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Cancer

Cancer Is a deadly disease by the dysregulation of the cell cycle leading to
uncontrolled cell division.

Cancer one of the causes of mortality among the worldwide human
population(the second).

There are>200 different types of cancer, and each is classified by the type
of the associated tissue.

The World Health Organization (WHO), was estimated that at least 9
million patients are killed by cancer annually.
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Treatment that a patient receives will depend on the type of cancer and how advanced it
IS.

Treatment can be monotherapy or combination therapy and depends on cancer origin,
stage, location, and grade.

Tumor surgery great way for tumor clearance and needs to be followed up with
chemotherapy and radiotherapy.

Surgery and radiation therapy are more effective against local cancers.

Chemotherapy ‘is the only treatment option For diffuse and malignant cancerous
cells.
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Bacterial-mediated cancer therapy (BMCT)

Bacteria-mediated cancer therapy (BMCT) is a promising therapeutic strategy due
to Its unigue properties.

BMCT has unique properties including, broad tumor targeting, delivery drug,
facilitating the host’s immune responses and tumor penetration capability.

Streptococci and Clostridia were the first bacteria used as live anticancer agents.

Salmonella, Mycobacterium, Bifidobacterium, Lactobacillus, Escherichia,
Pseudomonas, Listeria, and Proteus.
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 Bacteria can be engineered to delivery of specific and diverse therapeutic drug into Tumor
microenvironment (TME).

« Their genetics can be modified to produce and release specific compounds, which leads to
tumor regression.
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Bacterial Based Anti-cancer Mechanisms
Doi.org/10.1016/j.critrevonc.
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- Tumor-microenvironment(TME) .

« The TME is a complex and diversely networked structure that affects the delivery of
anticancer drugs.

« These characteristics include an acidic condition, overexpression of glutathione, hypoxic
condition, immunosuppression and poor drug transportation.

« The TME include complex extracellular matrix (ECM), tumor-associated stromal cells and
Immune cells, endothelial cells, inflammatory cells, and lymphocytes.
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« Anaerobic bacteria specifically target the hypoxic environment of tumors initiating an
Inflammatory reaction resulting in tumor destruction.

« Oxygen concentrations in the TME are typically <10 mmHg, indicating a hypoxic
condition.

« The metabolism of anaerobic bacteria in the hypoxic TME leads to lactic acid production,
resulting In increased acidity.

« Hypoxia is a distinctive feature of rapidly growing solid tumors, leading to insufficient

oxygen levels in the TME. ’1
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hypoxia-induced cell death and tissue necrosis.

« Bacteria adapt their growth and survival strategies within tumors, utilizing their motility and
diverse oxygen reqguirements to thrive in this unigue environment.

« Salmonella spp and Clostridia spp as carriers drug and gene delivery in cancer therapy used.

22
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Bacteria-based microrobot(Bacteriobots)

« Bacteriobots (Bacteria-based microrobot), represent a novel class of devices that harness the
capabilities of bacteria as micro-actuators and micro-sensors.

« Enabling the targeted delivery of diverse chemotherapeutics and therapeutic compounds to
the deep regions of tumors.

« Adhere to cancer cells within the targeted tumor and to release potent anti-tumor agents,
effectively eradicating the tumor.

« S. marcescens, E. coli and Salmonella Typhimurium, have been employed to develop

bacteria-based micr —
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Bacterial virulence factors

Virulence factors empower microbial pathogens to colonize and multiply within
their host organisms.

These factors are pivotal in facilitating immune evasion, immunosuppression,
and nutrient acquisition.

Certain virulence factors can contribute to the anti-tumor effects of bacteria.

Salmonella Typhimurium strain VNP20009, which exhibits high specificity for
tumor cells treatment.

The mutations in genes like rfaG and rfaD can lead to the generation of
truncated LPS within the host.
25



These truncated LPS molecules exhibit reduced toxicity and contribute to a favorable anti-
tumor response.

Deleting the Hyl gene in Listeria monocytogenes can impair phagolysosome release and alter
Its cytotoxicity.

The mutation of the inlA and InIB can impair invasion-related characteristics.
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Bacterial secretion system

« Bacteria employ secretion systems to transport virulence proteins, which can be leveraged for
Innovative cancer therapies.

* Drugs can be more effectively and precisely delivered by with signaling molecules involved in
bacterial secretion systems.

« The type Il secretion system (T3SS) is a frequently exploited mechanism in cancer therapy,
result the direct injection of bacterial proteins into the cytoplasm of host cells.

« This targeted delivery enables the manipulation of cellular processes and the therapeutic
Interventions against cancer.

27
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« S. Typhimurium type 1 secretion systems for the expression and release of tumor-associatg‘, oh
antigens and tumor-specific antigens in the field of cancer therapy.

« That immunizing mice with an engineered S. Typhimurium capable of releasing prostate-

specific antigen (PSA) and induced the activation of CDér , leading to successful suppression
of tumor growth.

* By employing genetic engineering techniques, researchers have successfully modified a live
strain of Pseudomonas aeruginosa to deliver Yersinia YopE and YopH proteins into
mammalian cells through the T3SS.
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Aberrant cell division in various rod-shaped bacteria, encompassing both Gram-positive and
Gram-negative species, has been noted to produce minicells.

Minicells that exhibit typical cellular structures such as membranes, ribosomes, RNA, and
proteins but do not contain a bacterial chromosome.

Minicells hold significant potential as a novel approach to drug delivery, as they possess
essential virulence properties for tumor targeting.

Minicells have demonstrated the ability to transfer genes to mammalian cells both in vitro and
In VIVO.

E.coli or S.enterica can be genetically engineered to contain minicells loaded with

chemotherapeutic medications. 29
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Bacteria-Driven Tumor Microenvironment

Bifidobacterium infantis (Bif) is a probiotic, anaerobic bacteria that is harmles
and does not require any genetic modification.

Synthesized paclitaxel loaded NPs (PTX-NPs) using Copolymer methoxy poly(ethyle
glycol)-poly(e-caprolactone) (MPEG-PCL) as the carrier, and coated the NPs with the ‘
biocompatible polydopamine (PDA).

The PDA-PTX-NPs were incubated with Bif cells to generate the BIif@PDA-PTX-NPs ‘

biohybrids. ‘

Once these biohybrids reach the hypoxic zone of tumor tissues, the PTX-NPs are 'ed

In response to the reductive tumor environment and taken up by the tumor c’

31
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« SEM images of BIif@PDA-PTX-NPs.




A549 tumor-bearing mice were used to evaluate in vivo anti-tumor effects.
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BGs are empty cell envelopes derived from Gram-negative bacteria by bacteri
X174 lysis.

BGs own the complete cell morphology, including lipopolysaccharides, lipoproteins,
peptidoglycans, and outer membrane proteins.

Their strong immune stimulation effect is remained due to the presence of
lipopolysaccharide and other cell wall components.

Cell membrane coating on the surface of BGs is a good method to weaken the immune
response of BGs.

The cancer cell membranes (CCMs) is used, which are derived from cancer cﬂy&s
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The H&E stained images
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Bacterial-based immunotherapy

Listeria monocytogenes (Lmo) has great potential for development as a cancer vaccine
platform.

Lmo in APC allows antigens to be processed in the MHC | and Il molecules, resulting in
robust CDér and CDZ T cell-mediated immune responses.

Lmo@RBC could directly kill tumor cells through reactive oxygen species (ROS) mediated
by NADPH oxidase.

Lmo@RBC, induce caspase-8 activation to up-regulate GSDMC expression to trigger the
pyroptosis for tumor cells.
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TEM and SEM image of uncoated Lmo and Lmo@RBC.
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Advantages

BMCT has the advantage of high tumor-selectivity and mobility to
overcome the limitation of conventional therapies.

With bacterial therapy, other methods enhance their therapeutic
potential.

Bacterial therapy achieves sufficient tissue penetration.

Bacteria may be easily manipulated and engineered.
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Disadvantages

Therapy is based on attenuated strains, the components of bacteria will cause
Innate Immunity, and sequentially decreasing the number of bacteria colonized
In solid tumors.

The most of the administrated bacteria are unavoidably eliminated by the
reticuloendothelial system before arrival at the tumor site.

The bacterial self-propagation will lead to the therapeutic drugs or biomaterials
detaching from the cell wall.

Induction of septic shock due to high immunogenicity.

A significant danger factor for living things can also be systemic bacterial

Infections.
50



Conclusion

- Bacteria-mediated cancer therapy is still in its infancy holding an immense potential to
change the current forms of cancer therapy.

« The main focus at present is to effectively combine bacteria-based therapies and other
relevant modalities, especially immunotherapy and nanomedicine.

« The intelligent use of bacterial can lead to the development of sustainable bacteria-mediated
therapies for routine clinical applications.

« Using engineered bacteria alone or with conventional cancer treatment result to develop
this treatment free of side effects.

ol
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