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Bacteria-Tumor Microenvironment Interactions: Bacteria-Based Tumor Therapy
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Abstract  In the past decade, significant progress has been made in the cancer treatment. However, conven-
tional therapies still suffer from non-cancerous cytotoxicity, the inability of drugs to reach deep tumor tissues, and
the continued increase of tumor cell resistance. Compared with other cancer therapies, bacteria have been widely
used in clinical research not only as gene therapy vectors but also for specifically targeting the hypoxic TME (tu-
mor microenvironment). Since bacteria are a strong immunogenic substance, they can effectively activate immune
cells even in the immunosuppressed tumor microenvironment. Therefore, bacteria-based anti-cancer therapeutic ap-
proaches have great potential in tumor immunotherapy. More strikingly, with the development of synthetic biology,
bacteria can be manipulated through genetic techniques and reprogrammed to induce the production of anti-cancer
drugs, thus developing unique cancer therapies. However, as a novel oncology treatment, the safety and targeting
of bacteria are of general concern. This review will focus on the progress of the application of bacteria in tumor im-
munotherapy, and discuss the safety and targeting issues, providing a new idea for drug development in the field of

anti-cancer therapy.
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Table 1 Past and ongoing clinical studies
R TEAE SR HIREHE I R B SCRR/BE B
Bacterial strain Cancer type Number of volunteers Phase References/link
Clostridium novyi-NT Solid tumor malignancies 24 1 https://www.clinicaltrials.gov/ct2/

show/NCT01924689

Refractory advanced solid 18- recuriting Ib https://clinicaltrials.gov/ct2/
tumors show/NCT03435952
Listeria monocytogenes Metastatic pancreatic tu- 90 11 [9]
mors
Pancreatic cancer 63 I https://clinicaltrials.gov/ct2/
show/NCT03190265
Cervical cancer 109 11 [10]
Cervical cancer 450 111 https://clinicaltrials.gov/ct2/
show/NCT02853604
S. typhimurium VNP20009 Metastatic melanoma; meta- 25 [11]
static renal cell carcinoma
S. typhimurium Ty21a VXMO1 Pancreatic cancer 26 I [12]
Escherichia coli Nissle 1917 Advanced/metastatic solid 70 I https://clinicaltrials.gov/ct2/
tumors and lymphoma show/NCT04167137

PA-MSHA Metastatic breast cancer 100

I [13]
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1: ROS and Ca* production; 2: immunogenic death of tumor cells and activation of DC cells; 3: activation of CD8'T cells; 4: suppression of MDSC

and Treg cell activity; 5: conversion of MDSC to an immunostimulatory phenotype.
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Fig.1 Mechanism of Listeria monocytogenes against tumors (modified from the reference [68])
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1: direct disruption of membrane structure by exotoxin; 2: recruitment of immune cells and release of chemokines; 3: infiltration of CD8T cells into the

tumor site; 4: apoptosis of tumor cells.
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Fig.2 Mechanism of anti-tumor Clostridium (modified from the reference [68])
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suppression of Treg cell activity; 7: secretion of perforin by CD8'T cells; 8: direct inhibition of tumor cell value-added by flagellin; 9: tumor cell Cx43

upregulation and IDO downregulation; 10: activation of DC cells and CD8" T cells.
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Fig.3 Mechanism of Salmonella anti-tumor (modified from the reference [68])
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R A% S I BRI T [ BETEER B, A U
PERITC Z AR IE B KD T TIRE ' T-VNPTR] DR
SR G 2 L 2% 21 e AH O B 41 B (tumor-associ-
ated macrophage, TAM)H, FA& S [a)3 B, AT SEER
X JEUA IR A R AL F TR % (R A2 36 9T (internal
radioisotope therapy, IRT), HEA RIFHEY %4
P BHEZERRZ, P-VNPREW @ BOE e Rz
cGAS-STING:H# B A ik DCHH L e, AT it —
A IR R ) 2 S HUR S S N . 5 e AR A A
] (aPD-LDBEFH 5, P -VNPR] 5 5328 by e 98 24
JIPD-L1ZEIA i b1, AT 0] 5 7 265 g e 1975 L
JEM PRIt o K LIER SN 200 1R (4 2 £0. 78] ) 2K
B FURERR B I Il H 4l AT KIS fa , 7
A P RAR S () S B0 IE B 1 K i FR) 248 8 %o 9 £
AR EARER, XA AT NK40E, BAE
TGk e/ BB BIA SR AR S5 R . BRIk 2 4,
YE R E HEAELE Im PR b T8 e B f a7
ZAERNRIT A S, O KSR 5T R B AR 20
AL B Y 5 Wi (pseudomonas aeruginosa mannose-sen-
sitive hemagglutinin, PA-MSHA) "] DL{E 3F DC4H A i)
A, R DCHR I /) TCD86. CD8OAII-Ab
Fisa A, M CDA T4, CD8 T4 i f 1%
BH, B NG R PTG S R T X BRI SIS AR
FRAT T B A R A8 W] DAE A e SR 9T 1 3 — A
Fwg. wln, TR, 4 PA-MSHA L FE I 4
i IR 7355 5 1 5473 41 i (cytokine-induced killer, CIK)
A LS s H TR s R 7P TR 42 PA-MSHA AL
PRI ) CIKGH AL 5 47 2590, WT LA M s £6 5
ATDY 5 S e R A IR S MO 1 A2 E (stable disease,
SD) 2 35 A 843 22 fift (partial response, PR)™, /A4
JH il (cryoablation) K H A QNG /N RITREHE. IR
R IR 5 B R SRR S AR A M e ) V2 B T SEAA R
AT . (R T USRI R JIA 2, B
ETESHMENE KMER . ST PA-MSHA
REAT RS DCARM, 7T DADR A4 R T Rl Sk 1) e
BR BBRIAL, Irbl —FHBRHBA RN —
UF IR TT SR o

YA SR AR IR A VR T IR B AR i e o, EKY
TGP VR LR B AR IR D AR 2R
SR TR — B 90 R H AT T A R, JF i B
HIRIT IR TT 45 RAS BICE M B ARBENLS] . S5t
(IS, S T 0k 8 FR) R [ 1 L T 5 R T 5 1)

FHELAE I UL K 40T 5 S e 4 A 3 2 LA 45 AR
AR HE—BIRATI T XL TR N HESI A 1 VR T
I e B A 0 S ) BEAR S Al AR O R R DT R, AT
BEAE AN A IRPRE R IR — 5 (1 S st o
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