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Abstract  Cancer killed approximately 8.8 million
people in 2015 globally. Furthermore, more than 27,000
Kenyans die annually from cancers, making it number three
killers after infectious and cardiovascular diseases. The
current therapeutic strategies are limited in their approach,
therefore not effective enough to achieve complete
remission. A radical multifactorial approach targeting early
events in carcinogenesis is required. The purpose of this
descriptive study was to review existing studies for
knowledge, research gaps in the role of oxidative stress,
inflammation, immune activation in carcinogenesis and
cancer hallmarks, to stimulate new research ideas which can
accelerate future therapeutic target discoveries. PubMed,
ScienceDirect and Google scholar databases were searched
using the keywords: cancer, oxidative stress, inflammation,
immune activation, carcinogenesis and cancer hallmarks.
Although widely recognized, little research on oxidative
stress, inflammation, immune activation, as cancer
therapeutic targets has been done. In addition, studies
relating oxidative stress, inflammation, immune activation
with cancer hallmarks, especially replicative immortality,
immune evasion, and evading growth suppression are
inadequate. To highlight this, out of a total of 8,680,095 hits,
only 139,694 hits related to oxidative stress, inflammation,
immune activation as therapeutic targets making this area a
fertile ground for future research. Similarly, out of 271, 194
hits, only 4,595 were relating oxidative stress, inflammation
and immune activation with replicative immortality as a
cancer hallmark. Subsequently, after pearling, 129 articles
that were directly relevant to the study were selected. After
critical appraisal, identified studies were analyzed, results
compared and presented in form of summary tables. Despite
enough documented evidence of the essential role oxidative
stress, inflammation, immune activation, plays in
carcinogenesis, specific role in induction of cancer hallmarks,
whether causal or consequence is not clear. An
understanding of the early changes that marks initiation,
maintenance and progression of cancer will accelerate

development of future novel therapeutic targets and
prevention strategies. This will have a direct impact on
prevention, early diagnosis, management and treatment of
cancers in Africa, thereby helping in attainment of United
Nations sustainable development goal (SDG) number three.

Keywords  Cancer, Oxidative Stress, Inflammation,
Immune Activation, Cancer Hallmarks, Carcinogenesis

1. Introduction

Cancer killed approximately 8.8 million people globally
in 2015, 70% of which were in low and middle income
countries such as Kenya, thus making it a major cause of
mortality [1]. Notably, about 40,000 (or about 80 deaths
daily) new cases of cancer and 27,000 deaths occurs
annually in Kenya, accounting for 7% of overall national
mortality [2]. Consequently, cancer has become the third
leading cause of death after infectious and cardiovascular
diseases (CVDs) [3]. Globally, lung, liver, colorectal,
stomach and breast cancers are the most common causes of
cancer deaths [1]. However, in Kenya, esophageal, cervical
cancers are the leading cause of cancer mortality in men and
women. Alarmingly, stomach, liver, colon and rectal
cancers are on the increase in Kenya [4]. In Children,
leukemia and lymphomas are the most prevalent cancers
globally [5]. Significantly, Human papilloma virus (HPV), a
virus that is sexually transmitted accounts for 22% and 12%
of all cancers in women and men respectively [6].

Of major concern, is the low level of public awareness,
lack of knowledge and misinformation on cancer [7, 8]. For
that reason, majority of cancers are diagnosed at advanced
stages contributing to the high mortality rates from the
disease. To highlight this, 80% of all cancers in Kenya are
diagnosed at advanced stages [9, 10].

Cancer does not refer to a single ailment, but several
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different diseases. There are more than 200 different
discases classified as cancers or types of cancer [11].
American joint Committee on Cancers, (2007), has broadly
classified cancers based on either the site of location of the
malignant cells, histology or cell analysis, the extent of the
disease (staging), organ where it first developed or
histologically depending on the tissue it originates from
[12]. Accordingly, carcinoma refers to cancer originating
from the skin; leukemia originates in the blood, lymphomas
from the cells of the immune system, myeloma from the
immune system and sarcomas from the bone [13]. The stage
of cancer at the time of diagnosis is critical in defining
treatment, evaluating success of therapies and chances of
recovery. The extent of the disease otherwise referred to as
cancer staging can be done using various methods. These
include; the summary stage system, surgical resection
margin evaluation (R classification), the “extent of disease”
system and the most widely used tumour, node, metastasis
(TNM) system [10, 12]. The TNM uses tumour size, degree
of regional spread or node involvement and distant
metastasis to classify cancers [12]. In addition to the stage,
trait or the type of cells or tissues affected, social and
psychological wellbeing of the patient influences greatly
recovery in cancer [14, 15].

Essentially, cancer is multi-aetiology in nature that
includes; genetic, lifestyle, biochemical, biological,
environmental, chemical exposure factors [16-21]. However,
the fraction of cancers attributable to lifestyle and
environmental factors is 43%, indicating that the origin of
57% of all cancers is still not clear [22]. Hence, more
research is required to define actiology of these cancers.
This understanding will help n accelerating therapeutic
target discovery, development of preventive and early
diagnosis strategies. Common risk factors for cancer
include; diet, lifestyle (sedentary, obesity, stress),
reproductive, sexual behavior (for ovarian & cervical
cancers), occupational exposure to chemicals, pesticides,
herbicides, heavy metals, some medical therapies such as
ionizing radiation used in x-rays, alkylating compounds,
geophysical factors, infectious agents or biological agents
(such as bacteria, viruses, aflatoxin), chronic inflammatory

diseases including diabetes mellitus, human
immunodeficiency syndrome/acquired immunodeficiency
syndrome (HIV/AIDS), tobacco smoking, chewing,

exposure to secondary tobacco smoke, alcohol consumption
and automobile fuel exposure [16,17,21,23].

Several chemical factors have been identified as
carcinogens such as; primary, secondary cigarette smoke,
pesticide, herbicide e.g. dichloro-diphenyl-trichloroethane
(DDT), lindane, oxyfluorfen, methoxychlor (which replaced
DDT), chlorothalonils and atrazine. Similarly, other
chemical carcinogens include; vinclozolin,
2-amino-1-methyl-6-phenylimidazo (4,5-b) pyridine (PhiP),
a heterocyclen amine from meat preparation, synthesis of
polycarbonates, epoxy resins, packaging thermal papers,
plastic papers, bottles, water pipes, electronic equipment as

well as toys, which is linked to breast, colon and prostate
cancers [24-26]. Likewise, 4-Nonylphenol (found in
contaminated food, water from liquid detergents), cosmetics,
paints and pesticides are also common carcinogens.
Alarmingly, Phthalates, a common compound used to soften
plastics, make infusion sets for blood transfusion and from
plastic packaging of foods, drinks and common in
developing world, is carcinogenic if inhaled or absorbed
through skin [22,26]. Of concern, acetaldehyde, a
by-product of organic compounds such as alcohol, reported
to activate nuclear factor of Kappa B (NF-kB), activator
protein-1 (AP-1) and p38 signaling pathways has been
associated with liver cancer [27].

In addition, heavy metals such as hexavalent chromium
from industries, fossil fuels, cadmium are associated with
testicular, prostate, adrenal and lung cancers [28, 29]. Other
common carcinogens include; metals such as nickel,
arsenics, (from inorganic farming of rice, vegetables and
fruits), mercury, lead in detergents, cosmetics and asbestos,
which is associated with lung cancer. Importantly,
biological agents such as bacteria (e.g. H, pyroli), viruses
(HIV, Epstein Barr Virus [EBV], Cytomegalovirus [CMV],
Human papilloma virus [HPV], Hepatitis B and C) and
aflatoxins are also common carcinogens.

1.1. Oxidative Stress, Inflammation, Immune Activation
and Carcinogenesis; Partners in Crime

Aetiology whether by biological agents, (bacteria [H.
pylori], viruses [HIV, EBV, HPV, Hepatitis B & C] ),
environmental, chemical carcinogens, chronic inflammatory
conditions notwithstanding, a common characteristic of
cancers is increased oxidative stress, inflammation, immune
activation especially in the tumour microenvironment and
bone marrow [21,30,31,32]. Interestingly, majority of
cancers, if not all, starts in an environment of oxidative
stress, inflammation and immune activation [30].

The influence of free radicals on proto-oncogenes,
activation of oncogenes, initiation, promotion and evolution
towards malignancy has been known from as early as 1990
[33]. Significantly, oxidative stress has been recognized as
the “master key” through which tumour microenvironment
interacts with almost all cancer hallmarks [23,34]. In
addition, oxidative stress has been recognized as powerful
initiator of the consistent NF-kB activation strongly
associated with chemical, tobacco, alcohol, high-fat diet,
environmental pollutants tumorigenesis, viruses,
bacteria-associated cancers, ultraviolet light, ionization
radiation and obesity-associated cancers [35,36,37].

Similarly, an altered tissue microenvironment is
important during early stages of carcinogenesis when focal
proliferative lesions (nodules/Adenomas, polyps and
papilloma) appear [38]. Accordingly, increased oxidative
stress in the tumour microenvironment is thought to cause
oxidative deoxynucleic acid (DNA) damage in the stroma
stem cells, initiation of focal proliferative lesions leading to
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activation of an inflammatory response [39]. Thereafter, a
unique tumour environment emerges, characterized by
defective oxygen, nutrients that lead to hypoxia and
competition for the scarce resources [30]. This causes a
vicious cycle of oxidative stress, inflammation, immune
activation, ultimately leading to metabolic reprogramming,
more genetic instability, DNA damage, induction of “driver
mutations” in proto-oncogenes (Ras and Myc) and tumour
suppressor genes (p53 and Rb) [30,40].

Alternatively, chemical exposure from pesticides or
herbicides may interact with the
hypothalamic-pituitary-adrenal axis, leading to increased
output of cortisol by the adrenals. This activates
tumour-associated inflammatory (TIA) response
mechanisms [41]. Subsequently, the cortisol produced
impacts on several cytokines such as macrophage migration
inhibiting factor (MIF), a potent pro-inflammatory cytokine,
which links the HPA axis to the inflammatory process [42,
43]. Interestingly, this phenomenon explains the association
between stressful lifestyle, poverty, exposure to
environmental chemicals and the unexplained increased risk
of cancers in poor populations [21].

Importantly, persistent NF-kB signaling ultimately
prevents resolution of TIA, resulting in a localized milieu of
chronic cytokine activation. This is believed to induce the
cancer hallmarks such as; resistance to cell death, evading
growth suppression or replicative immortality probably as an
adaptation to local microenvironment oxidative stress.
Furthermore, it promotes angiogenesis, evasion, metastasis
as the tumour cells escape from the toxic tumour
microenvironment, increased competition for oxygen and
nutrients [30, 44].

Inflammation, which is an immediate defense response to
foreign substances, tissue injury, or altered self-molecules,
plays a causal role in viral, tobacco and asbestos-related
carcinogenesis [45]. In addition to increasing the risk of
developing cancer, about 20% of cancer deaths are caused
by the chronic inflammation [46].  Notably,
tumour-associated chronic inflammation, though commonly
associated with infections, can also be triggered by
exposure to irradiation, environmental and chemical
carcinogens [47]. This is characterized by expression of
tumour antigens, cytokines production (IL-8, TGF-f,
TNF-0, IL-I and 6), induction of immunosuppressive
FOXP3+ T-regulatory cells (T-regs) [48], down regulation
of major histocompatibility complex I (MHC I) molecules
on cytotoxic T-cells (CD8 T-cells) [49,50] and
dysfunctional CD8 T-cells [51]. All these events are
believed to be driven by oxidative stress, inflammation and
immune activation [52, 53].

Tumour microenvironment is composed of blood vessels,
extracellular matrix and stroma or mesenchymal stem cells
such as fibroblasts, endothelial cells, fat cells, macrophages,
antigen presenting cells (APCs) such as dendritic cells and
reticulum cells [54]. All these cells are labelled the “NOX
family” as they have a nicotinamide adenine dinucleotide

phosphate (NADPH) oxidase, in addition to xanthine
oxidase and nitric oxidase systems [55, 56]. These cells
therefore, are major source of reactive oxygen species (ROS)
and oxidative stress. Too, they are capable of a respiratory
burst, which is a sequential reduction of oxygen by an
NADPH oxidase system, to kill invading microorganisms,
generating ROS. Essentially, xanthine oxidase system is
regulated by lipopolysaccharide (LPS), pro-inflammatory
cytokines and hypoxia [55].

Activation of the tumour  microenvironment
stroma/mesenchymal stem cells by cancer causing
infectious bacteria, viruses and chemical carcinogens leads
to oxidative stress, genomic instability, inflammation and
immune activation, which causes the initial focal
proliferative lesions [30, 38, 47, 57]. These lesions, which
are as a result of damage to macromolecules (DNA, lipids,
proteins etc.) by ROS, subsequently leads to an
inflammatory response [21, 58, 59, 60]. The initial reaction
to the lesions, early tumour cells is recruitment, activation
of multipotent stroma/mesenchymal stem cells, fibroblasts,
endothelial cell precursors, APCs, white blood cells such as
CDS-T lymphocytes and T-regs [61].

Hanahan et al. (2011) [61], indicated that the recruited
normal cells play an active role in tumourigenesis as major
source of ROS and oxidative stress [55, 56]. These cells
generate pro-inflammatory cytokines (TNF, IL-I & IL-6),
growth factors such as vascular endothelial growth factor
(VEGF) which stimulates angiogenesis, cytokines (e.g.
CXCL-10) and chemokines [62]. Consequently, a vicious
cycle of oxidative stress, inflammation, immune activation
ensues, which favors carcinogenesis and its progression
[63]. For that reason, majority of cancers, especially solid
tumours [64], myeloproliferative disorders [65], begin in a
setting of oxidative stress and inflammation [30, 66].

Further, oxidative stress-induced inflammation and
immune activation are thought to cause metabolic
dysregulation, persistent activation of anti-apoptotic gene
Bcl-2 due to increased ROS as well as the reducing tumour
microenvironment [44]. This leads to persistent activation of
oncogenes Ras and Myc, tumour suppressor genes p53, RB,
BRAC 1 and 2. Likewise, it leads to NF-kB signaling by
ROS, increased oxidative stress-induced inflammation and
immune activation. This induces metabolic reprogramming
and dysregulation causing cells to loss their growth
suppression mechanism [67, 68, 69, 70, 71, 72]. ROS also
activates pro-inflammatory cytokines, growth factors and
Matrix metalloproteinases (MMPs), inducing fibrosis.
Notably, activated macrophages, neutrophils express
enzymes such as myeloperoxidase (MPO) and NADPH
oxidase, which generates ROS [56].

Critical to our understanding of environmental,
lifestyle-induced cancers, is acknowledging, appreciating
the potential role of pro-inflammatory milieu,
pro-carcinogenic properties of carcinogens and their impact
in carcinogenesis [21, 23, 73]. It is known that chemical
carcinogens contribute to tumourigenesis by modifying the
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tumour microenvironment [47]. As a result, specific

changes in the tumour microenvironment can be used as

early biomarkers of chemical carcinogens exposure [23].
Significantly, cancer 1is characterized by seven

characteristics or hallmarks;

Sustained proliferative signaling,

Evading growth suppression,

Activating invasion and metastasis,

Enabling replicative immortality,

Induction of angiogenesis,

Resisting cell death

Immune evasion and tolerance [30, 59].

Nk L=

By understanding how ROS, oxidative stress-induced
inflammation and immune activation interacts with the seven
cancer hallmarks, how to target them, identify early
biomarkers of carcinogenesis, we will be able to, predict,
anticipate and accelerate development of therapeutic targets
and preventive strategies. This will have a direct impact on
cancer management, help in attainment of United Nations
SDG number 3 on ensuring health for all and promotion of
wellbeing for all at all ages.

1.2. Objectives

To investigate the hypothesis that oxidative stress,
inflammation and immune activation is strongly associated
with induction of the seven cancer hallmarks, the author
reviewed existing literature to identify critical knowledge,
research gaps, to stimulate further research interest in the
field, accelerate discovery of therapeutic targets and
preventive strategies.

The objectives of this systematic review were to:

1. Review the existing literature on oxidative stress,
inflammation, immune activation, cancer hallmarks to
identify knowledge and research gaps to stimulate
further research interest in the field.

2.  Exploit the identified knowledge, research gaps to
provide new thinking, mechanistic insights, generate
new hypothesis, for further research in carcinogenesis,
induction of the seven cancer hall marks, to accelerate
discovery of new therapeutic targets and preventive
strategies.

The author was trying to answer the following review
questions whose answers hold the key to understanding
carcinogenesis, cancer maintenance, and progression:
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1. Whether oxidative stress-induced inflammation,
immune activation is involved in induction of the
seven cancer hallmarks and thus carcinogenesis?

2. If oxidative stress-induced inflammation, immune
activation is involved, how; cause or consequence?
And to what extent?

3. Whether targeting oxidative stress-induced
inflammation and immune activation signaling can be
exploited as therapeutic targets or preventive
strategies?

4. Whether selected markers of oxidative stress,

inflammation and immune activation can be used as
early biomarkers of carcinogenesis?

2. Materials and Methods

This was a descriptive review of the existing literature on
oxidative stress, inflammation, immune activation and the
seven cancer hallmarks. This study was conducted at
Kirinyaga University from 10" February 2016 to 25" April,
2017. The inclusion criteria included; only full access
articles in English, publications on oxidative stress,
inflammation, immune activation, cancer hallmarks.
Exclusion criteria included all publication not in English
language, not directly associated with the search words;
cancer, oxidative stress, inflammation, immune activation,
cancer hallmarks, carcinogenesis, involving all the other
diseases apart from cancer. The keywords were developed by
breaking down the review questions. From the objectives and
review questions, a search strategy using different
combinations of the key search words was used. The
following databases PubMed, Google scholar and
ScienceDirect were searched and downloaded at Kirinyaga
University using the previously identified keywords. A total
of 129 relevant articles out of 8,680,095 hits from the three
databases were selected after pearling, critical appraisal to
assess the quality, what was analyzed, results obtained,
relevance of the downloaded articles to the current study.
The articles were reviewed for knowledge, research gaps in
cancer, oxidative stress, inflammation, immune activation,
therapeutic targets the seven cancer hallmarks. The
knowledge, research gaps in the current literature were
identified, highlighted, compared and documented. The
results of the relevant articles were compared, appraised,
analyzed, summarized, presented in the form of summary
tables as shown in Tables 1 and 2.

Table 1. Existing studies related to cancer, oxidative stress, inflammation and immune activation
Oxidative . Immune Ocxidative stress, inflammation and immune activation as
Databases/Cancer Inflammation A .
stress activation therapeutic targets
PubMed *224 12,925 *4424 *5
Google Scholar 2,080,000 3,140,000 2,910,000 139,100
ScienceDirect 85,169 181,344 126,315 *589
Total 2,165,393 3,334,269 3,040, 739 139,694
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Table 2. Existing studies related to cancer and the seven cancer hallmarks

Databases/Oxndz}tlve Proliferative Evading Resisting Replicative Sustained . TlS‘S ue Imlflune

stress, Inflammation & sionalin growth apoDtosis immortalit angiogenesis invasion & evasion &

Immune activation g g suppression pop Y glog Metastasis Tolerance
PubMed *1 *0 *0 *0 *15 *1 *0

Google Scholar 24,600 19,300 135,000 *4,490 32,900 31,800 *12,000
ScienceDirect *105 *663 *1,212 *105 *6,396 *2,203 *403

Total 24,706 *19,963 136,212 *4,595 39,311 34,004 *12,403

3. Results exhaustively studied, specifically, proliferative signaling,

Table 1 summarizes existing studies on cancer, oxidative
stress, inflammation, immune activation. The areas of cancer,
oxidative stress, inflammation, immune activation are well
studied. However, few studies exist on oxidative stress,
inflammation, immune activation as therapeutic targets.
Future research should focus on targeting them as
therapeutic targets. *= indicates not widely published area.
Only 5 Downloads were gotten on oxidative stress,
inflammation and immune activation as cancer therapeutic
targets in PubMed

Table 2 summarizes existing studies on oxidative stress,
inflammation, immune activation and the seven cancer
hallmarks. Generally, the area of oxidative stress,
inflammation, immune activation and cancer hallmarks is not
widely studied, indicating the potential for future research
this field holds *= Indicates not well published area. The arca
of cancer hallmarks is not exhaustively studied. No single
study on cancer, evading growth suppression, resisting
apoptosis, replicative immortality immune evasion and
tolerance was found in the PubMed database, indicating a
field where more research should focus on.

4. Discussion

Based on the objectives and review questions of the
descriptive survey, different combinations of the search
words, a total of 8,680,095 hits for studies relating to cancer,
oxidative stress, inflammation, immune activations
independently and as therapeutic targets were gotten.
Likewise, 271,194 hits relating to cancer and the seven
cancer hallmarks were obtained. The downloaded hits were
appraised critically, assessed for relevance to the survey,
quality, methods, results, after which 129 articles were
selected. The articles were reviewed to identify knowledge,
research gaps, results compared and presented in form of
summary tables as shown in Table 1 and 2.

According to the results (Table 1), the field of cancer,
oxidative stress, inflammation, immune activation is well
researched with a lot of published literature on the same.
However, as therapeutic targets, these areas have not been
adequately investigated. Out of the total 8,680,095 hits,
only 139,694 hits related to oxidative stress, inflammation
and immune activation as therapeutic targets as shown in
Table 1. Notably, cancer hallmarks have not been

tissues invasion, metastasis as shown in Table 2. Of concern,
there were only 4,595, 12,403, 19,963 hits related to
oxidative stress, inflammation, immune activation and
replicative immortality, immune evasion, evading of growth
suppression respectively out of the total 271,194 hits as
indicated in Table 2. Consequently, the role of oxidative
stress, inflammation, immune activation in induction of the
cancer hallmarks is not clearly defined. This makes these
areas potential research themes worth consideration in
prospective studies. Hence, future studies should focus on
the induction of the cancer hallmarks with special emphasis
on the role (whether causal or consequence) of ROS,
oxidative stress, inflammation, immune activation and how
to target them as therapeutic interventions.

That ROS are constitutively generated during cellular
metabolism in mitochondrial and in response to a variety of
environmental stimuli including ultraviolet (UV), ionizing
radiation, (IV) chemicals, hyperoxia etc. is clear. In addition,
the importance of chronic oxidative stress, inflammation,
immune activation in carcinogenesis is well documented.
However, their role in inducing the seven cancer hallmarks
is not clearly delineated. Therefore, specific studies
focusing primarily on the causal association, if at all,
between oxidative stress, inflammation, immune activation
and the seven cancer hallmarks are required.

4.1. Identified Knowledge and Research Gaps;
Limitation of the Current Cancer Therapies

Recovery from cancer depends on the type, the stage
when diagnosed, the trait or cells/tissue affected level,
nature of the treatment, emotional and physical health of the
patient [14, 15]. However, the current cancer therapies are
limited in their action and not 100% effective, thus do not
achieve a complete remission. As a consequence, majority
of cancers have a five-year survival rate. In addition, they
target single signaling pathways, indiscriminately kill
tumour cells and in the process normal cells, hence the
serious adverse effects associated with chemotherapy. The
overlap and multifunction of signaling pathways, makes
targeting them a challenging task [73, 74, 75]. Likewise,
some of the interventions target downstream events, which
occur much later such as DNA damage repair, eliminating
tumour cells or excising mutations. Furthermore, majority
of the interventions overlook early events of carcinogenesis.
Of major concern, most of the cancers are diagnosed at
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advanced stages, offering little chance of survival as
mentioned earlier [9, 10].

In view of this and considering the multi-etiological
nature of cancer, future therapies call for a safe, effective
and multi-target approach.

4.2. The Seven Cancer Hallmarks and How to Target
Them

According to the results, though oxidative stress-induced
inflammation and immune activation are thought to interact
with all the seven cancer hallmarks, exact mechanisms
through which this leads to initiation, maintenance, cancer
progression as well as induction of the seven cancer
hallmarks is not clear. In this review, the author proposes
how ROS, oxidative stress, inflammation, immune
activation may interact to induce the seven cancer hallmarks
and how to target them in future research.

1. Sustained Proliferative Signaling, Evading Growth
Suppression, Resisting Cell Death

The heightened, persistent ROS in the mitochondria due
to increased cellular energy demands, the ensuing oxidative
stress-induced inflammation and immune activation are
thought to cause a sustained, excessive NF-kB and Ras
signaling. Subsequently, this leads to mitochondria DNA
(mtDNA) damage [76] that increases the cellular energy
demands to compensate for the mitochondrial damage, meet
increased energy demands to clear the ROS and oxidative
stress [76,77, 78]. Similarly, metabolic reprogramming
ensues, which is characterized by increased glycolysis
(glycolytic flux) [34]. This, in concurrence with the ROS
activates proto-oncogenes (Ras, c-Myc) [68, 70, 79, 80]
tumour suppressor genes (p53, RB, BRCA 1 & 2) [67]
causes “driver mutations” [81], telomere shortening
(increased telomerase activity), decreased cellular
senescence, [82]. Significantly, increased growth factors
signaling resulting from increased ROS, persistent NF-kB
activation, is known to antagonize apoptotic signaling,
probably as a cellular adaptation mechanism [79, 81, 82, 83,
84]. Accordingly, this leads to; sustained proliferative
signaling [85, 86], evading of growth suppression,
acquisition of replicative immortality and resistance to cell
death as a preservation mechanism [81] or ROS insult and
activation of anti-apoptotic gene Bcl-2 [86,87]. The
increased competition for nutrients by the rapidly dividing
tumorous cells is thought to cause the clonal selection
characteristic of many cancers probably as an adaptation to
the competition [44].

Amelioration of the effects of ROS, oxidative
stress-induce inflammation and immune activation by
modulation of excessive oxidative phosphorylation, thus
decreasing ROS generation by use of immune modulators
such as selected antioxidants, inhibitors of oxidative
phosphorylation inhibitors (e.g. Metformin), Nonsteroidal
anti-inflammatory drugs (NSAIDs) as a combination, might

modulate the excessive NF-kB signaling, prevent
mitochondria, mtDNA damage, eliminate the need for
increased cellular energy demands, restore normal cellular
metabolism, preventing induction of replicative immortality,
resistance to apoptosis, stop induction of the ‘driver
mutations’ in proto-oncogenes and tumour suppressor genes.
Furthermore, modulation of ROS, oxidative stress-induced
inflammation, immune activation will prevent induction of
immune suppressive T-regs and preserve the integrity of
cytotoxic T-cells (CDS8T-cells), which will identify,
eliminate tumour cells restoring a normal immune
surveillance function.

2. Activating Tumour Invasion and Metastasis

The increased and persistent ROS, oxidative stress,
competition for oxygen and nutrients by the rapidly
dividing tumour cells leads to hypoxia and clonal selection,
which is a common characteristic of cancers [73, 88].
Likewise, it leads to increased secretion of
pro-inflammatory cytokines by stromal cells in the tumour
microenvironment. This leads to induction of Matrix
metalloproteinases (MMPs) [89], which degrades the
extracellular matrix (ECM), gap junctions and contact
inhibition [90, 91, 92]. This in addition to competition for
0O, and nutrients activate tumour invasion and metastasis.
Furthermore, the reducing environment of the tumour
microenvironment due to increased ROS, oxidative stress
also contributes events leading to tumour evasion and
metastasis. Activation of the innate immunity (neutrophils
and macrophages) by adaptive immunity produces an
enhanced respiratory burst leading increased production of
pro-inflammatory cytokines and ROS leading to a vicious
cycle of oxidative stress, inflammation, immune activation
and increased production of MMPs [93]. Consequently,
modulating ROS, oxidative stress-induced inflammation
and immune activation will reverse the hypoxia, production
of MMPs and pro-inflammatory cytokines especially in the
tumour  microenvironment; modify the  reducing
environment and the adverse effects.

3. Enabling Replicative Immortality

The increased ROS and oxidative stress signaling of
NF-kB, Ras, p53, anti-apoptotic Bcl-2, metabolic
reprogramming and dysregulation, telomere shortening and
decreased cellular senescence [82, 94] are thought to cause
resistance to normal apoptosis or enabling replicative
immortality probably as an adaptation to the increased and
persistent ROS attack [44, 30]. By modulating the increased
NF-kB, we can regulate Ras and Bcl-2 signaling, increase
telomerase activity and promote senescence.

4. Inducing Angiogenesis

In order to meet the increased oxygen and nutrients
demands, the rapidly dividing cells requires new blood
vessels, hence need for angiogenesis [45, 95]. The increased
and persistent ROS, oxidative stress, metabolic
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reprogramming, low oxygen from oxidative stress (hypoxia),
increased cellular energy demands by the rapidly dividing
cells, ensuing competition for the inadequate oxygen,
nutrients leads to production of hypoxia inducible factor I
(HIF-I), tissue factor (TF) and VEGF [85,96-98] by
endothelia cells, which initiates angiogenesis. The
competition leads also to clonal selection, which
characterizes cancers [81]. Therefore, modulating ROS and
oxidative stress signaling might reduce hypoxia, cellular
energy demands, competition for oxygen (O,), nutrients,
induction of HIF-I, TF, VEGF, thus angiogenesis and clonal
selection.

5.  Immune Evasion and Tolerance

The increased and persistent ROS, oxidative
stress-induced inflammation and immune activation are
implicated in the sustained NF-kB [99], Ras signaling [69],
down regulation of MHC I in CD8 T-cells [100], thus
cannot recognize and eliminate tumour cells. Furthermore,
increased oxidative stress is thought to induce the
immunosuppressive T-regs [101]. T-regs suppresses other
immune cells via production of IL-10. Therefore,
modulating ROS, oxidative stress, inflammation, immune
activation will reduce the excessive NF-kB signaling,
reverse the adverse effects of the signaling, preserve
integrity of CD8 T-cell enabling them to recognize and
eliminate tumour cells.

In addition, it will prevent induction of T-regs, preserving
the function of other immune cells and the immune system.
Furthermore, it will reverse hypoxia, production of MMPs,
pro-inflammatory cytokines especially in the tumour
microenvironment; modify the reducing environment and
the adverse effects. Specifically, modulating the increased
NF-kB, signaling will regulate Ras, Bcl-2 signaling,
decrease the telomerase activity and increase cellular
senescence. In addition, the modulation will reduce hypoxia,
decrease cellular energy demands, thus decrease
competition for oxygen, nutrients, induction of HIF-I, TF,
VEGF and clonal selection. Lastly, the modulation will
preserve the integrity of CD8 T-cell enabling them to
recognize tumour cells, eliminating them, preventing
induction of T-regs, preserving the function of other
immune cells and the overall immune system surveillance.

The author believes and is supported by various previous
studies [20, 44, 21, 30, 31, 32] that oxidative stress,
inflammation, immune activation conspires to produce
carcinogenic synergies, that are regrettably disregarded by
the existing risk assessment methods. Accordingly,
exposure to immune disruptors, the common chemical,
environmental carcinogens discussed previously in the
introduction, cancer-inducing infectious biological agents
(bacteria, viruses, aflatoxin), chronic inflammatory
conditions (HIV/AIDS, diabetes mellitus), induces a certain
degree of oxidative stress, DNA damage, initial focal
proliferative lesions, which leads to inflammation, immune
activation, recruitment of inflammatory cells, with

generation of more ROS, pro-inflammatory cytokines,
immune activation, leading to a vicious cycle of oxidative
stress and inflammation [57,102]. The oxidative
stress-induced inflammatory milieu leads to genomic
instability, DNA damage, increased generation of
pro-inflammatory cytokines, more oxidative stress,
inflammation, immune activation, increased cellular energy
demands, leading to metabolic reprogramming, hypoxia,
competition for oxygen, nutrients, induction of “driver
mutations” in proto-oncogenes and tumour suppressor
genes [81]. All these events conspire to ultimately induce
the characteristic seven cancer hallmarks. Other
consequences include; damage of CD8 T- lymphocytes by
downregulation of MHC I, hence cannot recognize, destroy
tumour cells and induction of the immunosuppressive
T-regs (immune evasion & tolerance). Likewise,
amelioration of the oxidative stress, inflammation and
immune activation is the first step in preventing and
stopping carcinogenesis.

Previous strategies to target the cancer hallmarks such as
moderation of immune action, metabolic reprogramming
have been tried and reported [103,104]. Of special
importance, Metformin, an anti-diabetic, has been shown to
inhibit mitochondrial respiration, mitochondrial respiratory
chain (complex), neoplastic angiogenesis, mammalian target
of rapamycin (mTOR) complex 1 signaling, modulate cancer
inflammatory microenvironment, promote both
caspase-dependent and independent apoptosis, suppress
glucose production influx of glucagon from glycolysis and
impairment of oxidative phosphorylation thus preventing
production of ROS [105].

Notably, regular use of small doses of aspirin and other
NSAIDS has been reported to reduce the risk of getting
cancers [106,107]. Evidence that immune moderation is
effective in cancer therapy is provided by the effective use of
alpha Interferons (IFNs) as the first line of treatment in
management of Chronic Myeloid Leukemia (CML), which
replaces the use of cytotoxic drugs (e.g. Hydroxyurea and
Busulfan) in patients not eligible for bone marrow
transplantation (i.e. those over 50 years) [108].

The future challenge is designing a combined formulation
targeting oxidative stress, inflammation, immune activation
signaling and an effective delivery system of the same.
However, more studies on the role of oxidative stress,
inflammation, immune activation in carcinogenesis, cancer
maintenance, its progression, hallmarks are required to
strengthen the hypothesis. In addition, preventive measures
such as active lifestyle, weight loss, stress reduction, diets
rich in anti-inflammatories, anti-bacterial, modulators of
oxidative stress and immune activation, discouraging plastic
packaging of foods, drinks, increased intake of fruits,
vegetables, reduction of alcohol consumption, tobacco
smoking, chewing, frequent screening for cancers, early
diagnosis, treatment of cancer and chronic inflammatory
conditions are proposed.
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4.3. Potential Oxidative Stress, Inflammation and
Immune Activation Early Biomarkers of Cancer

Most cancers exhibit long latency period, hence early
biomarkers to detect them during this period as well as
understanding the primary changes within the tumour
microenvironment will be essential in their timely diagnosis,
treatment and management [20]. Significantly, the causal
association of genomic instability, inflammation in cancer,
metabolic reprogramming, immune evasion, tolerance as
enablers, makes them ideal early biomarkers [61]. Early
potential biomarkers of cancer can either be direct or indirect.
The direct early biomarkers include; upregulation or
overexpression of genes regulating metabolism, NF-kB
signaling, anti-apoptotic genes (Bcl-2, Bcl-X, Bcl-W,
MCL-1, BCL-B), down regulation of pro-apoptotic genes
(Bax, Bak, Bik, Bad, Bim, HRK) [109, 110]. Other direct
biomarkers include; upregulation or altered gene expression
of oncogenes (Ras, c-Myc), tumour suppressor genes (p53,
RB), hypoxia-associated transcription, growth factors
(HIF-1, TF, VEGF) [111], MHC molecules, downregulation
of adhesive molecules, growth factors and their surface
receptors) in histologically normal tissues.

Consequently, potential early markers of dysregulated
metabolism includes; increased mtDNA, increased lactate
dehydrogenase (LDH), which catalysis the reversible
NAD'/NADH-dependent conversion of pyruvate, lactate
and an important source for NAD" required for glycolytic
flux [112,113]. Similarly, increased or mutations in
isocitrate dehydrogenase (IDH) from cancer-associated
mutations, which promote on cometabolites formation [114,
115], increased fumarate hydratase [114]
phosphofructokinase = (PFK), a major irreversible
rate-controlling step of glycolysis are other possible
biomarkers [115, 116,117,118]. Early biomarkers of
dysregulated metabolism include; increased AcetylCoA,
lipogenesis for supporting membrane biogenesis, which is
characteristic of many aggressive cancers [119,120]. In
addition, DNA damage products such as
8-0x0-2'deoxyguanosine have been used previously as early
biomarkers of carcinogenesis [121]. Likewise, over
expression of VEGF [95], and MMPs can be considered as
potential early biomarker of carcinogenesis [122].

Indirect early biomarkers include; increased chronic
inflammation (Fibrinogen, D-Dimers), immune activation
markers (CD25, CD69, CD38), increased fatty acid
metabolism (lipogenesis), decreased antioxidant defenses
(Nuclear factor erythroid 2 related factor 2 (Nrf2), reduced
glutathione (GSH), glutathione peroxidase (GPx), Catalase,
superoxide dismutase (SOD)), inhibition of caspase (caspase
3) activation, down-regulation of MHC I in CDS8
T-lymphocytes and increased T-regs among other [123, 124].
More importantly, specific alterations in the tumour
microenvironment, bone marrow such as increased oxidative
metabolism (enhanced respiratory burst and pentose
phosphate pathway [PPP] activation), TP53-induced
glycolysis,  apoptotic  regulator (TIGAR), chronic

inflammation, immune activation markers, activated stroma
and other cells, overexpression of growth factors (IL-I, IL-2,
SCF, IL-3, IL-5, IL-6, VGEF, CSF-GM, CSF-G, hepatocyte
growth factor [produced by tumour-associated fibroblasts]
[125] and CSF-M), adhesive molecules, cell surface
receptors, increased hypoxia, hypoxia inducible factor-I
(HIF-I) genes, VEGF can be used to predict or for early
diagnoses of cancers [126, 127]. Other indirect potential
early biomarkers include; increased MMPs, transcription
factors regulating conversion of epithelial to mesenchymal
Transition (EMT) such as snail, slug, and twist [128,129],
genes are important early biomarkers of cancer.

Over the last few years, there has been an explosion of
cancer information, which has led to better understanding of
cancer actiology, risk factors, chemical, environmental
carcinogens, role of diet, lifestyle, obesity, stressful lifestyle,
chronic inflammatory conditions such as HIV/AIDS in
carcinogenesis. Recently, recognition of the important role
oxidative stress, inflammation and immune activation plays
in carcinogenesis, cancer maintenance, progression presents
promising future novel therapeutic targets and preventive
strategies.

5. Conclusions

Oxidative stress, inflammation, immune activation are
important participants in carcinogenesis, hence targeting
their signaling, activation will be therapeutic and preventive.
The multifactorial etiology of cancer necessitates a
combined multifactorial approach targeting all the seven
cancer hallmarks. This approach represents an important
strategy for cancer prevention and treatment. For that reason,
targeting oxidative stress-induced inflammation and
immune activation presents a radical cancer therapeutic and
preventive approach. In addition, modulation of ROS,
oxidative stress-induced inflammation and immune
activation will prevent induction of immune suppressive
T-regs and preserve the integrity of cytotoxic T-cells (CD8),
which will eliminate cancerous cells.
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