mﬁa% EA'EFRAN I
26.1 18 AR T miee) b mE AN AR A, 18 AKT
%Mﬂﬁﬁ%mwﬁ% 15 B P RE ARG Ao AT BE P R B & 69
B, TR E ML s OEREXEABAF, BERS
M%ék%MM% , ¥R THhEmnE N Y @i iR AR
ﬁ%éi%m%ﬁ”,ii%%¢%&m%%%kl%%£xﬁ
¥, EREEFEY, @it LA Treg mit, KERSHEM I
TE IRV R S B P @Rt G A& 7 65k B,
e, 18 ZJR T a BT ik % AT ST i gn B B Fde SRR F
BampNE. LA RRFB. HEXAKAF. oEAREK
BT, fi7IRE. AReBEGH 2 FLELATHER. Aot
8] FLJR T e R tm R S e st A, b R e A K
P& QAR YL, Fo b BAtmib R T4 Lk, X—AR IR
F IR W ak ) I o = S B

2,62 [T el B itk AR El A E liesm
R e B A0 B Fotm s e, & T amit. W R T e e e BT
F R K IR E M osm AR BR . BINRE Y 5%
W ZsbE, FATRGZ, MR T RE i,
SEAUA R R 6 B P EE ) AL R TR, AR EERA 2L
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