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Abstract:  Clinical chemoprevention trials of more than 30 agents and agent combinations are now in progress or being planned.
The most advanced agents are well known and are in large Phase III chemoprevention intervention trials or epidemiological stud-
ies. These drugs include several retinoids [e.g., retinol, retinyl palmitate, all-trans-retinoic acid, and 13-cis-retinoic acid], calcium,
Bcarotene, vitamin E, tamoxifen, and finasteride. Other newer agents are currently being evaluated in or being considered for Phase
I and early Phase HI chemoprevention trials. Prominent in this group are all-frans-N-(4-hydroxy phenyljretinamide (4-HPR)
(alone and in combination with tamoxifen), 2-difluoromethylomithine (DFMO), nonsteroidal antiinflammatory drugs (aspirin, pi-
roxicam, sulindac), oltipraz, and dehydroepiandrostenedione (DHEA).

A third group is new agents showing chemopreventive activity in animal models, epidemiological studies, or in pilot clinical inter-
vention studies. They are now in preclinical toxicology testing or Phase I safety and pharmacokinetics trials preparatory to chemo-
prevention efficacy trials. These agents include S-allyl-/-cysteine, curcumin, DHEA analog 8354 (fluasterone), genistein,
ibuprofen, indole-3-carbinol, perillyl alcohol, phenethyl isothiocyanate, 9-cis-retinoic acid, sulindac sulfone, tea extracts, ursodiol,
vitamin D analogs, and p-xylyl selenocyanate. A new generation of agents and agent combinations will soon enter clinical chemo-
prevention studies based primarily on promising chemopreventive activity in animal models and in mechanistic studies. Among
these agents are more efficacious analogs of known chemopreventive drugs including novel carotenoids (e.g., o--carotene and
lutein). Also included are safer analogs which retain the chemopreventive efficacy of the parent drug such as vitamin D3 analogs.
Other agents of high interest are aromatase inhibitors (e.g., (+)-vorozole), and protease inhibitors (e.g., Bowman-Birk soybean tryp-
sin inhibitor). Combinations are also being considered, such as vitamin E with /-selenomethionine. Analysis of signal transduction
pathways is beginning to yield classes of potentially active and selective chemopreventive drugs. Examples are ras isoprenylation

and epidermal growth factor receptor inhibitors. 1997 Wiley-Liss, Inc.*
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Chemoprevention drug development has the goal
of identifying safe and effective chemopreventive
agents for clinical use. The NCI's chemoprevention
drug development program, which has been de-
scribed previously [1-7], is an applied drug develop-
ment science effort. This program begins with
identifying candidate agents for development and
characterizing these candidates for efficacy using
mechanistic assays and in vitro and animal chemo-
preventive efficacy screens. Since the program’s in-
ception in 1987, more than 400 agents have entered
the program. Of these, more than 250 have been
tested or are currently on test in the animal screens.
Promising agents are then further evaluated in animal
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models to design regimens for clinical testing and
use. Agents judged to have potential as human
chemopreventives are subjected to preclinical toxic-
ity and pharmacokinetic studies, and then Phase 1
clinical safety and pharmacokinetic trials. The most
successful agents then progress to clinical chemopre-
vention trials; more than 30 agents are now being
studied in Phase II and I1I trials. The purpose of this
paper is to discuss the strategies, perspectives, and
progress of some of the most promising of these new
chemopreventive agents—both those already in
chemoprevention trials and those emerging from pre-
clinical and clinical safety and pharmacokinetics test-
ing, as well as those showing promising activity in

*This article is a US Government work and, as such, is in the public domain in the United States of America.
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preclinical efficacy and mechanistic studies.

PHASE Il CHEMOPREVENTION TRIALS—
SURROGATE ENDPOINT BIOMARKERS

Besides well-characterized agents, suitable co-
horts and reliable intermediate biomarkers for meas-
uring efficacy are required for successful
chemoprevention trials. A significant aspect of our
chemoprevention program is the development of
Phase II clinical protocols using intermediate
biomarkers to serve as surrogate endpoints for cancer
incidence. Particularly important are cellular mor-
phologic and densitometric changes that define in-
traepithelial neoplasia (IEN). IEN changes are on the
causal pathway to cancer [8,9]. They may serve as
target lesions in Phase II chemoprevention trials and
as standards against which to evaluate other earlier
cellular and molecular biomarkers—proliferative le-
sions and signals, differentiation signals, and genetic
changes such as DNA content and oncogene and
tumor Suppressor expression.

One criterion for selecting cohorts in chemopre-
vention trials is expectation of a high incidence of the
cancer or intermediate biomarker(s) under study
within a reasonable time period. For Phase II studies,
the study duration should be <2 years, and for Phase
I trials, <10 years. Some patients previously treated
for cancer are good candidates for chemoprevention
trials because of high rates of recurrence or second
primary cancers. We have defined strategies for the
clinical evaluation of chemopreventive agents in ten
targets—prostate, breast, colon, lung, bladder, cer-
vix, esophagus, oral cavity, skin, and liver. In these
targets, cohorts have been identified for short-term
Phase II trials that investigate the effects of chemo-
preventive agents on IEN and earlier biomarkers.
Patients with adenomas serve as a cohort for trials in
colon. One cohort for Phase II trials in prostate is
early stage cancer patients scheduled for prostatec-
tomy; another is patients with prostatic intraepithelial
neoplasia (PIN), but without prostatic carcinoma.
Patients treated for lung cancer are at high risk for
bronchial dysplasia and second cancers; such patients
are a cohort for Phase II trials in lung cancer, as are
chronic smokers with bronchial dysplasia. Patients
with Barrett’s esophagus form a cohort for chemo-
prevention studies of esophageal cancer. Presurgical
breast cancer patients and patients with ductal carci-
noma in situ (DCIS) are cohorts for studies in breast.
Subjects at high risk for breast cancer who also show

multiple biomarker abnormalities may also be a co-
hort for Phase II studies in breast [10]. Patients with
superficial bladder cancers (Ta/T1 with or without
carcinoma in situ) are cohorts for studies of chemo-
prevention in bladder, and patients with dysplastic
oral leukoplakia are evaluated for chemoprevention
of oral cancers. Cervical intraepithelial neoplasia
(CIN) is a prototype IEN, and patients with CIN are
a cohort for studies of cervical cancer.

AGENT COMBINATIONS

Cancer incidences may not be reduced to the full
extent possible by single agents. More commonly,
very promising agents show significant toxicity at
efficacious doses. The simultaneous or sequential
administration of multiple inhibitors can increase
efficacy and reduce toxicity. Such an approach uses
differences in the mechanisms of cancer inhibition
among the agents to increase inhibitory activity. Fur-
ther, the increased efficacy achieves desirable levels
of cancer inhibition at lower and presumably less
toxic doses of the individual agents.

Positive effects have been demonstrated in animal
models using combinations of chemopreventive
agents. Several have shown synergism, i.e., the in-
hibitory potency of the combination was greater than
the sum of the potencies of the single agents. Syner-
gistic chemopreventive activity has been reported for
2-difluoromethylomithine (DFMO) and piroxicam
in rat colon [11,12] and for all-trans-N-(4-hy-
droxyphenyl)retinamide (4-HPR) and tamoxifen in
rat mammary gland [13,14]. In other studies, syner-
gistic activity has been observed in hamster lung for
B-carotene with 4-HPR and with vitamin A and for
4-HPR with oltipraz [15]. Likewise, combinations of
DFMO with 4-HPR and with oltipraz, and 4-HPR
with oltipraz have synergistic activity in the bladder
[16]. A Phase II study with 4-HPR and tamoxifen is
currently in progress in breast. As will be described
below, the combination of DFMO with piroxicam is
in Phase 1 trials, preparatory to a Phase I study in
prevention of colon adenomas. Also, several other
combinations are currently undergoing toxicology
testing in our chemopreventive drug development
program based on promising results in animal cancer
models or mechanism of action. Aninteresting exam-
ple of using mechanistic considerations is the combi-
nation of N-acetyl-/-cysteine (NAC) and oltipraz.
Both agents enhance glutathione (GSH) carcinogen
detoxification pathways. NAC is a cysteine prodrug
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[17], and thereby provides substrate for the biosyn-
thesis of GSH. Oltipraz stimulates GSH-S-trans-
ferases (GST) and other Phase II enzymes which
catalyze the formation of GSH-carcinogen detoxifi-
cation products [18].

CHEMOPREVENTIVE AGENTS IN PHASE 11/1i1
CLINICAL TRIALS

Of particular interest are the retinoids which have
demonstrated chemopreventive activity in clinical
settings. For example, 13-cis-retinoic acid inhibited
the formation of second primary tumors in patients
with previously resected head and neck cancers [19]
and oral leukoplakia [e.g., 20,21] and prevented
squamous cell carcinoma of cervix and skin when
administered with IFN-a [22]. In a limited study,
all-trans-retinoic acid caused regression of cervical
intraepithelial neoplasia [23]. Retinoids are active in
the proliferation and progression stages of carcino-
genesis [24]. They inhibit several activities involved
in tumor promotion, including induction of omithine
decarboxylase (ODC), and participate in signal
transduction via cellular receptors. They induce ter-
minal differentiation in selected cells, and this activ-
ity may be mediated by interaction with cellular
receptors. Particularly, retinoids have been shown to
reduce circulating IGF-I [25] and induce specific
isoforms of TGFp [26,27]. They also induce apop-
tosis [28,29] stimulate intercellular communication
{29] and are immunostimulants [29].

4-HPR is anewer retinoid. The well-known Phase
HI trial of 4-HPR in previously treated breast cancer
patients to evaluate chemoprevention of second pri-
mary breast cancer began in March 1987 (Dr. Um-
berto Veronesi, Istituto Nazionale Tumori). Patients
are given 200 mg 4-HPR qd for five years with two
years follow-up and compared with untreated con-
trols. A recent interim analysis showed decreased
incidences of second primary tumors in pre-
menopausal women treated with 4-HPR; also, fewer
4-HPR treated patients than controls have developed
ovarian cancers [30,31]. 4-HPR is also currently be-
ing tested in Phase II trials in breast (alone and in
combination with tamoxifen), cervix, lung, prostate,
bladder, skin (actinic keratosis patients), and oral
cavity.

Since chemopreventive agents are intended for
chronic use in healthy or relatively healthy subjects,
toxicity, even if mild and reversible, is problematic.
Often, drug development for such agents involves

strategies for reducing these toxicities. 4-HPR, like
other retinoids, causes ophthalmologic disturbances
(primarily reduction in night vision) due to depletion
of retinal vitamin A. In the clinical trials with 4-HPR,
the strategy for alleviating toxicity is two- or three-
day drug holidays monthly or biweekly to allow
recovery of vitamin A levels.

DFMO alkylates and irreversibly blocks ODC,
preventing conversion of omithine to putrescine.
This is the first and rate-limiting step in polyamine
synthesis, which is closely linked to cell proliferation
[32-34]. ODC is believed to be important in tumor
promotion [35,36], and its inhibition thus may be a
mechanism for inhibiting carcinogenesis. DFMO has
chemopreventive activity in mouse skin, mouse co-
lon, rat colon, rat liver and stomach, rat and mouse
urinary bladder, and rat mammary gland [(37]. As
noted above, it also has synergistic efficacy with
piroxicam inrat colon; oltipraz in mouse bladder; and
4-HPR in mouse bladder and hamster lung. Recently,
it was found to have synergistic efficacy with 4-HPR
in inhibition of lymphoma in PIM-1 transgenic mice.
Because only 50% of an oral dose is absorbed, and
80% of that absorbed is excreted unchanged in the
urine [38], colon and bladder cancers are considered
primary targets for chemoprevention by DFMO.

The most frequently observed clinical side effect
of DFMO administration is reversible ototoxicity.
Phase I clinical trials showed drug effect with no
toxicity, particularly otoxicity, in patients treated
with 0.5 g/m¥day (13 mg/kg-bw/day) for 10-12
months [37, 39], suggesting that this dose level is
appropriate as a starting point for further clinical
studies. Since this baseline dose may prove too high
for continuous exposure, a high priority in Phase II
trials is dose-titration to determine the lowest effica-
cious dose. DFMO is being evaluated in Phase II
studies in cervix, bladder, breast, prostate, oral leuk-
oplakia, and Barrett’s esophagus.

Three nonsteroidal antiinflammatory drugs
(NSAIDs)—sulindac, piroxicam, and aspirin— are in
Phase I chemoprevention trials (a fourth NSAID,
ibuprofen, has not yet been evaluated in Phase 1T
efficacy studies). A prominent biological activity of
the NSAIDs is inhibition of the synthesis of pro-
staglandins and other eicosanoids, particularly by
inhibition of fatty acid cyclooxygenase (COX) [e.g.,
40-42]. Epidemiological and experimental data
strongly suggest that carcinogenesis in epithelial tis-
sues may be modulated by inhibiting some aspects of
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the prostaglandin biosynthetic cascade [e.g., 40-43].
The mechanism(s) may involve reductions not only
in growth-promoting tissue prostaglandin levels but
also in suppressed immune surveillance [44,45], as-
pects of signal transduction such as ras oncogene
activation [46)] and oxidation (activation) of proxi-
mate carcinogens [43,48].

In animal studies, NSAIDs have chemopreventive
activity in numerous tissues {4,49-52]. They reduce
formation of both colon polyps and carcinomas in
laboratory animals given carcinogens. They also in-
hibit the induction of tumors in rat urinary bladder,
hamster buccal pouch, rat mammary gland, mouse
skin and duodenum, and hamster esophagus, pan-
creas, and uterine cervix.

In animal efficacy screens carried out in our drug
development program [53], the NSAIDs were active
in the rat colon (aspirin, ibuprofen, piroxicam, sulin-
dac), rat mammary gland (ibuprofen), mouse bladder
(ibuprofen, piroxicam, sulindac) and mouse skin (pi-
roxicam). The highest chemopreventive potency of
NSAIDs in the animal models appears to be in colon
and bladder, and so these are the primary targets in
clinical trials. In preliminary clinical studies, sulindac
has also shown dramatic effects in causing the total
or almost total regression of colorectal adenomatous
polyps in patients with familial adenomatous poly-
posis (FAP) and Gardner’s syndrome (54, 55].
Epidemiological studies also suggest that NSAIDs
have promise in the clinic as colon cancer chemopre-
ventives. For example, regular aspirin  use
(216x/month) has been reported to reduce the relative
risk of death from colon cancer by 40% [56]. Recent
analysis of data on women in the Nurses’ Health
Study showed reduced risk of colorectal cancer asso-
ciated with 210 years of regular aspirin use (46
tablets/week) [57]. Phase II trials of sulindac and
piroxicam in preventing colon polyps are in progress
[52]. Several trials with aspirin in colon have been
completed or are ongoing [49]. Particularly interest-
ing in light of the results of the Nurses’ Health Study
is a Phase III trial evaluating the chemopreventive
effects of 100 mg aspirin qod for four years on the
incidence of epithelial cancers (breast, colon, and
lung) in female health professionals 245 years old
(Dr. Julie Buring, Brigham and Woman’s Hospital,
Boston) [see 49]. Vitamin E at 600 IU is being
evaluated in the same study.

For clinical use as chemopreventives, the goal is
to identify doses/regimens for NSAIDs which are

efficacious and nontoxic with respect to the gastric
bleeding, ulcers, and nephropathy which are caused
by local inhibition of prostaglandin E, (PGE;) and
which limit NSAID usage in other applications. Sev-
eral possible strategies are being explored. One pos-
sibility is combination with other agents o allow
chemopreventive intervention at lower and presum-
ably less toxic doses. An example noted above is the
combination of the NSAID piroxicam with DFMO.
The objective of the Phase I trial of this agent com-
bination is to define a safe efficacious dosing regimen
for a Phase II trial in the prevention of colon polyps.

Another strategy is the use of agents which retain
NSAID ability to inhibit the carcinogenesis-associ-
ated activities of prostaglandin synthesis without de-
pressing its protective effects. The discovery of an
inducible form of COX (COX-2), which is predomi-
nant at inflammation sites and in macrophages and
synoviocytes, suggests that such an approach is fea-
sible [58]. In contrast to COX-2, constitutive COX-1
predominates in the stomach, gastrointestinal tract,
platelets, and kidney. The NSAIDs currently under
development inhibit both forms of the enzyme, but
other compounds inhibit COX-2 selectively (e.g.,
NS-398). Although no positive animal test results are
yet available, such agents may prove to be desirable
altemnatives to the NSAIDs currently being devel-
oped.

A third strategy is administering the chemopreven-
tive NSAID with a drug which protects the gastric
mucosa. One such drug is the prostaglandin deriva-
tive misoprostol. A fourth strategy is use of metabo-
lites or other derivatives of NSAIDs which retain
efficacy, but reduce the associated toxicity. An ex-
ample is the sulindac metabolite, sulindac sulfone.
This agent is currently in a Phase I/Ila safety and
preliminary efficacy study in patients with FAP and
is described below.

Oltiprazis a synthetic dithiolthione related to natu-
rally occurring 1,2-dithiolthiones found in crucifer-
ous vegetables. It is a schistosomicidal drug that has
demonstrated chemopreventive efficacy in many ani-
mal model systems. Oltipraz inhibited the induction
of mouse forestomach and lung tumors, aflatoxin B;
(AFB)-induced rat liver cancer, azaserine- induced
rat pancreatic cancer, and spontaneous rat he-
matopoietic tumors [59]. Oltipraz has been highly
effective in animal screens carried out under our drug
development program [53]—positive results have
been seen in hamster lung and trachea [15], mouse
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and rat colon [60,61]}, rat mammary, mouse bladder
[16], mouse skin, and rat thymic lymphomas induced
by PhIP [62].

Although the mechanism of this activity is not
fully understood, the anticarcinogenic potential of
oltipraz was first suggested by its chemoprotective,
radioprotective, and antimutagenic properties [63,
64]. The agent also inhibited AFB;-induced hepato-
toxicity and DNA adduct formation in rat liver [64].
Orally administered oltipraz increases liver GSH lev-
els and induces enzymes involved in electrophile
detoxification—namely, GST, epoxide hydrolase,
and NAD(P)H:quinone oxidoreductase [63-65].
GSH is present in high concentrations in most cells,
where it functions to inactivate electrophilic carcino-
gens and scavenge oxygen free radicals. It also reacts
with hydrogen peroxide catalyzed by GSH peroxi-
dase (GSH-Px) and prevents the formation of other
more reactive oxygen compounds [17]. The chemo-
preventive and chemoprotective efficacy of oltipraz
in liver has been attributed to these activities [63,
66,67]. There also is some evidence that oltipraz may
have antiproliferative effects that may or may not be
directly related to modulation of GSH and the phase
II metabolic enzymes. For example, in our efficacy
studies in rat colon [53,61] and mammary gland [53],
the agent was effective even when it was adminis-
tered only after treatment with the carcinogen had
been completed.

A Phase I MTD of approximately 125 mg (ca.
0.008 mmol/kg-bw) qd has been identified [59,68].
Recent evidence indicates that intermittent dosing is
feasible [69]. A pharmacokinetic profile is now being
evaluated for this highly lipophilic drug [68]. Despite
these encouraging results, much work remains to be
done to determine the appropriate chronic clinical
dosage regimen for chemoprevention studies. The
agent has shown significant toxicity in certain clinical
settings. For example, in a six-month Phase I clinical
trial at 125 and 250 mg/day, side effects included
photosensitivity, heat intolerance, gastrointestinal
discomfort, neurological abnormalities, and an al-
tered taste; the lower dose was considered to be in
excess of the MTD [68].

The agent is being evaluated in Phase II trials in
liver and lung. The intervention phase of the trial in
liver has been completed. This study was conducted
in subjects in the Qidong region of China (Dr.
Thomas W. Kensler, Johns Hopkins University), who
are exposed to the liver carcinogen AFB; and in

whom the liver cancer predisposing hepatitis B virus
infection is endemic. The primary endpoints of the
trial are carcinogen effect biomarkers—inhibition of
AFB|-DNA and -protein adducts. Dosing was 125
mg qd or 250 mg 2x/week. As in other human studies,
gasirointestinal distress and side effects related to
photosensitivity are prevalent (=10% of trial popula-
tion) [70]. Also, an adjunct to this chemoprevention
study will be the evaluation of another exposure
biomarker, urinary mutagens, in the subject popula-
tion (Dr. Silvio De Flora, University of Genoa). An-
other important aspect of oltipraz is its potential effect
in patients infected with human immunodeficiency
virus type 1 (HIV-1). GSH levels are depleted in such
patients and it has been found that oltipraz can elevate
GSH levels in human T-cell and monocytoid cell
lines and inhibit HIV-1 replication [71]. It both inhib-
its reverse transcriptase and HIV-1 infection in a
chronic infection model. Prochaska [71] considers
that it has potential for inhibiting HIV-1 associated
neoplasms along with its antiretroviral activity.

Dehydroepiandrostenedione (DHEA). Schwartz
and his colleagues, as well as other investigators,
have demonstrated the chemopreventive activity of
the androgen DHEA in numerous animal models
[72]. In our studies, DHEA was efficacious in mam-
mary gland, prostate and colon models of carcino-
genesis [53]. In MNU-induced rat mammary gland,
DHEA at 1 or 2 g/kg diet (ca. 0.2 or 0.4 mmol/kg-
bw/day), given one week prior to MNU and contin-
ued for the remainder of the experiment, reduced both
the incidence and multiplicity of histologically con-
firmed carcinomas [73]. A more recent study in
MNU-induced rat mammary glands indicated effi-
cacy for DHEA at lower doses of 120 or 600 mg/kg
diet (ca. 0.02 mmol or 0.1 mmol/kg-bw/day, respec-
tively) [74]. The 0.1 mmol/kg-bw/day dose inhibited
tumor incidence, multiplicity and number, while the
0.02 mmol/kg-bw/day dose inhibited only tumor
multiplicity and number. One (1) and 2 g DHEA/kg
diet (ca. 0.17 and 0.35 mmol/kg-bw/day) were found
to significantly decrease the incidence of macro-
scopic cancers in the MNU-induced, hormone-pro-
moted rat prostate. In the MAM-acetate-induced
mouse colon cancer model, DHEA inhibited colon
cancer at the lowest dose tested—0.15% DHEA in
diet (ca. 0.6 mmol/ kg-bw/day).

DHEA is a potent inhibitor of glucose-6-phos-
phate dehydrogenase (G6PDH). The primary func-
tion of this enzyme is catalyzing the formation of
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extramitochondrial NAD(P)H and ribose 5-phos-
phate. Schwartz has hypothesized two ways in which
inhibition of G6PDH may mediate the chemopreven-
tive activity of DHEA [75]. First, DHEA inhibits the
activity of carcinogens such as B(a)P, AFB,, and
DMBA which require metabolic activation viamixed
function oxidases (MFO) [75-78]. MFO require
NAD(P)H as a cofactor. Thus, since inhibition of
G6PDH reduces the formation of NAD(P)H, it con-
sequently reduces the activity of MFO and the acti-
vation of certain carcinogens. Secondly, DHEA also
inhibits tumor promotion and proliferative activity
[79,80]. Cell proliferation requires NAD(P)H-de-
pendent DNA synthesis, and DNA synthesis in
mouse epidermis and mammary tissue also is inhib-
ited by DHEA [81]. Accordingly, reduction of the
NAD(P)H pool by inhibition of G6PDH could inhibit
carcinogen-induced cell proliferation. Recent evi-
dence indicates that DHEA may modulate signal
transduction pathways. Particularly, DHEA inhibits
the posttranslational farnesylation and activation of
ras oncogene [82,83].

Unfortunately, the chemopreventive potential of
DHEA is compromised by some undesirable pharma-
cological effects—potent hormonal [84], liver-en-
larging [85], and peroxisome-proliferating activities
[85,86]. Also, chronic administration of DHEA in the
diet has been shown to reduce body weight without
reducing food intake, although this problem can be
negated with lower dosing [75]. For example, in our
rat mammary gland studies cited above, the 0.4
mmol/kg-bw/day dose produced significant weight
loss relative to carcinogen controls (10%). If this dose
was given one week after MNU and continued for the
duration of the experiment, significant reduction of
carcinoma incidence and multiplicity was observed
without weight loss. When the high dose was given
only one week prior to and one week following MNU,
DHEA had no effect on tumor incidence or multiplic-
ity, nor on body weight. In the study with effective
doses of 0.1 and 0.2 mmol/kg-bw/day, neither dose
caused changes in body weight relative to carcino-
gen-treated controls. Also, in the prostate cancer
model, no effect on body weight gain was seen. Thus,
it may be possible to find effective doses that do not
alter body weight.

Short-term Phase II chemoprevention trials will be
initiated in presurgical breast DCIS and prostate can-
cer patients. The dose selected for these trials, 300
mg qd (ca. 0.016 mmol/kg-bw/day) has been admin-

istered to postmenopausal women in previous Phase
I safety studies {87]. The consensus from these and
other studies is that orally administered DHEA is well
tolerated by men and women at doses up to ca. 0.08
mmol/kg-bw/day for one month. At lower doses (ca.
0.002 mmol/kg-bw/day), DHEA is well tolerated for
six months [88-90].

Another strategy to eliminate DHEA side effects
while preserving chemopreventive activity has been
pursued by Schwartz who designed several analogs
[75,85,91]. One of these analogs, DHEA analog 8354
is particularly promising, and is also being developed
in the NCI chemopreventive drug program (see de-
scription below).

CHEMOPREVENTIVE AGENTS IN PHASE |
CLINICAL TRIALS OR PRECLINICAL
TOXICOLOGICAL STUDIES

S-Allyl-1-cysteine is a water soluble organosulfur
compound found in garlic. For many years, there has
been a high level of interest in the potential chemo-
preventive effects of garlic, onion and their compo-
nents [92]. Epidemiological studies have shown
inverse correlations between gastric cancer incidence
and consumption of vegetables in the Allium genus
[93,94]. Garlic oil has shown chemopreventive activ-
ity in mouse skin {95] and cervix {96], and several of
its volatile, lipophilic components (particularly, dial-
1yl sulfide) have shown chemopreventive activity in
mouse colon and stomach [97-99], mouse skin [100],
rat esophagus [101], rat glandular stomach [102], and
hamster trachea [53].

The volatility and pungency of the lipophilic garlic
compounds make them difficult to test and unpalat-
able. These disadvantages have led to interest in the
water soluble, less aromatic components such as S-
allyl-l-cysteine. On oral administration the com-
pound inhibited DMH-induced colon tumors in
female C57BL mice [103].

The mechanism of action of the garlic sulfur com-
pounds is not well-understood but appears to be
related to electrophile detoxification. Like oltipraz
and the structurally closely-related NAC, S-allyl-/-
cysteine [103] and other garlic sulfur compounds
[98] enhance GST activity. Also, diallyl sulfide and,
probably, other garlic sulfides inhibit cytochrome
P450ITE1 which is involved in metabolic activation
of carcinogens such as DMH and MBN [92,104].
Preclinical acute and subchronic (90-day) toxicity
evaluations of S-allyl-/-cysteine in rats and dogs have
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been completed. In rats, the NOEL in the 90-day
studies was 125 mg/kg-bw/day for females (no
NOEL was determined for males). In both male and
female dogs, 30 mg/kg-bw/day was determined to be
the NOEL. In both species, kidney toxicity was evi-
dent in these studies. However, as for NAC, the
clinical toxicity of S-allyl-/-cysteine is anticipated to
be very low. A Phase I clinical trial of S-allyl-/-Cys-
teine is planned.

Curcumin is the major yellow pigment in turmeric
and curry and is obtained from the rhizome of the
plant Curcuma longa. In our studies, curcumin had
chemopreventive activity in mouse colon and MNU-
induced rat mammary models [53]. In other publish-
ed studies, the agent had tumor inhibitory activity in
mouse skin {105-107].

Curcumin has multiple potential chemopreventive
mechanisms. It is a potent antiinflammatory agent
[108-112]. It inhibits arachidonic acid metabolism
by blocking both the lipoxygenase and COX path-
ways [108,113], and, possibly, phospholipase A,
[108]. Curcumin exhibits strong antioxidant activity
[114,115], being an effective superoxide scavenger
[116]. It inhibits TPA-induced DNA synthesis, dem-
onstrating an inhibitory effect on proliferation [106].
It also modifies cytochrome P450 [117] and enhances
GST activity [118,119], and it may modify the metabo-
lic activation and DNA binding of PAH carcinogens by
this mechanism [108,120,121]. It inhibits mutagenesis
{122,123] and clastogenesis [117,124,125]; decreases
expression of c-jun [126, 127], c-fos [127] and ¢-myc
[127], possibly through inhibition of protein kinases
[128]; inhibits ODC activity [e.g., 129] and EGFR
function [130,131); and enhances DNA repair [132]. It
may also have antihormonal action, since extracts of
turmeric were reported to decrease testosterone pro-
duction in male rats and implantation in female rats
[133], as well as antiviral activity [134]. As noted
above, curcumin is not expected to exhibit much
toxicity in humans. Toxic effects of chronic human
exposure have not been characterized apart from
respiratory symptoms and allergic dermatitis in spice
factory workers [135]). Consistent with inhibition of
prostaglandin synthesis, ulcerogenic effects have
been reported in rats [136] and mice. In mice, these
effects were seen only at doses double the median
effective antiinflammatory dose (0.15 mmol/kg-
bw/day for six days). In our acute toxicity study in
rats, curcumin was not toxic—i.e., LDsp >3.5 g/kg-
bw, the highest dose that reasonably could be admin-

istered orally. Subchronic studies (up to 90 days) in
rats, dogs and monkeys generally showed limited
adverse effects. For example, in our 90-day studies
of commercial grade curcumin, minor changes in
body weights in rats and hematological values in rats
and dogs were not considered biologically signifi-
cant. A Phase I safety and pharmacokinetics study of
curcumin will start soon. It is likely that both food
grade (85% pure) and purified curcumin will be
evaluated.

As noted above, DHEA analog 8354 (fluasterone,
160-fluoro-DHEA) does not have the androgenic or
liver toxicity of DHEA [85]. It was a more potent
inhibitor of tumor initiation and promotion in the
DMBA/TPA mouse skin model than DHEA [80],
and, in our animal studies, it was effective in the rat
mammary gland against MNU-induced cancers [137,
138] and in rat colon against AOM-induced tumors
[12,137].

Subchronic toxicity studies in rats and dogs have
established a NOEL of 250 mg/kg-bw for DHEA
analog 8354 in both species; no target organs with
histopathology were identified in either study. Effects
seen at the high doses tested included dose-related
weight loss (>10% at 1 g/kg-bw/day) and hypo-
cholesterolemia (at 500 mg/kg-bw/day and 1 g/kg-
bw/ day) in the male rats. The relevance of these
effects to the potential of the analog for clinical use
has not yet been evaluated. Particularly, the minimal
effective doses of the compound have not been deter-
mined. Pharmacokinetic evaluations are currently
underway and chronic toxicity studies are planned.
DHEA analog 8354 is also being reformulated to
augment bioavailability.

Genistein. The isoflavone genistein occurs natu-
rally in soybeans {139] and some forage plants {e.g.,
140,141] as the glucoside, and has been identified in
soy food products and beer [142,143]. Epidemiologi-
cal studies have shown an association between de-
creased hormone-dependent cancer (e.g., in breast
and prostate) incidence/mortality and a traditional
soy-rich Asian diet [144]. Individuals consuming this
diet have 7-110-fold higher plasma [145] and 30-fold
higher urinary [146,147] genistein concentrations
than individuals consuming a typical Westemn diet. A
tentative causal relationship is suggested by limited
studies showing the inhibitory effects of dietary soy
products in chemical- [143,148,149] and radiation-
{150,151} induced rat mammary and estrogen-induced
mouse prostate models of carcinogenesis [152].
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Preclinical efficacy studies to date have produced
inconsistent results, perhaps due to the pleiotropic
activities of genistein. In the AOM-induced rat,
genistein at 75 and 150 mg/kg diet (ca. 13.8 and 27.8
umol/kg-bw/day) inhibited the number of aberrant
crypt foci (ACF)/colon, histological intermediate
biomarkers in the AOM-induced rat model of colon
carcinogenesis [153,154]. The number of aberrant
crypts/focus was not reduced. In contrast, in the same
model, 250 ppm genistein in diet had no effect on
colon or small intestine tumor incidence, and signifi-
cantly increased colon tumor multiplicity compared
with controls [155].

In some situations, the potential chemopreventive
efficacy of genistein appears to be related to its phy-
toestrogenic effects. Genistein competes with estra-
diol forestrogen receptors [156,157] and the complex
translocates to the nucleus [158], stimulating estro-
gen-related cellularevents [141,159-161]. For exam-
ple, genistein decreases the formation of
DMBA-induced rat mammary tumors, possibly by
accelerating cellular differentiation (162, ,163], and
a reduction in DMBA-DNA adducts in mammary
gland tissue has also been demonstrated [164]. Based
on preliminary data, genistein was not effective in the
MNU-induced rat mammary model [165], but the
tested dose (0.8 mg/day ig) was much lower than
those found to be effective in the immature rats given
DMBA or the estimated dose from dietary soybean
protein in the MNU model [i.e., 149]. However,
estrogen is generally considered to enhance hor-
mone-related tumorigenesis, especially in the breast
and endometrium [166]. Genistein may have either
estrogen-dependent or -independent effects, depend-
ing on its concentration or the assay used. In human
breast cancer MCF-7 cells, genistein stimulated both
cell growth and estrogen-dependent pS2 expression
at low concentrations; however, it inhibited cell
growth at higher (>10° M) concentrations even
though pS2 was still expressed [167]:

The major competing estrogen-independent
mechanism is inhibition of tyrosine-specific protein
kinase activity [ 168,169]; this may in turn inhibit this
may in tumn inhibit cell proliferation [170,171] and
growth factor-stimulated responses (EGFR, IGF-I,
PDGF) [168,172, 173], oncogene product activity
(pp607-r, pp1108+¥+, p210~%%) [174,175] or expres-
sion (ras, c-fos, c-jun) [168,176], bFGF-induced
angiogenesis [e.g., 177], prostaglandin synthesis
e.g., 178,179], DNA synthesis [e.g., 180], ODC

activity [e.g., 181], and immune response {182], as
well as induce differentiation [e.g., 162,183]. Other
potentially chemopreventive activities which appear
to be estrogen-independent include inhibition of cy-
tochrome P450 metabolism [184,185], scavenging
reactive oxygen species [e.g., 186—188], and topoi-
somerase activity [189], as well as induction of cell
cycle arrest [190,191] and apoptosis [192-194].

Because of its multiple potentially chemopreven-
tive activities and evidence of its apparent bioavail-
ability on oral administration [145-147], we are now
evaluating the preclinical toxicity of genistein as a
prerequisite for Phase I clinical studies. We have
undertaken 90-day preclinical toxicity tests with two
purified soy isoflavone products containing 90%
genistein and 43% genistein in rats (ca. 0.03— 0.9
mmol genistein/kg-bw/day) and dogs (ca. 0.02-0.3
mmol genistein/kg-bw/day). In the recently com-
pleted dog study, no significant toxicity was ob-
served.

Ibuprofen. The suggested therapeutic doses of this
NSAID are 1,200-3,200 mg/day (ca. 1745 mg/kg-
bw/day), and its gastrointestinal toxicity appears to
be less severe than that of aspirin and sulindac. Al-
though its antiinflammatory activity is derived pri-
marily by inhibition of COX [e.g., 195], its full range
of potentially chemopreventive activities are not yet
known. For example, this drug is an antiproliferative
(it inhibits ODC induction) [196], a tyrosine kinase
inhibitor [43], and a free radical scavenger [43].

We sponsored a Phase I trial of ibuprofen in pa-
tients with previously resected colon adenomas (Dr.
David S. Alberts, University of Arizona). A key
objective of this study was to correlate suppression
of rectal mucosal PGE; to inhibition of rectal mucosal
cell proliferation.

Indole-3-carbinol (I3C) is a non-nutritive compo-
nent of cruciferous vegetables [197]; consumption of
these vegetables has been associated with decreased
risk for cancer in humans [198]. I3C is an effective
chemopreventive against a wide variety of carcino-
gens, presumably because of its capacity to induce
both phase I and II enzymes involved in carcinogen
metabolism [e.g., 199-203]. I3C is very effective
when administered before or during carcinogen ad-
ministration {204,205] and has been shown to de-
crease carcinogen-DNA binding [e.g., 205,206]. 13C
both induces phase II enzymes [207] and several
groups of cytochrome P450-dependent isozymes, in-
cluding TCDD-type (CYP1A), phenobarbital-type



New Chemopreventive Agents 9

(CYP2B) and dexamethasone-type (CYP3A)
[201,202,208]. These enzyme-inducing effects ap-
pear to be due to condensation products produced
upon contact with gastric acid [209-211], and some
of the products formed also demonstrate chemopre-
ventive activity [204,212]. These multiple products
with different enzyme inducing activities [211,213]
may at least partially explain the pleiotropic effects
of 13C.

Importantly, I3C’s tumor inhibition in estrogen-
responsive tissue [214,215] may result from in-
creased estrogen conjugation and excretion via
induction of phase Il enzymes [216], as well as modu-
lation of cytochrome P450-dependent estradiol me-
tabolism. Increased estradiol-16a-hydroxylation has
been associated with increased breast cancer risk in
women [217] and mice [218], and 16a-hydroxyes-
trone has been reported to be genotoxic to mammary
cells [219]. I3C increases estradiol 2-hydroxylation
at the expense of 16a-hydroxylation under the same
experimental conditions in which it reduces mam-
mary [214] and endometrial [215] tumor develop-
ment. The drug also enhances estradiol
2-hydroxylation in humans [220].

Besides mammary gland [204,208,214,221] and
endometrium [215], I3C is chemopreventive in sev-
eral animal cancer models including liver [e.g., 222],
tongue [223], lung [205], and forestomach [204].
Because of its inhibition of mammary gland carcino-
genesis and its ability to induce estradiol 2-hydroxy-
lation, breast is the target organ of highest clinical
interest for I3C.

Thirty-day toxicity studies in rats and dogs have
been completed; results of 90-day studies in rats and
dogs are pending. A three-month Phase I trial in
patients at high risk for breast cancer will be started
soon.

Perillyl alcohol is a cyclic monoterpene occurring
in numerous species of plants including mints (Men-
tha piperita and M. spicata), lavender, perilla (Perilla
frutescens), Cymbopogon, citrus, and cranberries
[224-226]. The monoterpene was given “Generally
Recognized as Safe” (GRAS) status as a flavoring
agent by FEMA in 1965, is approved as a food
additive by the FDA and the Council of Europe [226],
and is also used as a fragrance in perfumes, soaps,
detergents, lotions, and creams.

The agent is a hydroxylated derivative of d-li-
monene. Both monoterpenes have demonstrated pre-
clinical chemopreventive and chemotherapeutic

activity possibly through metabolism to perillic and
dihydroperillic acids [227,228]. These metabolites
selectively inhibit isoprenylation of small (21-26
kDa) guanine nucleotide-binding proteins {229, 230],
either by interaction with protein: prenyl transferases
{231,232} or by selectively decreasing ras levels
[233]. Some of these proteins are potentially onco-
genic [229], such as the ras product p21. Perillyl
alcohol also modulates the mevalonate-cholesterol
pathway at other points distal to HMGCoA reductase,
i.e., synthesis of ubiquinone and conversion of lathos-
terol to cholesterol [234]. Inhibition of ubiquinone
synthesis may slow proliferation of tumor cells,
which often rely on glycolysis for ATP production.
Other potentially chemopreventive activities attrib-
uted to perillyl alcohol include inhibition of tumor
cell proliferation [234—-237] (possibly through G, cell
cycle block [238]), induction of differentiation [239],
apoptosis [240], and enhancement of TGFp growth
regulatory activity [240— 243]. The monoterpene also
has the potential to induce cytochrome P450, GST
and glucuronyl transferase activities, in analogy to
other hydroxylated analogs of d-limonene [244].
Preclinical chemopreventive and chemotherapeu-
tic [229,239,245] data are available for both perillyl
alcohol and d-limonene. We found that perillyl alco-
hol at 2000 ppm in diet inhibited adenoma and ade-
nocarcinoma development in AOM-induced rat
colon (Dr. Bandaru S. Reddy, American Health
Foundation, unpublished results). In published stud-
ies, perillyl alcohol also has been shown to inhibit rat
liver [240] and hamster pancreatic [246] tumor de-
velopment; in chemotherapeutic studies, it signifi-
cantly reduced growth of established hamster
pancreatic tumors [246], caused regression of estab-
lished rat mammary gland tumors [247], and retarded
growth of a prostate tumor cell xenograft in athymic
nude mice [245]. The parent compound d-limonene
has been shown to inhibit the growth of mouse lung
[99] and skin tumors [248]}, rat mammary gland tu-
mors induced by MNU, DMBA, and direct in situ
transfer of v-Ha-ras [249-252], and rat liver tu-
morigenesis [244,253], as well as regress established
mammary tumors [254,255]. However, d-limonene’s
clinical potential is limited by the large doses needed
for efficacy [243,31]. For example, the minimum
dietary dose for rat mammary tumor prevention is
1-5%, which is equivalent to 35-175 g daily for a 70
kg human. In comparison, perillyl alcohol is 5-10
times more potent in in vitro assays (229,230] and in
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chemotherapy studies in vivo [247], suggesting that
smaller doses might provide clinical benefit.

Besides the rat colon studied cited above, we are
conducting preclinical efficacy studies of perillyl al-
cohol in three other models in which ras activation is
a significant component of tumorigenesis—MNU-
induced rat mammary gland, B(a)P-induced mouse
lung, and BOP-induced hamster pancreas. Ninety-
day toxicity studies in rats and dogs have also been
completed. The results of these preclinical studies
suggest that initial doses selected for clinical trials of
0.5-3.5 g/m? or 0.87-6.1 g/day are appropriate and
well below the MTD of 28 g/day for men and 25.5
g/day for women extrapolated from the preclinical
toxicity studies (ca. 400 mgkg-bw/day or 2.6
mmol/kg-bw/day). After Phase 1 studies are com-
pleted, we plan to initiate short-term Phase II trials in
breast and prostate.

Phenethyl isothiocyanate (PEITC) occurs natu-
rally as its thioglucoside conjugate, gluconasturtiin,
in many cruciferous vegetables including watercress,
turnip, Chinese cabbage, cabbage, broccoli, cauli-
flower, horseradish, and canola 0il [256-262]. This
glucosinolate undergoes enzymatic hydrolysis when-
ever the raw wet plant material is crushed, thus re-
leasing PEITC [ 259].

Chemopreventive effects of PEITC most likely
result from its inhibition of specific cytochrome P450
enzymes (e.g., CYP2E) which activate procarcino-
gens. For example, results from numerous animal
efficacy studies have shown that PEITC inhibits lung
tumor induction by the tobacco-specific nitrosamine
NNK when it is administered during the initiation
phase of carcinogenesis but not when administered
post-initiation [263].

Besides NNK- and DMBA-induced lung tumors
[263-267], PEITC has demonstrated chemopreven-
tive efficacy in several other animal cancer models
when administered prior to carcinogens requiring
metabolic activation, including MBN-induced
esophageal squamous papillomas [268-270], and
DMBA- or B(a)P-induced forestomach in mice [
271}. Thus, the primary efficacy of PEITC preferen-
tially has been with nitrosamines which are activated
by CYP2E.

Acute and subchronic safety studies have been
carried out in F344 rats and a 14-day study has been
done in female A/J mice. We are carrying out a
90-day safety study in dogs, prior to a Phase I trial in
chronic smokers.

9-cis-Retinoic acid is a stereo- and photoisomer of
all-trans-retinoic acid [272]. As described above, the
cancer chemopreventive activities of the all-trans
and 13-cis isomers of retinoic acid [24] are well
recognized. Some retinoid effects are mediated by
intracellular receptors which function as ligand-de-
pendent transcription factors. These receptors are
classified into two subfamilies, RARs and RXRs,
based on differences in primary structure, sensitivity
to synthetic retinoid ligands, and ability to regulate
expression of different target genes [273]. all-trans-
Retinoic acid binds directly to and transcriptionally
activates RARs; however, although it can activate
RXRs to regulate expression of target genes, it is not
a ligand for this subfamily of receptors [272]. 9-cis-
retinoic acid is a high affinity ligand for the RXRs
[273,274], being up to 40 times more potent than
all-trans-retinoic acid in transactivating RXRs. It
also binds to and transactivates RARs, serving as a
common “bifunctional” ligand [272].

RXRs can form homodimers and are capable of
acting independently; however, they also form stable
solution heterodimers with receptors for vitamin D
and thyroid hormone, and with RARs. These interac-
tions result in positive or negative regulation of tran-
scription. The ability of RXRs to heterodimerize with
receptors responsive to several ligands suggests a
central role for RXRs in hormonal signaling. Thus,
RXRs define a retinoid signaling pathway distinct
from that mediated by the RARSs [272]. This, together
with the observation that the tissue distribution of
RXRs and RARs differs {272], suggests that 9-cis-
retinoic acid, as the high-affinity ligand for the RXRs,
might have distinct chemopreventive properties.

9-cis-Retinoic acid can be delivered exogenously;
however, it can also be formed from the all-trans
isomer. It has been shown to be an in vitro and in vivo
metabolite of all-trans-retinoic acid and has been
identified as an endogenous component of mouse
liver and kidney [273]. Interconversion could afford
a novel method for differential, cell-specific regula-
tion of the two retinoid signaling pathways [272].

This retinoid itself is a highly effective inhibitor of
rat mammary tumorigenesis [274], and it also signifi-
cantly enhances the efficacy of suboptimal doses of
the antiestrogens tamoxifen [274] and raloxifene
[275]. Possible activities contributing to its chemo-
preventive efficacy include proliferation [274,276]
and angiogenesis [277] inhibition, and differentiation
[274,278,279] and apoptosis [280,281] induction. In
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mammary tissue, the mechanism may be down-regu-
1ation of the estrogen receptor [282] or inhibition of
estrogen-responsive gene transcription [283], sug-
gesting a reason for enhanced efficacy when admin-
istered with an antiestrogen. We are currently
evaluating the preclinical efficacy of 9-cis-retinoic
acid in rat mammary and prostate models and have
found that it inhibits ACF in rat colon [53].

Limited published clinical data indicate that the
oral MTD is 100-140 mg/m? (ca. 11.5 umol/kg-bw/
day) for four weeks in cancer patients; headache was
the main dose-limiting toxicity [284-287]. Other
common adverse effects were hyperlipidemia, dry
skin and myalgia/arthralgia. As in rodents, 9-cis-
retinoic acid appears to be absorbed (tmax < 2 hr) and
excreted (tY%5 = 1.6 hr) fairly rapidly. Significant
amounts of metabolites were excreted in urine; high
amounts of presumably unabsorbed parent com-
pound were found in feces. It is possible, but not yet
established that, like all-frans-retinoic acid, the 9-cis
isomer induces its own metabolism in humans. We
are planning short-term Phase II clinical trials in
breast cancer and CIN II/III patients; studies in head
and neck and prostate are also under consideration.
Based on the preclinical efficacy of the combination
of this retinoid with tamoxifen and with raloxifene in
MNU-induced rat mammary gland, combinations
with an antiestrogen in the breast cohort may also be
clinically useful.

Sulindac sulfone is one of two major metabolites
of the NSAID sulindac. Like its parent, the sulfone
has potential for inhibiting colon carcinogenesis. It
inhibited induction of AOM-induced adenomas and
adenocarcinomas in rat colon [288], and has also
inhibited growth of at least three human colon cancer
cell lines, a human colon polyp cell line, and a human
polyp explant system [196]. Also, it inhibited MNU-
induced rat mammary gland tumors [289]. Unlike
sulindac, the sulfone is not an antiinflammatory drug
and does not significantly inhibit COX [289]. Since
the sulfone does not inhibit prostaglandin synthesis,
it should not display the pronounced gastrointestinal
toxicity associated with NSAIDs.

The chemopreventive mechanism of action of
sulindac sulfone is currently being investigated. It
does not appear to act by directly inhibiting cell
proliferation [290], rather its growth inhibitory activ-
ity may be attributable to increased apoptosis [291].

We are now conducting a Phase Ib multidose
safety and pharmacokinetics trial of sulindac sulfone

in FAP patients at oral doses of 200, 300 and 400 mg
bid for six months (Dr. G. Thomas Budd, Cleveland
Clinic Foundation). As for sulindac, the major clini-
cal target for sulindac sulfone will be patients with
previous colorectal adenomas, and efficacy studies in
this target population will be carried out first in FAP
patients with partial colectomies. Since the total
population of FAP patients with partial colectomies
and, hence, suitable for chemopreventive interven-
tion, is small, an attempt will be made to get prelimi-
nary efficacy information from this Phase I study as
well as safety and pharmacokinetics data. The effi-
cacy data will be dose-range finding based on the
effects of sulfone treatment on regression and number
of polyps. Should this Phase Ib study show low
toxicity and demonstrate drug effect on adenomatous
colon polyps, Phase II efficacy studies in FAP pa-
tients will be undertaken.

Tealepigallocatechin gallate (EGCG). Although
not conclusive, epidemiological studies have sug-
gested a protective effect of black or green tea con-
sumption against human cancers [292] such as breast
[293], colon and rectum [294], gall bladder [295],
liver [293], lung [293, 296}, nasopharynx [297], pan-
creas [298], stomach [294,297], and uterus [293].

Tea compounds have demonstrated chemopreven-
tive activities in animal cancer models in colon [299]
and large intestine (EGCG) [300], duodenum
(EGCG) [301, 302], esophagus (303,304}, forestom-
ach [305-309], liver {310,302}, lung {305-309, 311-
316], mammary gland [317,318], and skin
{302,309,319]. We are also carrying out studies in
colon, bladder, and esophagus with black and green
tea extracts.

Multiple mechanisms [132,294,319-321] may be
responsible for the chemopreventive properties of
tea, including inhibition of lipid peroxidation and free
radical formation (antioxidant activity), ODC,
lipoxygenase and COX, and protein kinase C and
cellular proliferation. Tea compounds also inhibit
carcinogen-DNA binding and adduct formation by
modulation of cytochrome P450 enzymes and en-
hancement of Phase Il enzymes such as GST, as well
as GSH-Px, catalase, and NAD(P)H:quinone reduc-
tase, and they enhance gap junctionintracellular com-
munication. Additionally, EGCG has a so-called
“sealing effect” [322]; it inhibits interaction of tumor
promoters, hormones, and various growth factors
with their receptors.

We are now conducting preclinical 28-day and
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90-day toxicology studies in rats and dogs for black

and green tea polyphenols and EGCG. A major aspect
in the further development of tea is characterization
of standardized extracts for testing. Such stand-
ardization is being attempted in the preclinical effi-
cacy and toxicity studies we are now carrying out.

Ursodiol is a minor bile acid found in trace
amounts in human and rat bile. Some bile acids, such
as deoxycholic acid (DCA), lithocholic acid (LCA),
cholic acid (CHOL), and chenodeoxycholic acid
(CDCA), have been implicated in colon tumor pro-
motion due to cytotoxicity and compensatory cellular
proliferation [323]. Particularly, the blood concentra-
tion of DCA in humans has been related to the inci-
dence of adenomatous polyps [323]. In contrast,
ursodiol appears to neutralize the harmful effects of
other bile acids [324] by inhibiting 7a-dehydroxylase
in colonic bacteria, resulting in significantly lower
production of DCA from the primary bile acids
CHOL and CDCA [325]. In vitro studies with eryth-
rocytes and hepatocytes demonstrated that ursodiol
also stabilizes cell membranes from the cytotoxic
effects of DCA and CDCA [324].

A single in vivo chemoprevention study with urso-
diol has been reported in which the incidence of
tumors in the AOM-induced colonic carcinogenesis
model was significantly reduced in rats administered
0.4% ursodiol in their diet (ca. 200 mg/kg-bw/
day)[326].

Preclinical toxicity data generated for FDA ap-
proval of ursodiol (Actigall®) as a treatment for the
dissolution of gallstones included two-year carcino-
genicity studies in CD-1 mice and Sprague-Dawley
rats and reproductive studies in rats and rabbits [327].
The only toxic effect was a significantly increased
incidence of pheochromocytomas in the adrenal me-
dullas of male and female rats, a condition which is
common in that species. Adverse reactions to Acti-
gall® are either gastrointestinal or dermatological,
usually minor and infrequent [327]. The most com-
mon is diarrhea which occurred in <1-27% of sub-
jects exposed to recommended doses of 8-10
mg/kg-bw qd [323]. We are sponsoring a Phase 1
study in patients with previous colon adenomas and
cancers (Drs. David S. Alberts and David Earnest,
University of Arizona). These investigators have also
gathered preliminary clinical efficacy data.

Vitamin D; analogs. The inverse association be-
tween vitamin D and cancer was derived from the
geographical variation in prostate, breast, and colon

cancer death rates, which increase with increasing
latitude and decreasing sunlight intensity {328-333].
Subsequent epidemiological studies suggested in-
verse relationships between dietary vitamin D intake
or serum 25-hydroxyvitamin D3 levels and colon
cancer risk {334-340]. Vitamin D3 is metabolized in
the liver to 25-hydroxyvitamin D3 (t, in weeks), and
the kidney converts this compound to the physiologi-
cally active hormone 1¢,25-dihydroxyvitamin Ds;
[341]. The activated vitamin binds to the intracellular
vitamin D receptor, heterodimerizes with RXR re-
ceptor, and binds DNA. Protein transcription is initi-
ated in the appropriate cell types, producing the
classic net increase in circulating calcium and phos-
phorus by increasing intestinal absorption and mobi-
lization from bone, and decreasing urinary excretion
[342,343]. Receptors are also found in tissues unre-
lated to these functions, such as mammary gland,
colon, prostate, and skin [344,345]. Although the
function of the receptors is unknown, vitamin D has
chemoprevention-related activities in these and other
tissues, including inhibition of proliferation and DNA
synthesis [346-348], modulation of signal transduc-
tion by calcium and protein kinase C [349], modula-
tion of c-myc, c-fos and c-jun oncogene expression
[350-353,], inhibition of ODC induction [354}, lipid
peroxidation [355] and angiogenesis [349], and in-
duction of differentiation [356-359], TGFJ expres-
sion [349,360,361] and, possibly, apoptosis [362].
Unfortunately, the concentrations of 1,25-dihy-
droxyvitamin D3 necessary to suppress cell growth in
culture would produce severe hypercalcemia in vivo
[363]. This has led to the development of vitamin D;
analogs (deltanoids) which retain the chemopreven-
tive activities of the hormone with less calcium tox-
icity; they appear to have decreased affinity for the
vitamin D receptor, although some have greater po-
tency as inducers of transcription in vitro [364]. The
analogs which we are considering for further devel-
opment as cancer chemopreventive drugs are Ro
23-7553, Ro 24-5531, and Ro 24-2637.

Invitro stadies first demonstrated that 1o,25-dihy-
droxyvitamin Dj3 inhibited proliferation and induced
differentiation in human leukemia cell lines [352,
365,366] and cells from human prostate [367], skin
[368], breast [347], and colon cancers [346,369,370];
the analogs were found more potent in leukemia cell
lines [e.g., 371]. We found that the vitamin and all
the analogs reduced carcinogen-induced mor-
phologic transformation of mouse mammary organ
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cultures and rat tracheal epithelial cells. I'n vivo, vita-
min Ds inhibited rat bladder and colon carcinogene-
sis; 10.,25-dihydroxyvitamin Ds was effective against
rat colon and mouse skin cancer models [372-375].
Only the most potent analog—Ro 24-5531—has
been tested in a carcinogen-induced animal model; it
inhibited rat mammary gland carcinoma develop-
ment [376]. Inhibition was enhanced by treatment in
combination with tamoxifen [377]. We are currently
testing the deltanoids Ro 23-7553 and Ro 24-5531in
rat mammary gland and colon carcinogenesis mod-
els, and we will undertake preclinical toxicity studies
of the most potent analogs. Published information
demonstrates that 1a,25-dihydroxyvitamin D3 pro-
duces significant toxicity in rodent studies and in
humans, primarily hypercalcemia, weight loss and
tissue calcification [378]. Some evidence for em-
bryotoxicity and teratogenicity was also found in
animal studies; however, matemal toxicity was often
a contributing factor. The analogs of vitamin D; were
synthesized to reduce toxicity while retaining chemo-
preventive efficacy. The analogs appear to have less
potential for calcium-related adverse effects in both
chicken and rodent models [378].

p-Xylylselenocyanate (p-XSC). Selenium defi-
ciency has been linked epidemiologically to signifi-
cantly increased incidences or mortality from cancers
in bladder, breast, gastrointestinal tract, lung, and
prostate, although these relationships are inconsistent
between studies and geographical areas [379- 386].
The most consistent relationships have been seen in
prospective studies in males (e.g., gastrointestinal
tract, pancreas and all sites). High doses of both
inorganic and organic selenium compounds have in-
hibited chemically and virally induced tumors in
animal mammary gland, colon, skin, lung, trachea,
liver, stomach and pancreas models, as well as the
development of transplanted tumors [387]. However,
selenium can be toxic. High chronic intake in animals
causes body weight loss, Iliver damage,
splenomegaly, pancreatic enlargement, anemia, hair
loss, and abnormal nails. In humans, the estimated
MTD is 500 pg organic Se/day (0.09 umol/kg-
bw/day); ten times this dose of organoselenium com-
pounds causes garlic breath, nausea, fatigue,
irritability, dermatitis, hair loss, and nail changes or
loss [388].

Since the major dietary source of selenium is in
organic forms (primarily selenomethionine, se-
lenomethylselenomethionine, selenocystine, and se-

lenocysteine) from grains, meat, yeast, and certain
vegetables [389], organoselenium compounds would
appear to be the most appropriate forms to investigate
for chemopreventive potential. However, the effec-
tive and toxic doses are close, especially for those
compounds containing amino acids (e.g., selenocys-
teine and selenomethionine) which are nonspecifi-
cally incorporated into proteins. When incorporated
into proteins, the selenized amino acids do not release
the monomethylated selenium metabolites, replete
GSH-Px, or participate in other reactions which have
been associated with chemopreventive activity
[388,390]. A search for more effective, less toxic
organoselenium agents has led to the synthesis of
Pp-XSC and benzylselenocyanate (BSC). p-XSC has
a chemopreventive index (defined as the ratio of
MTD to effective dose) of 6.5 in rats, compared with
indices of 1, 1.3, 1.3, 2.0, and 2.5 for selenomethion-
ine, sodium selenite, potassium selenocyanate,
methylselenocyanate and BSC, respectively
[391,392]. Unlike /-selenomethionine, it is not incor-
porated into proteins; however, in rats p-XSC has
some liver and hematopoietic system toxicity [391].

In published preclinical studies, p-XSC was effec-
tive inthe AOM-induced rat colon {393], the DMBA-
induced rat mammary [392], and the NNK mouse
lung [394] carcinogenesis models during initiation
and/or postinitiation phases. The chemopreventive
effects of p-XSC have been attributed to several
mechanisms, including its antioxidant and antiin-
flammatory activity [391-393,395,396], UDP-glu-
curonyl transferase induction (i.e., increasing
carcinogen detoxification) [397], apoptosis induction
[398, 399], and stimulation of differentiation by acti-
vating thyroid hormone {400].

We are currently evaluating p-XSC in 30- and
90-day preclinical toxicity studies in dogs (and may
do a second 90-day study in rats), preparatory to
Phase I clinical studies. Based on the preclinical
efficacy data, if the animal toxicity and Phase I stud-
ies are completed satisfactorily, Phase II trial(s)
would be initiated in high-risk breast and colon can-
cer cohorts, or smokers at high risk for lung cancer.

FUTURE CHEMOPREVENTIVE AGENT
DEVELOPMENT

Other agents and classes of agents arc nearing
clinical development as chemopreventives. Primary
examples are aromatase inhibitors which have prom-
ise in breast, and possibly, prostate. The nonsteroidal
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aromatase inhibitor (+)-vorozole was a potent inhibi-
tor of rat mammary gland cancer in studies in our
drug development program [401]. Several aromatase
inhibitors, including other nonsteroidals such as
anastrazole (Arimidex®) and steroidal compounds
such as exemestane, are already being developed by
pharmaceutical companies for breast cancer treat-
ment in postmenopausal women. In fact, anastrozole
is already approved by the FDA for treatment of
postmenopausal breast cancer patients who have
failed tamoxifen therapy. Because of this previous
clinical testing, such aromatase inhibitors do not need
further Phase I testing, and may be evaluated directly
in Phase I chemoprevention studies. We are particu-
larly interested in the prospects for an aromatase
inhibitor in a short-term Phase II breast chemopre-
vention study.

Protease inhibitors have several chemopreven-
tion-related activities. They depress error-prone re-
pair in bacteria, oncogene expression, and basement
membrane degradation [402]. Bowman-Birk soy-
bean trypsin inhibitor is a protease inhibitor demon-
strating chemopreventive activity and nearing
clinical development [403]. A number of carotenoids
have been described which may be more potent than
B-carotene. Examples are a-carotene, lutein, and ly-
copene. o-Carotene has only half the provitamin A
activity of B-carotene, but is ten times more effica-
cious than B-carotene in preventing lung, liver, and
skin carcinogenesis in animal models [404].

Both vitamin E [405] and /-selenomethionine (Dr.
Larry Clark, University of Arizona, unpublished re-
sults) appear to show activity against prostate cancer.
The rationale for chemopreventive activity of sele-
nium compounds was described above. [-Se-
lenomethionine is active against mammary cancer
[406— 410]. Because both agents have been well-
characterized in previous clinical trials and dictary
studies, it is possible to test them in Phase II trials
without further Phase I testing. We are particularly
interested in evaluating a vitamin E and selenium
compound combination in breast and prostate.

The number and promise of the agents described
indicate that continued research and development
will result in efficacious and practical chemopreven-
tive drugs. As knowledge in molecular biology and
the basic cellular processes in carcinogenesis in-
creases, more chemopreventive agents that are di-
rected to repair or suppress early genetic lesions and
control cellular growth mechanisms (e.g., apoptosis,

angiogenesis, signal transduction pathways) may be
identified. A major aspect of future chemopreventive
drug development will be the mechanism-directed
identification and testing of new agents. Both the NCI
Chemoprevention Branch and other investigators are
following this mechanism-based approach. For ¢x-
ample, interest in developing specific inhibitors of
COX-2 was described above, and we have recently
described an approach to the development of inhibi-
tors of EGFR-mediated signal transduction [411].

Very interesting examples of the potential appli-
cation of specific mechanistic considerations to the
design of chemopreventive agents are inhibitors of
specific steps in signal transduction pathways. ras
inhibitors which mimic the C-terminal peptide se-
quence of ras oncogene products [e.g..412,413]. A
recent publication demonstrates the cancer inhibitory
activity of one of these compounds, 1.-744,832,
which causes regression of mammary and salivary
gland tumors in ras transgenic mice [413].

REFERENCES

1. Boone,C.W,, Kelloff, G.J. and Malone, W_E. Identification
of candidate cancer chemopreventive agents and their
evaluation in animal models and human clinical trials: A
review., Cancer Res. 50: 2-9, 1990.

2. Kelloff, G.J., Malone, W.F., Boone, C.W., Sigman, C.C.
and Fay, J.R. Progress in applied chemoprevention re-
search. Semin. Oncol. 17: 438455, 1990.

3. Kelloff, G.J., Boone, C.W., Malone, W.F. and Steele, V.
Recent results in preclinical and clinical drug development
of chemopreventive agents at the National Cancer Institute.
In: Wattenberg, L., Lipkin, M., Boone, C.W. and Kelloff,
G.J. (eds.) Cancer Chemoprevention. Boca Raton: CRC
Press, 1992, pp. 41-56.

4. Kelloff, G.J., Boone, C.W., Crowell, J.A., Stecle, V.E,,
Lubet, R. and Sigman, C.C. Chemopreventive drug devel-
opment: Perspectives and progress. Cancer Epidemiol.
Biomarkers Prev. 3: 85-98, 1994.

5. Kelloff, G.J., Boone, C.W., Steele, V.E., Crowell, J.A.,
Lubet, R. and Sigman, C.C. Progress in cancer chemopreven-
tion: Perspectives on agent selection and short-term clinical
intervention trials. Cancer Res. 54: 2015510248, 1994,

6. Kelloff, G.J., Boone, C.W., Crowell, J.A., Steele, V.E,,
Lubet, R. and Doody, L.A. Surrogate endpoint biomarkers
for phase Il cancer chemoprevention trials. J. Cell. Biochem.
19: 1-9, 1994.

7. Kelloff, G.I., Johnson, J.R., Crowell, J.A., Boone, C.W.,
DeGeorge, 1.1, Steele, V.E., Mehta, M.U., Temeck, J.W.,
Schmidt, W.J., Burke, G., Greenwald, P. and Temple, R.J.
Approaches to the development and marketing approval of
drugs that prevent cancer. Cancer Epidemiol. Biomarkers
Prev. 4: 1-10, 1995.

8. Boone, C.W., Kelloff, G.J. and Steele, V.E. Natural history
of intraepithelial neoplasia in humans with implications for
cancer chemoprevention strategy. Cancer Res. 52: 1651~
1659, 1992.



10.

1L

15.

16.

18.

19.

20.

21.

22.

New Chemopreventive Agents 15

Boone, C.W., Kelloff, G.J. and Freedman, L.S. Intraepi-
thelial and postinvasive neoplasia as a stochastic continuum
of clonal evolution, and its relationship to mechanisms of
chemopreventive drug action. J. Cell. Biochem. 17G: 14—
25, 1993.

Fabian, C.]., Zalles, C., Kamel, S., McKittrick, R., Moore,
W.P., Zeiger, S., Simon, C., Kimler, B., Cramer, A., Garcia,
F. and Jewell, W. Biomarkers and cytologic abnormalities
in women at high and low risk for breast cancer. J. Cell.
Biochem. 17G: 153-160, 1993.

Reddy, B.S., Nayini, J., Tokumo, K., Rigotty, J., Zang, E.
and Kelloff, G. Chemoprevention of colon carcinogenesis
by concurrent administration of piroxicam, a nonsteroidal
antiinflammatory drug with b,L-a-difluoromethylornithine,
an ornithine decarboxylase inhibitor, in diet. Cancer Res.
50: 2562-2568, 1990.

Rao, C.V., Tokumo, K., Rigotty, J., Zang, E., Kelloff, G.
and Reddy, B.S. Chemoprevention of colon carcinogenesis
by dietary administration of piroxicam, o-diflucromethy-
lomithine, 16¢t-fluoro-5-androsten-17-one, and ellagic acid
individually and in combination. Cancer Res. 51: 4528-
4534, 1991.

Ratko, T.A., Detrisac, C.J.,, Dinger, N.M., Thomas, C.F.,
Kelloff, G.J. and Moon, R.C. Chemopreventive efficacy of
combined retinoid and tamoxifen treatment following sur-
gical excision of a primary mammary cancer in female rats.
Cancer Res. 49: 44724476, 1989.

Moon, R.C., Kelloff, G.J., Detrisac, C.J., Steele, V.E.,
Thomas, C.F. and Sigman, C.C. Chemoprevention of
MNU-induced mammary tumors in the mature rat by 4-HPR
and tamoxifen. Anticancer Res. 12: 1147-1154, 1992.

Moon, R.C., Rao, K.V.N., Detrisac, C.J.,, Kelloff, G.J.,
Steele, V.E. and Doody, L.A. Chemoprevention of respira-
tory tract neoplasia in the hamster by oltipraz, alone and in
combination. Int. J. Oncol. 4: 661-667, 1994.

Moon, R.C., Kelloff, G.J., Detrisac, C.J., Steele, V.E.,
Thomas, C.F. and Sigman, C.C. Chemoprevention of OH-
BBN-induced bladder cancer in mice by oltipraz, alone and
in combination with 4-HPR and DFMO. Anticancer Res.
14: 5-11, 1994.

Moldeus, P., Cotgreave, [.A. and Berggren, M. Lung pro-
tection by a thiol-containing antioxidant: N-Acetylcysteine.
Respiration 50: 31-42, 1986.

Kensler, T.W. and Helzlsouer, K.J. Oltipraz: Clinical op-
portunities for cancer chemoprevention. J. Cell. Bio chem.
22:101-107, 1995.

Hong, W.K., Lippman, S.M., Itri, L M., Karp, D.D., Lee,
1.S., Byers, R.M., Schantz, S.P., Kramer, A.M., Lotan, R.,
Peters, L.J., Dimery, LW., Brown, B.W. and Goepfert, H.
Prevention of second primary tumors with isotretinoin in
squamous-cell carcinoma of the head and neck. N. Engl. J.
Med. 323: 795-801, 1990.

Garewal, H.S. and Meyskens, F., Jr. Retinoids and carote-
noids in the prevention of oral cancer: A critical appraisal.
Cancer Epidemiol. Biomarkers Prev. 1: 155~ 159, 1992,

Hong, W.K., Endicott, J., Itri, L.M., Doos, W., Batsakis,
1.G., Bell, R., Fofonoff, S., Byers, R., Atkinson, E.N.,
Vaughan, C., Toth, B.B., Kramer, A,, Dimery, LW, Skip-
per, P. and Strong, S. 13-cis-retinoic acid in the treatment
of oral leukoplakia. N. Engl. J. Med. 315: 1501-1505, 1986.

Lippman, S.M. and Hong, W.K. Chemoprevention of
aerodigestive epithelial cancers. Adv. Exp. Med. Biol. 320:

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

151-161, 1992,

Meyskens, F.L., Jr., Surwit, E., Moon, T E., Childers, ].M.,
Davis, J.R., Dorr, R.T., Johnson, C.S. and Alberts, D.S.
Enhancement of regression of cervical intraepithelial neo-
plasia II (moderated dysplasia) with topically applied all-
trans-retinoic acid: A randomized trial. J. Natl. Cancer Inst.
86: 539-543, 1994,

Hill, D.L.. and Grubbs, C.J. Retinoids and cancer prevention.
Annu. Rev. Nutr. 12: 161-181, 1992.

Torrisi, R., Pensa, F., Orengo, M.A., Catsafados, E., Pon-
zani, P., Boccardo, F., Costa, A. and Decensi, A. The
synthetic retinoid fenretinide lowers plasma insulin-like
growth factor I levels in breast cancer patients. Cancer Res.
53: 47694771, 1993.

Sporn, M.B., Roberts, A.B., Glick, A.B., Luckert, P.H. and
Pollard, M. Interactions of retinoids and transforming growth
factor-beta in the chemoprevention of cancer. In: Sporn, M.B.
(ed.) Control of Growth Factors and Prevention of Cancer.
New York, NY: Springer-Verlag, 1992, pp. 37-46.

Sporn, M.B. and Roberts, A.B. Interactions of retinoids and
transforming growth factor-f in regulation of cell differen-
tiation and proliferation. Mol. Endocrinol. 5: 3-8, 1991.
Delia, D., Aiello, A, Lombardi, L., Pelicci, P.G., Grignani,
F., Grignani, F., Formelli, F., Menard, S., Costa, A,,
Veronesi, U. and Pierotti, M.A. N-(4-hydroxyphenyl)reti-
namide induces apoptosis of malignant hemopoietic cell
lines including those unresponsive to retinoic acid. Cancer
Res. 53: 6036-6041, 1993.

Kelioff, G.J., Boone, C.W., Steele, V.E., Fay, J.R,, Lubet,
R.A., Crowell, J.A. and Sigman, C.C. Mechanistic consid-
erations in chemopreventive drug development. J. Cell.
Biochem. 20: 1-24, 1994.

De Palo, G., Veronesi, U., Camerini, T., Formelli, F., Mas-
cotti, G., Boni, C., Fosser, V., Del Vecchio, M., Campa, T,
Costa, A. and Marubini, E. Can fenretinide protect women

against ovarian cancer? J. Natl. Cancer Inst. 87: 146-147,
199s.

Gould, M.N,, Haag, J.D., Ariazi, E.A,, Ren, Z., Shi, W,
Elegbede, J.A., Clark, S.S. and Bailey, H.H. Anticancer
activities of monoterpenes: A continuum between chemo-
prevention and chemotherapy. Proc. Annu. Meet. Am. As-
soc. Cancer Res. 37: 655, 1996.

Pegg, A.E. and McCann, P.P. Polyamine metabolism and
function. Am. J. Physiol. 243: C212-C221, 1982.

McCann, P.P., Pegg, AE., Sjoerdsma, A. Inhibition of
polyamine metabolism: Biological Significance and basis
for new therapies. New York: Academic Press, 1987.

Luk, G.D. and Casero, R.A., Jr. Polyamines in normal and
cancer cells. Adv. Enzyme Regul. 26: 91-105, 1987.
Weeks, C.E., Herrmann, A.L., Nelson, F.R. and Slaga, T.J.
a-Difluoromethylornithine, an irreversible inhibitor of
ornithine decarboxylase, inhibits tumor promoter-induced
polyamine accumulation and carcinogenesis in mouse skin.
Proc. Natl. Acad. Sci. USA 79: 6028- 6032, 1982.
Rozhin, J., Wilson, P.S., Bull, A.W. and Nigro. N.D. Omi-
thine decarboxylase activity in the rat and human colon.
Cancer Res. 44: 32263230, 1984.

Kelloff, G.J., Crowell, J.A., Boone, C.W,, Steele, V.E,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, I.M,,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R,,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: 2-Difluromethylornithine



16

38.

39

40.

43,

42.

43,

44.

45.

46.

47.

48.

49,

50.

51.

52.

Kelloff et al.

(DFMO). J. Cell. Biochem. 20: 147- 165, 1994.

Haegele, K.D., Alken, R.G., Grove, J., Schechter, P.J. and
Koch-Weser, J. Kinetics of o-difluoromethylomithine: An
irreversible inhibitor of ornithine decarboxylase. Clin.
Pharmacol. Ther. 30: 210-217, 1981.

Love,R.R, Carbone, P.P., Verma, A K., Gilmore, D., Carey,
P., Tutsch, K.D., Pomplun, M. and Wilding, G. Random-
ized Phase I chemoprevention dose-seeking study of o-di-
fluoromethylomnithine. J. Natl. Cancer Inst. 85: 732-731,
1993.

Jaffe, B.M. Prostaglandins and cancer: An update. Pro-
staglandins 6: 453467, 1974.

Karmali, R.A. Review: Prostaglandins and cancer. Pro-
staglandins Med. 5: 11-28, 1980.

Lombardino, J.G. and Wiseman, E.H. Piroxicam and other
anti-inflammatory oxicams. Med. Res. Rev. 2: 127-152,
1982.

Zenser, T.V. and Davis, B.B. Arachidonic acid metabolism.
In: Steele, V.E., Stoner, G.D., Boone, C.W. and Kelloff, G.J.
(eds.) Cellular and Molecular Targets for Chemopreven-
tion. Boca Raton, FL: CRC Press, 1992, 225-243.

Plescia, O.J., Smith, A.H. and Grinwich, K. Subversion of
immune system by tumor cells and role of prostaglandins.
Proc. Natl. Acad. Sci. USA 72: 1848-1851, 1975.

Goodwin, I.S. Immunologic effects of nonsteroidal anti-in-
flammatory drugs. Am. J. Med. 77: 7-15, 1984.

Singh, J., Kulkarni, N., Kelloff, G. and Reddy, B.S. Modu-
lation of azoxymethane-induced mutational activation of
ras protooncogenes by chemopreventive agents in colon
carcinogenesis. Carcinogenesis 15: 1317-1323, 1994.

Cohen, SM., Zenser, T.V., Murasaki, G., Fukushima, S.,
Mattammal, M.B., Rapp, N.S. and Davis, B.B. Aspirin
inhibition of N-[4-(5-nitro-2-furyl)-2-thiazolyl]for
mamide-induced lesions of the urinary bladder correlated
with inhibition of metabolism by bladder prostaglandin
endoperoxide synthetase. Cancer Res. 41: 3355-3359,
1981.

Wild, D. and Degen, G.H. Prostaglandin H synthase- de-
pendent mutagenic activation of heterocyclic aromatic
amines of the IQ-type. Carcinogenesis 8: 541-545, 1987.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Stecle, V.E.,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, IM,,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, VK., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: Aspirin. J. Cell. Biochem.
20: 74-85, 1994.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Stecle, V.E,,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, IM.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: Ibuprofen. J. Cell. Bio-
chem. 20: 197204, 1994.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E.,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, IM.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: Piroxicam. J. Cell. Bio-
chem. 20: 219-230, 19%94.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E,,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, JM.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

C.C. Clinical Development Plan: Sulindac. J. Cell. Bio-
chem. 20: 240-251, 19%4.

Steele, V.E., Moon, R.C., Lubet, R.A., Grubbs, C.J.,Reddy,
B.S., Wargovich, M., McCormick, D.L, Pereira, M.A.,
Crowell, J.A., Bagheri, D., Sigman, C.C., Boone, C.W. and
Kelloff, G.J. Preclinical efficacy evaluation of potential
chemopreventive agents in animal carcinogenesis models:
Methods and results from the NCI Chemoprevention Drug
Development Program. J. Cell. Biochem. 20: 32-54, 1994.

Waddell, W.R., Ganser, G.F., Cerise, E.J. and Loughry,
R.W. Sulindac for polyposis of the colon. Am. J. Surg. 157:
175-179, 1989.

Labayle, D., Fischer, D., Vielh, P., Drouhin, F., Pariente,
A., Bories, C., Duhamel, O., Trousset, M. and Attali, P.
Sulindac causes regression of rectal polyps in familial ade-
nomatous polyposis. Gastroenterology 101: 635-639,
1991.

Thun, M.J., Namboodiri, M.M. and Heath, C.W., Jr. Aspirin
use and reduced risk of fatal colon cancer. N. Engl. J. Med.
325: 1593-1596, 1991.

Giovannucci, E., Egan, K.M., Hunter, D.J., Stampfer, M.J.,
Colditz, G.A., Willett, W.C. and Speizer, F.E. Aspirin and
the risk of colorectal cancer in women. N. Engl. J. Med. 333:
609-614, 1995.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E.,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, JM.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Strategy and planning for chemopreventive drug de-
velopment: Clinical Development Plans. J. Cell. Biochem.
20: 55-62, 1994.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, JIM.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A, and Sigman,
C.C. Clinical Development Plan: Oltipraz.J. Cell. Biochem.
20: 205-218, 1994.

Rao, C.V., Tokomo, K., Kelloff, G. and Reddy, B.S. Inhi-
bition by dietary oltipraz of experimental intestinal carcino-
genesis induced by azoxymethane in male F344 rats.
Carcinogenesis 12: 1051-1055, 1991.

Rao, C.V., Rivenson, A., Katiwalla, M., Kelloff, G.J. and
Reddy, B.S. Chemopreventive effect of oltipraz during
different stages of experimental colon carcinogenesis in-

duced by azoxymethane in male F344 rats. Cancer Res. 53:
2502-2506, 1993.

Rao, C.V., Rivenson, A., Zang, E., Stecle, V., Kelloff, G.
and Reddy, B.S. Inhibition of 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine-induced lymphoma forma-
tion by oltipraz. Cancer Res. 56: 33953398, 1996.
Ansher, 8.S., Dolan, P. and Bueding, E. Chemoprotective
effects of two dithiolthiones and of butylhydroxyanisole
against carbon tetrachloride and acetaminophen toxicity.
Hepatology 3: 932-935, 1983.

Kensler, TW., Egner, P.A., Trush, M.A., Bueding, E. and
Groopman J.D. Modification of aflatoxin B; binding to
DNA in vivo in rats fed phenolic antioxidants, ethoxyquin
and a dithiothione. Carcinogenesis 6: 759~ 763, 1985.

Kensler, T.W., Egner, P.A,, Dolan, P.M., Groopman, 1.D.
and Roebuck, B.D. Mechanism of protection against afla-
toxin tumorigenicity in rats fed 5-(2-pyrazinyl)-4-methyl-
1,2-dithiol-3-thione (oltipraz) and related



66.

67.

68.

69.

70.

71.

72.

73.

74.

7s.

76.

71.

78.

New Chemopreventive Agents 17

1,2-dithiol-3-thiones and 1,2-dithiol-3-ones. Cancer Res.
47: 42714277, 1987.

Roebuck, B.D., Liu, Y.-L., Rogers, A.E., Groopman, J.D.
and Kensler, T.W. Protection against aflatoxin B; - induced
hepatocarcinogenesis in F344 rats by5-(2-pyrazinyl)-4-
methyl-1,2-dithiole-3-thione (oltipraz): Predictive role for
short-term molecular dosimetry. Cancer Res. 51: 5501~
5506, 1991.

Liu, Y.L., Roebuck, B.D., Yager, I.D., Groopman, J.D. and
Kensler, T.W. Protection by 5-(2-pyrazinyl)-4-methyl-1,2-
dithiol-3-thione (Oltipraz) against the hepatotoxicity of
aflatoxin B, in the rat. Toxicol. Appl. Pharmacol. 93: 442—
451, 1988.

Gupta, E., Olopade, O.I, Ratain, M.J., Mick, R., Baker,
T.M., Berezin, FX., Benson, AB., Il and Dolan, M.E.
Pharmacokinetics and pharmacodynamics of oltipraz as a
chemopreventive agent. Clin. Cancer Res. 1: 1133-1138,
1995.

Primiano, T., Egner, P.A., Sutter, T.R., Kelloff, G.J., Roe-
buck, B.D. and Kensler, T.W. Intermittent dosing with
oltipraz: Relationship between chemoprevention of afla-
toxin-induced tumorigenesis and induction of glutathione
S-transferases. Cancer Res. 55: 4319-4324, 1995.

Kensler, T.W. and Helzlsouer, K.J. Oltipraz: Clinical op-
portunities for cancer chemoprevention. J. Cell. Biochem.
22:101-107, 1995.

Prochaska, H.J., Chavan, S.J., Baron, P. and Polsky, B.
Oltipraz, a novel inhibitor of human immunodeficiency
virus type 1 (HIV-1) replication. J. Cell. Biochem. 22:
117-125, 1995.

Schwartz, A.G. and Pashko, L.L. Cancer prevention with
dehydroepiandrosterone and non-androgenic structural
analogs. J. Cell. Biochem. 22: 210-217, 1995.

Lubet, R.A., McCormick, D.M., Gordon, G.M., Grubbs, C.,
Lei, X.-D., Prough, R.A., Steele, V.E., Kelloff, G.J.,
Thomas, C.F. and Moon, R.D. Effects of dehydroepiandros-
terone on MNU-induced breast cancer in Sprague-Dawley
rats. Ann. N.Y. Acad. Sci. 774: 340-341, 1995.

McComick, D.L., Rao, K.V.N,, Johnson, W.D., Bowman-
Gram, T.A., Steele, V.E., Lubet, R.A. and Kelloff, G.JI.
Exceptional chemopreventive activity of low-dose dehy-
droepiandrosterone in the rat mammary gland. Cancer. Res.
56: 1724-1726, 1996.

Schwartz, A.G., Lewbart, M.L. and Pashko, L.L. Inhibition
of tumorigenesis by dehydroepiandrosterone and structural
analogs. In: Wattenberg, L., Lipkin, M., Boone, C.W. and
Kelloff, G.J. (eds.) Cancer Chemoprevention. Boca Raton,
FL: CRC Press, 1992, pp. 443—455.

Schwartz, A.G. and Perantoni, A. Protective effect of dehy-
drocpiandrosterone against aflatoxin B;- and 7,12-di-
methylbenz(a)anthracene-induced cytotoxicity and
transformation in cultured cells. Cancer Res. 35: 2482—
2487, 1975.

Feo, F., Pirisi, L., Pascale, R., Daino, L., Frassetto, S.,
Garcea, R. and Gaspa, L. Modulatory effect of glucose-6-
phosphate dehydrogenase deficiency on benzo(a) pyrene

toxicity and transforming activity for in vitro- cultured
human skin fibroblasts. Cancer Res. 44: 3419~ 3425, 1984,
Feo, F., Ruggiu, M.E., Lenzerini, L., Garcea, R., Daino, L.,
Frassetto, S., Addis, V., Gaspa, L. and Pascale, R.
Benzo(a)pyrene metabolism by lymphocytes from normal
individuals and individuals carrying the Mediterranean

79.

80.

81.

82.

83.

84.

8s.

86.

87.

88.

89.

90.

91.

variant of glucose-6-phosphate dehydrogenase. Int. J. Can-
cer 39: 560-564, 1987.

Pashko, L.L., Rovito, R.J., Williams, J.R., Sobel, E.L. and
Schwartz, A.G. Dehydroepiandrosterone (DHEA) and 3B-
methylandrost-5-en-17-one: Inhibitors of 7,12-dimethyl-
benz[a]anthracene (DMBA)-initiated and 12-
O-tetradecanoylphorbol-13-acetate (TPA)-promoted skin
papilloma formation in mice. Carcinogenesis 5: 463-466,
1984.

Schwartz, A.G., Fairman, D.K., Polansky, M., Lewbart,
M.L. and Pashko, L.L. Inhibition of 7,12-dimethyl-
benz[a]anthracene-initiated and 12-O-tetradecanoyl phor-
bol-13-acetate-promoted skin papilloma formation in mice
by dehydroepiandrosterone and two synthetic analogs. Car-
cinogenesis 10: 1809-1813, 1989,

Pashko, L.L., Schwartz, A.G., Abou-Gharbia, M. and
Swern, D. Inhibition of DNA synthesis in mouse epidermis
and breast epithelium by dehydroepiandrosterone and re-
lated steroids. Carcinogenesis 2: 717-721, 1981.

Schulz, S., Klann, R.C., Schonfeld, S. and Nyce, J.W.
Mechanisms of cell growth inhibition and cell cycle arrest
in human colonic adenocarcinoma cells by dehydroepian-
drosterone: Role of isoprenoid biosynthesis. Cancer Res.
52: 13721376, 1992.

Schulz, S. and Nyce, J.W. Inhibition of protein isoprenyla-
tion and p2lras membrane association by dehydroepian-

drosterone in human colonic adenocarcinoma cells in vitro.
Cancer Res. 51: 65636567, 1991.

Knudsen, J.F. and Mahesh, V.B. Initiation of precocious
sexual maturation in the immature rat treated with dehy-
droepiandrosterone. Endocrinology 97: 458— 468, 1975.

Schwartz, A.G., Lewbart, M.L. and Pashko, L.L. Novel
dehydroepiandrosterone analogues with enhanced biologi-
cal activity and reduced side effects in mice and rats. Cancer
Res. 48: 4817-4822, 1988.

Yamada, J., Sakuma, M., Ikeda, T., Fukuda, K. and Suga,
T. Characteristics of dehydroepiandrosterone as a perox-
isome proliferator. Biochim. Biophys. Acta 1092: 233-243,
1991.

Buster, LE., Casson, P.R., Straughn, A .B., Dale, D., Umstot,
E.S., Chiamori, N. and Abraham, G.E. Postmenopausal
steroid replacement with micronized dehydroepiandros-
terone: Preliminary oral bioavailability and dose propor-
tionality studies. Am. J. Obstet. Gynecol. 166: 1163-1168,
1992.

van Vollenhoven, R.F., Engleman, E.G. and McGuire, J.L.
An open study of dehydroepiandrosterone in systemic lupus
erythematosus. Arthritis Rheum. 37: 1305~1310, 1994.

Morales, A.J., Nolan, I.J., Nelson, J.C. and Yen, S.5.C.
Effects of replacement dose of dehydroepiandrosterone in

men and women of advancing age. J. Clin. Endocrinol.
Metab. 78: 13601367, 1994.

Casson, P.R., Andersen, R.N., Herrod, H.G., Stentz, F.B.,
Straughn, A.B., Abraham, G.E. and Buster, J.E. Oral dehy-
droepiandrosterone in physiologic doses modulates im-
mune function in postmenopausal women. Am. J. Obstet.
Gynecol. 169: 1536-1539, 1993.

Pashko, L.L., Lewbart, M.L. and Schwartz, A.G. Inhibition
of 12-O-tetradecanoylphorbol-13-acetate-promoted skin
tumor formation by 16a-fluoro-5-androsten-17-one and its

reversal by deoxyribonucleosides. Carcinogenesis 12:
2189-2192, 1991.



18

92.

93.

94.

95.

96.

97.

98.

99.

101.

102.

103.

104.

105.

Kelloff et al.

You, W.-C,, Blot, W.J., Chang, Y .-S., Ershow, A., Yang,
Z.T., An, Q., Henderson, B.E., Fraumeni, J.F. Jr. and Wang,
T.-G. Allium vegetables and reduced risk of stomach can-
cer. J. Nail. Cancer Inst. 81: 162-164, 1989.

Wargovich, M.J. Inhibition of gastrointestinal cancer by
organosulfur compounds in garlic. In: Wattenberg, L., Lip-
kin, M., Boone, C.W. and Kelloff, G.J. (eds.) Cancer
Chemoprevention. Boca Raton, FL: CRC Press, 1992, 195-
203.

Buiatti, E., Palli, D., Decarli, A., Amadori, D., Avellini, C.,
Bianchi, S., Biserni, R., Cipriani, F., Cocco, P., Giacosa, A.,
Marubini, E., Puntoni, R., Vindigni, C., Fraumeni, J., Jr. and
Blot, W. A case-control study of gastric cancer and diet in
Italy. Int. J. Cancer 44: 611-616, 1989.

Belman, S. Onion and garlic oils inhibit tumor promotion.
Carcinogenesis 4: 1063-1065, 1983.

Hussain, S.P., Jannu, L.N. and Rao, A R. Chemopreventive
action of garlic on methylcholanthrene-induced carcino-
genesis in the uterine cervix of mice. Cancer Lett. 49:
175-180, 1990.

Wargovich, M.J. Diallyl sulfide, a flavor component of
garlic (Allium sativum), inhibits dimethylhydrazine-in-
duced colon cancer. Carcinogenesis 8: 487489, 1987.
Sparnins, V.L., Barany, G. and Wattenberg, L.W. Effects of
organosulfur compounds from garlic and onions on
benzo[a]pyrene-induced neoplasia and glutathione S-trans-
ferase activity in the mouse. Carcinogenesis 9: 131-134,
1988.

Wattenberg, L.W., Sparnins, V.L. and Barany, G. Inhibition
of N-nitrosodiethylamine carcinogenesis in mice by natu-

rally occurring organosuifur compounds and monoterpenes.
Cancer Res. 49: 2689-2692, 1989.

. Athar, M., Raza, H., Bickers, D.R. and Mukhtar, H. Inhibi-

tion of benzoyl peroxide-mediated tumor promotion in
7,12-dimethylbenz(a)anthracene-initiated skin of sencar
mice by antioxidants nordihydroguaiaretic acid and diallyl
sulfide. J. Invest. Dermatol. 94: 162-165, 1990.

Wargovich, M.J., Woods, C., Eng, V.W.S,, Stephens, L.C.
and Gray, K. Chemoprevention of N-nitrosomethylbenzy-
lamine-induced esophageal cancer in rats by the naturally
occurring thioether, diallyl sulfide. Cancer Res. 48: 6872~
6875, 1988.

Hu, P.-J. and Wargovich, M.J. Effect of diallyl sulfide on
MNNG-induced nuclear aberrations and ornithine decar-
boxylase activity in the glandular stomach mucosa of the
Wistar rat. Cancer Lett. 47: 153-158, 1989.

Sumiyoshi, H. and Wargovich, M.J. Chemoprevention of
1,2-dimethylhydrazine-induced colon cancer in mice by
naturally occurring organosulfur compounds. Can cer Res.
50: 50845087, 1990.

Brady, J.F., Li, D., Ishizaki, H. and Yang, C.S. Effect of
diallyl sulfide on rat liver microsomal nitrosamine metabo-
lism and other monooxygenase activities. Cancer Res. 48:
5937-5940, 1988.

Takayasu, J., Nishino, H. and Iwashima, A. Antitumor-

promoting activity of curcumin. Proc. Annu. Meet. Jpn.
Cancer Assoc. 46: 60, 1987.

. Huang, M.-T., Smart, R.C., Wong, C.-Q. and Conney, A.H.

Inhibitory effect of curcumin, chlorogenic acid, caffeic acid,
and ferulic acid on tumor promotion in mouse skin by
12-O-tetradecanoylphorbol-13-acetate. Cancer Res. 48:
5941-5946, 1988.

107

108.

109.

110.

111

112.

113,

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

. Soudamini, K.K. and Kuttan, R. Inhibition of chemical
carcinogenesis by curcumin. J. Ethnopharmacol. 27: 227-
233, 1989.

Huang, M.-T., Lysz, T., Ferraro, T. and Conney, A.H.
Inhibitory effects of curcumin on tumor promotion in mouse
epidermis. In: Wattenberg, L., Lipkin, M., Boone, C.W. and
Kelloff, G.J. (eds.) Cancer Chemoprevention. Boca Raton,
FL: CRC Press, 1992, pp. 375-391.

Srimal, R.C. and Dhawan, B.N. Pharmacology of diferuloyl
methane (curcumin), a non-steroidal anti-inflammatory
agent. J. Pharm. Pharmacol. 25: 447- 452, 1973,

Rao, T.S., Basu, N. and Siddiqui, H.H. Anti-inflammatory
activity of curcumin analogues. Indian J. Med. Res. 75:
574-578, 1982.

Mukhopadhyay, A., Basu, N., Ghatak, N. and Gujral, P.K.
Anti-inflammatory and irritant activities of curcumin ana-
logues in rats. Agents Actions 12: 508-515, 1982.

Kelloff, G.J.,Crowell,J.A.,Hawk, E.T., Steele, V E., Lubet,
R.A., Boone, C.W., Covey, J. M., Doody, L.A., Omenn,
G.S., Greenwald, P., Hong, W K., Parkinson, D.R., Bagheri,
D., Baxter, G.T., Blunden, M., Doeltz, M K., Eisenhauer,
K.M., Johnson, K., Longfellow, D.G., Knapp, G.G.,
Malone, W.F., Nayfield, S.G., Seifried, H.E., Swall, LM.
and Sigman, C.C. Clinical development plan: Curcumin. J.
Cell. Biochem. Suppl. 26, 1996 (this volume).

Huang, M.-T.,Lysz, T., Ferraro, T., Abidi, T.F., Laskin, ].D.
and Conney, A.H. Inhibitory effects of curcumin on in vitro
lipoxygenase and cyclooxygenase activities in mouse epi-
dermis. Cancer Res. 51: 813-819, 1991.

Sharma, O.P. Antioxidant activity of curcumin and related
compounds. Biochem. Pharmacol. 25: 1811- 1812, 1976.
Toda, S., Miyase, T., Arichi, H., Tanizawa, H. and Takino,
Y. Natural antioxidants. IIl. Antioxidative components iso-
lated from rhizome of Curcuma longa L.. Chem. Pharm.
Bull 33:1725-1728, 1985.

Srivastava, R. Inhibition of neutrophil response by curcu-
min. Agents Actions 28: 298-303, 1989.

Azuine, M.A_, Kayal, J.J. and Bhide, S.V. Protective role of
aqueous turmeric extract against mutagenicity of direct-act-
ing carcinogens as well as benzo[a]pyrene-induced geno-
toxicity and carcinogenicity. J. Cancer Res. Clin. Oncol.
118: 447452, 1992.

Reddy, A.C.P. and Lokesh, B.R. Alterations in lipid perox-
ides in rat liver by dietary n-3 fatty acids: Modulation of
antioxidant enzymes by curcumin, eugenol, and vitamin E.
J. Nutr. Biochem. 5: 181-188, 1994.

Susan, M. and Rao, M.N.A. Induction of glutathione S-
transferase activity by curcumin in mice. Arzneimittelfor-
schung 42-2: 962-964, 1992.

Nagabhushan, M. and Bhide, S.V. Nonmutagenicity of
curcumin and its antimutagenic action versus chili and
capsaicin. Nutr. Cancer 8: 201-210, 1986.

Nagabhushan, M., Amonkar, A.J. and Bhide, S.V. In vitro
antimutagenicity of curcumin against environmental mu-
tagens. Food Chem. Toxicol. 25: 545-547, 1987.

Mulky, N., Amonkar, A.J. and Bhide, S.V. Antimutagenic-
ity of curcumins and related compounds: The structural
requirement for the antimutagenicity of curcumins. Indian
Drugs 25: 91-95, 1987.

Kanerva, R.L., Ridder, G.M., Lefever, F.R. and Alden, C.L.
Comparison of short-term renal effects due to oral admini-
stration of decalin or d-limonene in young adult male Fis-



124.

125.

126.

127.

128.

129.

130.

132.

133.

134,

135.

136.

137.

138.

139.

New Chemopreventive Agents 19

cher-344 rats. Food Chem. Toxicol. 25: 345~ 353, 1987.

Abraham, SK., Sarma, L. and Kesavan, P.C. Protective
effects of chlorogenic acid, curcumin and P-carotene
against y-radiation-induced in vivo chromosomal damage.
Mutat. Res. 303: 109-112, 1993.

Lahiri, M., Maru, G.B. and Bhide, S.V. Effect of plant
phenols, B-carotene and o~tocopherol on benzo[a] pyrene-
induced DNA damage in the mouse forestomach mucosa
(target organ) and bone marrow polychromatic erythrocytes
(non-target organ). Mutat. Res. 303; 97-100, 1993,
Huang, T.S., Lee, S.C. and Lin, J.K. Suppression of c-
Jun/AP-1 activation by an inhibitor of tumor promotion in
mouse fibroblast cells. Proc. Naid. Acad. Sci. USA 88:
5292-5296, 1991.

Kakar, S.S. and Roy, D. Curcumin inhibits TPA induced
expression of c-fos, c-jun and c-myc proto-oncogenes mes-
senger RNAs in mouse skin. Cancer Lett. 87: 85-89, 1994,
Liu, J.-Y,, Lin, S.-J., and Lin, J.-K. Inhibitory effects of
curcumin on protein kinase C activity induced by 12-O-
tetradecanoyl-phorbol-13-acetate in NIH 3T3 cells. Car-
cinogenesis 14: 857-861, 1993.

Ly, Y.-P., Chang, R.L., Huang, M.-T. and Conney, A.H.
Inhibitory effect of curcumin on 12-O-tetradecanoyl
phorobol-13-acetate-induced increase in ornithine decar-
boxylase mRNA in mouse epidermis. Carcinogenesis 14:
293-297, 1993.

Korutla, L. and Kumar, R. Inhibitory effect of curcumin on
epidermal growth factor receptor kinase activity in A431
cells. Biochim. Biophys. Acta 1224: 597-600, 1994.

. Korutla, L., Cheung, J.Y., Mendelsohn, J. and Kumar, R.

Inhibition of ligand-induced activation of epidermal growth
factor receptor tyrosine phosphorylation by curcumin. Car-
cinogenesis 16: 1741-1745, 1995.

Stoner, G.D. and Mukhtar, H. Polyphenols as cancer
chemopreventive agents. J. Cell. Biochem. 22: 169-180,
1995,

Ammon, H.P.T. and Wahl, M.A. Pharmacology of Cur-
cuma longa. Planta Med. 57: 1-7, 1991.

Mazumder, A., Raghavan, K., Weinstein, J., Kohn, K.W.
and Pommier, Y. Inhibition of human immunodeficiency

virus type-1 integrase by curcumin. Biochem. Pharmacol.
49: 1165-1170, 1995.

HSDB Hazardous Substances Data Bank. Available online
via National Library of Medicine (NLM). Latest update,
Jan., 1995.

Gupta, B., Kulshrestha, V.K., Srivastava, R.K. and Prasad,
D.N. Mechanisms of curcumin induced gastric ulcer in rats.
Indian J. Med. Res. 71: 806-814, 1980.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Steele, V.E,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, J M.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: DHEA analog 8354. J.
Cell. Biochem. 20: 141-146, 1994,

Ratko, T.A., Detrisac, C.J., Mehta, R.G., Kelloff, G.J. and
Moon, R.C. Inhibition of rat mammary gland chemical
carcinogenesis by dietary dehydroepiandrosterone or a
fluorinated analogue of dehydroepiandrosterone. Cancer
Res. 51: 481-486, 1991.

Naim, M., Gestetner, B., Kirson, I, Birk, Y. and Bondi, A.
A new isoflavone from soya beans. Phytochemistry 12:
169-170, 1973.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

Bradbury, R.B. and White, D.E. The chemistry of subterra-
nean clover. Part I. Isolation of formononetin and genistein.
J. Chem. Soc. 4: 3d447-3449, 1951.

Bickoff, E.M., Livingston, A.L., Hendrickson, A.P. and
Booth, A.N. Relative potencies of several estrogen-like
compounds found in forages. J. Agric. Food Chem. 10:
410412, 1962.

Setchell, K.D.R. Naturally occurring non-steroidal estro-
gens of dietary origin. In: McLachlan, J.A. (ed.) Estrogens
inthe Environment. New York: Elsevier Science Publishing
Co., Inc., 1985, pp. 69-85.

Rosenblum, E.R., Campbell, .M., Van Thiel, D.H. and
Gavaler, 1.S. Isolation and identification of phytoestrogens
from beer. Alcohol. Clin. Exp. Res. 16: 843-845, 1992.

Wang, H. and Murphy, P.A. Isoflavone content in commer-
cial soybean foods. J. Agric. Food Chem. 42: 1666~ 1673,
1994.

Adlercreutz, H., Markkanen, H. and Watanabe, S. Plasma
concentrations of phyto-oestrogens in Japanese men. Lancet
342: 1209-1210, 1993,

Adlercreutz, H., Fotsis, T., Bannwart, C., Wahala, K.,
Brunow, G. and Hase, T. Isotope dilution gas chroma-
tographic-mass spectrometric method for the determination
of lignans and isoflavonoids in human urine, including
identification of genistein. Clin. Chim. Acta 199: 263-278,
1991.

Adlercreutz, H., Honjo, H., Higashi, A., Fotsis, T.,
Hamalainen, E., Hasegawa, T. and Okada, H. Urinary ex-
cretion of lignans and isoflavonoid phytoestrogens in Japa-
nese men and women consuming a traditional Japanese diet.
Am. J. Clin. Nutr. 54: 1093-1100, 1991.

Baggott, J.E., Ha, T., Vaughn, W.H., Juliana, M.M., Hardin,
J.M. and Grubbs, C.J. Effect of miso (Japanese soybean
paste) and NaCl on DMBA-induced rat mammary tumors.
Nutr. Cancer 14: 103-109, 1990.

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

Messina, M.J., Persky, V., Setchell, K.D.R. and Barnes, S.
Soy intake and cancer risk: A review of the in vitro and in
vivo data. Nutr. Cancer 21: 113-131, 1994,

Troll, W., Wiesner, R., Shellabarger, C.J., Holtzman, S. and
Stone, J.P. Soybean diet lowers breast tumor incidence in
irradiated rats. Carcinogenesis 1: 469—472, 1980.

Hawrylewicz, E.I., Huang, H.H. and Blair, W H. Dietary
soybean isolate and methionine supplementation affect
mammary tumor progression in rats. J. Nurr. 121 1693-
1698, 1991.

Pereira, M.A., Bammes, L.H., Rassman, V.L., Kelloff, G.J.
and Steele, V.E. Use of azoxymethane-induced foci of
aberrant crypts in rat colon to identify potential cancer
chemopreventive agents. Carcinogenesis 15: 1049-1054,
1994.

Steele, V.E., Pereira, M.A., Sigman, C.C. and Kelloff, G.J.
Cancer chemoprevention agent development strategies for
genistein. J. Nutr. 125: 7138-7168, 1995.

Reddy, B.S., Wang, C.-X., Aliaga, C., Rao, C.V., Lubet,
R.A,, Steele, V.E. and Kelloff, G.J. Potential chemopreven-
tive activity of perillyl alcohol and enhancement of experi-
mental colon carcinogenesis by folic acid and genistein.
Proc. Annu. Meet. Am. Assoc. Cancer Res. 37: 271, abstract
no. 1849, 1996.



20

156.

157.

158.

159.

160.

161.

162.

163.

164.

1685.

166.

167.

168.

169.

170.

171.

Kelloff et al.

Shutt, D.A. and Cox, RI. Steroid and phyto-oestrogen
binding to sheep uterine receptors in vitro. J. Endocrinol.
52:299-310, 1972.

Verdeal, K., Brown, R.R., Richardson, T. and Ryan, D.S.
Affinity of phytoestrogens for estradiol-binding proteins
and effect of coumestrol on growth of 7,12-dimethyl-
benz[a]anthracene-induced rat mammary tumors. J. Natl.
Cancer Inst. 64: 285-290, 1980.

Kvetnansky, R., Sun, C.L., Lake, C.R., Thoa, N., Torda, T.
and Kopin, LJ. Effect of handling and forced immobi-
lization onrat plasma levels of epinephrine, norepinephrine,
and dopamine-B-hydroxylase. Endocrinology 103: 1868
1874, 1978.

Cheng, E., Story, C.D., Yoder, L., Hale, W.H. and Bur-
roughs, W. Estrogenic activity of isoflavone derivatives
extracted and prepared from soybean oil meal. Science 118:
164-165, 1953.

Folman, Y. and Pope, G.S. The interaction in the immature
mouse of potent oestrogens with coumestrol, genistein and
other utero-vaginotrophic compounds of low potency. J.
Endocrinol. 34: 215-225, 1966.

Markiewicz, L., Garey, J., Adlercreutz, H. and Gurdipe, E.
In vitro bioassays of non-steroidal phytoestrogens. J. Ster-
oid Biochem Mol. Biol. 45: 399405, 1993,

Makishima, M., Honma, Y., Hozumi, M., Sampi, K., Hat-
tori, M., Umezawa, K. and Motoyoshi, K. Effects of inhibi-
tors of protein tyrosine kinase activity and/or
phosphatidylinositol turnover on differentiation of some
human myelomonocytic leukemia cells. Leuk. Res. 15: 701—
708, 1991.

Lamartiniere, C.A., Moore, I.B., Brown, N.M., Thompson,
R., Hardin, M.J. and Barnes, S. Genistein suppresses mam-
mary cancer in rats. Carcinogenesis 16: 2833-2840, 1995.
Upadhyaya, P. and El-Bayoumy, K. Effects of dietary soy
protein isolate and genistein on the levels of 7,12-dimethyl-
benz(a)anthracene (DMBA)-DNA binding in mammary
glands of female CD rats. Proc. Annu. Meet. Am. Assoc.
Cancer Res. 36: 597, abstract no. 3553, 1995.

Constantinou, A., Thomas, C., Mehta, R., Runyan, C. and
Moon, R. The effect of genistein and daidzein on MNU-in-
duced mammary tumors in rats. Proc. Annu. Meet. Am.
Assoc. Cancer Res. 36: 115, abstract no. 684, 1995.

Henderson, B.E., Ross, R. and Bernstein, L. Estrogens as a
cause of human cancer: The Richard and Hinda Rosenthal
Foundation Award lecture. Cancer Res. 48: 246-253, 1988.

Wang, T.T.Y., Sathyamoorthy, N. and Phang, J.M. Differ-
ential effects of genistein on pS2 expression and prolifera-
tion in MCF-7 cells are concentration-dependent. Proc.
Annu. Meet. Am. Assoc. Cancer Res. 35: 84, abstract no.
503, 1994.

Akiyama, T.,Ishida, J., Nakagawa, S., Ogawara, H., Watan-
abe, S.-I., Itoh, N., Shibuya, M. and Fukami, Y. Genistein,
a specific inhibitor of tyrosine-specific protein kinases. J.
Biol. Chem. 262: 5592-5595, 1987.

Sibley, D.R., Benovic, J.L., Caron, M.G. and Lefkowitz,
R.J. Regulation of transmembrane signaling by receptor
phosphorylation. Cell 48: 913-922, 1987.

Peterson, G. and Barnes, S. Genistein and biochanin A
inhibit the growth of human prostate cancer cells but not
epidermal growth factor receptor tyrosine autophosphory-
lation. Prostate 22: 335-345, 1993.

Kiguchi, K., Constantinou, A.I. and Huberman, E.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Genistein-induced cell differentiation and protein-linked
DNA strand breakage in human melanoma cells. Cancer
Commun. 2: 271-278, 1990.

Chang, C.-J. and Geahlen, R.L. Protein-tyrosine kinase
inhibition: Mechanism-based discovery of antitumor
agents. J. Nat. Prod. 55: 1529-1560, 1992.

Dean, N.M., Kanemitsu, M. and Boynton, A.L. Effects of
the tyrosine-kinase inhibitor genistein on DNA synthesis
and phospholipid-derived second messenger generation in
mouse 10T1/2 fibroblasts and rat liver T51B cells. Biochem.
Biophys. Res. Commun. 165: 795— 801, 1989.

Zwiller, J., Sassone-Corsi, P., Kakazu, K. and Boynton,
A L. Inhibition of PDGF-induced c-jun and c-fos expression
by a tyrosine protein kinase inhibitor. Oncogene 6: 219-
221, 1991.

Nakafuku, M., Satoh, T. and Kaziro, Y. Differentiation
factors, including nerve growth factor, fibroblast growth
factor, and interleukin-6, induce an accumulation of an
active ras-GTP complex in rat pheochromocytoma PC12
cells. J. Biol. Chem. 267: 1944819454, 1992.

Honma, Y., Okabe-Kado, ., Kasukabe, T., Hozumi, M. and
Umezawa, K. Inhibition of abl oncogene tyrosine kinase
induces erythroid differentiation of human myelogenous
leukemia K562 cells. Jpn. J. Cancer Res. 81: 1132-1136,
1990.

Fotsis, T., Pepper, M., Adlercreutz, H., Fleischmann, G.,
Hase, T., Montesano, R. and Schweigerer, L. Genistein, a
dietary-derived inhibitor of in vitro angiogenesis. Proc.
Natl. Acad. Sci. USA 90: 2690~2694, 1993.

Coyne, D.W. and Morrison, A.R. Effect of the tyrosine
kinase inhibitor, genistein, on interleukin-1 stimulated
PGE2 production in mesangial cells. Biochem. Biophys.
Res. Commun. 173: 718-724, 1990.

Glaser, K.B., Sung, A., Bauer, J. and Weichman, B.M.
Regulation of eicosanoid biosynthesis in the macrophage.
Involvement of protein tyrosine phosphorylation and modu-
lation by selective protein tyrosine kinase inhibitors. Bio-
chem. Pharmacol. 45: 711-721, 1993.

Takano, T., Takada, K., Tada, H., Nishiyama, S. and Amino,
N. Genistein, a tyrosine kinase inhibitor, blocks the cell
cycle progression but not Ca2+ influx induced by BAY
K8644 in FRTL-5 cells. Biochem. Biophys. Res. Commun.
190: 801-807, 1993.

Majumdar, A.P.N. Role of tyrosine kinases in gastrin induc-
tion of ornithine decarboxylase in colonic mucosa. Am. J.
Physiol. 259: G626-G630, 1990.

Atluru, S. and Atluru, D. Evidence that genistein, a protein-
tyrosine kinase inhibitor, inhibits CD28 monoclonal-anti-
body-stimulated human T cell proliferation.
Transplantation 51: 448450, 1991.

Katagiri, K., Katagiri, T., Kajiyama, K., Uehara, Y.,
Yamamoto, T. and Yoshida, T. Modulation of monocytic
differentiation of HL-60 cells by inhibitors of protein tyro-
sine kinases. Cell. Immunol. 140: 282-294, 1992.

Chae, Y.-H., Marcus, C.B., Ho, D.K., Cassady, .M. and
Baird, W.M. Effects of synthetic and naturally occurring
flavonoids on benzo[a]pyrene metabolism by hepatic mi-
crosomes prepared from rats treated with cytochrome P-450
inducers. Cancer Lett. 60: 15-24, 1991.

Lee, H., Wang, H.-W., Su, H.-Y. and Hao, N.J. The struc-
ture-activity relationships of flavonoids as inhibitors of
cytochrome P-450 enzymes in rat liver microsomes and the



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

New Chemopreventive Agents 21

mutagenicity of 2-amino-3-methyl-imidazo[4,5-flquino-
line. Mutagenesis 9: 101-106, 1994.

Wei, H., Wei, L., Frenkel, K., Bowen, R. and Barnes, S.
Inhibition of tumor promoter-induced hydrogen peroxide

formation in vitro and in vivo by genistein. Nutr. Cancer 20:
1-12, 1993.

Wei, H. Isoflavones scavenge reactive oxygen species and
protect DNA bases from oxidative DNA damage. Proc.
Annu. Meet. Am. Assoc. Cancer Res. 35: 619, abstract no.
3690, 1994.

Wei, H., Cai, Q. and Rahn, R.O. Inhibition of UV light- and
Fenton reaction-induced oxidative DNA damage by the
soybean isoflavone genistein. Carcinogenesis 17. 73-71,
1996.

Okura, A., Arakawa, H., Oka, H., Yoshinari, T. and Mon-
den, Y. Effect of genistein on topoisomerase activity and on
the growth of [VAL 12] Ha-ras-transformed NIH 3T3 cells.
Biochem. Biophys. Res. Commun. 157: 183-189, 1988.

Finlay, G.J., Holdaway, K.M. and Baguley, B.C. Compari-
son of the effects of genistein and amsacrine on leukemia
cell proliferation. Oncol. Res. 6: 33-37, 1994.
Matsukawa, Y., Marui, N., Sakai, T., Satomi, Y., Yoshida,
M., Matsumoto, K., Nishino, H. and Aoike, A. Genistein
arrests cell cycle progression at G2-M. Cancer Res. 53:
1328-1331, 1993.

McCabe, M.J., Jr. and Orrenius, S. Genistein induces apop-
tosis in immature human thymocytes by inhibiting topoi-
somerase-1lI. Biochem. Biophys. Res. Commun. 194:
944-950, 1993.

Yanagihara, K., Ito, A., Toge, T. and Numoto, M. Antipro-
liferative effects of isoflavones on human cancer cell lines
established from the gastrointestinal tract. Cancer Res. 53:
5815-5821, 1993,

Spinozzi, F., Pagliacci, M.C., Migliorati, G., Moraca, R.,
Grignani, F., Riccardi, C. and Nicoletti, I. The natural
tyrosine kinase inhibitor genistein produces cell cycle arrest
and apoptosis in Jurkat T-leukemia cells. Leuk. Res. 18:
431-439, 1994.

Marmett, L.J. Aspirin and the potential role of prostaglandins
in colon cancer. Cancer Res. 52: 5575-5589, 1992.

Hixson, L.J., Alberts, D.S., Krutzsch, M., Einsphar, J.,
Brendel, K., Gross, P.H., Paranka, N.S., Baier, M., Emer-
son, S., Pamukcu, R. and Burt, R.W. Antiproliferative effect
of nonsteroidal antiinflammatory drugs against human co-
lon cancer cells. Cancer Epidemiol. Biomarkers Prev. 3:
433-438, 1994,

Bradfield, C.A. and Bjeldanes, L.F. High-performance lig-
uid chromatographic analysis of anticarcinogenic indoles in
Brassica oleracea. J. Agric. Food Chem. 35: 46-49, 1987.
Young, T.B., Wolf, D.A. Case-control study of proximal
and distal colon cancer and diet in Wisconsin. Int. J. Cancer
42: 167-175, 1988.

Sparnins, V.L., Venegas, P.L. and Wattenberg, L.W. Glu-
tathione S-transferase activity: Enhancement by compounds
inhibiting chemical carcinogenesis and by dietary constitu-
ents. J. Natl. Cancer Inst. 68: 493—496, 1982,

Salbe, A.D. and Bjeldanes, L.F. Dietary influences on rat
hepatic and intestinal DT-diaphorase activity. Food Chem.
Toxicol. 24: 851856, 1986.

Wortelboer, H.M., van der Linden, E.C.M., de Kruif, CA.,
Noordhoek, J., Blaauboer, B.J., van Bladeren, P.J. and
Falke, H.E. Effects of indole-3-carbinol on biotransforma-

202.

203.

204.

20s.

206.

207.

208.

209.

210.

211,

212.

213.

214.

tion enzymes in the rat: In vivo changes in liver and small
intestinal mucosa in comparison with primary hepatocyte
cultures. Food Chem. Toxicol. 30: 589-599, 1992.

Stresser, D.M., Bailey, G.S. and Williams, D.E. Indole-
3-carbinol and B-naphthoflavone induction of aflatoxin B,
metabolism and cytochrome P-450 associated with bioacti-
vation and detoxication of aflatoxin B; in the rat. Drug
Metab. Dispos. 22: 383-391, 1994.

Stresser, D.M., Williams, D.E., Mc Lellan, L.I., Harris,
T.M. and Bailey, G.S. Indole-3-carbinol induces a rat liver
glutathione transferase subunit (Yc2) with high activity
toward aflatoxin B, exo-epoxide - Association with reduced
levels of hepatic aflatoxin-DNA adducts in vivo. Drug
Metab. Dispos. 22: 392-399, 1994,

Wattenberg, L.W. and Loub, W.D. Inhibition of poly cyclic
aromatic hydrocarbon-induced neoplasia by naturally oc-
curring indoles. Cancer Res. 38: 1410-1413, 1978.

Morse, M.A.,, LaGreca, S.D., Amin, S.G. and Chung, F.-L
Effects of indole-3-carbinol on lung tumorigenesis and
DNA methylation induced by 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone(NNK) and on the metabolism and dis-
position of NNK in A/J mice. Cancer Res. 50: 2613-2617,
1990.

Fong, AT., Swanson, H..,, Dashwood, R.H., Williams,
D.E., Hendricks, J.D. and Bailey, G.S. Mechanisms of
anti-carcinogenesis by indole-3-carbinol. Studies of en-
zyme induction, electrophile-scavenging, and inhibition of
aflatoxin B, activation. Biochem. Pharmacol. 39: 19-26,
1990.

Wattenberg, L.W. Chemoprevention of cancer. Cancer Res.
45:1-8, 1985.

Grubbs, C.J., Steele, V.E., Casebolt, T., Juliana, M.M., Eto,
1., Whitaker, L.M., Dragnev, K.H., Kelloff, G.J. and Lubet,
R.L. Chemoprevention of chemically-induced mammary
carcinogenesis by indole-3-carbinol. Anticancer Res. 15:
709-716, 1995.

Bradfield, C.A. and Bjeldanes, L..F. Structure-activity rela-
tionships of dietary indoles: A proposed mechanism of
action as modifiers of xenobiotic metabolism. J. Toxicol.
Environ. Health} 21: 311-323, 1987.

Bjeldanes, L.F.,Kim, J.-Y., Grose, K.R., Bartholomew, J.C.
and Bradfield, C.A. Aromatic hydrocarbon responsiveness-
receptor agonists generated from indole-3-carbinol in vitro
and in vive: Comparisons with 2,3,7,8-tetrachlorodibenzo-
p-dioxin. Proc. Natl. Acad. Sci. USA 88: 9543-9547, 1991,

Park, J.-Y. and Bjeldanes, L.F. Organ-selective induction of
cytochrome P-450-dependent activities by indole-3-carbi-
nol-derived products: Influence on covalent binding of
benzo[a]pyrene to hepatic and pulmonary DNA in the rat.
Chem. Biol. Interact. 83: 235-247, 1992.

Dashwood, R.H., Fong, A.T., Arbogast, D.N., Bjeldanes,
L.F., Hendricks, J.D. and Bailey, G.S. Anticarcinogenic
activity of indole-3-carbinol acid products: Ultrasensitive
bioassay by trout embryo microinjection. Cancer Res. 54:
3617-3619, 1994.

De Knuif, C.A., Marsman, J.W., Venekamp, J.C., Falke,
H.E., Noordhoek, J., Blaauboer, B.J. and Wortelboer, H-M.
Structure elucidation of acid reaction products of indole-3-
carbinol: Detection in vivo and enzyme induction in vitro.
Chem. Biol. Interact. 80: 303-315, 1991.

Bradlow, H.L., Michnovicz, I.J., Telang, N.T. and Osbomne,
M.P. Effects of dietary indole-3-carbinol on estradiol meta-



22

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

Kelloff et al.

bolism and spontaneous mammary tumors in mice. Car-
cinogenesis 12: 1571-1574, 1991.

Kojima, T., Tanaka, T. and Mori, H. Chemoprevention of
spontaneous endometrial cancer in female Donryu rats by
dietary indole-3-carbinol. Cancer Res. 54: 1446-1449,
1994.

Guyton, A.C. (ed.) Textbook of Medical Physiology, 8thed.,
Philadelphia, PA: W.B. Saunders Company, p. 905, 1991.

Schneider, J., Kinne, D., Fracchia, A., Pierce, V., Anderson,
K.E., Bradlow, H.L. and Fishman, J. Abnormal oxidative
metabolism of estradiol in women with breast cancer. Proc.
Natl. Acad. Sci. USA 79: 3047-3051, 1982.

Bradlow, H.L., Hershcopf, R.J., Martucci, C.P. and Fish-
man, J. Estradiol 160-hydroxylation in the mouse correlates
with mammary tumor incidence and presence of murine
mammary tumor virus: A possible model for the hormonal
etiology of breast cancer in humans. Proc. Natl. Acad. Sci.
USA 82: 6295-6299, 1985.

Swaneck, G.E. and Fishman, J. Estrogen actions on target
cells: Evidence for different effects by products of two
alternative pathways of estradiol metabolism. In: Hochberg,
R.B. and Naftolin, F. (eds.) The New Biology of Steroid
Hormones, New York, NY: Raven Press, 1991, 45-70.

Bradlow, H.L., Michnovicz, 1.J., Halper, M., Miller, D.G.,
Wong, G.Y.C. and Osborne, M.P. Long-term responses of
women to indole-3-carbinol or a high fiber diet. Cancer
Epidemiol. Biomarkers Prev. 3: 591-595, 1994.

Lubet, R.A., Beebe, L., Bjeldanes, L., Bradlow, L.H., Kel-
loff, G.J., Steele, V.E., Eto, I. and Grubbs, C.J. Chemopre-
ventive effects of indole-3-carbinol (3IC) on MNU induced
mammary cancer in Sprague Dawley rats. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 37: 277, abstract no. 1890,
1996.

Tanaka, T., Mori, Y., Morishita, Y., Hara, A., Ohno, T.,
Kojima, T. and Mori, H. Inhibitory effect of sinigrin and
indole-3-carbinol on diethylnitrosamine-induced hepato-
carcinogenesis in male ACI/N rats. Carcinogenesis 11:
1403-1406, 1990.

Tanaka, T., Kojima, T., Morishita, Y. and Mori, H. Inhibi-
tory effects of the natural products indole-3-carbinol and
sinigrin during initiation and promotion phases of 4-nitro-
quinoline 1-oxide-induced rat tongue carcinogenesis. Jpn.
J. Cancer Res. 83: 835-842, 1992.

Karp, F., Mihaliak, C.A., Harris, J.L. and Croteau, R.
Monoterpene biosynthesis: Specificity of the hydroxyla-
tions of (-)-limonene by enzyme preparations from pepper-
mint (Mentha piperita), spearmint (Mentha spicata), and
perilla (Perilla frutescens) leaves. Arch. Biochem. Biophys.
276: 219-226, 1990.

Thapa, R.K., Bradu, B.L., Vashist, V.N. and Atal, C.K.
Screening of Cymbopogon species for useful constituents..
Flavour Ind. 2: 49-51, 1971.

Opdyke, D.L.J. Monograph on fragrance raw materials.
Food Cosmet. Toxicol. 19: 237-254, 1981.

Crowell, P.L., Lin, S., Vedejs, E. and Gould, M.N. Identifi-
cation of metabolites of the antitumor agent d-limonene
capable of inhibiting protein isoprenylation and cell growth.
Cancer Chemother. Pharmacol. 31: 205-212, 1992.
Crowell, P.L., Chang, R.R.,Ren, Z., Elson, C.E. and Gould,
M.N. Selective inhibition of isoprenylation of 21-26-kDa
proteins by the anticarcinogen d-limonene and its metabo-
lites. J. Biol. Chem. 266: 17679-17685, 1991.

229

230.

231.

232.

233.

234,

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

. Haag, I.D., Crowell, P.L. and Gould, M.N. Enhanced inhi-
bition of protein isoprenylation and tumor growth by perillyl
alcohol, an hydroxylated analog of d-limonene. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 33: 524, abstract no. 3135,
1992.

Crowell, P.L.,Ren, Z., Lin, S., Vedejs, E. and Gould, M.N.
Structure-activity relationships among monoterpene, in-
hibitors of protein isoprenylation and cell proliferation.
Biochem. Pharmacol. 47: 1405-1415, 1994,

Ren, Z. and Gould, M.N. Inhibition of protein isoprenyla-
tion by the monoterpene perillyl alcohol in intact cells and
in cell lysates. Proc. Annu. Meet. Am. Assoc. Cancer Res.
36: 585, abstract no. 3484, 1995.

Gelb, M.H., Tamanoi, F., Yokoyama, K., Ghomashchi, F.,
Esson, K. and Gould, M.N. The inhibition of protein prenyl-
transferases by oxygenated metabolites of limonene and
perillyl alcohol. Cancer Lett. 91: 169-175, 1995.

Hohl, R.J. and Lewis, K. Differential effects of monoter-
penes and lovastatin on RAS processing. J. Biol. Chem. 270
17508-17512, 1995.

Ren, Z. and Gould, M.N. Inhibition of ubiquinone and
cholesterol synthesis by the monoterpene perillyl alcohol.
Cancer Lett. 76: 185-190, 1994,

Bronfen, J.H., Stark, M.J. and Crowell, P.L. Inhibition of
human pancreatic carcinoma cell proliferation by perillyl
alcohol. Proc. Annu. Meet. Am. Assoc. Cancer Res. 35: 431,
abstract no. 2572, 1994,

Cerda, S., Wilkinson, J., IV and Broitman, S.A. Enhanced
antitumor activity of lovastatin and peryllyl alcohol combi-
nations in the colonic adenocarcinoma cells line SW480.
Proc. Annu. Meet. Am. Assoc. Cancer Res. 35: 335, abstract
no. 1996, 1994.

Ruch, R.J. and Sigler, K. Growth inhibition of rat liver
epithelial tumor cells by monoterpenes does not involve ras

plasma membrane association. Carcinogenesis 15: 787-
789, 1994,

Gould, M.N. Prevention and therapy of mammary cancer
by monoterpenes. J. Cell. Biochem. 22: 139-144, 1995,

Shi, W. and Gould, M.N. Differentiation of neuro-2a cells
induced by the monoterpene, perillyl alcohol. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 34; 548, abstract no. 3264,
1993.

Mills, J.J., Chari, R.S., Boyer, 1.J., Gould, M.N. and Jirtle,
R.L. Induction of apoptosis in liver tumors by the monoter-
pene perillyl alcohol. Cancer Res. 55: 979-983, 1995,

Alison, M. Promoting apoptosis. Hum. Exp. Toxicol. 14;
697-698, 1995.

Ariazi, E.A. and Gould, M.N. Identification of induced/
repressed genes in monoterpene-treated regressing rat
mammary carcinomas using subtractive display. Proc.
Annu. Meet. Am. Assoc. Cancer Res. 37. 398-399, 1996.

Jirtle, R.L., Haag, 1.D., Ariazi, E.A. and Gould, M.N. In-
creased mannose 6-phosphate/insulin-like growth factor II
receptor and transforming growth factor B, levels during
monoterpene-induced regression of mammary tumors. Can-
cer Res. 53: 38493852, 1993.

Gould, M.N. Chemoprevention of mammary cancer by
monoterpenes. Proc. Annu. Meet. Am. Assoc. Cancer Res.
34: 572-573, 1993.

Jeffers, L., Church, D., Gould, M. and Wilding, G. The
effect of perillyl alcohol on the proliferation of human
prostatic cell lines. Proc. Annu. Meet. Am. Assoc. Cancer



246.

247.

248.

249.

250.

251.

252.

253.

254.

258.

256.

257.

258.

259.

260.

261.

262.

New Chemopreventive Agents

Res. 36: 303, abstract no. 1800, 1995.

Stark, M.J., Burke, Y.D., McKinzie, J.H., Ayoubi, A.S. and
Crowell, P.L. Chemotherapy of pancreatic cancer with the
monoterpene perillyl alcohol. Cancer Lett. 96: 15-21,1995.
Haag, J.D. and Gould, M.N. Mammary carcinoma regres-
sion induced by perillyl alcohol, a hydroxylated analog of
limonene. Cancer Chemother. Pharmacol. 34: 477-483,
1994.

van Duuren, B.L. and Goldschmidt, B.M. Cocarcinogenic
and tumor-promoting agents in tobacco carcinogenesis. J.
Natl. Cancer Inst. 56: 1237-1242, 1976.

Maltzman, T.H., Hurt, LM., Elson, C.E., Tanner, M.A. and
Gould, M.N. The prevention of nitrosomethylurea-induced
mammary tumors by d-limonene and orange oil. Carcino-
genesis 10: 781-783, 1989.

Gould, M.N. Chemoprevention and treatment of experi-
mental mammary cancers by limonene. Proc. Annu. Meet.
Am. Assoc. Cancer Res. 32: 414475, 1991.

Gould, M.N. The introduction of activated oncogenes to
mammary cells in vivo using retroviral vectors: A new
model for the chemoprevention of premalignant lesions of
the breast. J. Cell. Biochem. 17G: 66-72, 1993.

Gould, M.N., Moore, C.J., Zhang, R., Wang, B.C., Kennan,
W.S. and Haag, J.D. Limonene chemoprevention of mam-
mary carcinoma induction following direct in situ transfer
of v-Ha-ras. Cancer Res. 54: 3540-3543, 1994,

Jirtle, R.L. and Gould, M.N. Chemoprevention of hepato-
cellular carcinomas by the monoterpene, perillyl alcohol.
Proc. Annu. Meet. Am. Assoc. Cancer Res. 35: 626, abstract
no. 3732, 1994,

Elegbede, J.A,, Elson, C.E., Tanner, M.A., Qureshi, A. and
Gould, M.N. Regression of rat primary mammary tumors
following dietary d-limonene. J. Natl. Cancer Inst. 76:
323-325, 1986.

Haag, I.D., Lindstrom, M.J. and Gould, M.N. Limonene-in-
duced regression of mammary carcinomas. Cancer Res. 52:
40214026, 1992.

Spence, R.-M.M. and Tucknott, O.G. An apparatus for the
comparative collection of headspace volatiles of watercress.
J. Sci. Food Agric. 34: 412416, 1983.

Chung, F.-L., Morse, M. A, Eklind, K.I. and Lewis, J. Quan-
titation of human uptake of the anticarcinogen phenethyl
isothiocyanate after a watercress meal. Cancer Epidemiol.
Biomarkers Prev. 1: 383-388, 1992.

Lichtenstein, E.P., Strong, F.M. and Morgan, D.G. Identifi-
cation of 2-phenylethylisothiocyanate as an insecticide oc-
curring naturally in the edible part of turnips. J. Agric. Food
Chem. 10: 30-33, 1962.

Tookey, H.L., VanEtten, C.H. and Daxenbichler, M.E. Glu-
cosinolates. In: Liener, LE. (ed.) Toxic Constituents of Plant
Foodstuffs. 2nd ed., New York: Academic Press, Chap. 4,
1980, pp. 103-142.

Buttery, R.G.,Guadagni, D.G,, Ling, L.C., Seifert, R.M. and
Lipton, W. Additional volatile components of cabbage,
broccoli, and cauliflower. J. Agric. Food Chem. 24: 829-
832, 1976.

Daxenbichler, M.E., VanEtten, C.H. and Spencer, G.F.
Glucosinolates and derived products in cruciferous vegeta-
bles. Identification of organic nitriles from cabbage. J.
Agric. Food Chem. 25: 121-124,1971.

Abraham, V. and Deman, J.M. Determination of vola tile
sulfur compounds in canola oil. J. Am. Oil Chem. Soc. 62:

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

27s.

23

1025-1028, 1985.

Morse, M.A., Amin, S.G., Hecht, S.S. and Chung, F.-L.
Effects of aromatic isothiocyanates on tumorigenicity, 06-
methylguanine formation, and metabolism of the tobacco-
specific nitrosamine 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone in A/J mouse lung. Cancer Res. 49:
28942897, 1989.

Morse, M.A., Eklind, K.I,, Amin, S.G., Hecht, S.S. and
Chung, F-L. Effects of alkyl chain length on the inhibition
of NNK-induced lung neoplasia in A/J mice by arylalkyl
isothiocyanates. Carcinogenesis 10: 1757-1759, 1989.
Morse, M.A., Hecht, S.S. and Chung, F.L. Inhibition of
tobacco-specific nitrosamine 4-(methyl-nitrosamino)-1-(3-
pyridyl}-1-butanone (NNK)-induced lung tumors and DNA
methylation in F344 rats and A/J mice by phenethyl isothio-
cyanate. Basic Life Sci. 52: 345-350, 1990.

Morse, M.A., Eklind, K.I., Hecht, S.S., Jordan, K.G., Choi,
C., Desai, D.H., Amin, S.G. and Chung, F.-L. Structure-ac-
tivity relationships for inhibition of 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone lung tumorigenesis by arylalkyl
isothiocyanates in A/J mice. Cancer Res. 51: 1846-1850,
1991.

Morse, M.A,, Eklind, K.I., Amin, 5.G. and Chung, F.-L.
Effect of frequency of isothiocyanate administration on
inhibition of 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-
tanone-induced pulmonary adenoma formation in A/J mice.
Cancer Lett. 62: 77-81, 1992.

Stoner, G.D., Morrissey, D.T., Heur, Y.-H., Daniel, EM.,
Galati, A.J. and Wagner, S.A. Inhibitory effects of
phenethyl isothiocyanate on N-nitrosobenzylmethyl amine
carcinogenesis in the rat esophagus. Cancer Res. 51: 2063—
2068, 1991.

Morse, M.A,, Zu, HX., Galati, A.J., Schmidt, C.J. and
Stoner, G.D. Dose-related inhibition by dietary phenethyl
isothiocyanate of esophageal tumorigenesis and DNA
methylation induced by N-nitrosomethylbenzyl amine in
rats. Cancer Lett. 72: 103-110, 1993.

Stoner, G.D., Galati, A.J., Schmidt, C.J. and Morse, M.A.
Inhibition of esophageal tumorigenesis by phenethyl
isothiocyanate. ACS Symp. Ser. 1994: 173-180, 1994,

Wattenberg, L.W. Inhibition of carcinogenic effects of
polycyclic hydrocarbons by benzyl isothiocyanate and re-
lated compounds. J. Natl. Cancer Inst. 58: 395-398, 1977.
Mangelsdorf, D.J., Umesono, K. and Evans, RM. The
retinoid receptors. In: Sporn, M.B., Roberts, A.B. and
Goodman, D.S. (eds.) The Retinoids: Biology, Chemistry,
and Medicine, 2nd Edition. New York: Raven Press, 1994,
pp- 319-349.

Heyman, R.A., Mangelsdorf, D.J,, Dyck, J.A., Stein, RB.,
Eichele, G., Evans, R.M. and Thaller, C. 9-cis- retinoic acid
is a high affinity ligand for the retinoid X receptor. Cell 68:
397406, 1992.

Anzano, M.A, Byers, S.W., Smith, JM., Peer, CW,,
Mullen, L.T., Brown, C.C., Roberts, A.B. and Sporn, M.B.
Prevention of breast cancer in the rat with 9-cis- retinoic
acid as a single agent and in combination with tamoxifen.
Cancer Res. 54: 46144617, 1994.

Anzano, M.A., Peer, C.W., Smith, JM., Mullen, L.T.,
Shrader, M.W., Logsdon, D.L., Driver, CL., Brown, C.C,,
Roberts, A.B. and Sporn, M.B. Chemoprevention of mammary
carcinogenesis in the rat: Combined use of raloxifene and
9-cis-retinoic acid. J. Natl. Cancer Inst. 88: 123-125, 1996.



24

276.

271.

278.

279.

280.

281.

282.

283.

284,

28S.

286.

287.

288.

Kelloff et al.

Kizaki, M., Ikeda, Y., Tanosaki, R., Nakajima, H.,
Morikawa, M., Sakashita, A. and Koeffler, H.P. Effects of
novel retinoic acid compound, 9-cis-retinoic acid, on pro-
liferation, differentiation, and expression of retinoic acid
receptor-¢. and retinoid X receptor-0. RN A by HL-60 cells.
Blood 82: 3592-3599, 1993.

Majewski, S., Szmurlo, A., Marczak, M., Jablonska, S. and
Bollag, W. Synergistic effect of retinoids and interferon o
on tumor-induced angiogenesis: Anti-angiogenic effect of
HPV-harboring tumor-cell lines. Int. J. Cancer 57: 81-85,
1994.

Kurie, J.M., Buck, J., Eppinger, T.M., Moy, D. and
Dmitrovsky, E. 9-cis and all-trans retinoic acid induce a
similar phenotype in human teratocarcinoma cells. Differ-
entiation 54: 123-129, 1993,

Han G., Chang, B. and Sidell, N. Comparison of effects of
all-trans retinoic acid and 9-cis retinoic acid in inducing
differentiation of human neuroblastoma cells. Proc. Annu.
Meet. Am. Assoc.Cancer Res. 35: 37, abstractno. 219, 1994.

Nagy, L., Thomazy, V.A., Shipley, G.L., Fesus, L., Lamph,
W., Heyman, R.A., Chandraratna, R.A.S. and Davies,
P.J.A. Activation of retinoid X receptors induces apoptosis
in HL-60 cell lines. Mol. Cell. Biol. 15: 3540-3551, 1995.

Cesario, R.M., McClurg, M.R., Wong, G.L., Sicurello, J.P.,
Heyman, R.A. and Lamph, W.W. Growth inhibition of
multiple myeloma and squamous cell carcinoma by 9-cis
retinoic acid. Proc. Annu. Meet. Am. Assoc. Cancer Res. 35:
275, abstract no. 1645, 1994.

Rubin, M., Fenig, E., Rosenauer, A., Menendez-Botet, C.,
Achkar, C., Bentel, J.M., Yahalom, J., Mendelsohn, J. and
Miller, W.H., Jr. 9-cis Retinoic acid inhibits growth of
breast cancer cells and down-regulates estrogen receptor
RNA and protein. Cancer Res. 54: 6549-6556, 1994,

Schippers, 1.J., Kloppenburg, M., Snippe, L. and Ab, G.
9-cis-Retinoic acid represses estrogen-induced expression
of the very low density apolipoprotein II gene. Mol. Cell.
Endocrinol. 105: 175-182, 19%4.

Miller, V.A,, Rigas, J.R., Benedetti, F.M., Verret, A.L.,
Tong, W.P., Kris, M.G., Gill, GM., Loewen, G.R., Truglia,
J.A., Ulm, E.H. and Warrell, R.P., Jr. Initial clinical trial of
the retinoid receptor pan agonist 9-cis- retinoic acid. Clin.
Cancer Res. 2: 4711-475, 1996.

Miller, W.H., Ir., Jakubowski, A., Tong, W.P., Miller, V.A,,
Rigas, J.R., Benedetti, F., Gill, G.M., Truglia, J.A., Ulm, E.,
Shirley, M. and Warrell, R.P., Jr. 9-cis- Retinoic acid in-
duces complete remission but does not reverse clinically
acquired retinoid resistance in acute promyelocytic leuke-
mia. Blood 85: 3021-3027, 1995.

Kurie, M., Lee, I.S., Griffin, T., Lippman, S.M., Drum, P.,
Thomas, M.P., Weber, C., Bader, M., Massimini, G. and
Hong, W K. Phasel trial of 9-cis- retinoic acid in adults with
solid tumors. Clin. Cancer Res. 2: 287-293, 1996.

Sass, J.0., Masgrau, E., Saurat, J.-H. and Nau, H. Metabo-
lism of oral 9-cis retinoic acid in the human. Identification
of 9-cis-retinoyl-B-glucuronide and 9-cis- 4-oxo-retinoyl-
B-glucuronide as urinary metabolites. Drug Metab. Dispos.
23: 887-891, 1995.

Alberts, D.S., Hixson, L., Ahnen, D, Bogert, C., Einspahr,
J., Paranka, N., Brendel, K., Gross, P.H., Pamukcu, R. and
Burt, RW. Do NSAIDS exert their colon cancer chemopre-
vention activities through the inhibition of mucosal pro-
staglandin synthetase? J. Cell. Biochem. 22: 18-23, 1995.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

Thompson, H.J., Briggs, S., Paranka, N.S., Piazza, G.A.,
Brendel, K., Gross, P.H., Sperl, G.J., Pamukcu, R. and
Ahnen, D.J. Inhibition of mammary carcinogenesis in rats
by sulfone metabolite of sulindac. J. Natl. Cancer Inst. 87:
1259-1260, 1995.

Ahnen, D., Hixson, L., Alberts, D., Brendel, K., Gross, P.,
Paranka, N., Burt, R. and Pamukeu, R. Sulindac, and its
sulfone metabolite (FGN-1), both inhibit rat colon carcino-
genesis but neither inhibit colonic proliferation. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 35: 631, abstract no. 3763,
1994.

Piazza, G.A., Rahm, A.LK., Krutzsch, M., Sper], G.,
Paranka, N.S., Gross, P.H., Brendel, K., Burt, RW., Al-
berts, D.S., Pamukcu, R. and Ahnen, D.J. Antineoplastic
drugs sulindac sulfide and sulfone inhibit cell growth by
inducing apoptosis. Cancer Res. 55: 3110-3116, 1995.

TIARC Working Group Tea. JARC Monogr. 51: 207-2171,
1991.

Multiple authors. Abstracts of papers presented at the First
International Symposium on the Physiological and Pharma-
cological Effects of Camellia sinensis (tea). Prev. Med. 21:
331-333, 1992.

Yang, C.S. and Wang,Z.-Y. Tea and cancer.J. Natl. Cancer
Inst. 85: 1038-1049, 1993.

Zatonski, W.A., La Vecchia, C., Przewozniak, K., Maison-
neuve, P., Lowenfels, A.B. and Boyle, P. Risk factors for
gallbladder cancer: A polish case-control study. Int. J. Can-
cer 51: 707-711, 1992.

Stocks, P. Cancer mortality in relation to national consump-
tion of cigarettes, solid fuel, tea and coffee. Br. J. Cancer
24: 215-225, 1970.

Zheng, W., Doyle, T.J., Hong, C.P., Kushi, LH_, Sellers,
T.A. and Folsom, A R. Tea consumption and cancer inci-
dence in a prospective cohort study of postmenopausal
women. Proc. Annu. Meet. Am. Assoc. Cancer Res. 36: 278,
abstract no. 1654, 1995.

Zatonski, W.A., Boyle, P., Przewozniak K., Maisonneuve,
P., Drosik, K. and Walker, A.M. Cigarette smoking, alco-
hol, tea and coffee consumption and pancreas cancer risk:
A case-control study from Opole, Poland. Int.J. Cancer 53:
601-607, 1993.

Yamane, T., Hagiwara, N., Tateishi, M., Akachi, S., Kim,
M., Okuzumi, J., Kitao, Y., Inagake, M., Kuwata, K. and
Takahashi, T. Inhibition of azoxymethane-induced colon
carcinogenesis in rat by green tea polyphenol fraction. Jpn.
J. Cancer Res. 82: 1336-1339, 1991.

Yin, P.-Z., Zhao, J.-Y., Cheng, S.-J., Hara, Y., Zhu, Q.- F.
and Liu, Z.-G. Experimental studies of the inhibitory effects
of green tea catechin on mice large intestinal cancers in-
duced by 1,2-dimethylhydrazine. Cancer Lett. 79: 33-38,
1994.

Fujita, Y., Yamane, T., Tanaka, M., Kuwata, K., Okuzumi,
J., Takahashi, T., Fujiki, H. and Okuda, T. Inhibitory effect
of (-)-epigallocatechin gallate on carcinogenesis with N-
ethyl-NV’ -nitro-N-nitrosoguanidine in mouse duodenum.
Jpn.J. Cancer Res. 80: 503-505, 1989.

Fujiki, H., Yoshizawa, S., Horiuchi, T., Suganuma, M.,
Yatsunami, J., Nishiwaki, S., Okabe, S., Nishiwaki-Mat-
sushima, R., Okuda, T. and Sugimura, T. Anticarcinogenic
effects of (-)-epigallocatechin gallate. Prev. Med. 21: 503
509, 1992.

Xu, Y. and Han, C. The effect of Chinese tea on the



304.

30s.

306.

307.

308.

309.

310.

311.

312.

313.

314.

31s.

316.

New Chemopreventive Agents

occurrence of esophageal tumors induced by N-ni-
trosomethylbenzylamine formed in vivo. Biomed. Environ.
Sci. 3: 406412, 1990.

Chen, J. The effects of Chinese tea on the occurrence of
esophageal tumors induced by N-nitrosomethylbenzy-
lamine in rats. Prev. Med. 21: 385-391, 1992.

Wang, Z.Y., Agarwal, W. R., Khan, W_.A. and Mukhtar, H.
Protection against benzo[a]pyrene- and N-nitrosodiethy-
lamine-induced lung and forestomach tumorigenesis in A/J
mice by water extracts of green tea and licorice. Carcino-
genesis 13: 1491-1494, 1992.

Katiyar, S.K., Agarwal, R., Zaim, M.T. and Mukhtar, H.
Protection against N-nitrosodiethylamine and benzo [a]py-
rene-induced forestomach and lung tumorigenesis in A/J
mice by green tea. Carcinogenesis 14: 849-855, 1993,
Wang, Z.Y., Hong, J.-Y., Huang, M.-T., Reuhl, K.R., Con-
ney, A.H. and Yang, C.S. Inhibition of N-nitrosodiethy-
lamine- and 4-(methylnitrosoamino)-1-(3-pyridyl)-
1-butanone-induced tumorigenesis in A/J mice by green tea
and black tea. Cancer Res. 52: 19431947, 1992.

Yang, C.S., Wang, Z.-Y. and Hong, J.-Y. Inhibition of
tumorigenesis by chemicals from garlic and tea. Adv. Exp.
Med. Biol. 354: 113-122,19%4,

Conney, A.H., Wang, Z.-Y., Huang, M.-T., Ho, C.-T. and
Yang, C.S. Inhibitory effect of green tea on tumorigenesis
by chemicals and ultraviolet light. Prev. Med. 21: 361-369,
1992.

Yuan, L.Comparative study on the inhibitory effect of green
tea, coffee and levamisole on the hepatocarcinogenic action
of diethylnitrosamine. Chung Hua Chung Liu Tsa Chih 13:
193-195, 1991.

Katiyar, S.K., Agarwal, R. and Mukhtar, H. Protective
effects of green tea polyphenols administered by oral in-
tubation against chemical carcinogen-induced forestomach
and pulmonary neoplasia in A/J mice. Cancer Lett. 73:
167-172, 1993.

Katiyar, S.K., Agarwal, R. and Mukhtar, H. Protection
against diethylnitrosamine (DEN)- and benzo(a)pyrene-
(BP) induced forestomach and pulmonary neoplasia in A/J
mice by limited oral intubation of green tea polyphenols.
Proc. Annu. Meet. Am. Assoc. Cancer Res. 35: 626, abstract
no. 3731, 1994.

Wang, Z.Y., Hong, J.-Y., Shi, S.T., Lee, M.J. Sun, Y.,
Conney, A.H. and Yang, C.S. Inhibitory effects of diallyl
sulfone (DASO2) and green tea on lung tumorigenesis
induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-
tanone (NNK) in A/T mice. Proc. Annu. Meet. Am. Assoc.
Cancer Res. 35: 625, abstract no. 3728, 1994.

Tao, S.,Wang,Z.-Y., Smith, T.J., Hong, J.-Y., Chen, W.-F.,
Ho, C.-T. and Yang, C.S. Effects of green tea and black tea
on 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone bioac-
tivation, DNA methylation, and lung tumorigenesis in A/J
mice. Cancer Res. 54: 46414647, 1994.

Xu, Y., Ho, C.-T., Amin, S.G., Han, C. and Chung, F.-L.
Inhibition of tobacco-specific nitrosamine-induced lung tu-
morigenesis in A/J mice by green tea and its major polyphe-
nol as antioxidants. Cancer Res. 52: 3875-3879, 1992.
Chung, F.L., Morse, M.A., Eklind, K.I., Xu, Y., Rylander,
R. and Krinsky, N. Inhibition of the tobacco-specific ni-
trosamine-induced lung tumorigenesis by compounds de-
rived from cruciferous vegetables and green tea. Ann. N.Y.
Acad. Sci. 686: 186-202, 1993.

317.

318.

319.

320.

321.

322.

323,

324.

32s.

326.

327.

328.

329.

330.

331.

332.

333.

25

Hirose, M., Hoshiya, T., Akagi, K., Futakuchi, M. and Ito,
N. Inhibition of mammary gland carcinogenesis by green
tea catechins and other naturally occurring antioxidants in
female Sprague-Dawley rats pretreated with 7,12-dimethyl-
benz[alanthracene. Cancer Lett. 83: 149-156, 1994,
Hirose, M., Akagi, K., Hasegawa, R., Yaono, M., Satoh, T.,
Hara, Y., Wakabayashi, K. and Ito, N. Chemoprevention of
2-amino-1-methyl-6-phenylimidazo[4,5-b]-pyridine
(PhIP)-induced mammary gland carcinogenesis by antioxi-
dants in F344 female rats. Carcinogenesis 16: 217-221,
1995.

Mukhtar, H., Katiyar, S.K. and Agarwal, R. Cancer chemo-

prevention by green tea components. Adv. Exp. Med. Biol.
354: 123134, 1994.

Mukhtar, H., Wang, Z.Y., Katiyar, S.K. and Agarwal, R.
Tea components: Antimutagenic and anticarcinogenic ef-
fects. Prev. Med. 21: 351-360, 1992.

Han, J. Highlights of the cancer chemoprevention studies in
China. Prev. Med. 22: 712-722, 1993.

Fujiki, H., Suganuma, M., Komori, A., Yatsunami, J., Ok-
abe, S., Ohta, T. and Sueoka, E. A new tumor promotion
pathway and its inhibitors. Cancer Detect. Prev. 18: 1-1,
1994.

Bayerdorffer, E., Mannes, G.A., Richter, W.0., Och-
senkuhn, T., Wiebecke, B., Kopcke, W. and Paumgartner,
G. Increased serum deoxycholic acid levels in men with
colorectal adenomas. Gastroenterology 104: 145-151,
1993.

Guldutuna, S., Zimmer, G., Imhof, M., Bhatti, S., You, T.
and Leuschner, U. Molecular aspects of membrane stabili-
zation by ursodeoxycholate. Gastroenterology 104: 1736—
1744, 1993.

Kurtz, W.J.O., Guldutuna, S. and Leuschner, U. Differing
effect of chenodeoxycholic acid and ursodeoxycholic acid
on bile acids in rat colonic wall and contents. Tokai J. Exp.
Clin. Med. 13: 91-97, 1988.

Earnest, D.L., Holubec, H., Wali,R K., Jolley, C.S., Bisson-
ette, M., Bhattacharyya, A.K., Roy, H., Khare, S. and Brasi-
tus, T.A. Chemoprevention of azoxymethane-induced
colonic carcinogenesis by supplemental dietary ursodeoxy-
cholic acid. Cancer Res. 54: 5071-5074, 1994.

Duffy, M.A. (ed.) Physicians’ Desk Reference. Montvale:
Medical Economics Data, 1995, pp. 2452-2453.

Garland, C.F. and Garland, F.C. Do sunlight and vita min
D reduce the likelihood of colon cancer?. Int. J. Epidemiol.
9:227-231, 1980.

Garland, F.C., Garland, C.F., Gorham, E.D. and Young, J.F.
Geographic variation in breast cancer mortality in the
United States. Prev. Med. 19: 614622, 1990.

Gorham, E.D., Garland, F.C. and Garland, C.F. Sun light
and breast cancer incidence in the USSR. Int. J. Epidemiol.
19: 820-824, 1990.

Bostick, R M., Potter, J.D., Sellers, T.A., McKenzie, D.R.,
Kushi, L.H. and Folsom, A.R. Relation of calcium, vitamin
D, and dairy food intake to incidence of colon cancer among
older women. The Jowa Women’s Health Study. Am. J.
Epidemiol. 137: 1302-1317, 1993.

Hanchette, C.L. and Schwartz, G.G. Geographic pattems of
prostate cancer mortality. Evidence for a protective effect
of ultraviolet radiation. Cancer 70: 28612869, 1992.
Emerson, J.C. and Weiss, N.S. Colorectal cancer and solar
radiation. Cancer Causes Control 3: 95-99, 1992.



26

334.

33s.

336.

337.

338.

339.

340.

341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

Kelloff et al.

Garland, C., Barrett-Connor, E., Rossof, A.H., Shekelle,
RB., Criqui, M.H. and Paul, O. Dietary vitamin D and
calcium and risk of colorectal cancer: A 19-year prospective
study in men. Lancer 1: 307-309, 1985.

Garland, C.F., Garland, F.C., Shaw, EK., Comstock, G.W.,
Helsing, K.J. and Gorham, E.D. Serum 25-hydroxyvitamin
D and colon cancer: Eight-year prospective study. Lancet
2:1176-1178, 1989.

Garland, C.F., Garland, F.C. and Gorham, E.D. Can colon
cancer incidence and death rates be reduced with calcium
and vitamin ?D. Am. J. Clin. Nutr. 54: 1935-2018, 1991.
Corder, E.H., Guess, H.A., Hulka, B.S., Friedman, G.D.,
Sadler, M., Vollmer, R.T., Lobaugh, B., Drezner, MK,
Vogelman, J.H. and Orentreich, N. Vitamin D and prostate
cancer: A prediagnostic study with stored sera. Cancer
Epidemiol. Biomarkers Prev. 2: 467472, 1993.

Garland, C.F., Garland, F.C and Gorham, E.D. Colon cancer
parallels rickets. In: Lipkin, M., Newmark, H.L. and Kel-
loff, G. (eds.) Calcium, Vitamin D, and Prevention of Colon
Cancer. Boca Raton: CRC Press, 1991, pp. 81-109.
Olsen, S.J. and Love, R.R. A new direction in preventive
oncology: Chemoprevention. Semin. Oncol. Nurs. 2: 211—
221, 1986.

Vogel, V.G. and McPherson, R.S. Dietary epidemiology of
colon cancer. Hematol. Oncol. Clin. North Am. 3: 35-63,
1989.

Okamura, W H., Palenzuela, J.A., Plumet, J. and Midland,
M.M. Vitamin D: Structure-function analyses and the de-
sign of analogs. J. Cell. Biochem. 49: 10-18, 1992.

Pols, H.A.P., Birkenhager, J.C. and van Leeuwen, J.P.T.M.
Vitamin D analogues: From molecule to clinical applica-
tion. Clin. Endocrinol. 40: 285-291, 1994,

Correia, M.A. and Castagnoli, N., Jr. Drug biotransforma-
tion. In: Katzung, B.G. (ed.) Basic and Clinical Pharmacol-
ogy. 4th ed., Norwalk, CT: Appleton and Lange, 1989, pp.
41-50.

DeLuca, H.F. Current views of the functions and molecular
mechanism of action of vitamin D. Proc. Natl. Acad. Sci.
USA 34: 619-620, 1993.

Skowronski, R.J., Pechl, D.M. and Feldman, D. Vitamin D
and prostate cancer: 1,25 dihydroxyvitamin D3 receptors
and actions in human prostate cancer cell lines. Endocrinol-
ogy 132: 1952-1960, 1993.

Cross, H.S., Huber, C. and Peterlik, M. Antiproliferative
effects of 1,25-dihydroxyvitamin D; and its analogs on
human colon adenocarcinoma cells (CaCo-2): Influence of
extracellular calcium. Biochem. Biophys. Res. Commun.
179: 57-62,1991.

Colston, K.W., Chander, S.K., Mackay, A.G. and Coombes,
R.C. Effects of synthetic vitamin D analogues on breast
cancer cell proliferation in vivo and in vitro. Biochem.
Pharmacol. 44: 693-702, 1992.

Norman, A.W., Zhou, 1.Y., Henry, H.L., Uskokovic, M.R.
and Koeffler, H.P. Structure-function studies on analogues
of 1a,25-dihydrozyvitamine Ds: Differential effects on
leukemic cell growth, differentiation, and intestinal calcium
absorption. Cancer Res. 50: 6857- 6864, 1990.
Studzinski, G.P., McLane, J.A. and Uskokovic, M.R. Sig-
naling pathways for vitamin D-induced differentiation: Im-
plications for therapy of proliferative and neoplastic
diseases. Crit. Rev. Eukaryot. Gene Expr. 3:279-312,1993.

Reitsma, P.H., Rothberg, P.G., Astrin, S.M., Trial, J., Bar-

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

Shavit, Z., Hall, A,, Teitelbaum, S.L. and Kahn, A.J. Regu-
lation of myc gene expression in HL-60 leukaemia cells by
a vitamin D metabolite. Nature 306: 492-494, 1983.

Koizumi, T., Nakao, Y., Kawanishi, M., Maeda, S., Sugi-
yama, T. and Fujita, T. Suppression of c-myc mRNA ex-
pression by steroid hormones in HTLV-I-infected T-cell
line, KH-2. Int. J. Cancer 44: 701-706, 1989.

Brelvi, Z.S. and Studzinski, G.P. Inhibition of DNA synthe-
sis by an inducer of differentiation of leukemic cells, 10,25
dihydroxy vitamin Dj, precedes down regulation of the
c-myc gene. J. Cell. Physiol. 128: 171-179, 1986.

Karmali, R., Hewison, M., Rayment, N., Farrow, SM.,,
Brennan, A., Katz, D.R. and O’Riordan, J.L.H.
1,25(0OH)2D3 regulates c-myc mRNA levels in tonsillar
T-lymphocytes. Immunology 74: 589593, 1991.

Baer, A.R. and Wargovich, M.]. Dietary calcium and vita-
min Dj3 (VitD) inhibit colonic ornithine decarboxylase
(ODC) activity induced by bile acids. FASEB J. 3: A469,
abstract no. 1411, 1989.

Wiseman, H. Vitamin D is a membrane antioxidant. Ability
to inhibit iron-dependent lipid peroxidation in liposomes
compared to cholesterol, ergosterol and tamoxifen and rele-
vance to anticancer action. FEBS Lett. 326: 285-288, 1993.

Colston, K.W.,Berger, U. and Coombes, R.C. Possible role
for vitamin D in controlling breast cancer cell proliferation.
Lancet 1: 188-191, 1989.

DeLuca, H.F. New concepts of vitamin D functions. Ann.
NY. Acad. Sci. 669: 59-69, 1992.

Abe, E., Miyaura, C., Sakagami, H., Takeda, M., Konno,
K., Yamazaki, T., Yoshiki, S. and Suda, T. Differentiation
of mouse myeloid leukemia cells induced by 10,25-dihy-
droxyvitamin Ds. Proc. Natl. Acad. Sci. USA 78: 4990-
4994, 1981.

Cross, H.S., Pavelka, M., Slavik, J. and Peterlik, M. Growth
control of human colon cancer by vitamin D and calcium in
vitro. J. Natl. Cancer Inst. 84: 1355—- 1357, 1992.

Petkovich, P.M., Wrana, J.L., Grigoriadis, A.E., Heersche,
JN.M. and Sodek, J. 1,25-Dihydroxyvitamin D; increases
epidermal growth factor receptors and transforming growth
factor B-like activity in a bone-derived cell line. J. Biol.
Chem. 262: 13424-13428, 1987.

Letterio, J.J., Anzano, M.A., Roberts, A.B. and Sporn, M.B.
Novel vitamin D analog enhances differentiating effects of
transforming growth factor B-1 (TGF-B) in myeloid
leukemic cell lines. Proc. Annu. Meet. Am. Assoc. Cancer
Res. 34: 46, abstract no. 274, 1993.

Naveilhan, P., Berger, F., Haddad, K., Barbot, N., Benabid,
A.-L., Brachet, P., and Wion, D. Induction of glioma cell
death by 1,25(0OH),vitamin D;: Towards an endocrine ther-
apy of brain tumors? J. Neurosci. Res. 37: 271-2717, 1994,

Reichel, H., Koeffler, H.P. and Norman, A.W. The role of
the vitamin D endocrine system in health and disease. N.
Engl. J. Med. 320: 980-991, 1989.

Ferrara, J., McCuaig, K., Hendy, G.N., Uskokovic, M. and
White, J.H. Highly potent transcriptional activation by 16-
ene derivatives of 1,25-dihydroxyvitamin D;. Lack of
modulation by 9-cis-retinoic acid of response to 1,25-dihy-
droxyvitamin D; or its derivatives. J. Biol. Chem. 269:
2971-2981, 1994.

Munker, R., Norman, A. and Koeffler, H.P. Vitamin D com-
pounds. Effect on clonal proliferation and differentiation of
human myeloid cells. J. Clin. Invest. 78: 424-430, 1986.



366.

367.

368.

369.

370.

371,

372.

373.

374.

37s.

376.

371.

378.

New Chemopreventive Agents

Kolla, S.S., Moore, D.C. and Studzinski, G.P. Vitamin D
analogs inhibit erythroid differentiation and induce mono-
cytic differentiation of leukemic cells with the same relative
potency. Proc. Soc. Exp. Biol. Med. 197: 214-217, 1991.
Miller, G.J., Stapleton, G.E., Ferrara, J.A., Lucia, M.S.,
Pfister, S., Hedlund, T.E. and Upadhya, P. The human
prostatic carcinoma cell line LNCaP expresses biologically
active, specific receptors for 10,,25-dihydroxyvitamin Dj.
Cancer Res. 52: 515-520, 1992.

Kuroki, T., Chida, K., Hashiba, H., Hosoi, J., Hosomi, J.,
Sasaki, K., Abe, E. and Suda, T. Regulation of cell differ-
entiation and tumor promotion by 1025 dihydroxyvitamin
Ds. In: Huberman, E. and Barr, S.H. (eds.) Carcinogenesis
—A Comprehensive Survey}. New York: Raven Press, 1985,
pp- 275-286.

Shabahang, M., Buras, R., Davoodi, F., Schumaker, L. and
Evans, S. A comparison of the antiproliferative effect of
1,25-dihydroxyvitamin D3 and three analogs in colon carci-
noma cell lines. Proc. Annu. Meet. Am. Assoc. Cancer Res.
34: 244, abstract no. 1453, 1993.

Halline, A.G., Davidson, N.O., Skarosi, S.F., Sitrin, M.D.,
Tietze, C., Alpers, D.H. and Brasitus, T.A. Effects of 1,25-
dihydroxyvitamin D3 on proliferation and differentiation of
Caco-2 cells, Endocrinology 134: 1710 1717, 1994.
Zhou, J.Y., Norman, A.W., Akashi, M., Chen, D.L., Usk-
okovic, M.R., Aurrecoechea, JM., Dauben, W.G., Oka-
mura, W.H. and Koeffler, H.P. Development of a novel
1,25(OH)2-vitamin-D; analog with potent ability to induce
HL-60 cell differentiation without modulating calcium me-
tabolism. Blood 78: 75-82, 1991.

Pence, B.C. and Buddingh, F. Inhibition of dietary fat-
promoted colon carcinogenesis in rats by supplemental
calcium or vitamin Ds. Carcinogenesis 9: 187-190, 1988.
Belleli, A., Shany, S., Levy, I., Guberman, R. and Lam-
precht, S.A. A protective role of 1,25-dihydroxyvitamin D3
in chemically induced rat colon carcinogenesis. Carcino-
genesis 13: 2293-2298, 1992.

Chida, K., Hashiba, H., Fukushima, M., Suda, T. and
Kuroki, T. Inhibition of tumor promotion in mouse skin by
1_,25-dihydroxyvitamin Ds. Cancer Res. 45: 5426-5430,
1985.

Wood, A.W., Chang, R.L., Huang, M.-T., Uskokovic, M.
and Conney, A.H. 10,25-Dihydroxyvitamin Dj inhibits
phorbol ester-dependent chemical carcinogenesis in mouse
skin. Biochem. Biophys. Res. Commun. 116: 605-611,
1983.

Anzano, M.A., Smith, J.M., Uskokovic, M.R., Peer, CW.,
Mullen, L.T., Letterio, J.J., Welsh, M.C., Shrader, MW,
Logsdon, D.L., Driver, C.L., Brown, C.C., Roberts, AB.
and Spomn, M.B. 1¢,25-Dihydroxy-16-ene-23-yne-26,27-
hexafluorocholecalciferol (Ro24-5531), a new deltanoid
(vitamin D analogue) for prevention of breast cancer in the
rat. Cancer Res. 54: 1653-1656, 1994.

Anzano, M., Smith, J., Peer, C., Welsh, M., Brown, C. and
Sporn, M. Vitamin D analog synergizes with tamoxifen
in prevention of mammary carcinogenesis. Proc. Annu.
Meet. Am. Assoc. Cancer Res. 35: 623, abstractno. 3713,
1994.

Kelloff, G.J., Crowell, J.A., Boone, C.W., Stecle, V.E.,
Lubet, R.A., Greenwald, P., Alberts, D.S., Covey, M.,
Doody, L.A., Knapp, G.G., Nayfield, S., Parkinson, D.R.,
Prasad, V.K., Prorok, P.C., Sausville, E.A. and Sigman,
C.C. Clinical Development Plan: Vitamin D3 and analogs.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

27

J. Cell. Biochem. 20: 268-281, 1994.

Garland, M., Stampfer, M.I., Willett, W.C. and Hunter, D.J.
The epidemiology of selenium and human cancer. In: Frei,
B. (ed.) Natural Antioxidants in Human Health and Dis-
ease. San Diego: Academic Press, 1994, pp. 263-286.

Salonen, J.T., Salonen, R., Lappetelainen, R., Maenpaa,
P.H., Alfthan, G. and Puska, P. Risk of cancer in relation to
serum concentrations of selenium and vitamins A and E:
Matched case-control analysis of prospective data. Br. Med.
J. 290: 417-420, 1985.

Kok, F.J., de Bruijn, AM., Hofman, A., Vermeeren, R. and
Valkenburg, H.A. Is serum selenium a risk factor for cancer
in men only? Am. J. Epidemiol. 125: 12-16, 1987.

Clark, L.C., Cantor, K.P. and Allaway, W.H. Selenium in
forage crops and cancer mortality in U.S. counties. Arch.
Environ. Health 46: 3742, 1991.

Clark, L.C., Hixson, L.J.,, Combs, G.F., Jr., Reid, M.E.,
Tumbull, B.W. and Sampliner, R.E. Plasma selenium con-
centration predicts the prevalence of colorectal adenoma-
tous polyps. Cancer Epidemiol. Biomarkers Prev.2: 4146,
1993.

Schrauzer, G.N., White, D.A. and Schneider, C.J. Cancer
mortality correlation studies — III: Statistical associations
with dietary selenium intakes. Bioinorg. Chem. 7: 23-34,
1977.

Crigui, M.H., Bangdiwala, S., Goodman, D.S., Blaner,
W.S.,Morris, S., Kritchevsky, S., Lippel, K., Mebane, I. and
Tyroler, H.A. Selenium, retinol, retinol-binding protein,
and uric acid associations with cancer mortality in a popu-

lation-based prospective case-control study. Ann.
Epidemiol. 1: 385-393, 1991.

Willett, W.C., Morris, I.S., Pressell, S., Taylor, J.O., Polk,
B.F., Stampfer, M.J,, Rosner, B., Schneider, K. and Hames,
C.G. Prediagnostic serum selenjum and risk of cancer.
Lancet 2: 130-134, 1983.

Whanger, P.D. Selenium in the treatment of heavy metal
poisoning and chemical carcinogenesis. J. Trace Elem.
Electrolytes Health Dis. 6: 209-221, 1992.

Vernie, L.N. Selenium in carcinogenesis. Biochim. Bio
phys. Acta 738: 203-217, 1984.

Combs, G.F., Jr. and Combs, S.B. The nutritional bio chem-
istry of selenium. Annu. Rev. Nutr. 4: 257-280, 1984.

Ip, C., Hayes, C., Budnick, R.M. and Ganther, H.E. Chemi-
cal form of selenium, critical metabolites, and cancer pre-
vention. Cancer Res. 51: 595-600, 1991.

El-Bayoumny, K., Chae, Y.-H., Upadhyaya, P., Meschter, C.,
Cohen, L.A. and Reddy, B.S. Inhibition of 7,12-dimethyl-
benz(a)anthracene-induced tumors and DNA adduct forma-
tion in the mammary glands of female Sprague-Dawley rats
by the synthetic organoselenium compound, 1,4-phenyle-
nebis- (methylene)selenocyanate. Cancer Res. 52: 2402—
2407, 1992.

Ip, C., El-Bayoumy, K., Upadhyaya, P., Ganther, H., Vad-
hanavikit, S. and Thompson, H. Comparative effect of
inorganic and organic selenocyanate derivatives in mam-
mary cancer chemoprevention. Carcinogenesis 15: 187~
192, 1994.

Reddy,B.S., Rivenson, A., Kulkarni, N., Upadhyaya,P. and
El-Bayoumy, K. Chemoprevention of colon carcinogene-
sis by the synthetic organoselenium compound 1,4-

phenylenebis(methylene)selenocyanate. Cancer Res. 52:
5635-5640, 1992.



28

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

Kelloff et al.

El-Bayoumy, K., Upadhyaya, P., Desai, D.H., Amin, 8. and
Hecht, S.S. Inhibition of 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone tumorigenicity in mouse lung by the
synthetic organoselenium compound, 1,4-phenylene-
bis(methylene)selenocyanate. Carcinogenesis 14: 1111—
1113, 1993.

El-Bayoumy, K., Rivenson, A., Upadhyaya, P., Sohn, O.S.,
Fiala, E.S., Kulkarni, N. and Reddy, B.S. Chemopreventive
efficacy of dietary 1,4-phenylencbis(methylene)selenocy-
anate (XSC) on azoxymethane-induced colon carcinogene-
sis in rats. Proc. Annu. Meet. Am. Assoc. Cancer Res. 33:
160, abstract no. 961, 1992. '

Prokopczyk, B., Upadhyaya, P., Amin, S., Desai, D., Hoff-
mann, D. and El-Bayoumy, K. The effects of selenium
compounds on DNA adduct formation in rats and mice after
treatment with 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-
tanone (NNK). Proc. Annu. Meet. Am. Assoc. Cancer Res.
36: 593, abstract no. 3532, 1995.

Sohn, O.S., Fiala, E.S., Surace, A., Chae, Y.-H., Upad-
hyaya, P. and El-Bayoumy, K. Effects of organoselenium
chemopreventive agents on xenobiotic metabolizing en-
zymes. Proc. Annu. Meet. Am. Assoc. Cancer Res. 34: 125,
abstract no. 743, 1993.

Thompson, H.J., Wilson, A., Lu, T, Singh, M., Jiang, C.,
Upadhyaya, P., El-Bayoumy, K. and Ip, C. Comparison of
the effects of an organic and an inorganic form of selenium
on a mammary carcinoma cell line. Carcinogenesis 15:
183-186, 1994.

Tillotson, J.K., Upadhyaya, P. and Ronai, Z. Inhibition of
thymidine kinase in cultured mammary tumor cells by the
chemopreventive organoselenium compound, 1,4-phenyle-

nebis(methylene)selenocyanate. Carcinogenesis 15: 607—
610, 1994,

Kobhrle, J. Thyroid hormone deiodination in target tissues -
A regulatory role for the trace element selenium? Exp. Clin.
Endocrinol. 102: 63-89, 1994.

Lubet, R.A,, Steele, V.E., Casebolt, T.L., Eto, I, Kelloff,
G.J. and Grubbs, C.J. Chemopreventive effects of the aro-
matase inhibitors vorozole (R-83842) and 4-hydroxyan-
drostenedione in the methylnitrosourea (MNU)-induced
mammary tumor model in Sprague-Dawley rats. Carcino-
genesis 15: 2775-2780, 1994.

Troll, W. and Kennedy, A.R. Workshop report from the
Division of Cancer Etiology, National Cancer Institute,
National Institutes of Health. Protease inhibitors as cancer
chemopreventive agents. Cancer Res. 49: 499-502, 1989.

Kennedy, A.R. and Manzone, H. Effects of protease inhibitors

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

on levels of proteolytic activity in normal and premalignant
cells and tissues. J. Cell. Biochem. 22: 188194, 1995.

Nishino, H. Cancer chemoprevention by natural carotenoids
and their related compounds.J. Cell. Biochem.22: 231-235,
1995.

The Alpha-Tocopherol, Beta Carotene Cancer Prevention
Group The effect of vitamin E and -carotene on the inci-
dence of lung cancer and other cancers in male smokers. N.
Engl.J. Med. 330: 1029-1035, 1994.

Ip, C. Interaction of vitamin C and selenium supple menta-
tion in the modification of mammary carcinogenesis in rats.
J.Natl. Cancer Inst. TT: 299-234, 1986.

Ip, C. and White, G. Mammary cancer chemoprevention by
inorganic and organic selenium: Single agent treatment or
in combination with vitamin E and their effects on in vitro
immune functions. Carcinogenesis 8: 1763-1766, 1987.

Cukierski, M.J., Willhite, C.C., Lasley, B.L., Hendrie, T.A.,
Book, S.A., Cox, D.N. and Hendrickx, A.G. 30-Day oral
toxicity study of L-selenomethionine in female long-tailed
macaques (Macaca fascicularis). Fundam. Appl. Toxicol.
13:26-39, 1989.

Ip, C. and Lisk, D.J. Characterization of tissue selenium
profiles and anticarcinogenic responses in rats fed natural
sources of selenium-rich products. Carcinogenesis 15: 573—
576, 1994.

Thompson, H.J., Meeker, L.D. and Kokoska, S. Effect of an
inorganic and organic form of dietary selenium on the

promotional stage of mammary carcinogenesis in the rat.
Cancer Res. 44: 2803-2806, 1984.

Kelloff, G.J., Fay, JR., Stecle, V.E., Lubet, R.A., Boone,
C.W,, Crowell, J.A. and Sigman, C.C. Epidermal growth
factor receptor tyrosine kinase inhibitors as potential cancer

chemopreventives. Cancer Epidemiol. Biomark. Prev. 5:
657-666, 1996.

Koh], N.E., Conner, M.W._, Gibbs, J.B., Graham, S.L.., Hart-
man, G.D. and Oliff, A. Development of inhibitors of pro-
tein farnesylation as potential chemotherapeutic agents. J.
Cell. Biochem. 22: 145150, 1995.

Kohl, N.E., Omer, C.A., Conner, M.W., Anthony, N.J.,
Davide, J.P., DeSolms, S.J., Giuliani, E.A., Gomez, R.P.,
Graham, S.L., Hamilton, K., Handt, L.K., Hartman, G.D.,
Koblan, K.S., Kral, AM., Miller, P.J., Mosser, S.D.,
O’Neill, T J. et al. Inhibition of farnesyl transferase induces
regression of mammary and salivary carcinomas in ras
transgenic mice. Nat. Med. 1: 792-797, 1995.



