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Abstract

Anti-cancer therapies over the few decades, faced with many challenges. And
bacterial vaccine vectors have shown a potential to be replaced as the cut-
ting-edge technology for such aspects. Bacterial vaccine vectors with a suita-
ble DNA can be a potential option for cancer treatment as a carrier for tumo-
ricidal agents or bacterially directed Enzyme Prodrug treatment. Throughout
this study, it is planned to have a review of the use of bacteria as vehicles by
different ways for cancer treatment, detailing the systems of function and
achievements at preclinical and clinical levels.
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1. Introduction

Cancer is one of the series causes of death in developing countries [1] [2]. Solid
tumors are identified by the hypoxia and necrosis regions, leading to high me-
tabolic activity of the tumor tissues and lack of oxygen supply due to inadequate
vasculature [3] [4]. The hypoxic areas of solid tumors possess increased resis-
tance to conventional therapies for cancer ranging from radiotherapy to chemo-
therapy in compression to better-oxygenated tumor tissues. And due to a wide
array of factors that bring about development of drug-resistant tumor cells
presence of undetectable micro-metastases at the time of diagnosis and treat-
ment, this has led to the advent of new approaches to cancer therapy, for in-
stance, the delivery of anti-cancer genes to the tumor spots by means of bacteria
(5] [6].

Bateria are being used for the sake of vaccinating the host or as oncolytic vec-
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tors that not only can directly kill tumor cells, but also stimulate anti-tumor
immune responses [7] [8]. Especially in patients with highly advanced cancer
who are resistant to conventional treatments, these treatments can produce tu-
mor regression with minimal toxicity [9] [10] (Figure 1). The first bacteria ob-
served to have a far-reaching effect on cancer cells appertain to the Clostridium
genus. In 1813, tumors regression was observed in patients who developed con-
comitant “gas gangrene” brought by C. perfringens [11]. Those provide specific
features such as: gram-positive, spore-forming, obligate anaerobes and many
strains are pathogenic. It has previously been established for many species of
Clostridium injecting in spore form, germinating only once in an appropriate
anaerobic environment. Some Bacteria have a potential to be used in vectors like:
Bacille Calmette-Guerin (BCG), Listeria monocytogenes, Salmonella species, Vi-
brio cholera, Bifidobacterium [12] [13] [14], Listeria monocytogenes [15] [16],
Bordetella pertussis [17], Shigella spp [17] [18], and Escherichia coli [19] [20].

Bacterial vaccine vectors trigger to a wide range of privileges: 1) there are sev-
eral mutations that are weakened with viral secretion; 2) the quantity and in vivo
location of antigen expression can be regulated; 3) different pathways of the vac-
cine are possible; and 4) they have a potential to adapt themselves with innate
immune system stimulators. These bacterial vaccine vectors can be used to
supply protection against self-antigens as well as heterologous antigens. For ex-
ample, attenuated Sa/monella typhimurium vectors have been used to produce
protective immune responses in mice and in some cases humans against cancer.
The diversity and immunogenicity of this platform make it a great vector for
vaccines [21], although the safety of these vectors that are live genetically trans-
formed organisms should not be ignored for both patients and the environment.
Thus, the optimal bacteria type (species and mode of antigen delivery to APCs),
the strategy to reduce the severity of the disease, dissemination, and route of vac-
cine administration remains to be determined [22]. Also, regarding chief problems
of pathogenic bacteria as vaccine vectors should be said that all cancer vaccines
need to overcome peripheral T cell tolerance against tumor self-antigens that as a
barrier have an influence on effective anti-tumor immune responses [23]. The
bacterial-vectored vaccines have an induction of systemic T-cell responses, in-
cluding polyfunctional cytokine-secreting CD41 and CD81 T-cells [24].

Another thing worth mentioning is pathogenic re-version as a result of re-
combination events or horizontal gene transfer that is practically eliminated, and
others are complications that can arise due to pre-existing immunity. Prior dis-
posal to the bacterial vector has been demonstrated to diminish the efficacy of
the vaccine [25]. But still, over the last 200 years [26] [27], combination of DNA
with bacteria serves as vectors to deliver anti-cancer agents, cytotoxic peptides,
therapeutic proteins or prodrug converting enzymes to solid tumors. On the
other hand, some type of them for protection and mediation for tissue or cell are
being used [13] [28]. Here, we describe the advances made in these areas to in-

itiate a new era of live bacterial vaccines.
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Figure 1. All approaches that bacteria might be used in cancer treatment.

2. Bacteria as the Vector for Difference Preference;
Carrier of Tumoricidal Factors, the Carrier of
the Bacterial Enzyme

2.1. Bacteria as Carriers of Tumoricidal Factors

An attenuated form of S. typhimurium has the utmost propriety to deliver cyto-
kines locally to liver, with an effect on hepatic metastases as it naturally colonizes
in liver. A genetically engineered strain of S. fyphimurium has been developed
which is cya/crp mutant (genes encoding proteins involved in the regulation of
cyclic AMP) and expresses interleukin-2 for the treatment of liver cancer in
preclinical models [29] [30]. Eukaryotic presentation vectors containing human
interleukin-12 (hIL-12), human granulocyte/macrophage colony-stimulating
factor (hGM-CSF), mouse (m)IL-12, mGM-CSF and green fluorescent protein
(GFP) were used to transform attenuated Sa/monella (SL3261). It has been
represented that oral administration of Sa/monella by the expression of mGM-CSF
or mGM-CSF with MIL-12 induces tumor regression in mice bearing lewis lung
carcinomas. Tumor cells those faced with genetic modification generate ac-
tive-protein gene of GM-CSF in the local environment of tumor cells, in partic-
ular, activating the patient’s T cells to diminish tumors in metastatic sites [14]
[31].

Bifidobacterium adolescentis has been in consideration as a delivery system
for the anti-angiogenic protein endostatin [32]. There are several benefits of se-
lecting them as a gene delivery vector for cancer gene therapy: 1) Bifidobacterium
is an anaerobic bacterium in the human body that does not produce endotoxin
and toxin [33]; 2) Bifidobacterium enhances immune response and inhibits many

tumor growths 7n vivo such as liver cancer, breast cancer, and the like [34]; 3)
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Bifidobacterium could be easily killed in antibiotics or in an 7n vivo oxygen en-
vironment and it also was confirmed that both wild-type and genetically engi-
neered B. adolescentis were killed easily with kanamycin, cefoper-azone, and pe-
nicillin in vitro; 4) when B.adolescentis was injected intravenously, bacilli only
germinated and proliferated in solid tumor but not found in other normal tis-
sues; 5) it demonstrated that B. adolescentis has an endostatin gene, which is lo-
cated in a solid tumor, and selectively inhibits the angiogenesis and growth of
hypoxic tumors. These outcomes show B. adolescentis could be used as a highly

specific gene delivery vector [32].

2.2. Bacterially Directed Enzyme Prodrug Therapy

Another remarkable way to overcome the unacceptable side effects of bacterial
therapy is the tumor-selective activation of prodrugs. For this method, anaerobic
bacteria have been transmitted with an enzyme that can convert a non-toxic
prodrug into a toxic drug. As the bacteria develop in the necrotic and hypoxic
areas of the tumor, the enzyme is expressed selectively in the tumor. And from
the management of prodrug can be understood that prodrug gets metabolized to
the toxic drug only in the tumor [35].

For more efficacy, both the prodrug and the activated drug should be able to
move cross biological membranes, because the prodrug will be activated in the
bacterial cells and then the active drug is introduced into the tumor cells. Several
enzyme/prodrug systems are available. Sporgenes is a stain of clostridial has the
highest levels of tumor colonization with the E.coli cytosine deaminase (CD) gene
and illustrate that systemically injected spores of these bacteria express CD only in
the tumor. This enzyme can convert the nontoxic prodrug 5-fluorocytosine (5-FC)
to the anticancer drug 5-fluorouracil (5-FU). Furthermore, systemic delivery of
5-FC in mice previously injected with CD-transformed spores of C.sporogenes
produced a greater antitumor effect than maximum 5-FU. CD expressed in Clo-
stridium acetobutylicum has shown the selective delivery of an external enzyme
to tumors. As far as most human solid tumors possess hypoxic and necrotic
areas this kind of vector system is helpful for tumor-selective gene therapy [36]
[37].

Moreover, following administration of the vascular targeting agent combre-
tastatin A-4 phosphate significantly increased levels of cytosine deaminase were
detected at the tumor site as a consequence of expanded tumor necrosis and
subsequently improved growth of C. acetobutylicum. The conspicuous results
illuminated the potential use of Clostridium-based therapeutic protein transfer
to tumors [37].

Salmonella vector combined with NR and CD has shown successful results in
vivo and both are currently sustaining phase I clinical trials in cancer patients.
Salmonella has been combined with carboxypeptidase G2 (CPG2), an enzyme
that binds a wide range of mustard protein to DNA binding agents and exhibits
high levels of activity in vivo. TAPET (Tumour Amplified Protein Expression
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Therapy) uses VNP20009, an attenuated strain of S. typhimurium as a bacterial
vector and displays an E. coli CD for specifically delivering anticancer drugs to
solid tumors [38]. The expression of the prodrug, which converts the HS- thy-
midine kinase (TK) enzyme into a purine action type, soars the anti-tumor ac-
tivity upon the addition of ganciclovir, the corresponding prodrug [39].

Genus B longum of Bifidobacterium longum is used to achieve delivery of
specific tumor, and enzyme-prodrug therapy [40]. B-glucuronidase and the luxC-
DABE gene cluster were expressed in the DHb5a strain of E. coli to generate
DHb5a-lux/bG. These bacteria gave out light for imaging and hydrolyzed the glucu-
ronide prodrug 9ACG to the topoisomerase that inhibited 9-aminocamptothecin
(9AC) colony- forming units (CFUs) and staining for bG activity have indicated
that this bacterial strain localizes and replicates in human tumor xenografts the-
reby generating antitumor activity along with systemic 9ACG prodrug therapy
[41]. That reveals bacteria as prodrug’s activator have a high potential for cancer

chemotherapy.

3. Cancer Vaccine Targets

The validation of a target for a therapeutic cancer vaccine directly relates to the
ability of a tumor cell to process the tumor-associated antigen (TAA)
represented by the vaccine in the context of a peptide-major histocompatibility
complex (MHC) for T-cell detection or on the surface of the tumor cell for B-cell
recognition. The level of TAA expression in the tumor, the relative property of
the TAA for tumor versus normal adult tissue, and the degree of tolerance inhe-
rent to the TAA are also of importance [42] [43] [44].

Owing to the antigen is presented in a small amount, immunogenicity is rely-
ing upon help from CpG island hypermethylation, which is located in the plas-
mid spine sequence, playing a vital role as adjuvants, and increasing the induc-
tion of T cell response [45] [46]. The core CpG motif consists of an unmethy-
lated CpG flanked by two 3' pyrimidines and two 5' purines. Compared with
other bacterial genomes, CpG sites are not common. Toll-like receptors (TLRs)
9 are expressed in endosomal APCs, including B cells and dendritic cells (DCs)
[47]. Varied vaccine platforms have now been measured in Phase II and/or
Phase III clinical trials such as; bacteria, whole tumor cells, or delivery of pro-
tein-peptide-activated dendritic cells (DCs) [14] [48].

Peptide vaccines have been added to cytokines such as GM-CSF, which in-
crease the activity of DNA and antigen presentation. Peptide vaccines can also
be produced from autologous or allogeneic tumor cells. Patients those receiving
peptide vaccines should have the same HLA Haplotype as the synthetic pep-
tide(s), and it is unclear whether class I, class II or both sets of peptides are en-
tailed to elicit an optimal immune response [49]. Bacteria present a classy vector
for cancer treatment that not only possess the natural ability to grow preferen-
tially with tumors after systemic administration [12] but also, they stimulate in-

nate and flexible immune responses [50] [51]. DNA vaccines stemming from
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bacteria have unmethylated CpG motifs and stimulate the innate immune res-
ponses by interacting with TLR9 expressed on the surface of APCs [52] [53].
This non-specific activation of APCs is likely so as to affect antigen-specific im-
mune responses to DNA vaccines [54].

Today, two methods are commonplace for using bacteria as a vector, and in-
dividual genes are inherently suitable for various therapeutic strategies: 1) tu-
mor-specific bacterial reproduction or 2) intracellular plasmid transfer (bacto-
fection). Aggressive bacteria can enter and reproduce with tumor cells, while
non-invasive bacteria grow outside of the tumor cells and in the microenviron-
ment of the tumor. The tumor selective growth of bacteria is an attractive mean
to deliver reporter genes, therapeutic genes or inhibitory RNA to a tumor for
diagnostic and recovery purposes. Now related protocols are presented for the
genetic modification of bacterial genomes and the DNA transformation con-
taining genes into bacteria to an increasing range of species. This allows the cre-
ation of a bacterium that directly introduces therapeutic genes, and/or efficiently
internalize into tumor cells with subsequent therapeutic nucleic acid release for
tumor cell presentation (“bactofection”). The same bacterium is engineered to
represent a reporter gene(s) that can be used for in vivo imaging of bacterial lo-
calization and spread. Bacteria’s genetic manipulation can also be expended to
create mutations with false or poor nutritional needs, and thus non-pathogens
[55].

4. Conclusion

In the twenty-first century, the use of bacterial vaccine vectors with an appropri-
ate DNA as a revolution offers the potential options for cancer therapy as a car-
rier for tumoricidal agents or bacterially directed Enzyme Prodrug therapy.
However, it is still a controversial topic that entails more research to be accepta-
ble for clinical and regular treatment for human’s tumors. To improve efficacy
should work on safety as well as make the tumor environment more hypoxic to
attract bacteria [56] [57]. Particular observation should be taken into considera-
tion to prevent lateral gene transfer to other bacteria and to restrict the envi-

ronmental spread of the vector.
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