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PREVENTION OF CANCER-BY AGENTS THAT
SUPPRESS OXYGEN RADICAL FORMATION
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The prevention of cancer by agents in our diet has led to the concept that oxygen radicals are a necessary
component of a variety of human cancers including breast, colon and prostatic cancer. These cancers are
putatively promoted by estradiol, bile acids and androgens. Epidemiological studies have shown that these
cancers are suppressed in vegetarian populations. Vegetable components that may be responsible for this
cancer prevention are Vitamin A, retinoids and protease inhibitors (Pls). These agents have been shown
to suppress the formation of hydrogen peroxide in promoter-induced neutrophils. They also have been
shown to block two-stage carcinogenesis and breast cancer when fed to animals. Pls also suppress
experimentally-induced colon cancer and spontaneous liver cancer. Moreover, a2 new series of cancer-
preventive agents, Sarcophytols (isolated by Fujiki and co-workers), are capable of suppressing two-stage
carcinogenesis, breast and colon cancers in rodents when given in low concentrations. Sarcophytols were
also active suppressors of H,0, formation of 12-O-tetradecanoyl-phorbol-1 3-acetate (TPA)-induced neut-
rophils. These observations point to an essential role of oxygen radicals in carcinogenesis. Suppression of
the oxygen radical response of neutrophils in relation to cancer preventive agents is a facile assay of these
important substances. The mechanism of action of oxygen radicals in promoting carcinogenesis is a
multiple one, including: (1) activation of oncogenes, (2) modification of DNA bases, and (3) formation of
single-strand breaks leading to poly(ADP)ribose polymerase activation.
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INTRODUCTION

Carcinogenesis has been extensively investigated and significant progress has led to
methods for identifying carcinogens in our environment. These carcinogenic agents
were so prevalent that it appeared difficult to explain the relatively low cancer
occurrence in certain populations without contemplating the presence of major
anticarinogenic components in our environment. Epidemiological data on the occurr-
ence of cancer throughout the world identified vegetarians as a having lower incidence
of many cancers in comparison to meat (fat)-consuming populations. The highest
rates of breast, colon and prostatic cancers were noted in countries where the people
consumed a characteristically “‘western” diet high in meat content (e.g. the United
States). The lowest levels were observed in populations that excluded meat and dairy
products from their diet for economic reasons (e.g., Japan and Thailand) or religious
dictates (e.g., Seventh-Day Adventists). Since such diets consist mainly of plants and
their products, these findings suggest that plants contain anticarinogenic agents.'”

Cellular DNA can be modified by a variety of agents, a process that may result in
the creation of a new cell species. The first demonstration of the multistage nature of
carcinogenesis was shown by Berenblum in skin cancer. Inlammatory croton oil,
when painted on the backs of mice, caused tumors only when the mice were pretreated
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with a minute dose of a carcinogen that by itself would be insufficient to cause cancer.
This carcinogen putatively gives rise to a cell type that is indistinguishable from
normal cells until exposure to a promoting agent converts it to a tumor cell. Many
promoters, e.g., phorbol esters which are the active compounds in croton oil, were
identified as derivatives of TPA.*® Fujiki et al. identified other types of promoting
agents including teleocidin, aplysiatoxin and okadaic acid.’

In contrast to initiation, which requires only one dose, many applications of a
promoting agent are needed to produce tumors. Thus, promotion requires multiple
or prolonged exposure to the agent before tumor growth becomes inevitable. Tumor
development has been divided into three phases: stage I — conversion, stage Il —
promotion, and stage III — progression to malignant neoplasm.**""! The concept of
multistage carcinogenesis in mouse skin led to identification of promoting agents that
contribute to the development of other cancers as well. The determination of the site
where the tumor occurs facilitated identification of ovarian hormones as tumor
promoters. The hormones estradiol and testosterone are considered possible causative
agents in breast and prostatic cancers, respectively. Since the initiators of these
common human cancers are not known, the identification of agents as tumor pro-
moters depends on their ability to produce cancer at specific sites where receptors that
bind them are present.'*" Such cancer in humans appears to be preventable by
nutritional components that inhibit tumor promotion. Similar considerations have
led to the tentative identification of bile acids as contributors to colon cancer."

Mechanism of Anticarcinogenesis

Studies on the mechanism of tumor promotion have revealed a number of common
characteristics that are shared by the seemingly unrelated agents that contribute to
cancer. These include protein kinase C activation, proteases, as well as induction of
oxygen radicals and poly(ADP)ribose polymerase (PADPR polymerase)."*"® The
most interesting common aspect of tumor promotion at certain sites has come from
the observations that the same anticarcinogenic compounds, capable of counteracting
experimental tumor promotion by TPA in the mouse model, counteract breast and
colon cancers in animals and also, as shown by epidemiological studies, in humans."
After it was noted that croton oil or its purified principle TPA induced proteases in
mouse skin it was hypothesized that proteases may be involved in tumor promotion.
To test this possibility, synthetic protease inhibitors were applied to mouse skin and
found to block the promoting action of TPA. Low doses (1-10 ug) of tosyl-L-lysine
chloromethyl ketone, tosyl-phenylalanine-chloromethyl ketone and the competitive
substrate tosyl-l-arginine methyl ester specifically counteracted promotion. The num-
ber and incidence of tumors decreased and latent periods increased. The inhibition of
tumor promotion by protease inhibitors was confirmed by applying leupeptin to
mouse skin.” Feeding a raw soybean diet rich in protease inhibitors not only sup-
pressed tumors in mouse skin initiated with 4-nitroquinoline-N-oxide and promoted
by TPA, but also breast tumors induced by X-ray irradiation in Sprague-Dawley rats
and spontaneous liver cancer in C; H mice.'® Feeding animals leupeptin suppressed rat
mammary tumors induced by 7,12-dimethylbenz(a)anthracene, whereas g-aminoca-
proic acid or Bowman-Birk soybean inhibitor inhibited colon cancer induced by
I-,2-dimethylhydrazine." The epidemiological studies of Correa showed decreased
breast, prostatic and colon cancers in populations consuming seeds rich in protease
inhibitors (e.g., rice, soybeans, chick-peas).?!

A similar crossover of anticarinogenic agents that were active in the mouse skin
system was evidenced with retinoids which also suppressed breast cancer.?? Bryos-
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tatin, a modifier of protein kinase C that had been shown to inhibit tumor promotion
by phorbol esters in SENCAR mice, was found to inhibit leukemia in humans.?*
These apparent common anticarinogenic actions also have recently been observed
with Sarcophytols A and B, cembrane type diterpenes isolated from the soft coral
Sarcophyton glaucum. These compounds were shown to inhibit teleocidin-mediated
tumor promotion in mouse skin. When fed to mice, Sarcophytol A inhibited tumor
promotion by TPA, aplysiatoxin and okadaic acid in large bowel carcinogenesis, as
well as spontaneous mammary and liver tumors.”*? These compounds are reminis-
cent of retinoids in structure but appear more effective in suppressing a variety of
tumors and exhibit only negligible toxicity.

Role of Oxyradicals

Recent developments have stimulated a growing interest in the role of oxygen radicals
and particularly of hydrogen peroxide in tumor promotion. Hydrogen peroxide and
organic peroxides have been shown to be tumor promoters in SENCAR mice.”
Tumor promoters including phorbol esters and indole alkaloids induce a respiratory
burst in polymorphonuclear leukocytes (PMNs) resulting in the formation of
superoxide anion radicals (- O; ), hydrogen peroxide (H,0,), hydroxyl radicals (-OH)
and singlet oxygen.”?®* Phorbol derivatives that are inactive as tumor promoters (i.e.,
phorbol, phorbol diacetate or 4-O-methyl-TPA) also fail to elicit production of -O5
and H,0, by PMNs.3** Interestingly, chemopreventive protease inhibitors and reti-
noids suppress formation of -O; as well as H,0, by TPA-activated PMNs.”** Thus,
the ability of the above agents to inhibit the production of active oxygen species may
be responsible for their chemopreventive properties in respect to suppression of tumor
promotion and cancer development.

Role of PADPR Polymerase

The induction of PADPR polymerase is of specific interest among the many possible
contributions of oxygen radicals to tumor promotion. For example, it has been
observed that inhibitors of PADPR polymerase cause deletion of oncogenes from
transfected NIH 3T3 cells.'* Benzamide, an inhibitor of PADPR polymerase, has been

TABLE I
Effect of various inhibitors on hydrolysis of [*H]casein by chymotrypsin and trypsin
Inhibitor Concentration of Inhibition (%)
inhibitor (mM)
Chymotrypsin® Trypsin®
Nicotinamide 10 7 6
20 22 12
40 53 14
60 52 40
Benzamide 10 57 24
20 64 37
40 76 4
60 88 64
J-Aminobenzamide 10 34 6
20 50 27
40 69 k]|
60 7 40
*Twenty nanograms chymoltrypsin or trypsin per assay.
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TABLE I :
Inhibition of superoxide anion formation in human neutrophils
Concentration Inhibition (%)
of inhibitor
Nicotinamide Benzamide 3-Aminobenzamide
2mM 18 23 15
SmM 23 34 48
10mM 35 84 73

shown to cause a loss of exogenously-supplied H-ras genes from NIH 3T3 cells, which'
results in morphologically-normal flat cells. Benzamide, 3-aminobenzamide and ni-
cotinamide were all found to be protease inhibitors with a preference for chymotryp-
sin. They also inhibited TPA-induced formation of oxygen radicals by human neut-
rophils®” (Tables [ and II).

Naturally-occurring chymotrypsin-inhibiting protease inhibitors, e.g. potato in-
hibitor I, have been shown to effectively block H,0, formation by TPA-activated
human neutrophils and perhaps they also are inhibitors of poly(ADP)ribosylation.”
Antipain, another protease inhibitor, has been shown to be a PADPR polymerase
inhibitor as well.® The contribution of PADPR polymerase to promotion becomes of
particular interest when the actions of protease inhibitors, retinoids and antioxidants
are examined in their role of interfering with PADPR formation.

Expression of Oncogenes

Garte et al.*® have demonstrated that H-ras oncogene-induced transformation can be
inhibited by leupeptin, antipain, e&-aminocaproic acid and «, -antitrypsin. Inhibition of
cell transformation occurred only when antipain was added to NIH 3T3 cells three
to nine days after transfection with ras, which suggests cell proliferation as the
sensitive zone for suppression of ras expression. Similar time requirements for sup-
pressing transormation of NIH 3T3 cells after transfecting ras, v-raf and v-mos
oncogenes have been noted with the PADPR inhibitor 3-amino-benzamide.® Such
results suggest a central role for poly(ADP)ribosylation in oncogene expression — a
possible step in tumor promotion. The demonstration that PADPR inhibitors cause
deletion of exogeneously-supplied ras with concomitant reversion of cells from trans-
formed to morphologically-normal flat cells also points to poly-(ADP)ribosylation as
being involved in the transformation process. Luminol, a potent inhibitor of PADPR
polymerase, also induced loss of exogeneous ras sequence and formation of the flat
cells.” It is of interest to speculate if other chemopreventive anticarinogens are active
through repressing PADPR polymerase. For example, it was shown that all-trans-
retinoic acid is effective in suppressing ras-induced transformation.* It may be that
retinoids inhibit formation of PADPR by interfering with activation of PMNs to form
oxygen radicals, which by causing DNA damage are responsible for inducing pol-
Y(ADP)ribosylation. This could be the connection of antioxidants to PADPR poly-
merase inhibition. The inhibition of PADPR polymerase may not be the only me-
chanism of action by anticarciriogenic agents, since e-aminocaproic acid and a, -tryp-
sin inhibitor have been shown to suppress the induction of DNA polymerase «, a
necessary enzyme for carcinogen-mediated DNA amoplification.**** The suppression
of ras-oncogene expression demonstrated by these particular protease inhibitors is
more likely due to this latter effect since they are unlikely prospects for being
inhibitors of PADPR polymerase.”®*** On the other hand, free radical scavenger
modulation of oncogenic action of X-rays, bleomycin and TPA in hamster cells is
probably due to the inhibition of PADPR formation.*
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-CONCLUSION

The chemopreventive agents*® capable of suppressing tumor promotion (protease
inhibitors, retinoids, Sarcophytols, nicotinamide) have two characteristic properties,
which are that they suppress o:.,radical induction of tumor promoter-induced neut-
rophils and they prevent oncogene transformation in ras-induced NIH 3T3 cells.
PADPR induction may be the connecting link between oxyradical induction and
oncogene expression. Oxyradicals induce PADPR by DNA strand breaks. Inhibitors
of PADPR (e.g., aminobenzamide) cause oncogene deletion, preventing the transfor-
mation of NIH 3T3 cells. This may present the major mechanism of chemopreven-
tion.
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