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Introduction 1

Qnteoduction

1. Redox stress, Inflammation, and Cancer

Reactive oxygen species (ROS) are involved in a wide
spectrum of diseases, including chronic inflammation, and a wide
variety of cancers. Chronic inflammation is induced by biological,
chemical, and physical factors and is associated with an
increased risk of several human diseases including cancer
(Bartsch and Nair, 2006; Schetter et al., 2010).

For example, inflammatory bowel diseases such as Crohn
disease and ulcerative colitis are associated with increased risk of
colon adenocarcinoma (Ekbom et al., 1990a; 1990b; Gillen et al.,
1994). Similarly, pancreatitis and esophagitis, both induced by
tobacco and alcohol, may transform normal tissue into
pancreatic or esophageal cancer if the antioxidant system is not
sufficiently effective (Garcia-Monzon et al., 2000; Murphy et al.,
2005).

During inflammation, mast cells and leukocytes are
recruited to the site of damage. This results in a “respiratory
burst” due to an increased uptake of oxygen, and thus, induces
an increased release and accumulation of ROS at the site of

damage (Coussens and Werb, 2002; Hussain et al., 2003).
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If two free radicals (FR) meet, they can join their unpaired
electrons to form a covalent bond; the product is a non-radical.
However, when a radical reacts with a non-radical, a new radical
results, and a chain reaction can occur (Halliwell and Gutteridge,
1999). Since most biological molecules are non-radicals, the
generation of reactive radicals such as OH" in vivo often initiates
chain reactions.

For example, their attack upon fatty acid side chains in
membranes and lipoproteins can initiate the chain reaction of
lipid peroxidation, resulting in the production of a plethora of
lipid peroxidation (LPO) products, many of them reactive toward
protein and DNA (Halliwell and Gutteridge, 1999). One of the
most abundant carbonyl products of lipid peroxidation is
malondialdehyde (MDA), which is also generated as a side-
product of prostaglandin biosynthesis (Golding et al., 1989;
Marnett, 2002).

Moreover, inflammatory cells also produce soluble
mediators, such as metabolites of arachidonic acid, cytokines,
and chemokines, which act by further recruiting inflammatory
cells to the site of damage, and thus producing more reactive
species (Figs. 1 and 2).

For example, the aberrant expression of inflammatory

cytokines (tumor necrosis factor (TNF), interleukin-1 (IL-1),
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interleukin-6 (IL-6) and chemokines (IL-8, CXC chemokine
receptor 4 (CXCR4)) as well as alterations in the expression of
specific microRNAs and the further induction of cyclooxygenase-
2 (COX-2) and inducible nitric oxide synthase (iNOS) enzymes,
have been reported to play a role in oxidative stress-induced

inflammation (Hussain and Harris, 2007).
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Figure 1: Impact of free radicals released at sites of inflammation on
cellular molecules. Adopted from Hussain et al. (2003).
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This sustained inflammatory/oxidative environment leads
to a vicious circle that can damage healthy neighboring epithelial
and stromal cells, and over a long period of time may lead to
carcinogenesis (Federico et al., 2007).

Cancer is a multistage process defined by at least three
stages: initiation, promotion, and progression. Oxidative stress
interacts with all three stages of this process (Schulte-Hermann
et al., 1990; Ames and Gold, 1992; Mantovani, 2005).

After an inflammatory stimulus, initiation of
carcinogenesis mediated by ROS may be direct (oxidation,
nitration, and halogenation of nuclear DNA, RNA, and lipids) or
mediated by the signaling pathways activated by ROS (Figs. 1 and
2). The hydroxyl radical (OH*)-derived DNA damage includes the
generation of 8-hydroxyguanosine, the hydrolysis product of
which is 8-hydroxydeoxyguanosine (8-OHdG), the most widely
used fingerprint of radical attack on DNA (Wiseman and
Halliwell, 1996; Marnett, 2000) (Fig. 1).

In the promotion stage, ROS can contribute to abnormal
gene expression, blockage of cell-to-cell communication, and
modification of second-messenger systems, resulting in an
increase in cell proliferation, metastasis and angiogenesis or a
decrease in apoptosis of the initiated cell population (Storz,

2005).



