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ABSTRACT

This paper reviewed the molecular roles of NFkB in cell survival, disease, and death.
By activating FOXO, nuclear transcription factor-2 (Nrf-2), and mitogen-activated
protein kinase (MAPK) signaling mechanisms, NFxkB mediates cell survival
mechanisms which guarantee cell viability against pathogenic stimuli. On the other
hand, NFkB could also modulate pathogenic signaling pathways leading to cell
degeneration, aging, disease and death. This dual role of NFkB should be considered
into development of novel strategies for tumor killing in cancer patients, or for the
preservation of brain neurons in Alzheimer’s disease.
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Introduction:

As a cellular regulator of many signaling processes, NFkB represents a family structured-
related eukaryotic nuclar transcription factor which modulates cell growth, cell survival, development
processes, immune and inflammatory responses as well as apoptosis'>. The NFkB was firstly
discovered in 1986 as a nuclear factor activated by lipopolyssacharides from bacterial cell wall*. In
that seminal paper, authors observed that NFkB was linked to a sequence of 10 pair of DNA bases in
the promoter region associated with the light chain (kappa) of the B-cell-derived immunoglobulins®.
NFkB is a heterodimer with two basic subunits: the p50 and the RelA or p65. The negative feedback
of the NFkB action is represented by the protein activated kinase Ikk which blocks the action and
effects of NFkB>®.

Inhibition of NFKB: An Important Molecular Pathway Against Cancer:

Activation of the nuclear factor kappa beta has been related to a great number of benign and
malignant tumors. For example, hormonal-associated prostate cancer, lung carcinoma, hepatocellular
carcinoma, hepatoma, multiple myeloma, melanoma, glioblastoma, ovarian tumor, malignant
lymphoma, leukemia, breast cancer, colorectal cancer, pancreatic cancer, squamous cell carcinomas,
mesothelioma, nasopharyngeal carcinoma, biliary cancer cells, soft tissue sarcomas, mesothelioma,
and other tumors®"”.

The ikk inhibitor of the NFkB plays an important role in cancer cell death. In this respect, it
has been demonstrated that ikk triggers the activation of mitochondria and other reactive oxygen
releasing organeles (peroxissomes) which in turn induces the activation of both the JUNK signaling
pathway and the STAT3 proteins blocking the progression of the hepatocellular carcinoma, a very
aggressive malignant tumor®,

NFKB In Cell Aging And Death:

Notwithstanding, it should be noted that pathogenic stimuli like excessive production of toxic
reactive oxygen and nitrogen species, e.g., the oxidative stress and nitrosative stresses, and many
genotoxic factors activate nuclear factor kappa beta (NFkB) signaling pathways which in turn
stimulates the activation of aging-related genes””'. The NFxB trigger genes that block the cell death
(by apoptosis or necrosis) resulting in aging of the immune system or “immunosenescence”, muscle
atrophy, and inflammation®”,

It is important to note that NFkB signaling has also positive effects on human health since it is
essential in tumor killing” and prevention of endoplasmic reticulum damage in neurons after
ischemic stroke events™".

NFkKB In Inflammation:

Microbial infections, especially those caused by bacteria are associated with a higher degree
of tissue inflammation and subsequent damage.

For example, during chronic stomach Helicobacter pylori infection many inflammatory
mechanisms are activated, including the NFkB which causes proliferation of gastric tumor cells*°.
Bacterial lipopolyssacharides can trigger massive inflammation via NFkB molecular pathways and
release of interleukin-8 (IL-8) and monocyte-chemoattractant protein-1 (MCP-1) from activated
lymphocytes of the immune system®’.

Inflammatory signals from the tissues and from the environment, stress and bone and joint
overload trigger the nuclear activation of the NFkB which in turn induces matrix metalloproteinases-
13 which participates in degeneration of the osteocytes in the osteoarthritis>®.

In aging heart there are many processes that converges to chronic myocardium inflammation
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and fibrosis, both of them are activated through NFkB molecular patways and the subsequent release
of toxic oxygen free radicals®. In hemodialysis patients there is an intense myocardial inflammatory
damage caused by blood accumulation of ureia (uremia), a process that is triggered by NFxB
activation with subsequent activation of mononuclear cells (macrophages and lymphocytes) and
neutrophils™ >,

One of the most important consequences of magnesium deficiency is the increased risk of
atherosclerosis. Magnesium deficiency-induced atherosclerosis is associated with increased release of
proinflammatory molecules from NFxB activated endothelial cells”. Recently, it has been
charactherized the molecular roles of NFkB on atherosclerosis pathogenesis™.

Ischemic-reperfusion cerebral damage the most common type of brain injury is characterized
by massive release of oxygen and nitrogen reactive species. NFkB participates in this process and its
inhibition by Ikk sucessfully protects brain neurons against damage™. Another important
neurodegenerative inflammatory brain disease is represented by Alzheimer’s disease (AD). The
characteristic neurodegeneration of AD is caused by massive release in brain neurons of beta-amyloid
protein’®’’. Beta-amyloid protein induces a mitochondrial dysregulation state in which those
organeles beggin to release a higher and sustained level of oxygen and nitrogen reactive species
leading to mitochondrial death by apoptosis or necrosis™ *’. The release of both beta-amyloid and the
toxic reactive oxygen/nitrogen species is mediated via NFkBk mechanisms, once NFkB inhibition
rescue neurons and attenuate AD cognitive impairment”'.

NFkB activation has been observed in other pathologies like autism, polycistic ovary

syndrome, hypertension, myocardiopathy, skeletal muscle damage, smoking-induced lung cancer,
insulin resistance and type Il diabetes, diabetic retinopathy, metabolic syndrome, herpes and HIV
related lymphomas, viral hepatitis, pneumococcal meningitis, influenza virus infection and cocaine
toxicity**>*.
The dual role of NFkB in cell survival or aging and disease pathogenesis is represented in
figure 1. By activating FOXO, nuclear transcription factor-2 (Nrf-2), and mitogen-activated protein
kinase (MAPK) signaling mechanisms, NFkB mediates cell survival mechanisms which guarantee
cell viability against pathogenic stimuli. On the other side of the coin, NFkB could also modulate
pathogenic signaling pathways leading to cell degeneration, aging, disease and death. This dual role
of NFxB should be considered if researchers are interested in tumor killing in cancer patients, or in
the rescue of brain neurons through inhibition of NFkB by Ikk or sirtuins in Alzheimer’s disease.

Conclusion:

Modulating NFkB cell pathways is essential to control cancer growth, aging process and
improve cell survival of important target tissues and organs. Future therapies should explore the
multiple pathways triggered by NFkB in cell proliferation and death.
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Figure 1 — The Yin and Yang of the NFkB action mechanisms
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