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Abstract

Lung cancer is the leading cause of cancer-related mortality worldwide. Although immune
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checkpoint inhibitors (ICIs) have significantly improved outcomes in a subset of patients with lung
cancer, their clinical benefits remain limited by interindividual variability in treatment response,
primary and acquired resistance, and immune-related adverse events (irAEs). Focusing on the un-
derlying mechanisms of the lung-gut axis, this review summarizes the potential mechanisms by
which the gut microbiota and its metabolites contribute to systemic immune regulation and the re-
modeling of the pulmonary tumor immune microenvironment, and discusses recent advances in
their application to therapeutic response prediction and microbiota-based interventions. Current
evidence suggests that gut microbial diversity and specific bacterial taxa are associated with the
efficacy of ICIs. Gut microorganisms and their metabolites, including short-chain fatty acids and bile
acids, may remotely remodel the pulmonary immune microenvironment by regulating host inflam-
matory pathways, mucosal immunity, and immune-cell homing. Beneficial taxa, such as Bifidobac-
terium spp., may enhance the efficacy of immunotherapy, whereas unfavorable taxa, such as Fuso-
bacterium nucleatum, may promote the development of treatment resistance. “Treating the gut to
benefit the lung” strategies—including fecal microbiota transplantation, probiotics/postbiotics,
traditional Chinese medicine, and engineered bacteria—have demonstrated considerable potential
for sensitizing tumors to immunotherapy. In the future, standardized, multicenter, prospective
studies should integrate metagenomics, metabolomics, and other multi-omics approaches to iden-
tify reproducible biomarkers and therapeutic targets, thereby facilitating the translation of lung-
gut axis research into precision immunotherapy.
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1. 51§
1.1. MENRITRERIESREATTHE

2022 FFAERAA 248.1 J3 Il HT KR BIAT 181.7 JBIAHICAET:, il 4 4 iy i 07 1H £ o 1%
PEMR 2 —[1]. HE 2016 A foed sho OB RIRE R, il O J& P s A FIAE TR i An[2] . ERAR LA
PD-1/PD-L1 il KR M 1ICIs T U it a7 46 Jm, (RS 73 B Be g SRAT e AR, T R I AR
PR 25755505 W3] [4]. BEAL, irAEs Al R ZNEE RG, KRBT 2 KT 8 AVER 1]
RR[5]. Bk, TRZEFYFEETTHE A FF R AT BT RCT0 A= VbR 4 LA R ) A T TR 4R
Tt G B VAT TT AU SR T AE

1.2, FRAHEIEARS

ARk, W A 25 5 I I R R A WL 2 302 i, “Iliadl” S 1B X — i
MR OE T A . IR BRI, R T E SRR R g, R
W JEE R T il 5 B E SML T B S AR B2 DIk R [6]. VG 7 B 25 B AR I i il sl it el 2 F i
S IAE R BE I,  AAE AU R o 4 L ITF% 55 2 T BURDRUA R 2R o Wi i A 4 7= A 1) % I D R
(Short-Chain Fatty Acids, SCFAS), RV A HAt /NGy AT HE NAEFR I 1 1550 b 4L 23 S 58 S N iz Al
SRR B A 4R 5 S A D Ik L 2R 0 R i 3 [ R 5 s R e R AR RIS S AU 7] . S A T
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WRIAEE: JiiE 530 TVE MR LA GUE I LRI e R e, SEHL S B A ML PO 85 2 B i 34 55 U SR 8]

FURG, iRt 5t b R G iR R 2 4R rh B AN P J0E b, JLAE il S 06 9T v B R GRS A7 AE
IRk o AT B AE R G L3I0 I b A8 Fiie S BE IR 9T BRI NL A S5 I PREG AL AT 57 o AR i T TR S T 4 7
P P42 e S A R e BE PP A T R AU B T A D S BT T R TR A . AR N i
) FoURT iz ol A K B8 e LU T R B AR G B 245 55 R AR N AR ST AR S B ) A

2. FifA%SHhE & & REBEKR
21 REDAMIVBERIERS

it P el T R S e 72 4 S % AR 9% R A\ R A 38 S e fili B S e A LA 17 o WS ROR, R ILC2
FEHRik CCR2, JBil ILC2 FHE KA CCR4; 1F IL-33 Hlis, ILC2 Al{Efli 5 2 Ak TR, HEmg
M) T 20 MR PE T 4 (Tregs) I S, 25 M8 oz i8], M Il& /R BN Fides, 4
T Fa i A W 2 2 2 e 5 Al /N4 i i 8 (Non-Small Cell Lung Cancer, NSCLC) B 5 iz V. 74 47 78 18 4% T
TSI, b URF B R AN 2R 1 8 T B 51 9 CD8* T 4RI . PEAK Tregs i MEAEE KL G652
W) b8 e e 8 3R [9] [10]. FEMR 2 815 T 1) SR AR A Y vy, BB SR A ] AR BB It 4 2 TLRA/NF-B 155,
PO EAL BIOE IR, W IE MRS S IR SUB R [11] . 1245 5 W U5 P 2% RE 5 0 il 20 LR 43 7 B
LR HME TR E R R L R L, RREREOE I SRR (S 5 rT RS P 2ORE 5 DNA i, B “18 1k
P % =Rl P G5 NN ) Jidib e pei ) o
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Figure 1. Mechanisms underlying lung-gut axis-mediated regulation of the immune microenvironment in lung cancer
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2.2. EREMREMNT S B REEZR S FHLE

i T A A AR R L 7 A i S DR AT DL I . AR IR S S il e g v e LK 17, B RD
B TR oy 7 E B B RE R T RR(SCRAS)  RVT RS =M e AT 2By, HAFR AW & G &
R ELSZ 7R (GPR41/43/109A) 1% 32K (FXR) S 3244 (TGR5), LA 75 75 J 52 A4 (AhR) &5 53¢ 1 425 1@ #% [ 12] -
[15]. SCFAs (L& IR TIR)FE i G4 lmiE IREW KB4, CHEMTEY, SCFAs &5
AT T 4 iU (regulatory T cells, Tregs) (IF2 A& AI[16]; HAr, TERATIEE/NR 45 Tregs 701k, IF
Y5 Foxp3 F:PRIA7 s (2028 1 S A SO A R [17]. RE B 47 4E X SCFAS 34 ] 1 it 2 Fofr 4H i ik 478 52 1 86 65 4
P52 [18]. SR, Gefiit 52 HASE R TP e g, AR, Bl R4 SCFA /K Pl G
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PR CTLA-4 BHIT B s 20Ri[19], MO rEARBYIRI S WREE . IR EE iR yT 7 R HId 752 &
G FL RS, RN EEAE R IR R 51— SR OGS 520 12 It e 1) gk Je S B SCHE R
T B AT AR RE Y T R A U i 3 Ay WG 40 1) M2 WAk, T M2 B SRS 40 6 1L-10. TGF-B %541
B PELH M BN -, $0H) ThU/ThL7 S8, e e g e i B8 A 26 A s A 98 S 7s i i B IR BRI B2 Y G 2R e
BELAZ R TGRS 75 FWE 41 i Ak o L 31 3 ZEVE I [20], SR 72 W 18 B A S L =5 B 2 Ui fE Y TR 1 4314
NI RE— 25 e W4 B A5 4k, 5 b DAAMIEY 2 114 23 G RE i AU IE R (UDCA) il FXR B ifitive 5
MR PD-L1 B E3RIE,  MIfT ELFEAMH] T 4Ufavdf[21]. 5T DL E3RATH Vo] AR B4R i 1)1 18 B R
A AR BR T 2598/ KRAS 875 i s i 24 1] f3[22]; KRAS 248 %) PD-L1 i) 751 2548 Kk — 6 7 Ji
PR A e b BT El, KRAS S8R i (1) TME R ELH 535 (10 e, B ARRIA CD8T 4HfukE R
b A 0 R A A, DA% Tregs = FEEIN, ek e ARV R 43 Wb A B S U i s S s VAT
7R CVRU R AR I % (R RE A2 e 1R B 5 1 g% (W B T A, AR D (R A R AR 4 (n
IAA. 1Ald. IPA), BiE ARR 55, (RHEE G RARES S5 0Bl T MR IREER (Kyn)il B i@ Kyn-
AhR FAHI N T 0T R 558 Treg AH OGS4, 4 17 82 0e iR S A B3 5 S e iR T N 5 [23]-
[25].

23 FURERRN&MAREFET

Y A A A T AR A RSB B . SR B AR A O AR S AR AR, ST T I AR TR
DA RE S N RN RO AS [26] “ LK 17 o Rl R A O S AR G SOE (S S rl s AR 4 4. 4l
MR BRI AR R G M T A% S50 42 5 3 S S A0 i R A R B A N . il R P
Z WA 8T TLRA-MyD88-NF-«cB I8 i 38y i 358 B M 40 f A - i, 33— 2515 5 NADPH 4 10LEg. £k
LA S A BB S JRE TR BRI . T AR SRR AR R AR TR . LR R AT AR RNV RR, W AT R dE
GPR41/GPR43. AhR. TGR5 } FXR 2532 (K75 Nrf2 FiA LM R . 2RI 28 SR A4 338 40 o Th
RE[27]-[30], TAERWEFHE— PR, B v 1E 3 A A0 IE S5 P4 FF TBOR 2 0E1E 5 [31] . AL R
AT 5 5 SO BAEH - I B ROS W] RES BIUER 15T 47 28 B S U0 A 4T 8 22 1A [ S (Unfolded Protein
Response, UPR). ##4:f) UPR milE it PERK-elF20-ATF4 J AR e NG B 5 =15 i 4 i PD-L1 %35, 1
eGP % [32] [33]. BEAL, AR S 0 AR T B R T A6 S P bR 20 B o R BT T R U A o A
SRS fi e b, ILAIL+ B R R TDO2+JL AT 4E4H i 7] i AhR-NRF2-GPX4-SLC7ALL fli fi& it fe 241l
HIAERIE T 32 [34]. 7E Lewis fiidi /N BB Y Hh, kb 75 M8 56 Ak 11 Bl o 28 T BB A% C5C2 8 A Al S Al R 2%
Pt iR A K, R I A P A SR A T PR AT IE 9 [35] 0 (H 45140038 EH R AT LA S S 56 FAH S M AT 5
R, ASRETET E IR T — T A AR B A S B A A i SR YR T I E MERE . ARSRL S A i
R A AN SEEREA, RGBT AR AR A5 It i A B S e Al B R & ICIs 7 2%
Z AR R K R

3. FiRA% 5 BlifE e iR TT
3.1 BEREYNREETT T HMEERIR R

ZWW AR, IEMADARS ICIs 57 RHK “ W 17 o fEM IS i@ F1 NSCLC &35, ICI
FFUETT 30 d Py Al AR 5 4 10 TG 32 Ji A 47 W (Progression-Free Survival, PFS) i s A= 17 I AH 2% [36]. 1E
37 B2 g UR JC B HTIR T H  E ) NSCLC b, Mg H R B R o ZREEER, HIEIEM
FFBR, BT B A8 3 TR K A T 5 4 [37] o ML ATF 78 S5 XUISOAT: 1 SR 905 M &7 3 Y6 T gt i 240 B S L

DOI: 10.12677/acm.2026.1693258 2135 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693258

T, M

iId TLRA-NF-B JE# i PD-L1 ik, IR AT i35 5T PD-1 ¥677 RUR[38] . HF R AR i
VAT 3 3 A B S R SR A A 1) TLR2-NF-xB-CXCL16 @, %54 CXCR6*. CD8* T 4 il 3 5k
2 T SRR 1) S 5 VR 9T RUR[39]
Table 1. Evidence linking the gut microbiota to lung cancer initiation, progression, and immunotherapy
=1 BENEYSHELE LR REATTHIHEXIER

B R B AR IR KERET T | FE R MABRBBAR R
5 NSCLC W &Pl 4= 5 NSCLC X

LA R BGA  GURCR. AR RAsRRY O MREER ]
R R i (g DO EILT A, MBI g
B T g e Lewis fifii /MR [34]
KAHRANIRIE  rape D R 136
ST ERIMAER W PD-1 e L i [a1]
e R BRI B eV e A A
RIS L it ST A
WERELMEREDSLN BRI IR FIRBIE: L

KT AL FE RS O LE AR A R CRT Bc&I[H ICI
VE: MR ONEHEREENALBTR, CRT ANBALIT, ICI NHRZEIEIT .

JE A A R RS irAES AHOK, Hakozaki Z57E 70 51 H A 1 NSCLC B I RTHE PRSI ORI, K
L, WERE AR T2 E . FLFFE R (Lactobacillaceae) F1 i T 1 £l (Raoultella) 555 42 ] irAEs 45 %[40], {E PD-
1/PD-L1 #IFIAR S O EFE A FE b, TR IR AL A 1) T B vl I 45 1l B WA i PPARa-CYPAXT fili &k 4%
TRYPERI41]. KT SEMREs R, Shang S ELEL T 13 #ilKk /L irC 5 25 AR K irC [ ICIs Y67 &
&, I EWMEEE D S SRR PG A SR . BETCHRIR, irC HR AR B R ] LA SR R 4G
RIGRE, KRIAIRIE R H I B RSN [42], 5 RS iayT i A 18 B DS P RE A2 AR e AN R B A G B
E

3.2. ETHERFHATHMER

LA TR 78 22 2 T B AN B R, BEVR AR BE S “ R 17 o —TUNEARRF T RIR, LA H
FR) R U AT T8 5 NSCLC A2 6 A AL I7 I I PR 3R 25 FNE K PFS AH 5% [43] .« 78 53 70 i 353 68 15 32 JsUAk 97 Be I
[ 1CIs FIBA I, g 86 2 T ot 2 B 10T G B A R A6 5 B K A B B8 TE i AR AP AE 0%, B RFRRIE I SR
H TN 2l 9% P98 0 [44] . R B — BRI TION ALRE AR B 2 Ak, HhIs, WP S R R R . KRR
Z M RGBSR AL T AT I TE B . — T A% 8 /N EAZIAN 1368 1 FEA 45 Bt Fi
M, HEESHEAREYZK AUC 4 0.83 [45]. EARTIFFU T 5 4k B e (E b ig 45tek A — i M 1k,
X — S Ay it S At T BB S, E AT AT R IR0 I e AR S 1) 22 A S G T AR Y
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4. BT HiAsh a0 R iaTT ESORE
ST R A O T FT 4 A B, R AR S, RIS 20 U LA R
BT L 27

Table 2. Lung-gut axis-based intervention strategies for lung cancer immunotherapy

= 2. BT HRAHh A0 Bl e AT X T TR A

FHKR B R EE RIS B TR B R A CHER
FMT @iiﬁgngT ORR /y 80%; LB /INFEAHT 7 20 {51134 NSCLC H%  [46]

s O i cope T ek Cor MOR R

2% B i REFMEHIBE  [50]
sepmmere LS IMT s mior e amARGEAR (51
i O B0 o e SPERSGERIERE o)

4.1, EEEETM

JE W 2 4 (Fecal Microbiota Transplantation, FMT) 5 75 i i (44 1 F #1452 & 18 B . FMT-LUMI-
Nate FEF IO LA 20 Bil4]iG NSCLC &%, flREAHARTE FMT Bk 4t PD-1 R MZE 3y 80%,
H. NSCLC BAFI KRR 3 9 K LA EAR BFA[47]. T FEREARR /N HERZ BENLAIE, MARERE FMT A
X FARAEIRTT OIS B R 2 . R 2 A B P AR AE S B T T SRR R A VO XSt PD-1
A[H5E CD8* T 4 AN SO IRAN G A [48], H ILAE i 19T 205 22 A HEATY i 5 I R R B A A [47]

4.2. FEHBPE

B2 55l el 2 s LRI TR, ARBIAE Tk, AS2H. mEREHE. RZZDWSER
ST H I I T A B S BENR T BOR A 1, BN AE Lewis il BRI RS, XS ORL W]
DS P T R R A A L R MR A S I P A A T4 ] N2 B GEL I, AT i/ il e 4% 45 75 [49]

43. EFRFAFM

Jile B £ e AL S Bl T REE I SO A AR D 1 1 R PO, R R IRR B, 12 3)
TR —BRARU I E 3 o /K, JEI 3 5% CD8* Tel 4 ThREAN ICIs ¥7 R4[50]. AL A3 75 =X
THHEAE 7 SLRARIE A BTy . BRI BB BT I A R, (HZWE SRR T S IR A & H Al
Aot [ F S, i £ RT3 oL 1 e S B A D O P B T R SR RS T K

4.4. BLEIBES G B YF R

L 1A 3363 T LG VA L 3K P R SR P TE T A A T S B SN SN e — T AT FLRIEE /)
SR 7 AP IBCSUBCAT T 78 ROS KRV, TC & Jik v 5 £k 75 434 iR Jo R 8 [ R 75 3 ¥R 97 [51] S —
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45 B it 7T LIE W R - 24 B B PRI ER R, i v L 43 P R i 8 #4832 328 0 I 0 B AT R [52]
PP TR 829 9 At Ao (L EL A 2 B T B A P 33806 MY B A Y PR B JB B

5. B S RKRE

Jii i ST A I R A AL T W =ROCBE R, e, B WA R IR AR =R, i, k&,
e, MR EAUER, BT RN SR 2 e R A . T REACREE, fRAF, DNA RHL,
MFFIREE, WIMERESELIRARHELL, AR WA ARG R 22 . =, VR 2 F0R I A W i e
HC/NREASBETE, TR SO AT REZ R AR YT I EE R . DRIE,  ROR I PRAE 7C ZEHHESH il i b T 70 M S it
IR AL, SREEAET ESARHEML AR Z o BAS, REUEREIRIT TG S . MR AR, IF™
ISR 2 FIHIHLAS NRRRY, i it R, AL, SRS 2 480, Ma el
I7 RO R I AT P2 IO ATIE PSR AE s FERUERAE b, JFREE T SC B B R AR 40 (¥ 17 2 A ) &
JNT. 2 TO KT P I A T R SEAE IR B3 A T S TRE TR, AT S 25 3R T R T O RS HE 2, i OR it
b 0 0 T SRS D) S AT 2K

6. &t

i f it g LA P Tl 2 2 5 s S R T I IR R SR Ot T S AR B LA . B BTSSR I TS R R
TE AR 2 o P2 240 S 45 i 8 e e SR BE PSR AR 0%, 5 o i T e A QA 4 o o i 2L R ) i 5 58
HHI, fpIE s T e A i 8 5 Al B R A AR AIRES, R OE PD-1 IGTI/E KRAS R
il g b7 R T AE R s AR S B R R TR T, B0 B RRERFALE SR HH T 1C s T R 2
PERGHE J7 0 FMT AR SE B AR TIZE I R I S50 D2 WA s, (HILE Rk, 24tk Kol A TS 5 B8
PR TR BRER N o RORFRECRAE, 2 4122 RS A M O A P S0 IE A e S W] S R R R RIS, R HESh
Jir f ik b ATL A ISP A T T N P 2 £ S B
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