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[ Abstract ] Intratumoral microbiome is defined as the microbes that reside within tumor tissues to form the tumor
microenvironment. Although substantial advances have been made in the research on virus infection and cancer during the past
century, little is known about the existence and the role of intratumoral bacteria or fungi in cancer. In recent years, with the
development of high-throughput sequencing technology, evidence has emerged to support the existence and functional activity of
intratumoral bacteria. This review summarized the recent research progress in intratumoral microbiome, particularly their contribution
to the carcinogenesis and chemoresistance of breast cancer, pancreatic cancer and lung cancer. The future perspectives of intratumoral
microbiota in clinical application were also discussed.
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Tab.1 The main microbial species in human cancers and their roles and possible mechanisms in cancer occurrence and progression
Cancer type Microbial species Function Mechanism Reference
Melanoma Propionibacterium; Promote cancer Melanoma cells present HLA-conjugated intracellular
Staphylococcus aureus; growth bacterial peptides to activate T cell immune [32-33]
Corynebacterium responses
Ovarian cancer Proteobacteria; Firmicutes ~ Promote cancer Up-regulate the expression of TLRS in tumor cells
growth and to promote the mobilization of MDSC; LPS up- [34]
metastasis regulates the expression of PI3K, EMT and
metastasis-related genes in tumor cells
Nasopharyngeal Corynebacterium; Promote cancer The increase of bacteria in tumor is negatively [35]
carcinoma Staphylococcus aureus recurrence correlated with tumor infiltration of CD8+ T cells
Brain glioma Pseudomonas; Promote cancer Secretion of fatty acids, LPS and other metabolites
Erythrobacillus; growth through the brain-intestinal axis affects the central [36]
Actinomycetes nervous system immunity
Bone tumour Pseudomonas; Promote cancer Degrade the hydroxyproline that makes up bone (3]
Actinomycetes growth collagen
Colorectal cancer Firmicutes, Bacteroidetes; Promote cancer Down-regulate the expression of m6A
Fusobacterium nucleatum invasion and methyltransferase METTL3 in tumor tissue
metastasis and enhance tumor invasiveness; CD8+ T cell
. P . [3,36]
infiltration in liver metastases is decreased and
MDSC infiltration is increased to inhibit anti-tumor
immune response
Prostate cancer Pseudomonas; Escherichia  Inhibit cancer Negatively associated with tumor metastasis; Enhance
coli metastasis and the immunogenicity of tumor cells; Increase tumor
. , : . [37-38]
improve the efficacy  infiltration of immune effector cells
of immunotherapy
Gastric carcinoma Peptostreptococcus Promote cancer Increase the content of N-nitrite compounds in the
Streptococcus; growth or improve stomach and promote the colonization of harmful
Fusobacterium nucleatum the efficacy of bacteria; Increase the expression of PD-L1 in [39-40 |
immunotherapy gastric epithelial cells and induce T cell apoptosis;
Up-regulate the purine metabolic pathway of the
tumor flora, enhancing the immune response
Cutaneous T-cell Corynebacterium; Promote cancer Staphylococcal « -toxin induces normal cell death,
lymphoma Staphylococcus aureus growth while tumor cells are resistant; Inhibition of T cell [41-42 ]
killing promotes tumor immune escape
Oral squamous cell Fusobacterium nucleatum; ~ Promote cancer LPS promotes the release of IL-1 and VEGF in
carcinoma Monad; Prevotella copri growth and invasion  tumor and mononuclear cells and enhances
tumor invasiveness; Bacterial metabolites such [43]
as acetaldehyde cause DNA damage and over
proliferation of epithelial cells
Squamous cell Fusobacterium; Promote chronic The amount of bacteria is positively correlated with
carcinoma of head Staphylococcus aureus inflammation; the tumor infiltration of macrophages and promotes
and neck Promote cancer the inflammatory tumor microenvironment; Up- [44-45 ]
invasion regulate EMT-related signaling molecules in tumor
cells
Esophagus cancer Fusobacterium,; Promote cancer LPS promotes cancer by promoting the release of [46]
Proteobacteria occurrence inflammation-related mediators
Gallbladder cancer Campylobacter, Associated with Not involved
Phyllobacterium survival and lymph [47]
node metastasis
Bladder cancer Staphylococcus aureus; Promote cancer Up-regulate the expression of PD-L1 in cancer tissues
Corynebacterium progression and and promote immune escape (48]
recurrence
Cervical cancer Lactobacillus; Promote cancer Promote Th cells to secrete IL-1p, IL-6 and IL-8
Fusobacterium growth to promote inflammation and inhibit anti-tumor
immune response; Induce the accumulation of
sphinolipids and glycerols in the outer membrane [ 49-50 |
of cervical epithelial cells, leading to cell
damage and the formation of pro-inflammatory
microenvironment
Endometrial cancer Porphyromonas; Induce and promote  Activate endometrial cells to produce pro-
Bacteroides; Bacillus cancer growth inflammatory cytokines; Release toxins that damage [ 51-52 |

faecalis

host DNA and induce autophagy and carcinogenesis




(b @BmES L) 2023455335559

871

4  BhERNREY AR IEKRR A
40 JE N LA T I B TS FI I 69 4E R

Jed N AR R 3 1 0 A R Al A B R
F BB A R AR 26547 ' Rigquelme 2! A
PR A TR VR AR 0 T A 5 BOKs T e F8 3
SR a- AR AR a- Z eV, S5 EOR,
R B AL A AR 9.664F, TS (U 1.664F
(P<<0.001) . FETIBHME . 2 M.
5 5 TR PN B 57 PO 27 AT TR 4 T A A g o A
B, ZE TAERRE M 4 T (area
under curve, AUC ) 7E & Bt AS A1 551 BA S H 5y
B 50.98F10.99, Peters¥s ' HFFT AT, it
RS A AU A TR Y T R 2R S TR R A A
( recurrence-free survival, RFS) HA I,
BRI, 28R nY 4 B2 i 5 RFS & 1EAH
K, T FERT A FE BRI B R U S RFS &
ik i ESe

I IeE P ARAE WU RE S T 245 307 ) BBURRAE o
& B2 /A 1 3FP A T RE 5 S8 A0 I X 75 74 Al
Wit 2y, Hoh Dly- 2SI W 320 i T2
SN hy- 2 A £, Geller 7
W TR AR AS Hh B A B 3 7 R A B A AR, 45
R4 T PR 2 . tAh, AR
g2 R, R I LPS I g 75 DY At G T I
RIS PR O A 1~ AR R EBTE R 5T
IR, KA B T3 R e A T A R
4.2 MBI AEHDNA (circulating microbial
DNA, cmDNA) 24583 B P 4915 R

cmDNAJZ 5 &1 Ja] ifin b A7 78 1 G AR ok T Y
JFEDNA, 54 A1k, cmDNATEE . AT5IR
. sl B FUBYEAE TR s A
RIS W . Poore s “>¢) i i ik 3 [ 4 141 3%
( The Cancer Genome Atlas, TCGA ) £(¥&/FE (=
BTG TG A, cmDNARBEAF HLIX 73
LSO P A X IR, JCH AR A2 B s
iz, AUCHE350.947 7H10.971 6, TE4S
SR, Xiao% VAl & BUA 28 B R /E KB FIIE
HONIRIIE PAAE R 22 5. Ak LEpR eSS
oy e B A A LS, IR BRAR 4 b 25
SRS 0 B S . Messaritakis®s W BFSE & PR,

16S tDNA | KIGHFF B B-1 ZUME 1 . i 55 0BUEL
FI A R BERE £ )2 5.8S rDNA 5 45 7988 0 55 7%
T A A ARG (P<<0.001) , ChoZs '
WEFE R B, 5 P60 Ak F0E 8 6 BERE L, 98 BB
I PE 7R A A T B R,
U S 7 BR A R R R LT b T T 4.34%
(P<<0.001) o FEF5F4HER #4219 PR
REA RO X 43 I -5 % BRZH,  AUCTE & B BAF A1l
B UE BAF 4351 150.879F10.875, HE/RcmDNATE
2 Wb A AR
5 REE5RE

HATC RS, FE IR A v A7 A6 45 2 TR
HESMEY . XSeiE YT s Tapsr, b
AT 2 e 20 e sl S e A rh L R A e A e
IFCARME ) IR KA AF o X BT A W 5 o b
R RIBR RS HF, BRUER ‘55
WE” e, MR 2 t—E 5. Hx T
iy A BTG T, TR O B AR B b AR
b, PR E TR AEAR KRR B AR T IR D
JPHAR, FERA = BEAR AR A 2 ZURE A ] £
FEBRTE G KU A LA BRERYE . i TR
PSR A 2R R AR R, AT — e/ NREAR
YR R E A D foa WK N E

JEERARSR 98 P A TR R FR S S8 e Rl IR
ST RS S . B PLHI AT B T
68 PR PRI 2 e A R 4 TR A 4 g X VE
A A TR TR A AR B 1 LR RS B A
o BRUE A SR E . R R
JEL F AT 2 AT, KA BT R
Gl T R UE A MR RO T R . B,
e B E A — B S, R — 2w A
IR PR A . &R, iR A R 12
IR AR .

FEMRER: A EEYS AR
.,

(& % X Bt
[1] SHOLL J, SEPICH-POORE G D, KNIGHT R, et al. Redrawing
therapeutic boundaries: microbiota and cancer [J] . Trends

Cancer, 2022, 8(2): 87-97.



872

TR, T BEANEDENHAERE

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

KNIPPEL R J, DREWES J L, SEARS C L. The cancer
microbiome: recent highlights and knowledge gaps [ ] ] .
Cancer Discov, 2021, 11(10): 2378-2395.
NEJMAN D, LIVYATAN I, FUKS G, et al. The human tumor
microbiome is composed of tumor type—specific intracellular
bacteria [ J | . Science, 2020, 368(6494): 973-980.
PUSHALKAR S, JI X J, LI Y H, et al. Comparison of oral
microbiota in tumor and non—tumor tissues of patients with oral
squamous cell carcinoma [ J ] . BMC Microbiol, 2012, 12: 144.
WONG S H, YU J. Gut microbiota in colorectal cancer:
mechanisms of action and clinical applications [ J ] . Nat Rev
Gastroenterol Hepatol, 2019, 16(11): 690-704.
BERTOCCHI A, CARLONI S, RAVENDA P S, et al. Gut
vascular barrier impairment leads to intestinal bacteria
dissemination and colorectal cancer metastasis to liver [ J | .
Cancer Cell, 2021, 39(5): 708-724.el1.
GELLER L T, BARZILY-ROKNI M, DANINO T, et al.
Potential role of intratumor bacteria in mediating tumor
resistance to the chemotherapeutic drug gemcitabine [ J ] .
Science, 2017, 357(6356): 1156-1160.
LIU Y, BABA Y, ISHIMOTO T, et al. Gut microbiome in
gastrointestinal cancer: a friend or foe? [ J ] . Int J Biol Sci,
2022, 18(10): 4101-4117.
ALVAREZ-MERCADO A I, DEL VALLE CANO A,
FERNANDEZ M F, et al. Gut microbiota and breast cancer: the
dual role of microbes [ J ] . Cancers (Basel), 2023, 15(2): 443.
URBANIAK C, GLOOR G B, BRACKSTONE M, et al. The
microbiota of breast tissue and its association with breast cancer
[ J] . Appl Environ Microbiol, 2016, 82(16): 5039-5048.
BANERJEE S, WEI Z, TIAN T, et al. Prognostic correlations
with the microbiome of breast cancer subtypes [J].Cell Death
Dis, 2021, 12(9): 831.
BOSE D, BANERJEE S, SINGH R K, et al. Vascular
endothelial growth factor encoded by parapoxviruses can
regulate metabolism and survival of triple negative breast cancer
cells [ J ] . Cell Death Dis, 2020, 11(11): 996.
DEVOY C, FLORES BUESO Y, TANGNEY M. Understanding
and harnessing triple—negative breast cancer—related microbiota
in oncology [ J | . Front Oncol, 2022, 12: 1020121.
FU A K, YAO B Q, DONG T T, et al. Tumor-resident
intracellular microbiota promotes metastatic colonization in
breast cancer [ J ] . Cell, 2022, 185(8): 1356-1372.€26.
KLANN E, WILLIAMSON J M, TAGLIAMONTE M S, et al.
Microbiota composition in bilateral healthy breast tissue and
breast tumors [ J ] . Cancer Causes Control, 2020, 31(11):
1027-1038.
TZENG A, SANGWAN N, JIA M, et al. Human breast
microbiome correlates with prognostic features and
immunological signatures in breast cancer [J] . Genome Med,
2021, 13(1): 60
KOVACS P, CSONKA T, KOVACS T, et al. Lithocholic acid,

a metabolite of the microbiome, increases oxidative stress in

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

breast cancer [ J | . Cancers (Basel), 2019, 11(9): 1255.
PARHI L, ALON-MAIMON T, SOL A, et al. Breast cancer
colonization by Fusobacterium nucleatum accelerates tumor
growth and metastatic progression [ J | . Nat Commun, 2020,
11(1): 3259.
PUSHALKAR S, HUNDEYIN M, DALEY D, et al. The
pancreatic cancer microbiome promotes oncogenesis by
induction of innate and adaptive immune suppression [ J ] .
Cancer Discov, 2018, 8(4): 403-416.
AYKUT B, PUSHALKAR S, CHEN R N, et al. The fungal
mycobiome promotes pancreatic oncogenesis via activation of
MBL [ ] ] . Nature, 2019, 574(7777): 264-267.
RIQUELME E, ZHANG Y, ZHANG L L, et al. Tumor
microbiome diversity and composition influence pancreatic
cancer outcomes [ J | . Cell, 2019, 178(4): 795-806.e12.
MENDEZ R, KESH K, ARORA N, et al. Microbial dysbiosis
and polyamine metabolism as predictive markers for early
detection of pancreatic cancer [Jl. Carcinogenesis, 2020,
41(5): 561-570.
ALAM A, LEVANDUSKI E, DENZ P, et al. Fungal mycobiome
drives IL-33 secretion and type 2 immunity in pancreatic
cancer [ ] ] . Cancer Cell, 2022, 40(2): 153-167.el1.
APOSTOLOU P, TSANTSARIDOU A, PAPASOTIRIOU 1, et
al. Bacterial and fungal microflora in surgically removed lung
cancer samples [J] .J Cardiothorac Surg, 2011, 6: 137.
GOMES S, CAVADAS B, FERREIRA ] C, et al. Profiling of
lung microbiota discloses differences in adenocarcinoma and
squamous cell carcinoma [ J ] . Sci Rep, 2019, 9(1): 12838.
SOMMARIVA M, LE NOCI V, BIANCHI F, et al. The lung
microbiota: role in maintaining pulmonary immune homeostasis
and its implications in cancer development and therapy [ J ] .
Cell Mol Life Sci, 2020, 77(14): 2739-2749.
YU G Q, GAIL M H, CONSONNI D, et al. Characterizing human
lung tissue microbiota and its relationship to epidemiological
and clinical features [ J | . Genome Biol, 2016, 17(1): 163.
JIN C C, LAGOUDAS G K, ZHAO C, et al. Commensal
microbiota promote lung cancer development via Y8 T cells
[J].Cell, 2019, 176(5): 998-1013.¢16.
GREATHOUSE K L, WHITE J R, VARGAS A ], et al.
Interaction between the microbiome and TP53 in human lung
cancer [ ] ] . Genome Biol, 2018, 19(1): 123.
DOHLMAN A B, KLUG J, MESKO M, et al. A pan-—
cancer mycobiome analysis reveals fungal involvement in
gastrointestinal and lung tumors [ J ] . Cell, 2022, 185(20):
3807-3822.e12.
LE NOCI' V, GUGLIELMETTI S, ARIOLL S, et al. Modulation
of pulmonary microbiota by antibiotic or probiotic aerosol
therapy: a strategy to promote immunosurveillance against lung
metastases [ ] | . Cell Rep, 2018, 24(13): 3528-3538.
KALAORA S, NAGLER A, NEJMAN D, et al. Identification
of bacteria—derived HLA-bound peptides in melanoma [1].
Nature, 2021, 592(7852): 138-143.



(b @BmES L) 2023455335559

873

[33]

[35]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

MIZUHASHI S, KAJIHARA I, SAWAMURA S, et al. Skin
microbiome in acral melanoma: corynebacterium is associated
with advanced melanoma [ J | . J Dermatol, 2021, 48(1):
el5-el6.
SIPOS A, UJLAKI G, MIKO E, et al. The role of the microbiome
in ovarian cancer: mechanistic insights into oncobiosis and to
bacterial metabolite signaling [ J ] . Mol Med, 2021, 27(1): 33.
QIAO H, TAN X R, LI H, et al. Association of intratumoral
microbiota with prognosis in patients with nasopharyngeal
carcinoma from 2 hospitals in China [ J | . JAMA Oncol, 2022,
8(9): 1301-1309.
OSADCHIY V, MARTIN C R, MAYER E A. The gut-brain
axis and the microbiome: mechanisms and clinical implications
[ J 1. Clin Gastroenterol Hepatol, 2019, 17(2): 322-332.
FENG Y, RAMNARINE V R, BELL R, et al. Metagenomic
and metatranscriptomic analysis of human prostate microbiota
from patients with prostate cancer [J].BMC Genomics, 2019,
20(1): 146.
ANKER J F, NASEEM A F, MOK H, et al. Multi—faceted
immunomodulatory and tissue—tropic clinical bacterial isolate
potentiates prostate cancer immunotherapy [J].Nat Commun,
2018, 9(1): 1591.
CHEN Y, WU F H, WU P Q, et al. The role of the tumor
microbiome in tumor development and its treatment [J].Front
Immunol, 2022, 13: 935846.
CHEN X H, WANG A, CHU A N, et al. Mucosa—associated
microbiota in gastric cancer tissues compared with non—cancer
tissues [ J ] . Front Microbiol, 2019, 10: 1261.
LICHT P, MAILANDER V. Transcriptional heterogeneity and
the microbiome of cutaneous T-cell lymphoma [J]. Cells,
2022, 11(3): 328.
HARKINS C P, MACGIBENY M A, THOMPSON K, et al.
Cutaneous T—-cell lymphoma skin microbiome is characterized
by shifts in certain commensal bacteria but not viruses when
compared with healthy controls [ J | . J Invest Dermatol, 2021,
141(6): 1604-1608.
SAMI A, ELIMAIRI I, STANTON C, et al. The role of the
microbiome in oral squamous cell carcinoma with insight into
the microbiome—treatment axis [ J ] . Int J Mol Sci, 2020,
21(21): 8061.
QIAO H, LI H, WEN X H, et al. Multi—omics integration reveals
the crucial role of Fusobacterium in the inflammatory immune
microenvironment in head and neck squamous cell carcinoma
[ J 1. Microbiol Spectr, 2022, 10(4): e0106822.
SALVUCCI M, CRAWFORD N, STOTT K, et al. Patients with
mesenchymal tumours and high Fusobacteriales prevalence
have worse prognosis in colorectal cancer (CRC) [J ] . Gut,
2022, 71(8): 1600-1612.
NOMBURG J, BULLMAN S, NASROLLAHZADEH D, et al.
An international report on bacterial communities in esophageal

squamous cell carcinoma [J] . IntJ Cancer, 2022, 151(11):

[47]

[48]

[49]

[50]

[52]

—
wn
W

[

[54]

[55]

[56]

[57]

[58]

[59]

1947-1959.
KIRISHIMA M, YOKOYAMA S, MATSUO K, et al. Gallbladder
microbiota composition is associated with pancreaticobiliary
and gallbladder cancer prognosis [ J | . BMC Microbiol, 2022,
22(1): 147.
CHEN C X, HUANG Z H, HUANG P C, et al. Urogenital
microbiota: potentially important determinant of PD-L1
expression in male patients with non—muscle invasive bladder
cancer [ ] ] . BMC Microbiol, 2022, 22(1): 7.
CASCARDI E, CAZZATO G, DANIELE A, et al. Association
between cervical microbiota and HPV: could this be the key to
complete cervical cancer eradication? [ ] ] . Biology (Basel),
2022, 11(8): 1114.
MAARSINGH J D, ELANIEWSKI P, HERBST-KRALOVETZ
M M. Immunometabolic and potential tumor—promoting changes
in 3D cervical cell models infected with bacterial vaginosis—
associated bacteria [ J | . Commun Biol, 2022, 5(1): 725.
SOBSTYL M, BRECHT P, SOBSTYL A, et al. The role of
microbiota in the immunopathogenesis of endometrial cancer
(17 . IntJ Mol Sei, 2022, 23(10): 5756.
YOU LT, ZHOU ], XIN Z D, et al. Novel directions of precision
oncology: circulating microbial DNA emerging in cancer—
microbiome areas [ J | . Precis Clin Med, 2022, 5(1): pbac005.
KADOSH E, SNIR-ALKALAY I, VENKATACHALAM A,
et al. The gut microbiome switches mutant p53 from tumour—
suppressive to oncogenic [ ] | . Nature, 2020, 586(7827): 133—
138.
PETERS B A, HAYES R B, GOPARAJU C, et al. The
microbiome in lung cancer tissue and recurrence—free survival
[J] . Cancer Epidemiol Biomarkers Prev, 2019, 28(4): 731—
740.
GUENTHER M, HAAS M, HEINEMANN V, et al. Bacterial
lipopolysaccharide as negative predictor of gemcitabine efficacy
in advanced pancreatic cancer—translational results from the
AIO-PK0104 phase 3 study [ J ] . Br J Cancer, 2020, 123(9):
1370-1376.
POORE G D, KOPYLOVA E, ZHU Q Y, et al. Microbiome
analyses of blood and tissues suggest cancer diagnostic approach
[J] . Nature, 2020, 579(7800): 567-574.
XIAO Q, LU W, KONG X X, et al. Alterations of circulating
bacterial DNA in colorectal cancer and adenoma: a proof—of—
concept study [J] . Cancer Lett, 2021, 499: 201-208.
MESSARITAKIS I, VOGIATZOGLOU K, TSANTAKI K, et al.
The prognostic value of the detection of microbial translocation
in the blood of colorectal cancer patients [ J ] . Cancers (Basel),
2020, 12(4): 1058.
CHO E J, LEEM S, KIM S A, et al. Circulating microbiota—
based metagenomic signature for detection of hepatocellular

carcinoma [ J | . Sci Rep, 2019, 9(1): 7536.
CHShi F . 2022-12-02 2101 FW: 2023-03-01)





