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Research progress in the pathogenesis of liver cancer mediated by
gut microbiota dysbiosis and the targeted interventions

DENG Xiaoqin, JIANG Rungiu’, LI Xiangyun"

Department of Clinical Laboratory, the First Affiliated Hospital of Anhui Medical University, Hefei, Anhui, China

Abstract: As a globally prevalent malignancy with poor prognosis, liver cancer exhibits a well-
established pathological association with the gut microbiota (GM). In recent years, increasing
attention has been paid to the role of the GM in the initiation and pathological progression of liver
cancer, which often evolves through stages of hepatitis, liver fibrosis, cirrhosis, and ultimately liver
cancer. The GM influences the development of liver cancer through multiple mechanisms,
including the regulation of the hepatic immune microenvironment by the GM and its metabolites,
the mediation of epigenetic modifications and exosomal signaling pathways, and the synergy with
other risk factors. Notably, patients with liver cancer commonly demonstrate reduced GM diversity
and enriched pathogenic bacteria. These findings offer a new theoretical foundation and suggest
potential therapeutic strategies such as probiotic supplementation, rational antibiotic use, fecal
microbiota transplantation, combination therapies integrating GM modulation with conventional
treatments, and integrated treatment regimens based on the above methods. This article reviews the
pathogenesis of liver cancer mediated by GM dysbiosis and the research advances in GM-targeted
interventions in recent years, providing reference for future studies on the pathogenesis and
treatment of liver cancer.

Keywords: gut microbiota; liver cancer; pathogenesis; targeted intervention

JHE R A R R TH AL R G0 8 DL g
Ho BT 41 Jitg 9 (hepatocellular carcinoma, HCC)AE
N FERE AL, (5 T 80% . WA TRAEEL
i 7R, IR A e A G g v R A 6 Ar
FETZHRIES 3 A0, 1P O 23K T Ik )
KAILT AP, el W, G S &
AR TR BARPLR B SR, X R i
IRIT T FARAE TR IR . IHEEUR R 2R,
45 95 7 PR R . AR TEORS 4 I8 I PR 9 (non-
alcoholic fatty liver disease, NAFLD). V8% P T
J (alcoholic liver disease, ALD), Hf-fifi fb Az 2% Uil
JH IR 45, b3 DR 2R AT A k8 Pk ARRE S
DR Bl [T 9 - I 21 4 Ak - JHT B A - JEF e 140 9 B 20 R
PEMIRUE R R & A & P, AR, il i
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W &l #L AT & & (Parabacteroides). 12 W &
(Clostridium) F1 2558 18 J& (Gemmiger) 55 - 1% i) 3%
ThEn, AU S (Bifidobacterium) FNZL T #
J& (Lactobacillus) % 3 i F AR S5 L&
HAHM L, HCC B3 ImE N/ BUE I AT I
(Bacteroides caecimuris) Fl /N 5 5 K Bk
(Veillonella parvula) = F F£ i % TF . (6451
B, e RE R GM RS HOARTE Eom A
[N 2RI 28 9% 5 (hepatitis B virus, HBV)g&3t |
NAFLD., ALD #F]M15¢, H &2 BURFE 1 22 7
(F ). BN, NAFLD J&/HErE 2k Z —,
GM KA fE NAFLD-HCC )49 F ik e (T 92 -JiF
21 YA - I A - 98 ) vh e #5E A% 0 BIR S A T
H ity 24k 5 BB BORE e PE o AR AR IORS PRI
i 4 B 2% (non-alcoholic steatohepatitis, NASH) [
B, FL¥F B @ (Lactobacillus) F1 X B, #F & &
(Bifidobacterium) % F-FER FE T B, 1 &G IR TR &
(Mucispirillum) . JBLB IR & (Desulfovibrio) 1 IR

#z1 AREEEEEENGMEFEHTL
Table 1

FA MR B (Anaerotruncus) 55 F - H TS, 5
F 4 fi#h JH R (taurocholic acid, TCA) /K F Tt /& .
3-M5| W& N /iR (indolyl-3-propionic acid, IPA) 7K - [#
%, TR 2 I N A ot AR O 75 5 9 RE IV
FIFLF LB B, ik GM AR ML Freefrde, [A]
A2 £ 2 A0 7T [ AN T3% 15 988 B BR T (Ruminococcus
gnavus) 5 FREBE—LTbm, IR 8 B R Sz 4
5 g Z M (lipopolysaccharide, LPS) 51V, 83 fF
B R 2 fifd (hepatic stellate cells, HSCs), ezl iF-4F
Atk ik ; A NAFLD ML B, ik
GM 7Bk 2 R IEMERR e, AR - Y & 3
GLIF RS /R T IE , — T o ) S U 2
RAE 5 EACDLEL, T3 — T A S g
%, e HCC KA R H%4E NAFLD-HCC
BB, Br ik GM RRg 2k fig b, de B S8 4T
(Helicobacter ganmani){{TEZ B Be 2 R w1k F )i
Fhimr, GM A3 1 30 AR SR 200 B S 4 i
T 4 DR S5 PT bR 0as ,  [RIEHAE SE b TR

Characteristic changes in the gut microbiota among patients with liver cancer of different underlying

etiologies
S IAl ¥R GM AR L E 2PN
Etiology Implicated changes in gut microbiota References
CEIFSTE FE LT TR BB ERER R [8]
HBV F RS R BRI WEZEFF TR AR E U B R
Increase in abundance: Bacteroidota, Lachnospiraceae incertae sedis;
Decrease in abundance: Ruminococcus, Faecalibacterium, Clostridium, Bifidobacterium
WA TE R T AR kA8 TR Bk s Ak e ; [8-9]
Hepatitis C virus ~ FREFEAL  SUEAT B FUAF BB R
(HCV) Increase in abundance: Enterobacteriaceae, Streptococcus, Bacteroides, Enterococcus,
Staphylococcus;
Decrease in abundance: Bifidobacterium, Lactobacillus, Clostridium
ARG PERE I E  F LT B 2 s R AR IR T ROk T B R T FLAT R [10-11]
JH- FIERRAL  REIRFUT I P 2 ST 2T 2 23 T R T A0 BRI T BB HE R R
NAFLD Increase in abundance: Burkholderia cenocepacia, Micrococcus luteus, Pseudomonadota,
Lactobacillus;
Decrease in abundance: Lactobacillus acidophilus, Romboutsia, Bacteroides cellulosilyticus,
Actinomycetes, Bacteroidota, Bifidobacterium
REPEI FRE EI RS ERES RE SR RS R WA A [12]
ALD Increase in abundance: Clostridium, Holdemania, Sutterella;

Decrease in abundance: Faecalibacterium
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S R 1| A= o A S I s S | BT L e T i
TRV guah 78 2 BT 98 90 15 A O 2 i 98
(HBV-HCO)#E T, 8 H Bk 8 (Ruminococcus).
WS AT 1 &8 (Faecalibacterium) 35 7= ] TR £ 1 =F &
AR (e 00 B2 59 HBV-HCC 3%
b, T T (Bacteroidota) M B MR FFA 43 25
(Lachnospiraceae incertae sedis) 3= #4781,

2 GM K% AR & XK
b 1B R AL

GM K i3 1k 2 24 JEE D [ ML e ot s e 2

K. B, GM BHART ™= 43 ik v I
P2 TR B e SRk e (&1 1), e rpode e Rt
YIAE R S G P RS T, AT ) 2 4
PP H A DIREGR 2); Hk, GM S HARHE ™
Y] 3 2k 2R W AL A8 i S S MMA A 5 R 45 S ik
%, ﬂﬁ%ﬂ?ﬁ*ﬁa‘éﬁl%i_'—ﬁﬂ?mﬁﬂm@m%
A, R PEIE R A, GM K AFia TS
ﬁﬁﬁ%l%@mmnbluD£W@mﬂ¢
FH - TR i A R . AR ML A G K
L[l R 1 GM 2R A7 3K 30 JFF 9 % A K e 1) ] %
PR R 285

Gut microbiota dysbiosis

/

’
Gut mlcroblota m ‘

Impaired gut barrier function

‘ Gut microbiota metabolites

Wl fefefelels WW
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Figure 1
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Mechanisms of gut microbiota-derived metabolites in liver cancer development (created with
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R2  GMESG =4 K HLEE =128 A
Table 2  Gut microbiota-derived metabolites and their target cells
JmiE R AHA I i LZBEN e e 7 AN 7% 30k
Gut microbiota Related metabolic enzymes Gut microbiota-derived Target References
metabolites cells
Tkt Rk \ B2 Kupffer  [15]
Enterobacteriaceae LPS g1l o)
Kupffer
cell
ES ol To- LR HEAL ARRAE MR AR EAE TSN [16]
Clostridium scindens 7a-dehydroxylase 1% . o- UL  H 2 A JIRfR il
TUDCA, TDCA, ©-MCA, GLCA LSECs

A 57 LG TR AR n5e-3- 2 e [17]
Blautia Tryptophanase T1AA Hepatocyte

PRI IR BRI To- 2 SEAL RO AR 2Bl 25 AU R JiFamn (18]
Clostridium, Ruminococcaceae  7o-dehydroxylase CDCA, TDCA Hepatocyte

T H BRI T IRER LT A RSN T TR TR ARG [19]
Ruminococcus, Butyricicoccus ~ Acetyl-CoA transferase, butyrate Butyrate 4 iy

kinase NK cell

B BB AT LTHAH G A RO B BRRE: & 5N il [20]
Bifidobacterium pseudolongum Tl Acetate Hepatocyte

Acetyl-CoA transferase, phosphate

transacetylase

\: TCAHOCICURRG; TAA: MIWL-3-22; TDCA: 4% HER; o-MCA: o-FHAZ; GLCA: HZEAHR.
\: No related metabolic enzymes; IAA: Indole-3-acetic acid; TDCA: Taurodeoxycholic acid; ®-MCA: ®-muricholic acid; GLCA:

Glycolithocholic acid.

2.1 GM KREAR =4 %t BT Bt 5 7% I 2R
LR
2.1.1 GM K5 LPS B

LPS 1E R —Fh s B iy e i ] 7, Hofd s i
PG T2 22 TR T i 3 484 5 BT 3 300 LPS R
R, 4 IE B R SE RV SZ U LPS #E AN
W R R A WA R IAE™ . LPS 5l i 454 Toll
¥t 3Z K 4 (Toll-like receptor 4, TLR4)41 5 HSCs
MG AL, TR (1% AL HSCs 1 #6353 K
R NI QiR D DT o R IS ) |
27 b i e, R 26 0 3 v R R AR X
U, R LPS 5 A E AL RE AV G
"] B Kupffer 20 i 218 TLR4 32 (455 51U
i o 4 R o A W) 9 N FR BT 88 (myeloid
differentiation primary response protein 88,

MyD88) i 1 15 5 e 3 38 i e 3 1% A 1 «B

(nuclear factor xB, NF-«xB) il ¥ , 1 42 fifi
Kupffer 20 =5 5B /1 2R-6 (interleukin-6,
IL-6), M@ IR BE A F o (tumor necrosis factor-a,
TNF-o) 3502 5 AML D, IR IE 8 5 2 121,
FRRELAFAE Y JRE TR g T8 1) A O e 4
TAHMEME.
2.1.2 FEHEAEAREG IS 3REL

5 LPS BRI ISR, JEBENR TR (short-
chain fatty acids, SCFAs) 3= ELAF Sy S HH 9 X 1
BAEDRAPAVE T o A1 U5 P Ab 78 AR B AT T
(Bifidobacterium pseudolongum) n] {it ¥t £ R £h A=
W, CTREh—TJT RS B IE BRI IIRE ,
/D LPS Gy (i gt A MBS, DA ] 42 k5 JHT e
PRI E s 7 —TJr i, LIRER I v 5T
AR I/ SCFAs 15556 3/ G H FlkZ
& 43 (G protein-coupled receptor 43, GPR43) %%
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B, JE A TL-6/4F 52 1A R 1% 2 R A O 1
(Janus kinase 1, JAK /A5 546 5 N3G SR G R 3
(signal transducer and activator of transcription 3,
STAT3) 5 71 % 1% fb L BH T2 RAF 5 1% =,
AT 338 JHF IO G 28 SR B P00 T Rk vl 3 ok i
59 40 4 i C-X-C HE 7 #a 4k IR T i 44 11
(C-X-C motif chemokine 11, CXCLI11), %5
a1k H #X 5 i (natural killer, NK) 20 Jifg 1= 114 fi /5
LR BT IMIR R0 5 SR, AR SR AR
M I H EK I B (Ruminococcus). 1 TR BR 1 &
(Butyricicoccus) 57" T TRER A 5 i FH R, &
BT IRER S MU, HeZCHI S5 NK 4/ S Pt
TR G 8 AN, IR T R v S, kA
iz 38 N 77 R S0 FT B (Bacteroides acidifaciens). F-
BRI SATHE (Odoribacter laneus) S N E RS AT
W (Odoribacter splanchnicus)%5 3 £ T+, 7]
it {2 #F SCFAs AE BT AMP 1 16 8 11 - 1
L 3h W) B A B R L £E 1 (AMP-activated protein
kinase-mammalian target of rapamycin, AMPK-
mTOR) {5 Tl %, KIEHTIMIRE AN, %08 #E L
I B 78 NK 4 A T g i) AMPK,  [m] i
il mTOR {55, M MR LT
-1 (programmed death-1, PD-1)Z ik I it v +
L% (interferon-y, IFN-y)73ilb, ZEZE T 4HffdFEY
AR D I AR AR S VE BR AR
2.1.3 FEHERAISEEL

JE 1R AR 5 25 L 7E JH 90 2 e v 2o A 9
5y ages SUE AL R AR . e L &
BRI N R M IR S i & AR 5 R Y R E
/N L= SO TR 71 (VR G = W (T =W £ 74
(glycochenodeoxycholic acid, GCDCA) J& — #f §&
LA MBI, NER AR
(Odoribacter splanchnicus)=E % T 53 GCDCA
KT, BRI IE B e s, e fd LPS £
Ik O = AR, 25T S B Kupffer 41
f) TLR4/NF-xB 5 5 i, Bl TNF-a. IL-1B
SRR T, B LIRS P R RE 5 S0 9% 1
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WEE AP, [HAF, NAFLD 35 K N 1% B R
(Clostridiaceae) £ b %, FBORBN IR
RFEEE A, S mTOR 4538 F& /0 48 5 I
B, T -G R T 2 Je i X 3244
(farnesoid X receptor, FXR)i%ft, M fii o] GE#E 5
NAFLD [ J}F 8 1) 2 e A48 5 1hi .
GM A 7 W ORI PR R B R A R A DG AR
o Ban, #8535 =2 TG B M v [ 4n 24 i 4R 1A
(Clostridium scindens) %] 7] v 5 JIF HIE 43 W4 1 90
2 B R [ 40 4 1% I R (taurocholic acid, TCA) .
& Wi % JH f2 (chenodeoxycholic acid, CDCA)
S TRV N3 SR U S T 5 SR W
(tauroursodeoxycholate, TUDCA) %] %4 1k, H F
JEE FEAR PT R8T BOR GBI IR A= L /b K w124 IR
THER AR A, AT AR A 52 P R 48 (liver
sinusoidal endothelial cells, LSECs) [ .
CXCL16, 5208 Ak H AR 5 i T 240 i (natural
killer T cell, NKT cell)Jf 55 4 I I ME, 2%
A0 g 2E VO, e Ak, T M H PO A
(Mediterraneibacter gnavus) ] ¥ CDCA Ak A RE
5 42 JH 82 (ursodeoxycholic acid, UDCA), UDCA
AASCRE A ) 420155 oA o IR0 7 38 LA 45 JET 40 i A2
A, AT HSCs TR AL 5 1S 58 L A ST ET
AEACVERT, HOFEr e bk i P Bl v T 40
J S5 S e I A0 ML AR, PRI UDCA Al o
BEL BT JHT &7 24 Al 378 R ) 0 /0 IS 92 40 L ) 2R
B, R0 AT S S IOR B, R HE I o
o,
22 RIIEFAZIESINRIRE S FIE
Ml
221 RWIEEEIHFZHH

GM AL HACH = P4 5 i RS L 1 M
] 5 98 AH DG BE DR Y G TR M, 2 T 52 ) i
PR R A K . GM R A a] 51 & BT TR ARG 2
AL, HPRH G EHAMIKAZIK S (Takeda G
protein-coupled receptor 5, TGRS)#¥ IH 71 B& [ 40 A1
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JH R (lithocholic acid, LCA). CDCA %] LIF &4k
L D7 S B E gh1 v B R AL 3
FI B s, DT 58 60 Jif A8 I A5 5 10 ¢ 11 171
] PP ERT L TR R AE 4, i R A58 Uk
F R E TGRS Ja 8+ W A0 R A R
PRTRAZ AR 38 A AG i vT BB A2 1E g g T otk
4k, SCFAs v #ll il 4 25 1 2 & It 4k [ (histone
deacetylase, HDACs){i 14, £ X & [ (hepatitis
B X protein, HBx) A i i # i 4 & HDACs ;&
DNA WAL, 75 S e 300 i) 5 DA BRI
T DR R SR 3k, DT 3K 2l T 40 i M5 AL
FH] SCFAs 1l G BH W /e 40 i 57 6 1 L A 5 0T
Wil HBx A5 1430 43 28 WL 35t % 8 M A i 2,
GM K Afi5| % SCFAs fRMZTL, S5 SCFAs X}
HDACs 07 ) P42 PO , 1k n] REa) fefie ik
J e R o e R R IR S 1 /) U s A5 22
Hr, GM ¥R wE e R R Ao S 1R
1M LR AT AR [ VR F T I A i, T s 20
JL P A A T e B PR T U IR -N- Tk B B
(uridine diphosphate-N-acetylglucosamine, UDP-
GleNAc)/KF-, ZE Mg s 8 H B O-% 4% N- L1
AL (O-GleNAcylation) & 1M, H 2oL
240 L 1) B L R ) s e A R
222 SNBSS IEENLE

AU 1oF 328 % A W 1 O 2 A AR
Z: S A ELE IR A T E g, GM R fr
S 3ok 5 0 S AR 1 A SR HE BT R A (8 A 4
T 2H SRR T R 2R . 7R ALD /)N BUBC R
GM A n] 175 3538 9 miR-194 323k B, HEIm
I FXR AUBCIAZE G RETT, R0, 1
ZE WL BE AT B (Lacticaseibacillus rhamnosus) > i
A ARIE S miR-194 FRIKE FXR (55
TR YE, g L VE RLEF 4E R T 15 (fibroblast
growth factor 15, FGF15)f# ik, M3 ALD Ji2f
RO, B L R, U
¥ B J& (Bifidobacterium) ¥ 5 1) 1 AR 5 47 1 22
TEPERLY, AT BORGE LS FXR (5 5, H

SN T A0 B8 FXR 1 A 5 3 PR 0 e S
ABAPEA -, 8 R X L ) RE VR R o
A RHE G PR A kR BLAh, BB 2R 4
A 1) 0 WA A T 981 28 O S Ak Al 175 S 1) 8 A Ak /)N
SR S, ] I I )N BUTE P 41 4 2 20 A
KA SR IE B, I B L3 S I 23R
KA RIREL 7 g S N = TR e A W 55 45 5 45 b
K, TR IR SN IR AE % i I 21 Ak i B
TREIRIT M (EPY, T GM 2 iy T RERE IR i 1
S AREThRe, AN AA PG N T e
TR 2 JH 98 A 2B e
2.3 GM k&SRR EHENEER
GM KA IFAE M A A S SRS 2=, T
et g SEPET RN TR . NAFLD, ALD K&
JH B A 45 A1 6 PR 2R B (] A P S [l sk 9 1
KA. Huang S50 K% 3L, HBV-HCC £
I8 NPT & (Bacteroides) . MR FFR
2K W (Lachnospiraceae incertae sedis) M 12 # /&
(Clostridium) XIVa #f 19 B 2 REEVE T/, B
IR B AEA ] 38 5o H IR A b i IS DD R
PR T A0S RS S m i . NK 45 o i 55
o e AHOCH B, 01 I S e WE L DB, [R] i
T VI [R) ZE L A0 IE Y P A QO 2 28 g S AR B, A
7T 2[R AR 1 S0 %) e 2 i Jé . NAFLD AR Ry
M EESOR KN R Z —, A B 18 B R E
A, JF 51 KNSR I A AE B K 2T 44k,
R R HE B R B[R] NAFLD S
T8 PN ] 5 = G T 8 (dkkermansia) AV AT T &
(Bifidobacterium) %5 2 78 1 FEREAR, MM —
A H) 55 i 3 5 W ) R I IR FEIE 98 R B Vg,
AL EDY, 8 ALD R F, Kl
PR A 80T 2 ORI, 51 &AL
ZAL . AR R PE SRE S, H ALD 4
LI GM R A I8 A i — 20155 S A PR A 25 6L
FEIURIAAE S, 5 F R PR 2R 3 [ 5K 50 JH- 248
SENEREACPY SRR LA A e 0 S SE R RS AL
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TR A DG TR A 114 e A 55 S e 11T I i 2 DT A
K, RS B AR R Bl N B IR R
(Lachnospiraceae) F J& F+ & . B R )8
(Ruminococcus) 3= FERFEAL,  HLA¥RE 7 18 38 2 1 T+
L IZZE AR ] 5 I RE AR T AT A8 R RE ST ET
YT P IR0, e ] o s g R R  at
Hb 9 Y s LR 25t ] Bz ) 48 GML I 2H A
Sk, TR PR R ) TE R B ER B . B
Wang S5O & B, P AR 3 B REAR v i 52
v A K (Klebsiella pneumoniae)ﬂiﬁf'ﬁ%ﬂ‘
fe R O R B T AR

=3 HEGMT AT ERATT A

WZ e T,

s
3 ¥ GM BT %

GM 5 it Z A7 e B # VI ik, H GM
ARG T IR BT AE R 5, Sl GM T+
WU 49 22 0677 8 IR R B IR S 416 138
MR (R 3). [T, #L1H GM Y7k i b TR
R Br, HAE I REE AL b Ui o5 2 kb, H
AL — SR 1Y) o BR A AR 2 fil B 5 1 5 S — b
BRE T T

— Il

Table 3  Gut microbiota-targeted therapeutic approaches for liver cancer

ftiit TSRO 45 st 275 3CHk
Interventions Object of study Results Conclusion References
FIEE A (R AT RE I LSRN RER MUAE , e R T 458 T T Rl 9% [37]
FLEEFF ) Patient with liver G 2. e GM A BLARSCARHE T AE AL HE I , AT I
Probiotic cirrhosis AL HCC 1 & 9 XU
supplementation 1. Alleviate endotoxemia and reduce ~ Probiotic intervention may
(Lacticaseibacillus the secretion of pro-inflammatory delay the progression of
rhamnosus) cytokines; 2. Ameliorate GM liver cirrhosis, thereby
dysbiosis and its associated metabolic  reducing the risk of HCC
disorders
FERFEAE We B HCC 4% 1S HCC [ A B Ve IR Jm il FMT ld i s GMZLAL  [38]
FMT Patients with advanced-  FUHTIMRE SN 255 2. THE A IAN FIZREK B HCC
stage HCC to B FMT may suppress HCC
1. Activate systemic and tumor- progression through
localized antitumor immunity in HCC  restructuring the
patients; 2. Increase the abundance of composition and function of
probiotics in HCC patients the GM
HCC /M TR MBS B R 2 00 2 kA GM Tl [39-40]
HCC mice ISR 2 KRR AL BURTE s 3. Tt DRI IL-17A Y
& IR D IL-17TA B3 3 BT R L 4 A=
1. Increase the abundance of AT HCC [yt
probiotics in mice; 2. Suppress tumor  Acetate-producing GM can
angiogenesis and reduce tumor suppress the progression of
necrosis; 3. Increase acetate levels, HCC by reducing the
thereby reducing IL-17A secretion intratumoral infiltration of
IL-17A-producing ILC3s
(F¢2)
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fitiit MRS SRS B 275 3CHk
Interventions Object of study Results Conclusion References
B RIEIRYT  MIHCC B 1. FIMR A, (et IL-12 411 FAE GMAE LRI [41]
(RhAER) Patients with advanced- IFN-y ZEf433 , 334/ IEN-y*'CD8™  AJ7 HCC i HEEH ,
Combination stage HCC TN ;2. 5 S HCC AU & A= AT Ha i e 25 03R YT HCC
immunotherapeutic BRAET PR
drug therapy 1. Remodel the tumor Specific GM plays a crucial
(Sorafenib) microenvironment and promote the role in targeted

secretion of IL-12 and IFN-y, thereby ~ immunotherapy for HCC,

increasing the proportion of IFN- which can enhance the

7'CD8' T cells; 2. Induce ferroptosis  efficacy of targeted

in HCC cells immunotherapy against HCC
WETFARIBIFIF] HCCAHUIBRAIG B 1 BRI RAE SO R AT 4t e GM T HCC B [42]
FRA) patients after HCC 52, ARSI IER R, g ARG TS

Combination hepatic resection
surgical therapy

(hepatic resection)

HIEEEE R (FBIRFL NAFLD-HCC /MR
FFTE) NAFLD-HCC mice
Probiotic

supplementation

(Lactobacillus

acidophilus)

AR TSKO /MR

T #R) T5KO mice

Rational antibiotic
use (vancomycin)

B ) 4 R 14 A A7

1. Alleviate hepatic inflammatory
response and the progression of
hepatic fibrosis; 2. Reduce the rate of
postoperative recovery delay, shorten
the length of hospital stay, and improve
the 1-year overall survival rate

1. #EZZ /MR NAFLD-HCC [ A& it
52, Thm/ N IE R K 1%
FRERSS S TN T GPR41/43 52
1A, 77 Rho-GTPase it #1514 , MM
AU

1. Delay the disease process of
NAFLD-HCC in mice; 2. The
anticancer effect is mediated through
elevated gut valerate, which acts via
GPR41/43 receptors on hepatocytes to
inhibit the Rho-GTPase pathway

1 PR RETERR QM , S i 15 2L 5
AR L), A0 5
2. A7 Rk N AR AL, /N B
R B A AR -SRI AL
1B

1. Modulate bile acid metabolism by
increasing the conjugated/
unconjugated bile acid ratio and
suppressing aberrant synthesis; 2.
Ameliorate the metabolic phenotype
in mice, thereby normalizing body
weight, fat mass, blood glucose levels,
and other relevant indices

Specific GM plays an
essential role in enhancing
the efficacy of targeted
immunotherapy for HCC by
modulating treatment
responses

fit A2 T AT NAFLD- [10]
HCC /IR A AR e

Probiotics exert a protective

effect against the

development of NAFLD-

HCC in mice

BIMEBUERTRRIES:  [43]
/NERAY HCC ik

Administration of

antibiotics leads to

suppressed progression of

HCC in mice

FMT: ZERRAE; ILC3: 3MIFE AL,

FMT: Fecal microbiota transplantation; ILC3: Group 3 innate lymphoid cells.
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3.1 #FEEER

i AL TR A IR T GM AR A el T R AR
THRE, 75 B 16 0 I e 30 L v e i T A 1 o
NAFLD-HCC /s Bl #h I8 1 %b 52 8 R 3L #F
(Lactobacillus acidophilus) J& 7] . % T+ & & N
IR R KT, R R I 45 S T An M T
GPR41/43, 4] Rho GTPase HF{# {5 53 P& %
A, DT i 28 JH I 8 i s 7 -0 20 e 9 40 . S
WG, [RIHME HDACs 161, B & 2T i
FASOWY, Duduyemi ZUYHFSE R, HIYFLE
FF W (Lactiplantibacillus plantarum) vl i75 5 95 41
B BRI R T Mo R, ARSI S rh
B 2 RPN P, BTN FH X HCC /Y
IHIT RO TR PR JE 25307 AR . 64,
fE NAFLD /) [ B A1 b A 9 3L 46 AT
(Lactiplantibacillus plantarum) X 5 P B SUS T B
(Bifidobacterium bifidum) V ¥% 1:2 B L1952 A1l
F AT 3G Jn ST TR T1/ZF 68T R T (Bacteroidotal
Bacillota) AR, B A I IR [ B2 R0 H v — g
K, A RLHEZE NAFLD #E#, AT B AR BT
i & KR, 3+ FLFF B (Lactobacillus
helveticus). H8 ¥ . # #T & (Lactiplantibacillus
plantarum) . 72505 ZL B ¥T 18 (Lacticaseibacillus
g R 3L AT (Lactobacillus
%+ w7 (Lactobacillus
paracasei) . 55 ;¥ (Bifidobacterium breve) .
s Wy RS KT B L FR (Bifidobacterium animalis
subsp. lactis) I ME W £E Bk W OFE O Fh
(Streptococcus salivarius subsp. thermophilus)Z§ 1
PR T S P i 21 T TR 5 ol 5 T sl A R D A 2
MAAE N, I 1. 0 i) NAFLD-HCC /)My
iR JERO), B RS FH 25 2E T T TR 8 I R
I e Akt B ATy T I 22 B Pk K, s A TR
FIAE B W E P RS2 e R - B 2 AL
AT . L A R T () LR ) P 2 A )
A, R EARPRE, DAk HEAT T LR T
TE R R % 5 DR AP BOR ST . iltn, FI A

rhamnosus)

acidophilus) .
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25 8 (spirulina platensis, SP)/E KR, FF:
G R EWEE S EE RS, 58 SP T
T RIRPUAA ST 5 25 A2 W I 5 2819 AuCe 49K
T I [ 355 B P a0 P A, AT AT B8P 4P 4 2B T
Yo 52 ST 5 B S ) A P )2 A T - 1 D 4% -
HNZE B AR R IA R, TR 55 4R
B7E AL i R A AR e T S AT R T8
32 AEERMER

PrAE Rl S BRI E GM 4 SR )
REFE I B i6 h R PR R m AR AVE . IR IR 24
Yk ge FR WY, O o R 08 A 2 I PH
WK R BE A R R TR E S 5B 4
At 2 e S R G MR PR A B i) TR R [ 1 B MR T R
(Lachnospiraceae)%], FEIRFNT IR
7 W K SRR ARG, DT 0 o R & A R
FAEH B —Fh i E B BUAE R, X NASH
BT HAEAEME, RS | - SRR IR
B IR B 15 ) NASH KRB A A F 48
A 100 AT S 2 T R e A i 2 A O A G
SRR FRaA, DAl e B9 & A & ), 48T
Y1 T B ) IR R 2, TR o
RETHEAZ GM YT, (R br A &=l
IPA TR Y R, SRR v8T 20 Rk 40 i 5Pk
PRI, AT 38 5 SO P9 4 1 v 2% 403 4 FH O
Wil ki 5 SR, PR RALAEIRFR S M FE AR
GM i, TCFAGHECR B A 4 W BUE R A 5,
PRI R R T BT T R 28 15 P A 3 DA i LA
mtE, IFEEG A A EROR S GM DL
AR T BAG BE A: R AR KR, st Ab,
AN TR 98 99s DXL BT X6 7 9 GML 41 18 S DI RE AL AFAE
AR 2E S, WIS GUERN TSR 205
FHSmPE, (HHBIEEZ X TR, NI ERE
HEVAFE , PR EEIPAL B LUSE oA 3R A ik
B MBI, RIEE ] Ml P4 %R 24-48 h
N ##E 47 2% B8 #% 42 (fecal microbiota transplantation,
FMT), i GM VA7, AlaeftiHyiE R 1R
GM A B AR Rzl
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33 FMT

AR K B I PRAT IR S, fdt R AR
(1 FMT 7E 98 5 VA 7 U3 b e 8 i B R
HAE Sy — B 7 ik A 40 i -+ o 2 5
)9z P, Deng PRV T FMT XA
I8 TF PN R BN LAY T TR , g B i A4
KUY FMT Al i 25 T = A 45 i IR S AR T
(Anaerotruncus colihominis)F FL [ 51788 A= 9 11 H
XE 5] #T 7 (Dysosmobacter welbionis) % 4 %5 [#
FBE L NI D B BT A e A A R B AR
Wee AV e B 7 A JCASE R /N B A AP 3, ax R
B FMT Al i 52 GM 28 & #T gg VR H
e 79 ek 8 TR 285 52 077 1 50 35S IR A kA A
T, Al A R A B R AR e A T, SR
IR ZH /N B FMT (32 A4/ N EE, 232
i 2 52 5 AL BRZ /B FMT 152 4K /N
JFFJUE P49 b 8 11 A R % 5 i 4 8 3 ek Y A
HCC /I BB #H 22 % O 5 IR 6 W 3L AT
(Limosilactobacillus reuteri)Ab B 1 /)N 533 (8 B BE
Jei o JHCRT I PAS #) e B R X DR/ N8 i 3
D Bt EE T AR FMT i T GM
LAATI il FFF 96 30 2 g 7k 100, FMIT BE0R 14 17 T A
R BT A RE RO, T HCC %
G I TR 5 s e B2 32 S e iy,
X FMT HEAAC i i EER B R ™ 4%, SR T H Rk
Z R L AR TR e bR i, HAF RS A IR
FEE 32 1A i 38 N A1 AR HLAN RS 55 )
I FT7E FMT iR HIHUAE RSP E I GM 45
Fy, MNP B rROCR s s b TR £ 21 4
I BER T S BB SR S8, AT R s H A g
B AL, FMT A1 PR R A7 T s o1 46 1
ZAREACAS 5 45 2 iR AR IR PR AN G — S ] L
P T AT R A SR BOR , WSS —
FMT &, AR 28 AR X 45 24 1
FRHEAT AT )Z R RS, At L3 A A OC i 8
B SER A s e 2 R 45 2, i T A
TEAF S b g S T L e 45 i e 1 B4 1 LA
PRFFREREAAE R

34 BREERHRFERETT

A St e AT IR HCC #Y—Zebnife
RITHE . Lee SIS WoR, 9 5 1k T 95
NAFLD-HCC 8 #H fE4L 2 G R nIr e, B
TE PN M H AT TR i (Mediiterraneibacter) F1XUEL FT
1 J& (Bifidobacterium) - & S FEVET 5, 25
W 2R ER KOV 3 = TR RRAL, HA AR BT
N CREK- 5 B A Ar PR 2 W EAHOG,
X N Al AT GM 2 A AR K, AT
BT A SR T 1R 0L 22 38 AR U 15 O o
FhiAERAE i HCC iy —Z it 258, Hi
PRI 25 388, IR IRIFSE &I, X & hidkE)e
A B BB B B v bR 5 BR TR (Enterococcus faecium)
FREEM I E, Hor W ey ML s 2 05w S iR
AR TP IFN-y*CD8* T 2 g 34, % 40 il
ESFUARY TFN-y 5 R AR Je W Ff2 i HCC 4 i
BRACT:, B ZBGsmBTImIR O ;s [A]I 3h ) 55 5
PE—UESE, BRI ER TR (Enterococcus faecium)5
FHrAR SR WA I AT b 2 i/ N AR R, OR
RFRPAR R B 253E 7. Yu SIS R
SIS AE A TR S O 2218 B 1 2
EBRES . AE IR BUE: FF B (Bifidobacterium
longum) J5 AT BCE T DIRE , Wl S I 98 9 % 21 4
b, i RIS 2 WA AT DB AR 1 28 3 1 5 AR
A0 FE A BUB AT B AT FRAROR 5 I IR S 3R | 4 J
BT R 1 AR AR, XN KO
WA E R R R T RS .
3.5 BaMiaTAR

UL ] IR T T R R 2 AL,
BT I PR Al ok A8 b TS T I 1 22 PR AR, T A At
BAVEIRIT T Z LS GM i 5 R L 5ih
P FBIREE RS, R B DTE T —
Sr g R BRYE 8 SRS ME VAN AR B GMUIRES
5y ik e B Bl e sh SRS ERIT T, N
1M e KACTERGI P RO, e/ MEIRIF A R
Ko IR BT AR R ARG HEA T GM ]
PEFURL B, fof 8 3K B3 4 52 S SR TT AR
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Ao fltn, XFF NAFLD-HCC f#&, nlfiifHzs
Az AT AR BRI, S A LA Bh i
RERE 25 A 15 5 R B OOV L R AV O g 7 47 7
X T GM Z PR E AL B, AT
FMT 3 N UE, 9 55 D e filt 52 4t 44 LA 35 4 ft e
GM Z5H57, JR97 B Bof GM R S51E 597
FEHATE A, RPN GM RIS AL, #lan,
X2 R AR R IR T A I B AG I
1B N R 7 BR B (Enterococcus faecium)=FJE, #7 H:
e | AR SR ol v | I i R A i (TG
IFN-y*CD8* T 40 L 3] , 4 st 180 B b iy 3R 1A
(Enterococcus faecium)f| &, DA#{A S Z%HAE
Je By U [EITT A TR A5, o e B 2445 0 TR
FMT sk BEPTAE R T00, @i &I GM kil
LM 2R XMHEZ IR B #, AR
25 T KU AT B (Bifidobacterium longum) il 35 4
BRI, RIS R, TARE A Y GMUIR
A5 Kb s A Ol AR R I A 56
K BE T By By & B8 GM P 5 2 Ay ol e g 42
WG N S I Bl GM R AR T, b B IR B
HBIRYT T B LA SRR I

4 REHRZE

GM it ZF L 2= SFm kB kT, &
BLALEGR GM R HAR IS 7= W X6 JHF I B 98 A 58 1)
P L AR AL AE 1 S SN IR 5 AR 38
ek KR P RE A, XLEHLEE s T
U GM TEE B IR TR I ). Tk, BEE
T ISR A, FET GM 8 ¥ B A
JY T kig A kR . BN, AT e A B 0T R T
JIE 9 9iE 5 18 AR . 4E 2% NAFLD-HCC i J& |
B SR BT MR G N AT, TR AR R A A R
A RFREIRIT RS r 1) . BEAh, GM et R
FEUEIRYY . FMT DL 58587 k& &
s I —E R B . SR, # GM JRY7
SR FE G R AL rh AT T G 2 Bk AR . & e, A
P IH] GM 20 BUAAAE & B S b, T BB 3 GM
PR T IURORA —; Hk, KIS GM 5

P4 actamicro@im.ac.cn, 7 010-64807516

FuetmAR e, RRGHESI RSN
I7 IR AL LA S BUAE ] GM T+ TR7E T BT IA
HRA R, SR LR, RV YT GM AR
JOEAAE TERR B B, (HaEd HLRI s . FoR
A S R EAE R P R EDE, #L GM {5 8
T B IR AT L

&% STk = PR

XB5HER . MITLRIRVIRIRG . FAREIE, UAS
SCHREE B ST e s SRR $RAE TN B Ll
RN B S HICRTRA DT HIE,
XERR R TIEBORIAN I, BEATERAMNT

{E&E T a5 A FF AR

VR P I AEAR AT i) RELSMAAS STl i TAR
R E A s AR

LB
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