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ABSTRACT

In cancer treatment, the main objectives are to concentrate the
chemotherapeutically applied substance on the targeted tissue as
specifically as possible and to minimize its effect on other cells until it
reaches the target tissue. Different pharmaceutically developed drug
delivery systems for this purpose have been tried for many years and are
currently in use in practice. Bacterial ghosts (BG), which have been
developed in recent years, are non-living bacterial structures that are
usually obtained as a result of various processes of gram (-) bacteria,
evacuated and consisting only of cell wall. The use of the emptied
cytoplasmic compartments of ghost bacteria as a transport system by
loading them with various pharmaceuticals seems to serve this purpose.
Thus, it is expected that pharmaceuticals, which are mostly known to
have cytotoxic properties, are transported to the cancerous area in a
controlled and safe manner. In addition, since BGs do not completely lose
their surface structures (pathogen-related patterns) they will have the
ability to stimulate the immune system, a second expected benefit will be
the adjuvant effect. In the present review, the information on the use of
ghost bacteria systems as a transport system for chemotherapeutic
agents used in cancer therapy is compiled.
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INTRODUCTION

Cancer has been among the leading causes of
death in the world for many years, due to the increase
in predisposing factors, increased exposure and
difficult treatment. It is important to develop
chemotherapeutics that do not harm other tissues,
especially for cancer formations that are difficult and
risky to treat, and to develop transport systems that
will cause as little damage as possible to living
tissues other than the target tissue of existing
chemotherapeutics.

Chemotherapy, which is one of the methods
commonly used in cancer treatment, also causes
significant damage to normal tissues and causes many
off-target effects. Although, its use to treat human
cancers provides short-term benefits, it has been
reported that tumors eventually again recurrence”. An
important step in the development of bacterial
therapeutics is the identification of potential species
and strains with minimal pathogenicity to the host. It
has been known for years that bacteria are isolated
in the environment of some cancers®. Various
hemodynamic and chemotactic processes have been
reported in bacterial invasion and growth in the tumor
environment®. However, since the ghost bacteria
(Bacterial Ghost, BG) we will talk about are not alive,
an effect on metabolism is not expected.

Successful delivery of not only chemotherapeutic
agents but also antigens and DNA used in gene therapy
tothetargetregionin cancertherapyisdirectly related
to the success of the selected delivery/carrier system.
The DNA vaccines used for this purpose consist of
plasmids encoding the specific antigen, and regardless
of the method in which the DNA is transferred, the
transferred gene is expected to generate a strong
immune response and change the behavior of the
target cell. Various techniques, including viral vectors,
attenuated bacteria, polycation DNA complexes, and
cationic liposomes, are used to transport genetic
materials to the target cell®”. The BG system, which
has been developed in recent years, constitutes a new
platform for cancer vaccines. Since the diffusion of
drugs used in cancer treatment into tumoral tissue,
especially solid tumors, is an important issue, the
inability of drugs to penetrate the tumor tissue
sufficiently due to the long diffusion distance and
interstitial pressure through extravascular tissues is an
important issue®. At this point, the knowledge that
motile flagellated bacteria have a driving force that
allows them to migrate to distant vascular areas that
are not commonly accessible for chemotherapeutic
agents”..

It is known that the tumor environment provides
the necessary nutrients for bacterial growth and as a
result, the bacterial growth rate in tumor tissues is
higher than in normal tissues. It has also been reported

that anaerobic bacteria such as Clostridium and
Salmonella can only survive in the low oxygen
environment of tumors”.. The survival and growth of
bacteria that settle into tumors appears to depend on
oxygen requirements and other characteristics such as
intracellular/extracellular survival mode and motility.
These reasons may be important in terms of secretion
of substances released from bacteria and slowing
tumor growth, however, since ghost bacteria do not
have metabolism and reproduction abilities, they
should be considered only as a passive transport
system.

In one of the studies on the transfer of
antineoplastic drugs to the cancerous region in BGs, it
was studied with doxorubicin in colon cancer®.

In gene therapy, the aim is to deliver the genes
encoding the appropriate proteins to the tumor cells,
followed by restoring the cell's natural functions and
potentially inducing an immune response. It has also
been reported that transfection with genes encoding
cytokines that attract professional antigen-presenting
cellstothe cancer site and activation and development
of immune responses, including tumor cells, are also
important®®*%.

Ghost bacteria production techniques: In general,
ghost bacteria are obtained by controlled expiration of
the E lysis gene from various gram (-) bacteria followed
by evacuation of the cytoplasmic contents of the cell.
The E gene used in the first technique, in which BGs
were obtained by E-mediated lysis, is the first lethal
gene for bacteria, is located on plasmids, and can be
silenced. It has been reported that BG is obtained in
gram (-) bacteria as a result of the expression of the E
gene by phage in non-host bacteria, while gram (+)
bacteria die without lysis**. The bacterium, whose
cytoplasmic content has been emptied, remains in its
natural form with its cell membrane antigenic
properties. In other words, bacteria continue to
theirs carry immunogenic structures such as
lipopolysaccharide, peptidoglycan and lipid A.

Study examples on the use of ghost bacteria in
various types of cancer: The targeting capacity of
E. coli BGs encapsulated with 5-Fluorouracil (FU) to
colon cancer cells was investigated in the study
designed to demonstrate the carrier properties of BGs.
From the obtained data, it has been reported that 5-FU
loaded BGs show more apoptosis in cancer cells than
free drug™.

Kudela et al."” studied two BG systems prepared
from E. coli NM522 and Mannheimia haemolytica A23
strains in a melanoma cell line known to be capable of
phagocytizing, processing and presenting antigens. In
that study, they investigated the capacity of BGsto

[13]

| ISSN: 1993-601X | Volume 22 | Number 1 |

16

| 2023 |



J. Anim. Vet. Adv., 22 (1): 15-18, 2023

target melanoma cells, their rate of adhesion to them,
and the capacity of melanoma cells from 7 different
lines to phagocytize BG. BGs in this study were
obtained by conventional general phase lysis and the
evacuated bacteria were loaded with plasmid encoding
green fluorescent protein (pEGFP) to be visibly
evaluated for the parameters studied. As a result of
the study, it was determined that the panel of
melanoma cell lines had a high capacity to bind and
internalize BG, which was associated with the ability of
BG to successfully deliver heterologous DNA to
melanoma cells.

It is known that LPS on the BG cell surface of
melanoma cells is recognized by phagocytes via the
TLR-4 receptor, and this recognition eventually leads to
IL-8 release™™”. It has also been shown that loading BG
with DNA can be simplified using self-immobilizing
plasmid (SIP) retained by the carrier envelope due to a
specific interaction between cytoplasmic membrane-
associated proteins and mini-circular DNA during and
after protein E-mediated lysis. Thus, the safety profile
has increased as the origin of replication and antibiotic
resistance indicators that are not required for the
vaccine have been removed™.

Antigen-loaded BGs are readily phagocytosed by
immature DCs, allowing their contents to be efficiently
processed and presented via the MHC-I and MHC-II
pathways within DCs"**"), BGs can thus serve as a
combined adjuvant and antigen delivery system,
enabling the generation of antigen-loaded mature DCs
in a one-step procedure. Dobrovolskiene et al.™®
loaded tumor cell lysate (oncholysates) into BGs
using melanoma, renal cell carcinoma (RCC) and
glioblastoma tumor cell line lysates, and investigated
the maturation of dendritic cells, and thus their ability
to trigger Thelper 1-pole antitumor immune response.

The rationale for the use of a large number of
tumor-associated antigens may be associated with the
failure of therapeutic cancer vaccination, due to the
possibility of loss of antigen in cancerous tissues in an
escape logic during the immune response process™.

It has been reported that the active substance of
doxorubicin is not released from the lysoendosomal
compartments and accumulates in the nucleus, and
the viability of cancer cells is significantly reduced
compared to the groups in which doxorubicin is
administered freely®.

Administration of liposomal paclitaxel conjugated
with S. typhimurium showed greater cytotoxicity than
liposomal paclitaxel. These results may be related to
the chemotactic motility of bacteria carrying more
liposomal paclitaxel to tumor cells®.

CONCLUSION
The main reasons limiting the use of
chemotherapy in cancer treatment are the

development of resistance to anti-cancer drugs, the

side effects of the drug, and the poor absorption of
drugs by cancer cells. In order to overcome these
disadvantages, the use of microorganisms and their
derivatives in the treatment of cancer has been
extensively discussed. As can be seen from the
examples given above and the study results, there are
several reasonable justifications for using BGs in cancer
therapy. As shown by its evidence, the BG system can
be used as a delivery system of chemotherapeutic
drugs, as well as having the ability to stimulate the
immune system due to its adjuvant property.
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