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What is cancer?

Cancer is the second leading cause of death in the world, with about 10
million people dying from cancer every year.[1] According to the increasing
trend of cancer in the world, it is predicted that this figure will reach 25
million people by 2040.[2] Cancer is a disease caused by somatic mutations
in the genome. This mutation, by changing the function of genes, causes a
disruption in the cell cycle, which leads to the escape of cells from the
suppressors of their uncontrolled growth and proliferation, and resistance
to cell death, and turns a normal cell into an abnormal cancer cell, and in
Finally, it leads to dysfunction of different organs of the body.[3, 4] These
cancer cells can attack the surrounding tissues and spread in other parts of
the body, this process is called metastasis. The leading cause of cancer-
related deaths is metastasis.[5]

Risk factors for cancer

Hereditary genetic factors

Sunlight[6]

Obesity[7]

Exposure to environments with radiation, chemicals [8]

Smoking

Alcohol use

Low consumption of fruits and vegetables

Physical inactivity [9]

Infectious agents include viruses, parasites, bacteria, and fungi.

Not breastfeeding (Lactation)

Red meat and processed meats

Increased adult height[10]

Environmental carcinogens include air, drinking water and soil
pollutants[11]

Important viruses in cancer include the following:

human T-cell lymphotrophic virus

human immunodeficiency virus

hepatitis B virus

hepatitis C virus

human papillomavirus

Epstein-Barr virus

human herpes virus 8[10]

Types of cancers include:

Bladder cancer, cervical cancer, breast cancer, colorectal cancer,
endometrial cancer, gallbladder cancer, kidney cancer, liver cancer, lung
cancer, oral and throat cancer, laryngeal cancer, nasopharyngeal cancer,
esophageal cancer, ovarian cancer, pancreatic cancer, prostate cancer, skin
cancer, and stomach cancer. The most common cancers are colon and lung
cancer, prostate cancer in men and breast cancer in women.[12]

You can refer to the following address to read more about types of cancer
and the importance of lifestyle factors in causing types of cancer:
https://www.wcrf.org/diet-activity-and-cancer/cancer-types/

Prevention and treatment of cancer

One of the effective ways to prevent cancers, according to the World
Health Organization (WHO), is to maintain a healthy lifestyle. This includes
avoiding smoking and excessive sun exposure, controlling infections,
consuming fruits and vegetables, increasing physical activity, and reducing
alcohol and red meat consumption.[13, 14]

Cancer treatment strategies include surgery, radiotherapy and
immunotherapy; However, these methods are not always responsive due to
their limitations, the possibility of recurrence and further spread of cancer,
their side effects, and the emergence of treatment-resistant cancers, and
we need a new solution to fight this global challenge.[4, 15] The ability of
bacteria to target tumors and cancers is a new and promising method that
has attracted the attention of scientists. [16] In the continuation of the
publication, we will learn more about this method.
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Abstract:

The intestinal microbiota, which is predominantly comprised of bacteria, is
believed to have a substantial influence on the health and general well-
being of the host. The presence of a balanced gut microbiome has a positive
impact on the health of the host through its ability to modulate the immune
system, protect against intestinal pathogens, and provide essential
vitamins and nutrients. The intestinal mucosa serves as a crucial interface
connecting the immune system with the external environment. The
dysbiotic gut refers to an imbalance of microorganisms in the digestive
system. Pathogenic microbes, which are harmful bacteria, have a negative
impact on the host's body and can lead to the development of tumors
through several mechanisms. In a state of dysbiosis within the gut, the
microbiota cross the epithelial barrier and infiltrate the host tissues,
leading to the development of tumors. This review covers the latest data on
effects of gut microbiome on the most prevalent canine cancers. PubMed,
Scopus, and Google Scholar were searched for clinical trials on canine
cancer and gut microbiome in dogs. The commensal bacteria and their
secretory components are crucial in eradicating pathogens and preventing
several diseases, including the development of cancer.

Key Words: Microbiome, Cancer, Dog, Gut microbiota

Introduction:

The gut microbiota plays a crucial role in various metabolic activities,
protection against pathogens, managing the immune system, and
influencing a wide range of physiological functions. (S M O'Mahony 2014)

It is essential for mammals as it contributes significantly to the production
of short-chain fatty acids (SCFAs) from dietary fiber, the synthesis of
vitamin B and vitamin K, the metabolism of various substances including
sterols and xenobiotics, and the regulation of immunological processes.
However, there have been claims suggesting that it plays a role in various
illnesses, such as cancer, liver disease, obesity, and neuropsychiatric
disorders.(Akbar, 2022; Gerard Clarke 2014)

The intestinal microbiota, which is predominantly comprised of bacteria, is
believed to have a substantial influence on the health and general well-
being of the host. (Yan Wang 2013)

Canine gastrointestinal microbiota primarily comprises the following phyla:
Actinobacteria, Firmicutes, Bacteroidetes, Fusobacteria, and
Proteobacteria. (Inhwan You 2021)

Dysbiosis, an alteration in the bacterial composition of the intestines, has
been documented in both early and advanced stages of cancer in humans.
(de Vos WM, 2012; Feng Q, 2015; Smruti Pushalkar 2018)

Canine gastrointestinal microbiota primarily has been found to have a
potential contribution to the development of tumors and is associated with
approximately 20% of all cancer cases. (Smruti Pushalkar 2018)

The gut microbiome has the potential to influence the effectiveness of
chemotherapy medications. The commensal microbiota activates
inflammasomes, which play a crucial role in preserving the cellular and gut
integrity of the host.(Riquelme E, 2019; Smruti Pushalkar 2018)

Research studies have demonstrated that bacteria and their secreted
metabolites play a role in both the development of cancer and the potential
interference with the effectiveness of anti-cancer drugs. Disruption of the
balance in the gut microbiota can lead to the invasion of commensal
bacteria into the gut lining and surrounding tissues, resulting in
inflammation. It has been demonstrated that chronic inflammation can
contribute to the formation of tumors.(Changting Meng, 2018; Eva
Doorakkers 2016; Na Wu, 2013; Naoko Hattori 2016; Weiguang Chen, 2012)
Literature selection and screening

A search strategy was created to gather relevant material from PubMed,
Scopus, and Google Scholar for the review. We gathered literature on gut
microbiome OR microbiota OR dysbiosis AND cancer AND dogs OR
veterinary medicine using specific keywords.

The immunomodulatory roles of gut microbiome:

The gut microbiota plays a crucial role in maintaining the health of humans
and animals by actively contributing to important physiological processes
and development in the host. The presence of gastrointestinal and systemic
illnesses is often linked to changes in the microbial populations within the
intestines. Hence, directing attention towards gut microbiota could prove
to be beneficial in the context of diagnosis and therapeutic procedures.

The objective of this study is to investigate the role of the canine gut
microbiome in various types of cancer. The gastrointestinal (Gl) tract has an
intricate ecology of diverse microorganisms including bacteria, viruses,
fungus, and protozoa. Bacteria make up the majority of the microorganisms
found in the intestines, accounting for almost 98% of the genetic
sequencing data obtained from fecal samples in dogs and cats. Fungal
organisms have been recognized as a typical constituent of the microbiota
in the small and large intestine. The gut microbiome primarily comprises
anaerobic bacteria, both strict and facultative, with a particular abundance
in the densely populated large intestine. The most common bacterial
groups found in dogs and cats are Firmicutes, Fusobacteria, and
Bacteroidetes. The intestinal bacteria have the ability to either create or
transform compounds from the diet or medications into metabolites that
are produced from bacteria. The gut microbiome is regarded as a significant
metabolic organ. The intestinal bacteria are a component of a complex
connection involving the intestinal epithelial cells, the intestinal mucus
layer, the host immune system, and the luminal environment.(Paula R
Giaretta 2020; Susan M. Wernimont, 2020)

The presence of a balanced gut microbiome has a positive impact on the
health of the host through its ability to modulate the immune system,
protect against intestinal pathogens, and provide essential vitamins and
nutrients.(Honneffer, 2017; Lauren E Ritchie 2008; Nicholas Arpaia 2013)
The composition of the microbiota is partially changed by factors such as
nutrition, antibiotics, chemotherapeutics, gut inflammation, and structural
changes in the intestine.(Paula R Giaretta 2020; Susan M. Wernimont, 2020)
Commensal bacteria have a crucial role in regulating the human immune
system, influencing gut shape and pathogen recognition. This connection
enables effective defense against infections and modulates antigen
tolerance mechanisms. To alter the immunological roles of tissues locally
and systemically, microorganisms must be sensed and complex feedback
loops between innate and adaptive immune system components are
necessary. The gut mucosa connects the immune system to the
environment. Several studies indicate that germ-free animals have
decreased intestine lymphoid cell density and serum immunoglobulin (Ig)
levels.(Giovanni Cammarota 2014)

The intestinal mucosa serves as a crucial interface connecting the immune
system with the external environment. The findings from multiple studies
indicate that germ-free animals exhibit a reduced density of lymphoid cells
in the intestinal mucosa and a decreased quantity of immunoglobulins (Ig)
in their serum. The exposure of these animals to commensal microbes
results in a rapid increase of lymphocytes and immunoglobulins in the
bowel, as well as an increase of Ig in the serum.(Elisabetta Mondo, 2019)
The immune system and microbiome have a dynamic relationship.
Lymphocyte development and control T helper type 1 and type 2 cells can
be impacted by bacteria. These bacteria can decrease NF-kB by producing
butyrate and acetate. Additionally, they can interact with receptors that are
connected to G proteins. The presence of Toll-like receptors in the
intestinal mucosa triggers a cascade of events that leads to the generation
and release of inflammatory mediators such as cytokines and phagocytes.
(Elisabetta Mondo, 2019; Elisabetta Mondo* & Garraway, 2018)

Gut microbiome and cancer:

Genetic mutations and epigenetic disruption can cause cancer by turning a
normal cell into a highly malignant cancer cell. In recent decades, genetic
mutations, proliferation, and cancer have been extensively researched. The
increased cancer risk in mutagen-exposed workers supported the multiple
etiology. Studies indicated that the intestinal microbiota, dominated by
bacteria, affects host health. Drug metabolism, immunological activation,
and immunotherapy response are heavily influenced by the microbiota. An
unhealthy gut bacterial community, dysbiosis, has been seen in early and
late-stage cancer patients.(Argyle, 2020; Bertone-Johnson, 2002; Gerald N
Wogan 2004; Jueng Soo You 2012; K C Pinello, 2019; Katia Pinello 2022;
Peter Rabinowitz, 2009; Reif, 2011; Schmidt, 2009; Vail, 2019;
Vancheswaran Gopalakrishnan 2018)

The gut microbiome is influenced by multiple variables, including lifestyle,
environment, and disease. Diet is a crucial determinant of the structure and
function of the microbiome. Evidence indicates that the diet and
composition of the microbiome have an impact on the immune response.
Furthermore, malnutrition greatly influences the response to cancer
therapy. Other characteristics, including as age, breed, and body condition
score, particularly the presence of Fusobacterium, have an impact on the
gut microbiome, with higher abundance observed in the older group.
Conversely, the prevalence of tumors is influenced by factors like as age,
breed, and body condition scores.(Inhwan You 2021; J. Philip Karl,
2013_2018; Noemi Redondo-Useros, 2020; Ping Deng 2014)



Because inflammation supports tumor development, tumor cell invasion
and metastasis accelerate. Several inflammatory cytokines can directly
damage epithelial cell DNA, causing inflammation-related malignancies.
Furthermore, the gut microbiota is linked to several cancers. When gut
microbiota equilibrium is upset, commensal bacteria may penetrate the gut
lining and adjacent tissues and cause inflammation. Chronic inflammation
has been linked to tumor growth. Because inflammation supports tumor
development, tumor cell invasion and metastasis accelerate. Several
inflammatory cytokines can directly damage epithelial cell DNA, causing
inflammation-related malignancies.(Changting Meng, 2018; Eva Doorakkers
2016; Na Wu, 2013; Naoko Hattori 2016; Weiguang Chen, 2012)

The dysbiotic gut refers to an imbalance of microorganisms in the digestive
system. Pathogenic microbes, which are harmful bacteria, have a negative
impact on the host's body and can lead to the development of tumors
through several mechanisms. Specifically, when there is an imbalance of
microorganisms in the gastrointestinal system, it can result in the formation
of both non-cancerous and cancerous tumors. A study found that the gut
microbiota can infiltrate bodily tissues and induce tumor formation in
germ-free mouse models that lack IL-10, a crucial cytokine involved in the
host's defense against cancer. IL-10 is renowned for its exceptional efficacy
as an anti-inflammatory cytokine and its crucial role in monitoring the
immune system for tumors and eradicating cancer.(Jean-Philippe
Nougayrede 2006; Kristen L Dennis 2013)

The canine mammary tumor is a prevalent form of tumor, accounting for
around 50% of malignant cases. Several studies have reported that the
microbiome has the potential to increase the risk of cancer, either directly
within the tumor or indirectly within the gut or oral cavity. The gut bacteria
have the ability to impact the activation of the immune system, leading to
the promotion of cancer-associated inflammation. This, in turn, can have an
effect on how tumors respond to various therapies. For instance, the gut
microbiota, acting as a host factor, can play a role in mediating tumor
responses to chemotherapy and immunotherapy in patients diagnosed with
melanoma and lung cancers.(Bertrand Routy 2018; Matthew E Griffin 2021;
Riquelme E, 2019; V Gopalakrishnan 2018; Vyara Matson 2018)

The analysis of the intratumor microbiome was initially conducted in 2020,
revealing that the most prevalent bacteria in breast tumors belonged to the
phyla Proteobacteria, Firmicutes, and Actinobacteria. The bacterial
composition of CMT was analyzed by Zheng et al using the 16S rRNA high-
throughput sequencing technology. The phylum-level analysis revealed
that the most abundant intratumor microbes were Proteobacteria,
Firmicutes, Bacteroidota, and Actinobacteria.(Deborah Nejman 2020; Hui-
Hua Zheng, 2022)

A study conducted in 2023 and 2017 revealed that dogs with lymphoma
exhibited a decrease in the relative abundance of Bacteroidetes, while the
proportions of Clostridia and Proteobacteria were found to be increased.
Additionally, there was an expansion of other organisms that are typically
present in small quantities in the microbiome of healthy animals. The
diversity of the microbiome is typically decreased in individuals with
gastrointestinal diseases, although there may be slight variations
depending on the specific disease and analysis technique. The bacterial
species that are reduced in these subjects are typically those that produce
short-chain fatty acids (SCFAs).(Bae, 2023)

The most prevalent SCFAs are acetate, propionate, and butyrate, generated
by intestinal anaerobic fermentation of food fibres. Faecalibacterium
prausnitzii and Clostridium leptum of the family Ruminococcaceae and
Eubacterium rectale and Roseburia spp. of the family Lachnosiraceae are
the principal butyrate-producing bacteria in the human Gl tract. Depending
on their genes, Actinobacteria, Bacteroidetes, Fusobacteria, and
Proteobacteria can generate butyrate. Short-chain fatty acids (SCFAs) fuel
colonocytes, strengthen tight junctions, regulate intestinal motility, and
stimulate the synthesis of anti-inflammatory chemicals, including
immunoregulatory T cells. Reduced SCFA synthesis can disrupt mucosal
barrier integrity, produce harmful microbial metabolites, and dysregulate
host immunological function. These alterations cause and maintain
intestinal inflammation. Because of this role, SCFA production changes are
linked to cancer. Commensal bacteria in the colon activate the immune
system and produce inflammatory cytokines and pathogenic germs in a
pro-inflammatory state.(A Gavazza, 2018; Bae, 2023; Daniela Parada
Venegas 2019; Patrick M Smith, 2013)

In colorectal adenoma and carcinoma H. pylori, E. coli, Streptococcus
gallolyticus, Fusobacterium spp., and Bacteroides fragiles have been found
in feces and tumors. Human patients with early and late stages of colorectal
cancer have different fecal microbial communities, suggesting that

microbiota members could be biomarkers for detection and treatment.
(Aleksandar D. Kostic, 2012)

The fecal- and mucosa-associated microbiota of 10 dogs with colorectal
epithelial tumors and 13 controls were characterized by 16S rRNA analysis.
The fecal microbial community in dogs with tumors was different from
control samples due to an overrepresentation of Enterobacteriaceae,
Fusobacteriacecae, Bacteroides, Helicobacter, Porphyromonas,
Peptostreptococcus, and Streptococcus and a lower abundance of
Ruminococcaceae, Slackia, Clostridium XlI. the community of bacteria in
tumor tissue and adjacent non-tumor tissue were similar. Slackia,
Roseburia, and unclass possibly active bacteria were more abundant in
non-tumor tissue than tumor tissue.(Herstad K, 2018; Joseph P Zackular
2014; Na Wu, 2013)

In a study conducted by Omori et al.,98 feces samples were analyzed using
16S rRNA gene next-generation sequencing to evaluate the fecal microbiota
in dogs with intestinal cancer (n = 8), dogs with IBD (n = 8), and healthy dogs
(n = 15). They demonstrated that the bacterial makeup of intestinal
lymphoma-affected dogs differed from that of healthy and IBD-affected
dogs. Dogs with diseases and those in good health did not vary at the
phylum level; yet, important distinctions were found at lower phylogenetic
levels. The groups Porphyromonadaceae and Paraprevotellaceae within
the phylum Bacteroidetes exhibited notable modifications. canines with
intestinal lymphoma had higher levels of Porphyromonadaceae compared
to healthy dogs.(Marie Omori, 2017)

The subjects with intestinal lymphoma exhibited significant increases in
organisms belonging to the Eubacteriaceae family which are known to
produce butyrate. In fact, the commensal bacteria capable of producing
butyrate have the ability to stimulate the development of colonic
regulatory T-cells (Tregs). This study revealed that 50% of dogs diagnosed
with intestinal lymphoma displayed an increased concentration of
regulatory T cells (Tregs) within the intestinal lesions. The aforementioned
statements suggest that the rise in Eubacteriaceae could potentially be
linked to the higher count of Tregs in canine intestinal lymphoma, possibly
due to excessive production of butyrate.(Nielson T Baxter 2014; Qingchao
Zhu 2014)

The gastrointestinal system of animals and humans is inhabited by many
bacteria that protect the host's body against harmful effects. The
commensal bacteria and their secretory components are crucial in
eradicating pathogens and preventing several diseases, including the
development of cancer. While not all bacteria participate in the elimination
of tumors, a significant number of them are recognized for their role in
promoting the growth of cancer. In a state of dysbiosis within the gut, the
microbiota, the epithelial barrier and infiltrate the host tissues, leading to
the development of tumors. when the bacteria enter the body, release
compounds that can attract immune cells from the host to attack
contaminated tissues and hinder the development of cancer. Further
assessment is required to evaluate the efficacy of manipulating the gut
microbiota as a treatment approach.
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Cancer and Its Potential for Microbial Cellular
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Abstract

The field of cancer research has made significant progress in understanding the influence of microorganisms on tumorigenesis and treatment responses. This
paper focuses on Fusobacterium nucleatum (F. nucleatum), a bacterium strongly implicated in colorectal cancer (CRC). We delve into its role in carcinogenesis,
mechanisms of action, and innovative therapeutic strategies, particularly microbial cellular therapies. Drawing from recent studies and data, we provide a
comprehensive overview of how targeting F. nucleatum could revolutionize CRC treatment. CRC remains a major global health burden, with increasing evidence
linking the microbiome to its pathogenesis. This essay examines F. nucleatum, a Gram-negative anaerobic bacterium, and its impact on colorectal carcinogenesis,
highlighting its potential as a target for novel microbial cellular therapies. Epidemiological studies consistently report a higher prevalence of F. nucleatum in CRC
tissues, correlating with advanced disease stages and poorer outcomes. Mechanistically, F. nucleatum promotes tumorigenesis through chronic inflammation,
immune modulation, and genomic instability. Recent research identifies virulent subtypes, such as Fna C2, thriving in the tumor microenvironment. Moreover, F.
nucleatum's presence is associated with resistance to conventional chemotherapeutics and immunotherapies. Leveraging its tumor-targeting ability, F. nucleatum
is being explored as a vehicle for microbial cellular therapies, delivering anticancer agents directly to tumor sites. Preclinical studies show promise, but safety
concerns and regulatory challenges remain. This article provides a comprehensive analysis of F. nucleatum's involvement in CRC and evaluates its potential in
transforming CRC treatment through targeted microbial therapies.
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Introduction

In recent decades, cancer has become one of the main causes of premature
deaths worldwide.[1] By the end of 2020, updated statistics on the
prevalence of cancer and the number of deaths it caused were published.
According to these reports, the number of new cancer cases globally
increased to 19.3 million, and nearly 10 million people died from cancer
over the course of 2020.[2]

There are various treatments for cancer, each of which can be associated
with different disadvantages, including numerous side effects, low
sensitivity to treatment, limited therapeutic range, and in the latest cases,
the emergence of tumor cells that are resistant to these treatments, which
is known as a flaw in conventional therapeutic strategies. [3]In addition,
solid tumors typically have central necrosis and oxygen deficiency due to
an insufficient vascular system and rapid growth of cancer cells. These
hypoxic conditions pose a significant challenge for various treatments.[4]

In search of new ways to fight cancer, scientists have turned to the use of
bacteria. The potential of bacteria in combination with conventional cancer
treatments, such as chemotherapy, radiotherapy, and immunotherapy, has
led to the development of innovative treatments for cancer. [5]Today,
bacteria-mediated cancer treatment (BMCT) is known as a new and
promising treatment method.

Bacterial Therapy

Some facultative anaerobic bacteria are able to specifically infiltrate
hypoxic regions in solid tumors [6]land, in addition to colonizing and
proliferating within the tumor, they can influence the microenvironment by
stimulating the influx of macrophages.[7] Different bacteria, depending on
the environmental conditions they are in, employ various methods to
combat tumors. These cancer-fighting methods can vary according to the
type of bacteria used, the target tumor type, and the dynamics of the
interaction between the bacteria and the host.[8] Bacteria can act as agents
to enhance the effectiveness of chemotherapy. Bacterial toxins can also be
used to destroy tumors, and anti-cancer vaccines can be developed based
on immunotoxins of bacterial origin.[9] The use of genetically engineered
bacteria for the selective destruction of tumors and pre-drug treatments
based on bacterial enzymes has shown promising potential.[10]
Additionally, bacteria may serve as vectors for gene therapy, protein
therapy, or as carriers of chemotherapeutic drugs, radiotherapy, and
immunotherapyl[4, 11, 12]

The advantages of bacteriotherapy

- The ability of bacteria to target tumors.

- The ability of bacteria to stimulate the host's immune system and create
an immune response to kill cancer cells.[13]

- Bacteria possess anti-cancer properties and can significantly impact
tumor control and death by preventing the formation of new blood vessels
in the tumor, inhibiting tumor spread, and suppressing tumor metastasis.

- Bacteria play a role in inducing apoptosis and releasing toxins that lead to
the death of cancer cells.

- Enhancing the effectiveness of anti-cancer drugs.[14]
- Bacterial Membrane Vesicles (BMV) act as an auxiliary tool that increases
antigen absorption and activates innate immunity. Additionally, bacterial
membrane vesicles have developed a unique ability to target tumors and
can serve as a means to transport drugs, increasing drug accumulation in
the tumor area.
-Inhibiting the immune-suppressive microenvironment in tumors by
stimulating the immune system to release immune factors.[15]
Escherichia coli-based drug delivery

Escherichia coli is a facultative anaerobic, rod-shaped, Gram-negative
bacterium from the Enterobacteriaceae family that is naturally found in the
intestines of humans and some animals. Escherichia coli, one of the
bacteria used in cancer treatment methods as carriers of drugs and
proteins.[16, 17]
In this method, drugs are attached to the bacteria through chemical bonds
or antibody reactions, or are incorporated within the bacteria through the
bacteria's own metabolic processes. Once the bacteria enter the body, they
get trapped in the tumor's blood vessels during the blood purification
process, which is carried out by inflammatory reactions. Necrotic tumor
tissues, which are rich in nutrients, attract facultative anaerobic bacteria
such as Escherichia coli through chemotaxis. These bacteria settle in
hypoxic or necrotic areas of the tumor to remain out of reach of the body's
immune system, and at the same time, these bacteria are eliminated by the
body's immune system in healthy body tissues. This combination of
bacteria and micro/nano particles, in addition to the effective drug delivery
to the tumor, leads to increased drug absorption by cancer cells and
reduces side effects, thereby resulting in stronger anti-tumor effects.[4, 12,
18]
- Escherichia coli Nissle 1917 is an engineered probiotic capable of targeting
cancer.[8]
- E. coli K12, engineered with genes for the production of Tumor Necrosis
Factor Alpha (TNF-a), a cytokine with powerful anti-cancer properties. This
protein can effectively destroy cancer cells and activate immune responses
against tumors.[19]
- Staphylococcus aureus a-hemolysin (SAH) expressed in E. coli can
penetrate into tumor tissues and eliminate cancer cells. (Vector in protein
therapy).[20]
The future of treatment

The future of bacterial-mediated therapy seeks to discover or design
bacteria that are able to precisely target cancer cells, produce compounds
with cytotoxic and/or immune-stimulating properties, respond to
environmental signals, and detect signals for the environment. send
externally and survive in targeted environments and cancer conditions.
Finding bacteria with higher potential for cancer treatment that require
fewer genetic changes could help improve BMCT.[21]
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Bacteriophages have emerged as versatile tools in the field of
bioengineering, with enormous potential in tissue engineering, vaccine
development, and immunotherapy. The genetic makeup of phages can be
harnessed for the development of novel DNA vaccines and antigen display
systems, as they can provide a highly organized and repetitive presentation
of antigens to immune cells. Bacteriophages have opened new possibilities
for the targeting of specific molecular determinants of cancer cells. Phages
can be used as anticancer agents and carriers of imaging molecules and
therapeutics (1).

Cancer is a complex disease involving the irregular and uncontrolled growth
of cells, making it difficult to treat. The incidence of cancer is increasing;
however, owing to the diversity of tumors and their underlying causes,
comprehensive therapy for each patient has been difficult to develop.
Surgical resection, chemotherapy, and radiation therapy have been the
mainstay of cancer treatment for decades. Though surgery is the preferred
method for the eradication of primary tumors, in certain cases, not all
cancer cells are eradicated, resulting in tumor recurrence. Treatments
based on chemotherapy or radiation therapy have the potential to induce
considerable cytotoxicity in normal cells, which excludes them as
therapeutic options for certain cancer types or patients (1,2).

Cancer treatment has transitioned from conventional techniques to
modern approaches, including targeted therapy and immunotherapy where
virus-based cancer therapy has been recently proposed. many different
types of viruses, both mammalian and bacterial, have been used for several
types of biological applications(2). Bacteriophages, prokaryotic viruses that
exclusively infect bacteria, not mammalian cells, have recently attracted
the attention of the scientific community as potential cancer
immunotherapy agents. This is due to the ease with which they display the
desired functional peptides on the body in order to achieve high specificity
towards cancer cells without incurring unexpected immunogenic issues in
humans.

Bacteriophages exist in a variety of forms, and each form has a unique
structure and is associated with a unique strain of bacteria. Bacteriophages
have several potential uses, including in the phage display technique and as
phage vectors for gene therapy. Phages capitalize on genetic plasticity to
alter their surface, thus opening a new dimension in the prospective use of
bacteriophages for medicinal purposes (3.4).

Bacteriophages (phages) can accommodate large transgene inserts and can
amplify and purify these gene inserts in a cost-effective manner, making
them effective potential candidates for gene delivery. Moreover, they have
the potential for use in cancer treatments because they can selectively
target certain cellular and tissue components. Selective phage-mediated
cancer therapeutics involve the interaction of viral genetic material with
cellular molecular mechanisms. Bacteriophages are used to combat cancer;
therefore, understanding how mammalian cells react to phages in vivo is
essential (4)
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Abstract:

The first human tumor virus was discovered in the middle of the last century by Anthony Epstein, Bert Achong and Yvonne Barr in African pediatric patients with
Burkitt’s lymphoma. In 2014, it was estimated approximately 20 % of worldwide cancers are attributable to viral infection, with the vast majority ([85 %) occurring
in the developing world. The viruses associated with the greatest number of cancer cases are the human papillomaviruses (HPVs), which cause cervical cancer and
several other epithelial malignancies, and the hepatitis viruses HBV and HCV, which are responsible for the majority of hepatocellular cancer. Other oncoviruses
include Epstein—-Barr virus (EBV), Kaposi’s sarcoma-associated herpes virus (KSHV), human T-cell leukemia virus (HTLV-1), and Merkel cell polyomavirus (MCPyV).
Viral oncogenic mechanisms generally include: generation of genomic instability, increase in the rate of cell proliferation, resistance to apoptosis, alterations in
DNA repair mechanisms and cell polarity changes,which often coexist with evasion mechanisms of the antiviral immune response. Viral agents also indirectly
contribute to the development of cancer mainly through immunosuppression or chronic inflammation, but also through chronic antigenic stimulation. There is
also evidence that viruses can modulate the malignant properties of an established tumor. In the present work, causation criteria for viruses and cancer will be
described, as well as the viral agents that comply with these criteria in human tumors, their epidemiological and biological characteristics, the molecular
mechanisms by which they induce cellular transformation and their associated cancers.

Keywords: infectious cancer; human oncogenic viruses; transforming mechanism
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Toxoplasma gondii is an obligate intracellular protozoan parasite that
causes toxoplasmosis and is common between humans and animals. Eating
water and food contaminated with oocysts or undercooked meat is the
cause of transmission of Toxoplasma gondii. The immunocompromised
hosts (e.g., patients with cancer ) have ineffective immune responses,
resulting in the transition of the resting or bradyzoite stage to the active
and rapidly replicating tachyzoite form .Toxoplasma gondii leads to
meningioma, and malignancies such as leukemia-lymphoma and myeloma
can reactivate toxoplasmosis.(1) Infection with Toxoplasma gondii in
healthy people is usually asymptomatic, but in people with
immunosuppression defects, it shows neurological symptoms such as
seizures. Fatal toxoplasmosis has been reported in the heart, liver, and
bone marrow. The identification of the parasite is mostly by serological
methods because of None specific antibodies, the reported results are
lower than the actual state .(2) Lung cancer is a major threat to human
health worldwide ,being the leading cause of cancer-related death and Lung
cancer is the secondmost common cancer typ.(3) lung cancer is the most
preventable of all cancers. Despite improvements in therapy, 90% of lung
cancer patients will die from their disease.(4) Lung cancers are classified
into nonsmall cell lung cancers (NSCLC) and small cell lung cancers (SCLC)
NSCLC is the most common type .(5) Smoking is the predominant risk factor
for lung cancer. exposure to secondhand smoke exposure to asbestos
exposure to radon, arsenic and ionizing radiation were identified as other
risk factors. (6) T. gondii infection appears to inhibit tumor growth and its
invasion in many cancers. Hypoxia, avascular necrosis, suppression of
tumor angiogenesis, and induction of Thl immunity have all been proposed
as potential mechanisms why T. gondii has antitumor effectsll
(5)toxoplasmosis elicits a potent protective T helper 1 (Thl) immune
response, which in turn triggers T-lymphocytes to produce interferon-y
(IFN-y), interleukin-12  (IL12),tumour necrosis factor-a (TNF-a).
(7)Uncontrolled parasite reproduction, inflammatory processes, and
unintentional tissue damage, prolonged monitoring and follow-up studies is
the problems of using parasites for treatment .(5) Toxoplasma gondii can
regulate innate immune cells by invading myeloid cells, typically producing
powerful Thl immune responses . T. gondii infection suppresses Lewis lung
carcinoma (LLC) growth in mice, exhibiting considerable tumor-suppressing
activity . formalin-fixed T. gondii organisms (f-Tp) injection in mice with T.
gondii infection could induce potent antitumor responses.(5)T. gondii
releases excretory/secretory proteins (ESP) into the culture medium of cell
culture tachyzoites T. gondii ESP can induce apoptosis of human K562
erythroleukemic cells, breast cancer MCF-7 cells, prostate cancer DU145
cells, and other cells, and inhibit the growth of B16F10 melanoma, Lewis
lung carcinoma, and prostate cancer.(8)
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Mycoplasma is the smallest prokaryotic microorganism that can grow in a
lifeless medium. Mycoplasma hyorhinis (M. hyorhinis), Mycoplasma
hominis, and Mycoplasma genitalium were found to be closely related to
cancer. As early as 1965, Paton et al. reported that Mycoplasma orale could
cause chromosomal abnormalities in the human diploid cell line WI-38. In
vivo studies have discovered the presence and influence of Mycoplasma in
various tumor types, such as gastric cancer, breast cancer, prostate cancer,
pancreatic cancer, ovarian cancer, and cervical cancer. Many clinical case
reports also found Mycoplasma in nasal polysarcoma, oral cancer, and
lymphoma. (Qiao K, et al)

Mycoplasmas are pleomorphic, wall free, prokaryotic organisms that reside
either on the eukaryotic cell membranes or inside the cells, and they are the
smallest organisms capable of self replication. To date, at least 16
Mycoplasma species have been isolated from humans. Mycoplasma
hyorhinis (M.hy) was considered non-pathogenic to humans as it usually
infects swine leading to respiratory tract disease and inflammation of the
chest and joints. However, accumulating evidence suggests that M.hy
infection in humans does result in clinical outcomes. M.hy was found in 56%
of gastric carcinoma, 55% of colon carcinoma and 52.6% of lung carcinoma
biopsies. Moreover, 36% men with benign prostatic hyperplasia (BPH) and
52% men with prostate cancer are M.hy sero-positive. These clinical
findings suggest a possible connection between M.hy exposure with gastric,
colon, lung and prostate cancers. (Xu Y, et al)

Cancer progression involves a sequential series of critical genetic and
molecular alterations that cause dysregulation of cell proliferation,
adhesion, migration, and invasion ,leading to the lethality associated with
metastatic spread of malignant tumors. M. hyorhinis and p37 have long
been associated with increased invasiveness and tumor metastasis. One
aspect is the elevated tumor invasion, as suggested by a leukocyte
adherence inhibition response, correlated with the presence of M. hyorhinis
in patients with lung cancer, colon cancer, and breast cancer. (Gong M, et
al)

Many causes and risk factors have been pointed to promote carcinogenesis
establishment and development. Among these factors, some infectious
agents have been suspected. In fact, according to the American Cancer
Society, up to 20% of cancers worldwide have been related to infectious
agents. The causal relationship between different types of cancer and
many oncoviruses such as papillomavirus, hepatitis B virus, and Epstein-
Barr virus and bacteria such as Streptococcus bovis, Salmonella typhi,
Chlamydia pneumoniae, Bartonella, and Helicobacter pylori has previously
been well documented. One of the suspected prokaryotes in malignancy
are mycoplasmas. As these atypical bacteria are notorious for their
capacity to implement a low-grade chronic inflammatory condition during
cell infection without compromising viability, they were thought to be ideal
for promoting cancer transformation. Despite their genetic deficiency,
mycoplasmas are able to cause diseases of significant economic impact,
especially in livestock animals. For human, mycoplasmas have been also
associated to many serious pathologies such as respiratory troubles,
urogenital issues, infertility, rheumatic diseases, and AIDS. These diseases
are usually caused by acute mycoplasma infections. However, some
mycoplasmas are capable to chronically colonize human cells without
obvious clinical symptoms. Being a cell wall-free prokaryote, mycoplasmas
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interact closely with mammalian cells in silence for long time. This mute
and extended interaction could be at the origin of alteration of many
biological characteristics of mammalian cells. After the first reports
suggesting the existence of a relationship between mycoplasmas and
cancer, many experiments have subsequently been carried out to
determine whether these bacteria are really endowed with oncogenetic
properties or they are fortuitly identified in patients diagnosed with cancer.
Other studies have attempted to explore whether mycoplasmas are directly
involved in the onset of cancer or rather in its progression. Many cellular
and molecular mechanisms of malignancy transformation were proposed
for mycoplasmas. (Yacoub E, et al)

For example, Paton et al. have shown that following serial passages of
human diploid WJ-38 stem cells from normal embryonic lung and their
infection with Mycoplasma orale, the growth of these cells regresses with
noticeable chromosomal aberrations. This is the first study reporting such
chromosomal disorders associated with Mycoplasma infection in normal
human cells. Malignant transformation induced by mycoplasmas was also
reported to occur in blood cells (PBMCs) and in many other human cell
lines from different organs such as leiomyosarcoma cell line SK-UT-1B in
the uterus, adenocarcinoma A549 cells in the lung, BPH-1 cells in the
prostate, and neuronal cell line BE-M17. (Yacoub E, et al)

They concluded that distinctive mycoplasmas may have different effects
(sometimes opposite) on the expression of a given gene. These effects may
gradually but significantly alter several biological properties of mammalian
cells (obvious changes in cell morphology or growth rate). Therby leading to
malignant transformation. (Yacoub E, et al)

Prostate cancer is the second most commonly diagnosed cancer and the
sixth leading cause of cancer-related death in men worldwide. Incrimination
of urogenital mycoplasmas in this type of cancer has been evoked since the
mid-twentieth century. Based on this suggestion, some studies have been
conducted later to experimentally prove the mycoplasmas potential in
malignant transformation of prostate cells. More recently (during the last
2010-2020 decade), this hypothesis was further sustained by several
studies reporting the detection of mycoplasmas (by PCR or RT-PCR) or their
antibodies (using ELISA technique) in patients suffering from prostate
cancer. (Yacoub E, et al)

It is important to notice that although the epidemiological data reported in
these studies are interesting and persuasive, the lack of statistical and/or
experimental evidences in some of them constitutes a limiting factor in the
approving of the etiopathological role of mycoplasmas in prostate cancer.
(Yacoub E, et al)

The results of studies aimed at searching for mycoplasma species in gastric
cancer patients have shown the frequent diagnosis of M. hiurinis. Aside of
the repetitive detection of M. hyorhinis in gastric cancer, no other obvious
specific association may be inferred between a given Mycoplasma species
and a particular type of cancer. Nevertheless, the detection of
mycoplasmas antibodies remains an efficient mean of monitoring their
infection in patients with cancer and could provide evidence of their
presence and therefore of their possible involvement. Although PCR
amplification is the most useful and direct way to detect mycoplasma DNA,
the in situ localization by culture remains the best one to confirm the
presence of live and active mycoplasmas in tumor sites. This supports the
hypothesis of causality for the involvement of these bacteria in host cells
transformation. (Yacoub E, et al)
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Peyton Rous, a Swiss-born American biologist, was honored with the Nobel
Prize in Physiology or Medicine in 1966 for his pivotal discovery of the Rous
sarcoma virus (RSV) in 1911. This virus was the first identified cancer-
causing virus. This groundbreaking achievement significantly advanced the
field of viral oncology, which focuses on viruses that play a role in the
development of cancer. Rous was working at the Rockefeller Institute of
Medical Research in New York when he made this groundbreaking
discovery. He inoculated healthy chickens with tumor tissue taken from
infected birds and found that some of the healthy chickens developed
cancerous tumors. He then isolated the virus responsible for this cancer
from infected chickens. The Rous sarcoma virus is classified as a retrovirus,
meaning that it can convert its RNA genetic material into DNA and integrate
it into the genome of the host cell. This integration process can result in
uncontrolled cell growth and, ultimately, the development of cancer. Rous'
discovery was groundbreaking as it revealed that viruses have the potential
to cause cancer, paving the way for new research in the field of oncology.
(1-3)

Human Papillomavirus (HPV) is a group of more than 200 related viruses,
some of which are known to cause cervical cancer. The primary high-risk
types associated with cervical cancer include HPV 16, 18, 31, 33, 45, 52, and
58. This virus can lead to the development of cervical cancer by instigating
molecular and cellular alterations in cervical cells.(4,5)

When a person with an immunocompromised system or no prior immunity
gets infected with high-risk HPV, the virus can integrate its DNA into the
host cell's DNA. This integration disrupts the normal functioning of the host
cell and can lead to the overexpression of certain proteins. It is crucial to
understand that not all HPV infections progress to cervical cancer, as the
immune system frequently clears the virus within 1-2 years. Nevertheless,
persistent HPV infections heighten the chances of cervical cancer
development. Adopting preventative measures like HPV vaccination and
routinely undergoing cervical cancer screening can notably diminish the
likelihood of cervical cancer development. (6,7)

Oncolytic Virus as a cancer treatment

Some viruses have been modified to treat cancer. A prominent example is
Oncolytic Virus Therapy, a method that utilizes specially modified viruses
to target and eliminate cancerous cells while preserving the health of
normal cells. Oncolytic viruses are engineered to invade and eradicate
cancer cells, either through direct cell death or by stimulating an immune
reaction against the tumor.

These viruses may be derived from naturally occurring viruses with a
predilection for infecting cancerous cells, or they may be custom-designed
to target particular forms of cancer.(8)

Talimogene Laherparepvec, also known as T-VEC, is a popular oncolytic
virus derived from the herpes simplex virus type 1 (HSV-1). The FDA in the
US has approved its use for treating advanced melanoma. T-VEC targets
and replicates within tumor cells, creating proteins that boost the patient's
immune system to combat cancer.(9)
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Heinrich Hermann Robert Koch

Heinrich Hermann Robert Koch, a German physician and microbiologist, is
considered the father of modern bacteriology and medical bacteriology. He
discovered the causative agents of deadly infectious diseases, including
tuberculosis, cholera, and anthrax, and is considered the father of
microbiology. Koch's discoveries established that germs could cause
specific diseases, providing proof for the germ theory of diseases and
creating the scientific basis of public health. He developed innovative
techniques in microbiology, such as the oil immersion lens, condenser, and
microphotography in microscopy. Koch's postulates, four generalized
medical principles, are still in use today and influence epidemiological
principles. His research on tuberculosis earned him the Nobel Prize in
Physiology or Medicine in 1905. His discovery of the tuberculosis
bacterium, announced on 24 March 1882, has been observed as "World
Tuberculosis Day" every year since 1982. Koch's life and work have greatly
influenced modern medicine and the understanding of diseases.

Robert Koch, a district physician in Wollstein, Poland, discovered the
causative agent of the fatal disease, Anthrax, to be Bacillus anthracis. He
discovered the dormant stage of anthrax spores, which allowed him to
unravel the mystery behind the disease and shed light on the bacterium's
remarkable  resistance  against environmental factors. Koch's
groundbreaking discovery, published in 1876, marked the first photography
of a bacterium. He also discovered the formation of spores in anthrax
bacteria, which could remain dormant under specific conditions but
activate and cause disease under optimal conditions.

Robert Koch, a German physician, made significant contributions to
microbiology by developing the technique of growing bacteria and isolating
and growing selected pathogens in a pure laboratory culture. He discovered
the anthrax bacillus, which impressed Ferdinand Julius Cohn, professor at
the University of Breslau. Koch was later promoted to Geheimer
Regierungsrat and held several appointments at Berlin University, including
Director of Hygienic Institute and Chair of the Faculty of Medicine. In 1891,
he became director of the Royal Prussian Institute for Infectious Diseases,
where he worked under harsh conditions. Koch lost the right to patent
protection after the 1890 tuberculin scandal, and in 1906, moved to East
Africa to research a cure for trypanosomiasis. He made two important
developments in microscopy, the first to use an oil immersion lens and a
condenser for microscopic observation, and introduced the "bedrock
methods" of bacterial staining using methylene blue and Bismarck brown
dye. Koch also discovered that solid nutrients like potato slices were not
suitable for bacterial growth, and many bacteria can hydrolyze gelatin,
making it a liquid.

In 1881, Charles Koch developed a method of using agar to grow and isolate
pure cultures of bacteria. This was a novel approach, known as the "Bible of
Bacteriology," which involved pouring liquid agar onto a glass slide and
spreading a thin layer of gelatin over it. This solidified the culture medium,
allowing uniform bacterial samples to be spread. The entire culture was
placed in a glass plate with a small wet paper, known as the feuchte
Kammer (moist chamber). The glass plate and transparent culture media
made observation of bacterial growth easy.

Koch publicly demonstrated his plating method at the Seventh
International Medical Congress in London in August 1881, and Louis Pasteur
exclaimed, "C'est un grand progres, Monsieur!". His students discovered
new bacteria using Koch's microscopy and agar-plate culture method, such
as Friedrich Loeffler, Georg Theodor August Gaffky, and Georg Theodor
August Gaffky. Julius Richard Petri developed an improved method in 1887,
which was published as "Eine kleine Modification des Koch’schen
Plattenverfahrens." The culture plate was given the eponymous name Petri
dish, but it is often assumed that Petri developed a new culture plate.
Instead, he used the circular glass dish directly as the main culture
container, reducing contamination risks.

In 1883, a German medical team led by Koch investigated a cholera
epidemic in Alexandria, Egypt. They found bacterial infections in intestinal
mucosa of people who died of cholera, but could not confirm the bacteria's
cause. They moved to Calcutta, India, where they found the river Ganges as
the source of the disease. Koch isolated the bacterium, Bacillus comma,
and hypothesized that a poison was used to cause the disease. In 1959,
Indian scientist Sambhu Nath De discovered the cholera toxin. Koch's
experiment on animals did not cause the disease, and the bacterium was
later identified as Vibrio cholera. Koch focused on tuberculosis throughout
his career, and in 1888, he developed a method for examining antibacterial
activity using synthetic dyes. He found that an extract from the
tuberculosis bacterium culture dissolved in glycerine could cure
tuberculosis in guinea pigs, but did not kill the bacterium but destroyed
infected tissues

In 1890, Koch demonstrated the effectiveness of tuberculin in treating
humans through the Bacillus Calmette-Guerin (BCG) technique. However,
his experiments revealed severe symptoms in infected test guinea pigs,
coined "Koch's phenomenon." This extreme skin reaction manifests at the
BCG vaccination site within a few days after the vaccine is administered.
The first report on the clinical trial in 1891 was disappointing, with 1061
patients receiving the treatment. Koch's reputation waned, but he devoted
the rest of his life to making tuberculin a usable medication. The substance
is now used to test for hypersensitivity in tuberculosis patients. In 1900,
Koch observed the phenomenon of



acquired immunity in German New Guinea, where he found malaria in the
Papuan people but mild cases in German settlers and Chinese workers.

Robert Koch, a renowned physician, was awarded numerous honors and
awards for his groundbreaking work in tuberculosis research. He was made
a Knight Grand Cross in the Prussian Order of the Red Eagle in 1890 and
was elected a Foreign Member of the Royal Society in 1897. Koch
established the Royal Prussian Institute for Infectious Diseases in Berlin in
1891 and is commemorated every 24 March by the World Health
Organization.

Here’s a table summarizing Robert Koch’s important works and
contributions:
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Year Work/Contribution Description
1876 Discovery of |dentified Bacillus anthracis as the
Anthrax causative agent of anthrax
Discovery of Isolated Mycobacterium tuberculosis and identified
1882 . : :
Tuberculosis it as the cause of tuberculosis
Discovery of Identified Vibrio cholerae as the causative
1883
Cholera agent of cholera
1884 Coch's Postulates Established criteria for l.lnklong specific
pathogens to specific diseases
1887 Pure Culture Developed methods for isolating bacteria in
Techniques pure cultures
1890 Tuberculin Developeql tubercu.lln, a pro’Feln ex’Fract from
the tuberculosis bacterium, for diagnosing the disease
Founding of the Instrumental in establishing this institute
1891 : : : .
Robert Koch Institute for infectious disease research
1905 Awarded the Nobel Prize in Physiology or

Nobel Prize

Medicine for his work on tuberculosis







The first documented case of cancer can be traced back to ancient Egypt
around 3000 BCE, where tumors were mentioned in medical papyri. In this
case, a tumor was found in a mummy, which is believed to be a man named
Peseshank. The exact type of cancer is not certain, but it is likely to be a
form of sarcoma, which is a cancer that originates in the bone or soft
tissues. The detection of the tumor was primarily through the observation
of the abnormal growth during the mummy's embalming process. ( Robert
J. Styles 2006)

The term "cancer" was derived from the Latin word "cancer," which means
crab, due to the tumor's resemblance to the crab's leg in shape.( John A.
Cunha 2010).

The first known treatment for cancer was the use of surgery, dating back to
the ancient civilizations of Egypt, India, and China.( Jennifer Martinez
2019). The first recorded treatment for cancer dates back to ancient Egypt
around 1500 BCE. The Edwin Smith Papyrus, one of the oldest surgical
texts, describes the treatment of a cancerous breast tumor. The treatment
involved the surgical removal of the tumor. However, it should be noted
that this was not a systematic approach to cancer treatment, but rather an
individual case documented in the papyrus.

In ancient China, around 200 BCE, the Yellow Emperor's Classic of Internal
Medicine mentioned the use of a substance called "powder of the five-
colored soil" as a treatment for cancer. This substance, made from
different colored soils, was believed to help with the healing process.

In ancient Greece, Hippocrates, known as the "father of medicine,"
described various tumors and suggested surgical removal as a treatment.
It is essential to note that these early treatments were not based on a deep
understanding of the underlying mechanisms of cancer.

It was only in the 20th century that advancements in medicine and
scientific research led to more effective and targeted cancer treatments,
such as chemotherapy, radiation therapy, and immunotherapy.

In the 17th century, the English physician, Sir Thomas Browne, described
various types of cancer in his book "Pseudodoxia Epidemica" (1646). Here
are some of the cancer types he mentioned:

Carcinoma: Browne referred to carcinoma as a "cancerous ulcer" or
"cancerous tumor" that grows on the skin or internal organs. He noted that
it could be malignant or benign.

Sarcoma: He described sarcoma as a "cancerous tumor" that arises from
connective tissues, such as bones, muscles, and blood vessels.

Pemphigus: Browne mentioned pemphigus, a rare autoimmune disease
causing blisters on the skin and mucous membranes. Although not a
cancer, it is related to the field of oncology due to its classification as an
autoimmune disorder.

Cancer Albus: This term was used to describe a type of cancer that was
believed to be less aggressive than other forms.

Cancer Sanguineus: Browne referred to this as a highly malignant and
aggressive form of caner

It is crucial to remember that medical knowledge during Browne's time was
limited compared to today's understanding of cancer. His descriptions
were based on the available knowledge and observations of his era.

The term "carcinoma" was introduced by the French surgeon, Pierre
Bretonneau, in 1811.( Dr. J. C. T. S. W. Chuah 1989).

In 1882, Dr. William Coley developed the first cancer immunotherapy,
known as Coley's Toxins or Coley's Fluid, which used bacteria to stimulate
the immune system against tumors.

In 1901, Dr. Wilhelm Conrad Roentgen discovered X-rays, which led to the
development of radiation therapy as a cancer treatment in the early 20th
century.

Here are some key milestones and discoveries in the fight against cancer:

1902

The term "carcinogen" was first introduced by the French biologist Ernest
Besredka, who studied the role of various substances in causing cancer.

1913 Peyton Rous discovered the first cancer-causing virus (Rous sarcoma virus)
in chickens, marking the beginning of research into viral oncology.

1920s-1940s

The development of surgical techniques and anesthesia improved the
treatment of cancer through surgery.

1930s

cancer treatment.

The discovery of x-rays led to the development of radiation therapy as a




The first chemotherapy drug, mustine, was synthesized by Alfred Treiber

1940s and Adolf Bayer.
1953 The discovery of DNA structure by James Watson and Francis Crick paved
the way for understanding the genetic basis of cancer.
1962 The discovery of the first tumor suppressor gene, RB1, by Albert Coons and
his team.
The National Cancer Act was signed by President Richard Nixon, leading to
1971 increased funding for cancer research in the United States.
The development of computed tomography (CT) scans allowed for more
1975 . . .
accurate cancer diagnosis and staging.
The development of monoclonal antibodies, which can target specific
1980s cancer cells and have led to advancements in immunotherapy and targeted
therapies.
The Human Genome Project was launched, aiming to map and understand
1986 all the genes of the human genome, which has provided valuable insights

into cancer genetics.




The identification of oncogenes (cancer-promoting genes) and tumor

1990s suppressor genes has led to a better understanding of the molecular basis of

cancer development.

The discovery of the BRCA1 and BRCA2 genes, which significantly increased our
1998 . . .

understanding of hereditary breast and ovarian cancer.

The development of targeted therapies, such as tyrosine kinase inhibitors
2000s (TKIs), which target specific proteins involved in cancer growth and

progression.

The establishment of the International Cancer Genome Consortium (ICGC) to
2004 e . .

accelerate the identification of cancer-causing genes worldwide.

The approval of trastuzumab (Herceptin) for the treatment of HER2-positive
2006 breast cancer, marking a significant step in personalized medicine and targeted

therapy.

The development of chimeric antigen receptor (CAR) T-cell therapy, a
2007 revolutionary immunotherapy approach that uses genetically modified immune

cells to target and destroy cancer cells.




2010

The launch of the Precision Medicine Initiative, led by former U.S.
President Barack Obama, which aims to tailor cancer treatments based on
individual patients' genetic profiles.

2013

The first FDA approval of a cancer immunotherapy drug, pembrolizumab
(Keytruda), which targets the PD-1 protein and has shown success in
treating various types of cancer.

2017

The FDA approved the first CAR T-cell therapy, tisagenlecleucel (Kymriah),
for the treatment of certain types of blood cancers.

2018

The approval of the first liquid biopsy test, FoundationOne Liquid CDx,
which allows for the detection of genetic mutations in a patient's blood
sample, rather than requiring a tumor biopsy.

2020

The FDA granted accelerated approval to the first tumor-treating oncolytic
virus, talimogene laherparepvec (T-VEC or Imlygic), for the treatment of
melanoma.

2021

The FDA granted full approval to the COVID-19 vaccine developed by
Pfizer-BioNTech, which uses messenger RNA (mMRNA) technology that could
potentially be adapted for cancer vaccines in the future.

2021

The FDA approved the first-in-class cancer drug, relatlimab (REZUMLY), in
combination with nivolumab (Opdivo) for the treatment of advanced renal
cell carcinoma. Relatlimab targets the TIM-3 protein, enhancing the
immune system's ability to fight cancer cells.




2022

The launch of the Cancer Moonshot 2.0 initiative by the U.S. government, aiming
to accelerate cancer research and reduce cancer deaths by 50% over the next 25
years.

2022

The FDA approved the first-ever cancer treatment using a gene-editing technique
called CRISPR-Cas9. The treatment, called CARTYZER™, targets B-cell maturation
antigen (BCMA) in patients with multiple myeloma.

2022

Researchers developed a new Al-based diagnostic tool called "CancerGPS," which
can predict the likelihood of cancer recurrence and help clinicians make more
personalized treatment decisions.

2022

Scientists discovered a new class of proteins called "cancer-associated
photoactivated proteins" (CAPPs), which could potentially be targeted with light-
based therapies to treat cancer.

2023

The FDA approved the first-in-class cancer drug, selpercatinib (Retevmo), for the
treatment of patients with thyroid cancer harboring specific RET gene alterations.

2023

Researchers developed a novel cancer vaccine called "NeoTAD," which can target
multiple neoantigens simultaneously, increasing the potential for personalized
cancer immunotherapy.
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Revival with Early Detection of Pancreatic Cancer

Scientists in California have developed a blood test capable of identifying pancreatic cancer in its early stages. Known as a liquid biopsy, this test
analyzes small RNA fragments released from tumors. By combining this method with the CA19-9 protein detection test, researchers have been able to
identify individuals with pancreatic cancer in the early stages with 97% accuracy. Early detection of pancreatic cancer can increase patients' survival
chances by up to five years. Typically, this cancer is diagnosed in advanced stages due to the lack of clear symptoms in the early stages and the
absence of effective tests, where patients only live for 3 to 6 months.

Potential Link Between Hair Straightening Chemicals and Uterine Cancer

According to studies conducted by the United States National Institutes of Health (NIH), frequent use of hair straighteners - more than four times a
year - can increase the risk of uterine cancer by up to 2.5 times.

New Technology in Cancer Detection

An innovative device called Static Droplet Microfluidic can now rapidly identify tumor cells that have detached from the tumor and are circulating in
the bloodstream. This advanced technology, using specific cancer metabolic biomarkers, can distinguish tumor cells from healthy blood cells. Cancer
cells consume significantly more glucose and produce more lactate. The device operates by monitoring the increase in lactate in cells and using pH-
sensitive fluorescent dyes that indicate changes in acidity around the cells. This method provides a more accurate and faster diagnosis of cancer cells.

Use of Engineered Bacteria in Cancer Treatment

Researchers at Columbia University have successfully used engineered Escherichia coli bacteria to search for and treat tumors in mice. The results of
this research showed that the engineered bacteria elicit a powerful immune response against cancerous tumors. This response was observed not only
in the tumors injected with bacteria but also in distant tumors that were not injected. Moreover, the bacteria do not affect healthy tissues. However,
since the bacteria colonize the tumor environment and are not detectable in healthy organs, further research is needed for use in human clinical

treatments.

Cancer Warning with Blood Proteins

Scientists have discovered that proteins associated with cancer can appear in people's blood seven years earlier. According to Professor R. Travis, "We
now have the technology to examine thousands of proteins in thousands of cases of cancer and determine which proteins play a role in the
development of specific cancers and which may have effects common to several types of cancer."

Relationship Between Prostate Cancer and Fitness

Studies show that men who have regular physical activity and better fitness are 35% less likely to develop prostate cancer.

Does Sugar Feed Cancer?

Diets high in added sugars may increase the risk of cancer, but completely eliminating sugars does not stop or slow diagnosed cancer.
According to Dr. Scherer, "There is no evidence that eating sugar causes cancer. Many cancers prefer to use fat as their primary energy source."
Research has shown that excessive sugar consumption leads to chronic inflammation in the body, which can damage cells and make them cancerous.

Genetic Element LINE-1

Researchers at the MSK Cancer Center have conducted studies on LINE-1, a genetic element involved in cancer. These studies have shown its role in
converting DNA from RNA and revealed potential therapeutic targets.

A novel approach in the use of cytokine proteins along with specialized nanoparticles in immunotherapy
Scientists have succeeded in designing specialized nanoparticles that remain in the tumor environment. By attaching cytokines to these nanoparticles,
the damage caused by cytokines to healthy cells is minimized, and the retention of cytokines in the tumor is prolonged. This strategy facilitates the

recruitment of immune cells for a targeted attack on the tumor.
Furthermore, scientists were able to combine these particulate cytokines with blocking antibodies. This action reactivates the tumor's immune cells

that have been deactivated, enabling them to fight against cancer cells.




0obSib Hlbyaw alinsgj passuiii b 8)bgs Saij

Olahd g e wislid gilo Luwss Oleic @ 45 (inloiT (ul S Lilwlid adgl J>lyo 53 1y b Gy Cawl 5318 4S iload Lig> LinloiT glaul @ 5990 Lixadls 55 laiedsls
ly GubSib Gl 4 Yiws 3hél «auoys 97 b b Sildiuiles latins CALI-9 (xbigyn Larsuis LinleiT b Uiy (il uSyi b .AiSLe Julod o 4320 |y Laygegs 51 o 15T RNA S8
Jolye )3 gusly @ide H)1add Juls ) a5 ol G 53 ol v il Jlu zeiy B 1 ohlow Haile 0355 Guilis 3ilgie (uhSih Oy alEinsg) Gassdi .3iss Gassdd dlgl J>lyo 5

DS e s olo 6 U 3 Lgis Hldline Ol )3 45 13650 0315 ol by J>1re )3 Olbyw (l dél ige sloginlejl 3945 o audgl

Ol Yaxduind )3 333> (S5)olid

$29ld (Rl a8 bl |) ais)20 O9> Oz )3 9 03 13> 9003 )l aS (5)9003 (Slaslw AL ey b Cuwl )18 (HgiS| Static Droplet Microfluidic Al 4y dilyglgs oBiuws Sy
03)S Opan jSolS a>95 L8 Gliwe 4 Gilbyw sladolw 315 1) @llw Gigs> sladsluw jl (5)5095 sladgluw (313 a5 g clbyw ol Sgilio sloyS)loga jl oslaiwl b i iy
A0 Olis |y b elw bl diauwl Wlyusi a5 pH 4 Gulws Cuiw)ygld slaXi) 5l osleiwl g laJglw H3 cliSY Ginlisl p coyllas b oBuws Gl .S e ddgd (i lisy g

2910 213 1y Gy o abw yigayw 9 55485 Gassis Ol «ubg) (b - ASLe Jes

Olbyw Hloys 3 03w Lwaige ($)iSL ;1 dslaiwl

03D Gwaigo Sl (58 by YL Giagly il s .S eslaiwl Gge )3 y9095 Hloyd 9 92 9 Cuw> (sl o Luwaige LIS Luinydl (58U 5l b (G990 LunalS oBiiils ol S gl
G0X 1 Ol 4 6)SL 4 13)95 $lo H9093 )3 aSly 0§13 b T 4 $)SL &S d)yg0g3 )5 Lgis & YiuiSly (l -3iiS o sl Gilbyuw Sl 5095 b dyléo 53 1) ($3ie3)a8 Lol LSl
365 0pasiuns |y 9005 bagmo (6315h 45 ol (il Casnl 03010 JolB dal aSigl @) g3 bel> ol b 35138 i 336 el (sl Bl 31 (5335L <y v93e annl 0 030k (02

Cawl Gy Olégb=d il Hludl Gidl sla Hleys ) eslaiwl Sl st aumis b8 @llw plail )5 ()b o 3iSse

09> S Hudgn L Hlbyw Hlauus

Obli J1gia 48 @pls (535lid Bsis] Lo ™ 1R, Travis yeudey i < .xisdd 3ol 318l o5 53 g3 Juo i 33ils3 o by b basie sl (rabin a5 3l 03)S CadiS Blacadils

no.
.LAJJJI

plal Cuwlis 9 Oliwg s b puw dul,)

315 Dliogyy Hloya 4y Mgl Jlois| 3205307335 30)l3 (51 Al owlid g diieud ehaio sy Cadled shls a5 Lilaye 385 Lo HLis Wlaub=s

IS 34800 385 |y by «3Sud

IS b 23S |y o |y 0 0313 Gagindins Ol 1 418 JalS 83> Lol 313 Liglil 1y oylbyan @y Mgl ylas sl (pSa0 038381 (5l 335 (53 yalio b I3 slo @
"aiS oslaiwl ddgl (s5l Olgic 4 L= 5l 3wy Lo T2 Ly Hloyw Hl ()l 390 o Hlbyw el )b ()3)95 33 HLIS aS 35135 39>9 S)d0 é._g.(b":Dr. Scherer ;48 4
S Gilbyuw |y b ) g 035kw)y Cawl G $lo Joluw 4y 3lg3 (oo dS 394 o H2 )3 oo wlgidl sbul dy xuio xSud 3> )l i W dS Cuwl 001 Lis larbss

LINE-1 ,Swi} yaic

sdsn g o3l Hlis RNA 51 DNA Joad )s ) ol s wlagsss ol .xslesls pldl il glbyuw )3 Y¥ge SuiB) maic Sy aS LINE-1 (59) Slase=i MSK by jSyo oS g3y
ol 03)S 50T 1 0g8)L Hiloys

)3 Liaal )3 asasi Oy joy b oljed uSeiuw sl (Huiigy 1 osalaiwl )3 (e ($3)S9)

JSla> PJLUJ sl Jolw 0 o juSgiw jl b qu W3 3y el v e GuSeiw Jlasl b .ailes (8L yg093 Jouso j3 &S 3iuS ohb ) onass Wlhd py b (§9g0 Hlaiewdisls
2iSao Jugad |y yo0g3 ) Jiadae do> sl Gl o Jolw O3> (s3hiwl Gl .2iSuo 3 Hidebb 9097 )3 GuSeiw Jad> g 63uw)

1 ol b b 3iSee Jleb 0)lgs 33l 03 Lisgols 45 j5003 Lisal s Jskio «Jas tal -AiiS (auSy5 038 393w s (530 LT b (51 )3 GuSaims il Mizawled Olsiadils Gz eo
24iS 0))lo iloyus







Olbyw g Lo (5iSL I
> o) (5)5ed b (s3u>65 dabbld 1S 03wl

Ol 033)91 3929 4 Jole g Lo Hlbyw 51 30 s 03L)y3 9 Cawl dizlay Hloyw 9 RLHSL Cigac Guypn 4 LS o)l
b ) Olbyw g digegiy LawedS L g hdwo duwuS Hlbyw 9 AL Wgallw Gu bl)l Jlie Hlaic 4 Cawl 031 Fusdgs
)Lc..>l.u.) 9 L_J}ggm.o dS 03 58S 9 | O.))S O)L;.M uLb)uJ OLO).) UY9) LSJ u|9.4_c <8) LS)-‘SL’ g ol o.x)S )M

Cawl Y¥go (5)i8b Hleoys H3 (5xiSL

o J1990)5 b olbyaw Hloyo
Sy L)yd 03iuugl

S$xSL S)lwlaz g Rlwlih 4 Gugw 3513 Go HLihluwl = Jl @il s 0)b)s Zusdgl 4 oxings Tl OLS ¢l )
03 itwnd i ($)lb CublB b slo @il sl canlio guin Hlgic 4 Ju990)5 sl (5)iSb 3510 o Ju9g0)3 sl
4i8)S )13 oslaimlyyge Hluwil sl Hlbyw )3 Liloys pae Jole G Olgic 4 9)Sw0 HLjh Lol = JI psl sl Jlu
Sy 9 lwlid W5hluwl = JI @il aded cubls b Jibgoy sl (5)iSh naz by digw QLS il )y Cawl

RURVY)

95@)3 9 Sy 9 Ylbjw skl GleSlgo o Gloluw Jle é'dwfw
093 e 085 = Gilb Lo, M = eoliule p)SI = (6Ll gl (s1285 dguzg HBawgs

o e g Cwl 03 0315 Zrudd HS9Shw Lo () 9 eseS S 1) 9 Olbrw J9SUge Gulwl o)Ly LUS (ul Ho
Olbyw 03iiS Slul Gy Jolge lwlich sy 3L LN Hlaiewisils jusl Jo Ha ad Hlo Hlbyw Sjgleroswl
Esloy )€ 9 loys 9)ld 9 Hleys ¥ Jie calize slo )Sal) b Lo dS sg9ub o el Jolge (pl sl aisls aldl
Jolw Lindi g LeSlge g Lelw pwlwl (s 0yb)s e Jolds OUS Gl @uS $xSel> (S)lows (ol Cdping 9 by
b0 il Graainio g sl did) sy ol dllhs &S sl o Ylopw Yloys alize slo gy 9 sl sl

Cowl

Emerging Cancer Therapy: Microbial Approaches and Biotechnological Tools
Dr. Arsenio Fialho, Ananda Chakrabarty

S23> divo) (Ll Bguazo Guizod g lagugng o EwSB)lg)Sus jl oslaiwl )3yl (slacd g 4l L QLS (ol
09 b dgaxs 0355 $laewsl)lg S 358 OLS (ol Cllas )3 . 0liSLe Hlbjw Hloys Heebei slayig) )3 1)
Olbyw 130830 (sloJgSgo b 63 uSH (29)Sue Wguamo g e B)lgySue 1 0o (idio Hub 9 3b LsSIge
o by |y Glbyw slo Jolw (o Gw il sy a0 iz 3)Sg) Sbhlhe LS Gl (il » ogdle .aiiSGe Gy )
o3 51 0xiiS 805 s aSly 3,8 sunlgs S |y il o 4l Olising Cunsl g 2l lgis & GBasles i
C0.2.45/035) (S (5)iSL 1| g 13guh o EewdS iy dw U Hegbgi Hlbyw Hloys bl vlgs> i 1) Lidb sl
4 LSk Wdgase g b (5)Sk 390 yo Silehsl el I Gisn (2byiSh Wiguase T Gidw W ywgpig 9 03ub
Oy sl GIeleiSTon 9 (PexSue Sle3)Shg) oslall§gd Juwily g & HBailes> Hlojw xo Jolge (lgic

3)S didlg> CadiS 3 g)ls yigo douwei 9 CadS sl |y Wlaadss 5l s3az o ymue aSly (333850 b 1) oy




Bacterial Therapy of Cancer: Methods and Protocols
Hoffman, Robert M

o9l 1) Sigrel Hleoys ya ealaiwl 3y90 H)re SBSULST g ASLe Gy b PLKSL Hlbyw Hloys JolSS 3> il
Jolds L uad onl o)y o Obh 4 Hlbpw RLHSL Hloys el Juwily 3590 )3 Glad b LS ol .aiSe
BB g d>yo 4y dl>po LaBuinlojl slodSign i3 slocdno g slgo I Giwygd dbgire Wlegdgo p sldorio
Ol 2l e Olwl g )1)S5

3l adxle (HbHSL g Hlbyw Hloys v &S Cawl LwS)H» (Sl Jieddj)l Guie OUS

Bacterial Therapy of Cancer
Evidence, Mechanisms, and Implications Jun Sun

aile) L Higil wlw 23> slo Yl (Hlojw Hd SwwdS ad dislid Lwong S Cigac oxiwgl LUS (l)s
Cbying (Ol w ogde . 3ivs o pindgy ) oy 9 pauduiss sy L) S)SSLIS Huizes g «(lo 7)1 g b (5yiSL
sle s OlS (ol aiiSGe dwzy |y laylbyw ($5elg1)4955L )3 pongrSue LdS 9 3Ly sladolw (il Hloyo
03z bulg)y L) &S Leudlao p 3Sred . aiS o diwzn ) Oleys dauis 9 L Ylbyw 35595L )3 pgng)Sun Hogbes
Sl olnl Olgic 4 g 23S Hlgo |) igac iled Lo a5 9 o B9 o Cuwl o g)Suo 9 e G

doub Dguo o Wg)Sue g Obiwe Hu JalsS (5)hd 0

Bacteria and Cancer
Christine P. J. Caygill, Piers A. C. Gatenby (auth.), Abdul Arif Khan

Jec )3 b (5)i8b jl o Gidne Joloe 5l o 2o o LS Hlbyuw il Gols glgil ) Gidasle yidi o (5yush
Gio 9 Cudo duiz g3 )0 )3 Olbyw g GHSL G 42 bLI)l 2SS o Jee Cuddgn b Hlbyw Copse sln
48)S )1hd dalllao 3y90 Wb 4 dddS Jlw 2z il Hloyw Oloys g Lol L )3 1 (5iSh Yids .l Igguine
O 223 Zuse 1) dgdbse pladl goaodge (il Sliwl) Ho Sy Slarexd Gled Cussg b aiSe b OLS (ol . cuwl
9 Lwluds)iSh bli)l .aes dhl Hloyw Capde )3 GSHedengrSee Lisls 51 eslaiwl HlKol & LIS 085 Sy LS
SiglongrSue Olawaio g Yozl Sy 232 0j9> sl Ccly Jlgie Loie 9 Cudo Az 93 )0 )3 Hlbjw

Do

Microbiome and Cancer
Erle S. Robertson

35w Ol Caline gloil b basiyo sl uusilB)lgxSue oS a4 |y Gl 390 )3 Lo e il Logiinn S
Ol o Whuass g )l Ll sl ols g Hluil Ha &S Cuwl 031y HLIG agwg)Suoe WLBLE>T dino) 30 0
33 stz SO @) yaio Vlgie Dl (l S9d )lan @ saie Vsine Lol plil s 53 s
4>b ol s pols chgac sladelin skl sy |y Grwlio Joe (Suis souing> b ol a5 390 Sgilio Wl
sob 413138 Lo il (s)low sy 3 G583 9 Caisz Dhruasi Gl 4 euind l )0 Jls 43 036 Lo S sl
02 35S 1) ©Olussd gl (KisSa o Al Glol (s lSe )3 AgwgxSes 3 Whilug Calie Wilz)s 4S @plgawsl Lo IS

eLol




MicrobiomeinGastrointestinal Cancer
Jun Yu

Sl Olgde ) 039) SUgwgySue &S 2030 plins 2dlods g dd30 Jiubgy ) Gl i Wlegsge LUS
Jold OUS Gl -ols )18 eslaiwl 3)90 higigml o Liloysesd R Jaass Sl Gaizwed o Hlbyw jI rSuing

0198 08w sl Hlbyuw )3 o3k EaaiS pg9xSue Lapog (1 iunl 1) 3)lge
L Objue Olbyw b eubivne Joloi 9 (9)Sue sl dgilio (§a)b 5l 039) SUgugrSue Jos SJ9Sdgo eunilso (V

Sy 9)Suo 098l 318 (F.Laglbyuw )3 039) SUswgrSue Liud delllas (sly sadS slagbg) (.Gl slo Joluw
0198 0w sl Hloyuw Hloys 9 §rSuinm sl 039)

«Seogloilio (SislongrSue (wlid Cauw) s Glolw g GleSlge dine) )3 Gllell G plaazie l)es
Oledbl 1 Gie e LS (il gardge (il )90 )3 Grec Sld Gy p Bl sy Olaiedily HSuby o Suilegailsn
AS o ealyd Hlbjy 9 Wb OhSinegdy « eSS Wluass Hhgxinls sy pee g990 (il 3)90 )




mahak-charity.org



