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Fig. 1 Changes of intestinal immunity, intestinal microorganisms and metabolites in the elderly
Bl ZHEBEMESRE. MEMEYRRE~HHNENL
TNF-a: MR 3RSER T (tumor necrosis factor-o) ; IFN-y: y T2 (interferon-y); IL: [I4~+% (interleukin); TLRs: TollEEAZ{A& (Toll like

receptor) .
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Fig. 2 Effects of the intestinal flora on intestinal immunesenescence

E2 MEEHXGESREREZRNZN

IgA: GREEREHA (immunoglobulin A); LPS: A§Z M (lipopolysaccharides): TLRs:

“Fa (tumor necrosis factor-o.) ; IFN-y: y T3t % (Interferon-y) ;

coupled receptor 43) ;

MOFEFT, HEINE REANAR . 20 A aE T bk E 40 Y 7K
- Je Treg 4 M A9 0 o I A 1 U K % O
(tight junction, TJ) % H &K ZO-1. Occludin .
Claudin-1 F1 E-85 55 85 1/ mRNA FRik, ¥§ag b7
B BETIRE 0

SR, AT RN IATE RS, SRmnzh
et K it kas, R GBI N A K H A AE
JITRE, NREMSA A FONEIRE . GRS
WA LRI TIREREIR, WAER TIAiEwEr, o
MR T HFL TR, BAE A B AT B 0 B
fiX, SIRRGES . MORAEMRTRE ik, T gs
WHEAMRE, WREHERIZN e, JEimink
WiE B bR, KA RAE ©, FUeH K
BRI B 4N BRI 142 35 IR, 7E Peyer” s BE
Herh 322 138 18 p16INK4a F p21Waf1/Cipl 5
IR, AT R, IE AT 225353

TollkE3Z /A& (Toll-like receptors); TNF-a: JIJEIIRZE

PSA: MESiHIFF I ZHEA ; GPR43: GZR (R Z 1443 (G-protein-

INK:  c-Jun % 5 2R 3 B (c-Jun N-terminal kinase) ;
(interleukin); PXR: Z2%iX3Z{K (pregnane X receptor); AhR: J5&IE5%

AMPs: T K (antimicrobial peptides) ; IL: 14 %
& (aryl hydrocarbon receptor)
T 3 22 0 i B 40 i AR, T R A TgA UK

St B2 [QHI PR B AR LPS, RIS i A L
T, XZEEAEREN, AT LS AH O i 40
Mo (ELBE 5 47 8% B9 38 4, LPS 9 B i i AS W7 1
e, B AR LPS 43I TLRs, MBI 1E TI
HHRIKEAL, FHREBIEMERIEM ™. LPS
AAlE R R TLR2, m%%ﬁm@w%ﬁ%m%
S, J:EZQIHE@TEF 2L R T BRI AR, o

55 17 38 B FE D fE 1 %Ek%ﬁﬂlﬂ%mﬂ@ﬂ%m
%ET%EE%%@%M%%MH@aW,ﬂWa
E R LR AR R b B R D RE

fif, I g KA 7 32K 1 (tumor necrosis
factor receptor-1, TNFR1) . Hfd SN 5 o 715 4 il
(extracellular signal-regulated kinases, ERK) 1/2 {5
538 PEOE NF-xB {5 il & 5 IFN-y /T, BEAIR
TIEE RIS 2, ] T R Qi S o s D ie



2025; 52 (3

WXL, %: MERBEHHBRERERENXR +631-

S AR B A R, s
PR, WK LR A e Y. R BN
Tregs ANAIGR = , DU IGE R/ RE, (HIERERT)/
PIAFBET T T R, B I 2R 2 & AR W i
A
22 BERBESHTEBERRATS FHHEE
ER

Wi ARV 2 BA R Re R H L, 4G
¥t W K (antimicrobial peptides, AMPs) . IgA
A5 1 B IR EEIN U AN B AR AR 1 B R ER
T AL OR AP Rz S /D, R T2 M) i 32 1 B it
Bl R AU YR, (AR N T 25 S R L A T B
THEE o

AMPs 518 YR A BAE A de e iE
TR M R T SF 2 Fh A BETIEE 7. AMPs %A
S, SURMEA AU RE R A AR, S
T YN S ZE N 2, NI RZ M i R G0 Ao B
RIEN S EE VA OCH AMP,  FER AW Je H
TR =, BB . oS ER,
REAR RO KA 22 IR FFI 20 T B —Sepl B 7, 20
PR 7 10 %5 B2 S5 i T R 1) OGS4 1Y . A AR,
ZHE A HiE aBifHZE 5 (human a-defensin5, HDS5)
AR T AR N, XA N7 I8 i RS 5
Z RN, HDS A n] 58 52 e 1 38 AR W 0 2H i
FEAUAT B, MERER ], oA e A B
WO AR ST SR FRERG N, M5 | e FELe AR AR OC
P TR RS,

IgA WU i =F ' s Wy e Bk 1
T L RIMIE A 7 IgAX YT T IRIESERA
FEABH T, AR Lk A G g 1 b e
B BHLARFRS 7 PR, TR F D E
P25 18 B A )2 B IR T 40 i 53 W 1Y TgA B
o, WAL e e 7 IR R, BN
fiirh S IgA S M TEEZAERAL, I B miE A
Yl el B 4ii, 255U TgA & e O
PP TgA 2R S I E A YR AR O,
(BRARI AL RIEATERE . WES5 AT 18 Lk 20
AJE IR e IR 1 4r 1, HoAE 5 TLR2/1 #1 C 1Y
BEERZIRMMHEAEHG, R PBK B (555
T, IEUE CD4" Treg By FE S 7= A G2 I8 15 41 ifd
PRIFIL-10 = 7™,
23 REURBRDBERBERH~MRNETEE R
&R GRS

1 1B A A Y i e e e, &

BASERRT IR . RRITER . SCFAs., M3|Wk KAl
Y

RN 238 8 B2 95 TH17 40 M 5K Treg 4
JL ) 3 AR R il A e O T, R B
J B B TLRS ik f R, /N IR RR A 5
W7, SCFAs il i 55 G & Al k2 1k 43 (G-
protein-coupled receptor 43, GPR43) J% c-Jun & F
Vi i i (c-Jun N-terminal kinase, JINK) Z&4H H.AE
FH, R B AMP 78 SR TR e g 1 B R X 1B
BRE RS, AT #0E GPR43 FI GPR41, AT
T F 45 B Foxp3'Tregs, o020 7 i A W) BE RO
L, G P T A 20 R IL-10 FRERL 7,
SCFAs L5 FI/KF AL 58 R 7 IL-8, {HHXLRAF
16 ERIERGE WA =) . BE SRS,
U™ R A DGR 2%, B U E MR Y
Ry B REAL, =2/ G &R ARz 4 41
(G-protein-coupled receptor 41, GPR41) Fikyd /b
FIGPR43 FRak ¥ I, W uE B T A T 45 i 19 i
BB, EmipiEads v,

INEHR T IR ERAE S T Treg 20 At 0 M ik 75 1%
TR 7~ 1% 2 R 4 B A1 2 Treg 400/ AL BORE 1. THTR
ERF A 8 7 A TL-17 FIL-22 1%, A BE il 41 2
HEACEALERG M. 5398, HTEENTRRFE
FEREFRAL, BHAT SCFAs ™4, Wil TR A
Bz BE, B EE ARG I, S E T
e 7. b, TRRAR DA KA 1 aE ik O i i
AL TLRs 55, SR 25 S i . AT H R #%
R 3 255 T AR B 38 1% 3 41 i TLR2-My D88 & NF-
kB {5 S, /NE EIIE ST IL-8, IL-6, IL-
1B M TNF-a Y215, G il KRR e 158, #
BIWLATE Bie Jai 4

i T DR 3 3 R e 2R A R I 1 e
ERYE, ARGt 22 e X 32K (pregnane
X receptor, PXR) K 5 F k& % & (aryl
hydrocarbon receptor, AhR) 50/ 5% 17 Bt % 5¢
Ve PRI S g SN, I R A TR AR
WY EZ 01, SR F AR A 2515
o WIS ADR 1555 S IR E E IL-22 /)7 4
AhR A B T iEh Treg 40ML Ry 7 A=, IR HIIL-17
N, A BT UCE B RAE, R iERRE
UEAk, AhR {555 B i 175 S AR DG R A Rk
R FE RS R R R A, T — 2D UL B
R, [FIES, AhR {55 BERS AN H] NF-«B iy id i
AL R AR S A Tl BE A, DT S0



"632- EMUFESEYIRHR

Prog. Biochem. Biophys. 2025; 52 (3)

MG 7 SR REE R 3G, mg|weid i
AORAF5 M IL-22 58 R AR R E R0, S8k
B I BB OR S 5 A AR DGR 5 1 AR Y | I
PR PR AT AR I TL-10 (477 25 F L B SR R i 3Rk
TS BIHTAAE T o 15| WP R AT I IL-10 7742
JE9/0 TNF-a, IL-1B45, N TIE M, JFREARA
WPy iE I 7 bR T R . IR Z R RE S TS
ARR VAT RFE RN, B AN IL-1B, 1L-655
PERAMI TR, MG AR AE S % i
AT LA S b B A 3 6 5 - 51 XF IDO 1 # il A A

P, A7 BT S S A0 7 A A A8 e R B A
&, EMPURIRI T RA SR Y

3 BEBEMEYBEREREREZN
R

B T A -5 1 (R S =2 [ ) O R
AT, J 2 TR FEAL ) 8 R B B E R A
REERME . FHT, 1 PR i G MR S 4
FRETE, FERCEMRERMASE ™, LUATIf
e R AR HE (K3).

|
( \
AT T Mr >
x
[ 1
s eI -
ERERIOR A _
I £ gim
WREAR. 4 o
EE. TYR. DET
MRS Feal
=
v
7 2 ' & 1) -
AP IN E; ‘ggg ) [y !
AR Yy w O
ﬁ W
J .
LR R et LK W R B

F gdp.renlab.cnfill i

Fig. 3 Strategies for promoting healthy aging: dietary intervention and fecal microbiota transplantation

E3 REHERZ=ZNREE: RETH. ZEMEDEHBE
FMT: FERAEYBEREAE (fecal microbiota transplantation)

31 REFMm

RE SR il L R D e LR
XY SRR 2 OCE ™ TR AL
PLEB & BB, JBE . MHIE AW AR RE T BRAIK
XPEFREORE &, T2 BN KRR 5
EN: I RN (I I e s = NG S S EE2 B2 P AN 14
HAREY S BREEENKREANE 2L,
BRI . MEEEANE, RS
oL, [RIEHmER A S W E AR =, BN
BREANE, SEUARE TR HiERERZL.

B FE g 7 e AR R R g AU B L BN g0 B
fig 0 LRI L R O AR L
JESE . BN B IR 2R KT e R T B i
B BRI FEA R ALK . MRS
T, Z2HREHEENEERIKSERARM
X%, HBAEZRE I LRI AKCOEREAE ™, I
HEFENT A0S FERE 1 PR, B AR T 451
FEAD, HARARAGANBEIG PERRAR, I e rE kR
P BEREAIR, TLR2 Al TLR4 2 520 7 fet e K
BEF IR AT B T 28 ff 52 22 B TR 45 R 1,



2025; 52 (3

WXL, %: MERBEHHBRERERENXR +633-

e (P EEAENRETS M) A T ERA
NHEF R B AR AL, SR T 24 AT B i Fh
W, e, MAANEEAR . 4 X
RV & v

B TR H R RS, 8T AR Y
B A ), 9 i T (e S R e,
m, #iAEIe, W, A kEA g, ot
YE R I A Y & B 2R Yy, Hamad s
W, A s R YRR A, T
T, TR RS E SR e,
L A 7E KRS S, B A INPLE
1. PUR BT IATE SRR, B EPT
WER . Z BRI TE A P EIE BRm] 99 245 AH B
R, WIHIE R R A KB, it 2
MU B T R ZEL B, DT RS 1 o B 11 e
B, Z Rl LA LR AT 1R . OSUE AT BR LT
WIRAK, FFR/DIERERT], I 25 TR RR Y
B, AT S SO0 B e (R G 5 % 2 A 5 T
Sr4HTR SCFAs = . WFsE R, 2 T,
NREZ B A A e B AN T TRk ™ A 4 b S 3 in
FA, Z B nl LGl ik A T & AT ae i £
Eiad 7B AN PR S o S Ce S S N D E A
JG, A B TR N0 A RGP KU
DA B RAE . BUdE . AR T KR B G (R
0 B A Y T BN i A g, S
BRI, BRI YR S s kot A
FRR I AR T, RN R B B2, i
HipE . BRTURNE IR Wk, A R, 1
JxH i BE R P 7 BIPETERY (resistant starch,
RS) BEFR A — B nl DLACHT AR AR B K A i 1 &
o4, EEME AN, BRI RE S iE
WA EAER, KB4 AR gL
[) SCFAs % % Sy i AR Z i H A e e M e
RIR, RUECFF B A F= BB, JERE R 1 AUAT B ]
HEAEREAS, TRRERM ™ et B EH L

bR T #2400, AR A B T AE B A
B, SRV, e g AR e wl T
Ae AR/, (A ENTAREEL A A ARAL D, A
FIEREVAT, RUSEATFTR . PR ER (1B v FR R, B JRERE
AR A R PR IEYE, mTLAVE A 28 Ak i )
o AT O R ES AR P S Zh AR P v = G TR BE A 1
FRRIERE, B RAE SRS, X4 S Vs
SEACR S BRI B VER, JF HigtgkE
fIKIL-2, IL-6 FI TNF-a. %%, &k 254 eSS

() 26 BEE AN AR, T EE 9 R G T AR W RE 4
g HO Sy i e g A TR o T E A R, R R
HE B M T A ATt GETAEEA
fa BT PRI BRI, T2 Fe B SIS A Y e 6L
YR ER IR G, Al ki s A oo Mg
AR EIER, TEMIERRAS R s - B
WAEH, A2 T 18 Ery B AR ' 7EXF B84 A
HITZ M- AEWRKE THE, WERI%1E IL-6.
IL-10 J2 C S WA K REAIG, T RRER AN SRk K
FLERAT PR FTSUBEAT B = B o 3, A B P
PEAAE 1 BRI, i B TG AR AR 2 G A,
JFAE A8 38 2ok 78 18 5 /A A EVE T,
B —mmRtE. JeA ool — e 7 Xk
K, PR A A R A 25 AR T L
A WKLY, 4G s A A ™) . SCFAs. #H
JORE B . DhREER AE U e A s A R AER
FEPE R, Tl B RS AE T IR, W] eh
TRARKE, KETEREES, &5 &R IS
B IRE S8 RUES: D SR AETTE S T 2 A 5
i, JEEA RS AE R VERIRCR,, AR T isiE
R, e DIRe M A i A5 . Bilan, FLRRATF A
JEtETCREME AR B R, S INA R R AR,
FEAIC TNF-o 935, IFRE Mz 1B AR T o ) sk
Yy R BEBL R #0525 s R LA S LPS/D-2FEL
W e 5 5 1% 20 B &) or A0 468 403 55 i 3 B s A D6
P 1
32 EFNMEMHBE

I A W) BE # FH (fecal microbiota
transplantation, FMT) 2Rt A\ B2 ERAE 22
R fpiEh, HUAMCGE 7B AR IR, B9
LW, e/ ERUFMT S28aH, 2id /N B RAE 1
TNF-o. IL-6. IL-1B &, &3R4 1) %L
HRFEE . TIH A Z0-1 Al Occludin £k, B
bR B EE SRR Bk 1, S8, FMT i3
e /N 2, o T Imia A
P, IFEGE T T 4032 AR5 5 A 18 G X 4%
IgA 7= Az ol

FMT 75 B 5 S brynpyr v, BA —E 1k
Ao FMT B FH R (55 o 1 AR XA T R e S 1Y
U BEAN A, FEIE T A RO RS 90% DAL .
76 IBD B FHBAIT Y, FMT BB S B H e Wit
IR L, (A B2, PR
Joa R R A OO H S RS B B R
FETEBE R 225, H w1 JC ik Al FMT A Il R



*634- EMUFESEYIRHR

Prog. Biochem. Biophys.

2025; 52 (3)

SR, JiAh, ARG S54RI DU R AN 5,
FMT 3RAG RS RG i, AE A A P 7 B
S ErReRAEMN. Wik, EIGKE2: EXFFMT
HAFFE K I B e

4 HREE

HE S H 45 E, AR AR A R
ARAFHIN ZE, BRI AR 5 R
RN AW PR 2, £
MY A E S IE R AR G, B R
RN, miERE R R A E R &
SRR RS R AR, B T iRk
AR o T2 4 i 1 TR i 22 g A A A
PER U G, il S AR 2 e i T8 R
FERNSE N DR, A AHEE M, AHEIE . BR
AR S I TE R R 1 OC R 22 J0REM], — LBt
FELUEM TENZRIRAAHEA, [HiE 2 AR
WA . UTAFR, T Rl R R
AR R OC RO AL R A 1E AR RS, E Al
WFFE R R . BRI TR T B FMT. 78
RETHRIPTTE T, B R Z M EAEH]
ATFRA T . BRI Y FMT 4b PSR I 2 AT
RH, AEASSRAFAEANE T . AT HCHIROR 225545
[FRE, IR DA B R AN A ] A S P A
AL AT RAT PR . Besh, BRI ATy
A R I BB 3l A MRS IR R
A W BRI R B BT A P
(T it

& £ x

(11 SRR, R, R, 55  miE U MR NS R e Py
VERIFLHIDEFEHE RS . S 12412, 2023, 63(1): 85-105
Cai S Z, Wu L, Xie X Q, ef al. Acta Microbiol Sin, 2023, 63(1):
85-105

[2]  de Vos WM, Tilg H, Van Hul M, ef a/. Gut microbiome and health:
mechanistic insights. Gut, 2022, 71(5): 1020-1032

3] Gacesa R, Kurilshikov A, Vila AV, et al. Environmental factors
shaping the gut microbiome in a Dutch population. Nature, 2022,
604(7907): 732-739

[4]  Levy M, Kolodziejczyk A A, Thaiss C A, et al. Dysbiosis and the
immune system. Nat Rev Immunol, 2017,17(4): 219-232

[5] Kumar S J, Shukla S, Kumar S, et al. Immunosenescence and
inflamm-aging: clinical interventions and the potential for reversal
ofaging. Cureus, 2024,16(1): 53297

[6] Delong EN, Surette M G, Bowdish DM E. The gut microbiota and

unhealthy aging: disentangling cause from consequence. Cell Host

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

[23]

Microbe, 2020,28(2): 180-189

Abernathy-Close L, Dieterle M G, Vendrov K C, et al. Aging
dampens the intestinal innate immune response during severe
clostridioides difficile infection and is associated with altered
cytokine levels and granulocyte mobilization. Infect Immun,
2020, 88(6): €00960-19

Kawai T, Tkegawa M, Ori D, et al. Decoding toll-like receptors:
recent insights and perspectives in innate immunity. Immunity,
2024,57(4): 649-673

Zhang Z, Liu Z, Lv A, et al. How Toll-like receptors influence
Parkinson's disease in the microbiome-gut-brain axis. Front
Immunol, 2023, 14: 1154626

Albert E J, Marshall J S. Aging in the absence of TLR2 is
associated with reduced IFN-gamma responses in the large
intestine and increased severity of induced colitis. J Leukoc Biol,
2008,83(4): 833-842

LiuY, Yang M, Tang L, et al. TLR4 regulates RORyt" regulatory T-
cell responses and susceptibility to colon inflammation through
interaction with Akkermansia muciniphila. Microbiome, 2022,
10(1):98

Kim H J, Kim H, Lee J H, et al. Toll-like receptor 4 (TLR4): new
insight immune and aging. Immun Ageing, 2023, 20(1): 67
Caetano-Silva M E, Shrestha A, Duff A F, et al. Aging amplifies a
gut microbiota immunogenic signature linked to heightened
inflammation. Aging Cell, 2024, 23(8): e14190

LimJS,JeonEJ, GoHS, et al. Mucosal TLR5 activation controls
healthspan and longevity. Nat Commun, 2024, 15(1): 46

Lopetuso L R, Jia R, Wang X M, et al. Epithelial-specific toll-like
receptor (TLR)S activation mediates barrier dysfunction in
experimental ileitis. Inflamm Bowel Dis, 2017,23(3): 392-403
Collier DA, Ferreiral AT M, Kotagiri P, et al. Age-related immune
response heterogeneity to SARS-CoV-2 vaccine BNT162b2.
Nature, 2021,596(7872): 417-422

Carrasco E, Gomez de Las Heras M M, Gabandé-Rodriguez E, et
al. The role of T cells in age-related diseases. Nat Rev Immunol,
2022,22(2):97-111

ElyahuY, Hekselman I, Eizenberg-Magar 1, et al. Aging promotes
reorganization of the CD4 T cell landscape toward extreme
regulatory and effector phenotypes. Sci Adv, 2019, 5(8): eaaw8330
Powell D N, Swimm A, Sonowal R, ef al. Indoles from the
commensal microbiota act via the AHR and IL-10 to tune the
cellular composition of the colonic epithelium during aging. Proc
Natl Acad Sci USA, 2020, 117(35): 21519-21526

Peniche A G, Spinler J K, Boonma P, et al. Aging impairs
protective host defenses against Clostridioides (Clostridium)
difficile infection in mice by suppressing neutrophil and IL-22
mediated immunity. Anaerobe, 2018,54: 83-91

Spencer J, Bemark M. Human intestinal B cells in inflammatory
diseases. Nat Rev Gastroenterol Hepatol, 2023, 20(4): 254-265
Frasca D, Diaz A, Romero M, et al. B Cell Immunosenescence.
AnnRev Cell Dev Biol, 2020, 36: 551-574

Donaldson D S, Shih B B, Mabbott N A. Aging-related



2025; 52 (3

WXL, %: MERBEHHBRERERENXR

+635

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

impairments to M cells in peyer’s patches coincide with
disturbances to paneth cells. Front Immunol, 2021, 12: 761949
Zhivaki D, Kennedy S N, Park J, et al. Correction of age-associated
defects in dendritic cells enables CD4" T cells to eradicate tumors.
Cell,2024,187(15):3888-3903.¢18

Bashir H, Singh S, Singh R P, et al. Age-mediated gut microbiota
dysbiosis promotes the loss of dendritic cells tolerance. Aging
Cell,2023,22(6): 13838

Wang L, Hong W, Zhu H, et al. Macrophage senescence in health
and diseases. Acta Pharm Sin B, 2024, 14(4): 1508-1524

Lee SY, Lee DY, Kang HJ, et al. Differences in the gut microbiota
between young and elderly persons in Korea. Nutr Res, 2021,
87:31-40

Blasco-Baque V, Coupé B, Fabre A, et al. Associations between
hepatic miRNA expression, liver triacylglycerols and gut
microbiota during metabolic adaptation to high-fat diet in mice.
Diabetologia, 2017, 60(4): 690-700

Alam M S, Gangiredla J, Hasan N A, et al. Aging-induced
dysbiosis of gut microbiota as a risk factor for increased Listeria
monocytogenes infection. Front Immunol, 2021, 12: 672353
Mariat D, Firmesse O, Levenez F, et al. The Firmicutes/
Bacteroidetes ratio of the human microbiota changes with age.
BMC Microbiol, 2009,9: 123

Victoria M, Elena V B, Amparo G N, ef al. Gut microbiota
alterations in critically ill older patients: a multicenter study. BMC
Geriatr, 2022,22(1):373

Xu C, Zhu H, Qiu P. Aging progression of human gut microbiota.
BMC Microbiol, 2019,19(1): 236

Zhou J, Hou C, Chen H, et al. P16/"%%* deletion ameliorates
damage of intestinal epithelial barrier and microbial dysbiosis in a
stress-induced premature senescence model of Bmi-1 deficiency.
Front Cell Dev Biol, 2021,9: 671564

Schiitte K, Schulz C, Vilchez-Vargas R, et al. Impact of healthy
bacterial

aging on active

gastrointestinal tract. Gut Microbes, 2021, 13(1): 1966261

assemblages throughout the
Biagi E, Franceschi C, Rampelli S, et al. Gut microbiota and
extreme longevity. Curr Biol,2016,26(11): 1480-1485

Rampelli S, Soverini M, D'Amico F, et al. Shotgun metagenomics
of gut microbiota in humans with up to extreme longevity and the
increasing role of xenobiotic degradation. mSystems, 2020, 5(2):
¢00124-20

de la Cuesta-Zuluaga J, Kelley S T, Chen Y, ef al. Age- and sex-
dependent patterns of gut microbial diversity in human adults.
mSystems,2019,4(4):¢00261-19

Kong F, Hua Y, Zeng B, et al. Gut microbiota signatures of
longevity. Curr Biol, 2016,26(18): R832-R833

Galkin F, Mamoshina P, Aliper A, et al. Human gut microbiome
aging clock based on taxonomic profiling and deep learning.
iScience, 2020,23(6): 101199

Wei ZY, Rao J H, Tang M T, et al. Characterization of changes and
driver microbes in gut microbiota during healthy aging using A

captive monkey model. Genomics Proteomics Bioinformatics,

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

2022,20(2):350-365

Cani P D, Van Hul M, Lefort C, et al. Microbial regulation of
organismal energy homeostasis. Nat Metab, 2019, 1(1): 34-46
Mann E R, Lam Y K, Uhlig H H. Short-chain fatty acids: linking
diet, the microbiome and immunity. Nat Rev Immunol, 2024,
24(8):577-595

Blaak E E, Canfora E E, Theis S, et al. Short chain fatty acids in
human gut and metabolic health. Benef Microbes, 2020, 11(5):
411-455

Rios-Covian D, Gonzalez S, Nogacka A M, et al. An overview on
fecal branched short-chain fatty acids along human life and as
related with body mass index: associated dietary and
anthropometric factors. Front Microbiol, 2020, 11: 973

Xiong S. Towards the understanding on the physiological
functions of bile acids and interactions with gut microbiota.
Biotechnology Bulletin, 2023,39(4): 187-200

Yusufu I, Ding K, Smith K, et al. A tryptophan-deficient diet
induces gut microbiota dysbiosis and increases systemic
inflammation in aged mice. Int J Mol Sci, 2021, 22(9): 5005

Gao J, XuK, Liu H, et al. Impact of the gut microbiota on intestinal
immunity mediated by tryptophan metabolism. Front Cell Infect
Microbiol, 2018, 8: 13

Gupta S K, Vyavahare S, Duchesne Blanes I L, et al. Microbiota-
derived tryptophan metabolism: impacts on health, aging, and
disease. Exp Gerontol, 2023,183: 112319

Wu C S, Muthyala S D V, Klemashevich C, et al. Age-dependent
remodeling of gut microbiome and host serum metabolome in
mice. Aging, 2021, 13(5): 6330-6345

Fransen F, van Beek A A, Borghuis T, et al. Aged gut microbiota
contributes to systemical inflammaging after transfer to germ-free
mice. Front Immunol, 2017, 8: 1385

Ni J, Wu G D, Albenberg L, et al. Gut microbiota and IBD:
causation or correlation?. Nat Rev Gastroenterol Hepatol, 2017,
14(10):573-584

Schirmer M, Garner A, Vlamakis H, et al. Microbial genes and
pathways in inflammatory bowel disease. Nat Rev Microbiol,
2019,17(8):497-511

Hong S J, Katz S. The elderly IBD patient in the modern era:
changing paradigms in risk stratification and therapeutic
management. Adv Gastroenterol, 2021,

14:17562848211023399
Keyashian K, Dehghan M, Sceats L, et a/. Comparative incidence

Therap

of inflammatory bowel disease in different age groups in the
United States. Inflamm Bowel Dis, 2019, 25(12): 1983-1989

Park J H, Peyrin-Biroulet L, Eisenhut M, et al. IBD
immunopathogenesis: a comprehensive review of inflammatory
molecules. Autoimmun Rev, 2017,16(4): 416-426

Tran V, Limketkai B N, Sauk J S. IBD in the elderly: management
challenges and therapeutic considerations. Curr Gastroenterol
Rep,2019,21(11): 60

Ma N, Guo P, Zhang J, et al. Nutrients mediate intestinal bacteria-

mucosal immune crosstalk. Front Immunol, 2018,9: 5



*636-

EMUFESEYIRHR

Prog. Biochem. Biophys.

2025; 52 (3)

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

(721

[73]

[74]

[75]

Ramanan D, Pratama A, Zhu Y, ez al. Regulatory T cells in the face
of the intestinal microbiota. Nat Rev Immunol, 2023, 23(11):
749-762

Pan M, Barua N, Ip M. Mucin-degrading gut commensals isolated
from healthy faecal donor suppress intestinal epithelial
inflammation and regulate tight junction barrier function. Front
Immunol, 2022, 13: 1021094

Zheng W, Jia J, Tang S, et al. Undaria pinnatifida fucoidan
contributes to anti-inflammation activity of Bacteroides in fiber-
deficient mice via modulation of gut microbiota and protection of
intestinal barrier integrity. Int J Biol Macromol, 2023, 252: 126256
Kawamoto S, Uemura K, Hori N, ef al. Bacterial induction of B
cell senescence promotes age-related changes in the gut
microbiota. Nat Cell Biol, 2023, 25(6): 865-876

Kim K A, Jeong J J, Yoo S Y, et al. Gut microbiota
lipopolysaccharide accelerates inflamm-aging in mice. BMC
Microbiol, 2016,16:9

Pontarollo G, Kollar B, Mann A, et al. Commensal bacteria
weaken the intestinal barrier by suppressing epithelial neuropilin-1
and Hedgehog signaling. Nat Metab, 2023, 5(7): 1174-1187

Fite A, MacFarlane G T, Cummings J H, et al. Identification and
quantitation of mucosal and faecal desulfovibrios using real time
polymerase chain reaction. Gut, 2004, 53(4): 523-529

Josefowicz S Z, Niec R E, Kim H Y, et al. Extrathymically
generated regulatory T cells control mucosal TH2 inflammation.
Nature, 2012, 482(7385):395-399

Bar Shira E, Friedman A. Innate immune functions of avian
intestinal epithelial cells: response to bacterial stimuli and
localization of responding cells in the developing avian digestive
tract. PLoS One, 2018, 13(7): 0200393

Zong X, Fu J, Xu B, et al. Interplay between gut microbiota and
antimicrobial peptides. Anim Nutr, 2020, 6(4): 389-396

César Machado M C, da Silva F P. Intestinal barrier dysfunction in
human pathology and aging. Curr Pharm Des, 2016, 22(30): 4645-
4650

Shimizu Y, Nakamura K, Kikuchi M, et al. Lower human defensin
5 in elderly people compared to middle-aged is associated with
differences in the intestinal microbiota composition: the
DOSANCO health study. Geroscience, 2022, 44(2): 997-1009
Branca J J V, Gulisano M, Nicoletti C. Intestinal epithelial barrier
functions in ageing. Ageing Res Rev, 2019, 54: 100938

Shinkura R. Gut IgA puts pathogens under pressure. Nat
Microbiol, 2021, 6(7): 826-827

Isobe J, Maeda S, Obata Y, et al. Commensal-bacteria-derived
butyrate promotes the T-cell-independent IgA response in the
colon. Int Immunol, 2020, 32(4): 243-258

Childs B G, Graves S I, Baker D J. B cell senescence takes guts.
Nat Cell Biol, 2023, 25(6): 800-801

Erturk-Hasdemir D, Oh S F, Okan N A, et al. Symbionts exploit
complex signaling to educate the immune system. Proc Natl Acad
SciUSA,2019,116(52):26157-26166

Song X, Sun X, Oh S F, ef al. Microbial bile acid metabolites

[76]

[77]

(78]

[79]

(80]

(81]

[82]

[83]

[84]

[85]

[86]

[87]

(88]

(89]

[90]

[91]

modulate gut RORY" regulatory T cell homeostasis. Nature, 2020,
577(7790):410-415

Hang S, Paik D, Yao L, et al. Bile acid metabolites control T,;17
andng cell differentiation. Nature, 2019,576(7785): 143-148
Golonka R M, Yeoh B S, Saha P, et al. Loss of toll-like receptor 5
potentiates spontaneous hepatocarcinogenesis in farnesoid X
receptor-deficient mice. Hepatol Commun, 2023, 7(6): €0166

Liu T, Sun Z, Yang Z, et al. Microbiota-derived short-chain fatty
acids and modulation of host-derived peptides formation: focused
on host defense peptides. Biomedecine Pharmacother, 2023,
162: 114586

Smith P M, Howitt M R, Panikov N, et al. The microbial
metabolites, short-chain fatty acids, regulate colonic Treg cell
homeostasis. Science, 2013, 341(6145): 569-573

Zheng M, Han R, Yuan Y, et al. The role of Akkermansia
muciniphila in inflammatory bowel disease: current knowledge
and perspectives. Front Immunol, 2022, 13: 1089600

You X, Dadwal U C, Lenburg M E, et al. Murine gut microbiome
meta-analysis reveals alterations in carbohydrate metabolism in
response to aging. mSystems, 2022,7(2): 0124821

Dupraz L, Magniez A, Rolhion N, ef al. Gut microbiota-derived
short-chain fatty acids regulate IL-17 production by mouse and
human intestinal 3 T cells. Cell Rep, 2021,36(1): 109332

AXSEF, BRIREIT, 2RI, 55 . LA i R 3 A 3R
BT R . R 2441, 2014, 14(1): 1-5

Zhao L P, Zhang C H, Fei N, et al. J Chin Inst Food Sci Technol,
2014,14(1): 1-5

Ross F C, Patangia D, Grimaud G, et al. The interplay between diet
and the gut microbiome: implications for health and disease. Nat
Rev Microbiol, 2024,22(11): 67-686

MaZ, He J, Sun S, et al. Patterns and stability of food preferences
among a national representative sample of young, middle-aged,
and elderly adults in China: a latent transition analysis. Food Qual
Prefer,2021,94: 104322

Engelheart S, Andrén D, Repsilber D, et al. Nutritional status in
older people — An explorative analysis. Clin Nutr ESPEN, 2021,
46:424-433

Fluitman K S, Davids M, Olofsson L E, et al. Gut microbial
characteristics in poor appetite and undernutrition: a cohort of
older adults and microbiota transfer in germ-free mice. J Cachexia
Sarcopenia Muscle, 2022,13(4): 2188-2201

ZhouY, Wang J, Cao L, et al. Fruit and vegetable consumption and
cognitive disorders in older adults:
observational studies. Front Nutr, 2022,9: 871061

Sakurai K, Okada E, Anzai, ef al. Protein-balanced dietary habits

a meta-analysis of

benefit cognitive function in Japanese older adults. Nutrients,
2023,15(3): 770

Koyanagi A, Veronese N, Solmi M, et al. Fruit and vegetable
consumption and sarcopenia among older adults in low- and
middle-income countries. Nutrients, 2020, 12(3): 706

Pae M, Wu D. Nutritional modulation of age-related changes in the

immune system and risk of infection. Nutr Res, 2017, 41: 14-35



2025; 52 (3

WXL, %: MERBEHHBRERERENXR

.

637

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

Hidalgo-Liberona N, Gonzalez-Dominguez R, Vegas E, et al.
Increased intestinal permeability in older subjects impacts the
beneficial effects of dietary polyphenols by modulating their
bioavailability. J Agric Food Chem, 2020, 68(44): 12476-12484
Davinelli S, Scapagnini G. Interactions between dietary
polyphenols and aging gut microbiota: a review. Biofactors, 2022,
48(2):274-284

Del Bo' C, Bernardi S, Cherubini A, et al. A polyphenol-rich
dietary pattern improves intestinal permeability, evaluated as
serum zonulin levels, in older subjects: the MaPLE randomised
controlled trial. Clin Nutr, 2021, 40(5): 3006-3018

Peron G, Gargari G, Meroiio T, ef al. Crosstalk among intestinal
barrier, gut microbiota and serum metabolome after a polyphenol-
rich diet in older subjects with “leaky gut”: the MaPLE trial. Clin
Nutr,2021,40(10): 5288-5297

Warman D J, Jia H, Kato H. The potential roles of probiotics,
resistant starch, and resistant proteins in ameliorating
inflammation during aging (inflammaging). Nutrients, 2022,
14(4): 747

Sanchez-Morate E, Gimeno-Mallench L, Stromsnes K, et al.
Relationship between diet, microbiota, and healthy aging.
Biomedicines, 2020, 8(8): 287

Kadyan S, Sharma A, Arjmandi B H, et al. Prebiotic potential of
dietary beans and pulses and their resistant starch for aging-
associated gut and metabolic health. Nutrients, 2022, 14(9): 1726
Bendiks Z A, Knudsen K E B, Keenan M J, et al. Conserved and
variable responses of the gut microbiome to resistant starch type 2.
NutrRes, 2020, 77: 12-28

Schluter J, Peled J U, Taylor B P, et al. The gut microbiota is

associated with immune cell dynamics in humans. Nature, 2020,

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

588(7837):303-307

Cerro E D D, Lambea M, Félix J, et al. Daily ingestion of
Akkermansia mucciniphila for onemonth promotes healthy aging
and increases lifespan in old female mice. Biogerontology, 2022,
23(1):35-52

Barcena C, Valdés-Mas R, Mayoral P, et al. Healthspan and
lifespan extension by fecal microbiota transplantation into
progeroid mice. Nat Med, 2019, 25(8): 1234-1242

Salminen S, Collado M C, Endo A, et al. The International
Scientific Association of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of postbiotics. Nat
Rev Gastroenterol Hepatol, 2021, 18(9): 649-667

Meng N, Zhou Y, Zhang Q, et al. Using inflammatory biological
age to evaluate the preventing aging effect of a polyphenol-
probiotic-enhanced dietary pattern in adults aged 50 years and
older. JAgric Food Chem, 2023, 71(16): 6314-6325

Gao J, LiY, Wan Y, et al. A novel postbiotic from Lactobacillus
rhamnosus GG with a beneficial effect on intestinal barrier
function. Front Microbiol, 2019, 10: 477

Ma J, Liu Z, Gao X, et al. Gut microbiota remodeling improves
natural aging-related disorders through Akkermansia muciniphila
and its derived acetic acid. Pharmacol Res, 2023, 189: 106687
Leonardi I, Paramsothy S, Doron I, ef al. Fungal trans-Kingdom
dynamics linked to responsiveness to fecal microbiota
transplantation (FMT) therapy in ulcerative colitis. Cell Host
Microbe, 2020,27(5): 823-829.e3

KongL, Lloyd-Price J, Vatanen T, et al. Linking strain engraftment
in fecal microbiota transplantation with maintenance of remission

in Crohn’s disease. Gastroenterology, 2020, 159(6): 2193-2202.e5



638-

EMUFESEYIRHR

Prog. Biochem. Biophys.

2025; 52 (3)

The Relationship Between Intestinal Flora and Intestinal Mucosal Immune

Senescence’

GUO Wen-Wen"?, QI Li-Li"”, WANG Meng-Ting", KE Zhi-Jian", MAO Hai-Guang",

WANG Jin-Bo"™

("School of Biological and Chemical Engineering, NingboTech University, Ningbo 315100, China;

ICollege of Chemical & Biological Engineering, Zhejiang University, Hangzhou 310058, China)

Graphical abstract

() Q) s 0 s

y— %Y
oou‘co:\l‘uunn
‘mmiu .\\)‘;\w \k{U.%»‘\ |

ARSI N PLE

The intestinal immune function (a) of the elderly
group is diminished, the flora is imbalanced, the
metabolites undergo alterations (b), and the
physical health is compromised.

NLE

Intestinal
flora
metabolites

RV

‘ Intestinal immunity ‘

LPS

Intestinal flora plays an important role in
immune system regulation, and the delicate
balance of intestinal immune homeostasis affects
intestinal flora.

Dietary intervention and FMT

%

Keep the intestinal barrier healthy
Remodeling gut microbiota structure
Reduces systemic inflammation
Treatment of intestinal diseases

To explore anti-aging tactics aimed at the
regulation of gut microbiota in order to achieve
healthy aging or longevity.

Abstract

Created with gdp.renlab.cn

Aging has been identified as one of the risk factors for chronic disease, and the onset and development

of many chronic diseases are closely related to gut immune dysfunction in the elderly. Aging profoundly affects

the intestinal immune system and the homeostasis of intestinal flora. We have reviewed the changes in intestinal

mucosal immune function that occur with aging, including Toll-like receptors (TLRs), T cells, B cells and

inflammatory cytokines such as IL-6, TNF-o and IFN-y. Age-related changes in typical gut microbiota and their

metabolites were discussed. Aging leads to changes in the composition and diversity of the gut microbiota. With

advancing age, intestinal bacteria such as Bacteroides, Bifidobacterium and Clostridium butyricum undergo
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significant alterations. These changes lead to a decline in the metabolites produced by the gut flora, including
short chain fatty acids (SCFAs), bile, indole and indole derivatives. As a result, the homeostasis of the gut
microbiota becomes disrupted, leading to an imbalance in the intestinal microbial ecosystem. The interaction
between the intestinal flora and its metabolites and the intestinal immune system has been studied and a high
correlation between the intestinal flora and the immune function of the intestinal mucosa has been proposed.
Under normal circumstances, a healthy immune system and gut flora are mutually reinforcing and promote the
health of the host. However, with age, the integrity of intestinal mucosa and the homeostasis of intestinal flora are
disrupted, resulting in a decline in the immune response and regulatory capacity and an inability to respond
effectively to various exogenous insults. Meanwhile, the ongoing damage to the immune system further
exacerbates the imbalance in the gut flora. Changes in the gut flora of the elderly affect the diversity and levels of
key immune molecules such as defensins and immunoglobulin A (IgA). Abnormal expression of immune
molecules in the gut also leads to changes in the composition of the gut microbiome, affecting gut health and
potentially increasing the risk of disease. The metabolites of intestinal flora interact with intestinal receptors,
activate relevant signalling pathways, directly regulate immune cells and control the immune system, influence
the intestinal barrier and intestinal immune functions, and exert immunoregulatory effects on the intestine. As the
relationship between gut flora and immune aging becomes clearer, future research can explore strategies for
targeted regulation of gut flora for anti-aging and immune enhancement. In this paper, we further explore the
regulation of gut flora and gut immune function by dietary intervention and fecal microbiota transplantation
(FMT) to achieve the goal of delaying immune aging. Dietary intervention promotes the growth of beneficial
bacteria by adjusting the structure of the elderly’s diet and supplementing with microbial preparations,
maintaining the intestinal barrier and reducing chronic inflammation. FMT involves the transplantation of faeces
from healthy individuals into recipients to improve mucosal integrity and promote microbial diversity. This paper
has discussed the complex mechanism between aging, gut flora and immune response, highlighted the research
progress of gut flora anti-aging methods, with the aim of providing a reference for research on targeted gut flora

regulation to promote gut mucosal immune function for health promotion and anti-aging.
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