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SUMMARY 

The involvement of prostaglandins (PGs) and other eicosanoids in 
the development of human cancer has been known for over two 
decades. Importantly, an increase in PG synthesis may influence tumor 
growth in human beings and experimental animals, and numerous 
studies have illustrated the effect of PG synthesis on carcinogen 
metabolism, tumor cell proliferation and metastatic potential. PGs 
produced by cyclooxygenases (COXs) are represented by a large series 
of compounds that mainly enhance cancer development and pro-
gression, acting as carcinogens or tumor promoters, with profound 
effects on carcinogenesis. Further investigations suggest that 
arachidonic acid (AA) metabolites derived from lipoxygenase (LOX) 
pathways play an important role in growth-related signal transduction, 
implying that intervention through these pathways should be useful for 
arresting cancer progression. We discuss here the implications of COX 
and LOX in colon, pancreatic, breast, prostate, lung, skin, urinary 
bladder and liver cancers. Select inhibitors of COX and LOX are 
described, including nonsteroidal antiinflammatory drugs (NSAIDs), 
selective COX-2 inhibitors, curcumin, tea, Silymarin and resveratrol, 
as well as a method useful for evaluating inhibitors of COX. Although 
a substantial amount of additional work is required to yield a better 
understanding of the role of COX and LOX in cancer chemo-
prevention, it is clear that beneficial therapeutic effects can be realized 
through drug-mediated modulation of these metabolic pathways. 
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1. INTRODUCTION 

The involvement of prostaglandins (PGs) and other eicosanoids in 
the development of human cancer has been known for over two 
decades /I/. Importantly, an increase in PG synthesis may influence 
tumor growth in human beings and experimental animals 121, and 
numerous studies have illustrated the effect of PG synthesis on 
carcinogen metabolism, tumor cell proliferation and metastatic 
potential ß,AL As a result, inhibition of PG synthesis has been 
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examined as a means of preventing tumor development /4,5/. Two 
major observations demonstrating the role of PGs in the genesis of 
cancer follow: inhibition of PG synthesis hinders tumor development 
in animal models and in some human cancers /3/, and there is a direct 
relationship between the levels of PG synthesized and cancer inci-
dence in both humans and animal models. Moreover, members of the 
arachidonic acid (AA) metabolizing enzyme family seem to play a 
significant role in carcinogenesis, since modulation of these pathways 
results in suppression of tumor growth 161. 

PGs produced by cyclooxygenases (COXs) are represented by a 
large series of compounds that mainly enhance cancer development 
and progression, acting as carcinogens or tumor promoters, with pro-
found effects on carcinogenesis 111. Further investigations suggest that 
AA metabolites derived from lipoxygenase (LOX) pathways play an 
important role in growth-related signal transduction, implying that 
intervention through these pathways should be useful for arresting 
cancer progression /8,9/. Most malignant human tumors have a 
prolonged period of pathological development during which they pass 
through several preneoplastic and premalignant stages. This situation 
affords the opportunity of interrupting or reversing tumorigenesis at an 
early stage /10,11/. Thus, the ability of regulating COX and LOX path-
ways provides an excellent opportunity for cancer chemoprevention. 

2. ARACHIDONIC ACID PATHWAY 

Metabolites of AA, e.g., PGs, prostacyclins, thromboxanes and 
various LOX products, collectively known as eicosanoids, are 
produced in many tissues and facilitate a diverse group of physio-
logical and pathophysiological responses. For example, these 
bioactive lipids are potent mediators of several signal-transduction 
pathways that modulate cellular adhesion, growth and differentiation 
/12/. 

AA is cleaved from membrane phospholipids by phospholipases. 
AA can then be metabolized by the COX pathway to produce PGs, or 
the LOX pathway to produce hydroxy derivatives and leukotrienes 
(Fig. 1). COX, also known as PGH-synthase, is the rate-limiting 
enzyme in the metabolic conversion of AA to PGs and related 
eicosanoids. AA is converted to PGH2 through the action of COX 
which exhibits two distinct catalytic activities, cyclooxygenase and 
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peroxidase /13/. Subsequently, PGH2 is converted by cell-specific 
synthases to products such as PGE2, PGF2a, PGI2 or thromboxanes 
/14/. 

Two COX isoforms, COX-1 and COX-2, are known. COX-1 is 
constitutively expressed in many tissues /14,15/, and PGs produced by 
COX-1 are thought to mediate "housekeeping" functions such as cyto-
protection of the gastric mucosa, regulation of renal blood flow and 
platelet aggregation /16-18/. 

In contrast to COX-1, the recently discovered isoform COX-2 is 
not generally detected in most tissues /19/. However, COX-2 is an 
inducible enzyme that is expressed in response to pro-inflammatory 
agents, including cytokines, endotoxins, growth factors, tumor pro-
moters and mitogens /20,21/. COX-2 is expressed in a few specialized 
tissues such as brain, testes and macula densa of the kidney, in the 
apparent absence of any induction process. 

AA is metabolized via LOXs to hydroxyeicosatetraenoic acids 
(HETEs) or leukotrienes (5-LOX pathway) 122,2hl. Previously, three 
LOXs were recognized in humans: a 5S-LOX found in leukocytes, a 
12S-LOX found in platelets and certain epithelia, and a 15S-LOX in 
reticulocytes, eosinophils, macrophages, and skin /24/. More recently, 
in studying LOX expression in human skin, a second 15S-LOX 
(herein referred to as 15-LOX-2) was discovered 1251. In addition to 
structural differences, 15-LOX-2 exhibits differences in certain enzy-
matic characteristics. In contrast to the reticulocyte type of 15S-LOX 
(15-LOX-1), 15-LOX-2 converts AA exclusively to 15S-hydroperoxy-
eicosatetraenoic acid (15-HPETE). Unlike the distribution of 15-LOX-
1, 15-LOX-2 was not detected in peripheral blood leukocytes, nor was 
it detected in liver, kidney, spleen, thymus, testis, ovary, skeletal 
muscle, heart, brain, or intestinal tissue 1251. 

3. COX AND LOX IMPLICATIONS IN TUMORIGENESIS 

3.1 Colorectal cancer 

Colon cancer is the second leading cause of cancer mortality in 
developed countries /26/. Although this disease is potentially curable 
in its early stages of development, the prognosis of metastatic disease 
is usually poor 1211. However, the developmental path for colorectal 
cancer is especially well documented. Histopathologically, the first 
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stage involves hyperproliferation in colon mucosa, followed by 
formation of adenomas with varying degrees of malignant potential, 
and finally adenocarcinoma /28,29/. This well-defined histopathology 
along with the accessibility of all stages of colon carcinogenesis 
facilitates the evaluation of chemopreventive activity /30/. 

Patients with a history of adenomatous polyps provide a feasible 
cohort for clinical chemoprevention studies, since their risk of 
developing new adenomas is high. In several studies, new adenomas 
were seen at rates ranging from 37-60% within 1-4 years following 
polypectomy /3 1/. 

Anti-inflammatory drugs have shown potent chemopreventive 
activity in animal colorectal carcinogenesis models. These include the 
nonsteroidal anti-inflammatory drugs (NSAIDs) sulindac, piroxicam, 
aspirin, and ibuprofen, as well as curcumin, tea polyphenols, and the 
selective COX-2 inhibitor, celecoxib (Fig. 2) /32,33/. Use of such 
COX inhibitors as the NSAIDs, sulindac and aspirin, has a particularly 
strong association with prevention of gastrointestinal cancers /30/. In 
case studies and limited intervention studies, sulindac consistently 
caused regression of existing colonic polyps and prevented formation 
of new polyps. Furthermore, epidemiological studies have demon-
strated up to 50% decrease in the relative risk of colorectal cancer 
among persons who regularly ingested acetylsalicylic acid or other 
NSAIDs /34/. Indeed, one complicating factor in estimating the 
sample size required for adenoma prevention trials is the widespread 
use of aspirin as a cardioprotective agent in the target population. 
Current evidence supporting the role of NSAIDs and COX-2 specific 
inhibitors in the prevention or treatment of intestinal polyposis and 
colon cancer is derived from both animal and epidemiological studies, 
but pioneering experimental work in this area was based on a murine 
model of familial colonic polyposis /35/. 

In min mice, which are prone to colonic polyps, there is a genetic 
defect in the Ape gene that is similar to that associated with the 
appearance of adenomatous polyposis of the colon (benign adenomas) 
in humans; therefore, this model is appropriate for studying human 
disease. When bred with COX-2 knockout mice, min mice did not 
tend to contract adenomas, and, furthermore, COX-2 specific inhi-
bitors appeared to block the formation of these neoplasms in the min 
mouse. However, the complexity of this model was demonstrated 
when it was found that breeding of the min mouse with the COX-1 
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knockout mouse reduced adenoma formation /3 6/. These results 
suggest a role for both COX-1 and COX-2 in adenoma development. 
Nonetheless, Oshima et al. /37/ demonstrated that treatment of ApcA716 

knockout mice with the investigational COX-2 inhibitor MF-tricyclic 
reduced polyp number to a significantly greater extent than sulindac. 
A COX-2-generated AA metabolite (a prostanoid) was required for 
the survival of adenomas in mice. 

A large body of experimental evidence supports the premise that 
COX-2 expression may contribute to tumorigenesis and that COX-2 
inhibitors might be useful in the prevention or treatment of intestinal 
polyposis and colon cancer. Work by DuBois et al. /3 8/ showed an 
increase in COX-2 mRNA (by Northern blotting) in six of six rodent 
colonic tumors, and an increase in COX-2 protein (by Western 
blotting) in four of five such tumors. On the other hand, COX-1 
mRNA levels were equivalent in both tumor and normal intestinal 
mucosal cells. Tsujii et al. /39/ extended these findings by demon-
strating that expression of COX-2 resulted in phenotypic changes that 
could affect the metastatic potential of colorectal cancer cells. 
Experimental evidence for the prospective use of COX-2 inhibitors in 
colon cancer prevention is abundant, and celecoxib was approved by 
the US Food and Drug Administration for this use in late 1999. 

The mechanism by which (over)expression of COX-2 contributes 
to carcinogenesis is not completely understood. The bifunctional 
nature of COX appears of importance since the peroxidase activity of 
COX may catalyze the conversion of procarcinogens to proximate 
carcinogens /40/. In liver, this type of oxidative reaction is catalyzed 
principally by cytochrome P-450s; however, extrahepatic tissues, e.g., 
the colon, frequently have low levels of cytochrome P-450s and other 
monooxygenases. Therefore, appreciable quantities of xenobiotics 
could be converted to mutagens by the peroxidase activity of COX 
/40/, and this could be especially relevant in the colon because of 
exposure levels /41/. Furthermore, the turnover of AA through COX 
metabolism is sufficient to produce mutagens. For instance, oxidation 
by-products, such as malondialdehyde, are highly reactive and form 
adducts with DNA. 

Additional studies have shown a clear causal linkage between the 
expression of COX-2 and the inhibition of programmed cell death 
/42,43/. It is possible that up-regulation of COX-2 prolongs the 
survival of abnormal cells and thereby favors the accumulation of 
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sequential genetic changes that increase the risk of tumorigenesis. 
Treatment with the NSAID sulindac sulfide reversed the delay of 
apoptosis induced by overexpression of COX-2 /42Λ Since chronic 
inflammation with elevated COX-2 is recognized as a risk factor for 
epithelial carcinogenesis /44/, a cause-and-effect link between chronic 
inflammation and carcinogenesis via overexpression of COX-2 can be 
established and understood through a reasonable mechanistic inter-
pretation. 

Another physiological response typically associated with the 
growth of tumors is immune suppression /45/. Colony-stimulating 
factors released by tumor cells lead to the production of PGE2 by 
monocytes and macrophages, which in turn inhibit the production of 
immune regulatory lymphokines, T- and B-cell proliferation, and the 
cytotoxic activity of natural killer cells. PGE2 also inhibits the pro-
duction of tumor necrosis factor while inducing the production of 
interleukin-10, which has immunosuppressive effects /46/. Inhibitors 
of COX such as aspirin, sulindac, and indomethacin (Fig. 2) can 
attenuate tumor-mediated immune suppression /47/. 

COX-2 can also modulate the invasive properties of human colon 
cancer cells. Thus, when human colon cancer cells were permanently 
transfected with a COX-2 expression vector, production of PGs 
increased, and the cells became more invasive relative to parental cells 
/39/. Increased invasiveness was associated both with activation of 
membrane metalloproteinase-2 and increased mRNA expression of the 
membrane-type metalloproteinase-1. These enzymes digest the colla-
gen matrix of the basement membrane stimulating the invasive and 
motile phenotype of tumor cells. Both the increased production of PGs 
and invasiveness were reversed by treatment with sulindac sulfide 
/39/. In further studies with colon cancer cells, overexpression of 
COX-2 enhanced the production of vascular growth factors, the 
migration of endothelial cells through a collagen matrix, and the 
formation of tubular networks /48/. The effect of COX-2 on angio-
genesis was blocked by a selective inhibitor. In addition, however, 
aspirin or treatment of the endothelial cells with antisense oligo-
nucleotides to COX-1, but not COX-2, inhibited angiogenesis /48/, 
indicating that the activity of COX-1 in endothelial cells was critical 
for their response to vascular growth factors. Furthermore, some colon 
cancer cell lines do not express COX-1 or COX-2, but nonetheless 
stimulate angiogenesis. 
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In addition to COX-related activities, AA and linoleic acid 
metabolites formed by the enzymatic activity of LOX need to be 
considered. Unsaturated fatty acid metabolism and the expression of 
the enzymes responsible for lipid metabolism during sodium butyrate 
(NaBT)-induced apoptosis and cell differentiation have been 
examined in human colorectal carcinoma Caco-2 cells. These cells 
underwent apoptosis and cell differentiation in response to NaBT, and 
had a mutated Ape gene expressing the truncated Ape protein product 
/49/. AA metabolism was dramatically shifted during the NaBT 
treatment, from PGs to metabolites of 15-LOX, mainly 15-HETE. 
Caco-2 cells poorly expressed COX-1, but a high expression of COX-
2 was observed. Treatment with NaBT modestly attenuated the 
expression of COX-2 but significantly increased the expression of 15-
LOX, as confirmed by RT-PCR and restriction enzyme analysis. The 
relative concentrations of COX-2 and 15-LOX observed at different 
times during apoptosis and cell differentiation suggest these enzymes 
work in parallel to modulate these processes in Caco-2 cells /50/. The 
expression of 15-LOX-1 was only observed during apoptosis and cell 
differentiation. Inhibition of the LOX resulted in an enhancement of 
apoptosis, which supports the hypothesis that LOX metabolites act as 
inhibitors of apoptosis in this cell system. 

A subsequent report presented evidence for the expression of 15-
LOX-1 in human colorectal cells and demonstrated a significantly 
higher expression of 15-LOX-1 in a tumor sample compared with 
normal adjacent tissues /51/. As shown by immunohistochemistry, 15-
LOX-1 is primarily localized in the epithelium. The physiological 
importance of 15-LOX-1 expression in human colorectal tissue and 
increased expression in colorectal tumors is not clear. 15-HETE, the 
AA metabolite formed by 15-LOX-1, is reported to have both anti-
and pro-inflammatory functions. It can promote cell growth, play a 
role in signal transduction with mucous-secreting cells, and alter 
integrin expression and cell migration 1521. 

Another report studying 5-LOX with Caco-2 cells showed that 
butyrate-induced differentiation was associated with a significant up-
regulation of 5-LOX at the level of mRNA and protein expression 
without affecting its activity. This is likely to result from enhanced 15-
HETE levels, suppressing the 5-lipoxygenation of AA /53/. 
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3.2 Pancreatic cancer 

Pancreatic carcinoma is characterized by a poor prognosis with 
lack of response to conventional therapy /54-56/. The 5-year survival 
rate is less than 2%, and median survival after diagnosis is only 4-6 
months 1561. The incidence of this disease has increased significantly 
in recent years 1561. Several factors have been implicated in this rise in 
frequency, including cigarette smoking, gallstones, a diet high in 
animal fat, and chronic calcific pancreatitis /57/. Although a few 
studies have suggested the possible role of Κ-ras oncogenes, tumor 
suppressor genes (pi6, p53, and DPC4), and growth factors (epi-
dermal growth factor, basic fibroblast growth factor, and insulin-like 
growth factor I) in carcinoma of the pancreas, the exact pathogenic 
mechanism and progression of this neoplasm remain to be clarified, 
and no effective strategy for treatment has been established thus far 
/58-62Λ 

Very recently, it was reported that human pancreatic tumors and 
cell lines express increased levels of COX-2 mRNA and protein. Each 
study demonstrated that at least 50% of pancreatic carcinoma cases 
overexpressed COX-2 mRNA /63-65/. In contrast, the expression of 
COX-1 mRNA was similar in cancer and normal tissues. Furthermore, 
the results of mRNA analysis paralleled those of immunohisto-
chemisty /63/. COX-2 mRNA levels were increased in two of four 
specimens of normal pancreas adjacent to tumor, relative to pancreas 
from a healthy individual. The explanation for this observation is 
unclear, but it may be a consequence of tumor cell contamination or 
the induction of COX-2 expression in normal tissue by the adjacent 
tumor /64/. 

COX-2 was expressed in the majority of human pancreatic 
carcinomas, irrespective of histological type. This aspect may be a 
unique characteristic of pancreatic carcinoma since in carcinomas of 
the colon, lung and liver /66-68/, COX-2 expression was dependent on 
histological grade or type. Moreover, COX-2 expression was not 
affected by several parameters that are associated with tumor pro-
gression, such as tumor size, lymph node status or distant metastasis, 
and clinical stage /63/. 

Since mutations in the Κ-ras oncogene /69/ are common in 
pancreatic cancer, a study was performed to establish whether the 
expression of oncogenic K-ras correlated with increased COX-2 
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expression. Using primary human pancreatic adenocarcinomas /70/, it 
was found that Ras activation did not appear sufficient to mediate the 
induction of COX-2 expression, suggesting activation of signal 
pathways other than or in addition to Ras might determine the extent 
of COX-2 expression in cancer cells. Such pathways may include the 
p38 mitogen-activated protein kinase which has been reported to 
regulate the induction of COX-2 in lipopolysaccharide-treated human 
monocytes ΠΜ. In addition, in human vascular endothelial cells, the 
transcription factor NF-κΒ p65 was found to mediate induction of 
COX-2 in response to hypoxia /72/. Thus, the induction of COX-2 
expression in pancreatic carcinoma appears to be mediated by multiple 
signaling pathways. The specific pathway(s) activated may depend on 
the cell type as well as the stimulus. Further experiments will be 
required to delineate which signaling pathways are functional in 
pancreatic tumor cells. 

Only a few studies have been performed to examine the role of 
LOX in pancreatic cancer cell lines. A substantial expression of both 
5-LOX and platelet-type 12-LOX has been observed in human 
pancreatic cancer cell lines but not in normal human pancreatic ductal 
cells /73,74/. As demonstrated with LOX inhibitors, blocking either 5-
LOX or 12-LOX activity substantially inhibited in vitro pancreatic 
cancer cell proliferation, suggesting that both 5-LOX and 12-LOX 
were required for rapid pancreatic cancer cell proliferation. Further-
more, it has been shown that pancreatic cancer cell growth and 
apoptosis were regulated by both 5-LOX and 12-LOX. Growth 
inhibition of pancreatic cancer cells by LOX inhibitors was associated 
with induction of apoptosis and differentiation 175/. 

3.3 Breast cancer 

Breast cancer is the most commonly diagnosed malignancy, and 
despite intensive cancer control efforts, it currently remains the second 
leading cause of cancer deaths among American women 176/. 

PGs appear to play a key role in the growth and progression of 
rodent and human breast tumors /77-80/. One line of evidence that 
most strongly supports a role for PGs in breast tumor growth came 
from recent epidemiological studies which demonstrated a significant 
inverse association between the intake of NSAIDs and the risk of 
breast cancer /81,82/. Both COX-1 /83/ and -2 /83,84/ are reported to 
be elevated in human breast cancer tissues. Of further importance is 
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the observation by Zhao et al. /85/ that the chief PG, PGE2, effectively 
and specifically induces the promoter II region of the cytochrome P-
450 aromatase gene (CYP-19). This paracrine effect of PGE2 therefore 
can potentiate local biosynthesis of estrogen and provided a critical 
link between the PG cascade and deregulation of estrogen biosynthesis 
in mammary carcinogenesis. In vivo evidence supportive of this effect 
has recently been reported by Brueggemeier et al. /86/, who observed 
a significant positive correlation between the genetic expression of 
COX and CYP-19 in human breast cancer. 

The expression of leukocyte 12-LOX has been shown to increase 
in breast cancer cells and tissues, compared with their normal counter-
parts /87,88/. In contrast, 15-LOX mRNA expression was not regu-
lated in a similar manner. In order to evaluate the potential functional 
significance of altered 12-LOX expression in the breast cancer cells, 
the effects of two specific 12-LOX inhibitors were examined. Both 
LOX inhibitors led to a marked inhibition of serum-induced growth of 
MCF-7 cells. This study indicated that LOX products can initiate 
several growth-related signaling events, such as activation of onco-
genes, protein kinase C (PKC), and mitogen-activated protein kinases. 

Recently, EGF-dependent metabolism of arachidonic and linoleic 
acids has been examined with the BT-20 cell line /89/. 15-LOX-
dependent formation of 13(S)-hydroxyoctadecadienoic acid (HODE), 
a lipid mediator which up-regulates the EGF receptor signaling 
pathway, was observed. Therefore, it can be suggested that increased 
formation of 13-HODE as a consequence of high dietary intake of 
linoleic acid could result in amplification of the EGF receptor 
signaling pathway, which in turn could lead to enhanced cellular 
proliferation in breast carcinoma tissue. 

3.4 Prostate cancer 

Prostate cancer (PCA) is the most common type of cancer in men, 
and one of the leading causes of cancer-related deaths in the United 
States /90/. In 1998 alone, it was estimated that about 185,000 new 
cases (30% of all new cancers in men) were diagnosed and more than 
39,000 patients died from PCA in the USA 1261. 

Various studies have shown that COX inhibitors induce apoptosis 
in human prostate cancer cell lines. In prostate carcinoma cell line 
LNCaP, constitutively expressing COX-2, addition of a selective 
COX-2 inhibitor, NS398, was found to induce apoptosis by down-
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regulation of Bcl-2 expression /91/. Growth inhibitory and apoptotic 
effects of sulindac derivatives were seen in both the androgen-
sensitive LNCaP cells and androgen-insensitive PC3 cells, as well as 
in derivatives of LNCaP cells that stably express increased levels of 
the anti-apoptotic protein Bcl-2 /92/. 

It is also interesting to consider the possible link between known 
genetic alterations in PCA and COX-2. Mutations of the Ape gene also 
occur in human PCA /93/. The relationship between COX-2 and Ape 
was highlighted by the finding that COX-2 deficiency protected 
against tumor formation in Apc^ i 6 knockout mice /37/. Very recently, 
an in vivo study demonstrated overexpression of COX-2 in PCA /94/; 
COX-2 mRNA in PCA was 3.4-fold higher than in non-cancerous 
tissue, and COX-2 protein was overexpressed in 83% of the tumor 
samples. 

Most of the work carried out with LOX and PCA has studied the 
role of 5-LOX. AA was found to effectively stimulate the in vitro 
growth of human prostate cancer cells at micromolar concentrations. 
Selective blockade of the different metabolic pathways of AA (COX, 
12-LOX, 5-LOX) revealed that this growth stimulatory effect was 
inhibited by 5-LOX specific inhibitors, 2-(12-hydroxydodeca-5,10-
dinyl)-3,5,6-trimethyl-l,4-benzoquinone (AA861) and l-(4-chloro-
benzyl-3-rer/-butylthio-5-isoprop-2-yl)-2,2-dimethylpropanoic acid 
(MK886), but not by other inhibitors /95/. Blockade of 5-LOX was 
sufficient to mediate growth arrest and subsequent cell death /96/. 
Under serum-free conditions, the following observations were made: 
(1) human prostate cancer cells constitutively produce 5-HETE, which 
is dramatically increased by exogenous AA; (2) inhibition of 5-LOX 
activity by MK886 blocks 5-HETE production and induces massive 
apoptosis in both hormone-responsive and nonresponsive human 
prostate cancer cells, and (3) exogenous 5-HETE and its derivatives 
protect these cells from apoptotic cell death induced by MK886. These 
findings led to the notion that dietary AA might promote the pro-
gression of PCA by providing a potent antiapoptotic factor that allows 
the cells to survive androgen removal and even removal of all exo-
genous growth factors. Other reports have shown that 12-LOX mRNA 
is elevated in prostate tumor samples, compared with normal tissue 
from the same patient /97/, and that a reduction or loss of 15-LOX-2 
and 15-HETE formation in prostate carcinoma could be a crucial event 
in the development or progression of prostate adenocarcimoma /98/. 
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3.5 Lung cancer 

Lung cancer led to approximately 180,000 deaths in the USA in 
1999 and is the single greatest cause of cancer mortality 1991. About 
75% of lung cancer is classified as non-small cell lung carcinoma 
(NSCLC). Adenocarcinoma, a secretory tumor, is the most common 
NSCLC type among smokers, and the only form of lung cancer that 
non-smokers develop. Adenocarcinoma incidence has increased 
alarmingly in both smokers and non-smokers in recent decades /100/. 
The peripheral nature of adenocarcinoma makes early detection by 
sputum cytology difficult and the disease is seldom diagnosed until 
advanced stages yield clinical symptoms; unfortunately, advanced 
adenocarcinoma is therapeutically intractable /101 /. 

Epidemiological studies have shown that NSAIDs such as aspirin 
significantly reduced the risk of lung, colon and breast cancers /102/. 
Wolff et al. reported elevated levels of COX-2 mRNA in well-
differentiated human lung adenocarcinoma tissues when compared 
with their paired controls devoid of cancer cells. Immunohisto-
chemical staining of the COX-2 protein showed a positive response in 
90% of adenocarcinomas and in all squamous cell carcinomas /103/. 
Animal studies have also shown an increase of COX-2 in lung tumors. 
COX-2 was highly expressed in 7^-nitrosoöw(2-hydroxypropyl)amine 
(BHP)-induced lung adenomas and adenocarcinomas, but only to a 
much lesser extend in squamous cell carcinomas and alveolar/ 
bronchiolar hyperplasias /104/. Mouse lung tumors ranging in size 
from small adenomas to large adenocarcinomas, as well as hyper-
plastic foci, contained more of both COX-l and COX-2 than 
equivalent amounts of protein prepared from whole lung extracts 
/105/. In contrast, only high levels of COX-2 (not COX-l) have been 
reported in human lung cancers /67,103/. The potent tobacco-specific 
carcinogen 4-(methylnitrosamino)-l-(3-pyridyl)-l-butanone (NNK) is 
present in cigarette smoke and most likely involved in lung tumori-
genesis in smokers /106,107/. In a rodent model, inhibitory effects of 
NS-398, aspirin, sulindac, Ibuprofen, piroxicam and naproxen on lung 
carcinogenesis induced by NNK have been reported when the agents 
were given during and after the NNK-treatment /108-110/. Inhibition 
of COX-dependent NNK activation by aspirin and NS-398 in lung 
tissue is a possible mechanism of preventing lung cancer. 
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Avis et al. reported that mRNA for 5-LOX and 5-LOX-activating 
protein (FLAP) are expressed in lung tumor cell lines /111/. They also 
demonstrated in vitro lung cancer cell growth could be selectively 
inhibited by 5-LOX inhibitors AA861, MK886, and nordihydro-
guaiaretic acid (NDGA). The growth inhibition mediated by MK886 
in a SCLC cell line could be overcome by the addition of 5-HETE. 
Although the specificity of the 5-LOX inhibitors was not complete, 
similar results with three different types of 5-LOX inhibitors is 
consistent with the LOX pathway playing a significant role in growth 
factor signaling. A similar study was conducted with NSCLC cells and 
it was found that NDGA inhibited LOX in both human and mouse 
lung cells /112/. Previously, it has been shown that MK886 inhibits 
lung carcinogenesis in A/J mice induced by NNK / 113/. 

A recent study has shown that LOXs metabolize NNK and that 
A79175 inhibits this activation. These data further suggest that 5-LOX 
inhibitors should be efficient preventive agents of lung tumorigenesis. 
Possible mechanisms of action could involve inhibition of cell 
proliferation as well as inhibition of LOX-mediated NNK activation 
/114/. A79175 and MK886 were ~10-times more potent inhibitors of 
proliferation than aspirin, but there was a synergistic effect with a 
combination of 5-LOX and COX inhibitors /114/. 

3.6 Skin tumors 

Chronic sun exposure is a well-recognized etiologic agent for skin 
cancer. Approximately 90% of the estimated 900,000-1,200,000 new 
cases of squamous and basal cell carcinomas diagnosed in the US each 
year are attributable to UV light exposure. The majority of these 
tumors are basal cell carcinomas which are relatively benign; how-
ever, squamous cell carcinoma (the second most common cutaneous 
malignancy) accounts for approximately 2,000 deaths annually. 
Extensive documentation has validated the role of ultraviolet Β 
irradiation (UVB) (290-320 nm) as both a tumor initiator and pro-
moter /115-118/. One possible mechanism for the promotional activity 
of UV light involves its ability to induce PG formation. Increased 
production of free AA and PGs are characteristic responses of human 
keratinocytes following acute exposure to UVB irradiation /119,120/. 
These products may then function as tumor promoters in UV-initiated 
tissue, or they may enhance initiation as a result of their ability to 
function as oxidants /121,122/. While COX-2 expression in normal 
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skin was usually very low and restricted to regions of differentiated 
epidermis /123,124/, studies dealing with mouse and human skin 
carcinogenesis revealed that overexpression of COX-2 contributed to 
the development of skin cancers, and COX-2 expression was constitu-
tively enhanced in skin cancers /123-125/. The chemopreventive 
effects of NSAIDs have been tested. COX-2 formation was stimulated 
by treatment with phorbol ester tumor promoters, while NSAIDs such 
as the non-selective COX inhibitor indomethacin and the selective 
COX-2 inhibitor SC58125 /126/ were found to be potent inhibitors of 
skin-tumor promotion /125,127/. Moreover, this animal model was 
used to demonstrate that the anti-tumor effect of NSAIDs is related to 
PG formation, since the inhibitory activity of indomethacin could be 
reversed specifically by PGF2a /128/. In addition, the time-course of 
COX-2 induction correlated with that of PGF2a formation during 
tumor promotion. 

During the course of mouse skin carcinogenesis, distinct LOX 
isozymes became constitutively overactivated, at least as strongly as 
COX-2 /129/, and the corresponding AA metabolites, i.e., 8- and 12-
HPETE, caused chromosomal damage in epidermal cells /130/. More-
over, like COX inhibitors, LOX inhibitors suppress mouse skin 
carcinogenesis /131,132/. Interestingly, 8- and 12-LOX-catalysed AA 
metabolism was found to be up-regulated in premalignant rather than 
in malignant mouse epidermis /130/. For clinical application, skin 
cancer is thought to develop from defined pre-cancerous lesions /133/. 
Therefore, as precursor lesions for squamous-cell carcinomas, actinic 
keratoses may be potential targets for preventive measures. 

3.7 Urinary bladder tumors 

More than 50,000 people are diagnosed with transitional cell 
carcinoma (TCC) of the urinary bladder each year in the United States 
alone, and 10,000 of these patients are expected to die from the cancer 
/134/. Most bladder cancer deaths result from invasive, metastatic 
TCC that is resistant to chemotherapy. COX-inhibiting drugs have 
induced remission of chemically-induced bladder tumors in rodents 
and naturally occurring invasive TCC in dogs (a relevant model of 
human invasive urinary bladder cancer) /135-137/. Western blot 
analysis and immunohistochemistry revealed COX-2 protein to be 
barely expressed in normal urinary bladder epithelium, whereas it was 
highly and diffusely expressed in all the TCCs examined. On the other 
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hand, roughly equivalent amounts of COX-1 protein were clearly 
expressed in normal epithelial cells and tumors /138,139/. In addition, 
since it is known that post-initiation treatment with the selective COX-
2 inhibitor nimesulide (Fig. 2) prevents the development of TCCs 
induced by jV-butyl-jV-(4-hydroxybutyl)nitrosamine (BBN) in the rat 
urinary bladder /140/, these results clearly suggest potentially impor-
tant roles for COX-2 in the development of preneoplastic and 
neoplastic lesions in the rat urinary bladder. We are not aware of 
studies investigating the expression of LOX in urinary bladder tumors. 

3.8 Liver cancer 

Primary hepatocellular carcinoma (HCC) is one of the most 
common tumors in southeast Asia and Africa, where the incidence of 
this disease is approximately 30 per 100,000 men/year. The prognosis 
of HCC is generally poor, with the 5-year survival rate limited to 25-
39% after surgery /141/. Many investigators have reported a putative 
link between infection with hepatitis Β or C viruses or hepatic 
cirrhosis and the development of HCC. Hepatic cirrhosis is observed 
in up to 90% of patients with HCC /142/. 

A significantly increased expression of COX-2 was found in HCC 
cells in comparison with the expression of COX-1, suggesting COX-2 
is involved in hepatocarcinogenesis. Of interest, a profound 
expression of COX-2 was demonstrated in small-sized and well-
differentiated HCC, which was confirmed by Western blotting /143/. 
Reduced expression of COX-2 with less-differentiated HCC was 
found. Since previous studies had shown that human HCC can 
progress from a well-differentiated to a less-differentiated histological 
grade as time passes /144/, enhanced expression of COX-2 in small-
sized and well-differentiated HCC suggests COX-2 involvement in the 
early stages of hepatocarcinogenesis. Enhanced COX-1 expression in 
both chronic hepatitis liver and cirrhotic liver, and its reduced 
expression in advanced HCCs, have been demonstrated as well as 
COX-2 expression, although the immunoreactivity for COX-1 was 
significantly weaker than that of COX-2 /68/. Such a similarity raises 
the possibility of the two COX isoforms sharing a common function in 
hepatic neoplastic and non-neoplastic parenchymal cells. However, 
other studies have demonstrated that overexpression of COX-1, but 
not COX-2, was involved in the tumorigenic transformation of immor-
talized cells /145/. Thus, critical analysis is required to determine 

126 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

whether the two COX isoforms play distinct functional roles in 
hepatic neoplastic and non-neoplastic parenchymal cells. 

Non-tumor liver tissues often express high levels of COX-2 protein 
and mRNA, relative to those of carcinoma tissues /146/. These 
findings are contrary to those described in organs such as colon, 
stomach, esophagus and lung. COX-2 levels are reported to be 
elevated in these tumor types compared with non-tumor tissues 
/63,65-67,83,103/. In the liver, however, non-tumor tissues were 
generally pathological because of hepatitis C virus-infected chronic 
hepatitis or cirrhosis. A low level of COX-2 mRNA was observed in 
normal liver /15/, and normal liver tissue devoid of viral infection was 
found to show little or no expression of COX-2. Further, Kondo et al. 
reported that COX-2 expression in non-tumor tissue was closely 
related to the postoperative relapse of HCC /146/. 

A functional role of COX has recently been demonstrated by 
Denda et al., who found that administration of NSAIDs suppressed 
cirrhosis and subsequent formation of HCC in a choline-deficient, L-
amino acid-defined rat model /147/. We are not aware of studies 
investigating the expression of LOX in liver cancer. 

3.9 Other types of cancer 

Various other types of cancer have been associated with increased 
levels of COX-2 expression, including gastric cancer /148,149/, eso-
phagial cancer /150/, uterine cervical cancer /151/ and retinoblastoma 
/152/. Further investigations are needed to define the role of COX-2 in 
the development of these cancers. 

4. INHIBITORS OF COX AND LOX 

4.1 NSAIDs and COX-2 inhibitors 

The extraction of sodium salicylate from white willow bark {Salix 
alba vulgaris) in 1897 represented a major therapeutic advance in 
providing one of the most commonly used and durable drugs for 
treatment of inflammation and fever /153/. Since that time, clinical 
applications of NSAIDs have diversified to include analgesia and anti-
platelet activity. In more recent years, NSAIDs have been cited as 
possible agents for the chemoprevention of colorectal adenomatous 

127 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

polyps and cancer. The concept of chemoprevention by NSAIDs has 
been addressed in epidemiological, clinical, animal and basic science 
studies /4/. 

There is good evidence to support the hypothesis that aspirin and 
other NSAIDs may help to reduce the risk of colorectal cancer. The 
origins of this hypothesis can be traced to 1975 when Bennett and Del 
Tacca /154/ noted that human colorectal cancer produced more PGE2 
than the surrounding mucosa. They hypothesized that cancers which 
produced excessive amounts of PGE2 might promote their own growth 
and/or spread. This hypothesis has subsequently gained support from a 
series of experiments in rodents. Experimental animal models of 
colorectal carcinogenesis have consistently and reproducibly revealed 
the ability of NSAIDs such as indomethacin and piroxicam to inhibit 
chemically-induced pre-cancerous adenomatous polyps and early 
carcinomas of the colon /155,156/. NSAIDs reduced the incidence, 
multiplicity and size of tumors. This effect was sustained even when 
NSAID treatment started weeks after exposure to the chemical 
initiator. 

Beginning in 1983, clinical studies with the NSAID sulindac were 
conducted in patients with familial adenomas polyposis (FAP) /157/. 
This condition is characterized by the development of hundreds to 
thousands of colorectal adenomatous polyps and eventually colorectal 
cancer. Clinical studies have consistently shown that sulindac was 
effective in reducing the size and number of colorectal polyps in FAP 
patients /158/. In addition, over 20 epidemiological studies have 
consistently shown that regular aspirin use lowered the risk of 
sporadic adenomatous colorectal polyps and fatal colorectal cancer by 
about 50%. These studies have differed in design, location, population 
and motivating hypotheses /102,159-162/. There was substantial evi-
dence from clinical and epidemiological data to suggest regular long-
term use of NSAIDs facilitated chemopreventive action against 
colorectal polyps and cancer, but infrequent or previous use generally 
was not associated with reduced risk /102,159-161,163/. 

The fact that all NSAIDs in clinical use were COX inhibitors 
provided a putative link between the inhibition of COX activity and 
the chemopreventive effect of NSAIDs /164,165/. The discovery of 
the two isoforms of COX led to the suggestion that the therapeutic 
activity of NSAIDs was primarily the result of inhibition of COX-2, 
whereas the toxicity of NSAIDs might primarily result from inhibition 
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of COX-1 /166/. Several lines of evidence suggested a critical role of 
COX-2 expression in colon cancer and that specific COX-2 inhibitors 
might represent novel chemopreventive tools: (1) COX-2 but not 
COX-1 was overexpressed in a high percentage of colorectal polyps 
and cancers /66/; (2) both gene disruption and pharmacological 
inhibition of COX-2 dose-dependently reduced the number of 
intestinal polyps in ApcAllb knock-out mice /37/; (3) administration of 
the highly selective COX-2 inhibitor SC58635 (celecoxib) to carcino-
gen-treated rats caused 40% reduction in colonic aberrant crypt foci 
formation /167/. Moreover, the highly selective COX-2 inhibitor 
SC58125 reduced tumor formation by 85-90% in nude mice implanted 
with a transformed human colon cancer cell line expressing COX-2 
(HCA-7) but not in mice implanted with HCT-116, a cancer cell line 
not expressing COX-2 /168/. Furthermore, endoscopically controlled 
studies showed that a selective inhibitor of COX-2 caused much less 
injury to the mucosa of the upper gastrointestinal tract than classical 
NSAIDs /169/. This was confirmed recently in a randomized, double-
blind, placebo-controlled trial with rofecoxib (Fig. 2) /170/. Therefore, 
selective inhibitors of COX-2 appeared to be safe enough to allow 
large-scale administration, on a chronic basis, to healthy people. 

The antiproliferative mechanism(s) of NSAIDs is not completely 
understood. It is known that NSAIDs can induce apoptosis in several 
cell lines and tumors /91,171-173/. All of these studies suggested that 
the overexpression of COX-2 favors the survival of certain cells, thus 
enhancing tumorigenesis. Considering the molecular basis for COX-2 
inhibitor-induced apoptosis, it has been proposed that it might due to 
the stimulation of ceramide production /174/, the down-regulation of 
Bcl-2 expression /43,91/, or the blockage of Akt activation, thereby 
attenuating the activity of a major anti-apoptotic pathway /175/. In 
contrast, there was also evidence that certain NSAIDs exerted their 
effects via non-COX-mediated mechanisms. For example the R-
enantiomer of flurbiprofen (which does not inhibit COX) had chemo-
preventive activity in the min mouse model of intestinal polyposis 
/176/, and sulindac sulphone (a metabolite of sulindac which does not 
inhibit either COX isoform) inhibited azoxymethane (AOM)-induced 
colon carcinogenesis in rats /177/. This evidence suggested that 
NSAIDs could act via both COX-dependent and COX-independent 
mechanisms. Recently, the US Food and Drug Administration 
approved the use of celecoxib as an adjunct to usual care for patients 
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with FAP /178/ and several trials of celecoxib are already in progress 
to define the basis of COX-2 action. 

4.2 Curcumin 

Curcumin (Fig. 2) is a spice used extensively in curries and 
mustards as a coloring and flavoring agent. It is the major yellow 
pigment extracted from turmeric, the powdered rhizome of the 
perennial herb Curcuma longa L. /179/. Turmeric is also used as a 
coloring and flavoring agent in foods such as gelatins and puddings, 
condiments, soups, meats, and pickles /180/. In India and Southeast 
Asia, curcumin is used extensively in food and also as a treatment (as 
turmeric) for inflammation /181-183/, skin wounds /183/ and tumors 
/181,184/. Curcumin is known to possess both anti-inflammatory 
/185,186/ and antioxidant properties /187,188/. 

Various studies have shown the activity of curcumin in cancer. 
Topical application of curcumin inhibited 12-O-tetradecanoylphorbol-
13-acetate (TPA)-induced epidermal DNA synthesis, tumor promotion 
in mouse skin, and edema of mouse ears /189,190/. Topical 
application of curcumin also inhibited benzo[a]pyrene-induced DNA 
adducts and skin tumors as well as 7,12-dimethylbenz[a]anthracene 
(DMBA)-induced skin tumors /191/. Administration of 2% turmeric in 
the diet inhibited DMBA-induced skin, benzo[a]pyrene-induced fore-
stomach, and AOM-induced small and large intestinal tumors in mice 
/192,193/. Moreover, 2000 ppm curcumin in the diet significantly 
suppressed AOM-induced colonic aberrant crypt foci formation, 
which are early preneoplastic lesions, in male F344 rats /194/. Feeding 
curcumin also had a marked inhibitory effect on the size, multiplicity 
and incidence of adenomas and adenocarcinomas /195,196/. A strong 
inhibitory effect of curcumin on colon carcinogenesis was observed 
when this compound was fed either during the initiation or post-
initiation phases of AOM-induced colon carcinogenesis. 

The mechanism of action of curcumin is not completely under-
stood, although a substantial amount of information is available. 
Dietary administration of curcumin inhibited AOM-induced ornithine 
decarboxylase (ODC) and tyrosine protein kinase activities, formation 
of LOX and COX metabolites in the liver and colon, and aberrant 
crypt foci formation in the colon /194/. Several of the chemo-
preventive properties of curcumin could be explained, in part, by 
inhibition of COX-2. For example, curcumin suppressed the formation 
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of adducts between metabolites of benzo[a]pyrene and DNA /191/. 
This effect of curcumin might be due to inhibition since COX can 
convert a broad array of xenobiotics, including benzo[a]pyrene, to 
mutagens /40/. Treatment with curcumin also stimulated apoptosis in 
the colon /197/, and overexpression of COX-2 in intestinal epithelial 
cells is known to inhibit apoptosis /42/. Moreover, since PGs are 
mediators of inflammation and chronic inflammation leads to a 
predisposition to malignancy /44/, the inhibition of COX-2 by 
curcumin is likely to contribute to both its anti-inflammatory and 
chemopreventive activities. Zhang et al. showed curcumin as a 
regulator of COX-2 gene expression /198/. It thus decreased both the 
cyclooxygenase and peroxidase activities of the enzyme, whereas 
NSAIDs do not inhibit the peroxidase function, which contributes to 
the activation of procarcinogens. Curcumin is being evaluated in 
clinical trials for its use in chemoprevention of oral cavity, colon and 
breast cancers /199/. 

4.3 Green tea and black tea 

Tea is a beverage made from the leaves of Thea sinensis L. 
(Theaceae). This beverage is one of the most ancient and, next to 
water, the most widely consumed liquid in the world. Tea leaves are 
primarily manufactured as green, black, or oolong, with black tea 
representing approximately 80% of tea products consumed. Green tea 
is the non-oxidized/non-fermented product and contains several 
polyphenolic components such as epicatechin, epicatechin gallate, 
epigallocatechin (EPG), and epigallocatechin gallate (EGCG) (Fig. 2). 
EGCG is the major green tea polyphenol. The major components of 
black tea (the fermented product) are theaflavins and thearubigins. 
Theaflavins, which determine the quality and flavor of the tea, are 
formed by oxidation of quinones derived from the epicatechins. 
Oolong tea is the partially oxidized/fermented product which retains a 
considerable amount of the original polyphenolic material /200/. In 
black tea, the above tea catechins are reduced to about one-tenth to 
one-third of those in green tea, and theaflavins account for 1 -2% of the 
total dry matter /201/. 

Although not conclusive, epidemiological studies have suggested a 
protective effect of black or green tea consumption against human 
cancers of the breast, colon and rectum, gall bladder, liver, lung, 
nasopharynx, pancreas, stomach, and uterus /201-205/. In contrast, a 
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number of other ecological, cohort, and case-control studies /201/ 
have associated an increased risk for cancer of the breast, colorectum, 
esophagus, kidney, lung, pancreas, and stomach with tea intake. These 
inconsistencies may be attributed to consumption of salted or very hot 
tea (esophagus), or to geographical location, as observed with stomach 
cancer (e.g., inhibition of endogenous formation of nitroso compounds 
which are a major cause of gastric cancer in some areas). Other 
confounding factors and variables may include the use of tobacco and 
alcohol and lack of information on the type of tea consumed (e.g., 
black or green). 

Many studies have shown the inhibitory actions of green tea, black 
tea, and tea polyphenol preparations against carcinogenesis in rodent 
models /201,206-208/. These included cancers of the skin, lung, 
esophagus, stomach, liver, duodenum and small intestine, pancreas, 
and mammary gland. The most extensively studied system is the skin 
carcinogenesis model caused by chemicals, UV light, and TPA /209-
215/. The antipromoting effect of a major green tea constituent, 
EGCG, has been demonstrated /209,212,213,215/. Tea polyphenols 
considerably decreased the mutagenicity of different types of carcino-
gens /216/. Moreover, the induction of ODC and COX enzymes by 
skin tumour promoters was significantly inhibited by topical 
application of green tea polyphenols in SENCAR mice /217/. Green 
tea polyphenols were effective free radical scavengers /218/, chain-
breaking antioxidants /219/ and scavengers of reactive nitrogen 
species /220/. The protective effects of green tea polyphenols have 
been attributed to both their antioxidant properties as scavengers of 
reactive oxygen species and the activation of phase II detoxifying 
enzymes 1221-224/. The application of green tea polyphenols prior to 
that of TPA also resulted in significant inhibition in TPA-induced 
epidermal COX and LOX activities as observed by decrease in the 
formation of, respectively, PG and HETE metabolites /213Λ Another 
study showed that the effect of EGC on COX-2 expression differed 
between UVA-irradiated FEK4 and KB cells. UVA-induced COX-2 
expression was up-regulated in FEK4 cells that had been incubated 
overnight with EGC, but decreased in EGC-treated KB cells /225/. 
The protective effect observed in KB cells was consistent with the 
hypothesis proposed by Agarwal et al. /217/ that green tea poly-
phenols prevented in vivo UV-induced COX activity by scavenging 
UV-generated free radicals. The EGC protection of UVA-mediated 
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COX-2 expression in keratinocytes was particularly relevant to COX 
involvement in cutaneous tumour promotion /226/. Although pro-
tection of UVA-mediated COX-2 expression in KB cells is likely to be 
associated with an antioxidant effect of EGC, the mechanism by 
which EGC up-regulated COX-2 expression in UVA-irradiated FEK4 
cells remains obscure. Tea and EGCG are in clinical trials to evaluate 
chemopreventive effects in skin, head and neck and colon cancers 
/199/. 

4.4 Silymarin 

Silymarin, a polyphenolic flavonoid isolated from milk thistle 
[Silybum marianum (L.) Gaertn], is composed mainly (-80%, w/w) of 
silybin (Fig. 2), with smaller amounts of other stereoisomers such as 
isosilybin, dihydrosilybin, silydianin, and silychristin /227,228/. 
Several studies showed that Silymarin is a very strong antioxidant, 
capable of scavenging both free radicals and reactive oxygen species, 
resulting in enhancement of cellular antioxidant defense machinery, 
thus increasing the antioxidant potential of cells /229-231/. For more 
than 25 years, Silymarin has been used clinically in Europe as an anti-
hepatotoxic agent /229,230/; in recent years, Silymarin has also been 
used in Asia as a therapeutic agent for treatment of liver diseases. As a 
therapeutic agent, Silymarin is well tolerated and largely free of 
adverse effects /231/. More recently, Silymarin has been marketed in 
the United States and Europe as a nutritional supplement. 

Several studies have shown that Silymarin protects against lipid 
peroxidation 12321. Others report that Silymarin inhibits the formation 
of transformed rat tracheal epithelial cell colonies induced by expo-
sure to benzo[a]pyrene /233/ and inhibits TPA-promoted mammary 
lesion formation in organ culture /234Λ 

Some mechanistic studies have shown that Silymarin strongly 
inhibited TPA-induced epidermal ODC activity and mRNA expres-
sion and also significantly inhibited epidermal ODC activity induced 
by structurally distinct skin tumor promoters, including free radical-
generating compounds /235/. More recently, it was shown that topical 
application of Silymarin on mouse skin resulted in highly significant 
protection against UVB radiation-induced tumor initiation, tumor 
promotion, and complete carcinogenesis in SKH-1 hairless mice, and 
TPA-, okadaic acid-, and benzoyl peroxide-mediated tumor promotion 
in DMBA-initiated SENCAR mice /236-238Λ Additional studies 
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dissecting the preventive effect of Silymarin on stage-specific tumor 
promotion in mouse skin showed that its anti-tumor-promoting effect 
was primarily targeted toward stage I tumor promotion /238/. Topical 
application of Silymarin resulted in highly significant inhibition of 
TPA-mediated induction of 8-LOX activity in mouse epidermis, based 
on reduction of 8-HETE formation /239/. Moreover, Silymarin 
significantly inhibited TPA-mediated induction of PGE2 formation 
and TPA-mediated expression of COX-2 in mouse epidermis /239/. 
These effects may be related to the anti-tumor-promoting potential of 
Silymarin recently reported /238/. Treatment of human epidermoid 
carcinoma cells with Silymarin resulted in the inhibition of ligand-
induced activation of epidermal growth factor receptor activation as 
well as inhibition of constitutive autophosphorylation of the tyrosine 
kinase domain of the receptor /240/. Based on these results, it is 
possible that silymarin-mediated inhibition of TPA-induced expres-
sion of COX-2 in mouse epidermis is due at least in part to effects on 
upstream receptor tyrosine kinase activation and IL- la release after 
TP A treatment. 

4.5 Resveratrol 

Resveratrol (iram'-S^'^-trihydroxystilbene) (Fig. 2) occurs natu-
rally in grapes and a variety of medicinal plants, where it functions as 
a phytoalexin that protects against infections and other stress factors 
/241/. Resveratrol has been reported to have antiplatelet /241/, anti-
inflammatory /242,243/ and anticarcinogenic effects /244/. It inhibited 
the development of preneoplastic lesions in carcinogen-treated mouse 
mammary glands and blocked tumorigenesis in a two-stage model of 
skin cancer /244/. Resveratrol suppressed TPA-mediated induction of 
PG synthesis by inhibiting COX-2 gene expression and the enzyme 
activity of COX-2 /245/. Resveratrol has the ability to reverse H2O2-
induced increases in LTB4 and PGE2 concentration. This effect was, in 
turn, a result of inhibiting 5-LOX and the cyclooxygenase and 
peroxidase activity of COX in the same cells /246/. In regard to the 
mechanism by which resveratrol modulated TPA-mediated activation 
of COX-2 transcription in human mammary epithelial cells, r K C 
signal transduction pathways were inhibited at multiple levels. 
Resveratrol also blocked the induction of COX-2 promoter activity by 
ERK1 and c-jun; TPA-mediated induction of c-jun and activator 
protein-1 (AP-1) activity was suppressed by resveratrol. These inhibi-
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tory effects could be explained, in part, by the antioxidant properties 
of resveratrol, as other phenolic antioxidants inhibited both phorbol 
ester-mediated activation of PKC /247/ and AP-1 /248/. The inductive 
effects of TPA and suppressive effects of resveratrol on COX-2 
expression are mediated via the cyclic AMP response element (CRE). 
Xie and Herschman /249/ showed that c-jun, a component of the AP-1 
transcription factor complex, activated the murine COX-2 promoter 
via the CRE /249/. Thus, it seems likely that resveratrol blocked TPA-
mediated induction of COX-2 by suppressing AP-1-dependent 
transactivation via the CRE 12501. The anti-AP-1 effect of resveratrol 
could potentially be explained if resveratrol induced Fra expression 
like other phenolic antioxidants /251/. Heterodimers of c-jun and Fra 
do not activate AP-1-mediated gene expression as effectively as c-jun 
homodimers or c-jun/c-fos heterodimers /252/. Alternatively, resvera-
trol could suppress TPA-mediated increases in AP-1 activity by 
inhibiting the induction or phosphorylation of c-jun /253Λ Very 
recently, resveratrol was found to inhibit the activation pathway of 
NF-κΒ /254/. 

4.6 Other compounds 

Some additional natural compounds showing activity against COX 
or LOX have been tested for their anticancer properties. Propolis from 
honey beehives contains various chemical constituents that exhibited 
a broad spectrum of activities including antibacterial, antifungal, 
cytostatic, and anti-inflammatory properties /255,256/. Gribel and 
Pashinskii /257/ have shown that honey possessed moderate antitumor 
and pronounced antimetastatic effects in tumors in five different stains 
of rats and mice. Caffeic acid and its esters, which are present in 
propolis at levels of 20-25% /258/ are agents suspected of having a 
broad spectrum of biological activities including tumor suppression 
potential. In particular, caffeic acid phenethyl ester (CAPE) (Fig. 2), a 
phenolic antioxidant derived from propolis, has anticancer /259-261/ 
and anti-inflammatory /260/ properties. This agent inhibited the 
development of AOM-induced aberrant crypts in the colon of rats 
/259/, and blocked tumorigenesis in the mouse two-stage model of 
skin cancer /261/. A recent study showed that CAPE inhibited the 
release of AA from cell membranes, suppressed the enzymatic 
activities of COX-1 and COX-2, and inhibited the activation of COX-
2 gene expression /262/. 
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A study of some compounds with a resorcin-type structure (quer-
cetin, kaempferol, genistein, resveratrol and resorcinol) illustrated 
suppression of TGFa-mediated activation of COX-2 transcription 
through inhibition of the activation of protein-tyrosine kinases (PTKs) 
/263/. Therefore, the resorcin moiety may play a critical role in the 
inhibition of COX-2 promoter activity, although other physiochemical 
factors may also be involved. On the other hand, EGCG showed no 
inhibitory effect on COX-2 promoter activity, even though its 
structure contains a resorcin moiety and it inhibited the activity of 
PTKs. Elements other than a resorcin moiety in the structure of EGCG 
might prevent inhibition of COX-2 promoter activity. 

Epidemiological studies have suggested that a diet rich in soy 
products can reduce the risk of several cancers, notably those of the 
breast and prostate /264/, and in animal experiments, a soy-based diet 
resulted in a reduced incidence of chemically-induced rat mammary 
carcinomas /265/. These protective effects have been associated with 
isoflavonoids formed from soy-based precursors, prominent among 
which are the aglucones of genistein and daidzein /263,266/. 

5. SELECTIVE COX-2 INHIBITOR PLANT EXTRACTS 

The use of naturally derived products or their active principles in 
the prevention and/or treatment of chronic diseases is based on the 
experience of traditional systems of medicine practiced in various 
ethnic societies, and on epidemiological observations of the relation-
ship of dietary practices and disease patterns. Isolation, identification, 
and testing of active substances can not only provide naturally 
occurring novel agents as inhibitors of cancer development, but also 
offer unique opportunities to study mechanisms of carcinogenesis. 

As COX-2 plays an important role in cancer development, we have 
tested about 1500 plant extracts for inhibition of COX-1 and COX-2. 
The assay is based on the measurement of PGE2 produced in the COX 
reaction via an enzyme immunoassay. About 60 extracts inhibited 
COX-2 activity by more than 70% at a concentration of 10 μg/ml, 
whereas the same extracts showed weak or no activity against COX-1. 
Active extracts are currently being fractionated using the biological 
assay to guide the activity /267,268/, with the hope of discovering new 
selective inhibitors of COX-2. 
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Materials and methods (Fig. 3) 

The effect of test compounds on COX activity was determined by 
measuring PGE2 production. Reaction mixtures were prepared in 100 
mM Tris-HCl buffer, pH 8.0, containing 1 μΜ heme, 500 μΜ phenol, 
300 μΜ epinephrine, sufficient amounts of COX-1 or COX-2 to 
generate 150 ng of PGE2/ml, and various concentrations of test 
samples. The reaction was initiated by the addition of arachidonic acid 
(final concentration, 10 μΜ) and incubated for 10 min at room 
temperature (final volume, 200 μΐ). The reaction was terminated by 
adding 20 μΐ of the reaction mixture to 180 μΐ of 27.8 μΜ 
indomethacin, and PGE2 was quantified by an ELISA method. 
Samples were diluted to the desired concentration with 100 mM 
potassium phosphate buffer (pH 7.4) containing 2.34% NaCl, 0.1% 
bovine serum albumin, 0.01% sodium azide and 0.9 mM NatEDTA. 
Following transfer to a 96-well plate (Nunc-Immuno Plate Maxisorp, 
Fisher) coated with a goat anti-mouse IgG (Jackson Immuno Research 
Laboratories), the tracer (PGE2-acetylcholinesterase, Cayman Chemi-
cal, Ann Arbor, MI) and primary antibody (mouse anti-PGE2, 
Monsanto, St. Louis, MO) were added. Plates were then incubated at 
room temperature overnight, reaction mixtures were removed, and 
wells were washed with a solution of 10 mM potassium phosphate 
buffer (pH 7.4) containing 0.01% sodium azide and 0.05% Tween 20. 
Ellman's reagent (200 μΐ) was added to each well and the plate was 
incubated at 37°C for 3-5 hours, until the control wells yielded an OD 
of 0.5-1.0 at 412 nm. A standard curve with PGE2 (Cayman Chemical, 
Ann Arbor, MI) was generated on the same plate, which was used to 
quantify the PGE2 levels produced in the presence of test samples. 
Results were expressed as a percentage relative to control (solvent-
treated) samples, and dose-response curves were constructed for the 
determination of IC50 values. 

6. CONCLUSIONS 

The detection of elevated levels of COX-2 in a variety of human 
cancers combined with the chemopreventive effect of NSAIDs in 
colon cancer demonstrated that COX-2 might be an important 
participant in carcinogenesis. The reported biological consequences of 
COX-2 up-regulation include inhibition of apoptosis /42/, increased 
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metastatic potential /39/, and promotion of angiogenesis /48Λ It is 
likely that these events contribute to cell transformation and tumor 
progression. 

LOX products are considered biologically to be at least as 
important as PGs produced through the COX pathway, due to their 
involvement in many aspects of inflammation /269/. Compared to 
COX, however, reports on the regulation of specific LOX in cancer 
growth and development are limited, although several lines of 
evidence have shown the importance of LOX in regulating human 
cancers and rat melanoma cancer cells /9,74,95,269/. Presently, the 
field of LOX research is somewhat overshadowed by the intense 
interest in COX. 

It has long been a principle of cancer therapy that drug com-
bination treatment, when appropriately selected, is likely to prove 
more effective than the use of a single agent. The design of 
combination regimens is governed in part by the demonstrable partial 
activity of each component and the absence of overlapping toxicity 
when the agents are administered at their optimal doses /270/. 
However, the combination of different individual treatment modalities 
is not always beneficial. For example, a soy-supplemented diet 
negated the inhibitory effects of indomethacin on MDA-MB-435 
breast cancer cell progression in a nude mouse model /271/. 

On the other hand, an optimal cancer chemopreventive regimen for 
heavy smokers, for example, may be different from an optimal cancer 
chemopreventive regimen for people exposed to aflatoxin Bi, or for 
heavy smokers who have stopped smoking /272,273/. Greater efforts 
should be made to understand mechanisms of cancer chemoprevention 
and to determine whether a potential chemopreventive agent is useful 
in many experimental settings or whether it is only useful in a limited 
number of experimental settings. Some compounds may be extremely 
effective cancer chemopreventive agents in one experimental setting 
but actually enhance carcinogenesis in another experimental setting. 
Accordingly, it may be necessary to tailor the cancer chemopreventive 
agent to individual patients with known carcinogen exposures or to 
individuals at high risk for cancer with mechanistically defined 
pathways of carcinogenesis so that chemopreventive agents can be 
better tailored to the individual and selected on a more rational basis 
/274/. 
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Taking all of these factors into consideration, a substantial amount 
of additional work is clearly required to yield a better understanding of 
the role of COX and LOX pathways in cancer chemoprevention. Safe 
and effective specific inhibitors of COX-2 are now available to the 
public, and their role in cancer chemoprevention will likely expand in 
the future. It may be anticipated that inhibitors of LOX will also be 
developed and found to be useful for the chemoprevention of human 
cancer. 

ACKNOWLEDGEMENTS 

The authors are grateful to the National Cancer Institute for support 
provided under the auspices of program project P01 CA48112 entitled 
"Natural Inhibitors of Carcinogenesis". 

REFERENCES 

1. Jaffe BM. Prostaglandins and cancer: an update. Prostaglandins 1974; 6: 453-
461. 

2. Karmali RA. Prostaglandins and cancer. Review. Prostaglandins 1980; 5: 11-
28. 

3. Mamett LJ. Aspirin and the potential role of prostaglandins in colon cancer. 
Cancer Res 1992; 52: 5575-5589. 

4. Levy GN. Prostaglandin Η synthases, nonsteroidal anti-inflammatory drugs 
and colon cancer. FASEB J 1997; 11: 234-247. 

5. Marnett LJ. Prostaglandin synthase-mediated metabolism of carcinogens and a 
potential role for peroxyradicals as positive intermediates. Environ Health 
Perspect 1990; 88: 5-12. 

6. Erashi M, Noguchi M, Kinoshita K, Tanaka M. Effects of eiconanoid 
synthesis inhibitors on the in vitro growth and prostaglandin Ε and leukotriene 
Β secretion of a human breast cancer cell line. Oncology 1995; 52: 150-155. 

7. Lupulescu A. Prostaglandins, their inhibitors and cancer. Prostaglandins Leuk 
Essent Fatty Acids 1996; 54: 83-94. 

8. Hussey TJ, Tisdale MJ. Inhibition of tumor growth by lipoxygenase inhibitors. 
Br J Cancer 1996;74:683-687. 

9. Tang DG, Chen YQ, Honn KV. Arachidonate lipoxygenase as essential 
regulators of cell survival and apoptosis. Proc Natl Acad Sei USA 1996; 93: 
5241-5246. 

10. Kelloff GJ, Hawk ET, Karp JE, et al. Progress in clinical chemoprevention. 
Semin Oncol 1997; 24: 241-252. 

11. Hong WK, Sporn MB. Recent advances in chemoprevention of cancer. 
Science 1997; 278: 1073-1077. 

140 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J.M. Pezzuto Drug Metabolism and Drug Interactions 

12. Xie WL, Robertson DL, Simmons DL. Mitogen-inducible prostaglandin G/H 
synthase: a target for non-steroidal anti-inflammatory drugs. Drug Dev Res 
1992;25:245-265. 

13. Smith WL, Garavito RM, De Witt DL. Prostaglandin endoperoxide Η syn-
thases (cyclooxygenases)-l and -2. J Biol Chem 1996; 271: 33157-33160. 

14. Simmons D, Xie W, Chipman JG, Evett GE. Multiple cyclooxygenases: 
cloning of a mitogen-inducible form. In: Bailey JM, ed. Prostaglandin, 
Leukotrienes, Lipoxins and PAF. New York: Plenum Press, 1991; 67-78. 

15. O'Neill GP, Ford-Hutchinson AW. Expression of mRNA for cyclooxygenase-
1 and cyclooxygenase-2 in human tissue. FEBS Lett 1993; 330: 156-160. 

16. DeWitt DL, Smith WL. Primary structure of prostaglandin G/H synthase from 
sheep vesicular gland determined from the complementary DNA sequence. 
Proc Natl Acad Sei USA 1988; 85: 1412-1416. 

17. Merlie JP, Fagan D, Mudd J, Needleman P. Isolation and characterization of 
the complementary DNA for sheep seminal vesicle prostaglandin endoper-
oxide synthase (cyclooxygenase). J Biol Chem 1988; 283: 3550-3555. 

18. Funk C, Funk L, Kennedy ME, Pong AS, Fizgerald CA. Human platelet/ 
erythroleukemia cell prostaglandin G/H synthase: cDNA cloning, expression, 
and gene chromosomal assignment. FASEB J 1991; 5: 2304-2312. 

19. Jouzeau J-Y, Terlain B, Abid A, Nedelec E, Netter P. Cyclooxygenase 
isoenzymes: how recent findings affect thinking about nonsteroidal anti-
inflammatory drugs. Drugs 1997; 53: 563-582. 

20. O'Banion MK, Winn VD, Young DA. cDNA cloning and functional activity 
of a glucocorticoid-regulated inflammatory cyclooxygenase. Proc Natl Acad 
Sei USA 1992; 89: 4888-4892. 

21. Smith WL, Meade EA, DeWitt DL. Interactions of PGH synthase isoenzymes 
1 and 2 with NSAIDs. Ann NY Acad Sei 1994; 744: 50-57. 

22. Samuelsonn Β, Dahlen SE, Lindgren JA, Rouzer CA, Serhan C. Leukotrienes 
and lipoxins: structures, biosynthesis, and biological effects. Science 1987; 
237: 1171-1176. 

23. Lewis RA, Austen KF, Soberman RJ. Leukotrienes and other products of the 
5-lipoxygenase pathway. Mech Dis 1990; 323: 645-655. 

24. Funk C. The molecular biology of mammalian lipoxygenases and the quest for 
eicosanoid functions using lipoxygenase-deficient mice. Biochim Biophys 
Acta 1996; 1304:65-84. 

25. Brash AR, Boeglin WE, Chang MS. Discovery of a second 15S-lipoxygenase 
in humans. Proc Natl Acad Sei USA 1997; 94: 6148-6152. 

26. Landis SH, Murray T, Boden S, Wingo PA. Cancer Statistics, 1998. CA 
Cancer J Clin 1998; 48: 6-29. 

27. Seymour MT. Colorectal cancer: treatment of advanced disease. Cancer 
Treatment Rev 1998; 24: 119-131. 

28. Hamilton SR. The adenoma-adenocarcinoma sequence in the large bowel: 
variations on a theme. J Cell Biochem 1992; 16 (Suppl G): 41-46. 

29. Lipkin M. Prototypic applications of intermediate endpoints in chemo-
prevention. J Cell Biochem 1992; 16 (Suppl G): 1-13. 

141 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

30. Kelloff GJ, Hawk ET, Crowell JA, et al. Strategies for identification and 
clinical evaluation of promising chemopreventive agents. Oncology 1996; 10: 
1471-1484. 

31. Winawer SJ, O'Brien MJ, Waye JD, et al. Risk and surveillance of individuals 
with colorectal polyps. Bull WHO 1990; 68: 789-795. 

32. Steele VE, Moon RC, Lubet RA, et al. Preclinical efficacy evaluation of 
potential chemopreventive agents in animal carcinogenesis models: methods 
and results from the NCI chemoprevention testing program. J Cell Biochem 
1994; 20 (Suppl): 32-54. 

33. Kawamori T, Rao CV, Seibert Κ, Reddy BS. Chemopreventive activity of 
celecoxib, a specific cyclooxygenase-2 inhibitor, against colon carcinogenesis. 
Cancer Res 1998; 58: 409-412. 

34. Levy GN. Prostaglandin Η synthases, nonsteroidal anti-inflammatory drugs, 
and colon cancer. FASEB J 1997; 11: 234-247. 

35. Jacoby RF, Marshall DJ, Newton MA, et al. Chemoprevention of spontaneous 
intestinal adenomas in the Apt•M,n mouse model by the nonsteroidal anti-
inflammatory drug piroxicam. Cancer Res 1996; 56: 710-714. 

36. Chulada PC, Doyle C, Gaul B, et al. Cyclooxygenase-1 and -2 deficiency 
decrease spontaneous intestinal adenomas in the Min mouse. Proc Am Assoc 
Cancer Res 1998; 39: 195. 

37. Oshima M, Dinchuk JE, Kargman SL, et al. Suppression of intestinal 
polyposis in ApcA7"' knockout mice by inhibition of cyclooxygenase 2 (COX-
2). Cell 1996;87:803-809. 

38. DuBois RN, Radhika A, Reddy BS, Entingh AJ. Increased cyclooxygenase-2 
levels in carcinogen-induced rat colonic tumors. Gastroenterology 1996; 110: 
1259-1262. 

39. Tsujii M, Kawano S, DuBois RN. Cyclooxygenase-2 expression in human 
colon cancer cells increases metastatic potential. Proc Natl Acad Sei USA 
1997; 94: 3336-3340. 

40. Eling TE, Thompson DC, Foureman GL, Curtis JF, Hughes MF. Prostaglandin 
Η synthase and xenobiotic oxidation. Ann Rev Pharmacol Toxicol 1990; 30: 
1-45. 

41. Prescott SM, White RL. Self-promotion? Intimate connections between A PC 
and prostaglandin Η synthase-2. Cell 1996; 87: 783-786. 

42. Tsujii M, DuBois RN. Alterations in cellular adhesion and apoptosis in 
epithelial cells overexpression prostaglandin endoperoxide synthase-2. Cell 
1995;83:493-501. 

43. Sheng H, Shao J, Morrow JD, Beauchamp RD, DuBois RN. Modulation of 
apoptosis and Bcl-2 expression by prostaglandin E2 in human colon cancer 
cells. Cancer Res 1998; 58: 362-366. 

44. Weitzman SA, Gordon LI. Inflammation and cancer: role of phagocyte-
generated oxidants in carcinogenesis. Blood 1990; 76: 655-663. 

45. Balch CM, Dogherty PA, Cloud GA, Tilden AB. Prostaglandin E2-mediated 
suppression of cellular immunity in colon cancer patients. Surgery 1984; 95: 
71-77. 

142 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

46. Kambayashi T, Alexander AR, Fong M, Strassmann G. Potential involvement 
of IL-10 in suppressing tumor-associated macrophages. Colon-26-derivated 
prostaglandin E2 inhibits TNF-alpha release via a mechanism involving IL-10. 
J Immunol 1995; 154: 3383-3390. 

47. Castonguay A, Rioux N. Inhibition of lung tumorigenesis by sulindac: com-
parison of two experimental protocols. Carcinogenesis 1997; 18: 491-496. 

48. Tsujii M, Kawano S, Tsuji S, Sawaoka H, Hori M, DuBois RN. Cyclo-
oxygenase regulates angiogenesis induced by colon cancer cells. Cell 1998; 
93: 705-716. 

49. Morin PJ, Vogelstein Β, Kinzler KW. Apoptosis and APC in colorectal 
tumorigenesis. Proc Natl Acad Sei USA 1996; 93: 7950-7954. 

50. Kamitani H, Geller Μ, Eling Τ. Expression of 15-lipoxygenase by human 
colorectal carcinoma Caco-2 cells during apoptosis and cell differentiation. J 
Biol Chem 1998; 273: 21569-21577. 

51. Ikawa H, Kamitani H, Calvo BF, Foley JF, Eling TE. Expression of 15-
lipoxygenase-1 in human colorectal cancer. Cancer Res 1999; 59: 360-366. 

52. Nadel JA, Conrad DJ, Ueki IF, Schuster A, Sigal E. Immunocytochemical 
localization of arachidonate 15-lipoxygenase in erythrocytes, leukocytes, and 
airway cells. J Clin Invest 1991; 87: 1139-1145. 

53. Wächtershäuser A, Steinhilber D, Loitsch SM, Stein J. Expression of 5-
lipoxygenase by human colorectal carcinoma Caco-2 cells during butyrate-
induced cell differentiation. Biochem Biophys Res Comm 2000; 268: 778-
783. 

54. Blackstock AW, Cox AD, Tepper JE. Treatment of pancreatic cancer: current 
limitations, future possibilities. Oncology 1996; 10: 308-323. 

55. Silverberg E, Boring CC, Squires TS. Cancer statistics, 1990. CA Cancer J 
Clin 1990; 40: 9-26. 

56. Hunstad DA, Norton JA. Management of pancreatic carcinoma. Surg Oncol 
1995; 4: 61-74. 

57. Warshaw AL, Fernandez-DelCatillo C. Pancreatic carcinoma. Ν Engl J Med 
1992; 326:455-456. 

58. Caldas C, Hahn SA, da Costa LT, et al. Frequent somatic mutations and 
homozygotous deletions of the p l6 (MTS1) gene in pancreatic adeno-
carcinoma. Nat Genet 1994; 8: 27-32. 

59. Scarpa A, Capelli P, Mukai K, et al. Pancreatic adenocarcinomas frequently 
showp53 mutations. Am J Pathol 1993; 142: 1534-1543. 

60. Nakamori S, Yashima K, Murakami Y, et al. Association of p53 gene 
mutations with short survival in pancreatic adenocarcinoma. Jpn J Cancer Res 
1995; 86: 174-181. 

61. Hahn SA, Schutte Μ, Hoque AT, et al. DPC4, a candidate tumor suppressor 
gene at human chromosome 18q21.1. Science 1996; 271: 350-353. 

62. Bergmann U, Funatomi H, Yokoyama M, Beger HG, Korc M. Insulin-like 
growth factor I overexpression in human pancreatic cancer: evidence for 
autocrine and paracrine roles. Cancer Res 1995; 55: 2007-2011. 

63. Okami J, Yamamoto H, Fujiwara Y, et al. Overexpression of cyclooxygenase-
2 in carcinoma of the pancreas. Clin Cancer Res 1999; 5: 2018-2024. 

143 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

64. Molina MA, Sitja-Amau M, Lemoine MG, Frazier ML, Sinocrope FA. 
Increased cyclooxygenase-2 expression in human pancreatic carcinomas and 
cell lines: growth inhibition by nonsteroidal anti-inflammatory drugs. Cancer 
Res 1999;59:4356-4362. 

65. Tucker ON, Dannenberg AJ, Yang EK, et al. Cyclooxygenase-2 expression is 
up-regulated in human pancreatic cancer. Cancer Res 1999; 59: 987-990. 

66. Sano H, Kawahito Y, Wilder RL, et al. Expression of cyclooxygenase-1 and 
-2 in human colorectal cancer. Cancer Res 1995; 55: 3785-3789. 

67. Hida T, Yatabe Y, Achiwa H, et al. Increased expression of cyclooxygenase 2 
occurs frequently in human lung cancers, specifically in adenocarcinomas. 
Cancer Res 1998; 58: 3761-3764. 

68. Koga H, Sakisaka S, Ohishi M, et al. Expression of cyclooxygenase-2 in 
human hepatocellular carcinoma: relevance to tumor dedifferentiation. Hepa-
tology 1999; 29:688-696. 

69. Almoguera C, Shibata D, Forrester K, Martin J, Arnheim N, Perucho M. Most 
human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. 
Cell 1988; 53: 549-554. 

70. Yip-Schneider MT, Barnard DS, Billings SD, et al. Cyclooxygenase-2 
expression in human pancreatic adenocarcinomas. Carcinogenesis 2000; 21: 
139-146. 

71. Dean JL, Brook M, Clark AR, Saklatvala J. p38 mitogen-activated protein 
kinase regulates cyclooxygenase-2 mRNA stability and transcription in 
lipopolysaccharide-treated human monocytes. J Biol Chem 1999; 274: 264-
269. 

72. Schmedtje JF Jr, Ji YS, Liu WL, DuBois RN, Runge MS. Hypoxia induces 
cyclooxygenase-2 via the NF-kappaB p65 transcription factor in human 
vascular endothelial cells. J Biol Chem 1997; 272: 601-608. 

73. Anderson KM, Seed T, Meng J, Ou D, Alrefai WA, Harris JE. Five-
lipoxygenase inhibitors reduce PANC-1 survival: the mode of cell death and 
synergism of MK8686 with gamma linolenic acid. Anticancer Res 1998; 18: 
791-800. 

74. Ding X-Z, Iversen P, Cluck MW, Knezetic JA, Adrian TE. Lipoxygenase 
inhibitors abolish proliferation of human pancreatic cancer cells. Biochem 
Biophys Res Comm 1999; 261: 218-223. 

75. Ding X-Z, Kuszynski CA, El-Metwally TH, Adrian T. Lipoxygenase inhi-
bition induced apoptosis, morphological changes, and carbonic anhydrase 
expression in human pancreatic cancer cells. Biochem Biophys Res Comm 
1999; 266: 392-399. 

76. Singletary ES, Bevers T, Dempsey P, et al. Screening for and evaluation of 
suspicious breast lesions. Oncology (Basel) 1998; 12: 89-138. 

77. Fulton AM. In vivo effects of indomethacin on the growth of murine mam-
mary tumors. Cancer Res 1984; 44: 2416-2420. 

78. Carter CA, Ip MM, Ip C. A comparison of the effects of the prostaglandin 
synthesis inhibitors indomethacin and carprofen in 7,12- dimethylbenz(a) 
anthracene-induced mammary tumorigenesis in rats fed different amounts of 
essential fatty acids. Carcinogenesis 1989; 10: 1369-1374. 

144 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

79. Horm KV, Bookman RS, Marnette LJ. Prostaglandins and cancer: a review of 
tumor initiation through tumor metastasis. Prostaglandins 1981; 21: 833-864. 

80. Benett A, Charlier EM, McDonald AM, Simpson JS, Stamford IF, Zebro T. 
Prostaglandins and breast cancer. Lancet 1977; 27: 624-626. 

81. Harris RE, Namboodiri KK, Farrar WB. Nonsteroidal anti-inflammatory drugs 
and breast cancer. Epidemiology 1996; 7: 203-205. 

82. Thompson HJ, Jiang C, Lu J, et al. Sulfone metabolite of sulindac inhibits 
mammary carcinogenesis. Cancer Res 1997; 57: 267-271. 

83. Hwang D, Scollard D, Byrne J, Levine E. Expression of cyclooxygenase-1 and 
cyclooxygenase-2 in human breast cancer. J Natl Cancer Inst 1998; 90: 455-
460. 

84. Parrett ML, Harris RE, Joarder FS, Ross MS, Clausen KP, Robertson FM. 
Cyclooxygenase-2 gene expression in human breast cancer. Int J Oncol 1997; 
10: 503-507. 

85. Zhao Y, Agarwal VR, Mendelson CR, Simpson ER. Estrogen biosynthesis 
proximal to a breast tumor is stimulated by PGE2 via cyclic AMP, leading to 
activation of promoter II of the CYP19 (aromatase) gene. Endocrinology 
1996; 137: 5739-5742. 

86. Brueggemeier RW, Quinn AL, Parrett ML, Joarder FS, Harris RE, Robertson 
FM. Correlation of aromatase and cyclooxygenase gene expression in human 
breast cancer specimens. Cancer Lett 1999; 140: 27-35. 

87. Natarajan R, Esworthy R, Bai W, Gu J-L, Wilczynski S, Nadler J. Increased 
12-lipoxygenase expression in breast cancer tissues and cells. Regulation by 
epidermal growth factor. J Clin Endocrinol Metab 1997; 82: 1790-1798. 

88. Natarajan R, Nadler J. Role of lipoxygenases in breast cancer. Front Biosci 
1998; 3: E81-88. 

89. Reddy N, Everhart A, Eling T, Glasgow W. Characterization of a 15-lipoxy-
genase in human breast carcinoma BT-20 cells: stimulation of 13-HODE 
formation by TGFa/EGF. Biochem Biophys Res Comm 1997; 231: 111-116. 

90. Whittemore AS. Prostate cancer. In: Doll R, Fraumeni J, Muir C, eds. Cancer 
Surveys: Trends in Cancer Incidence and Mortality. New York: Cold Spring 
Harbor Laboratory, 1994; 309-322. 

91. Liu XH, Yao S, Kirschenbaum A, Levine AC. NS398, a selective cyclo-
oxygenase-2 inhibitor, induces apoptosis and down-regulates bcl-2 expression 
in LNCaP cells. Cancer Res 1998; 58: 4245-4249. 

92. Lim JTE, Piazza GA, Han EKH, et al. Sulindac derivatives inhibit growth and 
induce apoptosis in human prostate cancer cell lines. Biochem Pharmacol 
1999; 58: 1097-1107. 

93. Phillips SM, Morton DG, Lee SJ, Wallace DM, Neoptolemos JP. Loss of 
heterozygosity of the retinoblastoma and adenomatous polyposis susceptibility 
gene loci and in chromosome 10p, lOq and 16q in human prostate cancer. Br J 
Urol 1994;73:390-395. 

94. Gupta S, Srivastava M, Ahmad N, Bostwick DG, Mukhtar H. Over-expression 
of cyclooxygenase-2 in human prostate adenocarcinoma. Prostate 2000; 42: 
73-78. 

145 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

95. Ghosh J, Myers CE. Arachidonic acid stimulates prostate cancer cell growth: 
critical role of 5-lipoxygenase. Biochem Biophys Res Comm 1997; 235: 418-
423. 

96. Ghosh J, Myers CE. Inhibition of arachidonate 5-lipoxygenase triggers mas-
sive apoptosis in human prostate cancer cells. Proc Natl Acad Sei USA 1998; 
95:13182-13187. 

97. Gao X, Grignon DJ, Chbihi T, et al. Elevated 12-lipoxygenase mRNA expres-
sion correlates with advanced stage and poor differentiation of human prostate 
cancer. Urology 1995; 46: 227-237. 

98. Shappell SB, Boeglin WE, Olson SJ, Kasper S, Brash AR. 15-Lipoxygenase-2 
(15-LOX-2) is expressed in benign prostatic epithelium and reduced in 
prostate adenocarcinoma. Am J Pathol 1999; 155: 235-245. 

99. Landis SH, Murray T, Boden S, Wingo PA. Cancer Statistics, 1999. CA 
Cancer J Clin 1999; 49: 8-31. 

100. Gazdar AF, Linnoila RI. The pathology of lung cancer-changing concepts and 
newer diagnostic techniques. Semin Oncol 1988; 15: 215-225. 

101. Moore DF Jr, Lee JS. Staging and prognostic factors: non-small cell lung 
cancer. In: Pass HI, Mitchell JB, Johnson DH, Turrisi AT, eds. Lung Cancer: 
Principles and Practice. Philadelphia, PA: Lippincott-Raven, 1996; 481-494. 

102. Schreinemachers DM, Everson RB. Aspirin use and lung, colon and breast 
cancer incidence in a prospective study. Epidemiology 1994; 5: 138-146. 

103. Wolff H, Saukkonen K, Anttila S, Karjalainen A, Vainio H, Ristimäki A. 
Expression of cyclooxygenase-2 in human lung carcinoma. Cancer Res 1998; 
58:4997-5001. 

104. Kitayama W, Denda A, Yoshida JI, et al. Increased expression of cyclooxy-
genase-2 protein in rat lung tumors induced by jV-nitrosoi«(2-hydroxy-
propyl)amine. Cancer Lett 2000; 148: 145-152. 

105. Bauer AK, Dwyer-Nield LD, Malkinson AM. High cyclooxygenase 1 (COX-
1) and cyclooxygenase 2 (COX-2) contents in mouse lung tumors. Carcino-
genesis 2000; 21: 543-550. 

106. Hecht SS, Hoffmann D. Tobacco-specific nitrosamine, an important group of 
carcinogens in tobacco and tobacco smoke. Carcinogenesis 1988; 9: 875-884. 

107. Wynder EL, Hoffmann D. Smoking and lung cancer: scientific challenges and 
opportunities. Cancer Res 1994; 54: 5284-5295. 

108. Rioux N, Castonguay A. Prevention of NNK-induced lung tumorigenesis in 
A/J mice by acetylsalicylic acid and NS-398. Cancer Res 1998; 58: 5354-
5360. 

109. Duperron C, Castonguay A. Chemopreventive efficacies of aspirin and 
sulindac against lung tumorigenesis in A/J mice. Carcinogenesis 1997; 18: 
1001-1006. 

110. Jalbert G, Castonguay A. Effects of NSAIDs on NNK-induced pulmonary and 
gastric tumorigenesis in A/J mice. Cancer Lett 1992; 66: 21-28. 

111. Avis IM, Jett Μ, Boyle Τ, et al. Growth control of lung cancer by interruption 
of 5-lipoxygenase-mediated growth factor signaling. J Clin Invest 1996; 97: 
806-813. 

146 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J.M. Pezzuto Drug Metabolism and Drug Interactions 

112. Moody TW, Leyton J, Martinez A, Hong S, Malkinson A, Mulshine JL. 
Lipoxygenase inhibitors prevent lung carcinogenesis and inhibit non-small cell 
lung cancer growth. Exp Lung Res 1998; 24: 617-628. 

113. Lee M, Draoui M, Zia F, et al. Epidermal growth factor receptor monoclonal 
antibodies inhibit the growth of lung cancer cell lines. J Natl Cancer Inst 
Monogr 1992; 13: 117-123. 

114. Rioux N, Castonguay A. Inhibitors of lipoxygenase: a new class of cancer 
chemopreventive agents. Carcinogenesis 1998; 19: 1393-1400. 

115. Devary Y, Gottlieb RA, Smeal T, Karin Μ. The mammalian ultraviolet 
response is triggered by activation of src tyrosine kinases. Cell 1992; 71: 
1081-1091. 

116. Ley R, Applegate LA, Padilla RS, Stuart TD. Ultraviolet radiation-induced 
malignant melanoma in Monodelophis domestica. Photochem Photobiol 1989; 
50: 1-5. 

117. Hall EJ, Astor M, Bedford J, et al. Basic radiobiology. Am J Clin Oncol 1988; 
11:220-252. 

118. Marks T. An overview of skin cancers. Cancer 1995; 75 (Suppl): 607-612. 
119. Hruza LL, Pentland AP. Mechanisms of UV-induced inflammation. J Invest 

Dermatol 1993; 100: 35S-41S. 
120. Kang-Rotondo CH, Miller CC, Morrison AR, Pentland AP. Enhanced kera-

tinocyte prostaglandin synthesis after UV injury is due to increased phospho-
lipase activity. Am J Physiol 1993; 264: C396-C401. 

121. Vanderveen EE, Grekin RC, Swanson NA, Kragballe Κ. Arachidonic acid 
metabolites in cutaneous carcinomas. Arch Dermatol 1986; 122: 407-412. 

122. Cerutti PA, Trump BF. Inflammation and oxidative stress in carcinogenesis. 
Cancer Cells 1991; 3: 1-7. 

123. Buckman SY, Gresham A, Hale P, et al. COX-2 expression is induced by 
UVB exposure in human skin: implications for the development of skin 
cancer. Carcinogenesis 1998; 19: 723-729. 

124. Müller-Decker Κ, Reinerth G, Krieg Ρ, et al. Prostaglandin-H-synthase 
isozyme expression in normal and neoplastic human skin. Int J Cancer 1999; 
82: 648-656. 

125. Müller-Decker Κ, Kopp Schneider A, Marks F, Seibert Κ, Fürstenberger G. 
Localization of prostaglandin Η synthase isoenzymes in murine epidermal 
tumors: suppression of skin tumor promotion by inhibition of prostaglandin Η 
synthase-2. Mol Carcinogen 1998; 23: 36-44. 

126. Frölich JC. A classification of NSAIDs according to the relative inhibition of 
cyclooxygenase isoenzymes. Trends Pharmacol Sei 1997; 18: 30-34. 

127. Fischer SM, Fürstenberger G, Marks F, Slaga TJ. Events associated with 
mouse skin tumor promotion with respect to arachidonic acid metabolism: a 
comparison between SENCAR and NMRI mice. Cancer Res 1987; 47: 3174-
3179. 

128. Fürstenberger G, Gross M, Marks F. Eicosanoids and multistage carcino-
genesis in NMRI mouse skin: role of prostaglandin Ε and F in conversion 
(first stage of tumor promotion) and promotion (second stage of tumor 
promotion). Carcinogenesis 1989; 10: 91-96. 

147 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

129. Krieg Ρ, Kinzig Α, Ress-Löschke Μ, et al. 12-Lipoxygenase isoenzymes in 
mouse skin tumor development. Mol Carcinogen 1995; 14: 118-129. 

130. Bürger F, Krieg Ρ, Kinzig Α, Schurich Β, Marks F, Fürstenberger G. 
Constitutive expression of 8-lipoxygenase in papillomas and clastogenic effect 
of lipoxygenase-derived arachidonic acid metabolites in keratinocytes. Mol 
Carcinogen 1999; 24: 108-118. 

131. Petrusevska RT, Fürstenberger G, Marks F, Fusenig NE. Cytogenetic effects 
caused by phorbol ester tumor promoters in primary mouse keratinocyte 
cultures: correlation with convertogenic activity of TPA in multistage carcino-
genesis. Carcinogenesis 1988; 9: 1207-1215. 

132. Ära G, Teicher BA. Cyclooxygenase and lipoxygenase inhibitors in cancer 
therapy. Prostaglandins Leuk Essent Fatty Acids 1996; 54: 3-16. 

133. Brash DE. Sunlight and the onset of skin cancer. Trends Genet 1997; 13: 410-
414. 

134. Parker SL, Tong T, Bolden S, Wingo PA. Cancer statistics, 1997. CA Cancer 
J Clin 1997; 47: 5-27. 

135. Knapp DW, Richardson RC, Chan TC, et al. Piroxicam therapy in 34 dogs 
with transitional cell carcinoma of the urinary bladder. J Vet Intern Med 1994; 
8: 273-278. 

136. Knapp DW, Richardson RC, Bottoms GD, Teclaw R, Chan TC. Phase I trial 
of piroxicam in 62 dogs bearing naturally occurring tumors. Cancer Chemo-
ther Pharmacol 1992; 29: 214-218. 

137. Moon RC, Kelloff GJ, Detrisac CJ, Steele VE, Thomas CF, Sigman CC. 
Chemoprevention of OH-BBN-induced bladder cancer in mice by piroxicam. 
Carcinogenesis 1993; 14: 1487-1489. 

138. Kitayama W, Denda A, Okajima E, Tsujiuchi T, Konishi Y. Increased 
expression of cyclooxygenase-2 protein in rat urinary bladder tumors induced 
by N-butyl-N-(4-hydroxybutyl)nitrosamine. Carcinogenesis 1999; 20: 2305-
2310. 

139. Mohammed SI, Knapp DW, Bostwick DG, et al. Expression of cyclo-
oxygenase-2 (COX-2) in human invasive transitional cell carcinoma (TCC) of 
the urinary bladder. Cancer Res 1999; 59: 5647-5650. 

140. Okajima E, Denda A, Ozono S, et al. Chemopreventive effects of nimesulide, 
a selective cyclooxygenase-2 inhibitor, on the development of rat urinary 
bladder carcinomas initiated by N-butyl-N-(4-hydroxybutyl)nitrosamine. 
Cancer Res 1998; 58: 3028-3031. 

141. Colombo M. Hepatocellular carcinoma. J Hepatol 1992; 15: 225-236. 
142. Okuda K. Hepatocellular carcinoma: recent progress. Hepatology 1992; 15: 

948-963. 
143. Koga H, Sakisaka S, Ohishi M, et al. Expression of cyclooxygenase-2 in 

human hepatocellular carcinoma: relevance to tumor dedifferentiation. 
Hepatology 1999; 29: 688-696. 

144. Sugihara S, Nakashima O, Kojiro M, Majima Y, Tanaka M, Tanikawa K. The 
morphologic transition in hepatocellular carcinoma. A comparison of the 
individual histologic features disclosed by ultrasound-guided fine-needle 
biopsy with those of autopsy. Cancer 1992; 70: 1488-1492. 

148 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

145. Narko K, Ristimaki A, MacPhee M, Smith E, Haudenschild CC, Hla T. 
Tumorigenic transformation of immortalized ECV endothelial cells by 
cyclooxygenase-1 overexpression. J Biol Chem 1997; 272: 21455-21460. 

146. Kondo M, Yamamoto H, Nagano H, et al. Increased expression of COX-2 in 
nontumor liver tissue is associated with shorter disease-free survival in 
patients with hepatocellular carcinoma. Clin Cancer Res 1999; 5: 4005-4012. 

147. Denda A, Endoh T, Kitayama W, et al. Inhibition by piroxicam of oxidative 
DNA damage, liver cirrhosis and development of enzyme-altered nodules 
caused by a choline-deficient, L-amino acid-defined diet in rats. Carcino-
genesis 1997; 18: 1921-1930. 

148. Lim HY, Joo HJ, Choi JH, et al. Increased expression of cyclooxygenase-2 
protein in human gastric carcinoma. Clin Cancer Res 2000; 6: 519-525. 

149. Wong BC, Zhu GH, Lam SK. Aspirin induced apoptosis in gastric cancer 
cells. Biomed Pharmacother 1999; 53: 315-318. 

150. Zimmermann KC, Sarbia M, Weber AA, Borchard F, Gabbert HE, Schror K. 
Cyclooxygenase-2 expression in human esophageal carcinoma. Cancer Res 
1999; 59: 198-204. 

151. Ryu HS, Chang KH, Yang HW, Kim MS, Kwon HC, Oh KS. High cyclo-
oxygenase-2 expression in stage IB cervical cancer with lymph node meta-
stasis or parametrial invasion. Gynecol Oncol 2000; 76: 320-325. 

152. Karim MM, Hayashi Y, Inoue M, Imai Y, Ito H, Yamamoto M. COX-2 
expression in retinoblastoma. Am J Ophthalmol 2000; 129: 398-401. 

153. Shiff SJ, Rigas Β. NSAIDs and colorectal cancer: evolving concepts of their 
chemopreventive actions. Gastroenterology 1997; 113: 1992-1998. 

154. Bennett A, Del Tacca M. Prostaglandins in human colonic carcinoma. Gut 
1975; 16: 409. 

155. Pollard M, Lückert PH. Indomethacin treatment of rats with dimethyl-
hydrazine-induced intestinal tumors. Cancer Treat Rep 1980; 64: 1323-1327. 

156. Pollard M, Lückert PH. Effects of piroxicam in primary intestinal tumors 
induced in rats by N-methylnitrosourea. Cancer Lett 1984; 25: 117-121. 

157. Waddell WR, Loughry RW. Sulindac for polyposis of the colon. J Surg Oncol 
1983;24:83-87. 

158. Winde G, Schmid KW, Brandt B, Muller C, Osswald H. Clinical and genomic 
influence of sulindac on rectal mucosa in familial adenomatous polyposis 
(FAP). Dis Colon Rectum 1997; 40: 1156-1168. 

159. Kune GA, Kune S, Watson LF. Colorectal cancer risk, chronic illnesses, 
operations, and medications: case control results from the Melbourne Colo-
rectal Cancer Study. Cancer Res 1988; 48: 4399-4404. 

160. Rosenberg L, Palmer JR, Zauber AG, Warshauer ME, Stolley PD, Shapiro S. 
A hypothesis: nonsteroidal antiinflammatory drugs reduce the incidence of 
large-bowel cancer. J Natl Cancer Inst 1991; 83: 355-358. 

161. Thun MJ, Namboodiri MM, Calle EE, Flanders WD, Heath CW Jr. Aspirin 
use and risk of fatal cancer. Cancer Res 1993; 53: 1322-1327. 

162. Muscat JE, Stellman SD, Wynder EL. Nonsteroidal antiinflammatory drugs 
and colorectal cancer. Cancer 1994; 74: 1847-1854. 

149 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

163. Greenberg ER, Baron JA, Freeman DH Jr, Mandel JS, Haile R. Reduced risk 
of large-bowel adenomas among aspirin users. The Polyp Prevention Study 
Group. J Natl Cancer Inst 1993; 85: 912-916. 

164. Taketo MM. Cyclooxygenase-2 inhibitors in tumorigenesis (part I). J Natl 
Cancer Inst 1998; 90: 1529-1536. 

165. Fisher SM. Prostaglandins and cancer. Front Biosci 1997; 2: d482-d500. 
166. Vane JR. Towards a better aspirin. Nature 1994; 367: 215-216. 
167. Reddy BS, Rao CV, Seibert Κ. Evaluation of cyclooxygenase-2 inhibitor for 

potential chemopreventive properties in colon carcinogenesis. Cancer Res 
1996;56:4566-4569. 

168. Sheng H, Shao J, Kirkland SC, et al. Inhibition of human colon cancer cell 
growth by selective inhibition of cyclooxygenase-2. J Clin Invest 1997; 99: 
2254-2259. 

169. Bjarnason I, Macpherson A, Rotman H, Schupp J, Hayllar J. A randomized, 
double-blind, crossover comparative endoscopy study on the gastroduodenal 
tolerability of highly specific cyclooxygenase-2 inhibitor, flosulide, and 
naproxen. Scand J Gastoenterol 1997; 32: 126-130. 

170. Hawkey C, Laine L, Simon T, et al. Comparison of the effect of refecoxib (a 
cyclooxygenase 2 inhibitor), Ibuprofen, and placebo on the gastroduodenal 
mucosa of patients with osteoarthritis: a randomized, double-blind, placebo-
controlled trial. Arthritis Rheum 2000; 43: 370-377. 

171. Hara A, Yoshimi N, Niwa Μ, Ino N, Mori H. Apoptosis induced by NS-398, a 
selective cyclooxygenase-2 inhibitor, in human colorectal cancer cell lines. 
Jpn J Cancer Res 1997; 88: 600-604. 

172. Sheng GG, Shao J, Sheng H, et al. A selective cyclooxygenase-2 inhibitor 
suppresses the growth of H-ras-transformed rat intestinal epithelial cells. 
Gastroenterology 1997; 113: 1883-1891. 

173. Castonguay A, Rioux N, Dupemon C, Jalbert G. Inhibition of lung tumori-
genesis by NSAIDs: a working hypothesis. Exp Lung Res 1998; 24: 605-615. 

174. Chan TA, Morin Ρ J, Vogelstein Β, Kinzler KW. Mechanisms underlying 
nonsteroidal antiinflammatory drug-mediated apoptosis. Proc Natl Acad Sei 
USA 1998;95:681-686. 

175. Hsu AL, Ching TT, Wang DS, Song X, Rangnekar VM, Chen CS. The cyclo-
oxygenase-2 inhibitor celecoxib induces apoptosis by blocking Akt activation 
in human prostate cancer cells independently of Bcl-2. J Biol Chem 2000; 
275:11397-11403. 

176. Wechter WJ, Kantoci D, Murray ED Jr, et al. R-Flurbiprofen chemo-
prevention and treatment of intestinal adenomas in the APC(Min)/+ mouse 
model: implications for prophylaxis and treatment of colon cancer. Cancer Res 
1997; 57: 4316-4324. 

177. Piazza GA, Alberts DS, Hixson LJ, et al. Sulindac sulfone inhibits azoxy-
methane-induced colon carcinogenesis in rats without reducing prostaglandin 
levels. Cancer Res 1997; 57: 2909-2915. 

178. Smigel K. Arthritis drug approved for polyp prevention blazes trail for other 
prevention trials. J Natl Cancer Inst 2000; 92: 297-299. 

150 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

179. Conney AH, Lysz T, Ferraro T, et al. Inhibitory effects of curcumin and some 
related dietary compounds on tumor promotion and arachidonic acid 
metabolism in mouse skin. Adv Enzyme Regul 1991; 31: 3 85-396. 

180. Hazardous Substances Data Bank. Available online via National Library of 
Medicine (NLM). http://www.nlm.nih.gov 

181. Srimal RC. Curcumin. Drugs Future 1987; 12: 331-333. 
182. Reddy ACP, Lokesh BR. Studies on the inhibitory effects of curcumin and 

eugenol on the formation of reactive oxygen species and the oxidation of 
ferrous iron. Mol Cell Biochem 1994; 137: 1-8. 

183. Ammon HPT, Wahl MA. Pharmacology of curcumin. Planta Med 1991; 57: 1-
7. 

184. Kuttan R, Sudheeran PC, Josph CD. Turmeric and curcumin as topical agents 
in cancer therapy. Tumori 1987; 73: 29-31. 

185. Srimal RC, Dhawan BN. Pharmacology of diferuloylmethane (curcumin), a 
non-steroidal antiinflammatory agent. J Pharm Pharmacol 1973; 25: 447-452. 

186. Satoskar RR, Shah SJ, Shenoy SG. Evaluation of antiinflammatory property of 
curcumin (diferuloyl methane) in patients with postoperative inflammation. Int 
J Clin Pharmacol Ther Toxicol 1986; 24: 651-654. 

187. Sharma OP. Antioxidant activity of curcumin and related compounds. Bio-
chem Pharmacol 1976; 25: 1811-1812. 

188. Toda S, Miyase T, Arichi H, Tanizawa H, Takino Y. Natural antioxidant III. 
Antioxidative components isolated from rhizome of Curcuma longa L. Chem 
Pharm Bull 1985; 33: 1725-1728. 

189. Huang MT, Smart RC, Wong GQ, Conney AH. Inhibitory effect of curcumin, 
chlorogenic acid, caffeic acid, and ferulic acid on tumor promotion in mouse 
skin by 12-0-tetradecanoylphorbol-13-acetate. Cancer Res 1988; 48: 5941-
5946. 

190. Huang MT, Lysz T, Ferraro T, Abidi TF, Laskin JD, Conney AH. Inhibitory 
effects of curcumin on in vitro lipoxygenase and cyclooxygenase activities in 
mouse epidermis. Cancer Res 1991; 51: 813-819. 

191. Huang MT, Wang ZY, Georgiadis CA, Laskin JD, Conney AH. Inhibitory 
effect of curcumin on tumor initiation by benzo[a]pyrene and 7,12-dimethyl-
benz[a]anthracene. Carcinogenesis 1992; 13: 2183-2186. 

192. Azuine MA, Bhide SV. Chemopreventive effect of tumeric against stomach 
and skin tumors induced by chemical carcinogenesis in Swiss mice. Nutr 
Cancer 1992; 17:77-83. 

193. Huang MT, Ma W, Lou YR, et al. Inhibitory effect of dietary curcumin on 
gastrointestinal tumorigenesis in mice. Proc Am Assoc Cancer Res 1993; 34: 
555. 

194. Rao CV, Simi B, Reddy BS. Inhibition by dietary curcumin of azoxymethane-
induced ornithine decarboxylase, tyrosine protein kinase, arachidonic acid 
metabolism and aberrant crypt foci formation in the rat colon. Carcinogenesis 
1993; 14: 2219-2225. 

195. Rao CV, Rivenson A, Simi B, Reddy BS. Chemoprevention of colon 
carcinogenesis by dietary curcumin, a naturally occurring plant phenolic 
compound. Cancer Res 1995; 55: 259-266. 

151 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

196. Conney AH, Lou YR, Xie JG, et al. Some perspectives on dietary inhibition of 
carcinogenesis: studies with curcumin and tea. Proc Soc Exp Biol Med 1997; 
216:234-245. 

197. Samaha HS, Kelloff GJ, Steele V, Rao CV, Reddy BS. Modulation o f apop -
tosis by sulindac, curcumin, phenylethyl-3-methylcaffeate and 6-phenyIhexyl 
isothiocyanate: apoptotic index as a biomarker in colon cancer chemo-
prevention and promotion. Cancer Res 1997; 57: 1301-1305. 

198. Zhang F, Altorki NK, Mestre JR, Subbaramaiah K, Dannenberg AJ. Curcumin 
inhibits cyclooxygenase-2 transcription in bile acid- and phorbol ester-treated 
human gastrointestinal epithelial cells. Carcinogenesis 1999; 20: 445-451. 

199. Kelloff GJ, Crowell JA, Steele VE, et al. Progress in cancer chemoprevention. 
Ann NY Acad Sei 1999; 889: 1-13. 

200. IARC Working Group. Tea. IARC Monogr 1991; 51: 207-271. 
201. Yang CS, Wang ZY. Tea and cancer: a review. J Natl Cancer Inst 1993; 58: 

1038-1049. 
202. Zatonski WA, La Vecchia C, Prezewozniak K, Maisonneuve P, Lowenfels 

AB, Boyle P. A Polish case-control study. Int J Cancer 1992; 51: 707-711. 
203. Stocks P. Cancer mortality in relation to national consumption of cigarettes, 

solid fuel, tea and coffee. Br J Cancer 1970; 24: 215-225. 
204. Zheng W, Doyle TJ, Hong CP, Kushi LH, Sellers TA, Folsom AR. Tea con-

sumption and cancer incidence in a prospective cohort study of post-
menopausal women. Proc Am Assoc Cancer Res 1995; 36: 278. 

205. Zatonski WA, Boyle P, Prezewozniak K, Maisonneuve P, Drosik K, Walker 
AM. Cigarette smoking, alcohol, tea and coffee consumption and pancreas 
cancer risk: a case-control study from Opole, Poland. Int J Cancer 1993; 53: 
601-607. 

206. Katiyar SK, Mukhtar H. Tea in chemoprevention of cancer: epidemiologic and 
experimental studies. Int J Oncology 1996; 8: 221-238. 

207. Yang CS, Chung JY, Yang G, Chhabra SK, Lee MJ. Tea and tea polyphenols 
in cancer prevention. J Nutr 2000; 130: 472S-478S. 

208. Yang CS, Yang GY, Landau JM, Kim S, Liao J. Tea and tea polyphenols 
inhibit cell hyperproliferation, lung tumorigenesis, and tumor progression. Exp 
Lung Res 1998; 24: 629-639. 

209. Yoshizawa S, Horiuchi T, Fujiki H, Yoshida T, Okuda T, Sugimura T. Anti-
tumor promoting activity of (-)-epigallocatechin gallate, the main constituent 
of "tannin" in green tea. Photother Res 1987; 1: 44-47. 

210. Wang ZY, Khan WA, Bickers DR. Protection against polycyclic aromatic 
hydrocarbon-induced skin tumor initiation in mice by green tea polyphenols. 
Carcinogenesis 1989; 10: 411-415. 

211. Gensler HL, Timmermann BN, Valcic S, et al. Prevention of photocarcino-
genesis by topical administration of pure epigallocatechin gallate isolated from 
green tea. Nutr Cancer 1996; 26: 325-335. 

212. Huang MT, Ho CT, Wang ZY, et al. Inhibitory effect of topical application of 
a green tea polyphenol fraction on tumor initiation and promotion in mouse 
skin. Carcinogenesis 1992; 13: 947-954. 

152 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

213. Katiyar S, Agarwal R, Wood GS, Mukhtar H. Inhibition of 12-O-tetra-
decanoyl-phorbol-13-acetate-caused tumor promotion in 7,12-dimethyl-
benz(o)anthracene-initiated SENCAR mouse skin by a polyphenolic fraction 
isolated from green tea. Cancer Res 1992; 52: 6890-6897. 

214. Katiyar SK, Agarwal R, Mukhtar H. Protection against malignant conversion 
of chemically induced benign skin papillomas to squamous cell carcinomas in 
SENCAR mice by a polyphenolic fraction isolated from green tea. Cancer Res 
1993;53:5409-5412. 

215. Wang ZH, Huang MT, Lou YR, et al. Inhibitory effects of black tea, green tea, 
decaffeinated black tea, and decaffeinated green tea on ultraviolet Β light-
induced skin carcinogenesis in 7,12-dimethylbenz[a]anthracene-initiated 
SKH-1 mice. Cancer Res 1994; 54: 3428-3435. 

216. Katiyar SK, Rupp CO, Korman NJ, Agarwal R, Mukhtar H. Inhibition of 12-
O-tetradecanoylphorbol-13-acetate and other skin tumor-promoter-caused 
induction of epidermal interleukin-1 alpha mRNA and protein expression in 
SENCAR mice by green tea polyphenols. Invest Dermatol 1995; 105: 394-
398. 

217. Agarwal R, Katiyar SK, Khan SG, Mukhtar H. Protection against ultraviolet Β 
radiation-induced effects in the skin of SKH-1 hairless mice by a polyphenolic 
fraction isolated from green tea. Photochem Photobiol 1993; 58: 695-700. 

218. Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity relation-
ships of flavonoids and phenolic acids. Free Radical Biol Med 1996; 20: 933-
956. 

219. Salah N, Miller NJ, Paganga G, Tijburg L, Bolwell GP, Rice-Evans C. Poly-
phenolic flavanols as scavengers of aqueous phase radicals and as chain-
breaking antioxidants. Arch Biochem Biophys 1995; 322: 339-346. 

220. Pannala AS, Rice-Evans CA, Halliwell B, Singh S. Inhibition of peroxynitrite-
mediated tyrosine nitration by catechin polyphenol. Biochem Biophys Res 
Comm 1997; 232: 164-168. 

221. Khan SG, Katiyar SK, Agarwal R, Mukhtar H. Enhancement of antioxidant 
and phase II enzymes by oral feeding of green tea polyphenols in drinking 
water to SKH-1 hairless mice: possible role in cancer chemoprevention. 
Cancer Res 1992; 52: 4050-4052. 

222. Yu R, Jiao JJ, Duh JL, Gudehithlu K, Tan TH, Kong AN. Activation of 
mitogen-activated protein kinases by green tea polyphenols: potential 
signaling pathways in the regulation of antioxidant-responsive element-
mediated phase II enzyme gene expression. Carcinogenesis 1997; 18: 451-
456. 

223. Yang CS, Kim S, Yang GY, et al. Inhibition of carcinogenesis by tea: 
bioavailability of tea polyphenols and mechanisms of actions. Proc Soc Exp 
Biol Med 1999;220:213-217. 

224. Yang CS, Lee MJ, Chen L, Yang GY. Polyphenols as inhibitors of carcino-
genesis. Environ Health Perspect 1997; 105: 971-976. 

225. Soriani M, Rice-Evans C, Tyrrell RM. Modulatin of the UVA activation of 
haem oxygenase, collagenase and cyclooxygenase gene expression by epi-
gallocatechin in human skin cells. FEBS Lett 1998; 439: 253-257. 

153 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

226. Reeve VE, Matheson MJ, Bosnic M, Boehm-Wilcox C. The protective effect 
of indomethacin on photocarcinogenesis in hairless mice. Cancer Lett 1995; 
95:213-219. 

227. Wagner H, Seligmann Ο, Horhammer L, Munster R. The chemistry of 
Silymarin (silybin), the active principle of the fruits of Silybum marianum (L) 
Gaertn (Carduus marianus) (L). Arzneim-Forsch 1968; 18: 688-696. 

228. Wagner VH, Diesel P, Seitz M. Chemistry and analysis of Silymarin from 
Silybum marianum Gaertn. Arzneim-Forsch 1974; 24: 466-471. 

229. Luper S. A review of plants used in the treatment of liver disease: Part 1. 
Altern Med Rev 1998; 3: 410-421. 

230. Mereish KA, Bunner DL, Ragland DR, Creasia DA. Protection against 
microcystin-LR-induced hepatotoxicity by Silymarin: biochemistry, histo-
pathology, and lethality. Pharmaceut Res 1991; 8: 273-277. 

231. Comoglio A, Leonarduzzi G, Carini R, Busolin D, Basaga H, Albano E. 
Studies on the antioxidant and free radical scavenging properties of IdB 1016 a 
new flavanolignan complex. Free Radic Res Comm 1990; 11: 109-115. 

232. Carini R, Comoglio A, Albano E, Poli G. Lipid peroxidation and irreversible 
damage in the rat hepatocyte model. Protection by the silybin-phospholipid 
complex IdB 1016. Biochem Pharmacol 1992; 43: 2111-2115. 

233. Steele VE, Kelloff GJ, Wilkinson BP, Arnold JT. Inhibition of transformation 
in cultured rat tracheal epithelial cells by potential chemopreventive agents. 
Cancer Res 1990; 50: 2068-2074. 

234. Mehta RG, Moon RC. Characterization of effective chemopreventive agents in 
mammary gland in vitro using an initiation-promotion protocol. Anticancer 
Res 1991; 11: 593-596. 

235. Agarwal R, Katiyar SK, Lundgren DW, Mukhtar H. Inhibitory effect of 
Silymarin, an antihepatotoxic flavonoid, on 12-0-tetradecanoylphorbol-13-
acetate-induced epidermal ornithine decarboxylase activity and mRNA in 
SENCARmice. Carcinogenesis 1994; 15: 1099-1103. 

236. Katiyar SK, Korman NJ, Mukhtar H, Agarwal R. Protective effects of 
Silymarin against photocarcinogenesis in mouse skin model. J Natl Cancer Inst 
1997; 89: 556-566. 

237. Zi X, Mukhtar H, Agarwal R. Novel cancer chemopreventive effects of a 
flavonoid antioxidant Silymarin: inhibition of mRNA expression of an endo-
genous tumor promoter TNFa. Biochem Biophys Res Comm 1997; 239: 334-
339. 

238. Lahiri-Chatterjee M, Katiyar SK, Mohan RR, Agarwal R. A flavonoid 
antioxidant, Silymarin, affords exceptionally high protection against tumor 
promotion in SENCAR mouse skin tumorigenesis model. Cancer Res 1999; 
59: 622-632. 

239. Zhao J, Sharma Y, Agarwal R. Significant inhibition by the flavonoid 
antioxidant Silymarin against 12-O-tetradecanoylphorbol-13-acetate-caused 
modulation of antioxidant and inflammatory enzymes, and cyclooxygenase 2 
and interleukin-ΐα expression in SENCAR mouse epidermis: implications in 
the prevention of stage I tumor promotion. Mol Carcinogen 1999; 26: 321-
333. 

154 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J. Μ. Pezzuto Drug Metabolism and Drug Interactions 

240. Ahmad N, Gali H, Javed S, Agarwal R. Skin cancer chemopreventive effects 
of a flavonoid antioxidant Silymarin are mediated via impairment of receptor 
tyrosine kinase signaling and perturbation in cell cycle progression. Biochem 
Biophys Res Comm 1998; 247: 294-301. 

241. Berteiii AAE, Giovannini L, De Caterina R, et al. Antiplatelet activity of cis-
resveratrol. Drugs Exp Clin Res 1996; 22: 61-63. 

242. Kimura Y, Okuda H, Arichi S. Effects of stilbenes on arachidonate meta-
bolism in leukocytes. Biochim Biophys Acta 1985; 834: 275-278. 

243. Rotondo S, Rajtar G, Manarini S, et al. Effect of //ww-resveratrol, a natural 
polyphenolic compound, on human polymorphonuclear leukocyte function. Br 
J Pharmacol 1998; 123: 1691-1699. 

244. Jang M, Cai L, Udeani GO, et al. Cancer chemoprevention activity of 
resveratrol, a natural product derived from grapes. Science 1997; 275: 218-
220. 

245. Subbaramaiah K, Chung WJ, Michaluart P, et al. Resveratrol inhibits cyclo-
oxygenase-2 transcription and activity in phorbol ester-treated human 
mammary epithelial cells. J Biol Chem 1998; 273: 21875-21882. 

246. Maccarrone M, Lorenzon T, Guerrieri P, Agro AF. Resveratrol prevents 
apoptosis in K562 cells by inhibiting lipoxygenase and cyclooxygenase 
activity. Eur J Biochem 1999; 265: 27-34. 

247. Lee SR, Lin JK. Inhibitory effects of phytopolyphenols on TPA-induced 
transformation, PKC activation, and c-jun expression in mouse fibroblast 
cells. Nutr Cancer 1997; 28: 177-183. 

248. Huang TS, Lee SC, Lin JK. Suppression of c-Jun/AP-1 activation by an 
inhibitor of tumor promotion in fibroblast cells. Proc Natl Acad Sei USA 
1991; 88: 5292-5296. 

249. Xie W, Herschman HR. v-src induces prostaglandin synthase 2 gene 
expression by activation of the c-N-terminal kinase and the c-Jun transcription 
factor. J Biol Chem 1995; 270: 27622-27628. 

250. Inoue H, Nanayama T, Hara S, Yokoyama C, Tanabe T. The cyclic AMP 
response element plays an essential role in the expression of human 
prostaglandin-endoperoxide synthase 2 gene in differentiated U937 monocytic 
cells. FEBS Lett 1994; 350: 51-54. 

251. Yoshioka K, Deng T, Cavigelli M, Karin Μ. Antitumor promotion by phenolic 
antioxidants: inhibition of AP-1 activity through induction of Fra expression. 
Proc Natl Acad Sei USA 1995; 92: 4972-4976. 

252. Suzuki T, Okuno H, Yoshida T, Endo Τ, Nishina Η, Iba Η. Difference in 
transcriptional regulatory function between c-Fos and Fra-2. Nucl Acid Res 
1992; 19: 5537-5542. 

253. Karin Μ. The regulation of AP-1 activity by mitogen-activated protein 
kinases. J Biol Chem 1995; 270: 16483-16486. 

254. Holmes-McNary M, Balwin ASJ. Chemopreventive properties of trans-
resveratrol are associated with inhibition of activation of the ΙκΒ kinase. 
Cancer Res 2000; 60: 3477-3483. 

155 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 COX and LOX in Cancer Prevention 

255. Jeddar A, Kharsany A, Ramsaroop VG, Bhamjee A, Haffejee IE, Moosa A. 
The antibacterial action of honey: an in vitro study. S Aft Med J 1985; 67: 
257-258. 

256. Koshihara Y, Neichi T, Murota SL, Lao A, Fujimoti Y, Tatsuno T. Caffeic 
acid is a selective inhibitor for leukotriene biosynthesis. Biochim Biophys 
Acta 1984; 792: 92-97. 

257. Gribel NV, Pashinskii VG. Antitumor properties of honey. Vopr Onkol 1990; 
36: 704-709. 

258. Greenaway W, Scaysbrook T, Whatley FR. The analysis of bud exudate of 
Populus χ euramericana and of propolis by gas chromatography-mass 
spectrometry. Proc R Soc Lond Β 1987; 232: 249-272. 

259. Rao CV, Desai D, Simi B, Kulkarni N, Amin S, Reddy BS. Inhibitory effect of 
caffeic acid esters on azoxymethane-induced biochemical changes and aber-
rant crypt foci formation in rat colon. Cancer Res 1993; 53: 4182-4188. 

260. Frenkel K, Wei H, Bhimani R, et al. Inhibition of tumor promoter-mediated 
processes in mouse skin and bovine lens by caffeic acid phenethyl ester. 
Cancer Res 1993; 53: 1255-1261. 

261. Huang MT, Ma W, Yen P, et al. Inhibitory effects of caffeic acid phenethyl 
ester (CAPE) on 12-0-tetradecanoylphorbol-13-acetate-induced tumor pro-
motion in mouse skin and the synthesis of DNA, RNA and protein in HeLa 
cells. Carcinogenesis 1996; 17: 761-765. 

262. Michaluart P, Masferrer JL, Carothers AM, et al. Inhibitory effects of caffeic 
acid phenethyl ester on the activity and expression of cyclooxygenase-2 in 
human oral epithelial cells and in a rat model of inflammation. Cancer Res 
1999; 59: 2347-2352. 

263. Mutoh M, Takahashi M, Fukuda K, et al. Suppression of cyclooxygenase-2 
promoter-dependent transcriptional activity in colon cancer cells by chemo-
preventive agents with a resorcin-type structure. Carcinogenesis 2000; 21: 
959-963. 

264. Adlercreutz H. Western diet and Western diseases: some hormonal and 
biochemical mechanisms and associations. Scand J Clin Lab Invest 1990; 50 
(Suppl 201): 3-23. 

265. Barnes S, Grubbs C, Setchell KDR, Carlson J. Soybeans inhibit mammary 
tumors in models of breast cancer. Prog Clin Biol Res 1990; 347: 239-253. 

266. Lamartiniere CA, Moore JB, Brown NM, Thompson R, Hardin MJ, Barnes S. 
Genistein suppresses mammary cancer in rats. Carcinogenesis 1995; 16: 2833-
2840. 

267. Kinghorn AD, Fong HHS, Farnsworth NR, et al. Cancer chemoprevention 
agents discovered by activity-guided fractionation: a review. Curr Org Chem 
1998;2:597-612. 

268. Pezzuto JM, Song LL, Lee SK, et al. Bioaassay methods useful for activity-
guided isolation of natural product cancer chemoprevention agents. In: 
Hostettmann K, Gupta MP, Marston A, eds, Chemistry, Biological and 
Pharmacological Properties of Medicinal Plants from the Americas, 
Proceedings of the IOCD/CYTED Symposium, Panama City, Panama, 23-26 
February 1997. Switzerland: Harwood Academic Publishers, 1997; 81-110. 

156 
Authenticated | xajibim@mail.ru

Download Date | 6/16/12 6:27 AM



Μ. Cuendet and J.M. Pezzuto Drug Metabolism and Drug Interactions 

269. Honn KV, Tang DG, Grossi IM, et al. Enhanced endothelial cell retraction 
mediated by 12(S)-HETE: a proposed mechanism for the role of platelets in 
tumor cell metastasis. Exp Cell Res 1994; 210: 1-9. 

270. De Vita VT. The consequences of the chemotherapy of Hodgkin's disease: the 
10th Annual David A. Kamofsky Lecture. Cancer 1981; 47: 1-13. 

271. Connolly JM, Liu XH, Rose DP. Effects of dietary menhaden oil, soy and a 
cyclooxygenase inhibitor on human breast cancer cell growth and metastasis in 
nude mice. Nutr Cancer 1997; 29: 48-54. 

272. Omenn GS, Goodman GE, Thornquist MD, et al. Effects of a combination of 
beta carotene and vitamin A on lung cancer and cardiovascular disease. Ν 
Engl J Med 1994; 334: 1150-1155. 

273. Hennekens CH, Buring JE, Manson JE, et al. Lack of effect of long-term 
supplementation with beta carotene on the incidence of malignant neoplasms 
and cardiovascular disease. Ν Engl J Med 1996; 334: 1145-1149. 

274. Prevention of cancer in the next millenium: report of the Chemoprevention 
Working Group to the American Association for Cancer Research. Cancer Res 
1999; 59:4743-4758. 

157 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM


