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Abstract

Post-liver transplantation infection is the main obstacle affecting the long-term survival of recipients.
Recent studies have found that immunosenescence-characterized by inflammatory senescence driven
by senescence-associated secretory phenotype (SASP), myeloid shift, and intestinal flora imbalance is
a key factor determining the susceptibility to postoperative infection and the prognosis of the graft.
In liver transplant recipients, this process is exacerbated by donor liver age, ischemia-reperfusion
injury, and long-term immunosuppression, manifested as delayed reconstitution of CD4+T cells and
NK cells, reduced T cell receptor diversity, and metabolic remodeling. Clinical studies have confirmed
that the immunosenescent state is significantly associated with multi-drug resistant bacterial infec-
tions, reactivation of latent viruses, and the risk of severe sepsis. Inflammatory markers such as se-
rum IL-6 and TNF-a can be used as independent indicators for predicting the severity of infection and
survival rate. Targeted elimination of senescent cells, regulation of the intestinal microbiome, block-
ing specific inflammatory pathways, and optimizing immunological strategies are expected to re-
store the immune homeostasis of recipients. Integrating immunosenescent markers into the clini-
cal risk assessment system is of great significance for achieving individualized infection prevention
and control after liver transplantation.

Keywords

Liver Transplantation, Inmunosenescence, Postoperative Infection, Inflammaging,
Microecological Dysbiosis, Senolytics

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

JF# A (Liver Transplantation, LT)E ATRTT ZAR AR 5 kP I 32 0 12358 40 B J STk e 10 3860 77
%, HIGRRY) Ol B R ARG RBNIESE: 2% b ARSI T 70%M T THE[L] [2]. #AW0, AT
B R AR G SR T e A 1 2 Bk o PR RS, oL o =2 U 1 B (AT R i 4% o 5111 ) N 22 S i
ZH(MDR)AHF 51 R IS, AKIR R IR AE 52 38 R RIBE TR (K1 BE A [2] [3] R 23 s R4
TEFEFARIAG I ERZIR) “HEIB” o FAREIMA B DLEAS AT 8 G i S il FEEE S (IR kR 1 58 4
5 RE RN EREAE[4]e AT 0 [F R A R RS, 523 AT 2 K G R TT . XY R
PRSI I 1 G RS, IR FET- T T S A0 B Bh 25 P [5] [6] 0 AHOCHIEFLAR Y, ANIF) Gy # ki
T R R R AE M . NK ZHAR LK CD8+T 4t i B gt id F A 72 e thsgmn, 1X Fh eyl BRI R 5 AR5
L) v R RS A A AE BB R [7], Bl SR R ] U, e B 00 S EU BB A BT, BT A
SE WO FESE, BRI ERS S 2 AR AR R DL YIS R RS, B AR
HAR R B e ZE DR R IR 98 B DR 3R IA LA 43 5%t PR 4 M s S8 AR AE , ] DR S2 4 1) B2 TR 55 8],
BT UL, A T BRI Rk DNA 5532 2R BRI 7, TEFER 2 7% R 7 32
LR, B NN SRR RE[9],  BAAME GO R AR S5 I G BRI T e e R B E A, A R
L B S O KIS PSR AL T H BB AE L[ 10] . X — R B AE B FE R BN 0% R G BE AR
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S, g B A AL T 259 B AR AR i, IR BT RN VA A AR R SR 5 BV ) S B AR bR
[10] [13].

2. RERZNRLEDFNH

TR Z IR RIE I RARIAE, TRk adi. Wi &4 S 6P 0 A J A
2.1 RUERE

#1322 (Inflammaging) /& %.9% 3 Z bR EVERIE . R IUANUAAK BA LT —Fi (i 2 I 7 R i IR S
[14] [15] £F3%F COVID-19 HAIF 78 A B, mizK-F- [ L7 E 401/ 22 -6 (1L-6) . IL-8 DAL R ASE A 1~ (TNF-

o) A I T R G 71 TR P R FO0IU DR 7, B VP AT AL AR B il B 28 AR U8 (1) BIURRHB AR [16] 0 IR PRI SR IE TS
SR T ANR R FEE ,  HU AT G005 41 B 7E TR0 9% R gL i [ IR A [17] [18].

22 BEESMNEENRSGH “BERRRE"

FIE R G RIR TG MARYR. B AL, 120 (HSC) I W SR /- Bt FL o AE 77 17)
SEAT R T A i A G AR T AR L2 AR GH AR [19] [20] - IXA A% 3 50 PR 4 A AN B A 4 A B AR KB mT e,
(ARG 5 % A D BEAEAE AL BREE , T PURGL A0 7 B ——T AHIIAN B ZRAR I I 2% 241 [21]-[23]

2.3 ERERS: REZUN “BHFR”

JoiE AR 518 £ % REAERERS . NRA R (HLA) A5 AUE A T 4185 NK
YNM RS, M0 T I R AR [24). WERCEOR, BUZEMBER I Z BEYE(Alpha 2 FETE) 518 3
BRI RIE B VA IG[25]-[27]0 R AL Il A7 I8 3G K A R A S TR B, Wi B B JE S R 3G, B0 A= 4 4y
BN RS, @I TNF 8215 MG T A8 R hs o ] 4 B 1 A0 o el pl B A X 280 1) 90 S
IERTE T R G e 22 1 SR 2 [28] [29].

2.4, SEINHIFILER T MY 2

NT UM SRR R A B, HURTEAH T — AN R B AME RN 2 o 7E 28 PR DR 7 (R
T, HREIRTEI 40 (MDSC) . T E T 40 (Treg) A M2 R LG AR i A2 4K P4 57t 1 R B [12] [30]. X LE4H
F i B AL A KR T8 (TGF-B) IL-10. A5 & FREE-1 (ARGL)ZE A T, AU T CD4+/CD8+T 4iljify
MIBETE, EFECT FARAE (NK)ZH AR SR 40 1) T B PRI [31]-[34] -

3. ARREENBEZEDPHNARERN
3.1 BT ENLESHEE

TERTF RS RE P A S BB RS (1 S B R, CDA+T 20 AT NK 20 A A bRk bk 53 i iE sz B A St
B VE R, 5 AR T B4 AR B (CMV) I F GG [35] . ART, {EAE RN, XSS &
ARG . LAk, B ST RS B T AR IR I, 52 AR P9 (bR ER AN B R A B bR
JE4E T el Bimk, 2R RAEAZ T 4H(TEMRA) E il 1 [36] [37]. XA MR T = Z b5
LWl sCD163, sCD28, sCD80, sCTLA-4)/KTFHITFtE, TinEE FiZBifEGe /1AL 5[38].
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DOI: 10.12677/acm.2026.163947 1630 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.163947

Mrieth, =A&sr

PS5 S A QAT 8 1) AR [39] [40] XRS5 S e M ELARRE— D [ 1 32 ks R A
3.3. HENENARRYESRERIPIRR

o B 3 2 fie UL I Wi P 3 B 2 52 3 0 8 W 2 A 1) B 2 R P [41] o fE AT X SARS-CoV-2 i
(BNT162b2) It o rh A B, 80 % LA_EAMAR BB A b A 2 B 2R T 4R 2, HAERM S — et e 4
BRZ XA S BR(I0 Alpha, Beta, Gamma)f¥jHiA1GE /1[42]. IX BG4 IFIARHT DL & IFN-y 43 WARE 71 R
B, B T 3235 18 G e M % 2 T R B AR

3.4. BB MEARER SASP WiBHIER

FERTRERA IR R SE B, S BE AR AN SO T HE /5 SO SE 3 AT, 2 398 52 3 G A B (A% 00 A2
B ARG R T ZOGE I B A M S M, (EUT R MBR VPG AL, ASRIBILAR (0 2545 41
PRIEE R S TEEAR I WA T (SASP) AT R AN R RO T 1 R0 o 4% U WA R 1 ) 79 (CNILs) - i fth g 5%
A, EIK I T RIS AL, TTREAE L N B R G AR RN, 5 bk A A B R AR R
M[43]. shAh, KN CNIs 54 SrPEAIRIEE JORE (R MR FE ) IV 4EFF S DA OC, T BEIE I 9 N4 i i ) 4
R, TaJ3EAReE SASP B8 7 IR, AT AL 32 AR s 2 R M [44]. MELZ N, WAL E AR
HLEE ] FI(MTORI), W iHE R, NI B3 M2 E %08 . mTOR A2 i{%E SASP 4 i) < it 15
A, EINE RS E L BAWZE R, A RENE] 1IL-6. TNF-a 22 57 IIRHIE, Bl SASP Ik3h 1 &
LI JORE[45] [46]. X T EHBR(MMF), Has i 3] DNA & Bk T F4HR A 5, 3o i P 10 152
FERFE WAL N AT RE -S40 ML BE N ARG TE ST 2R, Rl AU S0 — D o 2 3 1) e e R 471

4, BEFESIFEREHRXE
4.1 MEMRESZEWHEY

FIREARIE, &I E S AR B . BT 5% 5% 530 fgiE 3835 M 18 i K 5 2 i
ThEekRng, &N E 22 IREAIER (BRI . 70 1A ) BT B R R IE PR [48] [49]. LbAb, HFiXFp
GIENEEIE 5, S E ER BN 2 Bl 258 (MDR)E YL, (f 75315 PR 3 U R HE[50] [51].
42. IRBEHE: YL CMV HZF

TEREINREE B MAF, CMV A TARIRIRS . (BEEAEEZNBEZE Y, BT CD4+T 41
1 NK 40 ToiE A R e 2 B B, 8 7 S s UG B N [52]. R, A5 40 &
TR FE RN R A TR B 1 I RORE O SRR R A, T R R E G A X — I R ) B KRS [53]

43. REFESZREIERE

W ERIEAE S 2 st N A B R AR EENIE . FEE A S B M T 0, AR AR T K s
FIM I, SIFERE TS SR AR A . XRRE T O B S TR bR R I 2 R R A
Pefg, FEAEFERE R S SOFA P14 A EE 22 1) 48 B H 4% Tl J5 [54] [55]
5. EEGRERENBEGT R
5.1. EHPEBR(Senolytics)BIRL

T BRI 4N (pL6Inkda FH P4 ) 0% SI7E TR 14 975 S A AR wh B A 0 S8 A D S AT i o AR
B, R MUM2 ERgEgn i A Ry B A [56]. T A ATRETE IR SRR, TEREAE A6 AR IR 2% B kAT
Senolytics 4bEE, T E I T mt-DNA BGI RIN ARG E, MNNSGEFER 2R TE[9]. &4
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375 B2 (Senolytics) () 3 ] B3R 7E el 4% 2H 27 80 A I AT AV i3 5 0 200 e vl A 7 T FR L L1 T 55, (B G 2 4 ATy
TN, — T, RIS 24T RERE BRI 7 A o AT Thae (4 iR L RE, SR FRAEY) N R I
GRS B, MR T AR R R IR A A 5 TR X (DAMPS) T BETE R I YIS 52 11
GRS, PR EMEHERM[57] [58].

5.2. RGREFRINHIFETM

I & 48 % % 2% (Systems Immunology) T 5% 52 2 FI A0 ke Rl 128 85 1 AN DD RE N & 1B AT FEREALAL 1
AR ST, A BT IR EE T ) G S SRR AE[59] . @i W I iy o sCD163 & n] IR bR S, IR EAE
AJ DL R 55 10 L 29 B R, SEBX A2 3 LS S s UG 1 20 J2 & 1 60]

5.3. HE RIS

BT EF KL AR PR HERE P 7 AR SN, SR S i AP i R A 7 B2 R (=75 B
P BTN s8 e e 75 S8 M E MBI FE[61]. [, S5 ARG NK 4005 CDA+T 4 i thig f e 50 /)
5 ARSI R R, A AR B O 1R R AR 4]

5.4. BERESEESAREERR

AT T 2 A B TS R B R A AT BRI S I I Y TNF A 3 JORE S M,
NEGRGNE R E I T W B [62] [63]. LAk, A FIES7IE IS B BORBAT (R AP Ky 2, g
A7 B 3RATIAE B R N A A R KPR 5T T 0 a2 RE 30 4% S e S22 K/ 7 1 25 [64] -

6. BEERE

A2 52 2 R G AU AN RE DU PR T4 Gt e e diii], S Be 2 B/ MR B2 &, il “ R
PR BER MW . WERCES KRS, REERI 9978 EOEThRe, BN 2 mi 2. ER
TATE S RTGAE ) 5 Sk o ARKRHIT U5 L BE S BT AR 0S L 32 A S e vl A S A= M AL 1) 22 2 P2 U TP Al 1 2R
FFHESHAE AL . I E A LA WSS AT T S AR S R S
B, A ESLIIN R RIS, TS TR AE 32 & MK AL A2 T R S IR B 13 B
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