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Emerging Lactic Acid Bacteria Bacteriocins as Anti-cancer and Anti-tumor Agents for

Human Health
Abstract

Modern cancer diagnostics and treatment options have greatly improved survival rates; the
illness remains a major cause of mortality worldwide. Current treatments for cancer, such as
chemotherapy, are not cancer-specific and may cause harm to healthy cells; therefore, it is
imperative that new drugs for cancer be developed that are both safe and effective. It has been
found that lactic acid bacteria (LAB) have the potential to produce bacteriocins, which could
potentially offer a promising alternative for cancer treatment. They have been shown in several
studies to be effective against cancer cells while having no effect on healthy cells. More research
is needed to fully understand the potential of LAB bacteriocins as anti-cancer medicines, to find
the appropriate dose and delivery route, and to conduct clinical trials to evaluate the
effectiveness and safety of the products in human patients, as is suggested by this work.
Furthermore, LAB bacteriocins may evolve into a significant new class of anti-cancer drugs and
food products. Patients with cancer may have a safe and effective alternative treatment option in
the form of anti-cancer foods and drugs. Therefore, the aim of this study is to provide an in-depth
analysis of the recent breakthroughs and potential future technical advancements of significant
bacteriocins that are produced by LAB, how these bacteriocins function, and how these
bacteriocins may be utilized as an anti-cancer agent. In addition, the current analysis emphasizes
the significant constraints and boundaries that bacteriocins face when they are used as an anti-

cancer factor.

Keywords: Bacteriocin; Lactic acid bacteria; Cancer cells; mode of action; anti-cancer;
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1. Introduction

Cancer is one of the top causes of sickness and mortality throughout the world [1, 2]. It is one of
the non-communicable diseases that cause this. Recent evidence released by the World Health
Organization (WHO) suggests that cancer is the second leading cause of death in the world,
having been responsible for the passing of 10 million people in the year 2020 [2, 3]. The harsh
repercussions of cancer treatments have a significant psychological and financial impact on
nations that are afflicted by the disease. This is in addition to the growing death rates caused by
the disease [1]. In the meantime, the disciplines of biotechnology and medical sciences are
consistently making substantial improvements, leading to a better knowledge of a variety of
human diseases. This, in turn, has led to improved treatment options. Understanding the
difference between a tumor and cancer is crucial as they represent separate medical conditions
[4, 5]. The first condition, the tumor is characterized by the development of an abnormal growth
or mass in the tissue, which may be referred to as a lesion, lump, or neoplasm. On the other hand,
cancer is characterized by the uncontrolled proliferation and spread of aberrant cells. Cancer
cells are aberrant cells that avoid the regular processes that govern their growth. This allows
cancer cells to proliferate unchecked. In a healthy cell, the equilibrium between the process of
cell renewal and the process of cell death is normally maintained and the generation of new cells
is carefully controlled to maintain a constant number of cells of a certain kind [6, 7]. However,
due to genetic defects that are either inherited or produced by environmental stimuli, cells stop
responding to the typical processes that regulate their proliferation. This results in the production
of cell clones that multiply uncontrolled and may evolve into tumors or other forms of cancer.
Cancer cells exhibit six significant alterations in their cellular physiology. These alterations

include a limitless replicative capacity, self-sufficient growth signals, susceptibility to growth-
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inhibitory signals, resistance to programmed cell death, prolonged angiogenesis, and the

capability to metastasize [8].

Chemotherapy, surgery, and radiation are all methods that can be used to treat cancer, but
chemotherapy is the one that is utilized the most [9]. Due to their inability to selectively target
cancer cells, traditional chemotherapy treatments that target rapidly proliferating cells have the
potential to cause damage to healthy cells and organs [10]. In addition, cancer cells frequently
acquire resistance to chemotherapy as a result of a number of different factors. These factors
include increased expression of drug-detoxifying enzymes and drug transporters in addition to
improved DNA repair mechanisms in the cellular machinery that is responsible for apoptosis
[11]. Surgery and radiation treatment are both effective ways of treating cancers that are
confined, but they are not effective against tumor cells that have spread throughout the body. In
situations like these, chemotherapy continues to be the most successful beneficial choice [12]. As
a consequence of this, there is a huge demand for cancer cell-specific targeted treatments that
may either be utilized as a stand-alone treatment or as an adjuvant to lower the therapeutic
dosages of current anti-cancer drugs [13]. Because of the growing interest in bioactive peptide
treatments, researchers are investigating the potential of bacteriocins as novel therapeutic agents
for the treatment of cancer. Bacteriocins are predominantly generated by lactic acid bacteria
(LAB), which are the focus of the current investigation. Different bacterial strains have the
ability to produce a range of metabolites, including antimicrobial peptides called ribosomally
produced bacteriocins. These metabolites help the bacteria fend off competition from other
invading bacteria and allow them to thrive in specific environments [14]. Bacteriocins are
peptides produced by specific bacteria that are non-immunogenic and biodegradable. They have

been extensively studied by researchers [14, 15, 16]. These peptides are typically harmless to
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mammals and are used as natural preservatives in food, such as milk and meat products [14].
This is due to their specificity towards microbes of the same or similar species. Historically,
there was a prevailing belief that bacteriocins could only impede the growth of closely related
strains or species. However, recent advancements in research have revealed that they possess a
broad spectrum of antimicrobial effects. Furthermore, recent studies have demonstrated the
ability of bacteriocins to inhibit the growth of various cancer cell lines [17]. Bacteriocins are
responsible for the harmful effects that are caused by viruses or parasites; as a result, under
certain conditions, they are also capable of targeting the eukaryotic cells that are found in the

host [14].

Therefore, as was pointed out in the previous paragraph, bacteriocins generated by lactic
acid bacteria are an essential component of human biology for maintaining good health.
Therefore, the purpose of this study is to provide an in-depth analysis of the recent breakthroughs
and potential future technical advancements of significant bacteriocins that are produced by
lactic acid bacteria, how these bacteriocins function, and how these bacteriocins may be utilized
as an anti-cancer agent. When bacteriocins are used as an anti-cancer factor, they are subject to a

number of key limits and limitations, which are brought to light in the present review.
2. Classification of the LAB-produced bacteriocins and their mechanism of action

LAB is a group of gram-positive bacteria that can be differentiated from one another using a
wide range of morphological, microscopic, and biochemical tests [14]. The structure of the cell,
the properties of glucose fermentation, the ability to utilize sugar, and the temperature ranges that
are optimal for growth are all investigated in these tests [18]. Because of this, Lactobacillus,
Pediococcus, Leuconostoc, and Lactococcus make comprise the core group of four genera. The

recent use of molecular biological techniques has resulted in a rise in the number of genera, some
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examples of bacteria are as follows: Aerococcus, Alloiococcus, Carnobacterium,
Dolosigranulum, Enterococcus, Lactosphaera, Melissococcus, Oenococcus, Sporolactobacillus,
Tetragenococcus, Vagococcus, and Weissella [19]. It is important to note that the genus
Lactobacillus has been reclassified and divided into approximately 25 new genera since the year
2020 [20]. These new genera include the following: Lactobacillus, Acetilactobacillus,
Agrilactobacillus, Amylolactobacillus, Apilactobacillus, Bombilactobacillus,
Companilactobacillus, Dellaglioa, Fructilactobacillus, Furfurilactobacillus, Holzapfelia,
Lacticaseibacillus, Latilactobacillus, Lactiplantibacillus, Lapidilactobacillus, Lentilactobacillus,
Levilactobacillus, Ligilactobacillus, Limosilactobacillus, Liquorilactobacillus,
Loigolactobacilus, Paralactobacillus, Paucilactobacillus,  Schleiferilactobacillus, and

Secundilactobacillus [20].

LABs can produce a variety of chemicals, some of which can prevent the growth of
microorganisms [14, 15]. A few examples of these include lactic acid, acetic acid, and propanoic
acid. Other examples are hydrogen peroxide, flavor compounds like acetoin and diacetyl,
ethanol, and bacteriocins. Bacteriocins, in particular, have been used as natural preservatives in
foods due to their capacity to inhibit the growth of microorganisms that are potentially hazardous
to the health of humans. They do not alter the quality or safety of the food in any way and can be
consumed without any concerns. Numerous species of LAB have been categorized by a variety
of databases [14, 15]. These LAB species differ from one another in terms of their
characteristics, structures, mechanisms of action, physicochemical attributes, activity range, and

target cell wall receptors [21].

Bacteriocins, which are produced by gram-positive bacteria such as LAB, have been

categorized into five distinct groups as depicted in Figure-1, according to the genetic and
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physicochemical characteristics that differentiate them from one another [14, 15]. These
characteristics include the presence of modified amino acids after DNA translation, resistance to
high temperatures, stability against proteolytic enzymes, the occurrence of SS-bonds (which
mean two sulfur atoms bonded together, for example, disulfide bonds), and the effectiveness of
antimicrobial activity. Class I bacteriocins, which are also known as “lantibiotics,” have
distinctive amino acids such as lanthionine, B-methyl lanthionine, and dehydroalanine as part of
their fundamental structure. These amino acids help the bacteriocins Kkill bacteria. The
antibacterial properties of the bacteriocins, as well as the stability of the peptides, are influenced
by these particular amino acids that are formed by post-translational modifications of DNA.
Approximately thirty percent of the class | bacteriocins that have been identified were produced
by LABs. These bacteriocins include nisin, lacticin, and mersacidin [22]. Class Il bacteriocins
are peptides that can remain stable at high temperatures. They are known as pediocin-like
bacteriocins due to their capacity to interact with the membranes of bacterial cells. These
bacteriocins have a low molecular weight and vary from 2 to 10 kDa; moreover, they are
composed of those amino acids that include sulfur. Bacteriocins such as Pediocin PA-1, Pentocin
31, Enterocin P, Sakacin G, and Enterocin A are all examples of bacteriocins that belong to this
class [23]. When compared to class | and class Il bacteriocins, class 111 bacteriocins are peptides
that have a higher molecular weight (more than 10 kDa) and are more sensitive to heat.
Bacteriolysins and non-lytics are the two subcategories that are further subdivided within this
larger group of bacteriocins. Bacteriolysins are peptides that inhibit the growth of bacterial cells
by destroying the cell walls of the bacterium. This results in the death of the cells. Lysostaphin,
a peptide with a molecular weight of 27 kDa that degrades the cell walls of a variety of

Staphylococcus species, is considered to be the original bacteriolysin. On the other hand, non-
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Iytic bacteriocins inhibit the target cells by affecting on the potential of the plasma membrane
[24]. Class 1V bacteriocins are peptides that contain lipid and carbohydrate moieties integrated
into their peptide structures. This incorporation of lipid and carbohydrate moieties results in the
synthesis of glycoproteins and lipoproteins. The characteristics of the bacteriocins can be altered
depending on the makeup of these moieties. Lactocin 27 and leuconocin S are examples of
prototype bacteriocins belonging to this class. Both of these bacteriocins are known to cause
damage to the cell walls of bacteria. However, due to the properties of their structure, they are
vulnerable to the impacts of enzymes that are involved in glycolysis or lipolysis [25]. Because of
the circular nature of their structures, class V bacteriocins are characterized by a superior
resistance to the effects of a wide variety of stresses. This is in contrast to the majority of
bacteriocins, which have linear structures. Cleavage of the leader chain peptide is the first step in
the biosynthesis of circular bacteriocins. This step is followed by circularization and then
departure from the producing cell. The prototype bacteriocins that belong to class V are known

as enterocin AS-48, pumilarin, lactocyclicin Q, and plantaricyclin A [26].
3. Relationship between food and bacteriocins

Lactic acid bacteria play a crucial role in the natural fermentation process of different food
products, particularly in the case of fermented milks [14, 27]. The release of bacteriocins by
lactic acid bacteria occurs within the food matrices as they undergo growth. The presence of
bacteriocins can naturally improve the shelf life of a particular food product by inhibiting the
growth of spoilage organisms. This natural antimicrobial substance acts as a food preservative,
helping to maintain the quality of the food [14, 15]. Therefore, when consuming such food, one
can also derive health benefits from the specific bacteriocin found in a particular fermented food

product. In cases where natural fermentation and production of bacteriocins cannot be achieved
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in food products, purified bacteriocin can be added externally as a food preservative [14, 28].
Foods such as fermented milks are widely recognized for their ability to effectively deliver
bacteriocins, which are natural therapeutic agents [14, 27]. These bacteriocins can be used alone

or in combination with other drugs, making them a promising option for various applications.

To summarize, the application of bacteriocins in the food industry provides several
valuable benefits. These antibacterial products have a low toxicity level and can be easily broken
down by digestive enzymes. Their widespread adoption will mark a significant advancement in
the food industry, as they are projected to decrease reliance on chemical substances and
minimize the need for intense heat treatment methods. This approach will also be highly valuable
in developing products that are both economical and environmental friendly, while still meeting

consumer expectations.
4. Biofunctional mechanism of the lactic acid bacteria-produced bacteriocins

The vast majority of bacteriocins that have anti-cancer capabilities are cationic and amphiphilic
and bacteria that have been cultured in a variety of growth mediums are the most common source
of these bacteriocins [14, 15, 29]. When they come into contact with the negatively charged cell
wall, these cationic peptides, which are also referred to as “membrane-active peptides,” engage
in some sort of interaction with it. Since cancer cells have a higher concentration of negatively
charged molecules on their surface, it is thought that the process of killing cancer cells happens
by a lytic attack on the cell membrane [30, 31]. This hypothesis is supported by the observation

that cancer cells have a thinner cell membrane.

Many different types of bacteria produce a range of substances, including antimicrobial
peptides called ribosomally-produced bacteriocins. These metabolites help the bacteria defend

against other invading bacteria and thrive in specific environments [14]. Bacteriocins are
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peptides produced by a specific bacterial species. They are non-immunogenic and biodegradable
[14, 15, 16]. These peptides are normally non-toxic to mammals and are utilized as natural
preservatives in food such as milk and meat products [14, 15, 29]. This is because they are
targeted against microbes of the same or similar species. In the past, it was believed that
bacteriocins could only inhibit the growth of genetically related strains or species; however,
current research has demonstrated that they have a wide range of antimicrobial effects. In
addition to this, researchers have shown that bacteriocins can stop the proliferation of many

cancer cell lines [17].

Bacteriocins can exert their effect on the lipid Il that is present on cell walls, and the
mechanism in which they do so might vary greatly depending on the type of bacteriocin that is
being used [16, 32]. Targeting the permease mannose phosphotransferase system, undecaprenyl
pyrophosphate phosphatase, maltose ABC transporter, or zinc-dependent membrane-bound
proteases are some examples of what they can do [33]. Studies have demonstrated that the
expression level of the mannose-specific phosphotransferase system in bacteriocin is relatively
low [16]. Bacteria that have become resistant to bacteriocins may alter the structure of their
teichoic acid, which lowers the negative surface charge of the bacterial cell wall [34]. Teichoic
acid is a polymer that is rich in phosphates and is anionic; polyglycerol phosphate links it to the
membrane in the form of a glycolipid anchor so that it may be accessed there. In addition to
being constituted of polyribitol phosphate, the core of the teichoic acid molecule can also be
made up of a variety of polyols, such as mannitol, erythritol, or arabitol. The formation of a D-
alanyl ester bond requires the usage of D-alanine, which may be substituted for the ribitol-
phosphate in the backbone structure of teichoic acid. When it goes through the process of D-

alanylation, teichoic acid carries a positive charge that neutralizes the anionic polymer. In its
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natural state, teichoic acid leaves the cell wall with a negative charge because of the charge it
carries when it exits the cell. Some bacterial species change anionic phospholipids with L-lysine
to generate lysylphosphatidylglycerol, which is a basic phospholipid. This process is very similar
to the D-alanylation process that teichoic acids go through to become virulence factors. Because
of this, the cytoplasmic membrane now possesses a net positive charge, which can serve to

defend it against bacteriocins such as the lipopeptide daptomycin [16, 33, 34].

5. Anti-cancer activity of the lactic acid bacteria-produced bacteriocins against dfferent

cancer cells

Bacteriocins have been found to have the power to destroy some cancer cells and prevent other
cancer cells from infiltrating the body [30, 31, 35, 36]. As a result, there has been a growing
interest in the research community on the anti-cancer characteristics of bacteriocins [30, 35, 36,
37, 38]. Inducing cell death, disrupting the cell cycle, limiting cell migration, destroying cell
membrane structure, inhibiting angiogenesis, and influencing the immune system are some of the

anti-cancer mechanisms of bacteriocins that have been recognized so far [5, 9, 25, 29, 39].

Bacteriocins are produced by ribosomes in an inactive prepeptide form, which includes a
signal sequence of amino acid residues at the N-terminus of the peptide [14, 29, 40].
Furthermore, a thorough and detailed discussion of the production of bacteriocin and its
mechanism is presented in the following manner, as shown in Figure-2. An extra length of
amino acid residues is present on the N-terminus of the peptide, and this stretch is referred to as a
signal sequence. Bacteriocins are generated by ribosomes in their inactive prepeptide state.
Immediately following the completion of translation (Figure-2), the prepeptide is subjected to
posttranslational alterations [40, 41]. These changes include the production of changed amino

acid residues within the prepeptide. The subsequent step involves the movement of the
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prepeptide across the cytoplasmic membrane and into the extracellular space of the creature.
After that, the prepeptide is cleaved by a proteolytic enzyme, which results in the removal of the
N-terminal signal peptide (Figure-2). There are three significant functions that the N-terminal
signal sequence performs. To begin, the signal sequence, which is also referred to as a transit
peptide, serves as a signal that operates as an actual signal suggesting that such peptides are to be
secreted to the outside of the living cells [14, 29, 40]. Second, because the prepeptide form is
completely inactive, it guarantees that the bacteriocins will not become active until after they
have been released first. Last but not least, the signal sequence imparts a particular shape to the
prepeptide by means of its interaction with the C-terminal region, which is a region that will
eventually become bacteriocin. The enzymes that are responsible for the synthesis of changed
amino acid residues need to have this particular structure in order to recognize the prepeptide
since it is necessary for their function. There is a single gene cluster that contains all of the genes
that are involved in the production of active bacteriocins. These genes include those that code for
the bacteriocin prepeptide, the modification enzyme, their transport apparatus, the protease that
is necessary for the removal of the signal peptide, immunity, regulation, and many more [14, 29,

40, 41].

Bacteriocins have the ability to enhance the fluidity of cell membranes and create ion
channels on the membranes of cancer cells (Figure-3). This, in turn, leads to an increased release
of LDH. The presence of bacteriocins triggers the buildup of intracellular reactive oxygen
species, resulting in an increase in the apoptotic index (bax/bcl2) [42]. Additionally, it suppresses
the expression of FOXM1 and MMP9, hindering mitochondrial energy metabolism and
glycolysis (Figure-3). As a result, the energy supply is reduced, leading to apoptosis and

necrosis. Moreover, bacteriocins also impede the migration and proliferation of cancers,
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ultimately promoting apoptosis and necrosis [42]. Figure-3 depicts these cancer-fighting
mechanisms of bacteriocins clearly and concisely. LABs can produce a diverse range of
antimicrobial peptides known as bacteriocins. These bacteriocins have been extensively studied
for their ability to inhibit the growth of pathogenic bacteria. Recent research has revealed that
specific bacteriocins produced by LAB have the ability to hinder and decelerate the proliferation
of cancer cells using different mechanisms [5, 43, 44]. One way bacteriocins can hinder the
growth of cancer cells is by triggering apoptosis, a process of programmed cell death [5]. Studies
have shown that certain bacteriocins, like nisin and pediocin, can trigger apoptosis in cancer
cells. This process involves activating different signaling pathways that ultimately result in cell
death [6, 43]. Another way that bacteriocins can hinder the growth of cancer cells is by
interfering with the cell membrane, an important component for cancer cell function [5, 32].
Studies have demonstrated that certain bacteriocins, like lacticin 3147 and enterocin AS-48,
can interfere with the cell membrane of cancer cells, ultimately causing their demise [41, 44].
Bacteriocins can also potentially hinder angiogenesis, the crucial process of forming new blood
vessels that are necessary for tumor growth and metastasis. Some bacteriocins, like lactocin 27
and enterocin CRL35, have been identified to hinder angiogenesis by interfering with the
signaling pathways responsible for blood vessel formation [28]. Furthermore, LAB-produced
bacteriocins have been observed to influence the immune system, a vital component in the
growth of cancer [1, 13]. Studies have shown that certain compounds, like pediocin and nisin,
can have a positive effect on the immune system. These compounds have been found to activate
immune cells like natural Killer cells and macrophages, which can aid in the elimination of

cancer cells [16, 39, 45].
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A wide variety of cancer cells can have the apoptotic process that leads to cell death,
known as apoptosis, activated by nisin and other bacteriocins [6, 43, 44]. Following treatment
with bacteriocin at various doses, cancer cells exhibited an increase in their apoptotic index, the
cell cycle stopped, and the expression of genes that are involved in cell migration and
proliferation was stifled [45]. In addition, bacteriocin can cause damage to cell membranes,
which can result in the release of L-lactate dehydrogenase (EC 1.1.1.27). It can also enhance the
production of reactive oxygen species, and impede anaerobic glycolysis and mitochondrial
respiration, which ultimately causes cancer cells to exhaust their energy reserves. Bacteriocin, an
interesting anti-cancer agent, can be together with other anti-cancer drugs to significantly
increase the effectiveness of such treatments against cancer in vivo [6, 30, 37]. It has been
suggested that increasing the level of cardiolipin can enhance the possibility of bacteriocin
binding to the mitochondrial membrane. This might make it possible to focus cytotoxicity of
certain cancer cells while minimizing damage to healthy cells [14, 32, 38, 46]. An anionic lipid
called cardiolipin is one of the factors that contribute to the negative charge of the mitochondrial

membrane [32].

Research has shown that some bacteriocins, such as lacticin 3147 and enterocin AS-48,
can cause the cell membrane of cancer cells to become disrupted, which ultimately results in the
death of the cancer cells [16, 30]. Bacteriocins also can impede angiogenesis, which is the
process of new blood vessel production and is crucial for the growth of tumors as well as their
ability to spread to other parts of the body. Researchers have proven that lactocin 27 and
enterocin CRL35 can prevent angiogenesis by causing disruptions in the signaling pathways that
are necessary for the development of blood vessels [30, 31]. In addition to the mechanisms

described above, it has also been shown that the bacteriocins produced by LAB can affect the
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immune system, which is one of the most important factors in the progression of cancer. It has
been demonstrated that some bacteriocins, such as pediocin and nisin, can boost the immune
system. This is accomplished by activating a variety of immune cells, such as natural killer cells

and macrophages, both of which can aid in the destruction of cancer cells [16, 17, 30, 31].

Bacteriocins of many different types, including pyocins, nisin, azurin, colicin, pediocin,
microcin, enterocin, and plantaricins, have been shown to have antineoplastic activities against
cancer cell lines [14, 30, 36, 38, 47, 48]. Bacteriocins like these can block endothelial cells from
migrating and moving around by directly interacting with the protein p53, or they can restrict the
proliferation of endothelial cells by themselves [45, 49]. Overexpression of many growth factors
can be found in tumor cells, including vascular endothelial growth factor and fibroblast growth
factor [50]. There is evidence that the interaction of bacteriocins with the cell membrane is the
mechanism that explains the anti-cancer activity of these molecules [51]. This is because the cell
membranes of normal tissue cells and cancer cells are quite different from one another. On the
other hand, normal tissue cells do not have cancer. Phospholipids, for instance, can be found on
both the inside and exterior surfaces of human cells, and they exhibit asymmetry with each other
[37]. Because of the high levels of anionic phosphatidylserine, O-glycosylated mucins, sialylated
gangliosides, and heparin sulfates that are present in cancer cells, these cells almost always have
a negative charge. On the other hand, typical human cells are asymmetric, with zwitterionic
phospholipids covering the outer surface and amino-phospholipids such as phosphatidylserine
and phosphatidylethanolamine covering the interior surface [35]. The presence of a negative
charge on glycosaminoglycan sulfate residues makes it possible for LAB bacteriocins to bind
directly to those residues. This helps prevent damage to the plasma membranes of eukaryotic

cells like HT-29 and HeLa cells. On the other hand, positively charged cationic bacteriocins are
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far more successful in binding to the negatively charged cell membrane of cancer cells than they

are to the neutrally charged membrane of normal cells [52].

Ultimately, the bacteriocins produced in the LAB possess the capability to impede and
decelerate the proliferation of cancer cells by means of diverse mechanisms, including triggering
apoptosis, interfering with the cell membrane, restraining angiogenesis, and regulating the
immune system [1, 13, 24]. Additional investigation is required to thoroughly examine the

possibilities of bacteriocins in the advancement of innovative cancer treatments.
6. Lactic acid bacteria-produced bacteriocins as potential anti-cancer agents
6.1. Anti-cancer effect of Nisin

Nisin is a bacteriocin that was produced by LAB and has recently received a lot of interest in
both the industrial sector and the scientific community [53, 54, 55]. Lactococcus lactis is the
bacteria responsible for its production [56], and it is classified as a lantibiotic group of class I,
type A (Figure-1). Nisin is composed of 34 different amino acids and has a molecular weight of
3.5 kDa. It is cationic and hydrophobic, and it possesses five internal ring structures that are
disulfide bridged and contain carboxyl and amino end groups. Lanthionine, dehydroalanine, and
B-methyllanthionine are three of the rare amino acids that might be found in nisin [54, 56]. In
2006, it was discovered that nisin had the ability to inhibit the growth of two types of human
adenocarcinomas, specifically those found in the colon and colorectal areas. This revelation shed
light on the potential anti-cancer properties of nisin [55]. This finding indicates that nisin may
possess anti-cancer capabilities. Further research that was conducted in 2012 indicated that
treatment with nisin decreased the viability of human breast tumor cells (MCF-7 cells) and
human liver hepatocellular carcinoma cancer cells (HepG2 cells) [57]. It was eventually

discovered that Nisin was able to kill SW480 colon cancer cells [45].
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Numerous investigations have been conducted to examine the mechanism by which nisin
A Kills cancer cells. These studies have uncovered a variety of cellular consequences, including
damage to epithelial integrity and cell polarization. The stimulation of apoptosis has been shown
to be associated with the death of cells (Table-1). Nisin increases the expression of cytochrome
C transcripts as well as the proapoptotic cation transporter regulator and apoptotic mediator
glutathione-specific y-glutamylcyclotransferasel (CHAC1 gene), which causes tumor cells to
induce apoptosis. The stimulation of apoptosis employing the CHACL1 gene might lead to an
increase in the influx of calcium ions and the promotion of cell cycle arrest [58, 59], which could
ultimately result in a reduction in cell growth (Figure-4). An oversimplified diagram is showing

the action mechanism of nisin in the fight against cancer cells in Figure-4.

Nisin types A and Z have been found to produce apoptosis in animal models of head and
neck squamous cell carcinoma both in vitro and in vivo. This apoptosis was induced in the mouse
models by both types of this nisin [53, 69, 71]. In addition, research has shown that both types of
nisin inhibit angiogenic sprouting and hasten the death of endothelial cells. In yet another study,
it was shown that Nisin Z affects several mitochondrial pathways in A375 melanoma cell lines,
which ultimately results in the death of the cells due to oxidative stress [59]. Finally, to assess
whether or not it is more effective than chemotherapy on its own, the combination of nisin with a
chemotherapeutic drug has been the subject of at least two separate research investigations.
According to Preet and co-workers who worked on this project, using doxorubicin on its own to
cure skin cancer in mice is not nearly as successful as using it in combination with nisin [71].
The researchers, Rana and co-workers conducted a study to explore the potential of a specific
nanoconstruct in fighting cancer [69]. This nanoconstruct consisted of oligomeric chitosan-

coated silver nanoparticles, which were loaded with bacteriocin nisin and 5-florouracil (5-
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FU/nisin-CHI-AgNPs). The study focused on its effectiveness against DMBA/TPA-induced
murine skin cancer. Nisin was found to boost the anti-cancer effects of 5-fluorouracil in both in
vitro and in vivo study conditions [69]. Combination treatment reduces the rate of cell division,

speeds up the process of apoptosis, and stops the formation of new blood vessels.

By integrating bacteriocins with nanoscale drug delivery systems (nano-DDS), we can
address certain drawbacks of bacteriocins, such as susceptibility to degradation by proteases,
resistance mechanisms, and inefficient intracellular delivery. According to a study conducted by
a team of researchers, they found that solid lipid nanoparticles loaded with nisin, when compared
to free nisin, have a significant impact on inhibiting the growth of Treponema denticola, an oral
pathogen [72]. It is widely recognized that nisin, being a natural antimicrobial peptide, is
extensively utilized in the food industry due to its remarkable capability to inhibit a wide range
of Gram-positive bacteria [14, 21, 43, 50, 54, 63]. The increased effectiveness of embedded
nisin, as opposed to free nisin, can be attributed to various factors that are discussed as follows.
The heightened effectiveness of embedded nisin in comparison to free nisin can be attributed to
its improved stability, precise delivery, protection against inactivation, extended interaction with
bacterial cells, and potential synergistic effects with other antimicrobial agents [14, 70]. The
numerous benefits of embedded nisin make it a highly effective and dependable choice for
antimicrobial applications across a range of industries, such as food preservation and biomedical

uses [14, 34, 50, 63, 70, 71].

Additionally, these nanoparticles were able to disrupt oral biofilms and reduce the
viability of oral squamous cell carcinoma cells (OSCC). In addition, when OSCC cells were
exposed to SLN-Nisin, noticeable morphological changes were observed under scanning electron

microscopy (SEM) [72]. These changes were not observed in cells treated with empty
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nanoparticles or free nisin. The results suggest that nano-DDS have the potential to enhance the

properties of bacteriocin, making them a promising tool.
6.2. Anti-cancer effect of Pediocin

Pediocin is a molecule that is positively charged and has a low molecular weight, with a range
that goes from 2.7 to 17 kDa [23]. Produced by specific species of Pediococcus, it characteristics
a hydrophilic N-terminal region that contains the pediocin box (YGNGV) motif and a
hydrophobic or amphiphilic C-terminal variable section [23]. These LABs are frequently found
in fermented foods like pickles and sauerkraut, for example [23, 49]. Pediocin can prevent the
growth of a wide variety of bacterial cells and works on the formation of pores in the
cytoplasmic membrane. It does this by preventing the targeted cells’ ability to absorb amino
acids from phospholipids found in the cytoplasmic membrane. Pediocin is distinguished by a
number of characteristics, including resistance to proteolytic enzymes, thermostability, and the
capacity to maintain its action throughout a wide pH range. Pediocin is an effective antibiotic
that can stop the growth of bacteria that cause food to go spoiled as well as hazardous
microorganisms like Listeria monocytogenes and Salmonella enterica, which are the pathogens

that lead to foodborne diseases [49].

Although the precise mechanism of action of pediocin has not been fully elucidated, it is
believed that it involves the instability of the cell membranes of bacteria, which leads to the
release of intracellular components such as proteins and DNA. These released components can
then be utilized by the immune system to identify and eliminate cancer cells once they have been
recognized. In addition, research conducted in the laboratory has shown that pediocin is capable
of inducing apoptosis, also known as programmed cell death, in cancer cells that are grown in

vitro [39]. In recent years, there has been a rising interest in researching the idea of employing
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pediocin as an anti-cancer agent. This interest has been fueled by the discovery that pediocin
inhibits the growth of cancer cells. In the context of laboratory examinations, many
investigations have demonstrated that pediocin can inhibit the growth of different kinds of cancer
cells, including breast cancer cells and melanoma cells, amongst others [36]. In addition, oral or
intravenous administration of pediocin in animal models has been shown to reduce the growth of
tumors, as a result of the research that was conducted before the clinical trials. In addition to its
possible use as an anti-cancer agent, pediocin has also been tested to see whether or not it is
effective in treating other diseases, such as HIV/AIDS and malaria. The results of preliminary
investigations show that it may have therapeutic promise against various disorders [47];
however, further study must be conducted before any conclusions can be formed. The survival
rate of cells treated with 25 pg/mL of rec-pediocin and native pediocin CP2 was 5.5% and 1.2%,
respectively, for both the HepG2 line and the MCF-7 line [72]. The sensitivity of the HeLa cells

to rec-pediocin was significantly lower than that of the other lines investigated in that study.

In general, the potential of pediocin as an anti-cancer medication is quite promising, as it
has been demonstrated to limit the development of cancer cells in laboratory trials as well as in
organisms. This suggests that it may one day be used to treat cancer. Further investigation into
the method through which pediocin Kills cancer cells might shed light on its mode of action,
which in turn can facilitate the development of innovative treatments for cancer patients. The
findings of the experiments that were carried out to evaluate the efficacy of pediocin as an anti-

cancer agent are presented in Table-2.
6.3. Anti-cancer effect of Enterocin

Enterocin is a bacteriocin that is produced by Enterococcus faecium [76]. Enterococcus species

are capable of producing enterocins, which are efficient against L. monocytogenes [28, 41]. L.
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monocytogenes is a pathogenic bacteria that can cause serious foodborne diseases. It has been
demonstrated that several forms of enterocins, such as Enterocin CCM4231, Enterocin CRL35,
and Enterocin AS-48, can decrease the number of L. monocytogenes cells that are present in
dairy products [27, 28, 77]. Additionally, enterocins A and B demonstrate anti-Listerial
capabilities in minced pork, and enterococci can be utilized as starting cultures in the production
of cheese to inhibit the growth of L. monocytogenes [78]. Enterocin AS-48 was the first circular
enterocin to be identified, and it is classified as a member of class Ib. Its structure is made up of
a hydrophilic component at the N-terminal that contains methionine and a hydrophobic variable
section at the C-terminal that contains tryptophan. It is a short peptide that consists of 70 amino
acid residues and does not have any disulfide bridges within its structure. The molecule
possesses a compact hydrophobic core that is surrounded by five a-helices that are organized in a
spherical configuration. These features contribute to the molecule’s resistance to high pH, heat,
and denaturing chemicals. Because of its durability, enterocin AS-48 has achieved widespread
application in food processing technology. In a nutshell, studies have shown that enterocins can
inhibit the growth of the pathogen L. monocytogenes in a variety of food products. Thus, it can
be concluded that Enterocin AS-48, which stands out among enterocins because of its one-of-a-
kind structure and exceptional stability, is currently utilized for significant applications in the

food processing industry [41, 77].

Researchers have explored the possibility of enterocin as a cancer treatment due to its
notable capacity to block the growth of several cancer cell lines [44, 76]. Cesa-Luna and
coworkers have carried out research to determine whether or not enterocin has the potential to
act as an anti-cancer agent [30]. According to the findings of the researchers, enterocin was

successful in preventing the proliferation of several distinct human cancer cell lines, including
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those originating from the breast, colon, and prostate. In addition, researchers noticed that
enterocin was able to inhibit the development of tumors in vivo and trigger apoptosis, all of
which point to the possibility of enterocin as a viable therapeutic approach for the treatment of
cancer. The study also investigated the molecular targets of enterocin and identified potential
mechanisms of action involving pro-inflammatory cytokines, transcription factors, and signal
transduction pathways. These findings offered important new perspectives on the potential of
enterocin as an innovative and powerful cancer-fighting agent [30]. In another study, Ankaiah
and colleagues investigated the impact of enterocins on the growth and development of cancer
cells [44]. The purpose of this study was to see if the researchers could prevent the proliferation
of cancer cells. To accomplish this, the researchers examined the effects of enterocins on human
tumor cell lines, including breast, lung, and colon cancer cells. Researchers revealed that the
growth of the tumor cell lines was affected by enterocins in a manner that was proportional to the
concentration of the enterocin present [44]. This indicates that a larger concentration of enterocin
results in a greater growth-inhibiting impact. Researchers concluded that enterocins, due to their
capacity to suppress the proliferation of tumor cells, had the potential to be employed as a
therapeutic agent in the fight against cancer. This research reveals recent developments on the
potential of enterocins as anti-cancer agents and demonstrates the need for more investigation
into this subject matter. Recently, Sharma and co-workers investigated both the safety and
efficacy of enterocin as an anti-cancer agent [76]. They used the HelLa (cervical cancer) and
MCF-7 (breast cancer) cell lines in their research to examine the efficacy of enterocin as an anti-
cancer agent. The findings of the research indicated that enterocin possessed substantial anti-
cancer effects in both of the cell lines used in the study, with an ICso value of 6.22 pg/mL for

HeLa and 8.35 pg/mL for MCF-7, respectively. In addition, the research demonstrated that
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enterocin had a very low toxicity level in normal human fibroblast cells, which suggests that it
might be utilized as an anti-cancer agent without risk [76]. Based on these findings, enterocin
appears to be a promising candidate for usage as an anti-cancer agent in the future since it is free
of potential side effects while still being very effective. Confirming the efficacy of enterocin as
an anti-cancer agent and determining whether or not it has the potential to be used in other
cancer treatments is the subject of further in-depth investigation and study. In general, it is
becoming increasingly apparent that enterocin has the potential to be an innovative, effective,
and secure therapeutic agent against cancer. Research conducted in vitro as well as in vivo has
shown that it inhibits the growth of cancers. This research has also led to the discovery of
polyphenolic and phenethylated enterocin derivatives that have significant anti-cancer activity.
In addition, clinical trials are currently being conducted to investigate whether or not enterocin

has the potential to be turned into a possible therapeutic candidate for the treatment of cancer.
6.4. Anti-cancer effects of Plantaricin

In a study conducted by De Giani and colleagues, they investigated a compound found in
Lactiplantibacillus plantarum PBS067 that has properties similar to bacteriocin. This compound
showed antimicrobial activity and was tested on both normal and cancerogenic human intestinal
cells, revealing its potential effects [79]. The isolated Plantaricin P1053 exhibited significant
effects on both normal and cancerous epithelial intestinal cell lines. It was found to enhance the
viability of healthy cells while reducing the proliferation of cancer cells [79]. The heat resistance
of Plantaricin DM5, derived from L. plantarum DM5, was demonstrated at a temperature of 121
°C for 15 minutes. Although it was susceptible to proteolytic enzymes, it exhibited stability
within a pH range of 2.0-10.0. Additionally, it retained its activity even when exposed to

surfactants and detergents. The study conducted by Das and Goyal [80] demonstrated the non-
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toxic and biocompatible properties of plantaricin DM5, which was derived from the probiotic L.
plantarum C11. The effects of this compound were observed on human embryonic kidney 293
(HEK 293) and human cervical cancer (HeLa) cell lines. In a study conducted by Sand et al.
[51], it was found that plantaricin A derived from L. plantarum C11 exhibited a membrane-
permeabilizing antimicrobial effect. This cationic peptide demonstrated promising properties in

the field of antimicrobial research.
6.5. Anti-cancer effects of other lactic acid bacterial bacteriocins

In recent years, several bacteriocins produced by LAB have been investigated for their ability to
inhibit cancer cells or cancer cell lines (Table-3), both in vitro and in vivo [36, 50, 72, 74]. Some
of the most important findings from the studies that were carried out to evaluate the effectiveness
of additional bacteriocins derived from LAB as an anti-cancer agent against a variety of cancer
cell lines are given in Table-3. About 37% of bacteriocin research has been directed toward the
treatment of diseases such as cancer, systemic infections, stomatology, cosmetics, and
contraception. In comparison, 29% of bacteriocin research has been directed toward the
preservation of food, 25% has been directed toward the study of bio-nanomaterials, and 9% has
been directed toward the treatment of animals [81]. In addition to this, there has been a rise in the
number of patents for bacteriocins [14]. Although research has been conducted on a number of
additional bacteriocins that are generated from LAB, bacteriocins such as nisin, pediocin, and
enterocin are the ones that are most frequently utilized for the treatment of cancer cells and

cancer cell lines (Table-1 and Table-2).
6.6. Anti-cancer effects of bacteriocins from genetically modified organisms

There is a limited amount of research available on the cytotoxic effects of bacteriocins derived

from genetically modified organisms. A study conducted by Kumar et al. [91] examined the
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cytotoxic effects of pediocin CP2, which is produced by P. acidilactici CP2 MTCC5101, and its
recombinant version, a synthetic fusion protein cloned in E. coli BL21(DE3)-pedA. The
researchers tested these substances against various human cancer cell lines, including HepG2,
HelLa, and MCF7. Recombinant pediocin and native pediocin both showed the ability to inhibit
HepG2 and MCF7 cells in a dose-dependent manner. However, it seems that HelLa cells were
more resistant to the effects of these pediocins. The results of the DNA fragmentation method
revealed that the recombinant pediocin induced apoptosis of the cancer cells after 48 hours of

incubation, as reported by Kumar and co-workers [91].

As part of a previous study, researchers successfully used a technique involving the
cloning of recombinant Pediocin PA-1 in a yeast called Pichia pastoris [92]. They also observed
that the native pediocin produced by P. acidilactici PAC1.0 had a similar inhibitory effect on the
growth of two different cell lines: DLD-1, a human colon adenocarcinoma, and A-549, a human
lung carcinoma [92]. Interestingly, the regular pediocin PA-1 exhibited a cytotoxic effect even at
extremely low concentrations of 1.6 uM. On the other hand, the recombinant pediocin did not

show any effectiveness at this concentration.

In a recent study, two bacteriocins called rhamnosin and lysostaphin were produced in
high quantities in E. coli [83]. These bacteriocins were derived from probiotic bacteria
Lacticaseibacillus rhamnosus and Staphylococcus simulans, respectively. The purification
process involved immobilized-Ni?* affinity chromatography. The researchers then examined the
anti-cancer properties of these bacteriocins against CCA cell lines. It was discovered that both
bacteriocins were able to effectively hinder the growth of CCA cell lines in a manner that
depended on the dosage. Additionally, they were found to be less harmful to a normal

cholangiocyte cell line [83].
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7. Restrictions/limitations of bacteriocins as an anti-cancer factor

Bacteriocins have shown promise as anti-cancer agents; nevertheless, their application is
restricted for several reasons. First, their activity spectrum is limited, and they may not be
effective against all cancer cell types, limiting their utility as a broad-spectrum anti-cancer agent.
Second, they may have low in vivo bioavailability and stability, reducing their efficacy as an
anti-cancer agent. Rapid elimination from the body may also diminish their therapeutic
importance. Third, the use of bacteriocins as an anti-cancer drug may give rise to safety
concerns. Bacteriocins have the potential to be harmful to healthy cells and tissues, which can
result in unfavorable side effects such as cytotoxicity or the alteration of metabolic activities [93,
94]. Furthermore, the relatively short half-lives of these bacterial peptides present a significant
obstacle in the process of formulating cancer-curing drugs. The high expense of mass
production, a lack of resistance to proteolytic cleavage, poor distribution to cancer cells, and a
lack of well-designed clinical studies are some of the other difficulties [95, 96]. Therefore, it is
very necessary to confirm these findings in vivo before bacteriocins may be utilized as an anti-
cancer agent. It is required to perform further study in this field to confirm the methods and
genetically modify the naturally existing bacteriocins to overcome the constraints that were
highlighted before. To thoroughly investigate the possibility of bacteriocins serving as a
treatment for cancer, it is necessary to address these constraints and do further research in this

area.
8. Conclusions, recommendations and future prospects

Bacteriocins produced by LAB have a number of benefits that set them apart from other types of
anti-cancer drugs. They are regarded as safe and are well tolerated by the human body. They also

have a low level of toxicity and are highly selective for the cells that cause cancer. In addition to
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this, there is the possibility that they might be able to enter cancer cells and cause cell death.
Bacteriocins are a great choice for further study and clinical investigations due to their little harm
to normal cells and enhanced selectivity for various types of cancer cells. This makes them an
excellent prospect for further investigation. To further understand the processes of interaction
between bacteriocins and cell surface receptors to establish concrete results, consequences, and

outcomes, further research is necessary.

Despite the fact that research on LAB bacteriocins as anti-cancer agents is still in its
infancy, the findings that have been revealed so far are encouraging. Several studies have
suggested that LAB bacteriocins could be able to inhibit the development of cancer cells both in
vitro and in animal models of the disease. In addition, it has been demonstrated that the use of
LAB bacteriocins in conjunction with other anti-cancer drugs can increase the overall
effectiveness of the treatment. In furtherance of this, it is essential to have a full understanding of
the effectiveness of bacteriocins in different cell lines when tested in vivo. Chemical alterations,
such as the replacement of amino acids, cyclization, and the exchange of alkaline amino acids,
can be performed on bacteriocins to lengthen their half-lives and improve their stability.
Furthermore, it has been demonstrated that some bacteriocins have a synergistic effect when
coupled with other traditional anti-cancer drugs for the purpose of acting as chemotherapeutic
agents. It has been concluded, on an overall basis, that LAB bacteriocins, as well as bacteriocins
in general, have the potential to be used as anti-cancer therapies; this, however, is contingent

upon a substantial extensive study that needs more to be carried out in this field.

It is necessary to do more studies to fully understand the potential of LAB bacteriocins as
anti-cancer agents. This should involve studies to determine the optimal dose and delivery

method, as well as clinical trials to evaluate the products' efficacy and safety in human subjects,
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as well as further research. In the event that more research on the topic is carried out, LAB
bacteriocins have the potential to develop into a substantial new class of anti-cancer drugs.
Cancer patients would therefore have access to a second treatment option that is not only

effective but also risk-free as a result of this development.
Ethical approval

Not required

Ethics statement

Not applicable

Data availability

No data was used for the research described in the article. No data associated with this study has

been deposited into a publicly available repository.
References

[1] Hegde, P. S, & Chen, D. S. (2020). Top 10 challenges in cancer

immunotherapy. Immunity, 52(1), 17-35.

[2] WHO (World Health Organization) (2022). Cancer. Accessed on 25 April, 2023. URL.:

https://www.who.int/news-room/fact-sheets/detail/cancer

[3] Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36

cancers in 185 countries. CA: a cancer journal for clinicians, 68(6), 394-424.

[4] Chu, J. J., & Mehrzad, R. (2023). The biology of cancer. In The Link Between Obesity and

Cancer (pp. 35-45). Academic Press.

Page 27 of 40


https://www.who.int/news-room/fact-sheets/detail/cancer

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

[5] Pecorino, L. (2021). Molecular biology of cancer: mechanisms, targets, and therapeutics.

Oxford University Press.

[6] Wang, R. A, Li, Q. L., Li, Z. S., Zheng, P. J., Zhang, H. Z., Huang, X. F., ... & Cui, R.
(2013). Apoptosis drives cancer cells proliferate and metastasize. Journal of Cellular and

Molecular Medicine, 17(1), 205-211

[7] de Rossi, J., Arefeayne, Y., Robinson, A., & Segatori, L. (2022). Emerging technologies for

genetic control systems in cellular therapies. Current Opinion in Biotechnology, 78, 102833.

[8] Sonnenschein, C., & Soto, A. M. (2013). The aging of the 2000 and 2011 Hallmarks of

Cancer reviews: a critique. Journal of Biosciences, 38, 651-663.

[9] Payne, S., & Miles, D. (2008). Mechanisms of anticancer drugs. Scott-Brown's

Otorhinolaryngology: Head and Neck Surgery, 3, 134.

[10] Pérez-Herrero, E., & Fernandez-Medarde, A. (2015). Advanced targeted therapies in cancer:
Drug nanocarriers, the future of chemotherapy. European Journal of Pharmaceutics and

Biopharmaceutics, 93, 52-79.

[11] Guan, S., Wei, J., Huang, L., & Wu, L. (2020). Chemotherapy and chemo-resistance in

nasopharyngeal carcinoma. European Journal of Medicinal Chemistry, 207, 112758.

[12] Barocas, D. A., Alvarez, J., Resnick, M. J., Koyama, T., Hoffman, K. E., Tyson, M. D., ... &
Penson, D. F. (2017). Association between radiation therapy, surgery, or observation for

localized prostate cancer and patient-reported outcomes after 3 years. Jama, 317(11), 1126-1140.

[13] Kaur, J., EIms, J., Munn, A. L., Good, D., & Wei, M. Q. (2021). Immunotherapy for non-
small cell lung cancer (NSCLC), as a stand-alone and in combination therapy. Critical Reviews
in Oncology/Hematology, 164, 103417.

Page 28 of 40



640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

[14] Verma, D. K., Thakur, M., Singh, S., Tripathy, S., Gupta, A. K., Baranwal, D., ... &
Srivastav, P. P. (2022). Bacteriocins as antimicrobial and preservative agents in food:

Biosynthesis, separation and application. Food Bioscience, 46, 101594.

[15] Patel, A., Shah, N., & Verma, D. K. (2017). Lactic Acid Bacteria (Lab) Bacteriocins: An
Ecologicaland Sustainable Biopreservative approach to Improve The Safety and Shelf Life of
Foods. In Microorganisms in Sustainable Agriculture, Food, and the Environment (pp. 197-257).

Apple Academic Press.

[16] Pérez-Ramos, A., Madi-Moussa, D., Coucheney, F., & Drider, D. (2021). Current
knowledge of the mode of action and immunity mechanisms of LAB-

bacteriocins. Microorganisms, 9(10), 2107.

[17] Yi, Y., Li, P, Zhao, F., Zhang, T., Shan, Y., Wang, X, ... & L, X. (2022). Current status
and potentiality of class Il bacteriocins from lactic acid bacteria: Structure, mode of action and

applications in the food industry. Trends in Food Science & Technology, 120, 387-401.

[18] Vandenbergh, P. A. (1993). Lactic acid bacteria, their metabolic products and interference

with microbial growth. FEMS Microbiology Reviews, 12(1-3), 221-237.
[19] Khalid, K. (2011). An overview of lactic acid bacteria. Int. J. Biosci, 1(3), 1-13.

[20] Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M., Harris, H. M., Mattarelli, P., ... & Lebeer,
S. (2020). A taxonomic note on the genus Lactobacillus: Description of 23 novel genera,
emended description of the genus Lactobacillus Beijerinck 1901, and union of Lactobacillaceae
and  Leuconostocaceae. International ~ Journal  of  Systematic and  Evolutionary

Microbiology, 70(4), 2782-2858.

Page 29 of 40



661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

[21] Reis, J. A., Paula, A. T., Casarotti, S. N., & Penna, A. L. B. (2012). Lactic acid bacteria
antimicrobial compounds: characteristics and applications. Food Engineering Reviews, 4, 124-

140.

[22] Lee, H. J, & Kim, H. Y. (2011). Lantibiotics, class | bacteriocins from the genus

Bacillus. Journal of microbiology and biotechnology, 21(3), 229-235.

[23] Niamah, A. K. (2010). Production of pediocin like bacteriocin from a local isolate of
Pediococcus acidilactici and using it as foods preservative (Doctoral dissertation, Ph. D. Thesis,

College of Agriculture, University of Basrah, Irag.

[24] Hernandez-Gonzélez, J. C., Martinez-Tapia, A., Lazcano-Hernandez, G., Garcia-Pérez, B.
E., & Castrejon-Jiménez, N. S. (2021). Bacteriocins from lactic acid bacteria. A powerful
alternative as antimicrobials, probiotics, and immunomodulators in  veterinary

medicine. Animals, 11(4), 979.

[25] Mahdy, E. N. D., Al-Zahrani, S. H. M., & Al-Mahmoudi, Z. A. H. M. (2020). Partial
Purification, Characterization and Antibacterial Activity of Bacteriocin from Leuconostoc

Mesenteroidesint. J. Life Sci. Pharma Res, 10(3), L6-13.

[26] Xin, B., Liu, H., Zheng, J., Xie, C., Gao, Y., Dai, D., ... & Sun, M. (2020). In silico analysis
highlights the diversity and novelty of circular bacteriocins in sequenced microbial

genomes. Msystems, 5(3), e00047-20.

[27] Laukova, A., Czikkovd, S., Dobransky, T., & Burdova, O. (1999). Inhibition ofListeria
monocytogenesandStaphylococcus aureusby enterocin CCM 4231 in milk products. Food

Microbiology, 16(1), 93-99.

Page 30 of 40



682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

[28] Farizano, J. V., Diaz Vergara, L. I., Masias, E., Baillo, A. A, Torino, M. |, Fadda, S., ... &
Minahk, C. (2022). Biotechnological use of dairy by-products for the production and
microencapsulation of the food preservative enterocin CRL35. FEMS Microbiology

Letters, 369(1), fnac033.

[29] Kumariya, R., Garsa, A. K., Rajput, Y. S., Sood, S. K., Akhtar, N., & Patel, S. (2019).
Bacteriocins: Classification, synthesis, mechanism of action and resistance development in food

spoilage causing bacteria. Microbial pathogenesis, 128, 171-177.

[30] Cesa-Luna, C., Alatorre-Cruz, J. M., Carreno-Lopez, R., Quintero-Hernandez, V., & Baez,
A. (2021). Emerging applications of bacteriocins as antimicrobials, anticancer drugs, and

modulators of the gastrointestinal microbiota. Polish Journal of Microbiology, 70(2), 143-159.

[31] Goh, K. S., Ng, Z. J., Halim, M., Oslan, S. N., Oslan, S. N. H., & Tan, J. S. (2022). A
Comprehensive Review on the Anticancer Potential of Bacteriocin: Preclinical and Clinical

Studies. International Journal of Peptide Research and Therapeutics, 28(2), 75.

[32] Teixeira, V., Feio, M. J., & Bastos, M. (2012). Role of lipids in the interaction of

antimicrobial peptides with membranes. Progress in Lipid Research, 51(2), 149-177.

[33] Smits, S. H., Schmitt, L., & Beis, K. (2020). Self-immunity to antibacterial peptides by

ABC transporters. FEBS letters, 594(23), 3920-3942.

[34] Meade, E., Slattery, M. A., & Garvey, M. (2020). Bacteriocins, potent antimicrobial
peptides and the fight against multi drug resistant species: resistance is futile?. Antibiotics, 9(1),

32.

[35] Kaur, S., & Kaur, S. (2015). Bacteriocins as potential anticancer agents. Frontiers in

Pharmacology, 6, 272.

Page 31 of 40



704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

[36] Molujin, A. M., Abbasiliasi, S., Nurdin, A., Lee, P. C., Gansau, J. A., & Jawan, R. (2022).
Bacteriocins as Potential Therapeutic Approaches in the Treatment of Various Cancers: A

Review of In Vitro Studies. Cancers, 14(19), 4758.

[37] Baindara, P., Korpole, S., & Grover, V. (2018). Bacteriocins: perspective for the
development of novel anticancer drugs. Applied Microbiology and Biotechnology, 102, 10393-

10408.

[38] Oliveira, F. D., Castanho, M. A., & Gaspar, D. (2019). Bacteriocins as Anticancer Peptides:
A Biophysical Approach. In Microbial Infections and Cancer Therapy (pp. 367-409). Jenny

Stanford Publishing.

[39] Rios Colombo, N. S., Chalon, M. C., Navarro, S. A., & Bellomio, A. (2018). Pediocin-like
bacteriocins: new perspectives on mechanism of action and immunity. Current Genetics, 64,

345-351.

[40] Fernandes, A., & Jobby, R. (2022). Bacteriocins from lactic acid bacteria and their potential

clinical applications. Applied Biochemistry and Biotechnology, 194(10), 4377-4399.

[41] Wu, Y., Pang, X., Wu, Y., Liu, X.,, & Zhang, X. (2022). Enterocins: classification,
synthesis, antibacterial mechanisms and food applications. Molecules, 27(7), 2258.

[42] Huang, F., Teng, K., Liu, Y., Cao, Y., Wang, T., Ma, C., ... & Zhong, J. (2021).
Bacteriocins: Potential for human health. Oxidative Medicine and Cellular Longevity, 2021, 1-

17.

[43] Tsai, T. L., Li, A. C., Chen, Y. C,, Liao, Y. S., & Lin, T. H. (2015). Antimicrobial peptide
m2163 or m2386 identified from Lactobacillus casei ATCC 334 can trigger apoptosis in the

human colorectal cancer cell line SW480. Tumor Biology, 36, 3775-3789.

Page 32 of 40



726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

[44] Ankaiah, D., Palanichamy, E., Antonyraj, C. B., Ayyanna, R., Perumal, V., Ahamed, S. I.
B., & Arul, V. (2018). Cloning, overexpression, purification of bacteriocin enterocin-B and
structural analysis, interaction determination of enterocin-A, B against pathogenic bacteria and

human cancer cells. International Journal of Biological Macromolecules, 116, 502-512.

[45] Ahmadi, S., Ghollasi, M., & Hosseini, H. M. (2017). The apoptotic impact of nisin as a

potent bacteriocin on the colon cancer cells. Microbial pathogenesis, 111, 193-197.

[46] Al-Madboly, L. A., EI-Deeb, N. M., Kabbash, A., Nael, M. A., Kenawy, A. M., & Ragab,
A. E. (2020). Purification, characterization, identification, and anticancer activity of a circular
bacteriocin from Enterococcus thailandicus. Frontiers in bioengineering and biotechnology, 8,

450.

[47] Duy Nguyen, V., & Nguyen, H. H. C. (2015). Molecular screening of azurin-like anticancer
bacteriocins from human gut microflora using bioinformatics. In Advanced Computational
Methods for Knowledge Engineering: Proceedings of 3rd International Conference on Computer
Science, Applied Mathematics and Applications-ICCSAMA 2015 (pp. 219-229). Springer

International Publishing.

[48] Buss, G. P., & Wilson, C. M. (2021). Exploring the cytotoxic mechanisms of Pediocin PA-1
towards HelLa and HT29 cells by comparison to known bacteriocins: Microcin E492, enterocin

heterodimer and Divercin V41. Plos one, 16(9), e0251951.

[49] Niamah, A. K. (2018). Structure, mode of action and application of pediocin natural
antimicrobial food preservative: A review. Basrah Journal of Agricultural Sciences, 31(1), 59-

69.

Page 33 of 40



747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

[50] Patil, S. M., & Kunda, N. K. (2022). Nisin ZP, an antimicrobial peptide, induces cell death
and inhibits non-small cell lung cancer (NSCLC) progression in vitro in 2D and 3D cell

culture. Pharmaceutical Research, 39(11), 2859-2870.

[51] Sand, S. L., Nissen-Meyer, J., Sand, O., & Haug, T. M. (2013). Plantaricin A, a cationic
peptide produced by Lactobacillus plantarum, permeabilizes eukaryotic cell membranes by a
mechanism dependent on negative surface charge linked to glycosylated membrane

proteins. Biochimica et Biophysica Acta (BBA)-Biomembranes, 1828(2), 249-259.

[52] Martin, R., Escobedo, S., Martin, C., Crespo, A., Quiros, L. M., & Suarez, J. E. (2015).
Surface glycosaminoglycans protect eukaryotic cells against membrane-driven peptide

bacteriocins. Antimicrobial agents and chemotherapy, 59(1), 677-681.

[53] Kamarajan, P., Hayami, T., Matte, B., Liu, Y., Danciu, T., Ramamoorthy, A., ... & Kapila,
Y. (2015). Nisin ZP, a bacteriocin and food preservative, inhibits head and neck cancer

tumorigenesis and prolongs survival. PloS one, 10(7), e0131008.

[54] Gharsallaoui, A., Oulahal, N., Joly, C., & Degraeve, P. (2016). Nisin as a food preservative:
part 1. physicochemical properties, antimicrobial activity, and main uses. Critical reviews in

food science and nutrition, 56(8), 1262-1274.

[55] Azmi, M. F., Al Khateeb, A., Froemming, G. A., Ab Rahim, S., & Omar, E. (2021). Nisin

as a potential anticancer agent. Science, Engineering and Health Studies, 21010007-21010007.

[56] Garcia-Gutierrez, E., O’Connor, P. M., Saalbach, G., Walsh, C. J., Hegarty, J. W., Guinane,
C. M., ... & Cotter, P. D. (2020). First evidence of production of the lantibiotic nisin P. Scientific

Reports, 10(1), 3738.

Page 34 of 40



768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

[57] Paiva, A. D., de Oliveira, M. D., de Paula, S. O., Baracat-Pereira, M. C., Breukink, E., &
Mantovani, H. C. (2012). Toxicity of bovicin HC5 against mammalian cell lines and the role of

cholesterol in bacteriocin activity. Microbiology, 158(11), 2851-2858.

[58] Balcik-Ercin, P., & Sever, B. (2022). An investigation of bacteriocin nisin anti-cancer
effects and FZD7 protein interactions in liver cancer cells. Chemico-Biological Interactions, 366,

110152.

[59] Monfared, Y. K., Mahmoudian, M., Caldera, F., Pedrazzo, A. R., Zakeri-Milani, P.,
Matencio, A., & Trotta, F. (2023). Nisin delivery by nanosponges increases its anticancer
activity against in-vivo melanoma model. Journal of Drug Delivery Science and Technology, 79,

104065.

[60] Jaye, K., Li, C. G., Chang, D., & Bhuyan, D. J. (2022). The role of key gut microbial

metabolites in the development and treatment of cancer. Gut Microbes, 14(1), 2038865.

[61] Abdoullahi, S., Jahangiri, A., Shahali, M., Rashmezad, M. A., & Halabian, R. (2023).
Combination of Nisin and Glabridin Enhanced Apoptosis in Colorectal Cancer

Cells. International Journal of Peptide Research and Therapeutics, 29(3), 44.

[62] Ahmed, S. S. T. S., Abdulrahman, Z. F. A., & Othman, R. T. (2023). Anticancer activity of
cloned Nisin as an alternative therapy for MCF-7 brest cancer cell line. Cellular and Molecular
Biology, 69(9), 149-155.

[63[ Patil, S. M., Barji, D. S., Aziz, S., McChesney, D. A., Bagde, S., Muttil, P., & Kunda, N. K.
(2023). Pulmonary delivery of spray-dried Nisin ZP antimicrobial peptide for non-small cell lung

cancer (NSCLC) treatment. International Journal of Pharmaceutics, 634, 122641.

Page 35 of 40



789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

[64] Goudarzi, F., Esmaeilzadeh, M., & Yaghoubi, H. (2021). The mechanisms of anticancer
activity of Nisin peptide on myelogenous leukemia cell line (K562) as a new treatment: inducing
apoptosis by changing in the expression of Bax and Bcl-2 Genes. International Journal of

Peptide Research and Therapeutics, 27, 2661-2670.

[65] Hosseini, S. S., Hajikhani, B., Faghihloo, E., & Goudarzi, H. (2020). Increased expression
of caspase genes in colorectal cancer cell line by nisin. Archives of Clinical Infectious

Diseases, 15(2).

[66] Yousefy, Z., Esmaeili, D., & Goudarzi, H. (2020). Cloning and the expression of the protein
fusion enterocin-nisin-epidermicin as a candidate for the treatment of gastric cancer. Gene

Reports, 20, 100751.

[67] Ibrahim, N. E. S., Morsy, H., & Abdelgwad, M. (2021). The comparative effect of nisin and
thioridazine as potential anticancer agents on hepatocellular carcinoma. Reports of Biochemistry

& Molecular Biology, 9(4), 452.

[68] Fu, W., & Kapila, Y. L. (2021). Nisin, a probiotic bacteriocin, combined with limited
chemoradiation therapy in head and neck cancer. Archives of Clinical and Medical Case

Reports, 5(4), 531-536.

[69] Rana, K., Pandey, S. K., Chauhan, S., & Preet, S. (2022). Anticancer therapeutic potential of
5-fluorouracil and nisin co-loaded chitosan coated silver nanoparticles against murine skin

cancer. International Journal of Pharmaceutics, 620, 121744.

[70] Radaic, A., Malone, E., Kamarajan, P., & Kapila, Y. L. (2022). Solid Lipid Nanoparticles
Loaded with Nisin (SLN-Nisin) are More Effective Than Free Nisin as Antimicrobial,

Antibiofilm, and Anticancer Agents. Journal of Biomedical Nanotechnology, 18(4), 1227-1235.

Page 36 of 40



811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

[71] Preet, S., Bharati, S., Panjeta, A., Tewari, R., & Rishi, P. (2015). Effect of nisin and
doxorubicin on DMBA-induced skin carcinogenesis—a possible adjunct therapy. Tumor

Biology, 36, 8301-8308.

[72] Kumar, B., Balgir, P. P., Kaur, B., Mittu, B., & Chauhan, A. (2012). In vitro cytotoxicity of
native and rec-pediocin CP2 against cancer cell lines: a comparative study. Pharmaceutical

Analytical Acta, 1(6).

[73] Swacita, I. B. N., Suardana, I. W., Sudisma, I. G. N., & Wihadmadyatami, H. (2022).
Molecular identification of lactic acid bacteria SR6 strain and evaluation of its activity as an

anticancer in T47D cell line. Veterinary World, 15(6), 1583.

[74] Villarante, K. I, Elegado, F. B., lwatani, S., Zendo, T., Sonomoto, K., & de Guzman, E. E.
(2011). Purification, characterization and in vitro cytotoxicity of the bacteriocin from
Pediococcus acidilactici K2a2-3 against human colon adenocarcinoma (HT29) and human
cervical carcinoma (HeLa) cells. World Journal of Microbiology and Biotechnology, 27, 975-

980.

[75] Chikindas, M. L., Garcia-Garcera, M. J., Driessen, A. J., Ledeboer, A. M., Nissen-Meyer, J.,
Nes, I. F., ... & Venema, G. (1993). Pediocin PA-1, a bacteriocin from Pediococcus acidilactici
PACL. 0, forms hydrophilic pores in the cytoplasmic membrane of target cells. Applied and

Environmental Microbiology, 59(11), 3577-3584.

[76] Sharma, P., Kaur, S., Chadha, B. S., Kaur, R., Kaur, M., & Kaur, S. (2021). Anticancer and
antimicrobial potential of enterocin 12a from Enterococcus faecium. BMC microbiology, 21(1),

1-14.

Page 37 of 40



832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

[77] Viedma, P. M., Abriouel, H., Ben Omar, N., Lopez, R. L., Valdivia, E., & Galvez, A.
(2009). Assay of enterocin AS-48 for inhibition of foodborne pathogens in desserts. Journal of

Food Protection, 72(8), 1654-1659.

[78] Yusuf, M. (2018). Natural antimicrobial agents for food biopreservation. In Food packaging

and preservation (pp. 409-438). Academic Press.

[79] De Giani, A., Bovio, F., Forcella, M., Fusi, P., Sello, G., & Di Gennaro, P. (2019).
Identification of a bacteriocin-like compound from Lactobacillus plantarum with antimicrobial

activity and effects on normal and cancerogenic human intestinal cells. AMB Express, 9(1), 1-11.

[80] Das, D., & Goyal, A. (2014). Characterization of a noncytotoxic bacteriocin from probiotic
Lactobacillus plantarum DM5 with potential as a food preservative. Food & Function, 5(10),

2453-2462.

[81] Lépez-Cuellar, M. D. R., Rodriguez-Hernandez, A. I., & Chavarria-Hernandez, N. (2016).
LAB Dbacteriocin applications in the last decade. Biotechnology & Biotechnological

Equipment, 30(6), 1039-1050.

[82] Al-S'adoon, R. N. H., & Al-Rawi, A. M. (2023). A Novel in Vitro Evidence on Anticancer
Effect of Local lIsolate Enterococcus Faecalis Bacteriocin. Journal of Global Scientific

Research, 8(2), 2976-2986.

[83] Kerdkumthong, K., Chanket, W., Runsaeng, P., Nanarong, S., Songsurin, K., Tantimetta, P.,
... & Obchoei, S. (2023). Two recombinant bacteriocins, rhamnosin and lysostaphin, show
synergistic anticancer activity against gemcitabine-resistant cholangiocarcinoma Cell

Lines. Probiotics and Antimicrobial Proteins, 1-13.

Page 38 of 40



853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

[84] Siddiqui, A. J., Patel, M., Adnan, M., Jahan, S., Saxena, J., Alshahrani, M. M., ... & Ouhtit,
A. (2023). Bacteriocin-Nanoconjugates (Bac10307-AgNPs) Biosynthesized from Lactobacillus
acidophilus-Derived  Bacteriocins  Exhibit  Enhanced and Promising  Biological

Activities. Pharmaceutics, 15(2), 403.

[85] Krishnamoorthi, R., Srinivash, M., Mahalingam, P. U., Malaikozhundan, B., Suganya, P., &
Gurushankar, K. (2022). Antimicrobial, anti-biofilm, antioxidant and cytotoxic effects of
bacteriocin by Lactococcus lactis strain CH3 isolated from fermented dairy products—An in

vitro and in silico approach. International Journal of Biological Macromolecules, 220, 291-306.

[86] El-Dein, A. N., EI-Deen, A. M. N., El-Shatoury, E. H., Awad, G. A., Ibrahim, M. K., Awad,
H. M., & Farid, M. A. (2021). Assessment of exopolysaccharides, bacteriocins and in vitro and
in vivo hypocholesterolemic potential of some Egyptian Lactobacillus spp. International Journal

of Biological Macromolecules, 173, 66-78.

[87] Fathizadeh, H., Saffari, M., Esmaeili, D. et al. (2021). Anticancer Effect of Enterocin A-
Colicin E1 Fusion Peptide on the Gastric Cancer Cell. Probiotics & Antimicro. Prot. 13, 1443

1451.

[88] Abbdul-Kalig, M. T., Rasool, K. H., & Essa, R. H. (2020). Effect of Crude Bacteriocin
Isolated from Locally Lactococcus lactis on Cancer Cell Lines. Indian Journal of Forensic

Medicine & Toxicology, 14(1).

[89] Chen, Y. C., Tsai, T. L., Ye, X. H., & Lin, T. H. (2015). Anti-proliferative effect on a colon
adenocarcinoma cell line exerted by a membrane disrupting antimicrobial peptide KL15. Cancer

Biology & Therapy, 16(8), 1172-1183.

Page 39 of 40



874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

[90] Rayapu, V., Revathi, K., & Arunagirinathan, A. (2021). Isolation, Characterization of
Lactobacillus Delbrueckiiderived Bacteriocin and Assessment of its Bioactive Potential. Annals

of the Romanian Society for Cell Biology, 7520-7530.

[91] Kumar B., Kaur B., Balgir P. P., Garg N. (2011). Cloning and expression of bacteriocins

of Pediococcus spp. Archives of Clinical Microbiology, 2, 1-18.

[92] Beaulieu L. (2004). Production, Purification et Caracterisation de la Pediocine PA-1
Naturelle et de ses Formes Recombiantes: Contribution a la Mise en Evidence d’une Nouvelle

Activite Biologique. Quebec: Universite Laval.

[93] Dicks, L. M., Dreyer, L., Smith, C., & Van Staden, A. D. (2018). A review: the fate of
bacteriocins in the human gastro-intestinal tract: do they cross the gut-blood barrier?. Frontiers

in Microbiology, 9, 2297.

[94] Govari, M., Kafentzi, M. C., Pavlidis, D. E., Tsouggou, N., Pemaj, V., Slavko, A,, ... &
Papadimitriou, K. (2023). Antimicrobial Proteins and Peptides as a Promising Weapon to
Promote Food Safety Under the One Health Approach. In: Encyclopedia of Food Safety (Ed.

Smithers, G. W.). 2" Ed., Elsevier B.V., pp. 510-530

[95] Yaghoubi, A., Khazaei, M., Avan, A., Hasanian, S. M., & Soleimanpour, S. (2020). The
bacterial instrument as a promising therapy for colon cancer. International Journal of Colorectal

Disease, 35, 595-606.

[96] Liu, H., Hu, Y., Qi, B,, Yan, C., Wang, L., Zhang, Y., & Chen, L. (2022). Network
pharmacology and molecular docking to elucidate the mechanism of pulsatilla decoction in the

treatment of colon cancer. Frontiers in Pharmacology, 13.

Page 40 of 40



List of Tables

Table-1: Several significant findings emerged from the trials that evaluated the effectiveness of Nisin, either on its own or in

combination with other compounds, as a potential anti-cancer treatment for various types of cancer cells.

Nisin type Bacterial Cancer cell type Anti-cancer activity and remarks References
source

Nisin ) Colorectal cancer cells Colorectal cancer was effectively suppressed by [61]
reducing the Bcl-2/Bax ratio and increasing the
activity of caspase-3.

Nisin A ) MCEF-7 breast cancer cell Nisin demonstrated significant and specific [62]

line cytotoxicity against the MCF-7 cell line, with an 1Cso

value of 11.68 pg/mL.

Nisin Z ) Melanoma cancer The utilization of nisin in a nano-formulation resulted | [59]
in a significant reduction of CD31 expression, which
is an important factor in angiogenesis, within tumor
tissues.

Nisin ZP ) Non-small cell lung cancer The results of the in vitro cytotoxicity studies [63[

demonstrated the significant inhibition of lung cancer
cells with KRAS mutation, regardless of p53 tumor
protein expression. This effect was observed in both

A549 cells, which overexpress p53, and H1299 cells,




which have non-functional p53. Additionally, nisin ZP
was found to be effective against EGFR mutations in
H1975 cells.

Nisin

Myelogenous leukemia cell
line (K562)

Genes and proteins associated with cell survival were
decreased, while genes and proteins related to cell
death were increased. Nisin exhibited a significant
anti-cancer effect on K562 cells by modulating the
expression of Bcl-2 and Bax genes, primarily through

the intrinsic pathway involving mitochondria.

[64]

Nisin

Colorectal cancer

During the in vitro experiment, there was a notable
increase in the mRNA expression level of bax,
bax/bcl2 ratios, caspase 3, and caspase 9. On the other
hand, there was no notable rise in the mMRNA
expression level of caspases 6 and 8 following 24-hour

and 48-hour incubation.

[65]

Nisin

Gastric cancer

After analyzing cancer cells, it was shown that Nisin

had the highest level of apoptosis.

[66]

Nisin A

Lactococcus
lactis subsp.

lactis

Head and neck squamous
cell carcinoma (HNSCC)

cells

Apoptosis was induced in head and neck squamous
cell carcinoma cells by means of a route that was

dependent on calpain.

[53]




Nisin A Lactococcus | Colon cancer cells (SW480 | There was a significant anti-proliferative impact as [45]
lactis subsp. cells) well as an increase in the apoptotic index (the ratio of
lactis bax to bcl-2) at both the mRNA and protein levels.
Nisin A Lactococcus Human liver cancer (HepG2 | In hepatocellular carcinoma cells, this resulted in a [67]
lactis subsp. cell line) suppression of both cell growth and the expression of
lactis mRNA and protein encoding PI3K and AKT.
Nisin Z Lactococcus | Head and neck cancer Both the size of the tumor and the number of cancer [68]
lactis subsp. cells with characteristics that promote apoptosis had
lactis decreased.
Nisin A Lactococcus Liver cancer cell lines (HuH- | TWIST1 expression was observed to be decreased [58]
lactis subsp. 7, and SNU182) following nisin treatment when compared to untreated
lactis SNU182 and HuH-7 cell lines. This finding was made
in regard to the examination of the expression of EMT
transcription factors ZEB1, SNAIL, and TWIST1 in
relation to nisin treatment.
Nisin Lactococcus Murine skin cancer Shown a statistically significant reduction in both the | [69]
lactis subsp. mean volume of tumors (68.34%) and the mean
lactis burden of tumors (82.39%). In addition to this, it

repaired the histoarchitecture of the skin and enhanced

the oxidant/antioxidant condition.




Nisin Lactococcus | Breast cancer and liver When the nisin concentration was increased to 140 [57]
lactis subsp. hepatocellular carcinoma; mM, the cell viability of both cell lines dropped to less
lactis MCF-7 (human breast than 20%. The decrease in cell viability of cancer cell
adenocarcinoma cell line), lines was demonstrated to be dependent on the dosage.
HepG2 (human hepatoma Observations were made of cell shrinkage,
cells) vacuolization of cytoplasm, condensation, and
lateralization of nucleus at concentrations above 1Cso.
Nisin Z Lactococcus | Colon and breast cancer cells | HT-29 cancer cells were shown to be more susceptible | [70]
lactis subsp. (HT-29) to the cytotoxic effects of the treatment than MCF-7
lactis cancer cells.
Nisin ZP Lactococcus Lung cancer (A549 and In non-small cell lung cancer, caused apoptosisanda | [50]
lactis subsp. H1299) halt in the cell cycle in the GO/G1 phase regardless of
lactis whether or not the tumor protein p53 was present.
Nisin-loaded Lactococcus | Oral squamous cell Significant changes in morphology were seen in [70]
solid lipid lactis subsp. carcinoma cell (OSCC) OSCC cells that were challenged with SLN-Nisin.
nanoparticles lactis These changes were found in comparison to the

(SLN-Nisin)

empty-nanoparticle or free nisin. These modifications
indicate that SLN-Nisin likely affects cell viability by

increasing pore development.

- Not reported




Table-2: Some key findings from the trials conducted to assess the efficiency of pediocin as an

anti-cancer agent.

o _ Type of cancer | Pediocin
Pediocin type Bacterial source _ o References
cell line activity
o Pediococcus o
Pediocin SR6 T47D Inhibits growth [48]
pentosaceus SR6
o Pediococcus Strongly inhibits
Pediocin PA-1 o HelLa [73]
acidilactici growth
Pediococcus
Pediocin CP2 acidilactici MCF-7 Inhibits growth [72]
MTCC 5101
Pediococcus
Pediocin K2a2-3 | acidilactici HT2a Inhibits growth [74]
K2a2-3
Pediococcus o
o PR, N Weakly inhibits
Pediocin PA-1 acidilactici A549 [75]

PACL1.0

growth




Table-3: Some significant findings emerged from the trials that evaluated the effectiveness of different

bacteriocins as a potential anti-cancer treatment for various types of cancer cells.

Bacteriocin _ Molecular )
Bacterial source ) Cancer cell lines References
type weight (kDa)
- Enterococcus Faecalis | 27 MCF-7, WRL68 [82]
) Lacticaseibacillus CCA [83]
Rhamnosin o ND ) )
rhamnosus (probiotic) (Cholangiocarcinoma)
) Staphylococcus CCA [83]
Lysostaphin | ND ) )
simulans (Cholangiocarcinoma)
Lactobacillus
Bac10307 ) ) 4.2 HepG2 [84]
acidophilus
Nisin Lactococcus lactis 3.5 NHDF cells [85]
Pediococcus
- ND T47D [73]
pentosaceus
) HCT-116, PC-3 and
- Lactobacillus - [86]
HepG-2
Colicin E1 _
_ AGS gastric cancer cell
and Enterococcus faecalis ND ' [87]
ines
enterocin A
various human cancer
_ Enterococcus cell lines (HeLa, HCT-
Enterocin _ 65 [76]
faecium 12a 15, A549, MG-63, and
normal human PBMCs)
- Lactococcus lactis ND MCF-7, CCL-119 [88]



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/enterococcus-faecalis

Enterocin Enterococcus
) ) ND HepG2 [46]
LNS18 thailandicus
Bovicin Streptococcus bovis
2.4 MCF-7, HepG2 [57]
HC5 HC5
Plantaricin Lactiplantibacillus GH4, Reh, Jurkat,
ND [51]
A plantarum C11 PC12, N2A
Plantaricin Lactiplantibacillus
15.20 HelLa [80]
DM5 plantarum DM5
m2163 ) o ) [43]
) Lacticaseibacillus casei | 2.70 SW480
peptide
m2386 _ o ) [43]
) Lacticaseibacillus casei | 2.70 SW480
peptide
KL15 _ o [
) Lacticaseibacillus casei | 1.90 SW480, CaCo-2 [89]
peptide
Plantaricin Lactiplantibacillus
1.05 E705 [79]
P1053 plantarum PBS067
- ) HelLa, MCF-7,
Lacticin Lactobacillus
N 13.00 HT1080, H1299, [90]
delbrueckii
HEK293T,

ND: Not Detected; - Not reported
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Bacteriocins of Lactic Acid Bacteria

Lantibiotic Unmodified Large Protein Complex Proteins with Cyclic Peptides
(£5kDa) Peptide (< 10 kDa) (= 30 kDa) Lipid or Carbohydrate (5.5-7.5 kDa)

Ia: e.g. Nisin IIa: e.g. Pediocin PA-1 \ IIIa: e.g. Bacteriolysins \ e.g. Plantaricin S and A e.g. Enterocin AS-48
Ib: e.g. Mersacidin IIb: e.g. Lactacin F IIIb: e.g. Nonlytic Leuconocin S
Ic: e.g. Subtilosin A Ilc: e.g. Enterocin LS50
Id: e.g. Sactipeptides IId: e.g. Aureocin A53
Ie: e.g. Glycocins
If: e.g. Lasso peptides o \ J ) )

Figure-1: A schematic illustration of the classification of bacteriocins produced by lactic acid bacteria.
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Figure-2: Schematic presentation on the production of bacteriocin and its mechanism [14, 29, 40, 41].
Following translation, the prepeptide goes through posttranslational modifications, resulting in the
formation of altered amino acid residues within the prepeptide. After that, the prepeptide is moved
across the cytoplasmic membrane to the exterior of the cell. A proteolytic enzyme subsequently cleaves
the prepeptide to eliminate the N-terminal signal peptide. The N-terminal signal sequence serves three
crucial functions. Initially, the signal sequence, also known as a transit peptide, functions as a genuine
indicator that these peptides are intended for secretion to the extracellular environment. Furthermore,
the prepeptide form remains inactive, guaranteeing that the bacteriocins are only activated once they
have been secreted. Ultimately, through its interaction with the C-terminal region, the signal sequence
imparts a distinct conformation to the prepeptide, which is a precursor to a bacteriocin. The precise
arrangement is necessary for the enzymes to identify the prepeptide and produce altered amino acid
residues. The genes responsible for producing active bacteriocins, including those that encode the
bacteriocin prepeptide, modification enzyme, transport machinery, protease for signal peptide removal,

immunity, regulation, and more, are all located together in a single gene cluster.
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Figure-3: Schematic presentation on various mechanisms to inhibit and limit the growth of cancer

cells, while antibiotics employ specific molecules and mechanisms to effectively combat cancers. [6,
42, 43, 44]. [Abbreviations: ROS: reactive oxygen species; ATP: Adenosine triphosphate]
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Figure-4: Schematic depiction of the mechanism of action of nisin in relation to the suppression of cancer cells [60]. Exploring the
intricate workings of nisin's impact on cancer cell lines involves delving into the molecular mechanisms at play. These mechanisms
encompass the influx of calcium molecules, the expression of the apoptosis-mediator CHACL cation transport regulator, and the

induction of cell cycle arrest.



Highlights:

Important lactic acid bacteria-produced bacteriocins have been focussed.

e Safe bacteriocins are identified as an alternative to existing cancer treatments.

e Cationic and amphiphilic bacteriocins have shown anti-cancer activities.

e Cationic bacteriocin reacts with anionic cell membranes to prevent cancer growth.
e Lacking in in vivo anti-cancer analysis, bacteriocins have been suggested for future

study.
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