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Abstract

Hematopoietic stem cell transplantation (HSCT) is a critical treatment for malignant hematological
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disorders, with its clinical outcomes closely intertwined with immune reconstitution and complica-
tion management. Recent advances have highlighted the gut microbiota as a focal point in HSCT re-
search. This review evaluates the association between gut microbiota composition and HSCT out-
comes, analyzing pre- and post-transplant microbial profiles to inform clinical prevention and in-
tervention strategies. Modulating gut microbiota composition and function shows promise in re-
storing intestinal homeostasis, reducing transplant-related complications, and paving novel thera-
peutic avenues for HSCT patients. Mechanistic insights into microbiota-mediated regulation of im-
mune cell differentiation further identify potential therapeutic targets, ultimately improving sur-
vival and quality of life. However, current challenges include the absence of standardized microbi-
ota modulation protocols, significant interpatient variability, and limited long-term safety assess-
ments. Future investigations integrating multi-omics approaches and large-scale clinical cohorts
are essential to elucidate host-microbiota interactions, thereby advancing precision medicine strat-
egies for HSCT.
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1. 53|

G F4NEFEE T 1957 41 E. Donnell Thomas ¥ AT 2B S, fEIRYT 2 MR R SR A
RFB, Bt R T Ml R GG MR a7 (1] SR, BAE 5 BRYL RIS M B 1E 329 (graft-versus-host
disease, GVHD)% &5 S A= fim i) - 29 R0E, 1552003 HSCT (TS K AEAE TR 2] B — A PP RO 1
AR T RS PO XU 18] AR AR AL B SR IC, BRI ST E B RFAE HSCT h /E AL, X T 2%
HSCT ##F WG BAEEE L. AR ARG T IEERERERAE HSCT HhH/ERINLE] L2 T R,
AT BRI GVHD. BE M RIROCHE, S T E I #2 HH (Fecal microbiota transplantation,
FMT). i A B 4507 AL SRS ) Il PRAIE S, R 2 1 2 A2 BORWIRS HES T 7 Im), BN EESL B RE S 1 1Y
HSCT {65 58 42 e ik .

2. FEEENARS HSCT X &K

5% HSCT MIBFH R TR T 2T e giiE R, MESBE2MERWLSEER, S5
[T B RS2 B0 BT [3] [4]e —TGNIAI > T i s2 S R HSCT (1) 5538 Tl v A 11 K28 22 who [ B A A7
WIS, EARRERKGER. ME. HA) KB EE FER AR R E A M, BRI Z MR
e RN ERAS 7 BRI SCE, S FL AR MR BN B 452 i (14 i 3 1 8 22 R PR 5 IR I AE T2 %6 4H 55 [ 5] Han
S NP FCR B allo-HSCT A1) b M bz 4T BAE N e Bz a8 ol 26 A 75 (10 A0 SR F 2 T DA TN 375 i 754 e [
HSCT J& aGVHD K &[6][7]. Masetti 58 AJFJ& i — Tt 04552 HSCT M8 LIIBEFU R I, #AEnT)LE
Jiar T B ) 2 AR A R S AE AR R R A2 aGVHD (W] BEVERH DG[8]. 475 41 B ST I ARG =F Bt 5 11 R
SERRADE, BIANERE & HSCT Ji BAET- M GVHD A AU T4 N i) 2 /G K K £ [9], 1M Blautia
JEE (HIR ZF BOAT 8 44 16— AN 8 39 0 5 B EUEE GVHD AR i BB AR AT 55101, P AR R IRE S
187 Blautia B #0H]5 J5 18 75 i e R TS 7y, JF HOE vT LS ma [l TE i E D BE RO 4L 11 W R A A5 BT
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Ji il i R A7 Blautia B 5547 E BT LI TE AR VIRE T, BERT R0 HSCT &35 MG R 45 SR Ik R 72,
Lt G 5 FH A S A s R IR AR 2R, B D IS 77 3 RER 7107

R FEARAE,  Fp PR 4 R = P IV A 3 TR R S (1 5 R A 2R A e i R 1) 7.48/1000, i 30 K
W SR AL ZIE 12.1% [12]. HSCT i A2 i i @i By e d A A 97 04 B T3l o 2k 2ok e h vEkr
Y ik = ST B GR[13 ] (EAE HSCT HATR], A= 28 1 B FH 45 DR 35 2 A1 i o A 11 22 1k AR AR e Ve
IR, P RS RE JG  MIRER Ge A 5C I A0 T o5 8 2 S AL 14]. Montassier 28 NIWFSURIL, AL Z
FEME AR R A MG AR R 2, I B Ay B W 5% B8 B TR VR T I 1R 1 18 B B 2 ok 1R 31 vl e ) 52 Ik
PP NBE[15]0 BEAE DA DREIN 77 6 R A P o B i R R 22 b 48 5 A D0 N G I B 5 X
B NBERIVRTT -

3. BEEESREATHIEFR

ToTE RGUE D) RE IR K —B 70 2N T BB S WAEMRI LR, iU NEER S 1%
B BE A L A B e A A, W R B BiE . [FI, BRI S RGN SRR T
SRR, AT INSEAT B & i Hl[16]. 18 2 T 4Er H St 2 Sk A1 R EfE R R E
WA R AR T 2 T e, T BRIV E R AE I B L. R B iE T, X R B
i bR AR B TgA L BRI G 4 i Y 3L (R4 S R, IX 2R R S B A iR “ R K
BE” [17]0 FHME PRI T YIREATE 23 2 TR b B RS AE A 5 Or ) 2 BEBR B o B 1 AOIR 0 Bl = A=
Wk, B b R An s R AT DA AR DU R AR, X S B A3 o e T T A Y B A T T A T R
FEBUEDIRE, 78 PR it L A B 0 B i v R4 E S E R (18] B s SR A i i 55 b R A 5 ) 3 A= 4
HHATRAE, FFY5 Peyer’s 4511 B Z0MUFN T 4URRAHELAEF, F=A LB AR P Re 0 1gA [19]. BB IgA
SN Z 2 SLEEAZ A E, BRI A T A MR AL R AR S N . S b, SRS A TgA B
o R BT B S S BITEAR, A 80 5 28 R G e B 0 A WAL I AR DB AR ) B[ 201 TERRAS TR, K%
#4 1IL-17 (Th17)F1 IFN y (Th1) T 4 A77E T B i, FE e = A a5 KR mk21] [22]. [FIR,
AR P T R A = (23] OB SRR A RTR 1 [24 ] 7= A BB RS A SR B A A BT
T I B IR [ 2.5 2K PR 1195 TR A1 P o L

A R TR R RS GBIV BR 115 S . T2 SE, BT S A A 28 BN LR 1) 98 RE SR
() = B4 7E VA i T8 TR AR VRS 5 1B 0 T AN RERS (261, HeHh, Foxp3+ Treg £ G i 52 AL o
T O . H AT Ay, X ARG RIS i 52 1 P e e A R T M R 1S A TE 5 S Treg
ML EER[27] [28]0 X SCAARTETS = BB AE A A b dE R AN R AR AR s, ARSI S5 T 0
IR i} 52 PR3 2 A0 g b S 808 TR T 72 A (28] Treg 5 SN N 28 AL B IVERINLEI Z —, B
FUIR I A B B TE 9 R PR B — Le T AR AN N G Treg M5 S8 3645 55[29] [30]. Z4JLAUSAT B
AIHE NS B3 Treg MoK TL-10 Al TGF-p, HA 1L-10 2&—FfG 5t L MK 1, TGF-g M —
Pl VAT AN IR 7, AT HD) Th 45 . RIS 1k, IRk AT S A0 R 1 (0 2 A3 1] XUSAT B
FUIR R AN i BR T I & 1] 713 56 0 Foxp3+ Treg A9 £5 I A Th1/Th2 4R 71~ w] BLA 2
IR G A S REI[32]. BR T IR DBENT 15 5 1 AR 52 AH DG I G e AL i) B4 e 4k, JRAERERAE Treg
AT DL 0 Ry e PR 7 U2 TgA 2o e4se,  MTTadad 22 Bl 42 il 1 = ST R o8 R [33].
BT 90 3¢ W BBk 4 25 AT B TR i S BRI (IgA . IgE. IgG. IgM)fIKik, Eif % IFN-y, IL-2. IL-4 Al IL-
10 /K7, FFHATLLER Eif ZO-1 BB AT i TLR4/MyDS88/NF-xB 38 4 ) 2 125 e i 35 I ik Bk e 75 5 110
FHHEAR D AN SETE[34] 0 Wl FLANWI IR SEA 1K 73 fA e DLV AL IR IR £ oy, E I AR rh = AR I — A 3 B4R
W) 72 ¥ %% N5 T 2 (short-chain fatty acids, SCFAs), Hilid (2 k4l 54 Treg 40 M 175 5 AIE & Mk Y
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Treg 2 P45 (K KNI RE[35] [36] - Blautia {F A3 AEL LR R E, i ER7IE Treg M4 SCFAs
FEYESF iy TE IS - A FT JRE 7 T R 6 T2 E I [37 ] FE SR RG], RIEHZAN S B miE
F KA R, AR HEIL P AR AR R A R PGE2, 1M B i 2 2R 45475 P 4 (035 A 7K P [ 38

4. BFEEEHETSE HSCT PN A

WHFRERY], WIERERN HSCT BA B FM[39]. T 2R KRG SR, 2 1l i W
FEALRR CATSCRE I PR 45 SR o 10 T E WA LSS HSCT RISKIR AT A9 = K3 FMT. a2 1 Ml
476,

4.1. EEREVHBE

FMT 245K B S s i B A R M B E M B ImIE A, O RO G 22 A0 AL G495 % 23 (Bu-
ropean Society for Microbiology and Infectious Disease) 3% [F 5 JI7975 2% 2 (American College of Gastroenter-
ology)HEFFEVE A E K MR MEAR T IR GR IR TT 7774[40]. e RI 7845 R B, FMT nl@E AN F 2 () At A4
B Rl AR AU AR, IRE LA RZE R ARG GVHD MR R[41] [42]. X T RpiE s
(5] B 2517 GVHD 835K FMT 1697 A RUE R 2 e O a5 200Ph, B8 Ros B I IE ARRE R 7]
DAAFRNZ2 R, AR5 B I [43]-[45]. A REAEAT s A0 A2 e ], S5 Ik FMT Ji
PG RA T 72T 1 B-N WA 0 K B 18 B TURE [46] o X T0U5 51 41 75 55 08 1 i s A4 0 25 CARR 1) ] g &
BN BB AR D B, HFTREAG VAL FMT £EA [R5 4 11 2 A R0 XU o 7 SR HUH e 1) it ok
WEREIT 1 FMT S 3B Gt I ORE,  E i e — AN AR BB /NE FMT WifE, 1T DUA S0t i 2 5 A P
gD GVHD (HA G| RIRGL[47]0 53 70 75 i 58 Al A0 B A4 o 25 A0 MR A R AR BRI 7 %8, Rl T
FMT & i b DAWSCER K E A DL A Bt 15 285 SR AN I R

42. BHEHE

AR B RE O SRR EINT, XHE 3 R R 2R S A (48] A TR AR P AL )4 45 B 2
(BRGNP 5B G w2 P R e 1 L e P R oo I 2 O A w2211 7 R N
S AETE AN 3 38 B B Tl BE[49] - Hart S5&HOBETEA IS0, LS )\ A AN R 40 B e Ak (DU A pLIBRAT B . = Al
WA T A — T G e B T Ml 0 ) ) 2 2E B VR B - VSL#3 (VSL#3 Pharmaceuticals, Fort Lauderdale, FL,
USA), AEIEMILE DC XF IL-10 4724075 570, ATl fe 2% Thl 400 A0 A, A OB B i i
FORYN A L TL-10 fR 77 A R B AL 34 7 CD80 Al CD40 [3RIE, KRIFEE AT RIERH  AFOEEE
TFRE ) — T (=] B Ml R B FE R B, 3 XOSORF 11 751 P DA 2B IC HSCT i A2 H OM 1R AR AR AR 2L IS
[f], FHHAFRGEMEA[S1]. £ B0 —Dih P sese d ks, HSCT HJE F Ak 5250 LA B T w25 42
FEAFE IR/ aGVHD [52]. Sadanand 55T ) — BN BRI TE[53], Jla b e Bk 2 i i ) L2
HSCT &35 1 AU N B P SR UM B 1 2 A SR R4 . — TSR 11 A PR FE R I, Toiy P A
A FLAT B CD2 B LT AT DL FRAR T s B 48 1) A A2 3 F0 ™ EFR BE 541 B WA AT HSCT (15U HE
B RE 77 2B S5 IR S5 R L IR DG R, Tavil 55 N R IR S A ks 4 it ek 2D i 1R 4R 82 6k 1] 5 R W0 (R 48 N
B2 ) R AAE SR =-0.422, p=0.009) [55].

mAEREMEE L, BERENETRENM, WK &% 4R (European Food Safety Authority) 3%
] & i 24 i I8 B B 3L /R (US Food and Drug Administration), 1 A< b #E AT ] 23 A= B 1) 576 NG 7T i [ 56] .
JUFO T i B e B 2 40 S D RRAIC R B2, AN a8 AE B 48 20 1 e A MR AR AE 4R . i
Koyama 55 N8 1 — 151 PR R @5 KU ) L BR AT B 5 A SR G PR AR S R 491 [ 5 7], %4 B30 AML B 7
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#EAT HSCT AR L™ HEARVE 5 R & S i B W IR DS, (2 1 )5 WL 7GR 5. Mehta 4%
NWARIE T — 1332 HSCT 17 20 B bk C R 6 8 DL o 8 P s 5 2l A2 T Y0 TR 09 7D 5 A 2 L AT 1 G
E RGN [58] 0 AR 75 25 2 KA a1 ot B2 AL FURIT FEIE SIE A 7] 2 A2 18 T PR AE HSCT S8 v (R
PZIEEES QRN G S

4.3. @ETT

an AR TORE SN “ B AE E A P SRR F R AR BR AR AL IR, R — P s R AR A e
BT I S e D R E TR0, nT DR E & M i E AR M AR (591 B ATLE 2 AR o2 5 32 Ay
(AR SR AR SR U0, e 1R R s A FLER AT B AL/ BN ST i R FE A FH[60]. a2 Joidad
oA R PR A AR T IR CRRIMMNER RS Z M AW, AR A 1 HLER T PR AR
JaiE pH A, FFXTAE YD AR AP 5 RS AR B R o X 8 A TR AN AT SN R 4 B R DAEE i 47 R
2 RN S A A A SRS A A 2E A, AT R RIS G [60] o — T0T AT PR DAk 2 A= oA FH BT 5
RIL, BELEAT HSCT B G APUIESER (AT 1IN SCFAs HI& &) M2 4 LR &4 GFO(E & & & Bt |
CFYE AR R AT LA 50 F o HSCT Jm thELE OM RIS TE (RFF 42 8], P TI~IV 2% aGVHD [k R,
H H YR IE R EYI Z HEPE[61]. Andermann 55 A\ [URFFEMSE 2], 7E4T HSCT 4K, FNREEREM &
H 5T X R B HEE R YA R A B E R, (HX P2 FIE HSCT G A FELL[62], KK hE
T B — DA FORIR T 23 A2 JUTE HSCT g IR o AR i1l S A P 4 b o] REA7TE R Ak
RBEZ R, (BT RACEIIhREME LR, Foe MRS TR A RIAMA I — R4 B TR [63] [64]. H
BT PRI SRR MBI FUAE A R TR 8 S AR e 3 R VR A A, U T2 A B B o] Ji T o A 4
R 72 2 (B T REAH ELAE FH A BRAR, R L 75 256 Th R AR 25 22 AT S VA 9L

5. R ERE

B HEAE HSCT )G e R i, HRHT S GVHD. QLS5 ™ B IR RIE R YA G,  2E1 5
M SR TS . JEI T I IE R AR DhRe L 518 R R M BRI AL, AR B 4E R i iE B R 2
FEME . R R R SR A KT X B HSCT Jr A E B, JF 845 T HRTAE T TR, &
M, HEEBEFHVIFIHRIBE . WK TR . MEZE R UK Z &S T TAMAERE 2 08, R T %
TH T A DI SRIETE HSCT H 1) 2 R o

KK TTRE T B I 2 R A 2 AR B2 KR (R S5 2 R, I8 6 e B A -
A - 15 @B AORE T, AT AT A8 B BELE HSCT hAVE AL . R ANHIFTE I 8 B R 515 32 e &R
SRR EAR, kB IT RS ST 7 SCFA-Treg fliZs SCtm ek, WM OCHEAEEBE. M4 &
AT S, RSHERL IR T IR O RS A B LAt . HE— 25 AT KB AT IE P BE AL HEBIF FE VP4 AN R
FI7 R RIT RO % A, ARdE L BT TR AR AR, [FIRS 25 & B IR PRARRE T v i S 2 25 I
HSCT Ja ahA A, 58 VR0 T8 B R TR 1 SRS, BB AR AN ()RR AR R R e R 7 6

B
FR I T 77 VR S A R B B 046
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