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Abstract: Cancer is a complex disease influenced by various factors, including DNA damage, growth signals, and
inflammation. Although inflammation has commonly not been considered carcinogenic, increasing evidence indicates its
substantial involvement in the onset and progression of cancer, especially in the presence of chronic microbial infections.
This review thoroughly analyzes the complex relationship between cancer, health, and inflammation by introducing
pathological and physiological features of inflammation. The study explores the various factors that might enhance
inflammation, including infections and para-inflammation caused by tissue stress. It will also explore the changing
comprehension of microorganisms about health and illness, clarifying their possible influence on the development of
several malignancies, including colon, pancreatic, gastric, and prostate cancers. In addition, the study emphasizes the
development of new therapy approaches that specifically target chronic inflammations and their associated cancers. This
review seeks to enhance the comprehension of the intricate correlation between cancer, inflammation, and human health by

combining existing research.

Keywords: Cancer; Tissue stress; Inflammation; Human health; Therapeutic interventions

Online publication: November 26, 2024

1. Introduction

Cancer is a significant global health issue, resulting in a considerable number of diseases and fatalities. During
the year 2012, there were an estimated 14 million incidences of cancer that were newly diagnosed and eight
million deaths directly linked to the disease. Estimations suggest that the incidence of cancer will increase,
reaching around 22 million new cases annually by 2030 "', Additionally, it is estimated that there will be around
13 million deaths annually due to cancer. The rise in cancer prevalence is partially attributed to the expansion of
the population and the process of aging. Nevertheless, it is expected that alterations in cultural, economic, and
231

lifestyle aspects associated with human growth will also impact and increase the cancer profile in the future

Various research has demonstrated a robust correlation between socioeconomic advancement, inflammation,
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and cancer. The existing body of literature offers valuable insights that may be used to shape strategies and
establish goals to effectively address the burden of cancer. Additionally, it emphasizes the variations in cancer
susceptibility and impact among varying degrees of human development. This review seeks to evaluate the
worldwide occurrence of cancer concisely, its correlation with inflammation, and the general state of human
health, explicitly emphasizing the variations in cancer prevalence among various levels of human development .
This review focuses on the relationship between inflammation and cancer in various types and risk factors that
affect cancer, as well as the treatments with corresponding outcomes that include disabilities and life expectancy
cases.

Knowledge of the underlying health elements affecting cancer is essential since the elements of health
can significantly affect the possibilities of cancer in terms of early detection and survival rates ). The
causes of cancer include nursing factors like the type of diet, exercise regimes, and tobacco use, as well as
environmental conditions and heredity . Lack of a healthy diet and physically inactive lifestyle are some of
the significant factors that lead to obesity. This fact has been widely accepted as a precursor to several diseases
and cancers. Furthermore, smoking is associated with instances of lung cancer as well as various other kinds
of cancer. If these risk factors are further defined, they can reduce total body cancer . Additionally, knowing
of risks originating from genetics can help integrate the methods of individualized medicine in preventive and
therapeutic practices, thus improving the efficacy of prevention measures and drugs. Understanding the factors
affecting health requires further identification and scrutiny to make possible changes regarding the approaches
of public health interventions that would allow for the unique needs and concerns of various populations to be
addressed. This results in better diagnosis and effective management of cancer and lowered incidence of the
disease .

Inflammation has also been directly linked to the risk of new cancer events and enhanced mortality
rates, according to multiple studies "’ That is why the exact pathogenic mechanism of many long-term
illnesses, like stress or cancer, is called chronic low-grade inflammation. Chronic psychological stress leads to
sustained elevation of circulating cytokines in the blood, which is responsible for mild peripheral and central
inflammation "*"". NF-kB, STAT3, and mTOR pathways regulate the synthesis of cytokines, which provoke
inflammation and further modulate their activity "'*. The studies regarding the fact that the NF-kB/STAT3
oncofetal gene for FAT10 upregulation is unfavorable to the p53 tumor suppressor gene that is overexpressed
with a significantly higher rate of enhancement !"*. One of the other molecular changes identified as having a
direct link with high chances of an individual developing tumors is the alteration or complete knockout of p53
protein that results from 7P53 gene mutations. Also, Romeo et al., in their recent study in 2009, confirmed
that the end-of-life experiences of patients can be measured by the quality-of-life index and ACE. This study
also revealed the same as the study conducted by Noman on how Mutant p53 proteins facilitate the survival of
cancer cells through increased ROS production, synthesis of pro-inflammatory cytokines, activation of mTOR,
suppression of autophagy, and suppression of UCP2. They also noted that the p53 distribution usually occurs in
a dispersed manner, and as for the currently described standard p53 scattering pattern, certain conditions were
meant to decrease the action of mutated TP53 in supporting the survival of the cancerous cells ''*'. Moreover,
the compounds also stimulated the said pro-inflammatory and cancer-promoting cytokines and had a positive
reinforcement toward tumor promotion ',

Stress, hypoxic cancers, metabolism, anti-cancer therapy, cancer-inducing inflammation, angiogenesis,

cytokine- production, and so on can be the possibility of the cause '“. They affect tumor development
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depending on cell proliferation and increase the invasiveness of the cancer cells through the epithelial-
mesenchymal transition. Furthermore, VEGF and its receptors show an increase in tumor angiogenesis.
The following research works provided preeminence of the points above, all of which aid the integration of
technology in the learning and teaching process ">'%.

Additionally, one should note that when cancer cells produce more pro-inflammatory cytokines, it may
result in multiple drug resistance; this is likely attributed to an autocrine feedback mechanism "¥. This is
because chronic stress or cancer will place the body on a pro-inflammatory status, which then triggers other
stress responses. This condition can change the cancer biology and be associated with neuroinflammation.
Neuroinflammation refers to a condition that involves monocyte activation, microglia activation, and disruption
of the blood-brain barrier (BBB) ""'*|. This then caused an aggregation of macrophages in the lymph nodes
and splenic spaces by stress releasing them in the brain by continued release of catecholamine """, It is these
cells that later become hyperinflammatory, and they facilitate the migration of cells into the brain """, In this
context, sustained inflammation increases the up-regulation of high cell adhesion molecules on the cerebral
endothelium to facilitate the attachment of monocytes and their diapedesis through the endothelium. Lastly,
this results in the metamorphosis of the monocytes into cells with strong microglia features. For this reason, we
can find out that the monocyte infiltration caused by chronic stress and CCR2-dependent is not related to the
damage to the BBB **’. MIF has been reported to be up-regulated under conditions of chronic stress, to directly
facilitate the recruitment of monocytes by engaging the CCL2/CCR2 signaling pathway, and is also mandatory
for maintaining chronic neuroinflammation *'**, The interactions between inflammation, human stages of
development, and cancer are unpredictable yet diverse. It is, therefore, important for public health stakeholders
to better understand these interactions to develop and implement better strategies and interventions that can help

reduce the occurrence of cancer and improve treatment outcomes.

1.1. Cancer and health

Malignant diseases of the cancer category are common and manifested by the proliferation and ongoing
proliferation of abnormal cells. If this proliferation is to go unchecked, it can lead to death. Cancer can often
develop in any of the body’s organs or tissues. Over a hundred types of cancer are termed after the body part
where and/or from where they arise. Lung cancer arises from cells found in the lungs, whereas brain cancer
arises from cells found in the brain **. The main categories of cancer include as follows.

Carcinomas are malignant neoplasms arising from the epidermis or the epithelial tissues surrounding
internal organs. Examples include breast, lung, and colorectal cancer. Sarcomas are cancerous tumors that
originate from connective tissues.

Leukemias are cancerous growths that develop in the hematopoietic tissue, particularly the bone marrow.
This leads to the overproduction and release of abnormal blood cells into the circulatory system. Lymphomas
and myelomas are tumors that originate from the defense system. Neoplasms are CNS cancers that originate in

the tissues of the brain and spinal cord >

1.2. Cancer epidemiology

Cancer is a prominent cause of morbidity and mortality on a global scale. The WHO documented roughly
14 million cases of cancer and around 8 million deaths caused by cancer in 2012. The expected burden is set
to rise, as forecasts indicate a yearly increase of 22 million new cases and 13 million fatalities by 2030. The
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increase in this phenomenon can be attributed to various variables, such as the expansion of the population
and the aging of individuals, along with changes in lifestyle and the environment linked to socioeconomic
progress. Cancer incidence remains an area that shows relative distribution differences by geographical areas,
age, gender, and social status. The universal types are common in developed nations, such as breast and prostate
cancer, based on advanced diagnostic methods and increased life expectancy. On the other hand, economically
developed countries are less likely to be affected by these infections causing cancer, such as cervical cancer
from viruses and liver cancer from viruses *°.

Some of the leading well-identified causes of cancer that affect humanity globally include tobacco
smoking, misuse of alcohol, poor diet, tendency to perform little or no exercise, and exposure to viruses.
Suppose there is any single social vice that remains the most significant cause of cancer deaths. Smoking, which
accounts for about 22 percent of all cancer-related deaths. In addition, Human exposure to hazardous substances
at the workplace, such as carcinogens, radiation, and environmental toxins, increases the likelihood of cancer
significantly. The best approach to address this health threat is a holistic approach that includes prevention,
timely diagnosis, treatment, and support for the patient. Preventable risk factors, which require strategies that
can be changed, controlling over-vaccination, screening, and promoting access to medical care services, are

vital for reducing the likelihood of cancer and improving results 7.

2. Inflammation and its physiological role in the body

Inflammation, defined by the literal meaning of the word being an abbreviation for “inflammatory,” a term
meaning “to flame,” is a critical function in the body that serves the purpose of protecting cell membranes from
damage or infection by pathogens ***. Inflammation is a vital human body condition, though it continues as
a chronic disease. Inflammation is related to diseases with lengthy intervals, such as neurological disorders,
cancer, and cardiovascular illnesses. Inflammation is an elaborate process of coordinated and dynamic
events involving a cascade of clear and well-orchestrated events, such as responses within cells and blood
vessels and the release of specific mediators “**"). The mechanisms involve the migration of leukocytes,
plasma, and substances towards the site of inflammation. Immune cells secrete various chemicals and
signaling molecules, such as histamine, cytokines, and free radicals. Each of these chemicals promotes
inflammation “”. Inflammatory responses consist of two distinct stages: major and minor. There are different
mechanisms at play in each phase.

2.1. Acute inflammation

Inflammatory responses can occur at the vascular and cellular levels during the acute inflammatory phase.
When the tissue is injured or invaded by microorganisms, vascular events commence — the vessels dilate
and become hyperpermeable. This enables inflammatory mediators to move in and results in the formation of
interstitial edema. The ability of cells to pass through the circulatory system and invade other tissues is essential
for inflammatory reactions “*. Some chemical messengers involved in the trigger of leukocyte migration
include microbial endotoxins, the C5a complement component, interleukins, and the secretions from basophil.
It is recognized that these cells are the first responders at sites of severe inflammation. The invasion of the
immune system is a complex phenomenon characterized by leukocyte interactions with the lining of blood
vessels, which is found in postcapillary veins ">, This process involves several cellular activities, such as the
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capture, rolling, and firm adhering of leukocytes to the endothelium lining of tiny blood arteries. Some CAMs
are explained as follows: intercellular adhesion molecular-1 (ICAM-1), intercellular adhesion molecular-2
(ICAM-2), integrin, and selectin, which are involved in these actions. The selectins can be classified into three
families: P-selectin and E-selectin, which are on endothelial cells, and L-selectin, which is on leukocytes. It is
also necessary to mention the interaction between the white blood cells and the endothelium due to the high
affinity between the human protein-integrating protein CDII/CDIS, present in the white blood cells, and the
CAMs, located in endothelial cells **. Once adherence is established, white blood cells send out pseudopods
through the intercellular spaces of the endothelial row and penetrate the sub-endothelial basement lamina. It can

be called white blood cell invasion and transendothelial migration ',

2.2. Chronic inflammation

Mononuclear cells, particularly monocytes and lymphocytes, fibroblast proliferation, collagen fiber synthesis,
connective tissue growth, and the eventual creation of granulomas are hallmarks of chronic inflammation “*. In
chronic inflammation, inflammatory cells enter the damaged area and produce ROS, RNS, proteases, and so on.
These species are responsible for tissue destruction. Diseases of the inflammatory bowel, rheumatoid arthritis,

and cancer are among the chronic inflammatory illnesses linked to mutations in the p53 gene ™°.

2.3. Key inflammatory mediators

Many different chemical mediators released by damaged tissues, inflammatory cells, and the bloodstream
actively regulate the inflammatory response. Thromboxanes, leukotrienes, and prostaglandins are eicosanoids;
peptides like bradykinin histamine and serotonin are all part of this class of chemical mediators. Although
additional cell types can secrete cytokines, the primary sources of cytokine release include vascular cells,

fibroblasts, and endothelial cells, among others b7,

2.4. Mechanisms of inflammation

Complex molecular and cellular mechanisms contribute to inflammation and the immunological system’s
reaction to pathogens or damaged tissues °*'. At the outset, chemical signals released by damaged or sick tissues
attract several immune cells to the site of inflammation, including lymphocytes, macrophages, and neutrophils
% These cytokines, chemokines, and prostaglandins are just a few of the pro-inflammatory substances released
by these cells. By increasing vascular permeability and inducing vasodilation, these substances bring additional
immune cells to the affected area. The primary signaling pathways for inflammation are NF-xB, STAT3, and
MAPKs *. Essential proteins for the immune response, such as inflammatory cytokines, are controlled by
these pathways . Also, warning signs activate multi-protein complexes called inflammasomes, and they play
an essential role in producing cytokines like interleukin-1f (IL-1p) that enhance inflammation. Imbalance in
these pathways can result in long-term inflammation and have a role in developing several types of cancers,

such as gastric, liver, colorectal, prostate, and breast cancer (Figure 1) 2
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Figure 1. Role of inflammation in the development of several types of cancers such as gastric cancer, liver cancer,

colorectal cancer, prostate cancer, and breast cancer

3. Link between inflammation and cancers

In 1863, Rudolf Virchow made the initial connection between inflammation and cancer. He noticed
the presence of leukocytes in cancerous tissues, indicating that cancer may potentially arise in areas of
long-lasting inflammation. In the last 150 years, the understanding of this correlation has dramatically
progressed. At first, it was believed that substances that cause irritation and tissue damage, leading
to inflammation, could promote cell growth and contribute to cancer formation . Nevertheless, it is
currently acknowledged that other variables beyond cell proliferation influence the distinctive aberrant
growth of cancer Y. These factors include growth hormones, DNA damage chemicals, an active stroma,
and an inflammatory environment ", In contrast, inflammation in typical circumstances typically subsides on
its own because of the creation of anti-inflammatory cytokines. Unregulated chronic inflammation can disturb
regular cellular processes, resulting in the development of different types of cancer (Table 1). Additional
evidence substantiating this connection is derived from research indicating that most cancerous tissues display
an inflammatory element in their surrounding environment. This condition is characterized by changes in the
structure of tissues, the development of new blood vessels (angiogenesis), the invasion of white blood cells
(leukocytes), a significant presence of tumor-associated macrophages (TAMs), and elevated levels of signaling

chemicals called cytokines and chemokines .
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Table 1. Interconnections between inflammation and different types of cancers

No Type of cancer The primary cause of inflammation Inflammatory pathway Reference
1 Gastric cancer Helicobacter pylori Activation of MEK/ERK, NF-kB, and B-catenin [78,79]
pathways
Mediated by CD8+ T cells, NK cells, and
2 Liver cancer Hepatitis B (HBV) and C (HCV) macrophages producing ROS and nitrogen [54,80]
compounds
. Smoking, genetic predisposition, and .
3 Pancreatic cancer . . Activation of NF-kB pathway [57,81]
infections
4 Colorectal cancer Inﬂammgtqry bqwel.dlsease (IBD) leads Imm}me cells produce cytokines, ROS, and RNS, [69,82]
to chronic intestinal inflammation causing DNA damage
Abundance of Methyl bacterium and Chronic inflammations cause disruptions in a
5 Breast cancer disruptions in estrogen metabolizing p [69,83]

bacteria cellular pathway

3.1. Gastric cancer

Helicobacter pylori produces one instance of cancer associated with inflammation “*’. By creating virulence
factors, particularly cytotoxin-associated gene (Cag) A, H. pylori causes inflammatory reactions in the host 7.
Host inflammatory protein pathways, such as MEK/ERK, NF-kB, and B-catenin, are activated by this factor. About
70% of stomach adenocarcinomas, chronic gastritis, and mucosa-associated lymphoid tissue (MALT) lymphomas
are caused by H. pylori, the first bacteria to be classified as a carcinogen by the WHO “*'. Research conducted on
animal models has shown that mice infected exclusively with H. pylori display more widespread tumor profiles in
comparison to germ-free and antibiotic-treated controls *¥. This indicates that H. pylori alone may not be enough
to cause cancer and is likely to interact with other factors. Gastric cancer growth has been associated with Epstein-
Barr Virus (EBV) infection, which is marked by aberrant gene methylation, specifically affecting RUNX1, RBM5,
and PSMEI . Environmental variables, such as smoking, along with the host’s genetic susceptibility (particularly,
differences in genes encoding IL-1B, IL-10, and TNF) and interactions between specific bacterial virulence factors
(cagPAI, T4SS, CagA), have an impact on the outcome of infection . Despite a decline in the occurrence of
stomach cancer in recent years as a result of enhanced knowledge about its causes and better treatment decision-

making, it continues to be the second most common cause of cancer-related fatalities globally ™.

3.2. Liver cancer

Primary liver cancer, known as hepatocellular carcinoma (HCC), was the third leading cause of cancer-related
deaths worldwide . Liver inflammation and damage are associated with about 90% of HCC cases. There is
a substantial correlation between chronic inflammation in the liver and the development of hepatic fibrosis,
cirrhosis, and, finally, HCC 52 nfluenza with Hepatitis B and C together causes increased inflammation of the
liver and factors the incidence of hepatocellular carcinoma (HCC) by more than twenty. He et al. found that
HBV and HCV preferentially target CD8" T cells and natural killer (NK) cells to cause inflammation and liver
injury. Some of the resulting inflammatory mediators include macrophages and neutrophils, reactive oxygen
species (ROS), and nitrogen compounds. These factors increase the DNA damage connected with HCC and
other forms of cancer ****. Helicobacter hepaticus and other microorganisms involved in the digestive system

are also proven to be related to liver cancer ™. This is supported by the appearance of tumors and activation of
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the NF-«B signaling pathway after introducing H. hepaticus in the gastrointestinal tract °°'.

3.3. Pancreatic cancer

This aggravates inflammation of the pancreatic tissue and subsequently leads to an increased risk of pancreatic
cancer as well as an increased number of pancreatic stellar cells °”. Various causes are involved in developing
long-term pancreatitis; some of them are effects of the environment, including smoking, heredity, the existence
of metabolic disorders, and infections °*'. Research of the past done on experimental human and animal models
suggests that certain types of bacteria may be behind the inflammation usually detected in pancreatic cancer
patients ™’ The studies have revealed a strong relationship between the existence of periodontal infections
and an individual more vulnerable to pancreatic cancer '’ The 5-year survival rate of pancreatic cancer is
among the lowest being at 3%—7%, and this is an inferior figure "’ Bacterial identification may lead to the
development of the specific medication against these periodontal germs, as well as the identification of the
biomarkers useful for distinguishing high-risk individuals — such a discovery could contribute to total cancer

inception prevention ),

3.4. Colorectal cancer

CRC is the third most diagnosed cancer worldwide and is found to be more common in IBD patients, a chronic
inflammatory condition that is on the rise. Among them, there are indicator features of inflammation in the
intestines associated with IBD: the infiltration of immune cells — macrophages, neutrophils, and others /.
Patients with IBD often have inflammation and ulcerations, and the cells produce cytokines, as this production
enhances free radicals, proteolytic enzymes, and inflammatory reactions '*"**.

RNS and ROS are excessive in inflammatory bowel diseases, which have been suggested to promote
tumor growth in the intestinal tract . DNA damage due to ROS/RNS accumulation and external mutagen

%l Furthermore, comparing the

activation leads to cancer cell migration and spreading to adjacent tissues
molecular signals produced in inflammatory bowel disease shows remarkable similarities with those produced
in colorectal cancer. It is a critical factor that promotes tumor development in colorectal cancer. Cytokines are
defined as the collection of molecules, whereas the one referred to as interleukin 7. Diversity, an imbalance
in the gut microbial community, relates to inflammation in inflammatory bowel disease (IBD) and colorectal
cancer (CRC) risk. Genome sequencing studies have demonstrated an association between a particular bacterial
species to be involved in the development of colon cancer. This bacterial species has higher quantities in the
tissues of patients with this disease '**’. Its exact role is not clearly understood, but it significantly affects disease

progression ',

3.5. Breast and prostate cancer

The leading cause of cancer-related mortality in women is breast cancer, whereas in men, it is prostate cancer "’

Inflammation and bacteria have been implicated in the development of various illnesses in previous research "),
Cancer patients show a dramatic decrease in the presence of Methyl bacteria in breast tissue, which is linked
to tumors that have a higher likelihood of spreading. Disruptions in bacteria that participate in estrogen
metabolism can lead to an elevation of estrogen levels in the bloodstream, thereby raising the probability of

[72,73]

developing breast cancer . As could be expected, there invariably exists inflammatory cells in the rectal

vicinity together with prostate cancer in men ™. Anaerobic bacteria may make themselves noticeable if the tumor
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grows and reduces oxygen levels in the body. Although it has been challenging to prove that bacteria have a role in
prostate cancer, there is a link between inflammatory changes and prostate infection "', This link has the potential
to lower the prostate’s protective barrier, which in turn can aid in the progression of cancer. The risk of developing

a prostate infection is associated with shifts in the urinary tract’s microbial composition 7*""),

4. Therapeutic interventions for cancers

Cancer treatment involves a comprehensive strategy that includes different approaches to therapy and
nutritional recommendations. Chemotherapy involves using platinum-based compounds and other drugs,
causing tumor cells to undergo programmed cell death and toxicity. However, the effectiveness of chemotherapy
can be affected by the microorganisms in the gut ***!. This would imply that probiotics can improve treatment
regimens while reducing the side effects of chemotherapy. Another strength of cancer care that has made rapid
progress in cancer treatment is immunotherapy, a remarkably immune checkpoint inhibitor. The relevance of
bacterial composition to patient clinical outcomes stems from the evidence that the gut microbiome can alter the
pharmacologic actions of drugs.

People should consume more fruits, vegetables, and fiber-rich food to manage and prevent cancer. Lignans
and isothiocyanates, other micronutrients found in the diet, have anti-cancer properties. This demonstrates that
some foods have potential in the treatment of cancer. In summary, there is an opportunity for better cancer
treatment outcomes and better overall health of patients by combining two medical approaches, immunotherapy,

and chemotherapy, and making dietary adjustments **'.

5. Conclusion

In conclusion, this review has provided in-depth knowledge of the link between cancer, health, and
inflammation, focusing on various mechanisms underlying cancer progression. This study has emphasized
the importance of examining chronic microbial infections and inflammation in therapeutic approaches since
they play a part in the initiation and progression of cancer. This study is critical because it focuses on the
many factors contributing to cancer development through inflammation and demonstrates the role of bacteria
in promoting tumor growth. Investigating these relationships in the future will empower the creation of novel
treatment paradigms that focus on the cancer cells and target the cause of inflammation. This will help the
research community develop better ways of managing cancer in the future. This may result in better patient

outcomes and a more evolved approach to cancer.
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