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ABSTRACT

Background: Statistically, different kinds of cancers account for an average of more than 10 million
people each year. It is very difficult to deliver anti-tumor agents or treat cancer because of abnormal
vasculature. The adverse side effects of conventional strategies like chemotherapy, radiotherapy, and
surgery highlight the urgent need for an alternative therapeutic option. Microbial therapy, which
uses mainly bacteria, is being used as an alternative therapy to target tumor cells.

Mainbody: The failure of individual strategies resulted in the introduction of holistic approaches such
as microbial therapy, which employs the use of facultative or obligate anaerobic bacteria, such as
pathogenic and non-pathogenic bacteria, that naturally target and kill tumors. Bacterial-mediated
cancer treatments (BMCTs) have gained popularity in recent decades as an alternative method of
treating cancer tumors due to the inherent difficulties of conventional treatments. With
advancements in genetic engineering and rDNA (recombinant DNA) technology, several strains of
bacteria are introduced as cancer immunotherapy model systems. Emancipating from the concerns
of cultural stigmas and toxicology, BMCT holds the potential to benefit cancer treatment. The genetic
manipulation of a variety of pathogenic and non-pathogenic bacteria to elicit tumor regression, such
as pathogenic strain attenuation, genetically engineering them and comprehending motility for
better tumor targeting, modifying immunotoxins for cancer therapy, and novel strategies such as
radiation mutation technology (RMT) are subjects of the review, which also includes a discussion of
recent advancements, challenges, and prospects for bacteria in the context of the development of
bacteria-mediated cancer therapy. Additionally, we discuss how tumor regression is caused by the
colonization and proliferation of live bacteria in tumor microenvironments (TMEs).

Short Conclusion: Microbial therapy has the potential to become one of the most specific cancer
treatments.

Background

Cancer is a growing health issue and a leading cause of mortality
despite the lack of effective treatments. Annually, one in six
people worldwide dies from cancer, resulting in an average of 10
million deaths. It is crucial to diagnose and treat cancer as soon
as possible accurately. Chemotherapy, radiotherapy, and other
alternative cancer treatments [1] side effects have presented
numerous obstacles, such as toxicity to non-cancerous cells and
the inefficacy of different kinds of drugs to target deep tumor
tissue with the ongoing issue of tumor cells developing
resistance to drugs. Surgical removal can be successful in some
cancer types and stages of development. However, this approach
has some inherent flaws, including the possibility of metastasis
and cancer recurrence. Conventional approaches like
radiotherapy and surgery alongside chemotherapy have
different success rate degrees and unparalleled failure in the
treatment of cancer, particularly far away tumor recurring and
unfavorable effects. Cancer tumors, on the other hand, have
necrotic centers and hypoxic core regions, rendering the
majority of the cancer therapies ineffective due to deficiency of
oxygen and also because of their abnormal vasculature. It is
extremely difficult to deliver therapeutic agents because of the
abnormal vascular architecture of the tumor region. The need
for alternative strategies that are more effective and selective

against tumor cells has grown as a result of these obstacles. As
a result, holistic approaches [2] may produce subpar results
even though a single strategy for treating cancer may not be
effective. Listeria, Bifidobacterium, Clostridium, Escherichia
coli, and Salmonella species are examples of facultative or
obligate anaerobic bacteria that naturally target and Kkill
tumors. There were reports two centuries ago that recovering
from bacterial infections put cancer patients into remission.
Between the 19th and 20th centuries, an American physician,
William Coley, conducted many experiments to treat patients
suffering from cancer with both heat-killed and live bacteria.
Coley claimed that the complex cocktail he created could
shrink cancerous tumors. Consistent results were, however,
difficult to replicate due to an absence of progressive
approaches and techniques and a poor comprehension of the
way of action. Coley's heat-killed bacterial combination
sustained in medical use for patients suffering from sarcoma
and was known as "Coley's toxin"[3].

In 1976, it was reported that the Bacillus Calmette Guerin
(BCG) bacteria could effectively help in treating superficial
cancer of the bladder by stimulating the inflammatory
response and thus activating the immune system. The clinical
applications of the therapy are constantly evolving, and with
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its continued usage, we can expect to see even more
advancements in the field of medicine that could significantly
improve patient outcomes. Due to the inherent difficulties of
conventional methods of cancer therapy, bacteria-mediated
cancer treatments [4] have gained prominence in recent
decades as an alternative method of treating cancer tumors.
Numerous bacterial strains have been developed as cancer
immunotherapy model systems thanks to advancements in
rDNA technology and genetic engineering. Research has
primarily focused on molecular and biochemical strategies for
manipulating bacteria in the fight against cancer due to
technological advancements and our capacity to reduce
pathogenic strains [5]. Bacteria are of great interest due to their
remarkable ability to penetrate hypoxic tumor regions,
proliferate within tumor cells, and escape the vasculature.
Yazawa et al. reported in 2001 that systemic injection of the
anaerobic and non-pathogenic strain of Bifidobacterium
longum localized selectively to and thrived in induced rat
mammary tumors by 7,12-dimethylbenzanthracene. Two
reported strains, Clostridium sordellii and Clostridium novyi,
were set up to have expansive tumor localization, particularly in
inadequately vascularized areas, out of the 26 species of
Clostridium, Lactobacillus, and Bifidobacterium tested. By
removing the a-toxin, the C. novyi was reduced, resulting in the
nontoxic strain C. novyi-NT. In animal tumor models, the
remedial introduction of this strain in confluence with age-old
methods such as chemotherapy, surgery, or radiotherapy was
largely efficacious. Salmonella [6,7], along with many other
facultative non-aerobic bacteria listed below, colonize both
small and quiescent that is nonhypoxic and hypoxic tumors,
respectively, as well as tumor regions that are metastatic and
also are accessible to the circulatory system. In syngeneic 4T1
tumor-bearing mice (BALB/c), they examined infectious
Salmonella enterica serovar Typhimurium (S. typhimurium)
strains SL1344 along with ATCC14028, E. coli strain 4608-58,
uropathogenic strain CFT073, non-pathogenic E. coli,
attenuated Shigella flexneri strain 2a SC602. The ability of these
strains to colonize tumors was high. E. coli exhibited the
strongest tumor-specific colonization among the tested strains,
with minimal colonization of the spleen and liver.

In both immunocompetent and immunocompromised
animal tumors, the colonization and amplification of the strain
Escherichia coli Nissle 1917 were comparable. A live-attenuated
L. monocytogenes (Listeria monocytogenes) [8] vaccine was used
in an advanced phase I clinical trial for patients suffering from
progressive cervix carcinoma who did not respond to any of the
standard methods of cancer therapy like chemotherapy,
radiotherapy, or surgery. In the context of recent advancements
in BMCT (bacteria-mediated cancer therapy), approaches by
which various non-infectious and infectious bacteria have been
used to induce tumor shrinkage genetically is the subject of this
review, which also includes a discussion of recent
advancements, challenges, and prospects for bacteria. We also
talk about how colonization and proliferation of live bacteria in
tumor microenvironments (TMEs) cause tumor regression.

Types of Bacteria in Cancer Therapy
Pathogenic
Salmonella spp.

Among all the adaptable bacterial species known, Salmonella
enterica serovar Typhimurium (ST) is said to be suitable for

BMCT because it can thrive in both oxic and anoxic culture
conditions [9]. As a result, it spreads easily throughout the body
in animals exposed to high levels of oxygen and subsequently
settles in anoxic tumor regions that are their preferred sites of
colonization. The ability of Salmonella to colonize anoxic or
hypoxic, metastatic, and necrotic tumors has been
demonstrated to be tremendous [10]. As a result, it can work in
conjunction with standard treatment methods. A significant
barrier to the target specificity of cancer treatment has been
removed by its preferential accumulation ratio in tumor areas
being between 103 and 104 times higher than in normal body
tissues. wherein experiments were conducted with engineered
Salmonella by combining mutations in lipid and purine
auxotrophy that attenuated the bacterial virulence by more than
10,000-fold and enhanced tumor targeting ability. These
bacteria are genetically stable, safe in pigs, mice, and monkeys,
and are presently in phase I clinical trials.

As a result, therapeutics can be delivered directly into the
tumor regions using Salmonella as a carrier, shielding them
from disintegration and potential immune system harm from
the host [11]. In addition, Salmonella is adaptable in a variety of
ways, including bacterial quorum sensing systems,
target-oriented and lysis systems, protein secretion systems,
bacterial ghost systems, and so on. As a result, it is adaptable to
cancer treatment [12]. Utilizing RMT, Gao et al. 2020 developed
an attenuated Salmonella strain (KST0650), which was
oxygen-tolerant [13]. The findings demonstrated that the
oxygen-tolerant strain had 20X more duplication activity in
CT26 cancer cells and was less virulent than the wild-type.
Additionally, KST0650 was able to penetrate the tumor tissues
of mice successfully. The radiation-inducible recN promoter
controlled the expression of the intracellular pro-apoptotic
protein sATF6, which was also present on the plasmid of
KST0650. In addition, in the murine tumor model, a synergistic
anti-tumor effect with complete prevention of tumor
development and protection against mouse mortality was
demonstrated by treatment with radiation and KST0652. Its
ease of production, affordability, and rapid mass production
position it as a novel treatment alternative for cancer. Because of
the natural induction of apoptosis and tumor cell death, Tumor
necrosis-related apoptotic-induced ligand (TRAIL) is a
desirable cytokine in cancer therapy. [14].

Additionally, S. typhimurium has been manipulated to
produce a TRAIL, which is under the regulation of recA, a
prokaryotic radiation-inducible promoter. This model's in vivo
results have shown a significant increase in survival rates and a
reduction in the growth of mammary tumors. S. enterica
serovar has successfully expressed other genes, like cytolysin
(HIyE). Under a promoter's control, Typhimurium can induce
hypoxia [15]. When specifically targeted to hypoxic regions, it
has been demonstrated that cytolysin, a pore-forming toxin, is
effective against murine mammary tumors. There are several
advantages to using Salmonella-mediated cancer therapy
(SMCT). For instance, it has intrinsic anti-tumor properties,
self-targeting tumor localization and proliferation, and other
species-specific traits. It has many benefits over other bacterial
species, such as the capacity to flourish in anoxic environments
and the comparative simplicity of devitalization and subsequent
gene alterations. It can coexist peacefully with a variety of
humans as well as animals living on farms. The fact that it can be
provided orally, activating immune responses both locally and
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systemically, emphasizes its use as a model vector for cancer
vaccine therapy.

Listeria spp.

One of the widely used vectors for treating cancers is the
non-obligate, gram-positive, non-aerobic bacteria known as
Listeria monocytogenes. Due to its association with foodborne
illness, most people are aware of Listeria, still, numerous of the
features that make Listeria infectious are also being designed to
be used as delivery systems in cancer treatment [16]. To stay
intracellularly agile and circulate from cell to cell [17], Listeria
can commandeer the cytoskeleton machinery of the host cell.
Due to Listerias indigenous capability to dodge the
phagolysosome and aid in releasing plasmid DNA into the
cytoplasmic region, it has been hypothecated that the use of
Listeria may make it possible for therapies to access deeper into
tumors than they could with different microbe spp. [18]. To
achieve this thing, Listeria has been manipulated in several
distinctive fashions.

One illustration is the primitive study of L. monocytogenes
coupled with nanoparticles that were set up to elicit GFP in
solid human tumors [19] properly. In vivo tumors, where L.
monocytogenes invaded and proliferated in tumors to ultimately
deliver therapeutic genes, demonstrated their tumor-targeting
properties. L.  monocytogenes, then coupled with
tumor-associated antigens (TAAs) for improved specificity, like
Melanoma Antigen Gene-B (MAGE-B), that is specifically
intriguing for breast cancer given its expression frequency in
biopsies from patients suffering from breast cancers [20-21].
While Listeria has several characteristics that could be
beneficial, the pore-forming protein listeriolysin O (LLO) is one
of the most important features to note. LLO makes it easier for
DNA molecules to get into the cytoplasm of cells of the target
from endosomes. Diverse studies have been conducted to
determine how well LLO works for drug delivery. In addition to
condensed plasmid DNA containing modified polylysine and
cationic polyethylene glycol (PEG), a neutral HER2-targeting
liposome is attached to LLO. LLO can disrupt the integrity of an
endosome when directed toward it, allowing plasmid DNA to
be delivered and expressed in the cytoplasm. This results in
increased expression in breast cancer cell lines that are positive
for HER2.

Alternately, LLO has been combined with polylactic glycolic
acid (PLGA) microspheres to enhance cytosolic release to cells
of target and immune system presentation. It has been
demonstrated that the combination of microspheres and LLO is
readily taken up by phagocytic cells, resulting in an increment
in the expression of peptide-MHC-I on the surface of cells. In
addition, microspheres and LLO treatment of a T hybridoma
cell line has resulted in the activation of cytotoxic T cells.
Listeria is also investigated in the avenues of nanoparticle drug
delivery. By starving self-assembling Listeria innocua DNA
binding protein (LiDps) in cells, functional nanoparticles were
produced with the incorporation of Gaussia princeps luciferase
along with Zinc (Zinc (II)-protoporphyrin IX (ZnPP). It has
been demonstrated that the Gluc-LiDps-ZnPP conjugate, which
fights tumors by producing ROS through bioluminescence
resonance energy transfer (BRET), is effective at being taken up
by cells that are likely to cause tumors. Ultimately, this halted
the relocation of the remaining SKBR3 breast cancer cells
significantly. Listeria has surfaced as a favourite seeker for

further fruitful treatment delivery systems as a consequence of
enhancements in its manipulation.

Clostridium spp.

Among prokaryotic bacteria, one of the largest genera,
Clostridium, is known to produce anaerobic spores. By
producing endospores [22], the Clostridium bacterial group
can withstand severe environmental conditions like increased
temperatures and dehydration. Because it naturally thrives in
low-oxygen environments like the absolute innermost region of
the TME [23], Clostridium also introduces itself as an efficient
delivery tool for cancer therapeutic drugs. In cancer
immunotherapy, Clostridium and its spores have been
extensively studied, along with drug delivery capability coming
in second place [24]. Various Clostridium subtypes, such as C.
tetani, C. butyricum, C. histolyticum [25-26], C. beijerinckii [27],
and C. acetobutylicum [28], have been tested as anti-cancer
agents. Studies have demonstrated the potential to effectively
manipulate Clostridium acetobutylicum to deliver mouse TNF-,
making it among the first organisms examined for its
anti-cancer properties. Similar to this, it was shown that C.
acetobutylicum could effectively release interleukin-2 (IL2),
which is known to activate immune cells in the human body by
encouraging the growth of T cells. [29]. Clostridium merits
further investigation in this age of enhanced biotechnological
approaches due to its reliable applications as an anoxic or
hypoxia-targeted delivery system. Another niche of interest in
which Clostridium is genetically altered or mutated to produce
high-specificity antibodies is called CDAT (Clostridium-
directed antibody therapy) [30]. C. novyi-NT can get into solid
tumors in the hypoxic and necrotic regions, which are typically
thought to be insensitive to other conventional therapies like
radiation, surgery, and chemotherapy. Combination
Bacteriolytic Therapy, or COBALT, is a procedure by which C.
novyi-NT is treated along with other agents of chemotherapy or
even radiation.

Escherichia coli.

In the treatment of cancer, Escherichia coli (E. coli) is
manipulated as well as exploited. E. coli is capable of colonizing
hypoxic tumor regions. Using biologically engineered E. coli
strain K-12, cytolysin A (ClyA) is injected as a single
intravenous therapy to CT26 mice with colon carcinoma, 4T1
metastasizing TNBC, alongside B16 melanoma tumors. It is
known that S. enterica and E. coli produce the 34 KD hemolytic
protein ClyA, which acts as a pore-forming protein and causes
apoptosis. E. coli has been recently re-examined with cancer
therapies in several breasts and other cancer models [32]. E. coli
has been modified to deliver a nanobody with a unit domain
that targets CD47 in the tumor. One of the many functions of
the transmembrane protein CD47, which is also known as
integrin-associated protein (IAP), is to assist in the elimination
of aged or diseased cells. Many of the in vivo models of cancer,
including B16 melanoma, 4T1 TNBC, as well as the A20 murine
lymphoma, demonstrated that this therapy elevated the count of
tumor-infiltrating T cells and subsequently slowed the rate of
tumor progression [33].

Corynebacterium spp.

Diphtheria is brought on by the Gram-positive bacteria
Corynebacterium diphtheriae. Both facultative anaerobic and
aerobic growth modes are possible for Corynebacterium.
Diphtheria toxin (DT) is a very potent toxin that spreads from
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cell to cell and can cause harm. By rearranging the catalytic part
with the target polypeptides and genetically altering (deleting)
the cell receptor-binding domain, DT has been extensively
studied as a treatment for cancer cells due to its high toxicity
[35]. Together, these proteins bind to the targeted cancer cell
surface [36]. Different kinds of cancer, including glioblastoma
and pancreatic cancer, can be treated with DT-based
immunotoxin (DTAT). The cell-penetrating protein BR2 and
Treg cells receptor, CCR4 [37], DT386-BR2 [38], alongside
DT-anti-CCR4 [39] are just a few of the various immunotoxins
based on DT that have been studied [40].

Pseudomonas spp.

Gram-negative aerobic bacteria, Pseudomonas aeruginosa, can
also thrive as a facultative non-aerobic bacterium under certain
environmental conditions [41]. Phytotoxic factors, hydrocyanic
acid, pigments, protein-degrading enzymes, endotoxins, and
exotoxins are just a few of the many virulence factors that
Pseudomonas is known to possess. Other virulence factors
include toxins [42], which are essential to the pathogenesis of
the organism. Pseudomonas exotoxin A (PE) is highly studied
for its anti-tumor specificity by inhibiting Eef2 (eukaryotic
elongation factor 2) activity [43]. It is one of this bacterium's
fundamental poisonous virulence factors. PE has employed a
variety of molecular tactics to kill the host cell successfully.
With encouraging results, immunotoxins that are derived from
PE have been examined against a plethora of hematologic and
solid tumors in both preclinical and clinical studies.
Pseudomonas species have also been altered on a genetic level to
serve as delivery vehicles [44]. Mannose-sensitive fimbriae type
1 can attach to Pseudomonas aeruginosa-mannose sensitive
hemagglutinin (PA-MSHA) surface. Malignant cells frequently
have elevated levels of high-mannose glycans, which have been
suggested as the foundation for alternative cancer treatments
for some time. PA-MSHA significantly induced hepatocellular
carcinoma (HCC), arresting the cell cycle process and also a halt
to cell multiplication by increasing the levels of p21 and p27 and
lowering the levels of CDK 2, cyclins E, cyclins D1, and CDK4
proliferating cell nuclear antigen (PCNA). Moreover, PA-MSHA
hindered epithelial-mesenchymal transition progress (EMT),
which kept HCCs from attacking, moving, and sticking to each
other. PA-MSHA also restricted the EGFR/Akt/IB/NF-B
pathway, but when NF-B was overexpressed, PA-MSHA
significantly reduced EMT inhibition.  Additionally,
PA-MSHA's mannose-binding activity was significantly
inhibited by D-mannose's competitive inhibition of PA-MSHA.
In the in vivo study, PA-MSHA also significantly slowed tumor
growth and stopped HCC from spreading to the lung. Cancer
cell lines from the breast, cervical, colon, and pancreas have all
been shown to be cytotoxic to this strain [45,46].

Non-pathogenic
Bifidobacterium spp.

The species of Bifidobacterium is an obligate, anaerobic,
non-motile, and branched bacteria. It is one of the primitive
bacteria that inhabit the human digestive tract. There are 50
known Bifidobacterium spp. Only 10 are found in humans in
varijous environments. Bifidobacterium species have been used
in numerous studies. for its ability to fight tumors [47].
Bifidobacterium spp. has been the subject of preliminary
research as a significant vehicle for delivery that can be altered
through bioengineering to express cancer immunotherapy

genes of interest [48,49]. In mouse models, it was shown that
biologically engineered  Bifidobacterium  spp. secreted
enterolactone, which inhibits the growth of leukaemia by
converting fatty acid chains to pectin oligosaccharides (POS)
[50]. As it already led to the foundation that this bacterium
could be utilized as a comparatively safe and competent tool for
the delivery of treatment, studies evaluating particular cancer
therapies have been carried out. Additionally, oral
administration of bifidobacterium has demonstrated efficacy
against solid tumors, making it particularly intriguing [51].
After oral administration and transfer to the GI
(gastrointestinal tract), B. breve has been demonstrated to
colonize solid B16 murine melanoma tumors efficiently.
Xenographed human HER2-positive tumors have been
significantly suppressed in mice by a genetically manipulated
form of B. longum [52]. The genetic engineering in the bacterial
strain was to express and secrete the trastuzumab scFv (single
chain variable fragment). HER2-positive human cancer cells
were stopped from growing in vitro by the recombinant scFv,
which bound to HER2 at the cell surface. In addition,
trastuzumab scFv was secreted when recombinant bacteria were
injected intravenously and inhibited tumor growth in growing
xenografted human HER2-positive tumors. This novel
Bifidobacterium-based in situ transfer and system of producing
trastuzumab scFv shows a promising path for cancer treatment
in the future. By the fluorescent imaging of CdSeS quantum
dots, it was also demonstrated in a mouse model that
Bifidobacterium microbots can effectively deliver to solid
tumors.

Lactic acid bacteria and

Lactobacillus casei)

(Lactobacillus  plantarum

The rod-shaped, gram-positive bacteria in the microbiome of
the intestine of humans and other classes of mammals belong to
the genus Lactobacillus. The primary function of this
bacterium, which is one of the most important probiotic
bacteria in the intestine, is sharing fermentation of lactic acid
with various bacteria and providing strength to the barriers of
the intestine. Lactobacillus plantarum (L. plantarum) is the
main topic of research into a plethora of clinical applications,
including cancer therapy [53-55], for example, in a malignant
melanoma model of a human, it has been demonstrated that the
L-14 form of L. plantarum extract controls the gene expressions
which are inculpated in migration and prevents A375 cells from
moving. The consequences of L. plantarum L-14 extract on
melanoma cells of humans were examined using A375 human
melanoma cells. After the treatment, the location of cytochrome
¢ and the molecular changes of genes related to migration and
apoptosis were examined. The A375 cells' viability and
migration were decreased, as well as the expression of
migration-related genes by the L-14 extract. In addition, it was
established that the L-14 extract sparked the intrinsic apoptosis
of the A375 cells. This demonstrated that the L-14 extract
protected A375 cells from cancer. Consequently, the data
suggest that the L-14 extract ought to be looked into for
melanoma drug development with LAB. The anti-tumor effects
of Lactobacillus casei are mediated by the upregulation of
caspases and inhibition of IL-22, which leads to apoptosis [56].
By producing bacteriocins that arrest the cell cycle
phenomenon in the G2 phase and cause programmed cell death
or apoptosis and cell proliferation, Lactobacillus targets
malignant cells because LAB can reduce selenium ions to form
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elemental selenium nanoparticles (SeNPs) and then drop the
nanoparticles intracellularly, it has been shown to have
beneficial antitumor effects. Selenium acts as an essential
micronutrient that prevents cancer by preventing the activation
of oncogenes, which prevents normal cells from becoming
cancerous [57-58].

Magnetococcus spp.

Environmental microorganisms have been the subject of
renewed interest in recent years for their potential therapeutic
applications [59]. An anaerobic bacterial group, which is known
to reposition in the direction of the earth’s geomagnetic field,
known as magnetotactic bacteria, was discovered in the
sediment deep in the water as a potential drug delivery tool. The
bacteria can efficiently show their motility by migrating to and
dwelling in hypoxic regions [60] thanks to these properties,
which are necessary for magnetotaxis to target tumors.
Moreover, to their natural low-oxygen-seeking state, these
bacteria's magnetic properties enable them to be magnetically
guided to the tumor's location, making them useful for tumor
targeting. The magnetotactic bacteria known as Magnetococcus
marinus MCI is, as of now, the one that has undergone the most
research when it comes to the administration of medicines for
cancer. Nanoliposomes containing drugs have been used to
study this coccus that shows Gram-negative characteristics and
that was discovered in the Atlantic Ocean. Based on their
previous successes, these bacteria are a noteworthy
development agent for microorganism-based drug delivery
[61]. However, they still require additional research and
application for more widespread in vivo testing of tumors.

Bacterial Mode of Action in Cancer

Bacteria utilize a variety of different mechanisms to focus on
and target cancer cells. They include manipulating bacterial
virulence agents, targeting the TME, secretion of cytotoxic
molecules, and engineering bacterial vectors for the release of
tumoricidal proteins and their subsequent expression.

Bacterial targeting of the TME

One of the prime reasons for extensively using
bacterial-targeted delivery of drugs is said to be the potential of
anoxic spp. to survive in very low-oxygen tumor core regions
[62]. Oxygen concentrations below 10 mmHg of pressure [63]
are a distinguishable feature of the TME. Tumors or neoplasms
have a functionally abnormal architecture of blood vessel
vasculature that results in abnormal and improper blood
circulation throughout the entire tissue, subsequently causing
oxygen concentration deprivation [64,65]. Tumors must adapt
their genetic makeup to resist hypoxia-induced cell mortality as
well as tissue necrosis as a result of the low oxygenic condition
[66]. MDR1, A multidrug-resistant gene, along with the P
glycoprotein gene, that is known for developing resistance to
multidrug to several other anti-cancer drugs, is said to be more
prevalent in the low oxygenic or hypoxic tumor region [67,68].
Nevertheless, the hypoxia brought on by these disorganized
blood vessel vasculatures leads to the creation of a unique
environment in which non-aerobic bacteria can thrive. By using
microbes as gene and drug delivery systems, tumors that were
previously not at all sensitive to conventional cancer therapy
approaches such as chemotherapy can now be particularly
targeted [69]. Bacteria's survival and motility mechanisms, as
well as their oxygen dependence level, are crucial to their
growth and survival in tumors [70]. For example, Listeria spp.’s

mechanism of targeting tumors emphasizes the host immune
system's involvement. Antigen-presenting cells (APC) like
dendritic cells (DC), macrophages, and also myeloid-derived
suppressor cells (MDSCs), which can then transport bacteria to
TMEs, are directly infected by Listeria cells. Immune clearance
is prevented from reaching Listeria cells in MDSCs; however,
they are quickly eliminated in healthy tissue environments by
this special method. Moreover, Clairmont et al. (2000) have
found that the S. typhimurium VNP20009 strain accumulates
1000 times more in tumors than in the liver. The systemic
circulation, liver, and spleen were cleared quickly of these
attenuated strains, but tumor tissue proliferation lasted longer.
Because of this, the host experiences less toxicity. The hypoxic
and vascularized tumor environment is to blame for the
selective tumor colonization and proliferation. It has been
shown earlier that along with Salmonella sp., the genus
Clostridia targets and duplicates more often in the tumor's core
non-aerobic regions [71,72]. As a result, the problem of
specificity in cancer therapy drugs and gene delivery may be
solved by bacteria.

Altering virulence factors of bacteria

Bacterial virulence factors are molecules, cellular structures,
and systems of regulation that allow microbial infectious agents
to enter and exit cells, extract nutrition from cancer cells, and
attain growth and colonization inside the host, as well as
evasion of the immune system and subsequent
immunosuppression  [73,74]. Consequently, normalizing
bacterial virulence against the host immune system is crucial.
Although the anti-tumor response may be influenced by certain
virulence factors; as a result, the bacteria's anti-cancer effects
may be diminished by deleting or altering these factors. As a
result, it is essential to reduce strain while not compromising its
anti-tumor activity. The cytotoxicity of Listeria monocytogenes
can be manipulated by deleting the genes that are involved in
invasive characteristics in cells. Salmonella typhimurium strain
VNP20009 [75] and Listeria monocytogenes [76] have been
widely examined for their anti-tumor specificity. Clostridium
spp. Actin-specific ADP-ribosyl transferase, phospholipases,
hemolysins along with some other pore-forming toxins [77] are
just a few of the secreted toxins that infection causes to interfere
with intracellular functions.

The bacterial secretion system

Bacteria transport virulence proteins through secretion systems
that can be altered and utilized in novel cancer therapies. It
involves fusing therapeutic moieties to signal molecules, which
are required for bacterial secretion system delivery for highly
effective and targeted drug delivery [78]. The type III secretion
system (T3SS), which functions by directly administering the
polypeptides present in the bacteria into the cytoplasmic region
of the cell of the host [79], is one type of secretion system that is
frequently utilized in cancer therapy. Numerous studies have
focused on the effectiveness of T3SS for drug delivery, resulting
in complete tumor regression by genetic fusion of T3SS with
Survivin, a tumor-associated antigen [80-81]. Additionally, the
elicitation and delivery of TAA/TSA from Salmonella
typhimurium type 1 secretion systems (T1SS) have been
investigated [82].

Bacterial minicells

It has been demonstrated that a plethora of rod-shaped
Gram-negative and Gram-positive bacteria form minicells
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through abnormalities in their cell division. The ribosomes,
RNA, and protein of a normal cell membrane are present in
these minicells, but they usually lack a proper bacterial
chromosome [83]. Chemotherapeutic drugs have been loaded
into genetically modified minicells by causing alterations or
mutations in their machinery of cell division of usual
rod-shaped bacteria like Escherichia coli and Salmonella
enterica [84]. Since they are unable to multiply but retain the
properties of virulence necessary for tumor targeting, minicells
continue to represent an important potential advancement in
drug delivery. Bacteria's capacity for delivering therapeutic
drugs is largely due to their gene transfer properties [85]. In
vitro as well as in vivo examinations have displayed that genes
could be transferred to mammalian cells by intracellular
bacteria. For their capability as gene delivery vectors, a variety
of bacteria, including invasive E. coli, Listeria, Shigella,
Salmonella, and Pseudomonas, have been studied and
manipulated. Gene transfer takes place when attenuated
bacteria release the DNA from the plasmid into the cytoplasmic
regions of the host cells. All the species of bacteria used to
deliver genes to professional and non-professional phagocytes
are facultative intracellular pathogens designed to kill cells after
invasion. The transfected genes are expressed in the cells as a
result of the transfer of the plasmid DNA from the attenuated
intracellular bacteria's cytoplasm to the nucleus. The host cells
are invaded and survived by these intracellular bacteria in
different ways. Shigella, for instance, multiplies and spreads
throughout the cytoplasm of the cell and to adjacent cells after
being taken up by host cells and lysed in the phagocytic vacuole.
A 220-kb virulence plasmid that is responsible for entry,
intracellular mobility, and cell-to-cell spread confers this
invasive phenotype to S. flexneri. Despite the differences in their
intracellular pathways, attenuated mutants from these bacterial
genera have been shown to transfer functional DNA into
mammalian cells. This otherwise extracellular bacterial species
gains the ability to enter epithelial cells when the virulence
plasmid of S. flexneri is transferred to E. coli. Scientists have
demonstrated that bacteria that undergo lysis upon entry into
mammalian cells can deliver plasmid DNA to their hosts using
an invasive strain of E. coli that has been rendered auxotrophic,
strain BM2710. This results in the cellular expression of
transfected genes. RNA interference can be used to further
target this so that genes that encourage tumor growth can be
silenced. This encompassed the release of shRNAs (small
hairpin RNAs) that the plasmid encodes. These shRNAs are
then transfected into siRNAs (small interfering RNAs) in the
cytoplasm, which then helps tumors break down the target
mRNA. L. monocytogenes and S. enterica species have been the
subject of some research into this process.

Challenges

Tumor-targeting bacteria are an appropriate tool for providing
therapeutic loads, particularly for targeting cancers of several
origins due to their unique characteristics, which include novel
gene packaging mechanisms, targeting the low oxygenic region
environment of the tumor, and tumor selectivity. However,
despite the high therapeutic potential of engineered bacteria
(modified and attenuated strains of Salmonella such as
VNP20009, E. coli, Bifidobacterium, immunotoxins of
Corynebacterium spp., Pseudomonas spp., etc) to target tumors,
the huge non-homogeneity of cancers at the histologic as well as
molecular levels may stop one anti-cancer moiety from

providing a cure [86]. As a result, a promising cancer treatment
may require a combinatorial approach. The bacterial toxicity as
a result of associated toxins is one major factor. This can result
in grave infections, significant side effects, or even can be lethal.
As a result, scientists are overcoming these negative outcomes
by employing genetically modified and attenuated strains.
Genetic alterations could also alleviate the potential toxicity of
bacterial therapy by lowering or eliminating particular
virulence factors. While less attenuation is pathogenic, excessive
attenuation reduces invasive potential. The widespread nature
of bacterial vaccines is another major concern when using them
because many of the BMCT-used bacteria, such as Listeria and
Salmonella, are found in the surroundings and frequently lead
to immunity to these pathogens upon pre-exposure. As a result,
vaccine-induced or pre-existing vector-specific immunity may
prevent the delivery of vaccines and therapeutic genes. Because
certain kinds of chemotherapy may suppress the immunity in
the system to the point where it is unable to adequately respond
to bacterial colonization, one of the main limitations of BBCT is
that it is not appropriate for patients who have previously
received such chemotherapy. Additionally, live bacterial
products can colonize foreign objects like implanted medical
devices, artificial heart valves, and joint replacements, which
could act as reservoirs for infection [87]. In addition, bacterial
recombinant plasmids are susceptible to mutation, which alters
the course of anti-tumor activity before the penetration of
cancer cells. This can result in several risks, such as treatment
failure, infection, or death. Multi-drug resistance that many
bacteria are developing is a major threat to public health.

Thinking of the Future

The upcoming stride in making microbes an integral part of
cancer treatment might be to manipulate them carefully.
Because this novel mode of control could be used for a patient's
uncommon tumor kind, diligent exploitation of these
mechanisms for tumor-targeting characteristics suggests
important uses as personalized treatments. The best possible
microbial therapy would theoretically merge a species that is
non-pathogenic but works well. This species would be made up
of several strains chosen for their particular target of interest. In
the end, these strains would be merged with efficacious
conventional therapies to get accurate results. The remaining
oxygen-rich tumor regions can be targeted by combining the
hypoxia-honing abilities of microorganisms with other
therapeutic approaches. The genetic adaptability —of
microorganisms may be their highest and utmost asset, making
it possible to tailor individualized therapy to maximize
cytotoxic effects precisely. Before it reaches the level of
popularity of current mainstay therapies, the notion of cancer
therapy by using microorganisms as delivery tools still has
many avenues to tread. Cultural stigmas and toxicology
concerns must be addressed before microorganisms can be
entrusted to cancer treatment. More scientifically sound studies
are required to overcome the side effects and current limitations
of bacteriotherapy because the field of bacteria in cancer
immunotherapy is still considered quite new [88].

However, numerous promising mechanisms can be altered
to target tumors and enhance the outcomes of the patient, so the
potential of bacteria in cancer therapy cannot be overlooked
[89-92]. Although bacteria in cancer therapy have produced
encouraging results both in vivo as well as in vitro, few of them
have led to actual clinical trial phase. As a result, both the
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clinical and scientific communities must immediately start
designing extra clinical trials to examine and capitalize on the
effectiveness of bacteria in cancer therapy. The bacterial
capability to particularly colonize cancerous tissue and give out
an antitumor response, as well as their capability as a targeted
delivery vector system, altogether display a solid foundation for
extremely potent cancer treatments. It is an excellent example of
how therapeutic performance and quality can be significantly
enhanced. From the early attempts to bring back Coley's
strategy, significant advances were made not only in
comprehending the procedure but also in genetically improving
the bacteria. As a consequence of this, bacteria in cancer
therapy will develop into a versatile option to standard
treatments that are not confined to a specific kind of tumor. In
point of fact, in addition to its capability for cancer prevention
and biotechnological diagnostics, microbial therapy has the
potential to become one of the most specific cancer treatments.
As a result, bacteria in cancer therapy have the potential to aid
in the end of cancer's curse on humanity.

Conclusions

Due to the inherent difficulties of conventional methods of
cancer therapy, bacteria-mediated cancer treatments have
gained prominence in recent decades as an alternative method
of treating cancer tumors. Tumor-targeting bacteria are an
appropriate tool for providing therapeutic loads, particularly
for targeting cancers of several origins due to their unique
characteristics.  Listeria, Bifidobacterium, Clostridium,
Escherichia coli, and Salmonella species are examples of
bacteria that naturally target and kill tumors. Many bacterial
strains have been developed as cancer immunotherapy model
systems thanks to advancements in rDNA technology and
genetic engineering. Nevertheless, bacterial toxicity as a result
of associated toxins is one major factor that can have side effects
or may be lethal. Multi-drug resistance that many bacteria are
developing is a major threat to public health. Therefore, a
promising cancer treatment may require a combinatorial
approach. However, the best possible microbial therapy would
theoretically merge a species that is non-pathogenic but works
well. This species would be made up of several strains chosen for
their particular target of interest. Cultural stigmas and
toxicology concerns must be addressed before microorganisms
can be entrusted to cancer treatment. More rigorous scientific
research is needed to overcome the side effects and existing
limitations of bacteriotherapy.
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