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21.1 OVERVIEW

Nuclear transcription factor-κB (NF-κB) regulates the expression of over 200
different genes. The activation of NF-κB has now been linked with a variety of
inflammatory diseases, including cancer, atherosclerosis, myocardial infarction,
diabetes, allergy, asthma, arthritis, Crohn’s disease, multiple sclerosis, Alzhe-
imer’s disease, osteoporosis, psoriasis, septic shock, and AIDS. There is much
evidence suggesting that phytochemicals can inhibit the pathways that lead to the
activation of this transcription factor and have the potential to prevent and treat
243
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the diseases mentioned. These phytochemicals are derived from plants such as
turmeric, red pepper, cloves, ginger, cumin, anise and fennel, rosemary, garlic,
green tea, basil, cauliflower, cabbage, artichoke, lemon, and pomegranate.

21.2 INTRODUCTION

Plant extracts and natural compounds purified from plants have been used by
humans for many centuries for the treatment and alleviation of a variety of
inflammation-related diseases, including cancer. Eastern medicine, viz., tradi-
tional Chinese medicine (TCM) and the Indian ayurvedic system of medicine,
continue to prescribe complex mixtures of herbs and herbal extracts for the
treatment of cancer. Recent research has shown that a mechanism-based approach
that targets the means by which cancer cells prosper has significant advantages
over the current methods of cancer treatment, including chemotherapy, with their
attendant adverse effects. The regulation of the cell cycle (cell survival, prolifer-
ation, and death) requires the integration of a myriad of cell-signaling factors,
including those that direct the transcription of genes coding for integral cell
proteins. Nuclear factor (NF)-κB is a transcription factor that regulates the expres-
sion of genes involved in cancer and other diseases.

21.3 NF-κκκκB AND DISEASE

NF-κB, discovered by David Baltimore in 1986, is a ubiquitous factor that resides
in the cytoplasm in an inactive state. When activated, it is translocated to the
nucleus and induces gene transcription. NF-κB is activated by free radicals,
inflammatory stimuli, carcinogens, tumor promoters, endotoxins, gamma radia-
tion, UV light, and x-rays. On activation, it induces the expression of more than
200 genes, and these genes have been shown to suppress apoptosis and induce
cellular transformation, proliferation, invasion, metastasis, chemoresistance,
radioresistance, and inflammation.1–3 The activated form of NF-κB has been found
to mediate cancer,1,4,5 atherosclerosis,6 myocardial infarction,7 diabetes,8 allergy,9,10

asthma,11 arthritis,12 Crohn’s disease,13 multiple sclerosis,14 Alzheimer’s disease,15,16

osteoporosis, psoriasis, septic shock, AIDS, and other inflammatory diseases17–19

(Figure 21.1). That NF-κB has been linked to wide variety of diseases is not too
surprising because most diseases are caused by dysregulated inflammatory mech-
anisms.20 Thus, agents that can suppress NF-κB activation can, in principle, either
prevent, delay the onset, or treat NF-κB -linked diseases.

Ever since research has shown that there is an intrinsic link between inflam-
mation and various diseases, it has become obvious that inhibition of NF-κB
activity is desirable in the treatment of not only inflammation but also the disease
itself. For instance, aberrant NF-κB activation is a known factor in oncogenesis,
tumor growth, and metastasis, and specific constitutive activation of NF-κB has
been identified in a number of cancers including, breast, ovarian, colon, and
prostate cancer and Hodgkin’s lymphoma (for references see Reference 1). Hence,
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this transcription factor is an important target in the prevention of diseases and
their treatment in humans.

21.4 NF-κκκκB AS A THERAPEUTIC TARGET

NF-κB represents an important and very attractive therapeutic target for plant-
derived polyphenols. Much attention has been paid in the last decade to the
identification of compounds that selectively interfere with this pathway. More
recently, a great number of plant-derived natural products have been evaluated
as possible inhibitors of the NF-κB pathway (Table 21.1, Figure 21.2). This
chapter focuses on plant extracts, plant isolates, and distinct classes of plant-
derived compounds that form part of this group. It is noteworthy that there are
also reports of synthetic compounds and compounds from nonplant sources (e.g.,
caffeic acid phenethyl ester [CAPE] identified from honey bee propolis) that are
known to block the activity of NF-κB21.

NF-κB plays a central role in inflammation, and research has made it clear
that most diseases are linked to inflammation. Because NF-κB can also regulate
the expression of many key genes involved in a variety of human cancers, it
represents a relevant and promising target for new therapeutic agents. Many
pharmaceutical and biotechnology companies have drug discovery programs that
target NF-κB and have been investing heavily in the search for proteins that
regulate this transcription factor. However, due to the ubiquitous nature of NF-κB,
many of these drugs may exhibit undesirable side effects.

The mechanism-based approach to combat diseases from different angles
with combinations of naturally derived compounds has a distinct advantage in

FIGURE 21.1 NF-κB-linked diseases.
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that the synergies and additive effects of such treatments, coupled with their mild
nature, allow for their safe use. The increase in the popularity and awareness of
complementary medicine has resulted in its use for the therapy of a variety of
human diseases and by a large percentage of cancer patients. For many such
patients, the use of naturally derived plant compounds and plant extracts is an
essential part of their treatment. In addition, people are now more aware of the
health benefits associated with the use of natural products and plant-derived
compounds and have turned to these because of the negative perceptions associ-
ated with synthetic compounds. Most of the compounds outlined in Table 21.1
are commonly used in the form of concentrated plant extracts, and combinations

FIGURE 21.2A Structure of some plant-derived polyphenols that block NF-κB.
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FIGURE 21.2B Structure of some plant-derived terpenoids that block NF-κB.
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FIGURE 21.2C Structure of some plant-derived alkaloids that block NF-κB.
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of these extracts can be very complex. However, although humans have been
using complex mixtures for much longer than they have been using single isolated
compounds or drugs, there is a need for careful standardization of dietary sup-
plements and effective regulatory control to ensure human safety.
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