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Research progress on strategies to target intestinal microbiota to
improve drug resistance in tumor immunotherapy
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Abstract: A growing body of research points out that gut microbiota plays a key role in tumor immunotherapy.
By optimizing the composition of intestinal microbiota, it is possible to effectively improve immunotherapy
resistance and enhance its therapeutic effect. This article comprehensively analyzes the mechanism of intestinal
microbiota influencing tumor immunotherapy resistance, expounds the current strategies for targeted regulation of
intestinal microbiota, such as traditional Chinese medicine and plant components, fecal microbiota transplantation,
probiotics, prebiotics and dietary therapy, and explores the potential mechanisms of these strategies to improve
patients' resistance to tumor immunotherapy. At the same time, the article also briefly discusses the prospects
and challenges of targeting intestinal microbiota to improve tumor immunotherapy resistance, which provides a
reference for related research to help the strategy research of reversing tumor immunotherapy resistance.
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Table 1 Mechanism of intestinal microbiota mediated immunotherapy resistance

Mechanism of
resistance section

Immunotherapy
resistance factor

Gut microbiota mediates mechanisms of drug resistance

Mechanisms of
intestinal dysbiosis
mediating tumor
immunotherapy
resistance

Antibiotics

Intestinal bacteria have
succinic acid derived from
Fusobacterium nucleata
Bile acids derived from the
intestinal flora

Acetic acid derived from
the intestinal flora

Tryptophan of intestinal
flora-derivation

It causes intestinal flora disorder, affects lipid metabolism and immune factor expression

in vivo, and reduces the efficacy of PD-1 monoclonal antibody

Succinic acid activates the SUCNR1-HIF-1a-EZH2 pathway, inhibits the cGAS-IFN-£
pathway, reduces Th1 chemokines, restricts CD8 T cells, and reduces the efficacy of PD-1
blocking therapy for colorectal cancer

The intestinal microbiota converts primary bile acids into secondary bile acids, reduces the
expression of CXCL16 in hepatic sinusoidal endothelial cells, and then reduces the
accumulation of CXCR6" natural killer T cells in the liver and promotes the proliferation of
hepatocellular carcinoma cells

Acetate increases intracellular acetyl-CoA in NSCLC, acetylates c-Myc protein through
dihydrolipoamide S-acetyltransferase, is recognized by deubiquitinase 10, stabilizes c-Myc,
promotes PD-L1 expression and glycolysis, inhibits CD8 T cells, and forms an
immunosuppressive tumor microenvironment

The intestinal flora metabolizes tryptophan to produce kynurenine, which activates aryl
hydrocarbon receptors on immune cells, promotes Tregs production and immunosuppressive
cell transformation, and inhibits immune responses

Table 2 Regulatory strategies for improving immunotherapy resistance based on intestinal microbiota

Regulation strategy section

Targeted regulation of intestinal flora

Improving the mechanism of drug resistance based on the
regulation of intestinal microbiota

Traditional
Chinese medicine
and botanical
components
improve tumor
immunotherapy
resistance based
on intestinal
microbiota
composition and
metabolites

Astragalus Bifidobacterium pseudolongum, Lactobacillus 1t causes an increase in metabolites such as glutamate and
polysaccharides  johnsonii, Lactobacillu and other intestinal creatine, reduces the expression of immunosuppressive cells
flora abundance increases MDSCs and their related molecules, inhibits tumor growth,
and enables CD8 T cells to kill tumor cells more effectively
Baicalin Akkermansia and Clostridia_UCG-014 were ~ SCFAs enhance CD8 T cells in the tumor
significantly increased, and caproic acid, microenvironment, promote TNF-a and IFN-y secretion,
butyric acid and valeric acid in SCFAs were  reduce Tregs inhibition, and improve anti-PD-1 therapy
significantly increased resistance
Ginseng The abundances of Bacteroides vulgatus and  The increase of valeric acid and the decrease of kynurenine

polysaccharides  Parabacteroides distasonis and the metabolite metabolites in the intestinal microbiota can help to increase
valeric acid of intestinal flora increased, while the ratio of CD8/CD4 T cells, enhance the ability of CD8 T
the content of immunosuppressive metabolite cells to secrete IFN-y, TNF-a and GZMB, and inhibit Tregs

L-kynurenine and the proportion of

kynurenine tryptophan decreased

Plant-based Butyrate-producing intestinal flora such as The gut microbiota metabolite butyrate enhances the

ingredient pectin  Lachnospiraceae increases expression of DNA binding inhibitory factor 2 in CD8 T

cells by inhibiting histone deacetylase, which acts as a key
transcription factor for immune cell differentiation and
activation, and promotes CD8 T cell proliferation and
function through the IL-12 signaling pathway

Shenling The abundance of intestinal bacteria in the The optimized intestinal microbiota structure promoted the
atractylodes soup genus Aeroplasma, Sutterella, Mucispirillum, increase of M1 macrophages and the decrease of M2
Megamonas increased, and the structure of macrophages and Tregs, and synergized with PD-1
intestinal microbiota was optimized monoclonal antibody to enhance the effect of
immunotherapy
Kudzu root and  Increased abundance of acid-producing Bacteroides acidifaciens induces T cell activation and
Qinlian soup bacteroides, such as Bacteroides acidifaciens  cytokine production through interaction with host intestinal

epithelial cells and immune cells to enhance the immune
response around the tumor and enhance the host immune

response
Diosgenin PD-1 monoclonal antibody has a high The extracellular polysaccharides secreted by Lactobacillus
abundance of probiotics represented by bind to the lysophosphatidic acid receptor of CD8 T cells,
Lactobacillus genus that are sensitive to induce the expression of CXCR6, promote the infiltration of
treatment, and a low abundance of CD8 T cells into tumor tissues and produce IFN-y, and
Bacteroides genus that are not sensitive to enhance the anti-tumor effect of ICIs. The insensitivity of

treatment

Bacteroides to immunotherapy is related to the increased
levels of Tregs and MDSCs in the tumor microenvironment
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Continued

Regulation strategy section

Targeted regulation of intestinal flora

Improving the mechanism of drug resistance based on the
regulation of intestinal microbiota

Plant-based
ingredients
chestnut
tanansulin

Fecal microbiota transplantation

Probiotics

Prebiotics

High-fiber diet

Keto diet

Vitamin D

The increase in the diversity of intestinal
microbiota beneficially changed the composition
of intestinal microbiota, and enriched many
immune-related intestinal microbiota
Ruminococcaceae, Bifidobacterium and Alistipes
Increased beneficial intestinal flora, such as
Veroncoccaceae, Prevotella merdae
Immunoactis, Ruminococcaceae,
Bifidobacterium and Corynebacterium, etc.; the
abundance of intestinal bacteria that promote
immunotherapy tolerance, such as
Bifidobacterium bifidum, is low

Eleven kinds of symbiotic bacteria such as
Bacteroides thetaiotaomicron, Bacteroides
fragilis, Bifidobacterium breve, Bifidobacterium
adolescentis, Bifidobacterium longum,
Lactobacillus reuteri, Clostridium difficile,
Lactobacillus johnsonii, Clostridium butyricum,
Enterococcus faecalis, Lactobacillus acidophilus

Lactobacillus reuteri

Lactobacillus johnsonii and Clostridium
sporogenes

Fructan, inulin and lactulose

Ruminococcaceae enrichment associated with a
good immunotherapy response, while
Bacteroidales bacteria associated with a poor
immunotherapy response decreased

Enrichment of specific intestinal flora that
produce 3-hydroxybutyrate such as Akkermansia
muciniphila and Bifidobacterium adolescentis

Enrichment of the intestinal bacteria genus
Bacteroides fragilis

Immune-associated intestinal microbiota provides a
variety of pathogen-associated molecular patterns that act
as ligands for pattern recognition receptors that can be
recognized by the host immune system, activate dendritic
cells, and induce antitumor T cell responses

Enhance the activation of CD8 T cells and dendritic cells
in the tumor microenvironment, reduce the levels of
immunosuppressive cells and immunosuppressive factors,
improve the tumor immune microenvironment, and
promote anti-tumor response

Eleven commensal bacteria recruited GrzB TFNy” CD8 T
cells by upregulating the expression of CXCL9, CXCL10
and other IFN-inducible genes in colon epithelial cells,
and increased the number of tumor-infiltrating dendritic
cells with high expression of MHC class I molecules

By decomposing dietary tryptophan to produce indole-3-
aldehyde, indole-3-aldehyde acts on the aryl hydrocarbon
receptor on CD8 T cells, promotes the production of IFN-
y by CD8 T cells and enhances the killing of tumor cells,
thereby improving the efficacy of ICIs

Lactobacillus johnsonii and Clostridium sporogenes
synergistically produce indole-3-propionic acid, which
regulates the stemness program of CD8 T cells by
increasing the acetylation of histone H3 lysine 27 in the T
cell factor 7 superenhancer region, and promotes their
differentiation into T progenitor exhausted CD8 T cells,
thereby improving the efficacy of immunotherapy
Increasing the proportion of beneficial bacteria, which
helps to improve the effectiveness of immunotherapy by
activating and enhancing immune cell function

A high-fiber diet provides nutrients and promotes the
proliferation of beneficial gut bacteria, and fiber is
fermented in the intestine to produce short-chain fatty
acids that exert anti-tumor effects

3-Hydroxybutyrate increases the expansion of CD8 T
cells induced by ICIs and inhibits the expression of PD-
L1, thereby maintaining T cell activation and exerting
anti-tumor effects, enhancing the efficacy of ICIs
Stimulates CD8 T cells to produce IFN-y, enhances the
immune response and thus improves the body's immunity
to cancer
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Hrh, 6 RoRIE IR A . ZICAIRIT R T miE T
T 18 BRTERE USRI AT B R B 2R, A 1
BT PR ROR S CDS T 40 i F i 4k, FRAR T s 0
il 2 Jitl MDSCs ) 7K~ S L IL-8 43 Wk o X K W], FMT
A DA B 9 gy R O SR IR R, T Y i A g

for 25 m BTV 97 (1098 77
23 HERHELMREFTEMCEERFLURES
B oA T R AL R A A T 3 0 W TE A 5 e
T, A2 B R a] fi7 2 A U T SR R T RO R SR
Z . Tanoue ZE" M A B N S IS8 o 73 B H 11 ol
RE 5 1l % CD8 T 41 fid 7= 4= IFN-y 1 3L A2 B bk, 15 s
45T PD-1 H IR IT AR EL, PD-1 B Bi e & 11 RS A 1R
YR IT 5 k2 A R A K R 5 MC 38 45 i /N BROXS
T BEVRTT RN o FEMLA R 11 Fp 3 AR i e il B T
25 iy I R 40 e CXCL9 A CXCL10 BA J FAth IFN 75
FREERMRIE, NI 5E4E T GrzB'IFNy' CD8 T 4l fid,
HINT = 3R IE MHC 128 2 1 Ji I8 32 3 1 4% 9 HR 48
ML r%E . Bender W 70 R BN, 11 AR 2 A2
Lactobacillus reuteri V] UL EAH H FF S AA1E T AR
Jeg v, G 3 AR IR T € IR 7 A Ml Wk -3- 8% (indole-3-
aldehyde, 13A), I3A ] LAYEH T CD8 T 4 g b1 55 7
Je 52 Ak, AR 3E CD8 T 4H i 7 A= TFN-y I 2545 il 83 41
MG 58 ICLs V69T RUH . 32 4 B Lactobacillus john-
sonii 5 ICIs {67 AR 2 [A 2 1EAH ¢ . @il %k 78 Lacto-
bacillus johnsonii B 3 77 A= ¥ €0 2 B2 417 A X 65 4 sl
Wk-3-TN R (indole-3-propionic acid, IPA) 1] L 2 2 4% 55
CD8 T 4 i /1 3 1) PD-1 B 470 G0 35 7 I R O - EAL
H L, PAm Rk R R THM R F 1 (T cell factor 1,
TCF-1 1 TCF7 4w hid) JHFAiE 1 4H 40 f Ak 5 78 CDS T 4H
il (T progenitor exhausted CD8 T cells, Tpex) s& PD-1
BPLRIZIRIT NN E BN R . Lactobacillus johnso-
nii 55 Clostridium sporogenes W} [7] 7= £ TPA. IPA i i
40 TCF7 i 1 55 1 X 2 5 1 H3 5 27 7 M = R 2 1k
&, 55 CD8 TR I EAZ R, ATt CD8 T 41 i
1] Tpex 4L 19 731k, 3 i S e 16 97 U R

2 A TC R I T8 A A TR AR G I S L 1 )
JoE, i LB AR B R R AL . AT
AR T 2 A T R AN G B, 0 DR R E R, A B 2 A
YA 9% RS E ™. Ramirez-Farias 2514473 0 |
T W) 22 WE 260 TT TF 50 A 2 40 B LR A T8 R SUS A 1 7K
ST, X PR AN 73 B B A 4 E B 6 PD-1/PD-L1 FL40YA
I7 BB LT

B R IRE £ 1850 i T TR R 2EL RS ) s e 1 A
FE e ARETTIS RS Wi B BT O AR R ARk, I
L2 S T T A AL R — s et 7 2. Spencer
GO, SARA 4R a ) BERRIEE M, My
R AT G N i TE P R R TR A AR, R A R R
#5%F PD-1 FHLIE YT B S BB U, Ruminococcaceae & 5
ST ) R 16 9T IV AR %, 10 Bacteroidales bacteria
SR EMRMNAK . MR DUE &4 3-8 T iR
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I (1) 45 5 1V 18 B8 ¥ Akkermansia muciniphila 1 Bifido-
bacterium adolescentis, 3-¥%3& T TR g 7] ¥ 0 ICIs 5 &
(1) CD8 T 4 i f¥1 4 384 3 41 ] PD-L1 K3k, M 4ERF T
o B s AT R HE DU R AE F, B 9 ICTs 7 R AR
Z DIl T i Lk 4n 4 4 &R D 2 AR e ik g iE
B & Bacteroides fragilis )& 4, F ¥ CD8 T 40 fg 7= A&
IFN-y, 38 58 G 5 Jso W2 AT 4 v WL A4 Xof 8 R 1) 4 9% 7,
W58 TCIs RICR, F il g AR Y. 25 AR 1R 26 2F JCFI IR
BT R R gk i T T A 1 A T, B R S R G
UIEE SO o AR (R BIF 7T 7R S — P IR R X LT il ds
ot PR L AL i A R

3 MO ERENEMNERERTMANRI =M
BEix

I r) figp T AR TR YT IR B VR YT T 2, B R g
YRITIT ) SRS B TR B N T s, AR 2
Bhiik .

T, BT FMT AR AR T F Bk Z K 2 4k
W8, FMT [ 2 4> 1 2 75 B2 8 fOORE I 1] /Y. 32 2|
T AL RN AT 55 22 DR 21 52, A 1) i T8 TR R 45 M AR AE
FH 2 K0 22 5, — A e N i 18 1 B I A — 2 2 11
T AR B P R R . R 2, BEE L
VR TRE G FMT 5 A R R A A% 38 10 XU o Rk, D i ok
FETH B M I 22 4 Ik 1) B, g, P O e AR, DARA IR
HoAg BOIRAS R I To e G FLIR, SR A F I S (8
AR BEAT A O 095 JELAARAS I PO, S A A A P A B AT
TR IR AE, LA 5 G KU B Jm, R 28 I U2 32 38 11
T REIRAS, @ AL 58 3 (1) L S AL BRATL ], 7558 75 B4k 4
HEAT ZE TR R AR I S Al AR R T 7, DAVR N ER A A
L, FHRAIRIT 7 & . DA B 7T BAR I i A 2 AE
BLACLT- X8 i £ 5 % iR T IO A 1 B L B
W I AN 22 I A7 1 28 AR R AT A 300 A A 9% VR 9T TR 24 1 AL
Ho BHTTEAR, H & AR WA OSOEA B B 2 B LA
P VA 9T 1 /N BN PD-L1 8470 S B2 85 22, 8 9 TFN-y"
CD8 T 4l J 7K P BEAKS . [FIB, 28 A= B A 52 44 g 1 B
FEZ AP A A — D TR EH SR A . A
PR B RE N T R 2 4 A8 58 10 18 B R R, i mT RE
IR 52 A4 iy T8 B AE (4 P40 Sl B XX e Bk R, T,
RN FEAN 8] 2 A2 T 0T S0 8 96 97 1) BAR A AL, DA
T HoAT R, Hk, JF R 56 22 i Il PR 5, DL 3G 1iE R
U 3 A O R S R AT R AR T BB R B, MR
b & 28 BB IT 7 &, MU R IR UAE MR R IR SR 1R £
HE M A Ak, AT 78 A 76 R I B A7 AE 22
Jt, A A0 BT AR E] AR VBT R E 2t AR TS T .
Ty Ak, R AK R A 28 0 R AR TR )5 oA i e
(1) 77 AT AEAS T 11 Ml 1 PR e, R 8 15 3 1 1 3 R 7 TR

TR 1. HAS R A A P 30 R 2L A A 2 5
(7 5 PR A AT RES AN [R) AN (14 Ji T TR0 ZE AN [R] PR R
Wi o TN B0 M T R R ZEL A, S S AL I IR R
WL, TXA] L 73 A B0 i T 1 SR R R IR R
TR, DA RRSE R . B TR 2 4b, BEIR 2 3 AN
s 8 B AR A 7 R R B I T8 B A . i
AN AR B4 T PR A0 7 3R, DL SR fi T TR A A
Re. Ba, TR IR RI%, 2 5 REh)T
TS 245 (14 285 82 AT ATL £l 73 T 3 75 22 5 20 A 2K PO S Rt T 7
ANHE— 25 B m RIS IE 8 X 2 2 2 M3 B 2 F 7T, O
4 H 24 S5 OGS i R R AT R S BE R T A a1
gr, FEARALEC DT, 2% R BUEAR T BE 7 2E T30 1 s 18
TR RN, b 78 a2 e AN sl R T, DL B4R
T T R AT, R T 2 PR A A AT YT BR B
T, LA I v 245 52 775 % Fag T R RN bR G B I T I 5
i, A S I R B 96 9T 7 5 IR, B R B R 2 5
0 24 S8OR 22 A PR HEAT SR N FRIIT 9T, LA B 4 1 1§ )
TImRIBTT -

HT T 3K LE AT TR R 2 A BRI DN, DAL i 88 9
DR B 2 R 2, O T4 8 W IR PR TR 2 e R I
SRR 7R 1 P & B 45 1007, JF HoG T8 % id
RV OB e S B IR T N 7640 B I 288 i 1
AT DA B AR G B 16 77 S ML ATS SR A7 AE AN S 1, AT LASE A
T FTIK) R A BA A, 88 i 45 2R 10 e o 5% B 2 A T
FEME . BEATEE 2O R A BT TT, DAY D M IR S
B 2R 22 o A P A A 1) S 36 A0 2 A D7 2%, b
AN FE 8] AR AN TR 22 5 o FE I PRFFT P S8 Ry
SE T J& /R FY, 45 & B0 St S H0dhs PP AG L AE AN R A
SRR . 53— AR MR BRRE K T Wil WA i
I B FR AR PR 2 H0HI 2 i PR AT BT T8 % L), F
GERATAE — € NI PR FE AL PR ] o A PN YR AL S A 2
SRR e i PR AT SE O RH SR R A T BE 0 - 38 T BAR
TR N DL B A TN fi 3 T A X e B VR 9T S L R B T
S B IV AE VR TT SR . R, I TE R AR O S g
P75 R B, O SR TR e R T T
ZiTT R T B RO RENE, (HIE 7 HE— 8 K0 SR 5L
TR 107 A P 0 ) B 3 R 5

12 STk 25 B SCMR AR R SO R BT B Ly 9
A8 WO SC 2 9 A HEAT B U R K 25 B S R SC B HEAT
TN
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