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SUMMARY A wide array of naturally occurring substances, particularly those present
in dietary and medicinal plants, have been reported to possess substantial cancer
chemopreventive properties. Certain phytochemicals retain strong antioxidative and anti-
inflammatory properties which appear to contribute to their chemopreventive or
chemoprotective activities. Inducible cyclooxygenase (COX-2) and nitric oxide synthase
(iNOS) are important enzymes that mediate inflammatory processes. There is some
evidence that expression of both COX-2 and iNOS is co-regulated by the eukaryotic
transcription factor NF-xB. Increased expression of COX-2 and/or iNOS has been
associated with pathophysiology of certain types of human cancers as well as inflammatory
diseases. Since inflammation is closely linked to tumor promotion, substances with potent
anti-inflammatory activies are anticipated to exert chemopreventive effects on
carcinogenesis, particularly in the promotion stage. An example is curcumin, a yellow
pigment of turmeric (Curcuma longa L., Zingiberaceae), that strongly suppresses tumor
promotion. In the present work, we have found that some naturally occurring diaryl
heptanoids structurally related to curcumin have substantial anti-tumor promotional
activities in two-stage mouse skin carcinogenesis. Thus, yakuchinone A [1-(4'-hydroxy-
3'-methoxyphenyl)-7-phenyl-3-heptanone] and yakuchinone B [1-(4'-hydroxy-3'-
methoxyphenyl)-7-phenylhept-1-en-3-one] present in Alpinia oxyphylla Miquel
(Zingiberacease) attenuate phorbol ester-induced inflammation and papilloma formation in
female ICR mice. These diarylheptanoids also suppressed phorbol ester-induced activation
of epidermal ornithine decarboxylase and its mRNA expression when applied onto shaven
backs of mice. Yakuchinone A and B as well as curcumin inhibited phorbol ester-induced
expression of COX-2 and iNOS and their mRNA in mouse skin via inactivation of NF-xB.
Capsaicin, a major pungent ingredient of red pepper also attenuated phorbol ester-induced
NE-«B activation. Similar suppression of COX-2 and iNOS and down-regulation of NF-
«B activation for its DNA binding were observed with the ginsenoside Rg3 and the ethanol
extract of Artemisia asiatica. We have also found that certain anti-inflammatory
phytochemicals exert inhibitory effects on phorbol ester-induced COX-2 expression and
NE-«B activation in immortalized human breast epithelial (MCF-10A) cells in culture. One
of the plausible mechanisms underlying inhibition by aforementioned phytochemicals of
phorbol ester-induced NF-xB activation involves interference with degradation of the
inhibitory unit, IxBa, which blocks subsequent nuclear translocation of the functionally
active p65 subunit of NF-kB. The activation of epidermal NF-«B by phorbol ester and
subsequent induction of COX-2 hence appear to play an important role in intracellular
signaling pathways leading to tumor promotion and targeted inhibition of NF-xB may
provide a new promising cancer chemopreventive strategy.

*A preliminary account of part of this work has been presented at the 91st annual meeting
of the American Association for Cancer Research held in San Francisco on April 1-5, 2000.
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Elevated levels of prostaglandins and enhanced cyclooxygenase (COX) activities
have been often observed in various cancers of epithelial origin (Dubois et al., 1998; Rigas
et al., 1993). Prostaglandins, especially prostaglandin Ej, affect cell proliferation and
tumor growth and also suppress the immune response to malignant cells (Earnest et al.,
1992; Marnett, 1992). Therefore, high levels of prostaglandins could favor the growth of
malignant cells by increasing cell proliferation, promoting angiogenesis, and inhibiting
immune surveillance. Two isozymes, designated COX-1 and COX-2, have been
identified. COX-1 is a house-keeping enzyme that is expressed in most tissues and
catalyzes the synthesis of prostaglandins for normal physiological functions. In contrast,
COX-2 is rapidly induced by external stimuli, including tumor promoters, growth factors,
and cytokines (Crofford et al., 1994; Inoue et al., 1995) (Figure 1). Cells which are
actively involved in mediating inflammatory responses, such as macrophages, endothelial
cells and fibroblasts, highly express the cox-2 gene (Hla et al., 1993). Considerable
evidence has accumulated to support that COX-2 is important for carcinogenesis. For
example, COX-2 is up-regulated in transformed cells (Kutchera et al., 1996; Sheng et al.,
1997; Subbaramaiah et al., 1996) and various forms of cancer (Kargman et al., 1995;
Muller-Decker et al., 1995; Ristimaki et al., 1997), whereas levels of COX-1 remain
essentially unchanged. A null mutation for cox-2 markedly reduced the number and the
size of intestinal tumors in a murine model of familial adenomatous polyposis (Oshima et
al., 1996). In addition, a selective inhibitor of COX-2 caused nearly complete suppression
of azoxymethane-induced colon cancer (Kawamori et al., 1998). Overexpression of COX-
2 blocked apoptosis and increased the invasiveness of malignant cells (Tsujii ez al., 1997;
Tsujii and DuBois, 1995). These effects were reversed by sunlindac sulfide. Based on
these findings, it is conceivable that targeted inhibition of COX-2 is a promising approach
to prevent cancer (Earnest et al., 1992; Kawamori et al., 1998).

Nitric oxide synthase (NOS) is another important enzyme which is involved in
inflammation and other human disorders. Nitric oxide (NO) is generated via oxidation of
the terminal guanidino nitrogen atom of L-arginine by NOS. NO is released during a variety
of pathophysiological responses including circulatory shock, inflammation (Ohshima et al.,
1994) and carcinogenesis (Yun et al., 1996). Molecular cloning and sequencing analyses
revealed the existence of at least three main types of NOS isozymes. Both neuronal NOS
(nNOS) and endothelial NOS (eNOS) are constitutively expressed, whereas synthesis of
inducible isoform (iNOS) is transiently stimulated in response to bacterial
lipopolysaccharide and pro-inflammatory cytokines (e.g., TNF-a) and hence considered to
be a major isozyme responsible for the production of NO upon inflammatory stimuli
(Szabo, 1995; Yun et al., 1996). NO has been proposed to be an important mediator of
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tumor growth. For instance, endogenously formed NO appeared to cause the neoplastic
transformation of C3H10T1/2 mouse fibroblasts (Mordan et al., 1993). Both constitutive
and inducible forms of NOS have been detected in human breast tumors (Thomsen et al.,
1995), cervical tumors (Thomsen ef al., 1994), tumors associated with the central nervous
system (Cobb et al., 1995), colon cancer (Radomski ef al., 1991), and head and neck
cancers (Gallo et al., 1998; Rosbe et al., 1995).

The NOS and COX pathways share a number of similarities. Under normal
circumstances, the constitutive isoforms of COX and NOS are found in virtually all organs.
They regulate several important physiological effects (e.g., antiplatelet activity,
vasodilation, cytoprotection, etc.). On the other hand, in inflammatory setting, NOS and
COX are induced in a variety of cells, resulting in the production of large amounts of
proinflammatory and cytotoxic NO and prostaglandins respectively.

Nuclear factor-xB (NF-xB) is a ubiquitous, pleiotropic, multi-subunit eukaryotic
transcription factor consisting of either homo- or heterodimers of various subunits of Rel
family proteins referred to as p50, p52, p65 (RelA), c-Rel, and Rel-B (Blank et al., 1992,
Grilli et al., 1993; Schmitz et al., 1995). These complexes are activated by antigens,
viruses, bacteria, and inflammatory cytokines, and result in transcriptional initiation of a
diverse set of genes whose products are important in the immune and inflammatory
responses (Kopp and Ghosh, 1995). The importance of NF-kB in mediating inflammatory
events is also evident from experiments utilizing knock-out animals, suggesting that this
transcription factor is a relevant target for potential anti-inflammatory agents (Baldwin,
1996).

In most cells, NF-xB exists as an inactive heterodimer, the predominant form of
which is composed of p50 and p65 (RelA) subunits (Fujita er al., 1993). Both the p50 and
p65 monomers contain Rel regions approximately 300 amino acids in length, that bind to
DNA, interact with each other, and bind to IxB (Baldwin, 1996; Zabel and Bacuerle,
1990). In the cytosol, NF-xB sequestered as an inactive complex with an inhibitory
molecule of the IxB family (Baeuerle and Baltimore, 1988; Baldwin, 1996; Karin and
Smeal, 1992). All six known members of the IxB family (IxBa, IxB8, IxBy, Bel-3, p100,
and p105) (Beg er al., 1992; Fujita et al., 1993) contain an ankyrin (ANK) repeat domain
that consists of five to seven closely adjacent repeats required for both association with NF-
kB and the inhibitory activity (Baeuerle and Baltimore, 1996).
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Recently, considerable attention has been focussed on identifying naturally
occurring chemopreventive substances capable of inhibiting, retarding, or reversing the
multi-stage carcinogenesis. A wide array of phenolic substances, particularly those present
in dietary and medicinal plants, have been reported to possess substantial anticarcinogenic
and antimutagenic activities (recently reviewed by Surh, 1999 and references therein). The
majority of naturally occurring phenolics retain antioxidative and anti-inflammatory
properties which appear to contribute to their chemopreventive or chemoprotective activity.
Since inflammation and oxidative tissue damage are closely linked to tumor promotion,
substances with potent anti-inflammatory and/or antioxidative activies are anticipated to
exert chemopreventive effects on carcinogenesis, particularly in the promotion stage. An
example is curcumin, a yellow pigment of turmeric (Curcuma longa L., Zingiberaceae), that
strongly suppresses tumor promotion. Recent studies from this laboratory have
demonstrated that some naturally occurring diaryl hepatanoids structurally related to
curcumin have substantial anti-tumor promotional activities. Thus, yakuchinone A [1-(4'-
hydroxy-3'-methoxyphenyl)-7-phenyl-3-heptanone] and yakuchinone B [1-(4"-hydroxy-
3'-methoxyphenyl)-7-phenylhept-1-en-3-one] present in Alpinia oxyphylla Miquel
(Zingiberacease) attenuate phorbol ester-induced inflammation, production of reactive
oxygen species and skin tumor promotion in mice. These diarylheptanoids (structures
shown in Figure 2) suppress phorbol ester-induced activation of ornithine decarboxylase
and its mRNA expression in mouse skin (Chun ez al., 1999). Likewise, phorbol ester-
induced enhancement of epidermal TNF-a production and its mRNA expression was
mitigated by pretreatment with yakuchione A or B. Moreover, both compounds inhibit
phorbol ester-induced expression of COX-2 and iNOS in mouse skin, possibly via
inactivation of NF-xB. Capsaicin, a major pungent ingredient of red pepper also attenuated
phorbol ester-induced NF-«B activation (Surh et al., 2000). Similar suppression of COX-2
and iNOS and down-regulation of NF-xB activation for its DNA binding were observed
with the ginsenoside Rg3 and the ethanol extract of Artemisia asiatica. We have also found
that certain anti-inflammatory phytochemicals exert inhibitory effects on phorbol ester-
induced COX-2 expression and NF-kB activation in immortalized human breast epithelial
(MCF-10A) and human promyelocytic leukemia (HL-60) cells in culture. One of the
plausible mechanisms underlying inhibition by aforementioned phytochemicals of phorbol
ester-induced NF-xB activation involves interference with degradation of the inhibitory
unit, I-kB and subsequent nuclear translocation of the functionally active p65 subunit of
NF-xB. The activation of epidermal NF-xB by phorbol ester and subsequent induction of
COX-2 hence appears to play an important role in intracellular signaling pathways (Figure
3) leading to tumor promotion and targeted inhibition of NF-xB may provide a new
promising cancer chemopreventive strategy.
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Yakuchinone A (Alpinia oxyphylla Miquel, Zingiberaceae)
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Yakuchinone B (Alpinia oxyphylla Miquel, Zingiberaceae)

H3CO
3 NW
H

HO

Capsaicin (Capsicum annuum L., Solanaceae)

Figure 2. Chemical structures of curcumin, yakuchinone A & B, and
capsaicin
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