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Abstract The inflammation process in the human body
plays a central role in the pathogenesis of many chronic
diseases. In addition, reactive oxygen species (ROS) exert
potentially a decisive role in human body, particularly in
physiological and pathological process. The chronic
inflammation state could generate several types of diseases
such as cancer, atherosclerosis, diabetes mellitus and
arthritis, especially if it is concomitant with high levels of
pro-inflammatory markers and ROS. The respiratory burst
of inflammatory cells during inflammation increases the
production and accumulation of ROS. However, ROS
regulate various types of kinases and transcription factors
such nuclear factor-kappa B which is related to the acti-
vation of pro-inflammatory genes. The exact crosstalk
between pro-inflammatory markers and ROS in terms of
pathogenesis and development of serious diseases is still
ambitious. Many studies have been attempting to determine
the mechanistic mutual relationship between ROS and pro-
inflammatory markers. Therefore hereby, we review the
hypothetical relationship between ROS and pro-inflam-
matory markers in which they have been proposed to ini-
tiate cancer, atherosclerosis, diabetes mellitus and arthritis.
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Abbreviations
ROS Reactive oxygen species
NO Nitric oxide

TNF-o.  Tumor necrosis factor-alpha
COX Cyclooxygenase

PG Prostaglandine

NF-kB  Nuclear factor-kappa B

IL Interleukin

MCP-1 Monocyte chemotactic protein-1
Introduction

Inflammation has been considered biologically for long
time as the earliest defense and healing process against
tissue damage. The customary marks of inflammation are
redness, pain, heat and swelling that are result of con-
fronting the host tissue by toxic microbe, tissue damage or
cancerous circumstances [1]. In addition, pro-inflammatory
markers have appeared, in the recent decades, as a potently
interfering agent in the pathophysiological age-related
diseases and in the major chronic diseases of developed
populations, including cardiovascular disease, type 2 dia-
betes mellitus, arthritis disease, and many types of cancer
[2, 3]. Furthermore, there is a grave concern about the
contribution of reactive oxygen species (ROS) in support-
ing the inflammation process.

Free radical, highly reactive molecules, is created by
normal cellular processes, environmental stresses, and UV
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irradiation. In the other hand, the reaction of ROS, at high
concentration, with biological components lead to damage
in DNA, carbohydrates, proteins, and lipids causing injury
on the cellular and tissue level by which can lead to
inflammation, premature aging disorders, and several dis-
ease states, including cancer, diabetes, and atherosclerosis
[4].

A currently acceptable hypothesis is that the relationship
between ROS and pro-inflammatory markers is directly
interactive. At the same time, various scenarios have elu-
cidated that the more ROS produce, the more pro-inflam-
matory markers produce. Meanwhile, a considerable body
of experimental evidence has shown that ROS activate NF-
kB [5], which results in the transcriptional activation of
genes relevant for pro-inflammation. Thereby, we hypoth-
esize that ROS and pro-inflammatory markers are sharing
relatively the same results with respect to initiate various
diseases.

The purpose of this review is to focus on the following
points; (A) the role inflammation in human body and its
effect, (B) the interaction between ROS and pr-inflamma-
tory markers, (C) the role of ROS and pro-inflammatory
markers in initiating cancer, diabetes mellitus, atheroscle-
rosis, and arthritis.

Definition of inflammation

Inflammation is defined as a primary response of the
immune system to reinstall the homeostasis after injury to
any tissue made by harmful stimuli such as pathogens,
irritants, or damaged cell [6]. Generally, it can be divided
into two different types.

Initiation and progression of inflammation

During the first few seconds of inflammatory state, several
types of symptoms appear directly such as expansion of
blood vessels, rising in blood flow, increasing in capillary
permeability, and neutrophils emigration to the interstitial
spaces. As result of these activities, the classical symptoms
such as redness, heat, swelling, and pain have been shown.
The cells where is existed in inflammatory site release
inflammatory mediators like leukotrienes, histamines, and
prostaglandins [7]. Some of these mediators are responsible
for pain feeling and accumulation and activation of other
cells involved in inflammation. Binding these mediators
with endothelial cell receptors leads to vasodilation and
diapedesis [7]. Prostaglandines which are enzymatically
derived from arachidonic acid by the action of COX
enzyme are a pro-inflammatory mediator with a contribu-
tion in vasodilation and blood flow [7]. Because of the
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rearranging of capillaries surrounding the basement mem-
brane in reaction to inflammatory mediators, the filtration
of plasma macromolecules is facilitated to the juxtaposed
(placed side by side) tissue. Smooth muscles inside blood
vessel, at the injury site, shrink which in turn lead to a low
blood flow through the small capillaries [8]. Therefore,
more leukocytic cells can stick to the capillary wall. As a
result of shrinking endothelial cells, the space between
those cells in smaller blood vessels increases. Thus, the
diameter of blood vessels expand and this process name a
vasodilation [9]. Released by endothelial cells, adhesion
molecules bind with the integrin, a protein that links the
outside of a cell with its interior, present in leukocytic cell
[10]. The previous process by which leukocytes flatten and
filtrate from the capillaries into the surrounding tissue is so-
called extravasations.

Neutrophils are considered as an immune cell which is
the primary cells typically present at the site of injury
during acute inflammation [11]. Naturally, this cell has a
capability not only to function as a phagocyte but also to
ingest and destroy particles and microorganisms through
creating reactive oxygen specious and hydrolytic enzyme
[11]. The process by which neutrophils move chemotacti-
cally toward the injury site has characterized by releasing
interleukin-8, interferon gamma and complementary pro-
teins from the cells at afflicted site in response to injury
[12, 13]. As a result of its being inside the cell, the granules
of neutrophils contain lactoferrin, bactericidal increasing
proteins, cathelicidin, cathepsins, defensins, and gelati-
nases which are collectively released at the injury site
either to kill foreign particles or to regulate physiological
and pathological process such as inflammation [11].

The practical benefit of acute inflammation process is to
maintain the tissue in homeostasis. For example, this pro-
cess leads to activation of blood platelets providing anti-
bodies [14], and facilitate phagocytosis [3]. The production
of lysozymes, defensins, and cathelicidins from granules of
neutrophils degrade peptidoglycan, cleave peptides,
equalize LPS, and contribute in penetrating the cytoplasm
membrane of bacteria [15]. During acute inflammation, the
compensation of nutrients at the site of injury and the
releasing of transferrin to deprive the microbes from iron
has been documented [16].

During chronic phase inflammation, the primer accu-
mulation of granulocyte at the site of injury is made by
neutrophils. To resolve this inflammatory state, elimination
of neutrophils is required. Released by the macrophage,
interleukin-1 (IL-1) tumor necrosis factor (TNF-a) exerts a
stimulation on natural killer and T-lymphocyte to liberate
interferon gamma (IF-y). The binding of IF-y with mac-
rophage lead to a releasing of Fibroblast Growth Factor to
begin the operation of reconstructing tissue [17]. Then, the
fibroblast and endothelial cell grow rapidly with creating a
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network of capillary vessels followed by collagen to make
a cicatrix in the opened area.

Endogenously inflammatory mediators derived from
lipid have a significant role in resolving inflammation [18].
The two cell interactions, platelets and leukocytes, are the
main generator of lipoxin A4 and B, during inflammation.
These enzymatically biosynthetic compounds are consid-
ered as an indicator for resolving inflammation. After
lipoxins suppress the recruitment of granulocyte from the
post-capillary venules [19], prostaglandin has shown a
transcriptional effect on 15-lipoxygenase which stimulate
the biosynthesis of lipoxins from arachidonic acid instead
of prostaglandin [20]. Moreover, the stimulation of lipoxin
A4 to liberate IL-10 and transforming growth factor-f3
(TGF-B) could assist in fibrosis [21, 22]. Before leaving the
inflammatory site, macrophage cleans the wreckage and
moves to lymph node [23].

The opportunity of transforming acute inflammation into
chronic inflammation has been dwindled throughout suc-
cessful resolving of acute inflammation. Several factors
have lead to chronic inflammation such as, success of
endogenous anti-resolving mediators, deficiency of over-
coming the inflammatory stimuli, and existed attack of
stimulus [17]. The characteristics of chronic inflammation
can be expressed by increased angiogenesis [23], monocyte
infiltration [24], necrosis [25], and fibrogenesis [26].
Angiogenesis is a process by which new vessels are created
from another one, but if it is not well-controlled, chronic
inflammation may be noticed. Angiogenesis process has
been stimulated by different kind of cells; mast cells,
fibroblast and macrophage [17]. Macrophage has the
capability to release potently angiogenic factors and
cytokines to begin angiogenesis [27]. Several mediators
such as vascular endothelial growth factor (VEGF), TGF-f,
TNF-oa, prostaglandin E, (PGE,), nitric oxide (NO), IL-1,
IL-6, and IL-8 have indirect or direct effect on promoting
angiogenesis and on endothelial cell [17]. Released by
macrophage, TGF-B motivates fibroblast and allows
entering fibrosis [28]. With a pro-inflammatory action,
thrombin is released during the coagulation process and
stimulates endothelial cell to produce monocyte chemo-
tactic protein-1 (MCP-1) [29]. Then, inflammatory mono-
cyte is attracted by MCP-1 to infiltrate through endothelial
cells and they immigrate to special tissue with transforming
to macrophage for other inflammatory actions [30]. After
transforming from monocyte to macrophage in chronic
inflammation, lymphocyte, complementary proteins, and
immune complexes activate macrophage [31]. It has been
proven that stimulated macrophages produce highly pro-
inflammatory mediators such as IL-6, IL-1 and TNF-a in
rat with chronic inflammation [32]. The presence of stimuli
and overwhelming the surrounding tissue with pro-in-
flammatory mediators enable the activated macrophage to

dismantle the tissue to be damaged seriously leading to
chronic inflammation [33].

Biological markers of inflammation

COX-2 and NO are assumed to be one of the most
important inflammatory biomarkers in cells. The pro-in-
flammatory cytokines such as IL-1, TNF-a, IL-8 can be
stimulated from various lymphocyte and leukocyte as a
result of NO, being a key role in the pathophysiological
actions of inflammation. It has been shown that NO have
the ability of stimulating neutrophil to produce IL-8 which
in turn have chemotactic actions on polymorphonuclear
leukocytes in a dose dependant manner [34]. Wang et al.
[35] has demonstrated that NO has up-regulated TNF-o in
human blood monocular cell (U937). Additionally, the
genesis of NO through the inflammatory state leads to
DNA damage which increases the opportunity of cancer in
some cases [36]. NO also can up-regulate COX-2, an
important inflammatory marker [35]. Prostaglandin
endoperoxide synthase 2 or COX-2 is an inducible enzyme
which can convert arachidonic acid to PGs through a series
of radical reactions similar to that in fatty acid oxidation
[37]. Considered as a key role in inflammation, PGE, has a
productive ability to produce several pro-inflammatory
cytokines such as IL-6, IL-1 [37]. Other study has shown
that arthritis induced in rats has increased the expression of
COX-2 mRNA [38]. By using COX-2 inhibitors, the
expression of COX-2, IL-6 and IL-6 mRNA level is
reduced in serum [39]. Ultimately, the previously men-
tioned studies reflect the impact of COX-2 in inflammation.
Additionally, C-reactive protein (CRP), naturally produced
hepatic and adipocyte tissue, is also included in the list of
inflammatory biomarkers [40]. Along with different
important functions, CRP takes part in immunity where
that binds the foreign particles and facilitates phagocytosis
[41]. The production of IL-6 triggers on liver cells which is
stimulated by COX-2 and NO to release CRP in serum
[41]. The increasing level of CRP is attributable with
several diseases such as atherosclerosis [42], osteoarthritis
[43], and cancer [44].

Reactive oxygen species (ROS)

Reactive oxygen species is divided into two types; oxygen-
centered non-radicals and oxygen-centered radicals. Of
those are super oxide anion (O ), hydroxyl radical (OH),
peroxyl radical (ROO), singlet oxygen (O,), hydrogen
peroxide (H,0O,), and alkoxyl radical (RO") [45]. Despite of
considering reactive oxygen species as a free radical in the
biological system, there are non-radical compounds related
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to reactive oxygen species such as singlet oxygen and
hydrogen peroxide. The three main characteristics of free
radicals, in general, are unstable, highly reactive and
excited molecules [46]. The formation of free radicals can
be by pro-oxidant enzymes, irradiation, lipid peroxidation,
smoking, air pollutants, and glycoxidation [46]. It has been
mentioned in several clinical researches that ROS are
linked with different type of diseases such as cancer,
atherosclerosis, trauma, asthma, retinal damage, vasos-
pasms, and liver damage [47]. The mentioned above is
thought to be the outcome of ROS reactions with lipids,
carbohydrates, proteins, and DNA which in turn become a
free radical itself after stealing the electron [48].

Reactive oxygen species and pro-inflammatory
markers

Reactive oxygen species (ROS) exert potentially a decisive
role in human body, specifically in physiological and
pathological process as well as pro-inflammatory markers
[49]. Unpaired valence electrons and unstable bounds are
the main characteristic of all ROS type. Because of their
high activity, ROS is able to act, at high concentration,
with the biological materials such as protein, lipid, and
nucleic acid causing either negative functional alterations
or destructive actions [50]. In addition, many chronic dis-
eases related to inflammation are attributable with high
levels of ROS [4]. At the same time, respiratory burst made
by inflammatory cells, during inflammation, lead to an
increased production and accumulation of ROS at the site
of damage [51]. However, ROS interfere in the regulation
of several types of kinases and transcription factors such
iNOS and COX-2 [52, 53]. ROS also play as a second
messenger in intracellular signal transduction pathways
[54].

In a murine fibrosarcoma cell line namely 1929, ROS
production was induced under TNF-a stimulation [55]. In
addition, ROS motivate the production of IL-6 from
skeletal myotubes through transcriptional activation of IL-
6 expression gene [56]. Notably, mitochondrial ROS
inhibitor has reduced the production of LPS-induced IL-6,
suggesting to other inhibitions for inflammatory mediators
[57]. Using cells from tumor necrosis factor receptor-as-
sociated periodic syndrome (TRAPS) patients showed that
mitochondrial ROS affect significantly on the promotion of
transcriptional factors of pro-inflammatory cytokines [58].
However, the ROS inhibitors was suppressed the activation
of mitogen-activated protein kinases (MAPK) and the
production of IL-6 and TNF in TRAPS patients cells [58].
The previous finding comes along with a study demon-
strating that ROS inhibitors make MAPK ineffective [59].
Nuclear factor-kappa B (NF-kB) has a potent role in
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regulating the pro-inflammatory gene expression [59].
Several cytokines such as IL-6, IL-1, TNF-a as well as
cyclooxygenase-2 (COX-2) are synthesized as result of
NF-«B mediation [60]. At the same time, ROS have been
thought to be involved in NF-kB activation [61]. Another
study has considered the interplay between ROS and
eicosanoids through suppressing RAC-1-dependent ROS
generation by 5-LOX inhibitors [62].

The previous mentioned studies show a strongly over-
lapping relationship between ROS and pro-inflammatory
mediators through NF-kB and MAPK cascades mainly.
This relationship can be translated in the persistent of
inflammation along with high concentration of ROS lead-
ing directly to chronic inflammation which in turn render
the immune system to continue its efforts to recover from
damage. Consequently, a changing in the physiological
surrounding tissue and destruction of nearby cells follow
the immune efforts. We hypothesize that the continuous
release of cytokine and chemokine along with ROS in
bloodstream could contribute in demonstrating general
responses by which several maladies such as cancer,
atherosclerosis, arthritis, and diabetes could be generated.

Diseases associated with ROS and
pro-inflammatory markers

Cancer

In 2013, the estimation of new cases for all kinds of cancer
(except non-melanoma skin cancer) is 1,660,290 and the
mortality due to cancer is expected to be 580,350 with
economic burdens around $219.2 billion [63]. Cancer is
identified by uncontrolled divide of cells in which occupy
around tissues with impairing their physiological roles.
These changes can be noticed also in other tissue through
metastasizing the carcinogenic cells. Three phases (initia-
tion, promotion, and progression) are involved in the car-
cinogenic process. In chronic inflammation, releasing NO
from inflammatory cells can strongly trigger the process of
carcinogenesis through supporting mutagenic changes
including alterations in DNA sequence and bases, breaking
DNA strands, suppressing the expression of anti-cancer
genes, and promoting oncogenes [64]. In addition, DNA
repair enzyme (ligases) is not active to repair the inter-
ruption of single strand when exposure to reactive nitrogen
species [4]. Moreover, reactive nitrite species has the
ability to achieve mutations in DNA, altering protein,
RNA, and trigger carcinogenesis [51]. Additionally, ROS
has been widely accused to cause damage in DNA causing
cancer [65]. Gallo et al. [66] demonstrated the effect of NO
on angiogenesis and tumor developing in head and neck
cancer. Tumor sample and human squamous carcinoma
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cell (A-431), supplemented with NO, were expressed more
angiogenesis compared with control group. The increased
rate of angiogenesis can trigger forming a neoplastic tissue.
Through inducing proliferation, migration, and invasion,
NO acts on complete tumor cell causing metastasis and
progression [67]. Chronic inflammation is related to the
developing of cancer affected by variety of factors such as
virus, bacteria, dangerous chemical exposure, and epige-
netic change.

Helicobacter pylori-induced cancer is a well-docu-
mented design of gastric cancer initiated by infection [65].
The attachment of H.pylori with epithelial tissue stimulates
multi-immune responses containing interferon y, TNF-a,
IL-12 and other pro-inflammatory cytokines, macrophage
inflammatory protein o and chemotactic protein of mono-
cyte by activation of transcription factor NF-xB [68].
Additionally, the long persistent of bacteria in intestine
consider as the source of antigens continuously. The
immune system has the ability to increase the response of
chronic inflammation leading to cellular damage followed
by increased cell turnover and finally inducing cancer.
Furthermore, white blood cells accumulate and release
reactive oxygen and nitrogen specious that increase the
expression of COX-2 enzyme which in turn lead to for-
mation of prostaglandins [65]. A large number of previous
studies demonstrate that the production of prostaglandin
and pro-angiogenic factor causes migration in endothelial
of colon cancer cell and angiogenesis as a result of over-
expression of COX-2 [69, 70]. In addition, the increased
angiogenesis induced by COX-2 has been noticed in hep-
atocytes carcinoma throughout the activation of VEGF
pathway [71]. Shi et al. [72] have shown during their study
on human cervical cancer that the increased growth of
tumor and metastasis by VEGF expression was associated
with high-rates expression of COX-2.

There is a massive body of reviews that shows ROS as a
key player in several malignant diseases [73—76]. Bohr and
Dianov [77] discussed the ability of ROS in deteriorating
the carcinogenic suppressor genes and supporting the
expression of proto-oncogenes. Further study has demon-
strated the promotion of malignant transformation induced
by ROS in different cell cultures as a result of multi-mu-
tations [76]. Mostly, these mutations have been occurred
through transversion of guanine with tyrosine [78]. Thus,
ROS have mutagenic effects in promoting carcinogenesis.
Furthermore, the presence of hydrogen peroxide and
superoxide, at low concentrations, has stimulated the pro-
liferation and improved the survival of many cells types
[79]. The elevation of ROS, also, has been studied in
various cancer cells during the administration of antioxi-
dants which in turn increase the inhibition of cell prolif-
eration, indicating the role of ROS in mediating cancer cell
growth [74]. Further biological evidence supporting the

theoretical contribution of ROS in carcinogenesis is well-
discussed. When a tumor tissue confronts hypoxia condi-
tion, which is very common, cancer cells induce the
development of blood vessels (angiogenesis). ROS can
increase the process of angiogenesis throughout several
trends; (1) promote the production of IL-8 and VEGF
(Vascular Endothelial Growth Factor) which are angio-
genic factors, (2) enhance the secretion of matrix metal-
loprotease MMP-1 which promote vessels growth in tumor
tissue, (3) trigger vasodilatation [80, 81]. In addition, a
recent review has reported clearly about the role of ROS in
tumor metastasis during the process of cancer initiation
[82].

Atherosclerosis

Heart diseases which the main cause of death and pain
globally will become soon the dominant health issue [83].
Several theories have been published in order to describe
the association of inflammation with atherosclerosis. At the
same time, the science of inflammation applied to
atherosclerosis has promoted to understand the underlying
mechanism by which various inflammatory elements par-
ticipate in. To explain more, the initiation of atherogenesis
is associated with the beginning of chronic inflammation
because of stimulation of immune system and endothelial
dysfunction. The production of two types of auto-antigen,
namely heat shock proteins (HSP) and oxidized low density
lipoprotein (oxLDL), in endothelial cell has been triggered
by several factors such as oxidative stress, cytokines,
infections, smoke, and dust [84, 85]. The increased pro-
duction of ROS at mitochondrial level and changeable
activity of NO ultimately can result in alteration of per-
meability, inflammatory, and vasodilatory characteristics
of endothelial cells, so-called endothelial dysfunction [86].
As a result of ROS accumulation, HSP has been produced
from the outer and inner side of endothelial cells [87].
Produced naturally due to stress, HSP helps in disposition
of functional and structural protein [88, 89]. Then, the
innate immune cells target these proteins which imitate
some pathogenic HSPs [90]. To elaborate more, endothe-
lial and macrophage cells treated with HSP60 have
increased the expression of iNOS and COX-2 [91]. Col-
lectively, this process leads to recruitment of inflammatory
cell and initial inflammation.

OxLDL is the second auto-antigen in cardiac diseases. It
is well-established that LDL is used to transport the
cholesterol into peripheral tissues for appropriate cellular
function and high-density lipoproteins picks up the invalid
cholesterol and carry it internally from cells to the liver.
The retention of LDL within the cells causes local
inflammation in which transforming growth factor-a is
produced by surrounding cells followed by increased
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production of proteoglycans [92]. This latter can negatively
charge sulfate group that bind to the positive charge of apo
B-100 of LDL [93]. In the presence of this inflammatory
state, some enzymes oxidize LDL molecule. This oxidation
liberates lipid peroxides which in turn induce the inflam-
matory reaction in near cell [94]. The previous data have
been supported experimentally by Norata et al. [95] who
indicated that oxidized LDL raises the level of COX-2
expression in human endothelial cells. Thus, anti-inflam-
matory drugs along with antioxidant supplements have
been always studied on heart diseases. In a pharmaceutical
study, using of selective COX-2 inhibitors so-called cele-
coxib in a dose of 200 mg each day improves the
endothelial vasodilation and in 14 men (Age 63-70 years)
affected with atherosclerotic heart diseases [96].

Arthritis

Arthritis, which effect around 1% of the worldwide popu-
lation, is defined as a joint disorder associated with inflam-
mation and characterized by joint pain, synovial
inflammation, swelling, and abnormal reaction of humoral
[97]. The thick subchondral bone that causes pain and
stiffness results from changing the underneath bone and
destructive action of hyaline articular cartilage leading to
osteophyte (abnormal outgrowth of small bone) [98]. The
immune cells and inflammatory mediators have a crucial
role in the pathophysiology of arthritis. Furthermore, the
primary cause of osteoarthritis is inflammation according to
Bonnet and Walsh [99]. The expression level of COX-2,
angiogenesis, VEGF, TNF-a, and IL-1 has been found to
be increased in synovial tissue of patients afflicted with early
osteoarthritis [100]. The stimulation of chondrocyte by
using pro-inflammatory mediator like IL-1B has been
resulted in increased expressions of COX-2 and iNOS
leading to up-regulation in the synthesis of PGE2 and NO
[101]. Simultaneously, the recruited macrophages and neu-
trophils, in the damage site, secrete chemotoxic materials
and pro-inflammatory mediators such as PGE,, NO, TNF-q,
IL-1B, IL-8, and IL-6 [102]. The existence of various
cytokines (IL-1, IL-6, IL-15, TNF-a) secreted from macro-
phages and synoviocytes is considered as a primary deter-
minant in the pathological persistence of arthritis [103]. To
be more specified, the level of TNF-a has increased inde-
pendently in mouse model of arthritis [104, 105]. Surpris-
ingly, using TNF-a blockade has shown an improvement in
inflammatory cells and arthritis in mice model [106].
However, the main cause of cytokines biosynthesis in
arthritis has not fully understood while other researchers
have suggested that nutritional status, bone density and
obesity could contribute in cartilage destruction [107].
Being a crucial bio-factor, ROS has relatively a com-
plicated pathogenic contribution in arthritis. In different
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joints diseases, ROS and pro-inflammatory mediators such
as cytokines are present at the site of disease according to
Montecucco and Mach [108]. As a kind of ROS, the pro-
duction of superoxide anion (O, ") along with nitric oxide
(NO) by chondrocytes creates peroxynitrite (ONOO™) and
hydrogen peroxide (H,O;) [109]. The mechanism by which
oxygen and nitrogen injure the component of cellular ele-
ments and extracellular matrix in cartilage is either by
direct attack or by increasing the reduction of matrix
components synthesis (proteoglycans, type 2 collagen) and
decreasing the sulfation of recently synthesized gly-
cosaminoglycans [110]. Lloyds et al. [111] supported the
previous findings where ROS was increasingly presence at
the site of inflammation in arthritis patients. Similarly, the
oxidative enzymes have been found a high ratio in the
serum and synovial of arthritis patients [112]. Thus, the
improvement of SOD (super oxide dismutase) level in the
arthritis patients has been considered as one of the arthritis-
attenuating approaches [113].

Diabetes

The growing concern of diabetes reflects the increasing
ratio of its incidence and also it is predicted to increase
further [114, 115]. Because of its various and serious
complications which are burden on human health, there is a
grave concern about the rapid prevalence of diabetes. Of
those are nephropathy, cardiovascular diseases, neuropa-
thy, and retinopathy. The different factors that contribute in
the pathogenesis of diabetes and its complications are
plenty such as diet, genetics, age, obesity, and lifestyle
[116]. The role of ROS and inflammation in the etiology of
diabetes has received a lot of attention. The inflammatory
process is involved in the initiation of diabetes type 1 and
2.

Several controversial discussions have been documented
around the ability of inflammatory processes in the
pathogenesis of diabetes type 1. CRP (C-reactive protein)
which is a circulatory biomarker for inflammation have
been found in normal range with subjects recently diag-
nosed with diabetes type 1 compared with healthy subjects,
but subjects with long-term diabetes were higher [117].
CRP and IL-1P released by monocyte have been existed
increasingly in patients with diabetes type 1 [118]. Mean-
while, Schram et al. [119] has demonstrated that CRP, IL-
6, and TNF-a of plasma were elevated noticeably in type 1
diabetic patients. Total of 168 hypertensive patients have
been followed up during 32 months to observe their
C-reactive protein in serum and development of diabetes.
In total, 13% of the subjects have developed diabetes with
high elevation of C-reactive protein [120]. However, the
usage of IFN-y-antibodies to block IFN-y in NOD mice has
decreased significantly the impulsive diabetes type 1 and
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prohibited the adaptation of the disease, suggesting that
IFN-v plays a role in the pathogenesis of diabetes [121].
Being a crucial inflammatory cytokine, TNF-a produced by
CD8" T cells has been shown a toxic impact against
pancreatic B-cells [122].

The focus of research on the function of inflammation in
developing diabetes type 2 has taken the attention more
than diabetes type 1. Several studies have documented an
increase in the inflammatory markers of healthy individuals
who later develop diabetes type 2 [123, 124]. Frank et al.
[125] has supported the previous findings where IL-6, CRP,
and TNF-a have been higher in women who had developed
diabetes type 2. Taken together, the involvement of pro-
inflammatory cytokines in the initiation and/or developing
diabetes is well-observed in the previous findings.

There are various biochemical pathways describe the
relationship between hyperglycemia and the increased
production of ROS. Beside of that, the existence of dia-
betes is considered to be escorted with elevated level of
ROS and/or damaged anti-oxidative defense [126, 127].
Thereby, the participation of ROS in diabetes genesis has
been mentioned in several articles, suggesting different
mechanisms in the etiology [128]. Recently hypothesized,
ROS is accused to be a pathogenic player leading to
damaging B-cells, insulin resistance, impaired glucose
intolerance which collectively causes diabetes [129].

Smoking

=N A

lonizing radiation

Pollution
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Infection

Mitochondria @

Inflammation

Fig. 1 Reactive oxygen species (ROS) can be produced by (1)
exogenous sources such as (air pollutions, infection, UV light,
radiations, stress, and smoking); or (2) endogenous sources during the
oxidation reactions of metabolic pathways in mitochondria, drugs
metabolism, and inflammation. An accumulation of cellular ROS can
affect or oxidize the cellular contents (cell membrane phospholipids,

Similarly with type 1 and 2 diabetes, the generation of
ROS, in autoimmune diabetes, is attributed to the infiltra-
tion of T cells in pancreas cells [130]. Depending on dif-
ferent assays to measure the cellular damage-mediated
ROS, ten studies have obviously found an increase in the
cellular damage caused by ROS in diabetic patients [131].
In the same context, a review article published in Journal
of Biochemical Molecular Toxicology has mentioned more
than 20 in vivo diabetic studies that unanimously focused
on the toxic role of ROS in developing diabetes mellitus
and the importance of antioxidants administration as a
preventive and attenuating approach against diabetes [127].

Discussion

The aim of this review is primarily to focus on the litera-
ture supporting the role of pro-inflammatory mediators and
ROS as a mechanistic link in the initiation and progression
of various chronic diseases. This review hypothesize that
the persistent production of ROS and pro-inflammatory
markers is associated with each other (Figs. 1, 2). The
increased production and accumulation of ROS is made by
the respiratory burst of inflammatory cells during inflam-
mation [51]. However, ROS do regulate several types of
kinases and transcription factors such NF-xB which is

UV UV radiation

L
r
Pro-inflammatory markers

Inflammation related-diseases
(Cancer, Diabetes, Atherosclerosis, Arthritis)

lipid, protein, and DNA) and thus promote pro-inflammatory
mediators releasing. The oxidative cellular damage can thereby lead
to formation the oxidative stress manifestation, which in turn causes
many age-related diseases particularly cancer, early aging, catarac-
togenesis, arthritis, neurodegenerative diseases, and diabetes
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Fig. 2 The major signaling pathways activated in response to
oxidative stress and its relation with inflammation. Reactive oxygen
species (ROS) originating from environmental signals or from
metabolic activity are modulated by antioxidants to non-toxic levels,
at which point they serve as signaling molecules that can trigger pro-
inflammatory gene expression leading to a state of chronic inflam-
mation. ROS can activate gene transcription-related to inflammation
in two ways: (a) via transcription factors, such as NF-kB, AP-1, and

related to the activation of pro-inflammatory genes [53]. In
summary, the studies above show a strong evidence for the
hypothesis that ROS and pro-inflammatory markers could
be involved in the production of each other which in turn
lead to generating cancer, diabetes mellitus, atherosclerosis
and arthritis (Fig. 1). Surprisingly, the above exciting dis-
cussion comes up with highly important admonitions. Ini-
tially, although the number of trails has assessed
prospectively the relationship between ROS and pro-in-
flammatory markers, few studies have included measure-
ment of ROS and pro-inflammatory markers in cancer,
diabetes mellitus, atherosclerosis, and arthritis, simultane-
ously. Revealing the relationship between ROS and pro-
inflammatory markers is the key for developing underlying
mechanisms by which the pathogenic development of
chronic diseases become understood.

While this review sets out an extensive mechanistic
relationship (ROS and pro-inflammatory markers) that may
provide an explanation for the incidence and/or developing
of the mentioned above diseases (Fig. 1), it is very
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ARE-binding proteins (ARE-BP) that can interact directly with
specific DNA motifs on promoters of target genes, or (b) via
activation of MAPK cascades, which in turn activate transcription
factors that trigger target gene transcription. The degree to which a
given pathway is activated depends on the nature and duration of the
stress, as well as on cell type and developmental stage. NF-
kB = nuclear factor-kappa B; AP-1 = activator protein-1; HIF-
1 = Hypoxia Inducible factor 1

important to realize that direct, prospective, high quality,
human evidence to provide a significant role of ROS in the
relationship between pro-inflammatory markers and the
mentioned above diseases is lacking. Despite of this fact,
these mediators provide a promising approach for future
studies with materialistic translational benefits in preven-
tion and treatment areas.

It is worth to mention that patients with cancer,
atherosclerosis, arthritis, and diabetes mellitus could be
essentially good candidates for novel anti-inflammatory
and antioxidant therapy. Current clinical trials of anti-in-
flammatory and anti-ROS agents have shown relatively
promising outcomes. The administration of ROS inhibitors
to TNFR1-associated periodic syndrome has shown an
inhibition in MAPK activation, IL-6, and TNF-a produc-
tion [58]. Using Sulindac, as a kind of NSAIDS, for 1 year
has reduced the polyp multiplicity and induced polyp
regression in patient population [132]. Several genetic,
pharmacological manipulations that used COX-2 inhibitors
demonstrated tumor formation in both human and animal
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model suggesting a novel therapy for cancer [132]. Funk
and Fitzgerald [133] reported that aspirin confer cardio-
protective benefits from the incidence of atherosclerosis by
decreasing the inhibition of COX-1. The usage of NSAIDS
by patients with active arthritis within 1-2 weeks had a
superior efficacy comparing with placebo [134]. Addi-
tionally, it has been reported by Tahereh et al. [135] that
selective COX-2 inhibitor could be potentially preventive
therapy for insulin-dependent diabetes.

For better preventive applications, a further under-
standing of the relationship between ROS and pro-inflam-
matory markers may provide a profound biological
understanding for the well-established benefits of diet rich
in antioxidant and anti-inflammatory compounds in the
prevention of ROS- and inflammation-associated diseases.
In addition, it could enhance the developing of novel pre-
ventive strategies to dwindle the emerging of the men-
tioned above diseases.

Conclusion

This review has assigned to discuss the possible mutual
relationship between ROS and pro-inflammatory markers
(Figs. 1, 2). Several studies have concluded that over-
production of ROS triggers the pro-inflammatory process
through activation of several regulatory proteins in the
tissue. However, further prospective studies on the rela-
tionship of ROS and pro-inflammatory markers at cellular
and molecular markers are also needed to increase the
confirmation of this evidence base.

Acknowledgment We thank our group research members for their
thorough review and helpful discussions during the preparation of this
review and library for assistance with collection of references.

Authors’ contribution YR involved in study design and concepts,
manuscript and figure preparation, editing of manuscript. FA helped
in editing manuscript and revising. AMA involved in final approval
and editing manuscript. HA and HK helped in revising manuscript
and final approval. AF contributed to editing manuscript and final
approval.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Serhan CN, Chiang N, Dyke Van TE (2008) Resolving
inflammation: dual anti-inflammatory and pro-resolution lipid
mediators. Nat Rev Immunol 8(5):349-361

2. Guzik T, Mangalat D, Korbut R (2006) Adipocytokines—novel
link between inflammation and vascular function? J Physiol
Pharmacol 57(4):505-528

10.

11.

12.

14.

16.

17.

18.

19.

20.

21.

22.

. McGeer EG, Klegeris A, McGeer PL (2005) Inflammation, the

complement system and the diseases of aging. Neurobiol Aging
26:94-97

. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB (2010)

Oxidative stress, inflammation, and cancer: how are they linked?
Free Radic. Biol. Med. 49:1603-1616

. Flohé L, Brigelius-Flohé R, Saliou C, Traber M, Packer L

(1997) Redox regulation of NF-xB activation. Free Radical Biol
Med 6:1115-1126

. Ferrero-Miliani L, Nielsen OH, Andersen PS, Girardin SE

(2007) Chronic inflammation: importance of NOD2 and NALP3
in interleukin-1beta generation. Clin Exp Immunol 147(2):
061127015327006

. Keane MP, Strieter RM (2000) Chemokine signalling in

inflammation. Crit Care Med 28:13-26

. Ley K, Laudanna C, Cybulsky MI, Nourshargh S (2007) Getting

to the site of inflammation: the leukocyte adhesion cascade
updated. Nat Immunol 7:678-689

. Muller WA (2003) Leukocyte—endothelial-cell interactions in

leukocyte transmigration and the inflammatory response. Trends
Immunol 24:327-334

Wang HB, Wang JT, Zhang L, Geng ZH, Xu WL, Xu T, Huo Y,
Zhu X, Plow ED, Chen M, Geng JG (2007) P-selectin primes
leukocyte integrin activation during inflammation. Nat Immunol
8:882-892

Mukaida N, Matsumoto T, Yokoi K, Harada A, Matsushima K
(1998) Inhibition of neutrophil-mediated acute inflammatory
injury by an antibody against interleukin-8 (IL-8). Inflamm Res
47:151-157

Chen CJ, Kono H, Golenbock D, Reed G, Akira S, Rock KL (2007)
Identification of a key pathway required for the sterile inflammatory
response triggered by dying cells. Nat Med 13:851-856

. Daniel T, Thobe BM, Chaudhary IH, Choudhary MA, Hubbard

W1, Schwacha MG (2007) Regulation of the postburn wound
inflammatory response by yd T-cells. Shock 28:278-283
Mannaioni PF, Bello MG, Masini E (1997) Platelets and
inflammation: role of platelet-derived growth factor, adhesion
molecules and histamine. Inflamm Res 46:4—-18

. Andra J, Gutsmann T, Garidel P, Brandenburg K (2006)

Mechanisms of endotoxin neutralization by synthetic cationic
compounds. J Endotoxin Res 12:261-277

Grimble R (1998) Nutritional modulation of cytokine biology.
Nutrition 14:634-640

Serhan CN, Savill J (2005) Resolution of inflammation: the
beginnning programs the end. Nat Immunol 6:1191-1197
Levy BD, Clish CB, Schmidt B, Gronert K, Serhan CN (2001)
Lipid mediator class switching during acute inflammation: sig-
nals in resolution. Nat Immunol 2:612-619

Van Dyke TE, Serhan CN (2003) Resolution of Inflammation: a
new paradigm for the pathogenesis of periodontal diseases.
J Dent Res 82:82-90

Serhan CN, Jain A, Marleau S, Clish C, Kantarci A, Behbeham
B, Colgan SP, Stahl GL, Merched A, Petasis NA, Chan L, Van
Dyke TE (2003) Reduced inflammation and tissuw damage in
transgenic  rabbits overexpressing 15-Lipoxygenase and
endogenous anti-inflammatory lipid mediators. J Immunol
171:6856-6865

Bannenberg GL, Chiang N, Ariel A, Arita M, Tjonahen E,
Gotlinger KH, Hong S, Serhan CN (2005) Molecular circuits of
rsolution: formation and actions of resolvins and protectins.
J Immunol 174:4345-4355

Bellingan GJ, Caldwell H, Howie SE, Dransfield I, Haslett C
(1996) In vivo fate of the inflammatory macrophage during the
resolution of inflammation: inflammatory macrophages do not
die locally, but emigrate to the draining lymph nodes. J Immunol
157:2577-2585

@ Springer



336

Appl Biol Chem (2017) 60(3):327-338

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jackson JR, Seed MP, Kircher CH, Willoughby DA, Winkler JD
(1997) The codependence of angiogenesis and chronic inflam-
mation. FASEB J 11:457-465

Yamamoto T (2008) Molecular mechanism of monocyte pre-
dominant inffilteration in chronic inflammation: mediation by a
noval monocyte chemotactic factor, s19 ribosomal protein
dimer. Pathol Int 50:863-871

Limuro Y, Gallucci RM, Luster MI, Kono H, Thurman RG
(2003) Antibodies to tumor necrosis factor alfa attenuate hepatic
necrosis and inflammation caused by chronic exposure to etha-
nol in the rat. Hepatology 26:1530-1537

Bonniaud P, Margetts P, Ask K, Flander K, Gauldie J, Kolb M
(2005) TGF-p and Smad3 signaling link inflammation to chronic
fibrogenesis. J Immunol 175:5390-5395

Sica A, Schioppa T, Mantovani A, Allavena P (2006) Tumor-
associated macrophages are a distinct M2 polarized population
promoting tumor progression: potential targets of anti-cancer
therapy. Eur J Cancer 42:717-727

Decologne N, Kolb M, Margetts PJ, Menetrier F, Artur Y,
Garrido C, Gauldie J, Camus P, Bonniaud P (2007) TGF-B1
induces progressive pleural scarring and subpleural fibrosis.
J Immunol 179:6043-6051

Marin V, Julian AM, Gres S, Boulay V, Bongrand P, Farnarier
C, Kaplanski G (2001) The IL-6-Soluble IL-6Ra Autocrine loop
of endothelial activation as an intermediate between acute and
chronic inflammation: an experimental model involving throm-
bin. J Inflamm 167:3435-3442

Conti P, DiGioacchino M (2001) MCP-1 and RANTES are
mediators of acute and chronic inflammation. Allergy and
Asthma Proceedings. 22:133-137

Karin M, Lawrence T, Nizet V (2006) Innate immunity gone
awry: linking microbial infections to chronic inflammation and
cancer. Cell 124:823-835

Batista ML, Santos RVT, Cunha LM, Mattos K, Oliveira EM,
Costa Seelaender MCL, Rosa LFBP (2006) Changes in the pro-
inflammatory cytokine production and peritoneal macrophage
function in rats with chronic heart failure. Cytokine 34:284-290
Andrea L, Jorge L, Antonio C (2009) Macrophage activation:
classical vs. alternative. Macrophages Dendritic Cells 531:29—43
Corriveau CC, Madara PJ, Van Dervort AL, Tropea MM,
Wesley RA, Danner RL (1998) Effects of nitric oxide on
chemotaxis and endotoxin- induced interleukin-8 production in
human neutrophils. J Infect Dis 177:116-126

Wang S, Yan L, Wesley RA, Danner RL (1997) Nitric oxide
increases tumor necrosis factor production in differentiated
U937 cells by decreasing cyclic AMP. J Biol Chem
272:5959-5969

Ding X, Hiraku Y, Ma N, Kato T, Saito K, Nagahama M, Semba
R, Kuribayashi K, Kawanishi S (2005) Inducible nitric oxide
synthase-dependant DNA damage in mouse model of inflam-
matory bowel disease. Cancer Sci 96(3):157-163

Hata AN, Breyer RM (2004) Pharmacology and signaling of
prostaglandin receptors: multiple roles in inflammation and
immune modulation. Pharmacol Ther 103:147-166

Anderson GD, Hauser SD, McGarity KL, Bremer ME, Isakson
PC, Gregory SA (1996) Selective inhibition of cyclooxygenase
(COX)-2 reverses inflammation and expression of COX-2 and
interleukin-6 in rat adjuvant arthritis. J Clin Investig
97:2672-2679

Portanova JP, Zhang Y, Anderson GD, Hauser SD, Masferrer
JL, Seibert K, Gregory SA, Isakson PC (1996) Selective neu-
tralization of prostaglandin E2 blocks inflammation, hyperal-
gesia and interleukin 6 production in vivo. J Exp Med
184:883-891

Mark BP, Gideon MH (2003) C-reactive protein: a critical
update. J Clin Investig 111(12):1805-1812

@ Springer

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Semple SJ (2006) C-reactive protein—biological functions,
cardiovascular disease and physical exercise. SaJSM
18(1):24-28

Ross R (1999) Atherosclerosis-an inflammatory disease. N Engl
J Med 340:115-126

Sowers M, Jannausch M, Stein E, Jamadar D, Hochberg M,
Lachance L (2002) C-reactive protein as a biomarker of emer-
gent osteoarthritis. Osteoarthr Cartil 10:595-601

Erlinger TP, Platz EA, Rifai N, Helzlsouer KJ (2004) C-reactive
protein and the risk of incident colorectal cancer. JAMA
291:585-590

Simon HU, Haj-Yehia A, Levi-Schaffer F (2000) Role of
reactive oxygen species (ROS) in the apoptosis induction.
Apoptosis 5:415-418

Stief TW (2003) The physiology and pharmacology of singlet
oxygen. Med Hypoth 60:567-572

Packer L, Weber SU, Rimbach G (2001) Molecular aspects of
alpha-tocotrienol antioxidant action and cell signalling. J Nutr
131(2):369S5-373S

Patil S, Jolly CI, Narayanan S (2000) free radical scavenging
activity of acacia catechu and Rotula aquatica: implications in
cancer therapy. Indian Drugs 40:328-332

D’Autreaux B, Toledano MB (2007) ROS as signalling mole-
cules: mechanisms that generate specificity in ROS homeostasis.
Nat Rev Mol Cell Biol 8(10):813-824

Droge W (2002) Free radicals in the physiological control of cell
function. Physiol Rev 82(1):47-95

Hussain SP, Hofseth LJ, Harris CC (2003) Radical causes of
cancer. Nat Rev Cancer 3:276-285

Mathy-Hartert M, Deby-Dupont GP, Reginster JY, Ayache N,
Pujol JP, Henrotin YE (2002) Regulation by reactive oxygen
species of interleukin-1beta, nitric oxide and prostaglandin E(2)
production by human chondrocytes. Osteoarthr Cartil
10:547-555

Turpaev KT (2002) Reactive oxygen species and regulation of
gene expression. Biochem (Mosc) 67:281-292

Gilroy DW, Colville-Nash PR, McMaster S, Sawatzky DA,
Willoughby DA, Lawrence T (2003) Inducible cyclooxygenase-
derived 15-deoxy(Delta)12-14PGJ2 brings about acute inflam-
matory resolution in rat pleurisy by inducing neutrophil and
macrophage apoptosis. FASEB J 17:2269-2271

Goossens V, Grooten J, De Vos K, Fiers W (1995) Direct evi-
dence for tumor necrosis factor-induced mitochondrial reactive
oxygen intermediates and their involvement in cytotoxicity.
Proc Natl Acad Sci USA 92:8115-8119

Ioanna K, Theodoros V, Angeliki X, Spyros Z, Andreas P,
Charis R (2002) Production of interleukin-6 by skeletal myo-
tubes role of reactive oxygen species. Am J Respir Cell Mol Biol
26:587-593

Edwina N, Vishva M (2013) Mitochondrial reactive oxygen
species drive pro-inflammatory cytokine production. J Exp Med
208(3):417-420

Bulua AC, Simon A, Maddipati R, Pelletier M, Park H, Kim Y,
Sack MN, Kastner DL, Siegel RM (2011) Mitochondrial reac-
tive oxygen species promote production of proinflammatory
cytokines and are elevated in TNFR1-associated periodic syn-
drome (TRAPS). J Exp Med 208:519-533

Kamata H, Honda S, Maeda S, Chang L, Hirata H, Karin M
(2005) Reactive oxygen species promote TNFalpha-induced
death and sustained JNK activation by inhibiting MAP kinase
phosphatases. Cell 120:649-661

Chen F, Castranova V, Shi X, Demers LM (1999) New insights
into the role of nuclear factor-kappaB, a ubiquitous transcription
factor in the initiation of diseases. Clin Chem 45:7-17

Paul PT, Gary SF (2001) NF-kB: a key role in inflammatory
diseases. Clin Invest. 107(1):7-11



Appl Biol Chem (2017) 60(3):327-338

337

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

71.

78.

79.

80.

81.

82.

Woo CH, Eom YW, Yoo MH, You HJ, Han HJ, Song WK, Yoo
YJ, Chun JS, Kim JH (2000) Tumor necrosis factor-alpha gen-
erates reactive oxygen species via a cytosolic phospholipase A2-
linked cascade. J Biol Chem 275:32357-32362
http://www.cancer.gov/cancertopics/what-is-cancer

Wiseman H, Halliwell B (1996) Damage to DNA by reactive
oxygen and nitrogen species: role in inflammatory disease and
progression to cancer. Biochem J 313:17-29

Moss SF, Blaser MJ (2005) Mechanisms of disease: inflamma-
tion and the origins of cancer. Nat Clin Pract Oncol 2(2):90-97
Gallo O, Masini E, Morbidelli L, Franchi A, Fini-Storchi I,
Vergari WA, Ziche M (1998) Role of nitric oxide in angio-
genesis and tumor progression in head and neck cancer. J Natl
Cancer Inst 90:587-596

Fukumura D, Kashiwagi S, Jain RK (2006) The role of nitric
oxide in tumor progression. Nat Rev Cancer 6:521-534

Chen R, Alvero AB, Silasi DA, Kelly MG, Fest S, Visintin I,
Leiser A, Schwartz PE, Rutherford T, Mor G (2008) Regulation
of IKKbeta by miR-199a affects NF-xB activity in ovarian
cancer cells. Oncogene 27:4712-4723

Tsujii M, Kawano S, Tsuji S, Sawaoka H, Hori M, Raymond N
(1998) Cyclooxygenase regulates angiogenesis induced by colon
cancer cells. Cell 93:705-716

Wang W, Bergh A, Damber JE (2005) Cyclooxygenase-2
expression correlates with local chronic inflammation and tumor
neovascularization in human prostate cancer. Clin Cancer Res
11:3250-3256

Zhao QT, Yue SQ, Cui Z, Wang Q, Cui X, Zhai HH, Zhang LH,
Dou KF (2007) Potential involvement of the cyclooxygenase-2
in hepato cellular carcinoma-associated angiogenesis. Life Sci
80:484-492

Shi X, Chen G, Xing H, Weng D, Bai X, Ma D (2007) VEGF-C,
VEGFR-3 and COX-2 enhances growth and metastasis of
human cervical carcinoma cell lines in vitro. Oncol Rep
18:241-247

Apel K, Hirt H (2004) Reactive oxygen species: metabolism,
oxidative stress, and signal transduction. Annu Rev Plant Biol
55:373-399

Behrend L, Henderson G, Zwacka RM (2003) Reactive oxygen
species in oncogenic transformation. Biochem Soc Trans
31:1441-1444

Bergamini CM, Gambetti S, Dondi A, Cervellati C (2004)
Oxygen, reactive oxygen species and tissue damage. Curr Pharm
Des 10:1611-1626

Gulam W, Haseeb A (2006) Reactive oxygen species: role in the
development of cancer and various chronic conditions. J Car-
cinog 5:14

Bohr VA, Dianov GL (1999) Oxidative DNA damage process-
ing in nuclear and mitochondrial DNA. Biochimie 81:155-160
Marcus SC, Mark DE, Miral D, Joseph L (2003) Oxidative DNA
damage: mechanisms, mutation, and disease. FASEB
17:1195-1214

Burdon RH, Alliangana D, Gill V (1999) Hydrogen peroxide in
relation to proliferation and apoptosis in BHK-21 hamster
fibroblasts. Free Radic Res 24:81-93

Lin MT, Yen ML, Lin CY, Kuo ML (2003) Inhibition of vas-
cular endothelial growth factor-induced angiogenesis by
resveratrol through interruption of Src-dependent vascular
endothelial cadherin tyrosine phosphorylation. Mol Pharmacol
64:1029-1036

Monaghan-Benson E, Burridge K (2009) The regulation of
vascular endothelial growth factor-induced microvascular per-
meability requires Rac and reactive oxygen species. J Biol Chem
284:25602-25611

Doo JL, Sang WK (2013) Reactive oxygen species and tumor
metastasis. Mol Cells 35:93-98

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Murray CJ, Lopez AD (1997) Global mortality, disability, and
the contribution of risk factors: global burden of disease study.
Lancet 349:1436-1442

Blasi C (2008) The autoimmune origin of atherosclerosis.
Atherosclerosis 201:17-32

Wick G, Knoflach M, Xu Q (2004) Autoimmune and inflam-
matory mechanisms in atherosclerosis. Annu Rev Immunol
22:361-403

Madamanchi NR, Runge M (2007) Mitochondrial dysfunction in
atherosclerosis. Circ Res 100:460-473

Armitage JD, Vanniasinkam SH, Lindsey NJ (2004) The role of
endothelial cell reactive antibodies in peripheral vascular dis-
ease. Autoimmun Rev 3:39-44

Hopper PL, Hooper JJ (2005) Loss of defense against stress:
diabetes and heat shock proteins. Diabetes Technol Ther
7:204-208

Philip LH, Paul LH (2009) Inflammation, heat shock proteins,
and type 2diabetes. Cell Stress Chaperones 14:113-115
Perschinka H, Mayr M, Millonig G, Mayerl C, Zee R, Morrison
SG, Morrison RP, Xu Q, Wick G (2003) Cross-reactive
B-cell epitopes of microbial and human heat shock protein
60/65 in atherosclerosis. Arterioscler Thromb Vasc Biol 23:
1060-1065

Billack B, Heck DE, Mariano TM, Gardner CR, Sur R, Laskin
DL, Laskin JD (2002) Induction of cyclooxygenase-2 by heat
shock protein 60 in macrophages and endothelial cells. Cell
Physiol 283:C1267-C1277

Kolodgie FD, Burke AP, Nakazawa G, Virmani R (2007) Is
pathological intima thickening the key to understanding early
plaque progression in human atherosclerosis disease? Arte-
rioscler Thromb Vasc Biol 27:986-989

Skalen K, Gustafssom M, Rydberg EK, Hulten LM, Wiklund O,
Innerarity TL, Boren J (2002) Subendothelial retention of
atherogenic lipoproteins in early atherosclerosis. Nature
417:750-754

Leitinger N (2003) Oxidized phospholipids as modulators of
inflammation in atherosclerosis. Curr Opin Lipidol 14:421-430
Norata GD, Pirillo A, Pellegatta F, Inoue H, Catapano AL
(2004) Native LDL and oxidized LDL modulate cyclooxyge-
nase-2 expression in HUVEC through a p38-MAPK, NF-«xB,
CRE dependent pathway and affect PGE2 synthesis. Int J Mol
Med 14:353-359

Chenevard R, Hurlimann D, Bechir M, Enseleit F, Spieker L,
Hermann M, Riesen W, Gay S, Gay RE, Neidhart M, Michel B,
Luscher TM, Noll G, Ruschitzka F (2003) Selective COX-2
inhibition improves endothelial function in coronary artery
disease. Circulation 107:405-409

Wollenhaupt J, Zeidler H (1998) Undifferentiated arthritis and
reactive arthritis. Curr Opin Rheumatol 10(4):306-313

Bridges PS (1992) Prehistoric arthritis in the Americas. Annu
Rev Anthropol 21:67-91

Bonnet CS, Walsh DA (2005) Osteoarthritis, angiogenesis and
inflammation. Rheumatology 44:7-16

Benito MJ, Veale DJ, Fitzgerald O, Berg WB, Bresnihan B
(2005) Synovial tissue inflammation in early and late
osteoarthritis. Ann Rheum Dis 64:1263-1267

Goldring MB, Berenbaum F (2004) The regulation of chon-
drocyte function by proinflammatory mediators: prostaglandins
and nitric oxide. Clin Orthop Relat Res 427:S37-S46

Cho ML, Kang JW, Moon YM, Nam HJ, Jhun JY, Heo SB
(2006) STAT3 and NF-xB signal pathway is required for IL-23-
mediated IL-17 production in spontaneous arthritis animal
model IL-1 receptor antagonist-deficient mice. J Immunol
176(9):5652-5661

Gracia JA (2004) Interleukin-18 as a potential target in
inflammatory arthritis. Clin Exp Immunol 136(3):402-404

@ Springer


http://www.cancer.gov/cancertopics/what-is-cancer

338 Appl Biol Chem (2017) 60(3):327-338
104. Plater-Zyberk C, Joosten LA, Helsen MM, Koenders MI, 119. Schram MT, Chaturvedi N, Schalkwijk C, Giorgino F, Ebeling

Baeuerle PA, Van den Berg WB (2009) Combined blockade of P, Fuller JH, Stehouwer CD (2003) The EURODIAB Prospec-

GM-CSF and IL-17 pathways potently suppresses chronic tive Complications Study Group: vascular risk factors and

destructive arthritis in a TNF-o independent mouse model. Ann markers of endothelial function as determinants of inflammatory

Rheum Dis 68(5):721-728 markers in type 1 diabetes. Diabates Care 26:2165-2173
105. Simmonds RE, Foxwell BM (2008) Signalling, inflammation 120. Chiung-Mei W, Chang-Hua C, Yao-Yi H, Chih-Chan L, Yen-

and arthritis: NF-kappaB and its relevance to arthritis and Wen L, Wei-Chuan T (2010) Increased C-reactive protein is

inflammation. Rheumatology 47:584-590 associated with future development of diabetes mellitus in
106. Kuhn KA, Kulik L, Tomooka B, Braschler KJ, Arend WP, essential hypertensive patients. Heart Vessels 25:386-391

Robinson WH, Holers VM (2006) Antibodies against citrulli- 121. Sarvetnick N, Shizuru J, Liggitt D, Martin L, McIntyre B,

nated proteins enhance tissue injury in experimental autoim- Gregory A, Parslow T, Stewart T (1990) Loss of pancreatic islet

mune arthritis. J Clin Invest 116(4):961-973 tolerance induced by beta-cell expression of interferon-gamma.
107. Sturnieks DL, Tiedemann A, Chapman K, Munro B, Murray Nature 346:844-847

SM, Lord SR (2004) Physiological risk factors for falls in older 122. Varanasi V, Avanesyan L, Schumann MD, Chervonsky VA

people with lower limb arthritis. J Rheumatol 31(11):2272-2279 (2012) Cytotoxic mechanisms employed by mouse T cells to
108. Montecucco F, Mach F (2009) Common inflammatory media- destroy pancreatic f3-cells. Diabetes 61:2862-2870

tors orchestrate pathophysiological processes in rheumatoid 123. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM (2001)

arthritis and atherosclerosis. Rheumatology 48:11-22 C-reactive protein, interleukin 6, and risk of developing type 2
109. Moulton PJ, Hiran TS, Goldring MB, Hancock JT (1997) diabetes mellitus. JAMA 286:327-334

Detection of protein and mRNA of various components of the 124. Vozarova B, Weyer C, Lindsay RS, Pratley RE, Bogardus C,

NADPH oxidase complex in an immortalized human chondro- Tataranni PA (2002) High white blood cell count is associated

cyte line. Br J Rheumatol 36(5):522-529 with a worsening of insulin sensitivity and predicts the devel-
110. Hitchon CA, Ei-Gabalawy HS (2004) Oxidation in rheumatoid opment of type 2 diabetes. Diabetes 51:455—461

arthritis. Arthritis Res Ther 6(6):265-278 125. Frank BH, James BM, Tricia YL, Nader R, Jo AE (2004)
111. Lloyds D, Davies EV, Williams BD, Hallett MB (1996) Tyr- Inflammatory markers and risk of developing type 2 diabetes in

osine phosphorylation in neutrophils from synovial fluid of women. Diabetes 53(3):693-700

patients with rheumatoid arthritis. Br J Rheumatol 35(9): 126. Baynes JW, Thorpe SR (1999) Role of oxidative stress in dia-

846-852 betic complications: a new perspective on an old paradigm.
112. De Leo ME, Tranghese A, Passantino M, Mordente A, Lizzio Diabetes 48:1-9

MM, Galeotti T (2002) Manganese superoxide dismutase, glu- 127. Maritim C, Sanders RA, Watkins JB (2003) Diabetes, oxidative

tathione peroxidase, and total radical trapping antioxidant stress, and antioxidants: a review. J Biochem Mol Toxicol

capacity in active rheumatoid arthritis. J Rheumatol 29(10): 17(1):24-38

2245-2246 128. Ceriello A (2000) Oxidative stress and glycemic regulation.
113. Karatas F, Ozates I, Canatan H, Halifeoglu I, Karatepe H (2003) Metabolism 49(2, suppl 1):27-29

Antioxidant status and lipid peroxidation in patients with 129. Ceriello A, Motz E (2004) Is oxidative stress the pathogenic

rheumatoid arthritis. Indian J Med Res 118:178-181 mechanism underlying insulin resistance, diabetes, and cardio-
114. Center for Disease Control and Prevention (CDC) (2008) Dia- vascular disease? The common soil hypothesis revisited. Arte-

betes data and trends. Number (in millions) of persons with rioscler Thromb Vasc Biol 24:816-823

diagnosed diabetes, United States, 1980-2005. http://www.cdc. 130. Lindsey EP, Katarzyna AB, Polly AH, John AC, Hubert MT

gov/diabetes/statistics/prev/national/figpersons.htm.  Accessed (2013) The role of reactive oxygen species and proinflammatory

February 9, 2008 cytokines in type 1 diabetes pathogenesis. Ann NY Acad Sci
115. Wild S, Roglic G, Green A, Sicree R, King H (2004) Global 1281:16-35

prevalence of diabetes: estimates for the year 2000 and projec- 131. West IC (2000) Radicals and oxidative stress in Diabetes. Diabet

tions for 2030. Diabetes Care 27:1047-1053 Med 17:171-180
116. Singh R, Shaw J, Zimmet P (2004) Epidemiology of child-hood 132. Yong IC, Raymond ND (2007) NSAIDs and cancer prevention:

type 2 diabetes in the developing world. Pediatr Diabetes targets downstream of COX-2. Annu Rev Med 58:239-252

5:154-168 133. Funk C, Fitzgerald G (2007) COX-2 inhibitors and cardiovas-
117. Treszl A, Szereday L, Doria A, King GL, Orban T (2004) cular risk. J Cardiovasc Pharmacol 50:470-478

Elevated C-reactive protein levels do not correspond to 134. Hochberg MC (2002) New directions in symptomatic therapy

autoimmunity in type 1 diabetes. Diabetes Care 27:2769-2770 for patients with osteoarthritis and rheumatoid arthritis. Semin
118. Devaraj S, Cheung AT, Jialal I, Steven CG, Danh N, Nicole G, Arthritis Rheum 32:4-14

Thomas A (2007) Evidence of increased inflammation and 135. Tahereh T, Angelica MW, Jane MJ, Robert AF, Yashige K

microcirculatory abnormalities in patients with type 1 diabetes
and their role in microvascular complications. Diabetes
56:2790-2796

@ Springer

(2000) COX-2 inhibition prevents insulin-dependent diabetes in
low-dose streptozotocin-treated mice. Biochem Biophys Res
Commun 273:699-704


http://www.cdc.gov/diabetes/statistics/prev/national/figpersons.htm
http://www.cdc.gov/diabetes/statistics/prev/national/figpersons.htm

	Crosstalk between reactive oxygen species and pro-inflammatory markers in developing various chronic diseases: a review
	Abstract
	Introduction
	Definition of inflammation
	Initiation and progression of inflammation
	Biological markers of inflammation
	Reactive oxygen species (ROS)
	Reactive oxygen species and pro-inflammatory markers
	Diseases associated with ROS and 	pro-inflammatory markers
	Cancer
	Atherosclerosis
	Arthritis
	Diabetes

	Discussion
	Conclusion
	Acknowledgment
	References




