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PREFACE 

In the past five years, a surprising and intense resurgence in interest 
in vitamins and other micronutrients and their role in health and dis
ease has occurred. The recognition has emerged that vitamins not 
only are essential for life ·in that severe nutritional deficiencies occur 
in their absence, but that these compounds may also serve as natural 
inhibitors of cancer. Synthetic alterations of the basic vitamin A mole
cule have also resulted in the production of compounds that are 
more potent as anticancer agents than the natural substance and 
may have substantial therapeutic activity as well. Whether other vita
mins can be changed or altered to produce a better anticancer effect 
than the native compound has been little explored to date, but 
should be a fruitful pursuit for future study. 

In our concluding remarks to the First International Conference in 
1982, we speculated that rapid advances in our understanding of vi
tamins would occur in the next few years and that large-scale inter
vention trials of vitamins as preventive agents in defined human pop
ulations would be started. This anticipated generation of data on 
vitamins and their interactions has proceeded rapidly and the impor
tance of interactions between vitamins and other micronutrients in 
the prevention setting has become better appreciated. Currently, 
more than 25 intervention trials with a variety of target populations 
using vitamins and other micronutrients have been started, but it re
mains too early for meaningful analysis of the results to date. A num
ber of major methodological issues concerning prevention trials in 
humans have been identified, and difficult areas of experimental de
sign, choice and administration of agents, and compliance have been 
extenSively addressed. The proper execution of these trials clearly re
quires very careful experimental design and input to varying degrees 
from epidemiologists, nutritionists, pharmacologists, and basic scien
tists to assure their success. 

A large group of investigators from the sciences of cell biology, bi
ochemistry, nutrition, oncology, epidemiology, and public health 
have contributed to our new knowledge of vitamins. The positive in
teractions between individuals in these diverse disciplines during and 
following our First International Conference suggested that a second 
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vi Preface 

conference would be productive. The Second International Confer
ence on the Modulation and Mediation of Cancer by Vitamins was 
held in Tucson, Arizona, from February 10-13, 1985. The series of 
papers in these proceedings indicate the excitement and breadth of 
science that human prevention trials must encompass to be 
successful. 

Frank L. Meyskens. Jr. 
Kedar N. Prasad 



INTRODUCTION AND 
FUTURE PERSPECTIVES 

Kedar N. Prasad and Frank L. Meyskens. Jr. 

Animal data have convincingly established that optimal intake of cer
tain supplemental nutrients reduces the risk of cancer induced by a 
wide range of tumor initiators and promoters, whereas a decreased 
intake of some nutrients enhances cancer risk. Examples of protective 
nutrients include vitamins A, C, and E, as well as folic acid and sele
nium. The effects of these nutrients are both site- and tumor-specific. 

A standard approach to test the relationship between vitamin in
take and the risk of cancer in human beings has been to perform ep
idemiological investigations. However, the results have not always 
been consistent. Frequently this may be because they have measured 
only one or two biological parameters of the many that are involved 
in human carcinogenesis. 

Human cancers are the result of extracellular and cellular events, 
as well as host-mediated events; therefore, in any epidemiological 
study the crucial parameters of all relevant events should probably be 
measured in order to generate consistent data. For example, extracel
lular events include the formation of nitrosamine in the stomach from 
nitrate and biogenic amines and the formation of fecal mutagens 
from a variety of food substances, especially meat. These extracellu
lar events may be more important for some tumors than others. Both 
vitamin C and alpha-tocopherol may block the formation of nitrosa
mines and also reduce the level of fecal mutagens. The combined ef
fects of vitamin C and alpha-tocopherol would be expected to be 
greater than the individual vitamins in reducing the levels of fecal 
mutagens and a single agent trial may not produce significant results. 
Therefore, in order to evaluate the role of vitamins A, C, and E and 
other nutrients in human carcinogenesis through an epidemiological 
approach, one should optimally measure the following: 

(a) Amounts of vitamin intake based on extensive dietary records 
(b) Levels of vitamins 
(c) Levels of fecal mutagens 

vii 



viii Introduction and Future Perspectives 

Unfortunately, in previous human studies only one of these parame
ters has been measured in any given study, and indeed most of the 
prior studies on cancer risk are based on dietary intake of vitamins or 
a "vitamin index." 

Cellular events include at least tumor initiation and promotion, 
which lead to transformation, and certain other intracellular events 
that become responsible for maintaining the transformed phenotype 
in an irreversible state. Vitamins A, C, and E and selenium may 
influence the cellular events of carcinogenesis in more than one way. 
For example, the vitamins may block the action of tumor promoters 
and initiators or induce cell differentiation in newly transformed or es
tablished tumor cells. In general, vitamin A and its synthetic and nat
ural derivatives preferentially induce cell differentiation in established 
cancer cells of epithelial origin, although poterit effects on certain 
stages of hematopoiesis are also evident. Vitamin C can reverse 
newly transformed cells to normal phenotype in vitro. However, after 
time the transformed phenotype becomes irreversibly fixed. Vitamins 
E and D may also cause cell differentiation in some established tu
mor cells (at least in culture), as well as permanently inhibit their 
growth. 

If one considers these mechanisms of action by vitamins on cells, it 
becomes evident that the measurement of plasma levels alone for vi
tamins and other nutrients in target tissues (normal, dysplastic, and 
neoplastic) will be important. Unfortunately, the tissue levels of vita
mins have not been determined in any previous epidemiological 
study. In order to influence the cellular events of carcinogenesis, 
knowledge of the tissue level of nutrients may be more crucial than 
the plasma level in estimating the cancer risk of the target tissue. 

Even in plasma, measurements are usually very limited. For vita
min A, one must measure not only the levels of retinol and retinoic 
acid, but also the levels of all relevant carotinoids. Similarly, for vita
min E, one should measure its types. Although the biological activity 
of gamma-tocopherol is only one-tenth that of alpha-tocopherol, its 
level in our diet is twice that of alpha-tocopherol. Therefore, the level 
of gamma-tocopherol could contribute significantly to the plasma 
level of tocopherol. The plasma level of vitamin C fluctuates mark
edly as a function of dietary intake; therefore, the levels of plasma vi
tamin C in any epidemiological study would be difficult to interpret 
with respect to cancer risk. The leukocyte level of vitamin C appears 
to be a reasonable indicator of tissue level of vitamin C; however, 
there are no substantive data to support this contention. 
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In addition to extracellular and cellular events of carcinogenesis, 
the cancer risk is also influenced by host-mediated events. These in
clude at least competency of the immune system and detoxification 
and metabolic activation of chemical carcinogens. Vitamins seem to 
stimulate cellular immunity, accelerate the detoxification of some car
cinogens, and in some cases block the metabolic activation of chem
ical carcinogens. 

Thus, in order to obtain meaningful data, we must estimate the 
levels of nutrients based on dietary intake, determine the actual levels 
of nutrients in plasma and tissues (normal, preneoplastic, and neo
plastic), and monitor host-mediated events. Such a comprehensive 
epidemiological study will be critical to evaluating the role of vitamins 
and other nutrients in human carcinogenesis. 

Conclusive results regarding the role of nutrients will come from in
tervention studies in which the effect of one or more nutrients on the 
incidence of cancer among a high-risk population is evaluated. How
ever, we have not yet performed experiments in humans analogous 
to the animal studies. Such experiments can only be accomplished 
using carefully controlled intervention studies among populations at 
high risk of developing cancer. Some of these studies are in progress, 
but it will be at least five years and possibly longer before conclusive 
data will be available. 

Nevertheless, intervention trials in humans are not as simple as 
they might appear because of great variations in dietary habits and in 
life style and attitudes toward the proposed studies. We have made 
considerable progress in the last few years in defining the methodo
logical issues that may reduce the impact of the above confounding 
factors on the interpretation of results. In the design of human inter
vention studies, we have found that the appropriate methodologies 
and experimental design may be more important than the particular 
nutrients used in the chemoprevention. It is important to estimate the 
intake of nutrients based on dietary intake, determine the actual lev
els of nutrients in plasma and tissues (normal, preneoplastic, neoplas
tic), and monitor the immune competency of the host closely. In the 
absence of such a comprehensive effort, the results of human inter
vention studies may well be difficult to interpret. 

Laboratory experiments have given us sufficient biological rationale 
for using combinations of nutrients in human cancer prevention stud
ies. For example, the fact that vitamin E (alpha-tocopherol) in combi
nation with selenium (sodium selenite) is more effective than the indi
vidual agents suggests the possibility that vitamins may interact with 
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other nutrients, as well as with other molecules in the body. It has re
cently been reported that d-alpha-tocopheryl succinate, which is the 
most effective form of vitamin E, enhances the level of morphological 
differentiation of murine neuroblastoma (NBPz) in culture induced by 
a cAMP-stimulating agent, prostaglandin Az. This suggests that vita
min E succinate may regulate at least some effects of cAMP on mam
malian cells in culture. Further studies on the interaction of vitamins 
with other nutrients and other anticancer agents normally present in 
the body (cAMP, butyric acid, protease inhibitors) must be performed 
in order to define the role of nutrients in carcinogenesis. 

It appears that an excessive intake of fat increases the risk of can
cer. The exact mechanisms of this effect are unknown. It has been 
proposed that the excessive consumption of fat increases the produc
tion of prostaglandin Ez, which is known to suppress immune re
sponse. The involvement of cholesterol in the etiology of colon 
cancer has been suggested. More studies are needed to substantiate 
the precise role of fats and fat-related substances in human 
carcinogenesis. 

The studies on the role of vitamins in the treatment of cancer re
main at an early stage. Biological features must be considered when 
developing a treatment protocol. These considerations include the 
forms of vitamins, dose and dose schedules, route of administration, 
and tumor tissue accumulations. It should be stressed that any bio
logical modifier, including vitamins, may need to be used differently 
from chemotherapeutic agents. Therefore, in any protocol, the use of 
vitamins must be made on a firm biological rationale with a pro
longed treatment time until the compound is limited by toxicity of the 
vitamin and/or rapid growth of tumor. The studies on the value of 
retinoids in the treatment of some tumors appear very encouraging, 
and more basic studies are needed to improve the effectiveness of 
retinoids in the treatment of human neoplasms. The clinical studies 
with vitamin E are very limited. More preclinical studies on the value 
of vitamin E succinate in human neoplasms are needed. In addition, 
more preclinical studies are essential to confirm positive studies of the 
role of vitamins (A, C, and E) in favorably modifying the effects 
of currently used therapeutic agents (chemical, radiation, and hy
perthermia). 

We are very much encouraged by the new mechanistic data on 
the effect of nutrients on animal and human carcinogenesis from nu
merous laboratories around the world. We believe that in the very 
near future modification of old concepts will be made and new ones 
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developed. From animal studies it appears that for the first time we 
have in our hands molecules that, when properly used, may reduce 
the incidence of human cancer. There is no doubt that we have a 
long way to go before our goals of reducing cancer incidence and 
achieving more effective cancer prevention (and treatment) are 
reached-but we believe that an excellent beginning has been made. 
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BASIC EXPERIMENTAL APPROACHES 



STUDIES ON THE MECIIANISK OF THE 

ANTIPROLIFERATIVE ACTION or RETINOIDS OSING 

RETINOID-RESISTANT MELANOMA CELL MUTANTS 

Reuben Lotan 

Depart.ent of ta.or Biology, The University of 

Texas - H.D. Anderson Hospital and ta.or Institute 

at Houston, TX. 77030 

INTRODUCTION 

An increasing number of reports, over the past few 
years, on the ability of retinoids (vitamin A analogs) 
to modulate cell transformat.ion, proliferation, and 
differentiation has highlighted the importance of this 
group of compounds for prevention and suppression of 
malignancy (1-3). Although the mechanism(s) by which 
retinoids modify such fundamental processes is not 
clear, there are strong indications that these compounds 
can alter gene expression (1-7) and cell membrane 
glycoprotein synthesis and structure (1,3,8-14). 
Consequently, the two most likely cellular targets for 
retinoid action are the nucleus and the plasma membrane. 

The involvement of retinoids in the maintenance, 
regulation or induction of differentiation of a variety 
of cell types, including embryonal carcinoma cells, ..!!!. 
vivo and in vitro strongly implied that retinoids 
influence gene---expression (1,4-7). It has been 
suggested that specific cellular retinOid-binding 
proteins recognizing either retinol (CRBP) or retinoic 
acid (CRABP) mediate this action by transporting the 
lipophilic retinoids via the hydrophilic cytoplasm to 
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the nucleus (1,4,5,15). However, little is known about 
the mechanism by which retinoids alter gene expression 
or whether the binding proteins are essential for 
retinoid action in all cells. 

Various studies with cells or isolated membranes 
have demonstrated that retinol can be phosphorylated and 
that the retiny1phosphate formed can be glycosy1ated 
(8,14). These derivatives were able to transfer 
monosaccharides, in particular mannose, to endogenous 
membrane components (8,14). Other reports described 
retinoid-enhanced activity of ga1actosy1transferase in 
several cell types (16-20). Thus, a role for retinoids 
in the glycosylation of membrane glycoproteins has been 
proposed (8,20). At present it is not clear whether 
changes in the glycosy1ation of cell membrane components 
may lead to altered growth and/or differentiation. 

Studies with a considerable number of cultured 
tumor cells of human and rodent origin have demonstrated 
that retinoids can suppress the expression of different 
properties associated with the transformed phenotype (1-
3). Our laboratory has been interested in the mechanism 
of this effect of retinoids and, in particular, in the 
mechanism by which retinoids inhibit cell 
proliferation. We have employed murine melanoma cell 
line S91-C2 (clone C2) as a model system for studies on 
the mechanism of the growth inhibitory action of a 
representative retinoid-p-all-trans retinoic acid 
(RA). We believe that such studies are not only 
important for the understanding of how this group of 
vitamin A analogs modulate cell behavior, but also for 
unraveling basic cellular regulatory mechanisms through 
which the transformed phenotype can be manipulated and 
suppressed. 

EFFECTS OF RETINOIDS ON S91-C2 MELANOMA CELLS 

The treatment of cultured S91-C2 cells with RA at 
concentrations ranging from 1 oM to 10~ resulted, 
within 48-72 hr, in marked alterations in growth and 
morphology (21, 22). The rate of cell proliferation was 
reduced in a dose-dependent and a time-dependent 
fashion, and the cells assumed a more elongated and 
dendritic appearance (Figs. 1 and 2). Furthermore, the 
expression of properties characteristic of transformed 
cells was suppressed by RA. Thus, the abili.ties of the 
S91-C2 cells to synthesize DNA while suspended in a 
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liquid medium above a non-adhesive plastic substrate 
coated with polyhydroxyethyl methacrylate (23) or to 
form IIIllticellular colonies by multiplication of single 
cells suspended in a semisolid medium (22) were 
dramatically suppressed by RA treatment (Figs. 1 and 
2). These effects were not the result of cytotoxicity 
of RA but rather were due to cytostatic, reversible 
restoration of "normal" growth control to the malignant 
cells. 

Attempts at unraveling the mode of retinoid action 
on the S91-C2 cells were focused on both nuclear 
expression and membrane modification. The putative 
"shuttle" for RA transport to the cell nucleus--CRABP-
was found in the cell cytoplasm (Fig. 3A) and a good 
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Fig. 2. Effect of retinoic acid on anchorage
independent growth (A) and on anchorage-dependent growth 
(B) of S91-C2 melanoma cells and retinoic acid-resistant 
clones. 
(A) The cells were suspended in medium containing O.S% 
agarose and either dimethysulfoxide (DMSO) or the 
indi§ated concentrations of retinoic acid and plated at 
2xl0 cells/3. S-cm dish on top of a precast layer of 1% 
agarose. The number of colonies was counted after 10 
days. 
(B) Cells grown on plastic dishes for 24 hours were 
refed liquid medium containing either DMSO or th~ 
indicated concentrations of retinoic acid at lxlO 
cells/3.S-cm dish and counted after 6 days. All 
cultures were refed every 72 hours. 
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correlation was established between the ability of RA 
analogs possessing a free carboxyl group at carbon 15 to 
bind to CRABP and their ability to inhibit the 
proliferation of the S91-C2 cells (24). These findings 
indicated that CRABP may be involved in RA action. An 
obvious next question was what effects does RA hav~ on 
gene expression in the S91-C2 cells. Analyses of [J5S] 
methionine-labeled proteins separated by two-dimensional 
polyacrylamide gel electrophoresis (PAGE) failed to 
reveal reproducible qualitative or quantitative changes 
following treatment of the cell with RA (Fig. 4, upper 
panels). Isolation of poly (A+) RNA and translation in 
vitro also failed to demonstrate specific changes 
induced by RA (25). 
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Fig. 3. Sucrose gradient sedimentation profiles of 
radioactivity obtained after incubation of cell extracts 
(2 mg protein in 0.2 ml of 50 roM Tris-HC1, pH 7.5: 2 mM 
~ithiotreitol) with 30 pmol (403,000 dpm) of [11,12-

H] ret inoic acid for 8 hours at 4°C in the dark in the 
absence (0) or presence (t) of a 200-fold excess of 
unlabeled RA. After adsorption of unbound radioactivity 
on charcoal dextran, the samples were placed on top of 5 
to 20% sucrose gradients and centrifuged at 189,000 x g 
for 16 hours. Fractions were then collected from the 
bottom of the tubes and the radioactivity was counted 
(26). 
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In contrast, a comparison of glycoprotein synthesis 
and cell surface membrane glycoprotein structure in 
untreated and in RA-t rea ted cells was more rewarding 
(10). We found that RA increased the incorporation of 
radiolabeled monosaccharides, including mannose, fucose, 
and glucosamine into a single glycoprotein (gpI60) 
exhibiting an apparent ~ of 160,000 on sodium dodecyl 
sulfate (SDS):PAGE (Fig.--5, lanes A and B). Analyses of 
cell surface glycoproteins by methods that radiolabel 
specifically either sialic acid or galactose (or 
galactosamine) residues exposed on intact cells 
demonstrated that gp160 is a constituent of the cell 
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.. nlltlve control 

M, 
(KD) 
210-
130-

94-

68-
46-

25-

. . ,. ........ " . 
.41 '" •• 1 
~ 5 

, •• I.t_nt control 

210-
130-

94-

68- • 
46-

25-

2 
I 

• ...,..!." 3 . ..{ 

.. 

7.4 6.8 6.2 5.6 5.0 
•• n.ltlvo RA-troato.., 

2 
I 

'-3 ' . ~ -:. ' '-
.. - • II 

." . 
ro'l.tan~ ;A-troatOd l 

• . ' 3 
-; . " ... 4' ' .. 

• l • 

-- - - - - - ---=---------

Fig. 4. Two-dimensional patterns of [35S]methionine
labeled proteins from retinoic acid-sensitive (S9l-C2) 
or resistant S9l-C154 cells grown for 5 days without or 
with 10 \.1M retinoic acid. The first dimension 
(isoelectric focusing) was from left to right and the 
second dimension SDS:PAGE was from top to bottom. 
Conditions for labeling and electrophoresis were as 
described elsewhere (25). The arrows point to proteins 
that are labeled differently in sensitive and resistant 
cells. 
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surface membrane and that it contains more sialic acid 
and more galactose than the gp160 counterpart molecule 
of untreated cells (Fig. 5, lanes E and F, I and J). 
The increased glycosylation of gpl60 in RA-treated cells 
correlated well with our observation that RA-induced 
augmentation of the activity of galactosyltransferase 

CELLS: C2 

IElI.OIC 
ACID: 

I.W" 
I 10·s 

210 -

U160-+ 

130 -

94-

68-

C 154 CIU Cl54 

+ - + - + + - + - + 

Fig. 5. Effect of retinoic acid on the glycosylation of 
cellular and cell surface glycoproteins of sensitive 
(S91-C2) and resistant (S91-C154) cells. (A-D) Cells 
were grown for 3 days without or with 10 \.1M retinoic 
ajid and were then labeled for 48 hours with 
[ H]glucosamine. The cells were then solubilized and the 
labeled glycoproteins were separated by PAGE in the 
presence of SDS and identified by fluorography, as 
described earlier (10). 
(E-H) Cells were grown in the absence and in the 
presence of 10~ retinoic acid for 5 days and then the 
sialoglycoproteins that were exposed on the cell surface 
were labeled by oxidation with Na104 followed by 
reduction with tritiated borohydride. (I-L) Cells grown 
as the latter were labeled by treatment with 
neuraminidase followed by oxidation of galactoproteins 
with galactose-oxidase and reduction with tritiated 
borohydride. The labeled cells were then solubilized 
and the glycoproteins were analyzed as above. For 
further details see Lotan et a1. (27). 
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(20) and sia1yltransferase (11), which are the enzymes 
involved in the covalent attachment of monosaccharides 
to the oligosaccharide side chain of glycoproteins. 

The increase that RA caused in sia1y1transferase 
(ST) activity was time dependent and was detectable by 
24 hours of treatment (Fig. 6). The Vmax values 
calculated for ST in untreated and in RA-treated cells 
were 90 and 285 pmo1/hr/mg protein and the Km values 
were 2.9 and 3.111M, respectively. These results 
suggested that RA increases the amount of ST perhaps by 
inducing ~ ~ enzyme synthesis. The subsequent 
finding that a cellular glycoprotein that comigrates 
with gp160 on SDS:PAGE is one of the endogenous 
acceptors of sialic acid through the transfer reaction 
catalyzed by endogenous ST (11) established a 
relationship between RA-augmented ST and RA-increased 
s ia1y1ation of gp160 in S91-C2 cells. However, the 
relationship between these biochemical changes and the 
growth inhibitory effect of RA is not clearly 
understood. 
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Fig. 6. Effect of retinoic acid on sia1y1transferase 
activity in S9l-C2 melanoma cells. Cells were grown in 
the absence and in the presence of 101M retinoic acid 
for the indicated time and then assayed for enzymatic 
activity using asia10fetuin as an exogenous acceptor of 
[14C]sialic acid (NeuAc) from CMP-[lLfC]sialic acid, as 
described elsewhere (11). 
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ISOLATION AND ANALYSIS OF MELANOMA CELL MUTANTS 
RESISTANT TO THE ANTIPROLIFERATIVE ACTIONS OF RETINOIDS 

Because retinoids exert pleiotropic effects on 
cells, it is possible that some changes induced by RA 
may be unre lated to t he growth inhi bi tory effects, and 
others may be the indirect result of the decrease in the 
rate of cell proliferation. Since we were interested in 
identifying specific biochemical changes induced by RA 
that cause changes in growth, we developed RA-resistant 
mutants from the sensitive S91-C2 cells (26). These 
mutants, we hoped, would provide a powerful tool for 
determining the relevance of the different effects of RA 
for growth inhibition. 

Our approach to the isolation of RA-resistant 
mutant melanoma cells was based on the complete 
suppression of growth of the parental cells in semisolid 
medium in the presence of l~ RA (Figs. 1 and 2). Thus, 
only resistant mutants should be able to form colonies 
in agarose in the presence of RA. Such colonies were 
indeed obtained after mutagenesis of S9l-C2 cells with 
ethylmethane sulfonate. These colonies were isolated 
and the cells were propagated on plastic tissue culture 
dishes to expand the population. After recloning and 
initial analyses of stability of the resistan~ phenotype 
and the ability of the cells to take up [H] retinoic 
acid from the medium, we identified stable mutants that 
were not defective in RA uptake (26). The four mutants 
that were studied extensively exhibited varying degrees 
of resistance to inhibition of anchorage-independent and 
of anchorage-dependent growth (Fig. 2). CRABP was found 
in the cytosol of most of the mutants (26), and the 
level of this putative mediator of RA action in the most 
resistant mutant, S91-C154, was significantly higher 
than in the sensitive parental S91-C2 cells (Fig. 3). 
These findings demonstrated that the presence of CRABP 
is not sufficient to confer sensitivity to the growth 
inhibitory effects of RA. Since we have not studied the 
function of CRABP in the IIIltant cells (e. g. whether it 
can transport RA to the nucleus) it is not possible to 
exclude the possibility that CRABP plays a role in 
inhibition of growth by RA. 

A preliminary comparison of the [35S]methionine
labeled proteins produced by RA-sensitive S91-C2 and RA
resistant S91-C154 revealed several (at least six) 
quantitative changes (Fig. 4). However, there were no 
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such differences between other resistant clones and the 
parental S91-C2 cells. Thus, there are at present no 
indications for specific changes in protein synthesis 
that are associated either with the resistant phenotype 
or with the sensitive phenotype. 

Since the most striking effects that RA exerted on 
the sensitive S91-C2 cells were the increases in ST and 
in gp160 glycosylation, we used the RA-resistant clones 
to explore whether cell surface modulation by RA is 
related to growth inhibition. We have isolated several 
subc10nes of S91-C2 cells, not treated with 1IIltagen, 
after rec10ning in agarose in the absence of RA. All 
these subc10nes were susceptible to the growth
inhibitory effect of RA, and their exposure to RA also 
resulted in a several-fold increase in ST activity 
(Table 1) and in an increased glycosy1ation of gp160 
(27). In contrast, RA-treatment of the four RA
resistant mutant clones failed to increase either ST 
(Table 1) or the glycosy1ation of gp160 (Fig. 5) (27). 

Since the synthesis of certain macromolecules may 
fluctuate during the cell cycle and considering the fact 
that RA increases the proportion of cells in the G1 
phase of the cell cycle as a result of growth inhibition 
(22), the question arose as to whether the changes 
induced by RA in ST and in gp160 are secondary to growth 
inhibition. Having previously observed that the tumor 
promotor 12-0-tetradecanoyl-phorbol-l3-acetate (TPA) can 
inhibit the growth of S91-C2 cells similarly to RA, we 
used this compound in an attempt to resolve the above 
question. TPA inhibited the growth of both S91-C2 and 
the RA-resistant S91-C154 clone without increasing ST in 
any of these cells (Table 2). Likewise, TPA failed to 
increase the glycosy1ation of gp160 (27). These 
findings indicate that inhibition of growth of S91-C2 
cells is not sufficient to alter ST and gp160. 
Consequently, we propose that RA-induced changes in 
glycoprotein glycosy1ation may be the cause rather than 
the outcome of growth inhibition. 

Although the function of gp160 and how this 
function may be altered by RA-induced changes in gp160 
glycosy1ation are not known, we have preliminary 
indications that gp160 is involved in growth control. 
This assumption is based on the ability of anti-gp160 
polyclona1 antibodies (prepared in rabbits against gp160 
that is shed by S91-C2 cells) to inhibit the anchorage
independent and the anchorage-dependent growth of S91-C2 
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TABLE 1. EFFECT OF RETINOIC ACID ON SIALYLTRANSFERASE 
(ST) ACTIVITY OF SENSITIVE S91-C2 CELLS ABO SUBCLONES 

AND RESISTANT MUTANT CLONES 

Relative ST activity (pmol NeuAC/hr/ 
Clone resistance mg protein)b 

to RAa Control RA-treated 

S9l-C2 1.0 14.9 ± 1.0 48.9 ± 0.4 
S9l-C2-Al 1.1 15.4 ± 1.1 32.2 ± 2.1 
S91-C2-A2 0.7 13.8 ± 0.9 57.4 ± 1.7 
S9l-C2-A3 1.2 13.1 ± 0.3 40.3 ± 0.8 
S91-C2-A4 1.3 18.4 ± 0.6 46.5 ± 0.9 

S9l-C83 170 11.3 ± 0.8 15.1 ± 1.1 
S9l-C110 500 17.5 ± 0.2 18.7 ± 0.4 
S9l-C154 2500 12.9 ± 0.1 13.1 ± 0.4 
S91-C163 275 18.7 ± 1.0 16.2 ± 0.1 

13 

aThe numbers are the -fold increase in RA concentration 
required for 50% inhibition of cell proliferation. 
bCells were grown in the absence or presence of 10 ~ RA 
for 5 days before ST analysis. The values are mean ± S.E 

TABLE 2. COMPARISON OF THE EFFECTS OF RA AND TPA ON THE 
GROWTH AND SIALYLTRANSFEKASE ACTIVITY OF SENSITIVE AND 

RESISTANT CELLS 

% of growth ST activity 
Clone Treatment inhibition (pmol NeuAc/hr/ 

mg protein) 

S91-C2 None 0 14.7 ± 1.1 
RA, 10].lM 85.5 ± 2.4 61.5 ± 1.2 
TPA, 0.5\.1M 80.2 ± 3.5 16.3 ± 0.3 

S91-C154 None 0 16.1 ± 1.4 
RA, 10 \.1M 16.2 ± 1.1 19.7 ± 0.8 
TPA, 0.5].lM 77.8 ± 2.7 12.8 ± 0.9 

Cells were grown without or with the indicated agents 
for 5 days and then counted to determine % inhibition 
and used for ST analysis. 
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cells (Deutsch and Lotan, unpublished). 
Our hypothesis is that gp160 is a receptor for an 

exogenous growth-promoting ligand and that its 
modification by increased glycosylation induced by RA or 
its "masking" by anti-gpl60 antibodies, abrogate ligand 
binding, which results in growth inhibition. 

Our findings suggest that the initial action of RA 
might be on the expression of genes coding for glycosyl
transferases. These enzymes then increase the 
glycosylation of certain glycoproteins, which may then 
exhibit alteration in function. That this mechanism is 
not limited to the melanoma cells is indicated by the 
increasing number of reports from different laboratories 
(16-19), as well as our own (11,20), documenting that RA 
increases the activities of various glycosyltransferases 
and modifies the glycosylation of specific membrane 
glycoproteins (10-12). 
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Teratocarcinomas are tumors of gonadal tissue origin 
which contain an array of differentiated cell phenotypes 
derived from a population of undifferentiated stem cells 
known as embryonal carcinoma (EC) cells. These 
undifferentiated EC cells are the primary malignant cells 
of such tumors, while their differentiated derivatives are 
benign. 

Murine embryonal carcinoma cells have proven to be a 
useful model system for the study of mammalian development 
(1). A large number of EC cell lines have been established 
and maintained in vitro (2,3). Cells from such cell lines 
differ in their-ability to differentiate in response to a 
variety of inductive stimuli including high density growth 
(3,4,5), aggregate formation (2,3), and certain 
biochemicals (6-11; see Table 1 and below). Additionally, 
microinjection of individual EC cells from either tumors 
(12) or cell lines (13) into a mouse blastocyst can 
contribute to chimeric mouse formation, indicating that EC 
cells can contribute to normal development when introduced 
to an appropriate microenvironment. Thus, murine EC cells 
represent an excellent model system for studies related to 
malignancy, cytodifferentiation and mammalian embryogenesis. 

19 
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TABLE 1 

INDUCTION OF DIFFERENTIATION BY VARIOUS STIMULI IN 
SEVERAL EC CELL LINES 

MEANS OF INDUCTION CELL LINES 
OF DIFFERENTIATION -

PCC4aza1R Dif(RA) 1 Nulli-SCC1 

High density 
a 

growth 

Aggregation a 
++ 

Retinoic acida +++ +++ 

a-Dif1uorgmethyl- +++ +++ 
ornithine ,e 

Cells from the various cell lines were induced to 
differentiate by the means indicated. (-) denoted no 
response; (++) denotes >60% of the cells responded; 
(+++) denotes >90% of the cells responded. The data is a 
compoite of previously reported observations: a - Sherman 
et al., 1981 (14); b - Schindler et a1., 1983 (9); 
c - Schindler et al., 1985 (10). 

POLYAMINES AND DIFFERENTIATION 

A growing number of studies indicate that po1yamines 
play an important role in various developmental processes. 
The use of highly specific inhibitors of certain polyamine 
biosynthetic enzymes, in particular a-difluoromethy1-
ornithine (DFMO), an enzyme activated irreversible 
inhibitor of ornithine decarboxylase (ODCase) (15) has 
facilitated such investigations. 

In vivo studies have shown that abnormal levels of ---
polyamines can impair the normal development of polycheates 
(16), sea urchins (17), chickens (18), and several 
mammalian species (19,20). Extensive in vitro studies on a 
variety of different cell phenotypes have demonstrated that 
the exact nature of polyamine involvement in cellular 
differentiation is complex. While elevated levels of 
polyamines seem to be necessary for bone (21), chondrocyte 
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(22) or adipocyte differentiation (23), reduction in the 
level of po1yamines is necessary for neuroblastoma cells 
(24), HL-60 cells (25) and murine embryonal carcinoma cells 
(9-11) to differentiate. Thus, po1yamines have the ability 
to influence the differentiative state of a variety of 
different cell phenotypes - a characteristic shared by 
another class of molecules, the retinoids. 

RETINOIDS, POLYAMINES AND CANCER 

If cancer is considered a developmental disease (26), 
it is reasonable to suggest that inducing undifferentiated 
malignant stem cells of a tumor to differentiate could 
result in a population of differentiated cells expressing 
a benign phenotype. Retinoids do influence the state of 
cellular differentiation (27), and a series of studies have 
shown that retinoids can influence the malignant phenotype, 
perhaps by modulating levels of po1yamines. For example, 
observations with HL-60 cells, a human promye1ocytic 
leukemia cell line, indicate that retinoid induced 
differentiation of these cells involves a large increase in 
intracellular levels of po1yamines (28) and complete 
depletion of intracellular spermidine blocks this retinoid 
effect (25). Also, murine neuroblastoma cells treated with 
retinol show lowered levels of ODCase activity (29), and 
treatment with DFMO induces differentiation (30). 

Perhaps the most compelling argument for the possible 
role of retinoid-polyamine interactions in cancer stems 
from observations made on the induction of mouse epidermal 
tumors involving a two-step initiation promotion protocol 
for carcinogenesis (31). One of the earliest events in 
phorbo1 ester induced tumor promotion is the induction of 
ODCase activity (32). Compounds which block the induction 
of ODCase also block tumor formation (33). Among the most 
potent of such compounds are retinoids (34). Thus, the 
ability of retinoids to prevent phorbo1 ester-induced tumor 
formation is likely to be the direct result of retinoid 
mediated inhibition of both ODCase induction and putrescine 
accumulation. 
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POLYAMINES AND EC CELL DIFFERENTIATION 

One of the most effective inducers of EC cell 
differentiation is retinoic acid (RA) (6,7). Since RA can 
induce extensive differentiation of EC cells, and can 
directly influence polyamine levels in several biological 
systems, we reasoned that RA-induced differentiation of EC 
cells could be mediated through alterations in polyamine 
metabolism. Therefore, if we could interfere with polyamine 
metabolism by some alternative means, we should be able to 
mimic RA-induced differentiation. 

Effect of DFMO on EC Cell Behavior 

To investigate the role of polyamines during EC cell 
differentiation, the effect of DFMO on cells from several 
EC cell lines was tested. The results are shown in Table 2. 
Whereas cells from two of the cell lines studied (PCC4azaIR 
and Dif(RA)-l) respond very well to DFMO, cells from cell 
line Nulli-SCCl fail to differentiate. These cells do, 
however, exhibit altered growth characteristics, indicating 
that DFMO did have an effect on these cells, and that the 
induction of differentiation in the responsive cells was 
not simply a result of altered growth rates. 

If polyamines are related to the actual induction of 
differentiation, it is likely that changes in their levels 
would occur shortly after exposure to any inducers. 
Therefore, the level of ODCase activity, as well as the 
actual levels of polyamines, were determined within hours of 
exposure to DFMO. These results are shown in Table 3. All 
cells treated with DFMO (even Nulli-SCCI cells, which fail 
to differentiate) show markedly reduced levels of enzyme 
activity and polyamines, as compared to untreated controls. 
These results suggest that changes in the levels of 
polyamines may represent an early event in the different
iation of EC cells. 

Effect of RA on EC Cell Polyamine Metabolism 

As stated above, our studies on the role of polyamines 
during EC cell differentiation stem from our interest in 
understanding the mechanism of action of retinoids on the 
induction of EC cell differentiation. If RA does modulate 
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TABLE 3 

ALTERATIONS IN LEVELS OF ODCase ACTIVITY AND POLYAMINES 
FOLLOWING 8 HR EXPOSURE TO EITHER DFMO OR RA 

CELL LINE 
& 

TREATMENT 

PCC4aza1R 
" 

Dif(RA) 1 

Nulli-SCC1 

+ 
+ 

+ 
+ 

DFMO 
RA 

DFMO 
RA 

+ DFMO 
+ RA 

% LEVEL OF UNTREATED CONTROL 

ODCase 
activity 

33 
37 

8 
95 

12 
96 

Putrescine Spermidine Spermine 

6 5 120 
8 18 80 

7 30 110 
92 98 90 

12 80 133 
87 120 106 

Cells from the EC cell lines listed were grown as indicated 
in the legend to Table 2. Following 8 hr. of incubation in 
either 2.1 roM DFMO or 10-6 M RA, cells were harvested and 
assayed for either ODCase or levels of polyamines. The 
results are a compoite of data previously reported (35). 

intracellular levels of po1yamines, and this modulation is 
related to the induction process (i.e. is an early event), 
alterations on the levels of po1yamines should be detected 
shortly after exposure to RA. The results of studies 
intended to address this question are shown in Table 3. In 
the case of cells from cell line PCC4aza1R, RA treatment 
leads to a reduction in both the activity of ODCase and the 
levels of polyamines. The extent of this reduction is 
virtually identical to that seen in DFMO treated cells. 
Dif(RA)-l cells fail to show any effect of RA on either 
ODCase activity or polyamine levels. Since these cells are 
refractory to RA induced differentiation (36), it is not 
unexpected that RA fails to influence these parameters. 
Nu11i-sCC1 cells present an intriguing dilemma. Whereas 
DFMO fails to induce these cells to differentiate, levels of 
ODCase and putrescine are significantly reduced. RA, which 
does induce Nulli-SCCl differentiation, has little effect on 
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ODCase or putrescine levels. These observations suggest 
that while polyamine levels are important in determining 
the state of EC cell differentiation, reduction in these 
levels alone is not sufficient to induce EC cell differ
entiation in all cell lines. 

25 

Possible Retinoid-Polyamine Interactions During Embryonal 
Carcinoma Cell Differentiation 

Several observations indicate that a direct inter
action between RA and ODCase, similar to that in the TPA
induced tumor promotion system, is unlikely for explaining 
the influence of RA on polyamine metabolism. First, as 
discussed above, Nulli-SCCI cells respond to RA but not 
DFMO, despite no effect on ODCase activity by the former, 
but by the later. Second, exogenous polyamines fail to 
prevent RA-induced EC cell differentiation, while they do 
block DFMO-induced differentiation. Third, studies 
utilizing other inhibitiors of polyamine biosynthetic 
enzymes (methylglyoxal bis (guanylhydrazone) (MGBG), which 
inhibits S-adenosylmethionine decarboxylase (37) and 
dicyclohexylammonium sulfate (DCHA) , which inhibits 
spermidine synthase (38) - refer to Figure 1) fail to 
effect cells from EC cell line PCC4azalR. Together, 
these observations suggest that putrescine, not spermidine 
or spermine, is the polyamine most important in 
influencing EC cell behavior. The influence of RA on 
putrescine levels is not, however, the result of direct 
interaction with ODCase. Therefore, the ability of 
retinoids to interact with polyamine metabolism and induce 
EC cell differentiation might involve alterations at other 
polyamine biosynthetic sites. Such possible sites are 
identified in Figure 1. 

II the mechanism of action of RA induced EC cell 
differentiation does share common elements with polyamines, 
it is likely that suboptimal levels of both RA and DFMO 
together could stimulate a cellular response. In order to 
test this possibility, Nulli-SCCI cells were treated with 
DFMO, which fails to induce differentiation, and a level 
of RA which fails to stimulate a cellular response. The 
results are shown in Table 4. It is clear that neither 
DFMO nor RA (at lO-10M) can alone successfully induce 
Nulli-SCC1 cellular differentiation, but the two together, 
added to the cell cultures in either order, can induce 



26 Schindler and Kelly 

FIGURE 1 

POLYAMINE BIOSYNTHETIC PATHWAYS 

ORNITHINE l-AMINOBUTYRATE i7 (GABA) 

'1 ~~-AMINOBUTYRALDEHYDE 
PUTRESCINE "b 

ACCEPTORY ~ DECARBOXYALATED ~ S-ADENOSYL-
MOEITY 3 SAM 2 METHIONINE 

5 (SAM) 
PUTRESCINE- SPEMIDIN 
ACCEPTOR 
MOIETY 
COMPLEX 

4 

SPERMINE 

Enzymes involved in aspects of polyamine metabolism: 
1) ornithine decarboxylase; 2) S-adenosylamethionine 
decarboxylase; 3) spermidine synthase; 4) spermine 
synthase; 5) transglutaminase; 6) diamine oxidase; 
7) aldehyde dehydrogenase 

successful differentiation, as determined by both 
morphological and biochemical criteria. This observation 
suggests that retinoids and polyamines do share a common 
pathway for the induction of EC cell differentiation. 

A possible site of such an interaction could be a 
transglutaminase (TGase) reaction. As shown in Figure 1, 
the transglutasminase reaction utilizes putrescine as a 
substrate, and covalently binds this molecule to the 
glutamine residue of another acceptor protein. In the 
case of EC cell differentiation, levels of this putative 
putrescine-acceptor moiety complex may be related to EC 
cell differentiation, with changes in the level of this 
compound directly influencing the differentiative state 
of the cells. Alterations in the level of this putative 
putrescine-acceptor moiety complex could result from changes 
in putrescine levels (as demonstrated by DFMO treatment), 
changes in enzyme activity (there is precedent for retinoid 
mediated changes in TGase activity-39,40), or changes in 
the endogenous acceptor moiety, preventing its normal 
participation in the putrescine reaction. 



Retinoids and Teratocarcinoma 27 

TABLE 4 

THE EFFECT OF RA + DFMO ON EC CELL BEHAVIOR 

Treatment % Morphological % Cellular % SSEA-1 
Differentiation Actin 

Untreated 0 7 96 

RA (10-6M) 70 68 4 

RA (10 -10M) 0 6 98 

DFMO (2.1 mM) 0 8 97 

RA (10-10M) + 
DFMO (2.1 mM) 80 72 7 

DFMO (2.1 mM) + 
RA (l0-10M) 80 74 5 

Cells from EC cell line Nulli-SCC1 were plated 105 cells/ 
60 mm dish. Twenty four hours after innoculation, inducers 
were added. If two inducers were used, the second inducer 
was added 48 hrs. after the first. The extent of 
differentiation was determined 96 hrs. after the full set 
of inducers was added. 

Since TGase could be involved in regulating EC cell 
differentiation, initial attempts to monitor activity in 
EC cells were made. Cells from both cell lines PCC4azaiR 
and Nulli-SCC1 were exposed to RA for short periods of 
time, and the levels of TGase determined. The results are 
shown in Table 5. In the case of both cell lines, 
treatment with RA, at levels that normally induce 
differentiation, causes increases in TGase activity. 
PCC4azaiR cells exhibit an early (1 hr) increase in TGase 
activity which decreases with time. Nulli-SCCI cells show 
a less pronounced early increase in enzyme activity, but 
exhibit substantially elevated levels after 6 hr of 
exposure to RA. These preliminary observations indicate 
that TGase activity can be modulated by retinoids and 
suggest a series of possible experiments to explore the 
role of transglutaminase activity in regulating EC cell 
differentiation. 
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TABLE 5 

TRANSGLUTAMINASE ACTIVITY IN EC CELLS 

Sample Time Cpm/mg Protein 

PCC4azalR Control -6 1 hr. 4904 

1 
+ RA (10 M) 1 hr. 7626 

Control 6 hr. 5733 
+ RA (10-6M) 6 hr. 6816 

Nulli-SCCI Control 1 hr. 3912 

1 
+ RA(10-6M) 1 hr. 4740 

Control 6 hr. 1866 
+ RA (10-6M) 6 hr. 3744 

Cells were harvested in trypsin and sonicated. Cellular 
debris was removed by centrifugation and enzyme activity 
was measured by determining the amount of radioactive 
putrescine incorporated into TCA precipitable material, 
using casein as an exogenous acceptor protein. 

OVERVIEW 

A role for retinoids in influencing cellular behavior 
in well established (27), yet no firm mechanism of action 
has been determined. Several possibilities have been 
suggested, including: 1) glycosylation reactions (41), 
2) specific intracellular retinoid binding proteins (42), 
or 3) modulation of protein kinase activities (43). In 
addition, our studies on the differentiation of murine 
embryonal carcinoma cells suggest that retinoids may 
function by interacting with intracellular pOlyamines. 

The ubiquitous nature of polyamines, and the 
complexity of their regulation, preclude a single role in 
the cell for this family of molecules. Retinoids, as a 
class of molecules, exhibit pleiotropic effects on cell 
behavior similar to those of polyamines. The mechanisms 
mentioned above for retinoid action do not rule out a 
direct interaction with polyamines. If transglutaminase 
activity is related to the mode of action of retinoids, 
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it could be mediated via a binding protein, a protein 
kinase or a glycosylation reaction. Our observations with 
murine embryonal carcinoma cells provide some intriguing 
evidence regarding the interaction of retinoids and 
polyamines and offer a useful experimental system to 
further investigate the exact nature of that interaction. 
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INTRODUCTION 

Retinoic acid (vitamin A acid), a natural metabolite 
of retinal or retinyl esters, is required to maintain 
normal growth and differentiation of epithelial tissues 
(1-4). Since neoplastic transformation usually results in 
the loss of cellular differentiation, and vitamin A and 
its analogs (retinoids) playa role in maintaining the 
normal differentiation of epithelial cells, it is evident 
that retinoids may playa potential role in the develop
ment of cancer. Excellent reviews are available about the 
role of retinoids in the prevention and treatment of 
cancer (5-15). The exact molecular mechanism of action of 
retinoids remains undefined (16-22). 

The two-stage (initiation and promotion) model of 
mouse skin tumor formation is an excellent quantitative 
model for the investigation of the mechanism of action of 
agents, such as retinoids, which modify tumor formation 
(22-27). Initiation can be accomplished by a single 
application of a carcinogen (e.g., 7,12-dimethylbenz[a]
anthracene) at a sufficiently small dose that will not 
lead to the formation of visible tumors during the life 
span of the animal. However, many tumors develop follow
ing repeated and prolonged applications of a tumor 
promoter to the initiated skin. Application of a tumor 
promoter alone elicits none or a few tumors; it is only 
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their applica tions following initiation tha t elici ts many 
tumors. 12-0-Tetradecanoylphorbol-13-acetate (TPA), a 
component of croton oil, is a potent mouse skin tumor 
promoter (27-29). Retinoic acid inhibits skin tumor pro
motion by interference with the promotion and not with the 
initiation stage of carcinogenesis (24). Retinoic acid 
inhibition of skin tumor promotion is partially revers
ible. Our results (22, 24-26) of the effect of retinoic 
acid on skin tumor promotion by TPA indicate that the 
mechanism of its inhibition of skin tumor promotion is via 
its inhibitory effect on ornithine decarboxylase (ODC, 
EC 4.1.1.17) induction by TPA, which will be the focus of 
this chapter. Data showing that retinoic acid inhibits 
TPA-caused ODC synthesis at the transcriptional level will 
be summarized. 

EXPERIMENTS AND RESULTS 

1. ODC induction as an essential component of tumor 
promotion by TPA. Application of TPA to mouse skin 
elicits numerous biochemical and biological effects which 
include primary interactions with plasma membranes, induc
tion of ornithine decarboxylase, induction of dark 
keratinocytes and inhibition of metabolic cooperation 
(28-33). Although the exact molecular mechanism of tumor 
promotion by TPA remains unclear, the available data 
indicates that TPA induction of ODC (200-fold above the 
control) is an essential component of the mechanism of 
tumor promotion by TPA (34-36). ODC, which decarboxylates 
ornithine to putrescine, is the first enzyme in the path
way of polyamine biosynthesis and is characterized by its 
inducibility and rapid turnover rate (tV2 ~17 min) 
(37-39). The nature of the role of polyamines in cell 
proliferation, differentiation and malignant transforma
tion is not defined, but polyamines influence the 
synthesis of nucleic acids and proteins (37-39). The 
availability of a-difluoromethylornithine (DFMO), an 
enzyme-activated irreversible inhibitor of ODC (40), has 
enabled us to establish an essential role for ODC in skin 
tumor promotion by TPA (35). Thus, DFMO, when given in 
the drinking water (1%, w/v) inhibited the number of 
papillomas per mouse by 90% and the number of mice bearing 
papillomas by 56%. DFMO treatment completely inhibited 
TPA-induced ODC activity and the accumulation of 
putrescine and spermidine (35). 
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2. Inhibition of ODe induction by retinoids. As 
shown in Figure 1, application of 1.7 nmol of retinoic 
acid 1 hr before application of 17 nmol of TPA to the 
shaved backs of mouse skin, inhibited the induction of ODe 
activity. 
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Figure 1. The effect of pretreatment with retinoic acid 
on TPA-induced epidermal ODe activity. Groups of mice 
were treated with 1.7 nmoles of retinoic acid (0) or 
acetone (e) 1 hr before treatment with 17 nmoles of TPA. 
Mice were killed for enzyme assay at the indicated times 
after application of TPA. Each point in the graph 
represents the average of triplicate determinations of 
enzyme activity from soluble epidermal extracts prepared 
from 4 mice. 
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Retinoic acid treatment did not inhibit the induction of 
S-adenosy1methionine decarboxylase activity by TPA. The 
inhibition of the induction of ODe activity by retinoic 
acid was dose-dependent. Enzyme induction was suppressed 
at a dose above 1.7 pmo1; 57% inhibition was observed 
after pretreatment with 0.17 nmo1 of retinoic acid whereas 
3.4 nmo1 completely inhibited the ODe induction by TPA 
(24-26, 41). We have also shown that oral administration 
of retinoic acid inhibits ODe induction by topically 
applied TPA (26). 

There was a good correlation between the ability of 
retinoids to inhibit the induction of epidermal ODe 
activity and skin tumor promotion by TPA. A few examples 
will be cited. Application of 1.7 nmo1 of retinoic acid 
1 hr prior to each treatment with TPA inhibited TPA
induced ODe by 60-80%. In tumor induction experiments, 
application of 1.7 and 17 nmo1 of retinoic acid 1 hr 
before each promotion treatment with 17 nmo1 of TPA 
inhibited 57 and 75%, respectively, the number of papil
lomas per mouse. Application of certain retinoids which 
inhibited TPA-induced ODe, inhibited skin tumor promotion 
by TPA and conversely the retinoids which did not inhibit 
ODe induction failed to inhibit tumor promotion by TPA 
(24). The results indicate that the mechanism of inhibi
tion of promotion of tumor formation by retinoids involves 
their ability to inhibit TPA-induced epidermal ODe and the 
associated elevated putrescine levels (24-26). 

We analyzed the mechanism by which retinoic acid 
inhibits ODe induction by TPA and found that retinoic acid 
inhibits the synthesis of ODe caused by TPA. The results 
are shown in Figures 2 and 3. SDS-7.5% polyacrylamide 
tube gel e1ec trophoresis of immunoprecipita tes of soluble 
epidermal extracts indicates that application of acetone 
to mouse skin, which did not induce ODe activity, resulted 
in neither detectable [3H]DFtiO binding nor [35S]methionine 
incorporation. In contrast, TPA application, which 
resulted ina dramatic induction of ODe activity, elicited 
a single peak of [3H]DFMO binding and two peaks of 
[35S]methionine incorporation. The total number of dpm 
associated with [3H]DFMO and [ 35S]methionine peaks were 
2188, 123 and 277, respectively; a minor peak of 
[35S]methionine incorporation copurified with the [ls]DFMO 
peak which is the peak of active ODe protein (Figure 2). 
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Figure 2. Effect of TPA on [3SS]methionine incorporation 
into mouse epidermal ODe. Acetone or 10 nmol of TPA in 
acetone was applied to mouse skin; mice were killed 6 hr 
after application. [3SS]Methionine was given intraperi
toneally to label ODe protein in vivo 1 nr before 
killing. Epidermis from individual mice was separated by 
a brief heat treatment (57 0 for 20 sec). The epidermal 
preparations from 20-30 mice were pooled, homogenized in 
50 mM Tris-Hel (pH 7.5) containing 0.1 mM EDTA, 0.1 mM 
pyridoxal phosphate, 1 mM phenylmethylsulfonyl fluoride, 
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1 mM 2-mercap toethanol , 0.1% Tween 80, and 0.1 mM dithio
threitol (Buffer A). The homogenates were centrifuged at 
100,000 x~ for 60 min. The soluble epidermal extract was 
fractionated with ammonium sulfate. The protein precipi
tating between 35 and 55% ammonium sulfate saturation was 
reconstituted in 1 ml volume of buffer A and dialyzed 
overnight with two changes against 2 liters of buffer A. 
This partially purified epidermal ODe extract was used for 
[~]DFMO binding assays (42). (~]DFMO-bound ODe was 
immunoprecipitated using monoclonal ODe antibody and, the 
second antibody, rabbit anti-mouse IgG (43) and the 
immunoprecipitate was subjected to tube gel 
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electrophoresis (44). The gels were sliced into 2.2 mm 
slices. The gel slice was solubilized by heating with 
1 ml of 30% H202 at 50° overnight and the associated 
radioactivity in each gel slice was measured using 10 ml 
of xylene-based scintillation fluid. ODe activity (nmol 
e02/30 min/mg protein): acetone, 0.1; TPA, 12.1. 

As shown in Figure 3, the application of 17 nmol of 
retinoic acid 1 hr before application of 10 nmol of TPA to 
mouse skin inhibited the induction of ODe activity and 
also the incorporation of [35S]methionine into ODe protein 
as detected by the ability to bind [3H]DFMO. 
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Fi~ure 3. Effect of pretreatment with retinoic acid on 
[3 S]methionine incorporation into mouse epidermal ODe. 
Acetone or 17 nmol of retinoic acid in acetone was applied 
1 hr before application of 10 nmol of TPA in acetone to 
mouse skin. Mice were killed 5 hr after the second treat
ment. [35S]Methionine (50 ~i in 0.2 ml saline/mouse) was 
injected intraperitoneally 1 hr before killing of mice. 
[3H]DFMO binding to [35S]methionine-labeled ODe extract 
was determined as described in Figure 2. ODe activity 
(nmol e02/30 min/mg protein): acetone-TPA, 19.8; retinoic 
acid (RA)-TPA, 0.2. 



Tumor Promotion, Retinoids, and ODe 41 

In a separate experiment, the effect of retinoic acid 
on the amount of immunoprecipitab1e ODC protein was deter
mined by immuno-b10t using monoclonal antibody to ODC 
followed by horseradish peroxidase conjugated IgG fraction 
rabbit anti-mouse IgG (Cappel Scientific Division, 
Malvern, PA) and 4-ch10ro-1-naphtho1 (45-47). In this 
experiment, partially purified ODC (35-55% ammonium 
sulfate) fractions were subjected to SDS-po1yacry1amide 
gel electrophoresis and e1ectrophoretica1ly transferred to 
nitrocellulose (45, 46). The nitrocellulose sheet onto 
which proteins had been transferred was treated with mono
clonal antibody to ODC and peroxidase conjugated rabbit 
anti-mouse IgG (45, 46). Finally, ODC bands were stained 
with 4-ch10ro-1-naphtho1 (47). As was concluded from the 
intensity of stain, retinoic acid treatment depressed the 
amount of immunoprecipitable ODC protein. Recently (48) 
it has also been shown that increases in epidermal ODC 
activity caused by application of TPA to mouse skin 
correlate quantitatively with increases in the amount of 
enzyme protein measured immunologically. 

Retinoic acid may suppress the amount of immunopre
cipitable ODC protein either by inhibiting the synthesis 
or by enhancing the degradation of ODC. To substantiate 
the conclusion that retinoic acid may inhibit the synthe
sis of ODC caused by TPA, we determined the effect of 
retinoic acid application on TPA-caused increased level of 
ODC RNA in mouse skin. As shown in Figure 4, a single 
application of 10 nmol of TPA to mouse skin led to an 
increase in hybridizable RNA species-containing regions of 
ODC mRNA at 4 hr after TPA treatment. This TPA-caused 
increased level of ODC RNA was depressed by application of 
17 nmo1 of retinoic acid 1 hr prior to 10 nmo1 of TPA to 
mouse skin. The dot intensity corresponds to the amount 
of ODC RNA. In a separate experiment, application of 
17 nmo1 of retinoic acid 1 hr before application of 
10 nmol of TPA to mouse skin inhibited ODC induction. ODC 
(nmol C02/30 min/mg protein) values were: ace tone
acetone, 0.1; retinoic acid (RA)-acetone, 0.0; acetone
TPA, 12.5; RA-TPA, 0.3. 
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Figure 4. Effect of application of retinoic acid on mouse 
skin ODC mRNA. Acetone or 17 nmol of retinoic acid in 
acetone was applied 1 hr before application of acetone or 
10 nmol of TPA in acetone to mouse skin and mice were 
killed 4 hr after the second treatment. Skin was excised, 
placed immediately in liquid nitrogen and pulverized in a 
morter. Total cellular RNA was prepared from the ground 
skin by urea extraction and CsCl gradient centrifugation 
method of Ross (49) with minor modifications. RNAs were 
washed 4 times with 3.0 M sodium acetate (pH 5.0) 
containing 5 mM EDTA, and twice with 100% ethanol; RNA was 
then desiccated, dissolved in sterile distilled water, and 
stored at -70°C. Poly (A) containing mRNA was fraction
ated by affinity chromatography on agarose poly(U) column 
(P.L. Biochemicals, Inc., NJ). ODC RNA was identified by 
the Northern blot method (50, 51) by means of DNA-RNA 
hybridization analysis using a radiolabeled complementary 
DNA (eDNA) probe pOD48 (52). RNA bands containing ODe 
mRNA homology were visualized by exposing Kodak X-Omat AR 
film to the washed nitrocellulose filter at -70° with 
intensifying screens. 
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The answer to the question about the mechanism by 
which retinoic acid inhibits the transcription of ODC is 
impossible unless the mechanism by which TPA leads to the 
transcription for epidermal ODC is defined. TPA binds 
specifically to mouse epidermal frac~ons and [3H]TPA
binding activity co-purifies with Ca -activated 
phospholipid-dependent protein kinase (PK-C) (53-57). Our 
recent results indicate the phosphorylation of both 
histone (HI) and nonhistone proteins (Mr x 10- 3 = 115, 
112, 66, 62, 58 and 54) at about 3 hr following TPA treat
ment to mouse skin (data not s~wn). We have also shown 
that the level of available Ca may be required for ODC 
inducti~ by TPA (58). The possibility should be examined 
that Ca -dependent processes may be involved in the 
transcription of ODC caused by TPA. 

SUMMARY AND CONCLUSIONS 

Direct evidence was sought that the tumor promoter 
TPA caused increased mouse epidermal ODC activity involves 
both increased messenger RNA and de novo protein 
synthesis. Application of 10 nmo~of TPA to mouse skin 
led to a dramatic induction of soluble epidermal ODC 
activity which was accompanied by enhanced binding of 
[~]DFMO and [35S]methionine incorporation into ODC 
protein as determined by gel electrophoresis of ODC 
immunoprecipitated with monoclonal antibodies to ODC. 
Also, TPA treatment to mouse skin resulted in an increased 
ODC messenger RNA as quantitated by means of DNA-RNA 
hybridization analysis using radiolabeled complementary 
DNA (eDNA) probe. Application of 17 nmol of retinoic acid 
1 hr prior to application of 10 nmol of TPA to skin 
resulted in inhibition of the induction of ODC activity 
which accompanied inhibition of [3H]DFMO binding and 
[35S]methionine incorporation into ODC protein and a 
decreased level of ODC RNA. Retinoic acid inhibition of 
the induction of epidermal ODC activity was not the result 
of nonspecific cytotoxicity, production of a soluble 
inhibitor of ODC, or direct effect on ODC activity. In 
addition, inhibition of TPA-caused increased ODC activity 
does not appear to be due to enhanced degradation and/or 
post-translational modification of ODC by 
transglutaminase-mediated putrescine incorporation. 
Inhibition of ODC synthesis was not the result of the 
inhibitory effect of retinoic acid on general protein 
synthesis. The results indicate that retinoic acid 
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possibly inhibits TPA-caused synthesis of ODC protein 
selectively. It is now concluded that the mechanism of 
inhibition of mouse skin tumor promotion by retinoic acid 
and certain of its analogs involves the property of 
retinoids to inhibit the induction of ODC by TPA, and 
retinoic acid inhibits TPA-caused de novo synthesis of ODC 
a t the transcrip tional level. - --
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Abstract 

There is now much evidence to suggest that free 
radicals play a role in malignant transformation. 
Several of the agents which suppress malignant 
transformation in vivo and in vitro may do so by 
inhibiting free radical reactions, either by prevention 
of free radical induction/formation (presumably, the 
action of protease inhibitors) or by the detoxification 
of free radicals through a variety of mechanisms. The 
agents we've studied which have effects on radiation 
induced transformation in vitro and are known to have a 
role in free radical detoxifying reactions include: 
catalase, superoxide dismutase, selenium, vitamin E, 
dimethylsulfoxide and several copper containing compounds 
such as CuDIPS (Cu II) (3,5-diisopropyl-salicylate2), 
cuprous chloride and cupric chloride. 

There is currently much interest in the role of 
free radicals in tumor promotion in vivo and in vitro. 
Several of the known biological effects of the potent 
tumor promoter, l2-0-tetradecanoyl-phorbol-13-acetate 
(TPA) , are known to be antagonized by agents which 
interact with free radicals, such as antioxidants. We 
have observed that in vitro promotion by TPA can be 
enhanced by the presence of ferrous ions (Fe2+) in the 
cellular medium. It is known that TPA treatment of cells 
results in the production of 02; and H202. As ferrous 
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ions (Fe2+) are necessary for the conversion of H202 to 
OH·, via a Fenton-type reaction, it is possible that at 
least some of the cellular effects attributable to TPA 
could be brought about by the interaction of hydroxyl 
radicals with cellular components. If OH· is the primary 
damaging free radical species leading to promotion, it is 
not surprising that agents such as antioxidants suppress 
promotion. 

Introduction 

There is much evidence that free radicals play a 
role in carcinogenesis induced by both physical and 
chemical carcinogens. The biological effects of ionizing 
radiation are known to be due to the interactions of free 
radicals with cellular components. Cellular damage 
leading to malignant transformation by chemical 
carcinogens may also result from free radical reactions, 
as many chemical carcinogens are converted into reactive 
electrophiles as well as other major metabolites which 
give rise to free radical intermediates and reactive 
reduced oxygen species as a result of autooxidative 
processes and oxidation-reduction cycles. These cycles 
are coupled with molecular oxygen to form reactive 
reduced oxygen species such as the superoxide anion 
radical (02;) and hydrogen peroxide (H202) (1). 
Recently, there has been great interest in a role for 
free radicals in tumor promotion, as has been reviewed 
elsewhere (1,2). 

There are many agents which can modify carcinogen
induced-malignant transformation in vitro and many of 
these modifying agents are known to playa role in free 
radical reactions, as has been recently reviewed (3,4). 
The experiments presented in this report were designed to 
gain further insight into the role that free radicals may 
play in the induction of transformation in vitro. 

Materials and Methods 

In all of the experiments reported here, the 
C3H10~ in vitro transformation assay system was used: 
the system and detailed procedures for our studies on the 
modification of radiation and chemically induced 
transformation have been previously described (3-5). 
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Stock cultures were maintained in 60-mm Petri dishes and 
were passed by subculturing at a 1 :20 dilution every 7 
days. The cells used were in passages 9-14. They were 
grown in a humidified 5% C02 atmosphere at 37 0 C in 
Eagle's basal medium supplemented with 10% heat
inactivated fetal bovine serum and gentamycin. Plating 
efficiencies were determined from 3 dishes seeded with a 
cell density one fifth that of the dishes used for the 
transformation assay; these cultures were terminated at 
10 days. The various treatment toxicities were 
considered in the design of the experiments such that all 
dishes used for the transformation assays contained 
approximately 300 viable cells per dish. 

Results 

Superoxide dismutase (SOD) and catalase are 
"antioxidant" enzymes which are part of the normal 
cellular defense system against active oxygen species; 
the particular reactions in which they play a role are 
shown in Fig. 1. The effects of superoxide dismutase and 
catalase on the ~n~t~ation and promotion stages of 
radiation transformation in vitro are shown in Figs. 2-3; 
catalase has a highly significant suppressive effect on 
the enhancement of radiation transformation by TPA as 
well as a suppressive effect on the SOD enhancement of 
the initiation stage of radiation transformation (when 
both compounds are present at the time of the radiation 
exposure). 

0;: + 02-: + 2 H+ ) 02 + H202 
superoxide 
dismutase 

2H202 ) 02 + 2H20 
catalase 

Figure 1. Reactions involving active oxygen species in 
which superoxide dismutase and catalase are known to 
be involved. 
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Figure 2. Effects on SOD and/or catalase on the 
initiation stage of radiation transformation induced 
by 400 rads of x-irradiation. When present at the 
time of the x-ray exposure, SOD enhances radiation 
transformation, while catalase is capable of 
suppressing the enhancement of radiation 
transformation by SOD. (Summary of data presented 
in reference 5). 

We have also observed that several copper containing 
compounds can suppress radiation transformation when 
present during cellular irradiation. As shown in Fig. 
4, CuDIPS, cupric chloride and cuprous chloride have an 
approximately equal ability to suppress transformation 
when present (at 5 pg/ml) at the time of the x-ray 
exposure. 
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Figure 3. Effect of SOD and/or catalase on promotion in 
vitro. Radiation induced transformation was 
enhanced by TPA treatments; catalase or catalase + 
SOD significantly suppressed the enhancement of 
radiation transformation in vitro byTPA (Summary of 
data presented in reference 5). 

In Table 1, the results of two experiments designed 
to determine whether cupric chloride could affect 3-
methylcholanthrene (MCA)-induced transformation in vitro 
are shown. In these experiments, cupric chloride (at 5 
pg/mO was present either at the time of the cellular 
exposure to MCA or throughout the 6 week transformation 
assay period (beginning 48 hours after MCA exposure) or 
at both of these times. As can be observed in Tab Ie 1, 
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Figure 4. Suppressive effects of copper containing 
compounds on the initiation phase of radiation 
transformation in vitro. When CuDIPS, cupric 
chloride or cuprous chloride (all at 5 pg/ml) were 
present during the radiation exposure, they were 
capable of suppressing radiation induced 
transformation in vitro by comparable amounts. 
(Summary of data~resented in reference 5). 

cupric chloride did not have a significant effect on MCA 
induced transformation in C3HIO'I% cells when present for 
any of the time periods tested. 

The results of two experiments in which Fe2+ was 
added to irradiated cultures treated with the tumor 
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promoting agent, TPA, are shown in Table 2. It can be 
observed that the presence of ferrous ions (FeCI2' at 
10pg/ml) enhanced the ability of TPA to promote radiation 
induced transformation in vitro. Two "radioprotective" 
agents, mannitol and cysteamine, were tested for their 
ability to affect radiation induced transformation 
(different concentrations of the compounds were present 
either ~ hr. before to ~ hr. after the x-ray exposure 
and/or throughout the 6 week transformation assay period 
[Le., the compounds were added to cultures two times 
per week J ). In none of these experiments did the 
radioprotective agents have a significant effect on 
radiation induced transformation in vitro (data not 
shown). For the transformation assays utilizing both of 
the radioprotective agents, both toxic and nearly toxic 
concentrations (to C3HlO'I% cells) of the compounds were 
utilized in our studies as it is known that they must be 
present at such concentrations for their radioprotective 
effects to be observed (6). 

Discussion 

Our work has suggested that free radicals, 
presumably active oxygen species, may play a role in both 
the initiation and the promotion stages of transformation 
in vitro. We have observed that several compounds have 
the ability to affect the initiation stage of 
transformation in vitro. For example, we have observed 
that several copper containing compounds (including 
CuD IPS , cuprous chloride and cupric chloride [51) are 
very effective at the inhibition of radiation 
transformation when they are present at the time of the 
radiation exposure, as shown in Fig. 4. It is known that 
such copper containing compounds have the ability to 
scavenge 02:- (5,7). In other studies reported here, we 
did not observe a suppressive effect of cupric chloride 
on 3-methycholanthrene induced transformation in vitro 
(Table 1). Our results suggest that the initiation of 
transformation in vitro by methylcholanthrene may not be 
as dependent onfr~dical/cellular interactions as is 
the initiation of transformation by ionizing radiation, 
although in many other respects, the initiation of 
transformation by polycyclic hydrocarbon chemical 
carcinogens (such as methylcholanthrene) and ionizing 
radiation appears to involve a similar process (reviewed 
in references 8,9). 
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We have also observed that SOD and catalase can 
affect the initiation stage of radiation transformation; 
the molecular reactions in which SOD and catalase play a 
role are shown in Fig. 1 (10). As observed in Fig. 2, 
when present at the time of the radiation exposure, SOD 
enhances radiation transformation, while catalase is 
capable of suppressing the enhancement of radiation 
transformation by SOD. These results suggest that H202 
can play an important role in the initiation of radiation 
transformation in vitro. The enhancement of radiation 
transformation by SOD could lead to the conversion of 
superoxide anion radicals (02:-), formed in cells as a 
result of the radiation exposure, to higher levels of 
H202 (see Fig. 1) than would normally be present 
following the radiation exposure. Assuming that H202 can 
cause cellular damage resulting in transformation, higher 
concentrations of H202 could lead to higher yields of 
transformants. As catalase converts H202 to non-reactive 
species (see Fig. 1), its presence could reduce the H202 
concentration and, by that mechanism, reduce the yield of 
transformed foci in cultures. 

H202 as a cellular damaging agent has been 
previously studied extensively. There is much 
information to suggest that H202 can play a role in both 
the initiation and later stages of carcinogenesis and in 
causing cytogenetic changes thought to be related to 
cancer induction (reviewed in reference 5). The effects 
of H202 on cellular DNA are thought to be due to the 
conversion of H202 into the hydroxyl radical, OH' (11). 
It is known that ion1z1ng radiation results in the 
production of OH' as well as other active oxygen species; 
it is widely thought that OH' is the primary DNA damaging 
free radical leading to the cytotoxic effects of 
radiation (12-16). Whether OH' is also responsible for 
the mutagenic and/or carcinogenic effects of radiation is 
controversial. 

In the experiments reported here, we have attempted 
to determine whether OH' might be the active oxygen 
species leading to malignant transformation in vitro. 
The radioprotective aminothiol compound, cysteamine, is 
known to scavenge OH. (6) and mannitol is considered a 
reasonably specific scavenging agent for OH·. In our 
studies we observed no effects of cysteamine or mannitol 
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in either the initiation or later stages of 
transformation in vitro. If we had observed that the 
presence of maIUii~or cysteamine had an effect on 
radiation transformation, our results could have 
implicated OH· as a primary damaging active oxygen 
species leading to transformation in vitro. The 
characteristics of OH· could contribute to the negative 
findings in our mannitol and cysteamine studies; the 
extremely electrophilic OH· is so reactive as a free 
radical species that it is thought to be first encounter 
limited, with very little reaction specificity (mean path 
less than 0.001 microns). Thus, its cellular 
interactions are essentially limited to the site of its 
formation; if it is not present at a cellular site 
important for the induction of transformation, its 
effects will not be observed in a study such as ours. 
Active oxygen species such as H202 have quite different 
characteristics when compared to OH·; H202 has the 
ability to travel for relatively large distances 
(including through cellular membranes-H202 diffuses in 
and out of cells approximately as readily as does water 
[17] ) before interacting with cellular components. 

In the experiments reported here, there is some 
evidence that OH· may be important in the enhancement of 
radiation transformation by TPA. We observed that the 
promotional response brought about by TPA on radiation 
transformation could be enhanced by the presence of 
ferrous ions (Fe2+) in the cellular medium. Fenton-type 
reagents [such as ferrous ions (Fe2+)] are known to be 
necessary for the conversion of H202 to OH· (Redox 
reaction in which Fe2+ can catalyse the decomposition of 
H202: Fe:+ + H202-+ Fe+++ + OH - + OH·). TPA is known to 
induce 02· and H202 in cells (18), with the conversion of 
H202 to OH· then occurring via a Fenton-type reaction. 
As Fe2+ enhances the promoting ability of TPA in vitro, 
our results suggest that OH· may be the acti;e oxygen 
species responsible for the enhancement of transformation 
in vitro by TPA. These results are entirely consistent 
with the results presented for the effects of catalase 
(with or without SOD) on promotion in vitro; the 
suppressive effects of catalase on the enhancement of 
transformation by TPA could be due to its role in the 
removal of H202. With a lower level of H202, there will 
also be a reduced level of OH· to play a role in 
promotion by TPA in vitro. 
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Most of the studies discussed here have utilized 
agents known to take part in specific chemical reactions 
and were designed to gain information about the specific 
molecular species involved in the induction of 
transformation. While the exact molecular species 
responsible for cancer induction is still unknown, our 
work does suggest that carcinogen (and TPA) induced free 
radical species may play a role in the development of a 
transformed cell. Lowering the level of these induced 
free radical species in cells may thus have a beneficial 
effect in lowering the cancer incidence. There are many 
naturally occurring dietary free radical quenching 
compounds (discussed in references 2,4,19 and in this 
volume) which have interactions with free radicals 
similar to those described for the agents studied here; 
it is conceivable that such naturally occurring 
antioxidants could be useful in ultimately lowering the 
incidence of cancer in human populations. 
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FREE RADICALS, DIETARY ANTIOXIDANTS AND MECHANISMS 

IN CANCER PREVENTION; IN VITRO STUDIES. 

Carmia Borek 

Departments of Pathology and Radiology 
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New York, New York 10032 

INTRODUCTION 

It is frequently stated that 90% of the incidence of 
cancer in a population is due to environmental factors 
including food consumption and life style (2,32). The 
defini tion "environmental" implies non genetic factors 
though clearly, genetic predisposition plays a role in 
determining the susceptibility of an individual to 
becoming a victim of the disease (40). 

Carcinogenesis is a multistage process as has been 
observed in vivo (6,47) and in vitro, in cell cultures, 
under defined conditions free from host mediated effects 
(4,14,41,44). 

The initiation of the neoplastic process by physical 
or chemical agents takes place via irreversible DNA 
alterations. These may include mutations, methylation 
gene amplification, oncogene activation (31) or other 
genetic rearrangements, changes which under permissive 
physiological conditions (12) may lead to abnormal 
expression of cellular genes and transformation (14). 

Initiation requires cell replication to fix the event 
as a hereditary property of the cell (26,27). Later 
events associated with expression of the transformed 
phenotype require additional cell replication (27,28) 
(Fig. 1). 
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The onset of neoplastic events can be triggered by 
radiation, the most ubiquitous carcinogen, measurable at 
low doses (10,14) and by a variety of environmental and 
dietary chemicals (2,49,24)) which provide a public threat 
worthy of attention. 

The kinetics of events initiated by various 
carcinogens differ. Radiation imparts its oncogenic 
potential within a fraction of a second (1,10) while the 
effort of chemicals depend on their persistance in cells 
and tissues which in turn depends on the type of chemical, 
the target tissue, dose, period of exposure .and the 
pharmacho kinetics associated with its metabolism and 
distruction (9). Given to the right target cell and 
tissue and administered in sufficiently high doses 
radiation and a variety of chemicals can act alone or in 
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Fig. 1 Diagram of events which may occur at a cellular 
level in the course of induction and development 
of transformation. 
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Fig. 2 A radiation transformed hamster cell clone (A) 
and its progeny growing in agar (8), indicating a 
transformed phenotype (10,14). 

synergism as complete carcinogens, producing tumors in 
vivo or malignant colonies in vitro (8,10,14) (Fig. 2~ 
over the years evidence has been accumulating both in vivo 
and in vitro that chemicals which in themselves are non 
carcinogenic can modulate the neoplastic process acting as 
tumor promotors (6,29,30,47,52). These cocarcinogens such 
as TPA, a phorbol ester derivate (22,23,44) or teleocidin 
(18,34) can effectively enhance the rate of malignant 
transformation following initiation by a carcinogen and 
modify the neoplastic expression in a manner that is in 
part reversible (18,30,44,47,50). 
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PERMISSIVE AND POTENTIATING FACTORS IN TRANSFORMATION 

The actions of initiators and promotors in 
determining the onset, and frequency of the neoplastic 
process are controlled by a balance of cellular permissive 
and protective factors (12) which can be studied .!.!!. vitro 
in cell culture systems (10,13,14). 

Among the permissive factors thyroid hormones play a 
critical potentiating role. Their level in the cell 
determines in a dose related manner the ability of the 
cell to be transformed by radiation (37)or chemicals (20). 
Our recent findings also indicate that the effect of tumor 
promotors such as TPA and teleocidin are dependent on the 
presence of thyroid hormones (18). 

Our results imply that the permissive action of 
thyroid hormones in transformation is mediated via a 
thyroid dependent cellular "transforming" protein(s) 
(20,37) as well as by the ability of the hormones to 
influence the oxidant state of the cell (18). 

ANTIOXIDANT PROTECTIVE SYSTEMS 

The cellular oxidant state is of utmost importance 
also in cellular protection against the oncogenic 
potential of radiation and chemicals, both in the 
initiation and promotion phases of transformation. 

This has become apparent from our work (13,16,25,29) 
and others (2,46,47,53) underscoring the notion that free 
radicals playa role in carcinogenesis. 

Inherent cellular factors comprised of enzymes, 
vitamins, micronutrients and low molecular weight 
substances are· protectors. These include superoxide 
dismutase and catalase (33,45,53) peroxidases and thiols 
(5,3) vitamin A (30,36,39,44) vitamin C (5) and vitamin E 
(25,51) and the micronutrient selenium (16,25,43). These 
antioxidants serve to defend the cells against elevated 
levels of free radicals produced by radiation, chemical 
carcinogens and tumor promotors (1,2,10,14,36,53). The 
free radicals which include superoxides, hydroxyls, and 
fatty acid radicals vary in their half life but to varying 
degrees damage the cell. Both the radicals and their 
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products cause lipid peroxidation mainly in the membrane, 
with resulting toxic products (25), inactivation of 
enzymes and cross linking of DNA (14,33,45,46). 

Superoxide Dismutase and Catalase 

Protective systems vary among species and within 
cells and tissue (29) Thus the effectiveness of adding 
nutritional or enzymatic antioxidants in cancer prevention 
will vary too (25,29). 

For example we have found that superoxide dismutase 
(SOD) inhibits oncogenic transformation by radiation and 
bleomycin in hamster embryo cells and suppresses TPA 
action in enhancing transformation (25). By contrast 
catalase had little effect as an inhibiting transformation 
in this system but was an effective anticarcinogen in 
C3H10T1/2 mouse cells (53). An examination of enzyme 
levels in both systems indicated that hamster cells were 
rich in catalase suggesting that the inherent enzyme 
levels were high enough to detoxify peroxides formed in 
the course of exposure to x rays and bleomycin (25). 

Protease Inhibitors 

Protease inhibitors have been known to be effective 
inhibitors of carcinogenesis and tumor promotion 
(50) • 

in vivo 

In vitro where we can define stages of activity we 
find that the protease inhibitor antipain acts as a double 
edged sword in hamster and mouse cells (29) antipain has 
an anti carcinogenic effect on radiogenic transformation 
when added after exposure to radiation. Its effectiveness 
decreased with time (29) Fig. 3. However, antipain serves 
as a potentiator and markedly enhances transformation When 
added before radiation (29,35). 

The activities of antipain as well as leupeptin were 
not reflected in a modification of sister chromatid 
exchanges (35). or in altered DNA synthesis and repair 
(17). The action of the protease inhibitors are probably 
imparted at the level of the cell membrane. Antipain 
added after radiation exerts its suppressive action by 
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Fig. 3 General design of the experiments with antipain 
and the observed results on its effects on 
x-ray-induced transformation frequency at 
scoring time. Cells were plated at time 0 and 
irradiated 24 hr later. Antipain was added at 
plating time or 10 min, 24 hr, or 48 hr after 
irradiation. Transformed colonies were scored 
after 2 weeks for hamster embryo cells or 6 
weeks for the 10T1/2 mouse cells (23). 

inhibiting cellular proteases associated with the 
expression of transformation. It's potentiating activity 
when added prior to irradiation is under study. 

Retinoids 

Retinoids have been known for some time to serve as 
anti carcinogens in vivo, on chemically induced tumors 
(30,42,48) . 
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Our work has addressed the questions whether vitamin 
A analogs at non toxic concentration can affect early and 
late events in radiogenic transormation, and whether they 
can modulate cocarcinogenesis of radiation with chemical 
carcinogens or tumor promotors. If they do, what are the 
underlying mechanisms invovled. 

Our finding indicate that retinol all trans-retinoc 
acid and trimethyl methoxyphenyl analog of ethyl 
retinamide inhibit radiogenic transformation as well as 
completely suppress the action of the tumor promotor TPA 
in an irreversible fashion (44) (Fig. 4). Retinoic acid 
also inhibited transformation by Trp-P-2 (11), a pyrolysis 
from protein foods (24,49) as well as suppressing the 
cocarcinogenic synergism between x rays and Trp-P-2 (11). 
The action of the retinoids and TPA, alone and in 
combination, was not reflected in DNA damage as 
ascertained by sister chromatid exchanges frequencies 
(44). Their antagonism was reflected at the cell membrane 
(11) as well as on cell morphology (Fig. 5). 
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Retinoic acid reduced the activity of Na+/K+ ATPase though 
mg ATPase and 5' nucleotidase, other membrane associated 
enzymes, were unaffected (11). The antagonism between the 
retinoid and TPA was also reflected in Na/K ATPase levels. 
The retinoid suppressed a TPA mediated enhancement of 
Na+/k+ ATPase by bringing the enzyme back to control 
levels (11). underscoring the pleotropic effects of the 
tumor promotor. TPA inhibited the production of the 
transport retinol-binding protein (RBP) in liver cells in 
culture and this effect was suppressed by a concomitant 
addition of retinol (22). Clearly, the effect of tumor 
promotors is of broad scope. TPA effectively modulates 
cell transformation but at the same time it can regulate a 
protein which controls the transport of vitamin A, an 
inhibitor of TPA action on transformation. 

Fig. 5 C3H 10Tl/2 cells (a), treated with retinoic acid 
(b) Note, the altered morphology. 
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Selenium 

Selenium is a micronutirent in our diet and an 
inexcritable component of the enzyme glutathione 
peroxidase (25). As SUCh, Se plays a role in detoxifying 
peroxides which are formed in normal metabolic processes 
in the cell (24,25) and are enhanced during cellular 
exposure to radiation and chemcials. Selenium has been 
found to have anticarcinogenic properties in vivo, to 
inhibit the growth of tumors induced by chemical 
carcinogens (43) but its role as an inhibitor of radiation 
carcinogenesis was unknown (25). Moreover, while both 
epidemiological and experimental data indicated an inverse 
relation of cancer incidence with selenium dietary intake 
the underlying mechanism of its action remained obscure 
(25). 

Our recent work has addressed these problems and our 
findings indiate the following: 

Pretreatment of mouse C3H 10T1/2 cells with non toxic 
levels of sodium selenite inhibits the induction of 
malignant transformation by x rays, tryptophan pyrolysate 
(Trp-P-2) and by benzo(a)pyrene, three environmental 
carcinogens (11,16,25). 

The action selenium as an anticarcinogen was mediated 
via its ability to induce high levels of free radical 
scavanging systems in the cells exposed to the oncogenic 
agents. These included the enzyme gluathione peroxidase, 
a selenium dependent enzyme, as well as catalase and non 
protein thiols (Tabel 1) (16,25). The induction of these 
protective systems resulted in a doubling of peroxide 
breakdown in the cells (25) Table 1. There is a close 
interrelation between selenium and vitamin E in their 
antioxidant actions (25). However, the role of vitamin E 
as an anticancer agent varies with the model studied (51) 
and probably depends on the tissue content of the vitamin 
(25) We found selenium to be a true protector. Its 
maximum effectiveness was imparted when cells were 
preincubated with the trace element. Thus, selenium can 
serve as a true radioprotective and chemoprotective agent 
in carcinogensis (16,25). 
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Table 6. Transformation, Glutathione Peroxidase (GSH), 
Catalase and Nonprotein Thiols (NPSH) in Selenium 
Pre-treated and Untreated C3H 10T1/2 Cells. 

Selenium Treated 
Untreated (2 .5,i"ffiNa , SeO 3 Px) 

Transformation by 1.2 x 10-3 6.1 x 10-4 

400 rad X-ray 

Transformation by 1.1 x 10-3 2.2 x 10-4 

B (a) P 1. 2l"g/ml 

GSH px* 5.2 10.0 

Catalase* 4.3 6.0 

NPSH+ 1.0 2.1 

*Ii moles H202 reduced/min/mg protein. 
+n moles/mg protein. 
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CONCLUSION 

Cell systems in vitro offer powerful tools to study 
the role of free radicals in carcinogenesis. They afford 
us the opportunity to assess the role and mechanism of 
enzymatic and nutritional factors in their actions as 
antioxidants and their capacity as anticarcinogens acting 
to suppress different stages of the neoplastic process. 

Free radicals are continuously produced by living 
cells. They are generated in the process of cell 
respiration and intermediary metabolism in both health and 
disease. 

Under optimal cellular metabolic conditions cellular 
antioxidants are sufficient to impart protection against 
oxidant stress. Huwever, under conditions of exposure to 
carcinogens or to unfavorable metabolic stress which 
enhance free radicals levels inherent protection may prove 
to be inadequate leading eventually to neoplastic 
transformation. This may be the underlying factor in our 
earlier findings that hepatocytes in culture can be 
transformed by nutritional stress into hepatoma like cells 
which lose cellular communication via permeable membrane 
junctions and acquire a variety of phenotypic changes 
associated with malignancy, including aneuploidity altered 
ganglioside. Composition capacity to grow in agar and 
tumorogenicity in animals (7). 

Under stressful conditions cells require the external 
addition of antioxidants to enable them to cope with the 
excess load of free radicals and to minimize oxidative 
damage and oncogenic transformation (Fig 6). 

Some nutrient antioxidants act directly, other agents such 
as selenium will impart their protection by inducing high 
levels of inherent protective enzyme systems which destroy 
peroxides (25), this enables the cell itself to increase 
its scavanging powers and to cope with the "overload" of 
free radicals and their toxic products thus preventing the 
onset and progression of malignant transformation. 
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Fig. 6 A scheme illustrating the possible events induced 
by free radicals produced following cellular 
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A central problem of cellular biology and biochemistry 
is how membrane translocations in cell motility, saltatory 
motion and vesicular transport (endocytosis/exocytosis) 
occur. Little is known about the mechanisms to transduce 
chemical energy into physical displacements of membrane 
sheets, vesicles or protrubances (1,2). 

In this report, we summarize evidence for a role of 
ascorbic acid as an electron acceptor in a redox system 
involving the enzyme NADH-monodehydroascorbate reductase 
(MDAR) that may reside uniquely in those cellular membranes 
(plasma membrane,. coated vesicles, secretory vesicles, 
endocytotic vacuoles) most often implicated in bulk trans
locations of cellular membranes and in membrane movements 
(3,4). Especially interesting in this regard are the so
called bristle- or spiny-coated vesicles involved both in 
exocytosis and in receptor-mediated and absorptive edocytosis 
(5). These vesicles are characterized by a polygonal surface 
architecture (seen in thin sections of electron microscope 
preparations as spines or bristles). The dominant surface 
protein contributing to this distinctive morphological 
feature is a single, large polypeptide chain called clathrin 
(6). 

Fractions from rat liver that contain 80% + 5% of coated 
vesicles along with isolated Golgi apparatus from which some 
of the coated vesicles may be derived (7) were found to be 
enriched both in NADH-MDAR and in ascorbate. Activities of 
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cbated vesicles depleted of coat proteins as well as those 
of isolated membranes of Golgi apparatus are enhanced by the 
addition of supernatant fractions enriched in coat proteins. 
Quantative electron microscopy of cultured hepatocytes and 
hepatoma cells treated with ascorbate showed increases in 
coated vesicles and in coated membrane surfaces within the 
Golgi apparatus zone. The results are consistent with a 
role of monodehydroascorbate as an acceptor for electron 
transport-mediated transfer of electrons from NADH perhaps 
to oxygen by coated membranes as part of a mechanism to 
drive membrane translocations via generation of a proton 
gradient or of a membrane potential. 

EVIDENCE FROM CYTOCHEMISTRY 

Our interest in ascorbate as a potential electron 
acceptor for membrane-located energy transduction mechanisms 
was stimulated initally by the chance observation from 
cytochemical studies of the distribution of NADH-ferricyanide 
oxi doreductase that cl a thri n-coated membrane surfaces were 
much more reactive than adjacent uncoated membranes. This 
was observed for coated membranes both at the Golgi apparatus 
and at the cell surface (8). An NADH-ferricyanide oxido
reductase is distributed widely among endomembranes of 
rodent liver (9) and other cells and tissues (10). A 
component resistant to preparation of tissues for cytochem.., 
i'stry and to fixation with glutaraldehye is characteristic of 
plasma membrane and mature Golgi apparatus elements in rat 
(11) and mouse (9) liver. 

While reduction of monodehydroascorbate by NADH-cyto
chrome bs reductase of endoplasmic reticulum has been pro
posed (lz), an NADH-MDAR activity exists also that is dis
tinct from NADH-cytochrome b reductase (13). It has been 
found especially concentratea in a light membrane fraction 
(14, 15) that our results suggest may have contained coated 
vesicles. 

ISOLATION OF MEMBRANES AND COATED VESICLES FROM RAT LIVER 

Procedures for isolation of Golgi apparatus and of 
reference fractions and for the criteria for determination 
of purity of fractions were as described (16). Coated 
vesicles were isolated from rat liver (3) in an approximate 
yield of 1 to 2 mg protein per 40 g liver. Based on anal
yses of electron micrographs, the fractions were 80% + 5% 
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fig. 1. Transmission electron micrograph of a coated 
vesicle fraction from rat liver representative of those 
prepared for use in this study. Vesicle surfaces were 
covered by the pentagonal-hexagonal patterns typical of 
clathrin coats. From Sun et al. (3) . Bar = 0.5 urn . 

coated vesicles (Fig. 1). This agreed closely with the 
17% contamination by mitochondria, endoplasmic reticulum, 
plasma membrane and Golgi apparatus fragments determined 
from analyses of marker enzymes (3). 

85 

Among the enzymatic activities concentrated in the 
coated vesicle fractions were acid phosph~tase (2 \.Jmoles/h/ 
mg protein), oubain-sensitive Na+, K+, Mg +-ATPase (7.5 
\.Jmoles/h/mg protein), NADH-cytochrome c reductase 
(6 \.Jmoles/h/mg protein) and NADH-ferrcyanide reductase 
(600 \.Jmoles/h/mg protein) all with specific activities 
intermediate between those of the Golgi apparatus and of 
the plasma membrane (3). NADH-MDAR was concentrated in 
coated vesicles (6-fold compared to Golgi apparatus) . Both 
ascorbic acid and ascorbic acid oxidase were present as 
well and were enriched approximately 2-fold compared to the 
total homogenate (3). 
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Ascorbate Oxidase 4 ) 
'C7 

2 Ascorbote --+2 [MDHAe]--"2DHA+4H++4e-

Inside 
2H, 2ei-

Monodehydroascorbate Reductase 

Outside 

H++NADH 
~ig. 2. Schematic representation of the NADH-monodehydro
ascorbate reductase complex of Golgi apparatus and coated 
vesicles potentially linked to oxygen via ascorbate and 
ascorbate oxidase. Modified from Sun et al. (3). 

Approximately 50% of the ascorbate of rat liver homog
enates, when carefully prepared, was associated with organ
elles including Golgi apparatus and coated vesicles (3). 
Despite the rather lengthy procedure involved in their 
isolation, coated vesicles from rat liver contained nearly 
10 micrograms ascorbic acid per mg protein, an amount about 
twice that of the total homogenate. Ascorbate contained 
within or supplied to either Go1gi apparatus membranes or 
coated vesicles can generate monodehydroascorbate (possibly 
through the action of ascorbate oxidase also present in 
the membranes). This is evidenced by the appearance of the 
characteristic electron'spin resonance signal of monodehydro
ascorbate. When NADH was added to the preparations, the 
monodehydroascorbate was rapidly reduced by the NADH-MDAR 
catalyzed reaction as evidenced by the rapid disappearance 
of the electron spin resonance signal. Thus, monodehydro
ascorbate can serve as an electron acceptor for the NADH
MDAR system of the Golgi apparatus-vesicle-plasma membrane 
complex, perhaps with the ultimate transfer of electrons to 
a suitable acceptor such as oxygen (Fig. 2). 

One possibil ity to regulate NADH-NDAR activity and to 
account for the cytochemical findings indicative of enhanced 
ferricyanide reduction associated with coated membrane sur
faces (8) would be that some combination of the membrane
bound reductase with the coat protein clathrin resulted in 
the activation of the reductase. This, in turn, would 



Ascorbate Acid and Membrane Flux. 87 

Table 1. Subfractionation of coated vesicles and the 
lIactivation" of NADH-MDAR of isolated and c1athrin-dep1eted 
membranes by addition of fractions enriched in c1athrin. 
Values are specific activities + standard deviations from 
three different membrane preparations (3). 

Specific activity (nmoles-tminlmg protein) 
NADH-MDA Ascorbate NADH-Fe(CN)6 

Fraction Reductase Oxidase Reductase 

Coated vesicles 17.0 + 3.0 41 + 9 1031 
C1athrin-dep1eted 
membranes 14.0 + 1.1 143 + 24 672 + 24 
C1athrin-enriched 
supernatant 0.7 + 0.2 10 + 2 23 + 1 
Membranes + supernatant 

Ba sed on tota 1 pro. 15.2 + 3.7 57 + 9 22 + 22 
Based on memb. pro. 30.4 +" 7.4 114 +" 18 750 +" 40 

-

Go1gi apparatus (GA) 1.6+0.4 50 + 9 1771 + 5 
GA + c1athrin-enriched supernatant 

Based on tota 1 pro. 1.34+ 0.05 906 + 78 
Based on memb. pro. 2.7 +" 0.1 1892 +" 156 

provide for the enhanced electron transport to drive the 
movement of the coated vesicles and coated regions during 
both exo- and endocytosis as well as with intracellular 
membrane trans10cations. 

To test this hypothesis, coated vesicles from rat liver 
were treated with 0.5 M tri s (hydroxymethy1 )methyl ammoni urn ch1 or'
ide, pH 7.2, to di ssoci ate c 1 athri n bas kets. Stri pped membranes 
were removed by centrifugation for 1 h at 100,000 g and both 
fractions, c1athrin-dep1eted membranes and the c1athrin
enriched supernatant, were analyzed for content of c1athrin 
and membrane proteins by polyacrylamide gel electrophoresis 
(3) and for enzymatic activities (Table 1). 

Following removal of the c1athrin coats, ascorbate 
oxidase was enriched 3-fo1d in the membrane pellets as ex
pected for a membrane-associated enzyme. However, neither 
NADH-MDAR nor NADH-Fe(CN)6 reductase showed enrichment, nor 
did the supernatant conta1ning the c1athrin have activity. 
However, I"hen the coated vesicles were reconsitituted by 
combining the two fractions, the final specific activity 
based on total protein was nearer that of the starting 
coated vesicles prior to extraction and approximately 3-fo1d 
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stimulated based on membrane protein for NADH-MDAR. Ascor
bate oxidase was not so affected. NADH-Fe(CN)~ reductase 
showed a similar, although not as striking, tr~nd as NADH
MDAR. Addition of the clathrin-enriched fractions to Golgi 
apparatus membranes resulted in a nearly 2-fold stimulation 
of the NADH-MDAR as well (Table 1). Additionally, the 
activity of NADH-MDAR of coated vesicles and Golgi apparatus 
but not that of the endoplasmic reticulum was stimulated by 
calmodulin and was inhibited by drugs which are known 
inhibitors of calmodulin function (4). 

To test for changes in membrane potential in the coated 
vesicles from rat liver in response to the addition of mono
dehydroascorbate and NADH as well as ascorbate, experiments 
were conducted using fluorescence of carbocyanine dyes to 
estimate relative changes in membrane potential (17). A 
response was noted (Table 2) and the combination of NADH plus 
monodehydroascorbate gave a greater response than either one 
alone. Ascorbate (1.5 mM) was similar to NADH alone. 

The slow decline of fluorescence of the control vesicles 
was stopped by addition of KC1. Furthermore, if NADH was 
added ~'Jith the KC1, the rate of fluorescence decline vias 
increased. Monodehydroascorbate also increased the fluor
escence decline in the presence of KC1. These exeriments, 
although reproducible in three trials, must still be regard
ed as preliminary and after suitable controls and calibra
tions are completed may indicate that a membrane potential 
in these vesicles can be modified by the redox systems present. 

Table 2. Changes in charge across coated vesicle membranes 
measured by carbocyanine dye fluorescence (17). 

Addition 

None 
+ 4 mM KCl 

45 11M NADH 
+ 4 mM KCl 

5 mM Monodehydroascorbate 
+ 4 mM KCl 

Arbitrary units/min/mg protein 

-2.2 
-0.7 
-2.8 
-1. 7 

-2.8 
-1.4 

45 11M NADH + 5 mM Monodehydroascorbate -3.3 
+ 4 mM KCl -1 .1 
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Proton pumping to maintain an electrochemical gradient 
is well known in the major cell compartments including coated 
vesicles (18-20). Zang and Schneider (21) have found high 
ATPase activity in Golgi apparatus from rat liver. This 
ATPase could be inhibited by dicyclohexylcarbodiimide which 
also resulted in a 3-fold accumulation of newly synthesized 
proteins in Golgi apparatus. Thus, the implication is that 
energy for Golgi apparatus and, perhaps, of coated vesicle 
function is supported in part by an electrogenic proton 
gradient. Additionally, Glickman et al. have found a proton 
pump in Golgi apparatus that functions in parallel to 
chloride conductance (22). 

In our own studies (23), we have found that Golgi 
apparatus membranes, isolated from mouse liver, pump protons 
inwards when supplied either with ATP or NADH. Acidification 
of Golgi apparatus cisternae was detected with neutral red, 
a permeant dye at neutral pH absorbing at 600 nm which 
becomes protonated to a non-permeant form absorbing at 550 
nm within the interiors of acidified vesicles. Monensin, an 
ionophoric antibotic which catalyzes the exchange of mono
valent cations across biological membranes, disrupts the 
secretory function of Golgi apparatus (24) and has been 
related to acidification of the cisternal interiors as a 
prerequisiste for swelling and disruption of secretory 
activity (25). Monensin inhibits the acidification of Golgi 
apparatus mediated either by ATP or by NADH and at 20 ~M 
strongly inhibits the activity of NADH semidehydroascorbate 
reductase activity in both coated vesicles and Golgi appara
tus (Table 3). This concentration of monensin had little or 
no effect on NADH-MDAR activity of endoplasmic reticulum and 
serves to indicate, along with other evidence (3), that the 
NADH-MDAR activity of Golgi apparatus and of coated vesicles 

Table 3. Inhibition by monensin of NADH semidehydroascorbate 
reductase activity in membranes. Units of specific activity 
are nmoles NADH oxidized/min/mg protein. From Sun et al. (3). 

Monensin (~M) 

o 
5 

10 
20 

NADH-monodehydroascorbate reductase 
specific activity 

Golgi Coated Endoplasmic 
apparatus vesicles reticulum 

4.3 15.5 24 
4.5 14 22 
3.9 13.5 22 
0.8 9.5 21 
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is different from that of the classical cytochrome b5 
reductase complex of endoplasmic reticulum (12). 

In a first attempt to relate the biochemical observa
tions to a functional role for ascorbate in living cells, we 
examined the response of coated vesicles of rat hepatocytes 
and hepatomas to ascorbate supplied in the medium (27). The 
results show a quantitative response in the number of coated 
vesicles visible in the Go1gi apparatus zone (Fig. 3). 

7 o CONTROL 

t,S.115mM Ascorbate 
C IZJ 30mM Ascorbate 0 
CJ) 6 • 60 mM Ascorbate 
Q) 

a:: 
(/) 
::J 

5 -0 
L-
0 a. 
a. 
0 4 
CJ) 

0 
(!) 
......... 3 (/) 
Q) 

0 
(/) 

~ 2 
"0 
Q) -0 
0 
U 

10 MIN 30 MIN 60 MIN 

H -2 Hepatoma 
Fig. 3. Quantitation of numbers of coated vesicles per Go1gi 
apparatus region comparing fetal liver and H-2 hepatoma cells 
(27). Ascorbate was added to the culture medium at t = O. 
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As summarized in Figure 3, cultured hepatocytes and 
hepatoma cells when treated for 10-30 min with 30 mM ascor
bate responded by a 2- to 3-fo1d increase in the numbers of 
coated vesicles of the Go1gi apparatus zone as determined 
by quantitation from electron micrographs. At a near 
optimal concentration of 30 mM ascorbate, the effect was 
reproduced under a variety of different conditions of spec
imen preparation for electron microscopy (27). Coated ves
icles of the cell surface may have been affected similarly 
but no increases due to ascorbate were obvious and were not 
quantitated due to lack of localization of coated vesicles 
of the cell surface to well defined cellular regions. Based 
on measurements of vesicle diameters, coated vesicles of 
liver cells distribute into different populations (7). Those 
at the cell surface have the greatest diameters and are 
distinct from those at the Go1gi apparatus with the smallest 
diameters. However, the increase in numbers of coated vesi
cles of the Go1gi apparatus zone may indicate some functional 
relationship between ascorbic acid and coated vesicle activ
ity in agreement with our biochemical observations. 

SUMMARY 

Coated vesicles isolated from rat liver in about 80% 
fraction purity were enriched in NADH-monodehydroascorbate 
reductase activity, ascorbate oxidase, and ascorbic acid. 
The NADH-monodehydroascorbate reductase (and ascorbate 
oxidase) of the Golgi apparatus and coated vesicles differed 
from that of the endoplasmic reticulum in being inhibited by 
the sodium selective ionophore, monensin. Activities of 
both coated vesicles and Golgi apparatus fractions depleted 
of the coat protein, clathrin, were activated by the addition 
of clathrin-rich supernatant fractions. This activation was 
demonstrated both from cytochemistry in vivo and in vitro in 
reconstitution experiments with both coa~vesicTes-ana
isolated Golgi apparatus. More than 60% of the ascorbic acid 
of rat liver homogenates was contained within membrane-bound 
compartments. Golgi apparatus and coated vesicles especially 
were enriched. The transmembrane redox activity involving 
the NADH-monodehydroascorbate reductase/ascorbic acid oxi
dase/ascorbic acid complex (Fig. 2) appeared to be able to 
generate a proton gradient or membrane potential capable of 
energizing membranes of cell components. Ascorbate admin
istered to hepatocytes or hepatoma cells increased the 
numbers of coated vesicles associated with the Golgi appara
tus regions. Supported in part by grants from Hoffman-LaRoche. 
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Introduction 

The transformation from normal cells to cancer cells 
as a result of ionizing radiation, chemical carcinogens 
(tumor initiators and promoters), viruses, any 
combination of these agents, or random genetic error 
during replication probably occur frequently in the body; 
however, these transformed cells do not always establish 
themselves in the host as a clinical cancer. This 
suggests that the host exerts considerable selection 
pressure against the first or the first few transformed 
cells. The transformed cells probably escape the 
selection pressure of the host when the level of 
selection pressure is reduced. The transformed cells 
then acquire additional mutations and eventually become 
clinically detectable. Recent studies have identified 
several components of the host's selection pressure. 
These include certain vitamins, selenium, cAMP (adenosine 
3' ,5'-cyclic monophosphate), and the host's immune 
system. Among vitamins, alpha-tocopherol (vitamin E) is 
one of the important components of the host's selection 
pressure against transformed cells. Since the 
transformed cells escape the selection pressure exerted 
by vitamin E at lower concentrations, this vitamin at 
higher concentrations should exert its antitumor 
activities either by inducing normal phenotype and/or by 
causing growth inhibition. Indeed, recent experimental 
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results confirm the above anticancer activities of 
vitamin E. 

Vita.in E in Cancer Prevention 

Alpha tocopherol (vitamin E) has been shown to 
reduce chemically-induced tumors in animals (1-14). In a 
recent human prospective study (15), lower plasma vitamin 
E levels were associated with a higher risk of breast 
cancer. A recent case-control study (16) has also 
indicated that the plasma level of vitamin E is inversely 
related to the risk of lung cancer. The exact mechanisms 
of cancer protection provided by vitamin E are unknown. 
However, it has been reported that vitamin E may 
influence the processes of carcinogenesis at several 
levels. For example, vitamin E blocks the formation of 
cancer-causing agents such as nitrosamine and mutagenic 
substances in the gastrointestinal tract (13,17-22), 
prevents the action of tumor promoters (1-2) and 
initiators, and stimulates cellular immunity (23-29). 
Vitamin E has also been shown to stabilize the cellular 
membrane (30-34). This observation may be important in 
evaluating the role of vitamin E in regulating cell 
differentiation and malignancy. All these actions of 
vitamin E are important for cancer protection. 

We have unraveled yet another mechanism of action of 
vitamin E in cancer prevention and treatment which 
involves induction of differentiation in certain 
established tumor cells in culture (35). This finding 
suggests that the presence of higher levels of vitamin E 
in the body may also reverse some newly transformed cells 
back to normal phenotype. This mechanism of cancer 
prevention may not be applicable to all types of cancer 
cells. 

Vitamin E and Cell Differentiation 

The phenomenon of differentiation of tumor cells is 
important not only from the prevention point of view but 
also from the perspective of treating cancer. In recent 
years several naturally occurring and nontoxic 
differentiating agents such as adenosine 3',5'-cyc1ic 
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monophosphate (cAMP) (36-41), vitamin A (42-44), nerve 
growth factor (45-46), and butyric acid (47) have been 
identified. A more recent study (48) suggests that 
vitamin E succinate also enhances the level of 
differentiation of murine NB cells induced by cAMP 
stimulating agents. This suggests for the first time 
that vitamin E may regulate at least some effect of cAMP. 
The role of vitamin E in the differentiation of tumors 
cells is discussed below. 

Neuroblastoma cells. The first report that vitamin 
E may induce differentiation in tumor cells appeared in 
1979; it was demonstrated that dl-alpha tocopheryl 
acetate treatment of murine neuroblastoma (NBP2) cells in 
culture induces morphological differentiation associated 
with the inhibition of cell division (49). However, in a 
later study (35), the vitamin E acetate solvent was found 
to be toxic for several types of tumor cells in culture. 
Since several toxic agents such as x-rays (50), 
adriamycin (51), bleomycin (51) and cytosine arabinoside 
(52) are known to cause morphological changes in NB cells 
in culture, the effect of vitamin E was re-investigated 
using dl-alpha tocopheryl succinate which is readily 
soluble in ethanol. It was found that vitamin E 
succinate by itself did not cause morphological 
differentiation (53); however, vitamin E succinate
treated cells were larger and did not grow in clumps. In 
addition, vitamin E succinate enhanced the 
differentiating effects of cyclic AMP stimulating agents 
(48) and y-irradiation (54) on NB cells in culture. 
Vitamin E succinate was found to be more potent than dl
alpha tocopherol free alcohol, dl-alpha tocopheryl 
acetate and dl-alpha tocopheryl nicotinate (35) on the 
criteria of growth and survival inhibition. Therefore, 
vitamin E succinate has been routinely used in the 
studies of differentiation of tumor cells in culture. 

Melanoma cells. D-alpha tocopheryl succinate 
induces morphological differentiation in murine B16 
melanoma cells in culture (35) as evidenced by the fact 
that soma increase in size, the cytoplasmic processes 
elongate, and the cells arrange themselves in parallel 
with each other. These changes resemble those observed 
in cultures of normal melanocytes. Untreated melanoma 
cells form clumps during growth and exhibit mostly round 
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cell morphology. It should be pointed out that about 25% 
of the cells were unaffected by vitamin E succinate 
treatment. Vitamin E succinate-induced morphological 
differentiation is associated with growth inhibition, and 
both phenomena are primarily irreversible, i.e., when 
vitamin E is removed after four days of treatment, the 
differ~ntiated phenotype is not reversed. Further 
studies show that vitamin E succinate-induced 
morphological differentiation of melanoma cells is also 
expressed in hormone-supplemented serum-free medium; 
however, the concentration of vitamin E succinate needed 
to produce the effect is five times less. This suggests 
that the effect of vitamin E succinate on melanoma cells 
is not due to the involvement of any serum factors. The 
exact mechanisms of action of vitamin E succinate on 
differentiation of melanoma cells are unknown. In 
addition to vitamin E succinate some other physiological 
substances, such as cAMP (55-57), have been shown to 
induce differentiation of B16 melanoma cells in culture. 
It would be important to determine whether or not vitamin 
E succinate mediates its effect on melanoma cells by a 
cAMP-dependent mechanism or by some unique effect of 
vitamin E succinate. It would be equally important to 
investigate whether or not vitamin E succinate modulates 
the effect of cAMP on melanoma cells. The above studies 
would help in designing prevention and treatment studies 
of melanoma in a selective and nontoxic manner. 

Myeloid leukemia cells. Results of studies of the 
differentiating effects of vitamin E on myeloid leukemia 
cells have been controversial. One study (58) reports 
that dl-alpha tocopherol induces morphological 
differentiation in murine myeloid leukemia cells in 
culture. Others (59), however, have shown that alpha 
tocopherol prevents spontaneous and chemically-induced 
differentiation of myeloid leukemia cells in culture. 
Some of these differences may be due in part to 
differences in solvents. Some solvents of alpha 
tocopherol are very toxic to cells in culture (35), which 
may account for the differences in results. In a recent 
study (60), it has been reported that vitamin E enhances 
the level of DMSO-induced differentiation of murine 
myeloid leukemia cells in culture. 
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Glioma and prostate cells. Vitamin E succinate 
inhibits the growth of rat glioma (C6) cells (53) and 
human prostate cells (Webber and Prasad, unpublished 
observation) in culture without inducing cell 
differentiation. 

Significance of vitaain E-induced differentiation in 
cancer prevention and treatment. The studies discussed 
above have been performed in vitro and cannot be 
extrapolated to in vivo phenomena. However, they do 
suggest that vitamin E succinate may reverse newly 
transformed cells back to normal phenotype, possibly an 
important mechanism for preventing certain tumors. The 
fact that vitamin E succinate induces differentiation in 
some established tumor cells suggests that this mechanism 
of action may be equally important in the treatment of 
some tumors with vitamin E succinate. 

Modification of the Effect of Chemicals by Vitamin E 

Most of the currently used chemotherapeutic agents 
are immunosuppressive, toxic and not naturally present in 
the body. These agents kill normal cells as well as 
tumor cells. It has been reported that dl-alpha
tocopheryl acetate in combination with vincristine, 5-
fluorouracil, adriamycin or chlorozotocin produced a 
synergistic effect, whereas vitamin E in combination with 
bleomycin, 1-(2--chlorethyl)-3-cyclo-heyxyl-l-nitrosourea 
(CCNU), 5-3-dimethyl-l-triazeno-imidazole-4-carboxamide 
(DTIC), mutamycin or cis-diamine dichloro-platinum II 
produced an additive effect on NB cells in culture on the 
criterion of growth inhibition. In glioma cell cultures, 
vitamin E acetate in combination with vincristine or CCNU 
produced a synergistic effect, whereas vitamin E in 
combination with bleomycin, 5-fluorouracil, adriamycin, 
DTIC, mutamycin and cis-platinum produced an additive 
effect on the criterion of growth inhibition. These 
studies suggest that modification of the effect of 
chemotherapeutic agents on tumor cells depends upon tumor 
form and type of chemotherapeutic agent. 

Our studies show that dl-alpha-tocopheryl acetate 
markedly enhances the antitumor effect of naturally 
occurring substances on NB, glioma and melanoma cells in 
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culture. For example, vitamin E and vitamin E succinate 
enhance the effect of cAMP-stimulating agents (PEG and 
PGAZ' stimulators of adenylate cyclase, and R020-172~, an 
inh~bitor of cyclic nucleotide phosphodiesterase) and 
sodium butyrate (a four-carbon fatty acid). The extent 
of vitamin E enhancement depends upon the form of tumor 
cell and the type of naturally occurring substances. For 
example, vitamin E in combination with PGE 1 , R020-1724 or 
sodium butyrate produced a synergistic effect on NB 
cells, whereas in glioma cell cultures, vitamin E in 
combination with R020-1724 produced a synergistic effect 
on the criterion of growth inhibition. Vitamin E failed 
to enhance the effect of PGE 1 and sodium butyrate on 
glioma cells. Extensive stud~es are needed to test the 
above concepts on animal tumors before applying them to 
human tumors. 

Modification of Radiation Effect by Vitamin E 

Several studies have reported that vitamin E 
protects normal tissue in vitro and in vivo against 
radiation damage (64-71), whereas others have shown that 
vitamin E is ineffective in protecting normal or tummor 
tissue (72-75). Recent studies suggest that vitamin E 
succinate at high concentrations, which by themselves 
inhibit the growth of cells, enhances the effect of 
radiation on murine NB cells in culture in an additive 
manner (76). Vitamin E-induced enhancement of radiation 
effect has also been observed on transplanted rat tumor 
(77-78). 

The exact mechanisms of vitamin E-induced 
enhancement of radiation effects on tumor cells are 
unknown; however, it has been reported (54) that 
butylated hydroxyanisole (BRA), a lipid-soluble 
antioxidant, also enhances the effect of radiation on NB 
cells in culture. This suggests that the part of the 
mechanisms of action of vitamin E may involve 
antioxidation. 

Our recent study (76) shows that vitamin E 
succinate, at concentrations which do not affect the 
growth of NB cells in culture, protects cells against 
radiation damage. Vitamin E succinate increases the 
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survival of irradiated cells when added to culture 
immediately after irradiation for the entire observation 
period (7 days) or immediately before irradiation for the 
entire observation period. The presence of vitamin E 
succinate during irradiation alone was ineffective. Thus 
vitamin E succinate can be defined as a radiotherapeutic 
agent rather than as a radioprotective agent, since it 
appears to help the repair of post-irradiation damage. 
The radiotherapeutic effect of vitamin E succinate on NB 
cells in cultur~ is primarily due to the effect of 
succinic acid, because sodium succinate also increased 
the survival of irradiated cells in a similar manner. 
Vitamin E succinate under certain experimental conditions 
may be slightly more effective than sodium succinate. To 
our knowledge, vitamin E succinate and sodium succinate 
are the first non-toxic chemicals which help the repair 
of post-irradiation damage. 

Since the type and extent of the effects of vitamin 
E succinate are dependent upon the concentration of 
vitamin E succinate, radiation dose, form of tumor and 
type of chemotherapeutic agents, any pre-clinical or 
clinical study using vitamin E succinate must take into 
consideration all of these variables; otherwise, the 
efforts to modify tumor cell response with vitamin E may 
be ineffective. 

Mod~fication of the Effect of Byperther.ia by Vitamin E 

We have reported (79,80) that vitamin E succinate, 
at concentrations which inhibit the growth of NB cells in 
culture, enhanced the effect of heat on the criteria of 
growth and survival in an additive manner. The presence 
of vitamin E during heat treatment and during the entire 
experimental period of observation was necessary for the 
above effects. BRA, a lipid soluble antioxidant, also 
enhanced the effect of heat, but to a lesser degree than 
that produced by vitamin E succinate. The fact that the 
vitamin E succinate in combination with heat produced 
only an additive effect suggests that the mechanisms of 
action of these agents on tumor cells are different. 
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Mechanisms of Action of Vitamin E Succinate 

The exact mechanisms of action of vitamin E 
succinate on tumor cells are unknown. Two lipid-soluble 
antioxidants, butylated hydroxyanisole (BHA) and 
butylated hydroxy toluene (BHT), which share only 
antioxidant properties with vitamin E, produce 
morphological changes in some tumor cells in culture 
similar to those produced by vitamin E succinate (53). 
Thus the mechanisms of action of vitamin E succinate on 
tumor cells may partly involve antioxidation. The 
current view of the metabolism of vitamin E esters 
(vitamin E acetate and vitamin E succinate) is that they 
are hydrolyzed in the gut by esterases and form vitamin E 
free alcohol, which is then absorbed via the lymphatic 
system and intestinal mucosal cells. It is believed that 
only vitamin E free alcohol acts as an antioxidant (81-
83). Vitamin E esters cannot act as an antioxidant until 
they are converted to the free alcohol form. 

We have reported that vitamin E succinate is more 
potent than vitamin E acetate and vitamin E free alcohol 
(35) in causing cell differentiation and growth 
inhibition of tumor cells in culture. The higher potency 
of vitamin E succinate has also been reported by other 
investigators. For example, vitamin E succinate prevents 
radiation-induced transformation of hamster embryo cells 
in culture, whereas vitamin E free alcohol or vitamin E 
acetate does not (Dr. Ann Kennedy, personal 
communication). Vitamin E succinate is more effective in 
protecting adriamycin-induced skin ulcer than vitamin E 
acetate. The exact reasons for this are unknown; 
however, we have tested a hypothesis that the greater 
potency of vitamin E succinate is related to its higher 
uptake by tumor cells. To test this hypothesis, the 
uptake of vitamin E succinate in NB cells in culture was 
compared with that of vitamin E acetate and vitamin E 
free alcohol. Confluent NB cells were incubated in the 
presence of 8 ~g/ml of vitamin E succinate. After 
10,20,40 and 80 hours of incubation, cells were washed 
with serum-free medium three times and the levels of 
vitamin E succinate and free alcohol were determined by a 
HPLC, using vitamin E acetate as an internal standard. 
Results showed that untreated control cultures did not 
have any detectable levels of vitamin E succinate or 
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vitamin E free alcohol. In treated cultures only vitamin 
E succinate was detected. When the cells were similarly 
treated with vitamin E acetate or vitamin E free alcohol 
for 20 hours, no uptake of either was detected. Thus, 
the greater potency of vitamin E succinate may be due to 
the fact that tumor cells pick up this form of vitamin E 
more readily. 

The fact that only vitamin E succinate was 
detectable during the entire three days indicates that 
vitamin E succinate was either not hydrolyzed to vitamin 
E free alcohol within the cells or the amounts of 
converted vitamin E free alcohol were too small to be 
detected by our methodology. At this time it is unknown 
whether all the effects of vitamin E succinate on tumor 
cells are mediated by itself, by vitamin E free alcohol 
or by both forms of vitamin E. 

Conclusions and Ca.ments 

The fact that vitamin E induces differentiation in 
some tumor cells and inhibits the growth and survival of 
all tumor cells in culture studies suggests that this 
mechanism of action of vitamin E may be important not 
only in cancer therapy but also in cancer prevention. We 
have observed that vitamin E succinate is more potent 
than the other forms of vitamin E (vitamin E free 
alcohol, vitamin E acetate and vitamin E nicotinate) on 
tumor cells. This is because vitamin E succinate is 
readily picked up by tumor cells, whereas other forms of 
vitamin E are not. Vitamin E succinate may act as a 
radiotherapeutic agent or radiosensitizing agent 
depending upon the concentrations of vitamin E. The 
radiotherapeutic effect of low concentration of vitamin E 
succinate is primarily due to the effect of succinic 
acid. Vitamin E succinate, at concentrations which 
inhibit the growth of tumor cells in culture, also 
enhance the effect of chemicals in an additive or 
synergistic manner, depending upon the type of chemicals 
and the form of tumor cells. High concentrations of 
vitamin E succinate also enhanced the effect of heat on 
NB cells in an additive manner. Further studies are 
needed to evaluate the role of vitamin E in cancer 
prevention and treatment. 
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The winds of change are sweeping across the face of 
cancer research and there is some exciting new information 
becoming available on risk factors and prevention of some 
forms of neoplasia. Studies about viral carcinogenesis, 
represented by the sophisticated studies with respect to 
AIDS; chemoprevention with retinoids, selenium and other 
substances; and the general aspects of lifestyle, including 
diet, are all encouraging, pointing toward eventual preven
tion. 

We are gradually accepting the fact that epidemiology, 
while it offers interesting potential approaches to some 
problems, leaves much to be desired with respect to causal 
relationships between dietary nutrients and some forms of 
cancer. It is one thing to identify a subset of the popula
tion who smoke cigarettes and link this habit to lung 
cancer. It is quite a different matter to link green and 
yellow vegetables to carotene and thus to prevention of some 
forms of cancer. We must continue to question epidemiologic 
approaches, whether population based, case-control or 
cohort, when the results are to be used as a basis for 
intervention in some subsets of the population with far
reaching implications. 

Perhaps we should use well-designed, rigidly controlled 
animal studies to guide epidemiologists, rather than vice 
versa. The diet of the American public is very heteroge
neous and there are many confounding variables. Table 1, 
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taken from the HANES report (1979), illustrat~this point. 
In any case, the entire area of diet, nutrition and cancer 
is yielding to increasingly sophisticated, elegant methodo
logy and we can expect to see even more promising directions 
for prevention in the future. 

Tab le 1 
Nutrient Intake by Percentiles of the US Population 

Percentile of Population 
5th 10th 20th 50th 75th 90th 95th X SO 

Daily protein(g) 
8813 males 36 46 62 84 114 153 179 93 45 

11930 females 25 31 43 59 79 102 119 64 31 
Daily vitamin A (IU) 

8813 males 801 1184 2057 3503 5951 9796 13770 5138 7245 
11930 females575 872 1548 2714 4781 8581 12625 4431 8016 

(From DHEW Publication #79-1221, 1979). 

This presentation will discuss epidemiological 
suggestions and results of experimental studies relative to 
a few specific sites for cancer. 

I. CANCER OF THE ESOPHAGUS 

A. Epidemiologic Evidence 

An early observation of an association between esopha
geal cancer and nutrition was made nearly 50 years ago. It 
was observed that Swedish women suffering from cancer of the 
hypopharynx, frequently had anemia; this appeared to be 
secondary to iron deficiency and perhaps multiple vitamin 
deficiencies (Jacobson, 1961). This syndrome, named the 
Plummer-Vinson syndrome, has since that time greatly 
decreased in incidence along with general improvement in 
iron and vitamin nutrition in that area. 

Esophageal cancer represents the most striking 
geographic variation, of any tumor site. There is a 
wide disparity in incidence of this type tumor from country 
to country and from region to region within countries, 
suggesting environmental influences. Some of the highest 
incidence rates in the world are found in South-Central Asia 
in the region between Turkey, Iran, China, and the Soviet 
Union. Investigations of this region have shown that these 
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areas have diets comprised mainly of bread and tea, and are 
severely deficient in vegetables (Joint Iran-International 
Agency for Research on Cancer Study Group, 1977). There is 
also a suggestion that opium ingestion may also be high in 
these regions. Because the habit is illegal, it is dif
ficult to study this factor with any degree of confidence in 
a survey design. In a case-control study conducted in Iran 
as part of the large WHO effort to study esophageal cancer 
in this area, Cook-Mozaffari et al. (1979) confirmed that 
cases in Northern Iran tended to ingest lower levels of 
vitamins and fruits as well as lower levels of animal pro
tein, compared to controls. This confirmed suggestions from 
the ecological study that deficiencies of vitamins in foods 
in these areas might be important in the etiology of the 
unusually high rate of esophageal cancer. Samples of food 
taken from the typical diets of cases and controls, showed 
no apparent differences in the levels of carcinogenic afla
toxins in the diet, thus diminishing the liklihood of con
tamination as a significant factor in esophageal cancer of 
the area. . 

The high rate of esophageal cancer observed in blacks in 
the United States are thought to be associated with alcohol 
as a risk factor (Pottern et al., 1981). Case-control stu
dies conducted in Europe and North America have shown that 
alcohol and tobacco are risk factors probably interacting to 
increase susceptibility to esophageal cancer (Day and Munoz, 
1982). On the other hand, in local geographic areas that 
experience particularly high incidence rates of esophageal 
cancer, alcohol and tobacco seem to be weak risk factors and 
probably significant. It was suggested as early as 1961 in 
a case-control study (Wynder and Bross, 1961) that nutrition 
was a factor in esophageal cancer. Milk and vegetable con
sumption was diminished in cases, compared to controls. 
Ziegler et ale (1981b) studying blacks in the Washington, 
D.C. area also found that diets deficient in meat, fish, 
fruits, vegetables, and dairy products were reported more 
often for cases as compared to controls. Mettlin et ale 
(1981), in Roswell Park Memorial Institute studies conducted 
between 1957 and 1964, observed that cases more frequently 
reported diets deficient in vitamin A than did controls. 

Lin et ale (1977) reported low levels of zinc in serum, 
hair and esophageal tissue with this form of cancer (table 
2) which led to some interesting experimental studies 
reported later in this chapter. 
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Table 2 
Zinc Levels in Serum, Hair and Esophageal 

Tissues From Patients With Esophageal Cancer, 
Other Types of Cancer or Other Diseases 

Zinc Concentrations 
(g/100 1 or g) 

Esophageal 
Serum Hair Tumor Esophagus 

Normal 
Subjects 102.7+18.5 195.0+29.0 110.0+22.4 160.0+28 
Patients With: 
Esophageal 
Cancer 78.0+14.9 162.0+33.0 
Other Cancers 114.4+31.8 169.0+37.0 
Other 
Disorders 96.2+15.0 212.0+48.0 149.0+18 248.0+17.0 

(From Lin et al., 1977, abridged). 

A massive screening program for esophageal cancer has 
been initiated in Northern China (Yang, 1980). This will 
provide additional valuable information regarding the deter
minants and natural history of this disease. 

B. Experimental Evidence 

The association of nutrients with esophageal cancer have 
been, for the most part, inferential. In collaboration with 
colleagues at the University of Hong Kong, we observed low 
concentrations of zinc in serum and tissues of esophageal 
cancer, obtained at or shortly after diagnosis. Table 2 
lists some of the pertinent data. Based on these obser
vations we have conducted extensive investigations using 
experimental animals deficient in zinc (Fong et al., 1978) 
with or without other risk factors. Table 3 lists results 
typical of many studies. These data clearly imply that 
interactions of dietary deficiencies of nutrients and expo
sure to toxins (alcohol) can significantly enhance esopha
geal cancer in animals (Gabrial et al., 1982). 

An indication of mechanisms of zinc deficiency effects 
on the esophagus is the markedly enhanced DNA synthesis and 
mitosis in the zinc deficient esophagus. Table 4 lists 
selected observations typical of several studies. Cell pro
liferation is significantly increased in the deficient 
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Table 3 
Induced Tumor Incidence in Rats Deficient in Zinc; 

Ethyl Alcohol and 13-cis Retinoic Acid Are Added Factors 
Treatment, 4% Alcohol 13-cis No. Rats With 
Zinc Content MBN in Drinking Retinoic Tumors % 

Control,60 ppm -
Control,60ppm + 
Deficient, 7 ppm+ 
60 ppm Control, + 
Deficient 7 ppm 
to Post Dosing 
Deficient + 
Deficient + 
(From Gabrial et al., 

Water Acid 

+ 
+ + 

1982, abridged). 

0/12 
14/35 
25/33 
18/35 

29/34 
33/35 

o 
40.0 
75.7 
51.4 

85.3 
94.3 

esophageal epithelium; this is temporarily depressed by 
treatment with the esophageal carcinogen, MBN. Within three 
weeks after carcinogen treatment, however, zinc deficient 
epithelium was back to the same rate of DNA synthesis as the 
untreated, zinc deficient epithelium while the control, 
MBN-treated epithelium was still depressed. The interpreta
tion of these data is that, at time of carcinogen exposure, 
the zinc deprived esophagus has many more cells in division 
compared to controls; these may be more vulnerable to the 
carcinogen. 

Table 4 
Mitotic Counts and 3H-thymidine in Esophageal 

Epithelium of Zinc Deficient Rats 
Treatment 3H-thymidine Mitotic Counts 

DPM/ug DNA % of Counted 
(untreated) untreated +MBN 

Control Diet 58+7 2.1+1.5 5.8+1.6 
Zn Deficient Diet 152+8 6.9+3.0 2.1+1.3 

(Schrager, Busby and Newberne, 1985, unpublished). 

We have recently examined the capacity of the esophageal 
to incorporate 3H-thymidine into DNA and for the epithelium 
to undergo mitosis, when low in zinc (Schrager et al., 
1983). After a single initiating dose of MBN, levels of the 
promutagenic bases 06 methylguanine and 7-methylguanine were 
greater in esophageal DNA than non-target hepatic DNA. The 
ratio of 06 methylguanine: 7-methylguanine was greater in 
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the zinc deficient group than the two control diet groups. 

After six (carcinogenic) doses of MBN the levels of both 
methylated bases increased in both the esophagus and liver, 
with the greatest increase in the esophagus. Repair was 
greatest in the pair-fed group and least in the zinc defi
cient group. 

These data suggest that zinc deficient enhancement of 
MBN esophageal carcinogenesis may be mediated by increased 
levels of the promutagen 06 methylguanine in DNA and a 
reduced ability to remove it. 

Esophageal cancer has been associated with riboflavin 
deficiency in epidemiological investigations 
(Cook-Mozaffari, 1979). Oral and esophageal tissue damage 
has been associated with riboflavin deficiency in primates 
(Foy and Kondi, 1984). We have shown (Newberne, 1984) that 
riboflavin deficiency injures the oral and esophageal 
epithelium in the rat and, also, increases susceptibility 
and severity of esophageal cancer induced by MBN. Table 5 
illustrates characteristic observations. 

Table 5 
Riboflavin (B2) Deficiency in the Rat: 

Enhanced Esophageal Carcinogenesis 

Treatment 
Control Diet 
Control Diet + MBN* 
B2 Deficiency 
B2 Deficiency + MBN 

Incidence of Neoplasms 
No. % 
0710 0.0 
8/20 40.0 
0/20 0.0 

23/26 88.0 

*Methylbenzyln;trosamine. Newberne, 1984. 

II. CANCER OF THE STOMACH 

A. Epidemiologic Evidence 

Experimental studies in animals have clearly shown that 
alkylnitrosoureas can induce stomach cancer. There has been 
research into the biochemistry of the related nitrosamines 
and nitrosamides, which are capable of being formed within 
the stomach in conjunction with nitrites and which are found 
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in human saliva (Tannenbaum, 1983). Nitrates, which are 
commonly added to foods for preservation, have been found to 
be readily convertible to nitrites when foods are stored at 
room temperature but not when they are refrigerated or when 
vitamin C, BHT, or BHA are added to the food. These data 
led to the working hypothesis that derivatives of nitrates, 
found in foods may be etiologically significant in human 
gastric cancer. 

Migrant studies have shown that migration from high
incidence areas to low-incidence areas results within two 
generations in the migrants in gastric cancer rates very 
similar to those of their new country. Japanese immigrants 
to Hawaii (Haenszel and Kurihara, 1968) and Eastern European 
immigrants to the United States (Haenszel, 1961), have pro
vided sound evidence for the conclusions that environment is 
important, and, perhaps foods and nutrition contribute 
significantly to the incidence of gastric cancer. 

Ecological studies in Chile (Armijo and Coulson, 1975) 
showed a strong correlation between the use of nitrate fer
tilizers for agricultural purposes and regional mortality 
rates for gastric cancer, further suggesting an important 
role for nitrates in this disease. Similar positive ecolo
gical studies have been conducted in Columbia (Cuello et 
al., 1976) and England (Hill et al., 1973) where nitrate 
levels in drinking water positively correlated with gastric 
cancer mortality rates. 

Many case-control studies have been conducted of diet 
and gastric cancer. Stocks (1957) found fried foods to 
increase risk; Pernu (1960) found that meat and animal fat 
consumption increased risk. Hirayama (1967) reported salted 
foods to be a risk factor, and milk to be apparently protec
tive. On the other hand, Meinsma (1964), reported bacon as a 
risk factor and citrus fruits as protective, and Higginson 
(1966) suggested that cooked fats are a risk factor. 
However, other studies by Dunham and Brunschwig (1946), 
Wynder et ale (1963b), Acheson and Doll (1964), and Graham 
et ale (1967) reported essentially negative findings. 
Bjelke (1971) reported the apparent protective effect of 
fruit and vegetable consumption, and Haenszel et ale (1972) 
also reported an apparent protective effect of raw vegetable 
consumption, although pickled vegetables and salted fish 
increased risk in Japanese in Hawaii. In a later replica
tion of this study of Japanese in Japan, this finding was 
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not reproduced, although lettuce and celery were found to 
decrease risk (Haenszel et al., 1976). Bjelke (1973) found 
cereals and smoked fish to increase risk and vegetables and 
fruits to decrease risk in a second case-control study con
ducted in Minnesota, and Modan et al. (1974) found that 
starchy foods increased risk in a case-control study in 
Israel. A large Japanese cohort study (Hirayama, 1979a) 
showed that milk consumption and green and yellow vegetable 
consumption were associated with decreased risk, while 
smoking was associated with increased risk of subsequent 
stomach cancer. In a later analysis of data from this 
cohort (Hirayama, 1982) soybean paste soup was found to be 
associated with lower risk, thus supporting the hypothesis 
that protease inhibitors may protect against gastric cancer. 
Hirayama points out, however, the possible confounding 
effects of vegetable consumption. 

Considering all case-control and prospective studies 
together, it is difficult to identify any consistent pattern 
of foods which seems to increase risk. 

B. Experimental Evidence 

A majority of the experimental evidence for various risk 
factors in gastric cancer has used the rat as the experimen
tal animal and N-methyl-N'-Nitro-N-Nitrosoguanidine (MNNG) 
as the carcinogen. These studies have attempted to identify 
risk factors and elucidate mechanisms by which gastric 
cancer is initiated and promoted. Some of the factors con
sidered include induced uclers (Shirai et al., 1978; Nagar 
et al., 1984); a broad variety of nutrients (Mirvish, 1983); 
mucosal concentrations of thiols (Wiestler, 1983); aspirin 
(Tsung-Hsien, et al., 1983); salt (Tatematsu, 1975) among 
others. Most of these have been concerned with the chronic 
effects of MNNG and selected risk factors; not much in the 
way of correlative studies have been published linking early 
gastric mucosal changes with the ultimate neoplasms. We 
have conducted a series of studies addressing the problem of 
risk factors, using the MNNG rat model and superimposing 
additional factors, some of which are considered risks and 
others not. We have thus linked gastric cancer with early 
changes in the mucosa which appear to be important in the 
early incipient stages of carcinogenesis. This model 
appears to offer a screening potential as well as a means 
for furthering our understanding of the mechanisms of the 
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carcinogenesis process. A brief resume of some of the 
results are described here. 
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Rats were given MNNG from weaning, 75 mg/liter of 
drinking water for 3-months. Additional agents were 
superimposed, as shown in table 6. At the end of 12 months 
the rats were sacrificed and examined for gastric lesions. 
Data listed in table 6 illustrate the response to the 
various risk factors. 

Tab le 6 
Effects of Putative Risk Factors on MNNG-induced 

Gastric Cancer in Rats 
Group and Duration Proliferative Lesions 
Treatment (months) in Stomach 

~F-or~e~s~t~o~m~ac~h~----AG'l-an-d~u'l-ar~S~t-o-m-ac'h--

Papil- Carcin- Dys- Adeno-
lomas omas plasia carcinoma 

Untreated 12 0/10 0/10 0/10 0/10 
MNNG 12 3/14 8/14 9/14 5/14 
MNNG+NaCl 12 3/9 6/9 2/9 7/9 
MNNG+DFMO 12 3/14 2/14 3/14 2/14 
MNNG+NaCl+DFMO 12 1/5 2/5 3/5 2/5 
MNNG+Bile 12 6/13 7/13 4/13 7/13 
MNNG+DEM 12 5/15 10/15 8/15 1/15 
(Newberne et al., 1985, abridged. Carcinogenesis, in press). 

We have examined a number of factors which appear to 
modify risk for stomach cancer in rats treated with MNNG. 
Table 6 lists some of the more significant findings. After 
twelve months on study, both salt and bile acids had an 
enhancing effect on carcinogenesis. Forestomach benign and 
malignant tumors were present in some animals of all groups 
after 12 months, except for untreated controls. Bile and 
sodium chloride increased the incidence of neoplasia overall 
in both forestomach and glandular stomach, when the two 
tumor sites are combined. DFMO, an inhibitor of ornithine 
decarboxylase, depressed tumor development to some extent 
when bile and salt were added as risk factors; this was less 
marked in the case of salt, which appeared to cause more 
injury to the stomach than did bile. Diethylmaleate (OEM), 
a thiol depleter, appeared to have an inhibitory effect on 
glandular carcinoma. 

In a subchronic, 3-month study there were a number of 
observations of significance. First, the morphologic evi
dence for injury to the stomach was greatest for salt and 
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bile, which correlates well with the incidence of cancer. 
aspirin was similar to salt and bile, in this regard, but we 
do not yet have the chronic exposure data on aspirin, alco
hol, nitrite or BHA for comparison. Both DFMO and DEM 
tended to inhibit gastric injury; this correlated with the 
observed long-term effects. BHA caused mild changes in the 
mucosa, but less severe than the others. 

3H-thymidine labeling and mitotic figure counts agreed 
with the other early observations. 

Based on epidemiologic studies and on experimental ani
mal investigations it appears that there are a number of 
factors which can increase the risk for gastric cancer. 
This is particularly the case with agents or conditions 
which chronically injure the mucosa, setting off cell necro
sis and continued hyperplasia. These alterations permit a 
larger number of cells to be exposed to real or potential 
carcinogen, DNA is damaged and repair is inadequate, and 
neoplasia is the end result. 

The overall conclusions which may be drawn from the 
results of this study, combined with other data, are that 
cancer is a multistage process, that continued insult of a 
tissue from whatever cause increases risk. particularly 
where cell turnover is increased, and that 
activation/deactivation and macromolecular binding are 
significant events in carcinogenesis. 

III. CANCER OF THE LIVER 

Liver cell cancer, or hepatocellular carcinoma (HCC), is 
not a major tumor in most of the Western world, but it is 
the major primary liver cancer when the world in its 
entirety is considered; it differs in many respects from 
cholangiocellular carcinoma, which is much less common. In 
the human, HCC is the most common malignancy among black 
populations in Africa residing south of the Sahara, but it 
is one of the least common liver tumors among Northern 
European populations, suggesting environmental factors in 
its etiology. 

HCC is one of the most malignant human neoplasms in 
terms of response to treatment, progression, and outcome. 
Cancer registries indicate that the incidence of HCC is now 
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increasing in some countries •. Since prospects for treatment 
of HCC are not encouraging, the ultimate goal is prevention. 
This will require the identification and validation of car
cinogens and other factors involved in the process and the 
development of means for prevention of exposure to such 
agents or factors. Effective methods for intervention will 
be needed. 

Careful epidemiologic studies in several countries where 
HCC is prevalent have demonstrated a close association bet
ween chronic hepatitis B virus infection and HCC in man. 
These observations have provided important clues as to 
etiology and, combined with remarkable progress in molecular 
biology in recent years, the study of HCC has entered a new 
era in which research on liver cancer has moved ahead of 
research on cancer of most other organ sites. Much of the 
detailed work on HCC has been done using analogues of this 
tumor induced by chemicals in laboratory animals. In addi
tion, valuable information has been derived from obser
vations on spontaneous HCC in rodents and in domestic 
animals. Virus-associated HCC has been identified in the 
woodchuck and in the domestic duck. These observations, 
together with the close association of hepatitis B virus to 
HCC in man, have resulted in enormous interest and markedly 
broadened research activity in the area of viral-associated 
HCC (Okuda and Mackay, 1982). 

While epidemiological studies have strongly implicated 
hepatitis B virus (HBV) infection as a major risk factor in 
HCC (Beasley 1982; Mason et al., 1984); other observations 
provide equally convincing data which clearly point to a 
multifactorial etiology for this type of cancer. The dif
ferences in hepatitis B surface antigen carrier rates in 
urban and rural populations could not account for the dif
ferences in the incidence of HCC in these two groups, as 
noted by a number of studies (Harris and Sun, 1984; Kew et 
al., 1983; Sun and Wang, 1983). 

Integration of HBV DNA in both normal and in neoplastic 
liver cells has been demonstrated (Shafritz et al., 1981; 
Mason et al., 1984) but additional risk factors must be 
given due consideration. In those areas of the world where 
HCC occurs in highest incidence there is most often a triad 
of interacting problems: 1) HBV antigen (HBs-Ag) carriers, 
2) malnutrition, and 3) food contamination with aflatoxins 
and other environmental contaminants (Rogers and Newberne, 
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1980; Harris and Sun, 1984; IARC Monographs 1-29, 1976; 
1982) or self-imposed hepatotoxins including alcohol (Lieber 
et al., 1979; Purtilo and Gottlieb, 1973; Keen and Martin, 
1971; Lieber and Martini, 1980). Malnutrition appears to 
represent a major force for increased sensitivity for HCC 
(Newberne and McConnell, 1980; Newberne et al., 1983; 
Newberne, 1984). 

In a series of studies, we have established that 
lipotropic factors (methionine, choline, folate, B12) have a 
profound effect on sensitivity to a number of chemical car
cinogens (Rogers and Newberne, 1980) and that a deficiency 
of lipotropes alone, results in a significant incidence of 
HCC in mice and rats, without superimposing carcinogens 
(Newberne et al., 1983). These observations have been 
reported from other laboratories (Ghoshal and Farber, 1983; 
Mikol et al., 1983) generated considerable interest in the 
scientific community concerned with cancer research. Taking 
something out of the diet, rather than putting something 
into it to induce cancer is a new concept. The following 
data illustrate some new and fascinating aspects of hepato
carcinogenesis. 

Rodents can be depleted of lipotropes and become pro
foundly susceptible to carcinogens. Table 7 illustrates the 
remarkably enhanced sensitivity to chemical carcinogens of a 
broad variety of structure and reactivity. 

In the lipotrope deficient rat, as liver fat increases, 
the number of cells labeled by [3H]-thymidine also increases 
(Newberne et al., 1982). In addition, we found that lipo
trope deficiency alone causes a sharp increase in cell 
death, as others have reported (Ghoshal et al., 1983). 
There is increased DNA synthesis and increased cell tur
nover, both of which are essential components of hyperplasia 
of the liver parenchyma. 

The dietary effect is similar to that produced by a par
tial hepatectomy; a key difference however is that cell 
death and compensatory hyperplasia of the parenchyma con
tinues as long as the choline deficient diet is fed. 
Partial hepatectomy causes only a temporary wave of 
hyperplasia and this returns to normal when the prehepatec
tomy liver volume is approximated. Lipoperoxidation has 
been considered by some to be related to the initiation of 
transformation of hepatocytes and promotion of hepatocar-



Nutrients Associated with Cancer 125 

Table 7 
Chemical Carcinogenesis in 

Lipotrope DefiGiencya 
Tumor Incidence(%) 

Carcinogenb 
AFB1 
DEN 
DMN 

AAF 

Tumor Site 
Liver 
Liver 
Liver 
Kidney 
Liver 
Mammary 

Control 
15 
70 
28 
16 
19 
80 

Deprived 
87 
80 
27 
3 

41 
79 

a From Rogers and Newberne (1980). 
b AFB1, aflatoxin B1; DEN, N-nitrosodiethylamine; DMN, 

nitrosodimethylamine; AAF, N-2-Fluorenylacetamine. 

cinogenesis (Perera et al., 1984; Ghoshol et al., 1984). It 
is interesting that our laboratory published such a rela
tionship more than 15 years ago (Newberne et al., 1969) and 
confirmed the observations with more sophisticated tech
niques a few years later (Wilson et al., 1973). The synthe
tic antioxidants BHA and BHT protected the kidney and liver 
from choline deficiency and largely returned serum and 
tissue lipids to near control values. Furthermore, our 
later observations confirmed the probable relationship bet
ween lipid peroxidation and choline deficiency injury. 
Table 8 indicates TBA values and the free radical index 
(FRI) of the lipotrope deficient liver. 

Lipotrope 

Parameter 
Hepatic Lipid 
% dry wt. 
Free Radical Index 
Liver TBA 

Table 8 
Deficiency and Liver Lipids 

Treatment 
Chow Choline Choline 
Diet Deficient Supplemented 

22.2+ 0.5 
464 +71 
129 + 4.2 

44.6+ 2.1 
553 +85 

21 + 9.6 

24.0+ 1.8 
303 + 22 

6.2+ 2.3 

From Wilson et al., 1973, abridged. Values are mean ~ S.E., 
9 liver samples. 

Poirier's laboratory (table 9) and our own investiga
tions (table 10) point toward hypomethylation. Wilson et 
al. (1984) observed 10-15% decrease in the 
5-methyldeoxycytidine in the deficient liver, but only after 
about six months on diet. Our studies (Punyarit and 
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Newberne, 1985) essentially confirm the data of Wilson et 
a1. (table 10) although our methods were slightly different. 
We maintained rats on diet for up to six months, performed a 
partial hepatectomy to generate new DNA (and accompanying 
methylation) and two weeks later sacrificed the animals for 
DNA analyses. In agreement with Wilson et a1., (1984) it 
was only after 6 months of continuous exposure to the 
1ipotrope deficient diet that we found a modest hypomethy1a
tion of cytosine. This indicates that it is a slow process 
and, if, involved with carcinogenesis, hypomethy1ation very 
likely requires chronic derangement of liver genetic 
material over long periods of time. 

Table 9 
Lipotrope Deficiency, 5-Methy1deoxycytidine 

Content of Hepatic DNA 
% Deoxycytidine Residues as 5-Me deoxycytidine 

Treatment 
Control 
Deficient 

8 Weeks 22 Weeks 
3.33+0.03 3.27+0.04 
3.13+0.05 2.81+0.04 

(From Wilson et a1., 1984, abridged). 

Lipotropes 

Time on Diet 
3 weeks 
3 months 
6 months 

Table 10 
and 51 -Methy1cytosine in Liver DNA 

5-methy1cytosine as % of cytosine 
Control Deficient 
4.8+0.09 4.5+0.11 
4.4+0.13 4.7+0.20 
4.5+0.10 3.3+0.06 

(Punyarit and Newberne, 1985; unpublished). Two weeks prior 
to sacrifice a 2/3 partial hepatectomy was performed. We 
are indebted to Dr. Ronald Shank, University of California, 
Irvine for some of the DNA analyses listed in table 10. 

Gene activity frequently correlates with hypomethy1ation 
(Doerfler, 1983). In addition to the data reported above it 
should be noted that Wainfan (1985) has found that liver 
tRNA, isolated from rats fed a 1ipotrope deficient diet is 
hypomethy1ated and that there is an increase in the activity 
of N2-guanine tRNA methyl transferase (NMG2), mimicing the 
effects of the liver carcinogen, ethionine. Thus, not only 
is DNA hypomethy1ated but tRNA critical to normal cell pro
liferation, is also hypomethy1ated in the choline deficient 
1 i ver. 
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It seems quite likely that means are at hand for 
dissecting out the basic role of dietary induced injury 
which contributes to the enhancing effect of lipotrope defi
ciency hepatocellular carcinoma. This will move our efforts 
in understanding carcinogenesis in general considerably 
ahead and contribute to the ultimate goal of preventing 
liver cell neoplasia and, perhaps, other types of cancer. 

IV. CANCER OF THE COLON/RECTUM 

Industrialized societies eat diets which are very high 
in fat, compared to nonindustrialized societies. Colon 
cancer rates are particularly high in North America and 
Europe, whereas in Africa, South America, and Asia, rates 
are relatively low. This observation, in conjugation with 
animal studies, to be described later, have, in some instan
ces, linked fat to human colon cancer. Hill et al. (1979) 
found that high socioeconomic status (SES) groups in Hong 
Kong experienced over twice the colon cancer rates as low 
SES groups. Dietary surveys showed that the high SES group 
ate more meat, but also more of almost every other type of 
food as well, than the low SES group. Ecological studies in 
the United States also suggest meat to be a risk factor. 
Colorectal cancer is much lower in Seventh-Day Adventists, 
who are often lacto-ovo-vegetarian, as compared to nonadven
tists (Enstrom, 1980). Similarly, Mormons also have relati
vely low rates, yet a special dietary survey in Southern 
Utah which is almost entirely Mormon, showed meat consump
tion levels to be virtually identical to the remainder of 
the United States suggesting that factors other than low 
meat consumption may be important in explaining the low 
colon cancer rates in this area. Similarly, a comparative 
study by Kinlen (1982) of strict religious orders in Britain 
showed that colon cancer mortality was not lower in an order 
which ate no meat as compared to one which did. In addi
tion, there are some ecological patterns which are not 
entirely consistent with the fats hypothesis. Dietary fat 
intake is very high in Finland, yet colon cancer rates are 
relatively low, and within the United States there is no 
correlation between regional beef fat consumption and 
colorectal cancer rates (Enstrom, 1975). 

Case-control studies have not always confirmed the 
suspicion generated from experimental and ecological studies 
that fat is a risk factor for colon cancer. This 
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particularly fits with the recent observations from 
Newberne's laboratory (Nauss et al., 1983; 1984) and from 
the observations in Hawaiian studies (Stemmerman et al., 
1984). Higginson (1966) reported no case-control-crifferen
ces in diet as measured. In a study in Norway, Bjelke 
(1971) found that vegetables and vitamin C apparently reduce 
risk; this was also found in a similar study conducted in 
Minnesota (Bjelke, 1973), but no association was seen with 
dietary fat. Haenszel et al. (1973) found only that 
starches and legumes were positively associated with risk in 
a case-control study conducted on Japanese in Hawaii, a 
finding which was not replicated in a later study of 
Japanese in Japan (Haenszel et al., 1980). Dales et al. 
(1978), however, reported higher risk for those who ate 
diets that were both high in fat and low in fiber, and Jain 
et al. (1980) reported a study in Canada in which cases 
reported eating more fat than controls. 

Burkitt (1971,1978) proposed that dietary fiber is pro
tective against colon cancer. This hypothesis was based on 
the observation that dietary fiber intake was considerably 
greater in areas of the world where colon cancer rates are 
low. Low fiber in the diet, he proposed, led to physical, 
chemical, and bacteriological aberrancies in stool com
position which in turn could cause colon cancer. The ecolo
gical data are certainly consistent with this hypothesis, as 
are some case-control studies. In a case-control study in 
Israel, Modan et al. (1975) observed that colon cancer 
patients tended to report less frequent ingestion of foods 
high in fiber. Dales et al. (1978) reported increased risk 
with diets high in fat and low in fiber in a study of blacks 
in the San Francisco area. A study by Graham et al. (1978), 
however, found no relationship between fiber or fat 
ingestion and cancer risk; instead cases tended to eat fewer 
cruciferous vegetables (e.g., cabbage, broccoli, and 
brussels sprouts). This led to the hypothesis that perhaps 
chemicals contained within the cruciferous vegetables, which 
have been found by Wattenberg and Loub (1978) to be capable 
of inducing aryl hydrocarbon hydroxylase (AHH) activity in 
the gut, might thus be protective against colon cancer. 
Haenszel et al. (1980), in studying colon cancer in Japan, 
was unable to replicate his earlier findings of increased 
risk with starches and legumes from the Hawaiian study, but, 
consistent with the AAH hypothesis, he found that cabbage 
ingestion tends to decrease risk. 
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The large Japanese prospective study (Hirayama, 1979a) 
did not demonstrate any apparent relationship between the 
frequency of meat intake and colorectal cancer risk. 
Hirayama (1979a) did however demonstrate a strong positive 
correlation among 29 health centers between percentages of 
individuals who eat meat daily and the standardized mor
tality ratio for colon cancer in the district. In sum, 
case-control studies have shown inconsistent results. 

Important activity in current research is in the area of 
metabolic epidemiology of colon cancer. Examination of 
stools of small numbers of individuals on various diets has 
purported to show that there is a relationship between the 
level of fat ingestion and the amount of bile acids and 
fecal sterols, as well as the fecal flora found in the 
stools (Reddy, 1981). Japanese in Hawaii have more 
deoxycholic acid in the stools than Japanese in Japan (Mower 
et al., 1979). Furthermore, Seventh-Day A~ventists in New 
York City have more mutagens in the stool than 
non-Seventh-Day Adventists (Reddy et al., 1980a). Comparing 
the stools of New York City residents to those of residents 
of Umea, Sweden, where colon cancer rates are lower, there 
were no differences in the total amount of bile acids, 
neutral sterols, and B-glucuronidase activity, although the 
stool concentrations were lower in the Swedes (Domellof et 
al., 1982). It may be that higher levels of dietary fiber 
intake in Sweden serves to dilute the concentrations of 
potential carcinogens in the stool. 

Although there is a fourfold difference in colon cancer 
rates between Denmark and Finland, fecal sterols, bile 
acids, and oral-to-anal transit times are not different in 
the two populations (Jensen and MacLennan, 1979). In addi
tion, such metabolic studies are usually based on a small 
number of subjects who are not always randomly selected from 
the populations being compared. Despite this, work in meta
bolic epidemiology of feces may nonetheless be important in 
understanding the determinants of colon cancer, particularly 
with respect to the significance of various mutagens found 
in the stool, their sites of action (Hill, 1981), and the 
determinants of fecal microbial activity (Mackowiak, 1982). 
Such biological markers of adverse dietary effects are much 
more sensitive indicators than cancer and may be useful in 
understanding the determinants of disease and the effec
tiveness of interventions. 
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In the case of animal studies with colon carcinogenesis, 
there are equally disquieting observations, none of which 
have been adequately explained. For example, there are 
those (Reddy et al., 1978; 1980) who suggest that dietary 
fat and fiber, and the consequences of these on such parame
ters as bile acids and other contributory factors are the 
key to colon carcinogenesis. These hypotheses are still 
being tested and preliminary results should be regarded with 
caution. The animal data, detailed below, will point out 
both encouraging and discouraging aspects of state of the 
art experimentation. Some of the earlier, significant 
publications on the role of dietary fat in experimental 
colon cancer are those of Reddy et al., 1974; 1977; 1979; 
1980. These investigators reported that rats fed 5% corn 
oil diets had a higher tumor incidence and a larger number 
of tumors per animal than those fed a 5% lard diet. Tumor 
incidence and multiplicity increased with higher (20%) fat 
levels but the incidence and multiplicity of tumors were 
comparable with corn oil or lard. Table 11 illustrates some 
of their observations. 

Table 11 
Colon Tumor Incidence With Two Levels 

and Types of Dietary Fat 
Diet Colon Tumors(%) Total Tumors Per Rat 
Corn 0; 1, 5% 36 O. 77 
Lard, 5% 17 0.22 
Corn oil, 20% 64 1.55 
Lard, 20% 67 1.50 
Purina® Chow 25 0.25 

One hypothesis linking dietary fat to colon cancer is 
that cholesterol is converted to bile acids which act as 
promoters of carcinogenesis (Kritchevsky, 1982). 
Epidemiological studies have shown however, (Enstrom, 1975) 
that when beef consumption in the United States doubled 
(between 1940-1970) the incidence of colon cancer mortality 
was virtually unchanged. In addition, the incidence of 
colon cancer is the same in Seventh Day Adventists, who eat 
meat sparingly (Phillips, 1975) and Mormons, who consume a 
conventional diet (Lyon et al., 1976). 

These epidemiological observations have suggested a 
metabolic clue to the effect of fats which may be through 
fecal steroid metabolism and excretion. Steroids have been 
measured in populations at high and at low risk for colon 
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cancer. Table 12 lists results of one such investigation. 
The absolute amount of steroids excreted is much lower in 
control subjects but this could reflect the health status of 
the individuals. In the neutral sterol fraction the ratio 
of cholesterol to its metabolites is higher in colon cancer 
patients, perhaps indicating inability to metabolize cho
lesterol. Comparisons of fecal steroids in populations of 
varying susceptibility to colon cancer have also given 
variable results. 

Tab le 12 
Fecal Steroids in Three Groups of Subjects 

Steroid 
Neutral 

Cholesterol 
Coprostanol 
Coprostanone 

Acidic 
Cho 1 ic 
Chenodeoxycholic 
Deoxycholic 
L ithocho 1 i c 

From Reddy, 1979, 

mg/g Dry Feces 
Control Adenomatous 

(40)* Polyps(15)* 

3.2 6.4 
12.9 19.6 
1.9 4.0 

0.4 0.4 
0.2 0.3 
3.7 0.3 
3.1 5.4 

abridged. *Number subjects. 

Colon 
Cancer(35)* 

12.6 
18.7 
3.9 

0.5 
0.5 
7.0 
6.5 

If bile acids are, in fact, a risk factor in colon car
cinogenesis, substances which enhance excretion of bile 
acids should inhibit the development of colon tumors. This 
has been tested in experimental animals. Bran and cellulose 
inhibit DMH-induced colon tumors in rats (Barbolt et al., 
1978; Freeman et al., 1980). Despite tumor inhibition, 
neither of these fibers bind bile acids to any appreciable 
extent (Story and Kritchevsky, 1976). Moreover, Nigro et 
al., (1973) have shown that cholestyramine, a bile acid
binding resin, when added to the diet of rats given one of 
three carcinogens significantly increased tumor incidence 
(Table 13). These data argue against any direct effect of 
bile acids on colon tumorigenesis. 

The influence of dietary fiber on colon cancer has been 
the subject of extensive investigations by epidemiologists 
and experimental oncologists (Doll and Peto, 1986). Results 
from human population studies have been variable; animal in
vestigations have been variable as well but, in general, the 
results point to an effect of fiber on induced colon tumors. 
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Table 13 
Cho1estyramine and Colon Cancer 

Carcinogen Diet 
Number of Colon Tumors 

Proximal Distal 
1,2-Dimethylhydrazine Normal Diet (NO) 15 1 

Azoxymethane 

Methy1azoxymethano1 

Normal Diet + 
Cho1estyramine(NDC) 
NO 
NDC 
NO 
NDC 

From Nigro et a1., 1973, abridged. 

31 
19 
33 
4 

18 

29 
8 

36 
2 

15 

Table 14 taken from the work of Watanabe et a1. (1979) 
illustrates results characteristic of many studies. These 
authors suggest that the effects are related to bile acid 
binding capacity and that this correlates with severity of 
mucosal damage. Thus, the bile acid and fiber effects may 
be mechanical rather than because of metabolic aberrations. 

Table 14 
Dietary Fiber and Colon Cancer in Rats Induced 

Fiber (15% of Diet) 
Control 
Alfalfa 
Pectin 
Bran 

by Two Carcinogens 
Carcinogen and Tumor Incidence(%) 

Azoxymethanol Methylnitrosourea 
(AOM) (NMU) 
57. 7 69. 0 
53.3 83.3 
10.0 58.6 
33.0 60.0 

From Watanabe et al., 1979, abridged. 

In contrast to some of the results referred to above 
where increased dietary fat enhanced experimentally induced 
colon cancer in rats, we have failed to observe an effect of 
either quality or quantity of fat on induced tumor incidence 
(Nauss et a1., 1983; 1984). Table 15 lists results of stu
dies with three different fats and two different colon car
cinogens. The negative nature of these two carefully 
conducted studies, one of which (DMH) has been repeated with 
similar results, casts doubt on the significance of dietary 
fat on colon carcinogenesis. The conflicting data between 
epidemiological and experimental studies might be explained 
in a number of ways. Most logical would be the diversity of 
exposures of humans to environmental factors, compared to a 
single variable in animal studies. 
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Table 15 
Quality and Quantity of Dietary Fat and Colon 

Carcinogenesis With Two Colon Carcinogens 

5 Mixed 77 55 
24 Beef Tallow 68 63 
24 Corn Oil 63 55 
24 Cri sco® 55 38 

From Nauss et al., 1983; 1984; abridged. Each group 
comprised of 40 rats each. 

SUMMARY 

133 

The available evidence from epidemiological and experi
mental studies support the view that nutrients, interacting 
with other factors, either as lifestyle, or as non-nutrient 
dietary components do, indeed, influence susceptibility to 
cancer. Esophageal cancer is associated with malnutrition 
in some populations as a result of dietary deficits; in 
others with excessive smoking and drinking, which may, in 
fact, precipitate a deficiency of nutrients. Nutrients 
which appear to be important include protein, riboflavin, 
zinc and perhaps selenium. Toxic materials which appear to 
be involved include alcohol, mycotoxins and nitrosamines. 

Gastric cancer, and particularly, the high incidence in 
Japan and in parts of central and South America have been 
associated with nitrates, nitrites and nitrosamines, where a 
lack of vitamin C may be important. In addition, risk fac
tors include salty, pickled foods, aspirin, alcohol and 
other traumatizing agents. 

Liver cancer is in highest incidence where a triad of 
disease exists. Infection with hepatitis B virus (HBV), 
malnutrition, and contamination with mycotoxins in staple 
food products, may all interact to result in greater suscep
tibility to liver cancer. This is most evidence in sub
populations of South America, Southeast Asia, India, and 
East and South Africa. In western populations alcohol and, 
to a lesser extent, infection and chronic hepatitis may be 
important risk factors. 

Finally, colon cancer is an enigma. While it seems to 
be slowly creeping up in western, industrialized 
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populations it has not clearly been shown to be associated 
with any single dietary nutrient or factor. The attractive 
hypothesis that fiber is a major factor has not been 
confirmed; the same is true for fat quality or quantity. 

We are left with the strong suggestions from epidemiolo
gic and animal studies that diet and nutrition are involved 
with human cancer. Except for breast cancer and dietary fat 
however (not covered in this review) there is no single 
dietary nutrient, acting in isolation, that can be pointed 
to as a major contribution. Moderation and variation in 
dietary nutrients would appear to be the best recommendation 
at this point in time. The elucidation of factors and 
mechanisms in diet and cancer is as complex as the foods 
upon which such proposals are based. 
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SUPPLEMENTAL CAROTENOIDS PREVENT SKIN CANCER BY 
BENZO(a)PYRENE. BREAST CANCER BY PUVA. AND GASTRIC 
CANCER BY MNNG. Relevance in human chemoprevention. 

1 
Arnaboldi ,L. 

L. Bianchi1 , 

C. Golgi Institute of General Pathology, Centro 
Tumori; 2 Institute of Pharmacology 11;3 Medical Clinic; 
University of Pavia, 27100 Pavia, Italy. 4 Centre 
Hospitalier, 51100 Reims, France. 

INTRODUCTION 

In 1980, the results of an experiment carried out 
on female mice with the methodclogy used to show a 
photoenhancement of benzo(a)pyrene (BP) carcinogenicity, 
demonstrated that supplemental dietary carotenoids 
prevent BP skin cancer, both following long UV 
irradiation and in the dark (29). Such experiment was 
stimulated by the fact that carotenoids produce a 
reduction in the UV-B induced sunburn erythema response 
(14,15) and delay skin tumor induction in hairless mice 
exposed to UV-B (16). 

Since BP must be activated to oxidative derivatives 
to perform its carcinogenic activity (42), the above 
results pointed out that the mechanism of carotenoids 
protection was most probably consistent with their 
activitie~ as oxyradical scavengers and/or singlet 
oxygen ( °2 ) quenchers (10), rather than as pro-vitamin 
A precursors. 
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Later, 
applied to 
(8-MOP), a 

Santamaria et al. 

in 1984, the same experimental procedure was 
photocarcinogenesis by 8-methoxypsoralen 
drug used in photochemotherapy, whose 

photodynamic mechanism is questionable, as far as oxygen 
requirement is concerned (19,17). 

In such experiment, sup~lemental dietary 
carotenoids protected female mice against the onset of a 
mammary carcinoma (32).In vitro investigations on 
photomutagenesis on Salmonella typhimurium TA 102 by 
8-MOP in the presence of carotenoids, indicated a 
two-step photoreaction by this drug; namely, an anoxic 
8-MOP-DNA photobinding followed by an oxygen dependent 
enhancement of genotoxicity, which can be prevented by 
carotenoids (33). 

Finally, in 1985, an experimental attempt was 
completed on gastric carcinogenesis induced in rats by 
the direct carcinogen N methyl - N' - nitro - N -
nitrosoguanidine (MNNG) , to verify whether supplemental 
carotenoids can affect such carcinogenesis, where 
neither light excitation nor oxidative metabolic 
processes were presumably involved. The results 
demonstrated that supplemental carotenoids did not 
affect any dysplasia arising from the glandular part of 
rat gastric mucosa, but dramatically prevented the 
progression of dysplasias to infiltrating gastric 
carcinomas (34). 

All the above data are presented here in different 
sections 
responsible 

(each one carrying the initials of the 
authors) with reference tc both methodology 

results to put forward possible applications in and 
human cancer chemoprevention. 
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I. BENZO(a)PYRENE CARCINOGENICITY AND ITS PREVENTION BY 
SUPPLEMENTAL DIETARY CAROTENOIDS 

(L.S., A.B., A.A., L.A., P.B.) 

In the last decade, carotenoids were demonstrated 
to produce a reduction in the UV-B (290-320 nm) induced 
sunburn erythema response (14,15). Then, experimental 
attempts preyed that injection or peroral administration 
of suer. pigments produces a delay of skin tumor 
induction in hairless mice exposed to UV-B irradiation 
(5,16). 

To perform a study on the possible modulation of 
skin cancer induction by carotenoids in animals, with 
reference to human pathology, an experimental study was 
carried • out in which the photo-enhancement of BP 
carcinogenicity (BP-PCE), as demonstrated previously 
(27), had to be adopted as a model to closely reproduce 
the actual skin cancer pathogenesis occurring in humans. 
Furthermore, the property of carotenoids to quench free 
radicals and singlet oxygen states (14,10) suggested a 
role of these pigments as preventive rather than 
therapeutic agents against ca~cer, according to its 
modern pathogenetic view (40). 

The methodology of this leading experiment was as 
follows. ~-carotene (BC) and canthaxanthine (CX) were 
perorally administrated to female Swiss albino mice, 
strain 955, with daily diet (2.5 mg of BC or CX in 5 g 
of pellets). One month later, the mice were given 
additional administrations of BC and CX, dissolved in 
arachidic oil, by catheter, twice a week (100 mg per 1 
Kg of body weight). Two hours after BC and CX 
administration by catheter, the mice were painted with 
BP (100 ~g) acetone solution on a clipped mid-dorsum 
area and were either exposed to long UV light (Philips 
bulb HPW 125 W, 300-400 nm with maximum output at 365 
nm, and a negligible emission at 313 nm, with flux at 
animal level: 5.89 X 103 erg cm- 2 sec- 1 ) for two hours 
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or kept in the dark. In this experiment, 16 groups of 
animals, 75 per group, were employed. Of these, 6 groups 
were used to investigate the activity of BC and CX on BP 
photocarcinogenesis. The other groups were controls with 
respect to light, solvent and carotenoids, and were 
either exposed to UV or kept in the dark. ror each 
experimental group the cumulative percentage of mice 
bearing one or more tumors was calculated using 
conventional statistical methods based on adjustment for 
mice that died during each two-week period of 
observation. 

As shown in Fig. 1, BP-PCE was evident soon after 
the beginning of tumor onset. It was at its maximum at 
28-36 weeks after initial UV exposurE, when tr.e 
percentage of ~ice with turners in the irradiated grcup 
was in the range of 50. At this stage, BP-PCE was also 
clearly inhibited to the same extent by BC and CX 
treatments. In the dark, at the beginning, BC and ex did 
not show 
Frorr the 

any 
44th 

significant inhibition of carcinogenesis. 
to the 60th week, BC and CX completely 

blocked the kinetics of Sp-peE at tumor incidence values 
of 40% and 54-64%, respectively. Thus, BC was more 
active than CX. Furthermore, Be and ex exerted a 
significant inhibitory activity also o~ carcinogenesis 
in the dark. In this case, CX was more efficient 
(p = < 0.01) than Be (p = < 0.05). No one of the control 
animal groups showed any tumor onset except for the 
group exposed to light without EP or carotencids; 8% of 
mice had tumors (papillomas + serre epitheliomas) at the 
end cf the experiment. This was expected, on the basis 
of previous data (28), although long UV light is 
generally considered to be non carcinogenic. 

In this connection, it should be pci~t€d cut that 
the above exper imen tal skin cancer ini tia ted fr·orr. the 
effects of a carcinogen associated with the action of 
UV-A light (320-400 nm), which is generally considered 
non tumorigenic, and a negligible 313 nm tumorigenic 
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100 • BP DARK 

I!! BP .ec DARK 
90 "BP • ex DARK 
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8 BP .CX.UY 

• n 
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WEEKS AFTER INITIAL UV (300-400nm) EXPOSURE 

Fig. 1. BC and CX protective effect on BP-PCE and BP carci
nogenesis in the dark. (After Santamaria et aI, 
Experientia, 1983). 

band (2.6% of the tetal light) which ie present in the 
sun spectrum at earth level. The energy output of such 
tumorigenic 
less than 
for skin 

band during the experiment was 100 times 
the minimum UV « 320 nm) energy requirement 
carcinogenesis (1). Therefore, the lew 

incidence of skin neoplastic gro~th observed in the 
control 
light, 
light, 

group without BP or carotenoids exposed to 
can be considered a long term effect of near UV 

perhaps by exciting endogenous photodynamic 
substances. 

The data reported in Fig. were criginal in 
demonstrating that carotenoids, with a~d without 
pro-vitamin A activity, have antitumorigenic properties. 
The mechanism of this skin cancer protection can be 
explained assuming that SP initiates a carcinogenic 
process by oxyradical fc.rmation, that iE; tte metastable 
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species first observed in hematoporphyrin aerated saline 
solution excited by light (> 320 nm) (41,26). Indeed, 
both these substances behave in the same fashion in a 
photGdy~a~ic reaction (26) and are photocarcinogenic in 
rrice (2,27). Such metastable states, however, are 
considered also possible in the dark by excitation via 
interaction of molecules with endogenously produced free 
radicals such as 0; OH', or singlet oxygen (40). Thus, 
the properties of carotencids as free radical scavengers 
and singlet oxygen quenchers (10), rather than as UV 
screening agents (12,35), fit into their antitumorigenic 
activity (30,31). Apart from prevention, BC may also 
exert a therapeutic action en turner transrlantEd ~ice 
(25,36). 

II. SUPPLEMENTAL CAROTENOICS PREVENT BREAST CARCINOMA IN 
SWISS MICE BY PHOTOINDUCTION OF 8-METHOXYPSORALEN 

(8-MOP) 
(L.S., A.B., L.A., G.S., A.A., P.B.) 

The above 
methodology should 

results suggested 
bE applied alsc 

that a similar 
i~ an attempt to 

prevent a photecareinogenic process induced by 
8-methoxypsoralen (8-MOP), a photodynamic drug which is 
equally active in aerated and anoxic media (19,20). 
Later on, however, it was found that in 8-MgP 
photcreactions the possibility cannot be excluded that O2 
is generated by triplet energy transfer (23) and ~hat, 

next to the photo-cross-linking reaction with DNA, O2 is 
produced playing a role in photesensitization effects on 
bacteria (39). 

Female Swiss albino mice, strain 955, were painted 
with B-MOP (10 ~ g) absolute ethanol solution on a 
clipped mid-dorsum area and exposed for 45 min to long 
UV light (300-400 nm) twice a week (26). The general 
experimental scheme was exactly the same as that usee 
for BP in vivo studies. 
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TABLE I 
Tumor incidence in mice painted B-methoxypsoralen (B-MOP), 
fed ~-carotene (Be) or canthaxanthine (ex), kept in the dark 

ore x p 0 sed to U V (300 - 400 n m ) 1 i 9 h t, at BOt h ,wee k aft e r 
initial UV exposure. 

Experimental 
animal group 

(75 mice each group) 
8-MOP 
8-MOP+BC 
8-MOP+CX 

8-MOP 
8-MOP+BC 
8-MOP+CX 

Control groups 
No drug 
No drug 
Carotenoids 
Arachidic oil 

UV light 
exposure 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

percent mice 
with tumors 

o 
o 
o 

38 
16 
18 

o 
9 
o 
o 
o 

The picture of results at the 80th week after 
initial UV exposure is reported in Table I_ 
Carcinogenicity was expressed by the production of 
subcutaneous malignant tumors classified predominantly 
as marr;mary ader.ocarcir.orr,ae (with h.ng RJe.tastases), and a 
few skin appendages carcinomas. These tumors occurred in 
different regions, but no one within the painted areas 
as it was previously observed (28). 

Our data de~onstrated tr.at both carotenoids (with 
and without pro-vita~in A activity) prevent 8-MOP 
photocarcinogenicity to the same extent, up to about 50-
55%. The long UV light exposure, however, exerted per se 

9% carcinogenic induction, independently of the 
negligi ble energy deli vered by 313 nrr., as it was also 
observed in a previous experiment (28). Notewcrthily, 
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also this UV-A carcinogenic effect is prevented by 
supplemental carotenoids. 

As far as the mec.hanism of action is concerned, one 
should consider that BC and CX yielded results similar 
to those observed in the inhibition of photocarcinogenic 
enhancement by BP. Therefore, the properties of 
carotenoids as radical scavengers and/or singlet oxygen 
quenchers must playa role. This is important to assume 
that the photocarcinogenic effect of 8-MOP must imply 
the involvement of oxygen. 

III. PHOTOMUTAGENICITY BY 8-MOP IN SALMONELLA TYPHIMURIUM 
TA 102 AND ITS PARTIAL PREVENTION BY CAROTENOIDS 

(L.S., L.B., A.B., R.P., G.S., P.B.) 

The findings of protection by carotenoids in breast 
photocarcinogenesis produced by 8-MOP, suggested, as it 
was just pointed out, that an oxygen involvement in this 
mechanism should take place. Therefore, the action of Be 
on photomutagenicity in a UV-A irradiated 8-MOP bacteria 
system was 
carried out 
sensitive to 
under normal 

investigated. Such experimental attempt was 
using a strain of S. Typhimurium , TA 102, 
oxidative mutagens irradiated in a medium 
atmospheric conditions or bubtled with 

nitrogen (33). 

The assay procedure was similar to that described 
by Jose (8). 8-MOP and BC, dissolved in DMSO, were added 
to bacteria suspensions at different concentrations; the 
suspensions were pre-incubated for 20 min at room 
temperature and then exposed to UV-A radiation, in 
normal atmospheric conditions, or pre-bubbled for 60 min 
with nitrogen to obtain an anoxic medium. 

As shown 
conditions (in 
mutagenic after 

in Fig. 2, under nor~al atmosrheric 
the presence cf air) 8-MOP proved to be 

rV-A irradiation at a concentration of 
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fig. 2. 8-MOP photomutagenesis in air and its inhibition 
by BCj photomutagenesis in anoxia with no BC pro
tection. Evidence for a diphasic photoreaction. 
(After Santamaria et ale Med. BioI. Env., 1984). 

1 ~ g/ml (4.6 ~ M) confirming previous findings on E. coli 
(18). Such mutation is prevented by BC 10 and 100~g/ml 

(18.6 186 ~M) up to about 50% and 7C%, respectively. 
The mechanism of this phEr.Cltenon was not due to an 
umbrifercus scrEen effect, but rather to a 
physiochemical action of the drug. Indeed, the 
absorption of UV-A light by BC solution in the same 
experimental conditions was negligible_ UV-A light and 
BC were found to have no mutagenic effect per sejBC was 
not found te bE a photcmt:tagenic substance. 

The same experiment carried cut in a medium 
saturated with nitrogen (Fig. 2) showed that 
photomutagenesis by 8-MOP does occur, but to an extent 
up to about 65% lower than in the presence of air. In 
this case BC did net play any protective rclE. The same 
experimental picture was obtained with CX. 
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The above results may be somehow considered 
complementary to the data reported by de Mol et al. (18) 
which demonstrated that oxygenation enhances 8-MOP 
photomutagenesis in E. coli especially when D20 is used 
as a medium where 10 has a longer life time. 

2 

Actually, our findings proved that 
photomutagenesis occurs in anoxia, but is 
enhanced in the air through an oxygen effect 
thoroughly eliminated by BC or CX. This 
demonstrated a two-step photcreaction. 

8-MOP 
greatly 

v:hich is 
clearly 

BC was not used by de Mol et al. in their 
experiment where formation of 1 0 was demonstrated (17), 
because this compound was belieJed to be unsuitable for 
several phctocherrical reasons. Nevertheless, our data 
showed that BC is effective aleo in an in vitro system; 
this suggests the proper interpretation of the mechanism 
of action of photocarcinogenesis prevention cy 8-MOP. 
Indeed, it is possible to figure out that 8-MOP displays 
aleo in vivo a two-step photoreaction (33) as follows: 
first, an oxygen independent photoadduct with pyrirrid,ne 
bases of DNA (3), secondly, an in situ generation of 02 

(7) or activated oxyradical species, which are quenched 
when tissues are saturated with carotenoids. 

The fact that 8-~CF is photcmutagenic also in 
anoxic conditions, although to a lesser extent, does not 
disprove the original statement that photosensitizing 
properties of furoccumarins are oxygen independent (19). 

IV. SUPPLEMENTAL CAROTENOIC'S PREVENT GASTRIC CANCER 
INDUCED BY N-METHYL-N'-NITRO-N-NITROSOGUANICINE (MNNG) 

IN RATS 
(L.S., A.B., C.R., A.A., G.S., L.A.) 

The anti tumorigenic activity of carotenoids, 
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described in the previous sections, concerned substances 
listed as indirect carcinogenic agents, being dependent 
on light excitation and/or metabolic oxidation. Hence, 
it was worth trying to test supplemental carotenoids 
upon a carcinogenic process induced by MNNG, a direct 
carcinogen active independently of light and, 
presumably, oxidative processes. MNNG was administrated 
to rats, according to Kunze et al. (11) at low doses and 
over a limited period of time to develop gastric cancer 
stepwise via several successive stages of transformation 
with varying biological potential, expressed by 
dysplasia grade I (mild), II (moderate), and III 
(severe) . 

Adult female Wistar rats (initial weight between 
180 and 200 g) were perorally given Be or ex, according 
to methods described in the above chapters. One month 
later, all rats of the experimental groups received MNNG 
continuously for 250 days (time of exposure) in their 
drinking water at a dosage of 83 mg/1000 mlj MNNG 
treatment was then discontinued, according to Kunze et 
al_ (11). Supplemental administration of Be or ex 
continued throughout the experiment, both with daily 
diet and three times a week by catheter in arachidic 
oil solution. The surviving experimental animals were 
killed after different periods of induction (Table II). 
Immediately after killing, their stomachs were processed 
according to Kunze et al. (11). A minimum of 50-60 
sections (stained with hematoxylin-eosin) per animal 
were histologically examined to detect lesions as 
reported in Table II. The diagnostic criteria were those 
adopted for human stomach (24) because of the great 
morphological similarity between the experimental 
induced dysplasia and carcinoma types. Pathological 
evaluations were done in a blind manner. 

MNNG induced gastric carcinomas of intestinal and 
diffuse types, both undifferentiated and mucocellular, 
were morphologically as in human stomacr.. They develcped 
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Table II. Appearance of sequential lesions during expe
rimental gastric carcinogenesis by MNNG and 
protective effect by BC and CX. Each group 
consists of 24 rats2 Wistar strain, Nossan, 
Milano. (After Santamaria et al., Med. BioI. 
Env., 1985). 

o.~ ~r.om polyploid 

.x~:~~~~ gastritis 

gastric intntinal 

atrophy metapl.asia 

mild modl-rat_ s.y.r. sign" ring •• rly infiltrating 

dysplasia dysplolsia dysplasia dr~:~ing cane.r carcinoma 

MNNG 350 

400 

450 

500 

550 4 7 5 3 11 2 J 4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

TOlal '.sions 22 9 22 28 13 17 19 11 

histogenetically from focal atypias or dysplasias of an 
otherwise undisturced mucosa. This process took place 
independently of erosions, ulcers, and benign-appearing 
proliferative or neoplastic epithelial lesions. They 
clearly develcped stepwise via several successive stages 
of transformation with varying biological potential frc~ 
polypoid gastritis, gastric atrophy, intestinal 
metaplasia, mild dysplasia, rr.oderate dysplasia, severe 
dysplasia including signet ring cell dripping and early 
cancer. The multifocal development 
expressed by the appearance of 
neoplastic changes simultaneously 
the same stomach. 

of gastric cancer was 
pre-neoplastic and 
in various areas of 

The frequency of carcinogen-induced lesions cf the 
gastric mucosa in the different experimental groups 
induced by limited oral application of MNNG is expressed 
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Fig. 3. Inhibition of progression to early and infiltra
ting carcinomas by BC and CX. (After Santamaria 
et al., Med. BioI. Env., 1985). 

151 

in the upper section of Table II. The same parameter in 
animals with supplemental dietary BC or CX, grouped 
together because of no significant differences in 
results, is expressed in the lower part of Table II. The 
cumulative lesions for group of rats with and without 
supplemental carotenoids are also expressed by the 
histogram in Fig. < 

From these data it appears that sup~lemental 

carotenoids did not interfere with any pre-neoplastic 
lesion arising from glandular mucosa initiated by MNNG 
oral application. Somehow, carotenoids might have 
increased the severe dysplasias in form of signet ring 
cell dripping. Nevertheless, carotencids clearly 
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inhibited the progression of dysplasias to early and 
infiltrating carcinomas. 

In consideration of the multistage carcinogenic 
process, one may point out that supplemental carotenoids 
did nct affect either initiation or promotion, as 

by dysplastic lesions, but clearly inhibited expressed 
progression 
inhibition 
support to 
at different 

to malignant growth. This dramatic 
of progression can be explained giving 
the hypothesis of oxygen radi.cal involvemer,t 

stages of the process. Much attention has 
been recently paid tc the demonstration that reactive 
oxygen scavengers and detoxifiers, such as 
superoxide-dismutase (SOD), SOD-mimetics, catalase, and 
phenolic antioxidants, inhibit bicchemical and 
biological actions of tumor promoters in vitro and in v~ 
vo,thus providing strong presumptive evidence for oxygen 
radical involvement in the later stages of neoplastic 
develcpment, that is, progression to infiltrating 
malignancy (6,9). Here, carctencids should exert their 
concomitant preventive action. Be can also act like 
pro-vitamin A maintaining initiated cells in the dormant 
state (4). 

These 
considerations 
l:ehaviour in 
differences 

conclusions 
on the gastric 
anirrals and 

have been 

lead to interesting 
canc€r natural history and 

humans. Up to now, some 
reported between the 

experimentally induced dysplasias in animals, and those 
found in human stomach, in spite of their morphological 
similarity. Actually, Kunze et al. (11) report the 
reversibility of huma.n gastric dysplasias and Ohlert 
refers the possible long persistence of this kind of 
lesions (21), whereas, these are reported to be 
irreversible in animals (11). 

Thus, all the 
discussions fit into 
stage is essentially 

above experimental data and related 
the theory that the initiaticn 
irreversible, the promotion stage 
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is reversible at the beginning and subsequently 
irreversible or blocked, whereas progression allows for 
the selection of ultimate al~toncrrOl':'E' rralignant cells 
(6,9). This holds true for an unitarian biological 
behaviour for both kinds of carcinogenesis. 

V. CONCLUSIONS AND PERSPECTIVES IN CANCER PREVENTION 
PROGRAMS APPLIED TO HC~ANS 

All the above data demonstrated that carotenoids, 
when administrated as a daily supplement to diet, to 
experimental animals starting before cancer initiation 
and continuing throughout the experiment, exert 
protection against cancer with a mechanism largely 
depending on their antioxidant property. In the case of 
an indirect carcinogen, carotenoids may act at the level 
of initiation, just scavenging the oxyradical precursor 
of the ultimate carcinogen, or, in the case of a direct 
carcinogen, at the level of promotion preventing t,te 
progression cf dysplasia to infiltrating malignancy. 

These 
deserve to 

clear-cut experimental findings on animals 
be critically associated with definite 

prospective epidemiclcgical investigations in humans. 
Indeed, the intake of dietary pro-vitamin A (BC) was 
inversely related to the 19-year incidence of lung 
cancer in 1,954 middle-aged men (38). Then, new 
perspectives in cancer prevention programs applied tc 
humans can be advanced. 

Carotenoids prevented B-MOF photcinduction cf 
mammary adenocarcinoma in female mice up to 60%, the 
same order of magnitude as their protection on 8-MOP 
photomutagenesis. Further investigations demonstrated 
the occurrence cf a two-step photoreaction, i.e. an 
anoxic one, followed by an oxygen dependent process 
ccntrolled by carctenoids. This suggested that PUVA 
therapy can be carried out cutting down its oncogenic 
risk, when patients are supplemented with carotenoids. 
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Actually, the anoxic 8-MOP-DNA photcbindir.g cc,uld take 
care of the therapeutic effect in clearing chronic 
plaque psoriasis, whereas c~rotenoids could scavenge or 
quench the oxyradical and/or 0 ,which should rule the 
oxygen dependent second reaction step. This prediction 
(29) appeared to be supported by a clinical work on PUVA 
therapy carried out with different purposes (13) . 
Supplemental carotenoids, even if administrated to 
patients at high doses, did not help in preventing 
burning, but did net affect the PUVA therapeutic action 
(13). Nevertheless, in that treatment, most probably, 
carotenoids were effective in cutting down the oncogenic 
risk. This can be ascertained after several years by a 
controlled clinical trial. 

Our results may also address to such stimulating 
issues as those presented in a review on dietary Be and 
human cancer (22), since carotenoids may exert their 
anti tumorigenic action independently of their 
pro-vitamin A activity (29,16). Furthermore, attention 
should be given to carotenoids due to their lack of 
toxicity in 
be harmful 
( 16) . 

humans, in contrast to retinoids, which may 
to the liver and inactive on skin tumors 

Our previous recomrr.endations (29) to use 
supplemental carctenoids, instead of sunscreen 
preparations (sun oil), for outdocr ~orkers in order to 
prevent skin cancer, appeared to be rational. Presently, 
the National Cancer Institute (USA) is funding human 
intervention studies on skin cancer prevention by 
carotencids, at least two in USA and one in Africa (in 
albino subjects) (37). Accordingly, the primary 
prevention of any other epithelial malignancy in humans 
by supplemental carotenoids can be also considered 
worthwhile. 

Furthermore, any 
when the malignant 

post-surgical cancer condition, 
growth without involvement of 
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lymphnodes is radically excised, should be treated with 
supplemental carotenoids to protect the remaining 
initiated epithelial tissue against promotion and 
progression to a second malignancy. This type of 
prevention can be envisaged for any other rr.alignant 
growth after radical eXC1Slon in organs like lung, 
urinary bladder, breast, colon-rectum. 
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RETINOIDS AS CHEMOPREVENTIVE AGENTS: ALONE AND IN 
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R.C. Moon, D.L. McCormick, and R.G. Mehta 
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The role of retinoids in cancer chemoprevention has 
been the subject of numerous studies. The rationale for 
the use of retinoids as chemopreventive agents or inhibi
tors of carcinogenesis dates back more than 60 years. As 
early as 1922, Mori (35) observed that a deficiency in 
vitamin A led to metaplastic changes of the epithel ium of 
the respiratory tract; the normal cil iated columnar 
epithelium became flattened, lost nuclei, and became cor
nified while the underlying cells exhibited typical 
keratohyal in granules. Subsequent studies by Wolbach and 
Howe (47) extended these observations to epithel ia of the 
gastrointestinal and urinary tracts. These observations 
of Mori and those of Wolbach and Howe on the development 
of such retinoid deficient squamous metaplasia indicated 
a process closely akin to that induced by certain chemical 
carcinogens (9). A more direct 1 ink between retinoids and 
cancer appeared in 1926 when Fujimaki (5) observed the 
development of carcinomas of the stomach in rats main
tained on a vitamin A deficient diet. More recently, 
other investigators have shown that animals fed a diet 
deficient in retinoids and subsequently exposed to chemi
cal carcinogens develop a greater than normal incidence of 
cancers and putative precursors to these malignancies (37). 

In addition to the relationship between retinoid de
ficiency and neoplasia, other studies have indicated that 
retinoids can reverse premalignant changes in the epithe-
1 ium of mouse prostate glands in organ culture (12) and 
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suppress mal ignant transformation in cells in vitro irre
spective of whether the transformation is induced by 
ionizing radiation (8), chemicai carcinogens (27), or 
transforming polypeptides (40). Moreover, retinoids have 
also been shown to be potent inhibitors of phorbol ester
induced tumor promotion (42); these studies are detailed 
in this volume by Verma. Inasmuch as retinoids inhibit 
several aspects of the carcinogenic process (transforma
tion, metaplasia, promotion), several investigators have 
extended these studies to show that exogenous retinoids 
can inhibit tumor formation ~ vivo in epithel ia at several 
different organ sites. 

The majority of primary human cancers arise in epithe
I ial tissues that depend upon retinoids for normal cellular 
differentiation and a sustained effort has been directed 
towards retinoid modulation of tumorigenesis in these 
tissues. Although several reports have appeared relative 
to inhibition of carcinogenesis of the respiratory tract, 
skin, mammary gland, urinary bladder, intestine, stomach, 
esophagus, cervix and pancreas by retinoids, the majority 
of studies have dealt with chemoprevention of cancer of the 
skin, mammary gland and urinary bladder. Since carcino
genesis of the mammary gland is the only process in which 
the chemopreventive activity of retinoids either alone or 
in combination with other modifiers has been studied in any 
detail, we shall briefly review experiments conducted in 
our and other laboratories concerning the influence of 
retinoids on carcinogenesis of this structure. 

ORGAN AND SPECIES SPECIFICITY 

Modification of the basic structure of the retinoid 
molecule (Figure 1) has yielded a range of biologically 
active analogs. The majority of these modifications have 
occurred at the polar terminal group, but changes in the 
aromatic ring and side chain have also led to highly active 
compounds, some of which impart less toxicity than the 
basic molecule. Not only has toxicity been altered by 
changes in the basic retinoid structure, but such alter
ations can also have dramatic effects upon organ distribu
tion and metabol ism and hence, the cancer preventive ac
tivity of the retinoid. For instance, the synthetic 
retinoid 13-cis retinoic acid is highly effective in the 
inhibition o~ stage tumorigenesis (42) and urinary 
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R 

all-frons-retinoids 

R 
13- cis- retinoids 

Fig. I. Retinoid structures, Structure R = COOH, retinoic 
acid; CONH-4-C6H~OH, N-(4-hydroxyphenyl)retinamide; 
CH20COCH3, retinyl acetate. 

bladder cancer induced in rats (6,38) and mice (2) by the 
carcinogens N-butyl-N-(4-hydroxybutyl)nitrosamine (OH-BBN) 
or N-methyl-N-nitrosourea (MNU). However, by contrast, 
the compound has I ittle cancer inhibitory activity in the 
rat mammary gland (Table 1). The trimethylmethoxyphenyl 
(TMMP) analog of ethyl retinoate is highly effective 
against mouse skin carcinogenesis (42), although this com
pound is ineffective against either bladder carcinogenesis 
in mice or mammary cancer in rats. On the other hand, 
retinyl acetate is extremely active in the rat mammary 
cancer model (31,32), but exhibits little chemopreventive 
protection against two stage skin tumorigenesis (42) or 
mammary carcinogenesis in mice (13,45). 

The relative efficacy of non-toxic doses of several 
retinoids in the inhibition of mammary carcinogenesis in
duced in the rat by MNU is illustrated in Figure 2. Ret
inyl acetate and 4-hydroxyphenyl retinamide (4-HPR) are 
highly effective in reducing mammary cancer incidence and 
increasing the latency of induced mammary cancers (34). 
In addition, the number of mammary carcinomas are also 
significantly reduced by the administration of either of 
these retinoids. However, as indicated above, 13-cis 
retinoic acid has I ittle effect upon the appearance-Gf MNU 
induced mammary carcinomas; retinyl methyl ether is of 
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Fig. 2. Composite of several experiments showing the effect 
of nontoxic levels of retinoids on the incidence and la
tency of appearance of MNU-induced mammary cancer. In each 
experiment, virgin female Sprague-Dawley rats received an 
i.v. injection of 50 mg MNU per kg body weight at 50 and 57 
days of age. At age 60 days, animals were placed on diets 
supplemented with: placebo; 13-cis-retinoic acid (13-cis 
RA), I mmol/kg diet; retinyl methyl ether (RME), I mmol/kg 
diet; retinyl acetate (RAe), I mmol/kg diet; 4-HPR, 2 mmol/ 
kg diet. Reprinted from Ref. 29 with permission from 
Plenum Publ ishing Corp. 

intermediate efficacy, although the latter compound is ex
tremely effective against 7,12-dimethylbenz(a)anthracene 
induced mammary carcinogenesis. Thus, it is readily ap
parent that minor alterations in the basic retinoid struc
ture can significantly alter the activity of the molecule 
with respect to the inhibition of chemical carcinogenesis 
of the mammary gland. 

The toxicity induced by a retinoid is of extreme im
portance in long term chemoprevention studies. As an 
example, retinyl acetate and 4-HPR are both effective 
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inhibitors of chemical carcinogenesis of the rat mammary 
gland, but the patterns of metabol ism and organ distribu
tion of the two compounds are quite different (34). Chronic 
dietary administration of high doses of retinyl acetate 
results in an accumulation of retinyl esters in the liver, 
a process frequently accompanied by significant hepatic 
toxicity (36). On the other hand, dietary administration 
of 4-HPR results in a much higher level of retinoid in the 
mammary gland, but with relatively 1 ittle liver accumula
tion (34). Thus, on the basis of its organ distribution, 
it would appear that 4-HPR is preferable to retinyl acetate 
for use in the prevention of experimental breast cancer. 

CHEMOPREVENTION OF MAMMARY CANCER: RETINOID ALONE 

As indicated in Table 2, several retinoids possess 
mammary anticarcinogenic activity when administered 
chronically in the diet to female rats. Since in these 
studies, the retinoid was administered following carcinogen 
exposure, it is probable that the retinoid is inhibiting 
the promotion or progression of carcinogenesis. However, 
evidence exist which suggests that retinoids may also be 
effective inhibitors during the initiation phase of the 
carcinogenic process (16). 

Although retinoids are most effective in inhibiting 
mammary carcinogenesis when administered shortly after 
carcinogen treatment, they are still effective cancer 
chemopreventive agents even if the administration is de
layed for some time after the carcinogenic insult (18). 
The length of time that retinoid treatment can be delayed 
is largely a function of tumor latency. In animals given a 
carcinogen dose that induces tumors with a mean induction 
time of approximately 60 days (18), retinyl acetate admin
istration begun at one week post-carcinogen is highly ef
fective in cancer inhibition. However, the retinoid treat
ment is somewhat less effective if initiated 4 weeks after 
administration of the carcinogen while beginning the re
tinoid at 8 weeks after carcinogen treatment has no effect 
on tumor induction. By contrast, at a carcinogen dose 
inducing mammary cancers with a mean induction time of 
approximately 240 days (18), retinyl acetate administration 
can be delayed as long as 16 weeks and still retain its 
chemopreventive efficacy. Only when the initiation of 
retinyl acetate treatment is delayed 20 weeks, does the 
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retinoid show a loss of cancer inhibitory activity (Figure 
3). The ability of the retinoid to significantly inhibit 
mammary cancer formation when administered at some time 
after the carcinogenic insult, is of the utmost cl inical 
importance since the initiation of carcinogenesis in man is 
largely unknown. 

COMBINATION CHEMOPREVENTION: RETINOID AND OTHER MODIFIERS 

Although retinoids can inhibit mammary cancer induc
tion, no retinoid has yet been developed which is totally 
effective, i.e., which reduces mammary cancer incidence to 
zero. However, significant increases in chemopreventive 
activity can be achieved when retinoid administration is 
combined with other modifiers of mammary carcinogenesis. 
The MNU rat mammary carcinoma model as originally described 
by Gullino et al (7), and subsequently modified in our 
laboratory Tf4r-is subject to inhibition both by retinoids 

~ 
It: 
It: 3 
lJJ 
a. 
CJ) 

It: 
lJJ 

~ 2 
<t 
to> 
lJJ 
> 
I-
<t 
....I 
;:) 

::E 
;:) 
to> 

o 
o 

• PLACEBO 

• RA WEEK +4 

RA WEEK +12 
RA WEEK +16 
RA WEEK +20 

50 100 150 200 

DAYS POST CARCINOGEN 

250 

Fig. 3. Influence of delay in retinyl acetate administra
tion on number of mammary carcinomas per rat. Rats received 
a single i.v. injection of 25 mg MNU per kg body weight at 
50 days of age. Retinyl acetate (RA) diet, 1 mmol/kg diet, 
was begun at either 4, 12, 16, or 20 weeks after (+) in
jection of MNU. All tumors were histologically confirmed 
mammary cancers. Reprinted from Ref. 18 with permission 
from Cancer Research. 
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and by modification of host hormonal status (17). As in
dicated in the Figure 4, both retinyl acetate and ovariec
tomy inhibit mammary cancer induction by MNU; however, the 
combination of ovariectomy plus retinyl acetate is sig
nificantly more effective in cancer inhibition than is 
either treatment regimen alone. A similar combination 
effect has been noted using the DMBA rat mammary carcinoma 
model (17). That such combined chemoprevention is not 
I imited to the natural retinoids (retinyl acetate) has been 
demonstrated by McCormick et al (17) in which a synthetic 
analog (4-HPR) synergisticallY-inhibited mammary carcino
genesis when combined with bilateral ovariectomy. Similar 
synergistic responses have also been obtained,with use of 
the antiestrogen tamoxifen, both in the MNU (Figure S) and 
DMBA tumor models (46). The retinoid-tamoxifen effect, 
however, appeared to be additive as contrasted to the 
retinoid-ovariectomy effect which was synergistic 
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Fig. 4. Influence of ovariectomy and RAc on the multipl ic
ity of mammary adenocarcinoma in rats treated with MNU. 
Sprague Dawley female rats were injected i.v. with MNU (SO 
mg/kg) at SO days of age. Animals received either placebo 
or RAc (1 mmol/kg) supplemented diet at 7 days postcarcino
gen, and 2 groups of the animals were bilaterally ovariec
tomized at 14 days postcarcinogen. Reprinted from Ref. 29, 
with permission from Plenum Publishing Corp. 
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Fig. 5. Influence of HPR and tamoxifen on the multipl icity 
of mammary carcinoma in rats treated with MNU. Sprague
Dawley female rats were injected i .v. with MNU (50 mg/kg) 
at 50 days of age. At 7 days postcarcinogen the animals 
received either placebo diet or diet supplemented with 2 
mmol/kg HPR. Tamoxifen citrate treatment (10 ~g, 3 times 
each week, s.c.) was also started 7 days postcarcinogen 
until the end of the study. 

indicating that other hormones may be involved in the in
teraction with retinoids on mammary carcinogenesis. That 
such may be the case has been demonstrated by Welsch et al 
(43) who found a synergistic inhibition of MNU induce~-
mammary carcinogenesis by concomitant administration of 
retinyl acetate and 2-bromo-a-ergocryptine, an inhibitor 
of pituitary prolactin secretion (Figure 6). Blood prolac
tin levels of rats treated with retinyl acetate did not 
differ from that of control animals, indicating that the 
enhanced combination effect was not due to a further sup
pression of prolactin secretion. The influence of hormones 
in the genesis and modulation of experimental mammary car
cinogenesis ls well established (28), and it is now clear 
from the evidence cited above that the retinoids also 
effectively modulate tumor development in this structure. 
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Fig. 6. Effect of retinyl acetate and/or 2-bromo-a-ergocryp
tine (CB-154) on the incidence of MNU-induced mammary 
tumorigenesis. Virgin female Sprague-Dawley rats received 
either 12.5 or 25 mg MNU per kg body weight at 50 and 57 
days of age. Retinyl acetate diet (1 mmol/kg diet) and/or 
2-bromo-a-ergocryptine (4 mg/kg body weight) were initiated 
3 days following the second MNU injection. Rats receiving 
the high dose of MNU (25 mg/kg) were treated for 129 days, 
while those receiving the low dose of MNU (12.5 mg/kg) 
were treated for 175 days. All tumors were classified his
tologically as adenocarcinomas. Reprinted from Ref. 30, 
with permission from Cancer Research. 

These data suggest the existence of populations of pre
neoplastic or neoplastic cells with a differential sensi
tivity to the retinoids and hormones. Thus, the retinoids 
might preferentially affect the development of hormone 
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independent tumors or those that do not regress following 
either ovariectomy or treatment with agents that suppress 
hormonal function and/or secretion. 

Enhanced chemoprevention has also been demonstrated 
with retinoids and other agents that inhibit the develop
ment of mammary cancer. Thompson et al (39) were the first 
to show an enhanced inhibition of MNU-rat mammary carcino
genesis with retinyl acetate and selenium. The effect was 
confirmed by Ip and Ip (11) using the DMBA induced mammary 
tumor model. Although both groups of workers found that 
the combined effect of retinyl acetate and selenium was 
substantially greater than that of either treatment alone 
(Figure 7), both studies were compl icated by the signifi
cant reduction in food intake and body weight gain in 
animals receiving the combination of these chemopreventive 
agents. 

The use of combined modal ities for prevention of mam
mary cancer have not always been successful. This is par
ticularly true with the combination of retinoids and 
immunostimulation. For example, 4-HPR and maleic anhydride
divinyl ether copolymer (MVE-2), an immunostimulatory agent, 
are both effective inhibitors of mammary carcinogenesis 
induced in rats by MNU. However, combined administration 
of 4-HPR and MVE-2 was no more effective in cancer inhibi
tion than was either agent alone (33). Furthermore, Welsch 
and DeHoog (44) have shown that immunostimulation induced 
with either methanol extracted residue of the Bacillus 
Calmette-Gurein, cell wall skeleton of Nocardia rubra or 
mammary tumor cell particulate in Freund's complete adjuvant 
and combined with retinyl acetate was no more effective in 
inhibiting DMBA induced mammary carcinoma than was retinyl 
acetate alone. Furthermore, when retinyl acetate was com
bined with immunostimulation, tamoxifen and 2-bromo-a
ergocryptine, the inhibition of carcinoma development was no 
greater than that occurring with only retinyl acetate and 
hormone inhibition. Thus it would appear, at least in 
studies so far reported, that immunostimulation does not 
enhance the effect of a retinoid in the inhibition of 
mammary carcinogenesis. 
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Reprinted from Ref. 11 with permission from Carcinogenesis. 



174 Moon, McCormick, and Mehta 

MECHANISM OF CHEMOPREVENTION 

The precise mechanism(s) by which retinoids inhibit 
mammary carcinogenesis is unknown, although some insight 
into the process has been gained from the effect of re
tinoids on the mammary gland per se. Both 4-HPR and 
retinyl acetate exert an antiprollferative effect on the 
mammary epithelium. This is exempl ified by the signifi
cant inhibition of ductal branching and end bud prol ifer
ation of the glands of rats fed the retinoids chronically 
in the diet (34). Retinyl acetate has been also shown to 
inhibit chemical carcinogen-induced increases in mammary 
gland DNA synthesis (26), and the induction by carcinogens 
of terminal ductal hyperplasias, a putative precancerous 
lesion (16). It is interesting to note that the synthetic 
retinoid, trimethylmethoxyphenyl analog of retinyl methyl 
ether, which is ineffective in inhibiting carcinogen
induced mammary tumorigenesis, is also ineffective in sup
pressing mammary DNA synthesis. Furthermore, the addition 
of 4-HPR or retinoic acid to organ culture of mouse mam
mary glands (22) inhibits prolactin-induced increases in 
DNA synthesis, which is reflected in a decreased structural 
differentiation in such glands. In addition, recent in 
vivo studies in C3H mice also suggest an antiprol iferative 
effect for 4-HPR in that hyperplastic alveolar nodulogene
sis is reduced in animals maintained on a diet supplemented 
with the retinoid (30). These effects on the mammary gland 
are probably not mediated via an influence on host hormonal 
levels, since retinoid administration has I ittle effect 
upon either circulating prolactin levels (43) or normal 
ovarian function (31). Moreover, the additive or syner
gistic effect of the retinoid plus hormonal manipulation 
in the combination studies cited above would also appear 
to substantiate this view. 

I t has been sugges ted by Bashor et a 1 (1) that the 
action of retinoids on the cell may be-mediated in a manner 
similar to that of the steroid hormones, in which there is 
association with a specific cytosol ic receptor protein, 
translocation of steroid-receptor complex to the nucleus, 
interaction with chromatin, and alteration of the cellular 
response. Since the report of Bashor et aI, several in
vestigators have found both retinol andiretinoic acid 
binding proteins in many normal and neoplastic tissues 
(3) • 
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Consistent with these studies, Mehta and Moon (25) 
reported the presence of both retinol and retinoic acid 
binding proteins in mammary tissue during several physio
logical states as well as in both animal (19) and human 
breast cancers (23). Unlabeled all-trans-retinoic acid 
competes effectively for the binding sites; however, cer
tain retinoids such as 4-HPR and retinyl acetate which are 
effective against mammary carcinogenesis fail to compete 
for retinoic acid binding sites. These results suggest 
that 4-HPR requires metabol ism to an active component 
within the mammary cell which then-allows it to effective
ly bind to cytoplasmic retinoic acid binding protein 
(CRASP). Although a number of metabolites have been iden
tified in extracts of mammary glands of animals receiving 
dietary supplements of 4-HPR, the active metabol ite of 
4-HPR is, however, presently unknown (10). 

As indicated above, ovarian hormone independent tumors 
may be more responsive to retinoid treatment than ovarian 
hormone dependent tumors. Thus, when tumors appearing in 
intact animals (both ovarian hormone dependent and inde
pendent tumors) as well as those arising in ovariectomized 
rats (ovarian hormone independent tumors) are analyzed for 
receptor activity, mammary cancers arising in animals which 
were ovariectomized (hormone-independent) contained sig
nificantly greater concentrations of CRASP than did cancers 
appearing in intact animals (24). Similar results are 
also obtained when animals bearing palpable tumors were 
ovariectomized; the tumors which regressed in size (depen
dent tumors) contained significantly lower levels of CRASP 
than the ovarian hormone independent tumors which continued 
to grow. Thus, it appears that in the rat, a correlation 
exists between the abil ity of retinoids to suppress mammary 
carcinogenesis and the level of CRASP in the cytoplasm of 
mammary cancers (24). 

Recent studies of Mehta et al (20) have also indicated 
that the formation of a retinOTc-acid-receptor complex in 
the mammary tumor cytoplasm is essential for the inter
action of retinoic acid with the nucleus; retinoic acid 
per se does not bind to nuclei or to nuclear components. 
Although these studies do not explain whether the retinoic 
acid-receptor complex enters the nucleus or simply delivers 
retinoic acid to the nucleus, they do provide evidence that 
the formation of cytoplasmic retinoic acid-receptor complex 
is essential for the interaction of retinoic acid with the 
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nucleus of mammary cancer cells. 

At present, it is speculative to suggest that the 
interaction of the retinoid (or a metabol ite) with the 
nucleus results in altered genomic expression. However, 
there are numerous reports which indirectly support such 
a view. For example, retinoids inhibit tumor promoter
induced ornithine decarboxylase activity (41), carcinogen
induced DNA synthesis (26), and growth factor-induced 
transformation (40). Recent studies of RNA polymerase 
activity of mammary tumor nuclei are also suggestive of 
such an effect: nuclei isolated from mammary cancers pre
incubated with retinoic acid exhibited reduced RNA poly
merase activity compared to tissues incubated under similar 
conditions without the retinoid. Furthermore, the nuclei 
which were preincubated with mammary cytosol containing 
retinoic acid-receptor complex also showed reduced RNA 
polymerase activity, as compared with that of nuclei in
cubated with either buffer or with free retinoic acid. 
Activity of both RNA polymerase I and I I was reduced as a 
result of retinoid treatment (21). These results indicate 
that retinoids may be active at the chromatin level, and 
that retinoic acid-retinoic acid receptor complexing may 
be an important step in the mediation of retinoid action in 
the mammary tumor cell. 
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INTRODUCTION 

The relationship of dietary cholesterol to bowel 
tumorigenesis is controversial. Lui and asso
ciates (1) used food disappearance data and age 
specific mortality rates for colon cancer in a 
descriptive epidemiologic study. By cross classi
fication of data they observed that dietary chol
esterol independently exhibited a significant 
direct effect with colon cancer mortality but fat 
and fiber did not. In a case control study of 
colo-rectal cancer by Jain, et al (2) multivar
iate analysis, with major nutrients controlled, 
revealed a dose responsive direct relationship 
for each sex between dietary cholesterol intake 
and colorectal cancer. 

In experimental studies, Cruse (3) suggested that 
dietary cholesterol was co-carcinogenic when fed 
to female Wistar rats given the colon carcinogen 
1,2 dimethylhydrazine (DMH). They observed that 
rats fed Vivonex (a commercial human food supple
ment) with 0.1% added cholesterol and given DMH, 
exhibited a greater incidence and numbers of 
bowel tumors and higher frequency of metastases 
than rats fed vivonex alone. While the validity 
of such a dietary regimen in experimental animals 
is subject to question, these studies raised 
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concern on the relationship of dietary cholester
ol to bowel tumorigenesis. 

Hiramatsu and colleagues (4) fed a 1% cholesterol 
supplemented low fat commercial analyzed chow 
diet to male Donryu rats injected with azoxymeth
ane. Cholesterol supplementation resulted in 
increased numbers of tumors and distant metas
tases compared to controls. Klurfeld, et al (5) 
using DMH for bowel tumor induction, noted that 
the addition of dietary cholesterol to a semi
synthetic diet was associated with a significant
ly higher percentage of invasive tumors. 

Effects of alterations of serum cholesterol lev
els on DMH induced bowel tumors was studied in 
rats (6). Rats were fed atherogenic isocaloric 
cholesterol containing diets with either 20% 
coconut oil to promote hypercholesterolemia and 
vascular lipidosis or 20% safflower oil to main
tain lower serum cholesterol levels and, presum
ably shunt cholesterol through the bowel. Rats 
fed the polyunsaturated fat diet had lower serum 
cholesterol levels and experienced less vascular 
lipidosis but developed more bowel tumors than 
those fed the saturated fat diet. The possibility 
that polyunsaturated fat contributed to large 
bowel tumorigenesis in a greater extent than the 
saturated fat could not be discounted. 

The current studies were undertaken to evaluate 
the role of dietary cholesterol in large bowel 
tumorigenesis induced by a direct or indirect 
dietary carcinogen. Diets high in fat (20%) were 
utilized to ascertain if the effects of dietary 
cholesterol on bowel tumorigenesis could be de
monstrated in a system in which the promotional 
effects of dietary fat were near a practical 
maximum. Semi-synthetic diets containing either a 
polyunsaturated or a saturated fat (with atten
tion to essential fatty acid requirement) were 
chosen. These were evaluated to ascertain if 
either were more effective alone or in combina
tion with cholesterol on bowel tumorigenesis. In 
a second series of studies, dietary cholesterol 
was fed during the initiation or promotion stage 
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of bowel tumorigenesis to determine the stage in 
which dietary cholesterol exerted an effect. 

MATERIALS AND METHODS 

Two model systems were utilized to evaluate the 
effects of dietary cholesterol on large bowel 
tumorigenesis in which an indirect carcinogen 1,2 
dimethylhydrazine (DMH) or a direct acting car
cinogen N-methyl-N-nitrosourea (MNU) was used. 
with the latter, studies were direct~d at deter
mining if the effects of cholesterol on bowel 
tumorigenesis could be discerned during the ini
tiation or promotion phase of two step carcino
genesis. 

Sprague Dawley CD weanling rats (Charles River 
Breeding Labs) were randomized into groups and 
each group fed a modified AIN-76 (7) diet as 
follows: Group 1 - a basal diet containing 20% 
safflower oil, Group 2 - a basal diet containing 
18.86 g safflower oil (hydrogenated) and 1.14 g 
safflower oil (to supply 1.75% of calories as 
essential fatty acids), Group 3 - the safflower 
oil basal diet with 1.0% cholesterol, Group 4 -
the coconut oil basal diet with 1.0% cholesterol, 
Group 5 - the coconut oil basal diet with 0.3% 
cholic acid and Group 6 - the coconut oil basal 
diet with 1.0% cholesterol and 0.3% cholic acid. 
Each group initially contained 12 rats except 
Group 1, which had 21 and which were also utiliz
ed for another study run simultaneously. After 
one week on diet, each rat was given 10 mg/kg of 
DMH injected intramuscularly once each week for 
20 weeks. 

In the second series, 3 groups of 15 rats each 
were fed according to the following schedule: 
Group B were fed the basal coconut oil diet for 
40 weeks. Group BC were fed the basal coconut 
diet for the first 10 weeks (during which time 
MNU was given). After the last dose of MNU, the 
diet was switched to the basal coconut oil diet 
with 1% cholesterol. Group C were fed the basal 
coconut oil diet with 1% cholesterol for 40 
weeks. MNU, kept frozen and prepared immediately 
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prior to use, was dissolved in saline (5 mg/ml). 
0.2 ml was given intrarectally twice weekly for 8 
weeks - from week 2 through 10. 

Control rats, 6 in each dietary group, were given 
saline intramuscularly for the first study and 
intrarectally for the second. 

Rats were housed in individual cages at 70° ± 1° 
F and weighed twice weekly. Diets were prepared 
fresh each week and stored frozen in evacuated 
bags until utilized. As diet cups were filled on 
alternate days, they were weighed to estimate 
food consumption. At the termination of each 
study, animals were killed, and autopsied. Tumors 
in the bowel were counted and lesions at distal 
sites evaluated. All lesions in the gross were 
verified by routine histologic techniques. 

RESULTS 

The first series of studies were undertaken to 
determine if the addition of cholesterol to a 
diet high in saturated or polyunsaturated fat 
influenced large bowel tumorigenesis. Tumor inci
dence in DMH treated animals (Group 1 to 4) is 
illustrated in Figure 1. Addition of cholesterol 
to either the safflower oil or coconut oil diet 
significantly increased the incidence of small 
bowel tumors (p < 0.001) * but had no significant 
effect on large bowel or total tumor incidence. 
Average number of tumors, however, as depicted in 
Figure 2, was significantly increased by the 
addition of cholesterol to either fat diet in the 
small bowel (p<O.OOl)*; the large bowel 
(p<O.OOI)*; and for the total number of bowel 
tumors (p<O.OOI)*. Safflower oil in combination 
with cholesterol was more effective than coconut 
oil and cholesterol in augmenting the numbers of 
small bowel tumors but there were no differences 
in the average numbers of large bowel and total 
tumors between the two dietary fats alone or in 
combination with cholesterol. 

*Wilson distribution free ANOVA 
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TD ascertain if bile acids played a contributing 
role in augmenting bowel tumorigenesis when chol
esterol was added to diets high in fat, cholic 
acid was incorporated. Tumor incidence induced by 
DMH in these animals is shown in Figure 3. 
Feeding of cholesterol, cholic acid or both in a 
basal coconut oil diet moderately increased the 
incidence of small bowel tumors compared to rats 
fed the basal coconut oil diet alone. No signifi
cant differences were noted in the incidence of 
large bowel or total tumors. 

The average number of small, large bowel and 
total tumors (Figure 4) was uneffected by the 
addition of cholic acid to the diet compared to 
rats fed the basal coconut oil diet. Dietary 
cholic acid and cholesterol together were no more 
effective in augmenting bowel tumorigenesis than 
cholesterol alone. 

It was observed that the growth rates of rats fed 
safflower oil or coconut oil with or without 
cholesterol were not significantly different. 
However, addition of cholic acid to the coconut 
oil basal diet retarded weight gain in this 
group; it became apparent at the 16th week of the 
study and continued throughout the duration of 
the study (Figure 5). Since DMH was administered 
on a weight basis, it was of interest to deter
mine how weight variations could effect the total 
amount of carcinogen given and if this was a 
factor in the results observed. 

Figure 6 depicts the total quantities of DMH ad
ministered to rats fed the various diets. Rats 
fed the basal coconut oil diet with cholesterol 
received about 13% less DMH (p<O.Ol)* than those 
fed the basal diet, and those fed the basal with 
cholic acid received 23% less (p<O.Ol)*. Rats fed 
the basal diet with cholesterol and cholic acid 
received the same quantity of DMH as those fed 
the basal coconut diet with cholesterol. It is 
possible that the failure to see an increase in 
average numbers or bowel tumors with cholic acid 

*Analysis of variance 
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Cholesterol and Bowel Tumorigenesis 

FIGURE 6 

Mean Cummulative Quantities of DMH 
Administered To Groups of Rats Fed a 
20% Basal Coconut Oil Diet With and 

Without Cholesterol and/ or Cholic Acid 
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Figure 6: Dietary Groups: 3 basal 
coconut oil; 4 basal coconut oil + 
1% cholesterol; 5 basal coconut oil 
+ 0.3% cholic acid; and 6 basal 
coconut oil + 1 % cholesterol + 1 % 
cholic acid. 
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feeding could result from the reduced total 
quantity of carcinogen administered to this group 
compared to controls. However, rats fed choles
terol also received less total carcinogen, but 
exhibited an increased average number of tumors 
compared to controls. 

No tumors were detected in any animals given 
saline in lieu of DMH. Growth rates of these 
animals were comparable to experimental animals 
in each respective dietary group. 

In the second series of studies (Table 1) rats 
were fed the basal coconut diet, dietary group B, 
or the basal coconut diet with 1% cholesterol, 
group C, throughout the 40 weeks of the study. In 
dietary group BC, rats were fed the basal coconut 
diet throughout the administration of MNU and 
following the last dose switched to the basal 
coconut diet with cholesterol. Premature deaths 
accounted for 1 rat in group BC and two in group 
C and were not included in the calculations. 
Weight gains and food consumption were similar in 
al~ groups. The incidence of large bowel tumors 
was slightly but not significantly greater in 
group BC and C. However, the average numbers of 
large bowel tumors was slightly increased in 
group BC (p<O.Ol). The greatest difference was a 
97% (p<O.Ol) increase in the number of large 
bowel tumors in rats fed the cholesterol contain
ing diet (group C) over those fed the basal diet 
(group B). The studies indicate that the enhanc
ing effects of dietary cholesterol on the multi
plicity of tumors occurs primarily during the 
initiation phase of two step carcinogenesis with 
a very slight effect during the promotion phase. 

No bowel lesions were detected in animals given 
intrarectal saline in lieu of MNU. 

DISCUSSION 

These studies indicate that dietary cholesterol 
plays a role in experimental bowel tumorigenesis 
using either an indirect (DMH) or direct acting 
carcinogen (MNU). Dietary fat levels of 20% are 
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known to enhance carcinogen induced bowel tumori
genesis in the rat over that seen with low diet
ary fat levels (8). In these studies, cholesterol 
was added to a 20% fat diet to ascertain if 
augmentation of bowel tumorigenesis occurred in 
a model system in which the promotional effects 
of dietary fat were at a practical maximum. The 
finding of enhanced tumorigenesis by cholesterol 
under these conditions implies that the effects 
of dietary cholesterol of tumorigenesis are at 
least additive to the effects of dietary fats. 
Whether synergistic effects occur between these 
dietary nutrients in bowel tumorigenesis, or 
whether these act in similar or different fashion 
in carcinogenesis is not fully established. These 
results are consistent with previous experimental 
reports (3-5). They differ from a study in which 
0.2% cholesterol added to commercial laboratory 
chow (cholesterol and plant sterol content un
known) resulted in decreased tumorigenesis com
pared to controls (9). A comparison of these 
findings with the current study in which a semi
synthetic diet was utilized may be misleading. 

It has been suggested that polyunsaturated fats 
may augment experimental bowel tumorigenesis to a 
greater degree than saturated fats (10) in a man
ner initially reported for breast tumorigenesis 
(11). However, it is now appreciated that the 
addition of essential fatty acids to diets high 
in saturated fat results in essentially the same 
yields of breast tumors as a diet high in poly
unsaturated fat (12). An analogous finding is 
reported here in which a high saturated fat diet 
with essential fatty acids provided the same 
incidence and yield of bowel tumors as a high 
polyunsaturated fat diet. This supports an earl
ier report by Reddy, et al (8). 

The participation of dietary bile acids in the 
enhancing effects of cholesterol on tumorigenesis 
could not be demonstrated in these studies. Chol
ic acid feeding did not increase the yield and 
incidence of bowel tumors as reported previously 
in studies utilizing chow diets (13). 
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Two possibilities are apparent. The first is that 
feeding bile acids under the conditions of these 
experiments simply has no effects on bowel tumor
igenesis. Or second, the impaired weight gain in 
bile acid fed animals associated with signifi
cantly less DMH administered does not permit a 
valid comparison with those not fed cholic acid. 

In the second series of studies, when MNU was 
administered to rats fed a high saturated fat 
diet with cholesterol, a greater tumor yield was 
noted compared to rats fed the basal saturated 
fat diet only. Thus the enhancing effects of 
dietary cholesterol on bowel tumorigenesis was 
essentially the same whether a direct or indirect 
acting carcinogen was used. This finding minim
izes, but does not exclude, the possibility that 
high fat diets with cholesterol could conceivably 
enhance the hepatic activation of DMH (1st series 
of studies) resulting in increased active carcin
ogen delivered to the bowel in cholesterol fed 
animals. When dietary cholesterol was fed after 
the last administered dose of MNU (during the 
promotion phase), a minimal effect of cholesterol 
on tumor yield was seen compared to rats not fed 
cholesterol. However, increased tumor yields 
resulted when cholesterol was fed during both the 
initiation and promotion phases of carcinogene
sis. These findings imply that the effects of 
cholesterol of bowel tumorigenesis are manifest 
during the initiation phase or very early promo
tion phase. In rats fed cholesterol throughout 
the experiment, MNU was administered in multiple 
doses during a period of 8 weeks. Thus the possi
bility cannot be discounted that cholesterol 
could have acted in the early promotion phase 
after the first few doses of MNU. This problem 
has been resolved in ongoing studies in which a 
single dose of MNU has been utilized for tumor 
induction. 

Nevertheless, the findings that cholesterol ex
erts its effects during initiation or possibly 
early promotion phase of bowel tumorigenesis is 
clearly different from the purported promotional 
effects of bile acids (14). Furthermore, these 
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effects appear to differ also from the promotion
al effects of high levels of dietary fat, and is 
likely to account for the suggestion that the 
effects of dietary cholesterol in enhancing bowel 
tumorigenesis are at least additive to those of 
high levels of dietary fat. 

The mode of action of dietary cholesterol in 
bowel tumorigenesis is speculative at this time 
but could involve a) enhanced diffusion of car
cinogen across mucosal cells; b) increased forma
tion or persistence of DNA-adducts; c) diminished 
capacity of DNA repair; d) participation as a 
tumor growth factor; or e) enhanced proliferation 
rate of bowel mucosa mediated by increased fecal 
excretion of bile acids modulated by alterations 
in enzymatic activity of the bowel microflora. 

SUMMARY 

Addition of 1% dietary cholesterol to a 20% saf
flower or coconut oil diet increased the tumor 
yield of DMH induced bowel tumors in rats. No 
differences in bowel tumor yield or incidence was 
detected between animals fed a polyunsaturated 
fat or saturated fat diet. Bowel tumorigenesis 
was enhanced by dietary cholesterol with both an 
indirect (DMH) or direct (MNU) acting carcinogen. 
Using MNU for bowel tumor induction, dietary cho
lesterol was found to act during the initiation 
or early promotion phase in two stage carcinogen
esis. This action of cholesterol appears to be 
different from promotional effects of bile acids 
or dietary fat. Thus the effects of dietary cho
lesterol appear to be at least additive to the 
effects of high levels of dietary fat in bowel 
carcinogenesis in these models. 
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Vitamin E, tocopherol, a methylated derivative of 6-
hydroxychromonal with a phytyl side chain, is an essential 
nutrient. In cells, this hydrophobic molecule is interca
lated into the membrane bilayer. Studies with structural 
models (1) and of vitamin E in phospholipid monolayers (2) 
indicate that it is associated primarily with arachidonic 
acid. As a membrane component, vitamin E has the potential 
to affect the functional biology of cells of the immune 
system. 

The regulation of immune function is very complex and 
involves membrane-mediated interactions between cells and 
humoral factors. Cellular components of the immune system 
include: 1) phagocytes--monocytes, macrophages and neutro
phils and, 2) lymphocytes--T-lymphocytes which do not pro
duce circulating antibody, but affect the responses of the 
B lymphocytes which do produce antibody. Cooperativity 
between these cells is required to produce a response. 
Phagocytic cells are required for lymphocytes to prolif
erate and make antibody. The macrophage is a critical 
regulatory cell which concentrates, processes and presents 
antigen to lymphocytes. Macrophages ingest, phagocytize 
and process microbial antigen, which is then displayed on 
the cell surface. Helper T-lymphocytes recognize the 
antigen and bind to the macrophage. This activates the 

199 



200 Carpenter 

T-lymphocyte and elicits a number of responses, including 
proliferation of a clone of that particular lymphocyte. B
lymphocytes also recognize the antigen and bind to the same 
macrophage. The B-lymphocyte is not activated until it 
receives a signal from the activated T-lymphocyte. Acti
vated B-lymphocytes then proliferate to expand their clone 
and differentiate into antibody-producing cells, plasma
cytes. The activated T-lymphocyte also causes the activa
tion of cytotoic lymphocytes to killer lymphocytes and 
stimulates suppressor lymphocytes. Secretory products 
mediated by these cell-cell interactions include enzymes, 
kinins, activated oxygen species and oxygenated metabolites 
of arachidonic acid-prostaglandins, thromboxane, leuko
trienes and other lipoxygenase products. As membrane-bound 
antioxidant, vitamin E has the potential to regulate immune 
cell function by affecting the physical/chemical properties 
of membranes, serving as a chain-breaking free radical 
scavenger, and/or some other yet unknown effect. 

VITAMIN E EFFECTS ON THE IMMUNE SYSTEM 

Available evidence indicates that vitamin E affects 
both humoral and cell-mediated immune response. There is 
heterogeneity in these studies reflecting the use of 
different animal species and strains as well as gender. 
Moreover, there has been considerable variation in the 
nutritional design of the work. Some studies have included 
in vitro addition of vitamin E to preparations of immune 
~l~When used as a dietary supplement, vitamin E has 
been added to commercial, stock diets containing adequate 
vitamin E. Other studies have utilized semipurified diets 
with and without vitamin E. The amount and type of dietary 
lipid in the diets has also varied. Consideration of the 
experimental design is important in the interpretation and 
comparison of the results of work on the effect of vitamin 
E on immune function. In a number of the studies, immune 
function has been evaluated using polyclonal mitogens-
conconavalin A (con A), phytohemmagglutinin (PHA), which 
induce proliferation of T-Iymphocytes, or bacterial lipo
polysaccharides (LPS), which stimulates the proliferation 
of B-cells. 
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Both humoral and cellular immune response appears to 
be enhanced in chicks fed excess vitamin E (3). Chicks fed 
a commercial, stock diet containing 43 mg of vitamin E/kg 
diet, supplemented with 150-300 mg/kg of a-tocopherol ace
tate showed increased survival against the lethal effects 
of E coli infection (4), increase in hemaggluntinating 
antibody (5), and clearance of E coli from blood. In 
chicks immunized against sheep ~ed blood cells, plaque
forming cells were 4-fold increased. To evaluate whether 
these effects of vitamin E reflected modulation of prosta
glandin synthesis, aspirin, which inhibits prostaglandin 
synthase at the cyclooxygenase step, was incorporated into 
the diet (6). Although there was improved survival to 
E coli infection when both excess vitamin E and aspirin 
were fed, concurrent radioimmunoassay analyses of several 
prostaglandins produced by spleen and bursa homogenates 
gave equivocal results, which did not correlate with the 
results on survival. 

Results of studies from several different laboratories 
using both different mouse strains and protocols also sug
gest a correlation between enhanced function and excess 
vitamin E. Culture of normal spleen cells with vitamin E 
in vitro for 5 days resulted in a small increase in plaque
forming cells (7). Although the number of plaque-forming 
cells was lower, a more pronounced effect of vitamin E was 
observed when adherent cells were removed. The same labor
atory also assessed vitamin E as well as the addition of 
the antioxidant, DPPD, to chow diets in CF-l mice chal
lenged with either sheep red blood cells (SRBC) or tetanus 
toxoid (8). Increased plaque-forming cells were found with 
either challenge, but the response was stronger with SRBC 
suggesting a selective affect of vitamin E on IgG-producing 
cells. DPPD was ineffective, suggesting the effect of 
vitamin E is not that of a simple antioxidant effect. The 
effect of feeding a stock diet containing adequate vitamin 
E supplemented with additional tocopherol (as either the 
nicotinamide or acetate) has been tested on helper T-cell 
function in two inbred strains of female mice (9). Excess 
vitamin E resulted in an increase in haemagglutin titers to 
hamster red blood cells and an increased carrier effect on 
antibody immunization. The vitamin E enhanced humoral 
immunity was postulated to reflect stimulation by vitamin E 
of cooperation between T- and B-cells in antibody produc
tion, perhaps by a specific effect on helper T-cells and/or 
by stimulating cell proliferation. 
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~oth dietary and in vitro additions of vitamin E have 
been evaluated on the imm~esponse of male CBA/J mice. 
Addition of a-tocopherol to mixed spleen preparations of 
chow-fed mice stimulated mitogenesis (10). Similar effects 
were observed when 2-mercaptoethanol was added. Both vita
min E and 2-mercaptoethanol stimulated spleen cell response 
to low concentrations of con A (0.125 ~g/0.2 m1), but had 
no effect at higher doses of mitogen. Further studies with 
the same mouse strain fed a semipurified diet containing 4% 
lard and either 5 or 50 mg/kg of a-tocopherol acetate, 
confirmed the vitamin E effect using low doses of con A, 
and also demonstrated stimulation of cell proliferation 
with PHA and LPS at the higher level of dietary vitamin E 
(10). The effects of feeding the mice semipurified diets 
containing unsaturated fat (8% corn oil) or saturated fat 
(8% coconut oil) in the presence and absence of dietary 
vitamin E (10) suggest that dietary fat may modulate the 
vitamin E effect. Although con A, PHA and LPS were more 
effective in spleen preparations from vitamin E-fed mice 
than those from vitamin E-deficient mice on the corn oil 
diet, differences in mitogen response were observed only 
for low doses of con A on the more saturated diet. In 
vitro of a-tocopherol (1 ~M) to spleenocytes of deficient 
animals gave a response similar to that seen with dietary 
vitamin E treatment. The effect of vitamin E on stimula
tion of mitogenic response to low levels of con A appears 
not to be that of a simple antioxidant effect. Addition of 
the synthetic antioxidant, DPPD, to mixed spleen cells of 
mice fed the corn oil diet stimulated the response to sub
optimal concentrations of con A and to PHA as well as the B 
cell mitogen, LPS, suggesting an antioxidant effect (11). 
A similar study carried out with mice fed the hydrogenated 
coconut oil diet revealed that DPPD was less effective on 
the preparations from vitamin E-fed mice than above, but 
there were good responses to low con A, PHA and LPS in 
those from vitamin E-deficient animals. BHT, a very good 
antioxidant, added in vitro, was not effective in any of 
the dietary groups.--Trolox, a synthetic vitamin E which 
does not have an isoprene side chain, but which is a very 
effective antioxidant, also did not enhance mitogenesis. 
Furthermore, tocopherol quinone, which does not function as 
an antioxidant, was as effective as a-tocopherol. The 
effects of vitamin E on spleen cell proliferation appear 
not to be correlated with prostaglandin synthesis, as the 
addition of indomethacin, an inhibitor of prostaglandin 
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cyclooxygenase activity, had no effect on vitamin E stimu
lation. 

The same group of investigators also performed studies 
on fractionation of the murine spleen cells to determine 
which populations were vitamin E responders (12). After 
removal of la+ cells on plastic and/or removal of spleen 
cells which were la+ by treatment with la+ antiserum, vita
min E was still effective in stimulating mitogenesis. As 
the adherent cells are macrophages which are la+ cells, the 
results were interpreted to indicate that vitamin E stimu
lates an la- cell population in the absence of macrophages. 
However, unless the removal of macrophages was quantita
tive, this conclusion may not be valid as current evidence 
shows that the presence of only a small number of macro
phages is adequate to activate T-cell responses. Subse
quent studies revealed that when the spleen cells were 
washed, the response to low concentrations of con A was 
stimulated and vitamin E no longer enhanced mitogenesis. 
The factor in the medium which acts as a suppressor was 
identified as spermine (13). The results of these studies 
on the CBA/J mouse strain clearly implicate a role for 
vitamin E in stimulating T-cell mitogenesis. 

Effects of vitamin E dietary on immune function have 
also been documented in the rat. Examination of spleeno
cyte mitogenesis in the spontaneously hypertensive (SHR) 
and normotensive (WKY) rat strains showed that con A, PHA 
and LPS-induced blastogenesis was depressed in the vitamin 
E-deficient as compared to vitamin E supplemented animals 
(14). Similar blastogenic responses to T- and B-cell mito
gens of mixed spleen cells were observed for vitamin E
deficient compared to vitamin E-fed guinea pigs (15). In 
addition to these effects of vitamin E on the proliferation 
of both T- and B-lymphocytes, vitamin E has also been shown 
to affect other responses of cells of the immune system. 
When the phagocytic and oxidative functions of peritoneal 
polymorpholeukocytes (PMNs) of male Sprague-Dawley rats fed 
purified diets with and without vitamin E were assessed, no 
differences reflecting dietary vitamin E were observed on 
adherence of the cells, lysosomal release of B-glucuroni
dase, or phagocytosis (16). Recovery of PMNs was 40% less 
from vitamin E-deficient than vitamin E-fed rats. Chemo
taxis of the cells and ingestion of albumin and C3b or IgG
coated paraffin oil droplets, but not ingestion and killing 
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of Staph aureus, were impaired in the cells of vitamin E
deficient, compared to those of supplemented rats. Addi
tionally, both 02 consumption and H202 release were ele
vated in the deflcient compared to control cells. Impaired 
paraffin oil ingestion was reversed 5 hours after vitamin E 
treatment (i.m.) and chemotaxis within 18 hours. 

Vitamin E has also been shown to affect phagocyte 
function in human subjects. In an infant with a congenital 
deficiency of glutathione synthetase activity and abnormal 
PMN function, vitamin E treatment corrected the overproduc
tion of H202 and decreased ability to iodinate protein and 
to kill bacteria (17). In a study with 25 diabetics com
pared to 25 controls, phagocyte function was found to be 
defective. Monocytes from diabetics had depressed chemo
taxis to zymosan-activated serum as well as decreased 
random motility (18). In vivo therapy of diabetics (25 
IU/kg/day) with a-tocopherol for 2-3 weeks restored these 
activities to normal levels. On the otherhand, treatment 
of normal male, human subjects for 3 weeks with 300 mg/day 
of a-tocopherol acetate depressed PMN bactericidal activity 
and PHA-induced lymphocyte proliferation (19). 

POTENTIAL MECHANISMS OF VITAMIN E ACTION ON THE IMMUNE 
SYSTEM 

Although there are differences both in regard to the 
animal species and the experimental protocol used, the 
results of the above studies clearly implicate a role for 
vitamin E in modulating the immune response (Table 1). The 
immune functions which are enhanced by vitamin E include 
protection against infection, increase in the number of 
plaque-forming cells, increased antibody production, 
increased proliferative response to T-and B-cell mitogens, 
enhanced chemotaxis and particle ingestion, and a decrease 
in oxygen uptake and H 02 production. These effects 
reflect modulation of function of both phagocytes and lym
phocytes. Pbagocytes are essential for lymphoid function; 
lymphocytes modulate phagocyte function. On the basis of 
the information that is presently available, the complex 
interactions between cells of the immune systems, and the 
vast array of products which are secreted, as well as 
potential feed-back loops, identification of a specific 
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Spec ies 

Chicken 

Mouse 

Rat 

Guinea pig 

Human 

TABLE I 

Immune Functions Affected by Vitamin E 

Function 

Protection against infection 
Plaque-forming 
Cells antibody production 

Plaque-forming cells 
Antibody production 
Helper cell activity 
Mitogenesis of T and B lymphocytes 

Mitogenesis of T and B lymphocytes 
Chemotaxis 
Ingestion 
02 and H202 production 

Mitogenesis of T and B lymphocytes 

PMN killing ability 
02 and H202 production 
Lymphocyte proliferation 
Chemotaxis and random motility of 

monocytes 

lesion in a specific cell is not possible. Vitamin E 
appears to have an effect on neutrophils, monocytes, macro
phages, and T- and B-Iymphocytes. 

Effects are observed when moderate levels of vitamin E 
are added to diets in the mouse, rat and guinea pig. How
ever, in some of the models, effects were apparent only 
with high, pharmacological doses of vitamin E. The basis 
for the latter responses is not clear. In some models, it 
may represent an enhanced need for vitamin E in antigen
challenged animals. In others it may represent depletion 
of vitamin E during culture of immune cells. This point 
needs to be clarified. Modulation of lipoxygenation of 
arachidonic acid by human leukocytes has been shown to be 
bidirectional. Addition of vitamin E at concentrations 
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equivalent to normal plasma levels enhanced conversion of 
both endogenous and exogenous arachidonic acid to hydro
peroxy and hydroxy arachidonate derivatives, whereas higher 
concentrations suppressed lipoxygenation (20). In several 
species, vitamin E has an effect on the proliferation of 
both T- and B- lymphocytes. Interactions between these 
cells and adherent spleen cells, macrophages, are func
tionally important and are extremely complex. Responses 
to different amounts of con A have been interpreted to 
indicate that vitamin E selectively stimulates certain 
populations of T-cells in a macrophage-independent manner. 
Differences in response to PHA are also reported for spleen 
cell preparations of vitamin E-deficient compared to 
supplemented animals. Information on these cells as indi
vidual as well as mixed populations would clarify consider
ably which cells are vitamin E responsive. The macrophage 
plays a central role in the activation of both T- and B
lymphocytes. Vitamin E effects on this phagocyte could 
result in changes in the activation of both T- and B
lymphocytes. Further studies on the effect of vitamin E on 
this target cell would be of interest. 

The effects of vitamin E on the immune system do not 
appear to reflect simple antioxidant action. Few studies 
have been done with other antioxidants as additions to the 
diet; however, DPPD appears not to replace vitamin E. 
Addition of vitamin E to immune cells in culture results in 
responses apparently analogous to those resulting from 
dietary vitamin E treatment. Studies on the in vitro addi
tion of DPPD, BHT and trolox, which are very effective 
antioxidants, and of tocopherol quinone and menadione, 
which are not antioxidants, suggest that the effects of 
tocopherol may be specific. 

Results of studies on several mouse strains have been 
interpreted to indicate that vitamin E selectively stimu
lates certain populations of T-cells. Immature thymocytes 
are not as responsive to PHA as are mature T-cells. The 
vitamin E-dependent PHA response may indicate an effect of 
vitamin E on the maturation of T-cells. Differentiation of 
precursor cells in the bone marrow is an important source 
of cells of the immune system. Abnormalities in bone 
marrow haemotopoiesis have been correlated with vitamin E 
deficiency-induced anemias in the pig (21) and monkey (22). 
In ongoing studies on the role of vitamin E on the function 
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of blood platelets in my laboratory, we have confirmed that 
blood platelet content is increased in the vitamin E-defi
cient male Sprague-Dawley rat and extended this effect to 
include the. female (Table 2). Dietary addition of the 
antioxidant, propyl gallate, did not substitute for vitamin 
E in regard to platelet number. Transfer of vitamin E
deficient male or female rats to a vitamin E diet restores 
platelet number to the vitamin E supplemented values within 
9-14 days. Pilot studies on bone marrow suggest that mega
karycytes increase in number in vitamin E-deficiency. 
Alterations in the differentiation of precursor cells of 
the immune system and/or effects of vitamin E on the pro
liferation of cells of the immune system could have a role 
in the immune function effects observed. 

Cell-cell contact between macrophages and T and B 
lymphocytes is essential for cooperativity between these 
cells and the expression of immune function. The presence 
of vitamin E in the membrane bilayer has the potential to 
affect the physical properties of the membrane and membrane 
function. The phytyl side chain of vitamin E is proposed 
to form a helix with the cis double bonds of arachidonic 
acid, restrict the movement of the membrane, and decrease 
fluidity. Using fluoresence depolarization techniques, we 
have observed that rat platelets containing vitamin E are 
less fluid than those which do not contain vitamin E: 
microviscosity at 37°C for male platelets from vitamin E 

Diet 

+ Vitamin E 
- Vitamin E 

TABLE 2 

PLATELET CONTENT OF WHOLE BLOOD 

Platelets x 106/ml blood 

Male 

533 ± 93 
805 ± 109 

Female 

570 ± 49 
922 ± 94 

Data are expressed and the mean S.D., n=15. Platelet num
ber was determined on whole blood by laser hematology using 
the Ortho ELT-8 instrument. Differences between +vitamin E 
and -vitamin E are significant by the paired Student t 
test, p<O.Ol. 
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supplemented rats = 0.92 ± 0.04 poise and for those from 
vitamin E-deficient animals = 0.75 ± 0.02 poise. Changes 
in membrane fluidity effected by vitamin E of cells of the 
immune system could affect cell-cell interactions as well 
as antigenic recognition. 

As a membrane component and antioxidant, vitamin E may 
affect arachidonate oxygenation. Oxygenated metabolites of 
arachidonic acid have an important role in modulating the 
immune system. Macrophage-lectin response involves the 
release of secretory products including enzymes, complement 
proteins, growth factors, and eicosanoids--both prostaglan
dins and lipoxygenase products. Major prostanoids produced 
by macrophages are PGE Z and TXA2 (23). In general, the 
effects of prostaglandlns on the immune system are suppres
sive. Inhibitors of prostaglandin synthesis, such as indo
methacin and aspirin, improve the proliferative response to 
lectins. Recent studies show that lipoxygenase products 
have an important role in the immune system (24). Phago
cytes have very active lipoxygenases. Lipoxygenase prod
ucts inhibit spleen lymphocyte responses to con A and PHA 
(25,26). Of particular interest is the leukotriene path
way, which is initiated by the introduction of O2 at C-5 of 
arachidonic acid, followed by formation of an epoxide. 
Hydrolysis of the epoxide, LTA4, results in LTB4, which is 
an extremely potent chemotactic agent (27), stimulates PMN 
leukocyte enzyme release and superoxide generation and 
induces degranulation. LTB4 enhances generation of T-sup
pressor lymphyocytes (26). Alternatively, addition of 
glutathione to the epoxide results in a series of peptidyl 
leukotrienes, LTC4, LTD4 and LTE~, which are the slow 
reacting substances of anaphylaxls. 

Other lipoxygenase products of arachidonic acid are 
also involved in the mitogenic responses of lymphocytes to 
plant lectins and tumor promoters. 15-HPETE, a product of 
l5-lipoxygenase activity in monocytes, induces T-cells to 
become suppressor cells. Addition of HPETEs to mouse 
spleenocytes inhibits the proliferative response to PHA and 
con A, and also suppresses the development of killer cells. 
There is considerable evidence that lipoxygenase products 
have important modulating effects on lymphocyte function. 
Some of the HETEs are incorporated into the membrane and, 
as a result, affect the fluidity of the membrane. 
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Vitamin E may affect immune function by modulating the 
release of arachidonic acid from membrane phosphatide and/ 
or affecting PG synthesis and lipoxygenase activity. Both 
biosynthetic pathways proceed via free radical mechanisms. 
Eicosanoid synthesis is modulated by vitamin E in rat 
platelets. Platelets from vitamin E-deficient rats pre
labeled with (14C) arachidonate and activated by thrombin 
produce more thromboxane and 12-lipoxygenase product than 
platelets from rats fed vitamin E (Table 3). Indomethacin 
blocks TXA2 but stimulates 12-HETE synthesis. There is 
evidence for modulation of lipoxygenase activity by vitamin 
E in human leukocytes (20). Critical studies on the 
effects of vitamin E on arachidonate turnover and oxygena
tion will be necessary to determine whether these pathways 
are affected in cells of the immune system. 

In summary, vitamin E clearly has regulatory effects 
on the immune system. The specific site and mechanism by 
which these effects are exerted are not presently known. 
Future studies using new information and currently avail
able immunological tools should clarify the role of vitamin 
E on the immune system. 

TABLE 3 

Oxygenation of Arachidonate by Prelabeled Platelets 

Thrombin + 
Diet Product Thrombin Indomethacin 

% cpm 
Vitamin E-sufficient TXB2 1.5 0.6 

12-HETE 10.6 25.3 

Vitamin E-deficient TXB2 3.8 1.4 
12-HETE 34.8 32.6 

Platelets were prelabeled with 1-(14C)20:4, for 30 min at 
37°C. After 5 min preincubation at 37° in the presence or 
absence of indocin (10 ~g/ml), I unit human thrombin was 
added and the incubation continued for 5 min. Supernates 
of inactivated platelets were extracted with ethylacetate, 
partitioned by Silica gel TLC, scraped and the radioactiv
ity counted. Data are expressed as % cpm in the supernate. 
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INTRODUCTION 

The investigations of vitamin E and cancer have 
been stimulated by an unreproducib1e finding of Rowntree 
et a1. (1) that crude wheat germ oil induced sarcomas in 
rats. Wheat germ oil is naturally enriched with vitamin 
E. To date, more than 20 reports have appeared in the 
literature demonstrating that animals fed with vitamin 
E, mostly in ester form, have a reduced incidence or a 
delayed appearance of tumor after the administration of 
a carcinogen or UV radiation. There are also a few 
reports against the efficacy of vitamin E as a cancer 
preventive agent (2-4). 

Along with the animal experimentations, the effect 
of a-tocopherol or a-tocophery1 quinone in the 
differentiation and growth of tumor cell or cell lines 
in culture has been investigated (5-7). For instance, 
Takenaga et a1. (5) observed that a-tocopherol inhibited 
the differentiation of mouse myeloid leukemia cells. 
Prasad and Prasad (6) reported that a-tocophery1 
succinate induced growth inhibition of melanoma cells in 
culture. Furthermore, the efficacy of dietary vitamin E 
on the reduction of human fecal mutagenicity has also 
been suggested (8,9). 
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THE BIOCHEMICAL FUNCTION OF VITAMIN E 

Vitamin E or a-tocopherol has three major 
biochemical functions relevant to this discussion. The 
mechanism and action of the vitamin have been 
extensively reviewed in recent years (10-12). 

1. a-Tocopherol is a physiologic antioxidant that not 
only protects the cellular membrane from oxidation, 
it also maintains some cellular enzyme and protein 
in a reduced active state. These include cyto
chrome-P-450 and phosphoenolpyruvate carboxykinase 
(13). a-Tocopherol appears to have a specific 
effect on the architecture of the membrane phospho
lipids by maintaining the profiles of membrane 
unsaturated fatty acid components (14). It also can 
directly interact with nitrosating agents and 
neutralize its toxicity. 

Recently, Burton et a1. (15) reported that a
tocopherol is the major, and probably the only, 
lipid soluble, chain-breaking antioxidant in human 
plasma as well as erythrocyte ghost membrane. They 
also theorized that a-tocopherol functions as a far 
more efficient inhibitor of lipid peroxidation in 
vivo than in vitro because of a stereo electronic 
mechanism (1'6) -. --

2. a-Tocopherol maintains the integrity of the 
macromolecular structure of the cell and can 
effectively reduce the binding of a number of 
carcinogens to cellular DNA (17-19). 

3. a-Tocopherol may act as a regulator of gene 
activity. There is sufficient evidence to indicate 
that a-tocopherol suppresses the cellular 
biosynthesis of xanthine oxidase and, likely, 
creatinine kinase (20). 

THERAPY-INDUCED CANCER 

Antineoplastic agents have been known as 
carcinogens for a number of years, (21) and second 
malignancies in cancer patients treated with single-drug 
or multidrug chemotherapeutic agents have also been 
documented (22,23). The multimodal therapy mainly due 
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to irradiation has been found to induce second 
malignancies in 4-16% of the survivors (24,25). 
Recently, Frei (26) estimated that current cancer 
chemotherapy can result in about 30,000 to 40,000 long
term survivors per year. Therefore, second malignancies 
induced by antineoplastic agents particularly in 
children will soon become an acute problem. 

Anthracycline-Induced Tumors and Mechanisms of 
Toxicity 

The anthracycline antibiotics daunorubicin and 
doxorubicin (14-hydroxydaunorubicin) have been used 
extensively since 1970 for the treatment of human 
cancers. The major toxicities of the anthracycline 
antibiotics are cardiotoxicity and, likely, carcino
genic activities. The anthracycline antibiotics are 
mutagenic according to the Ames test. They induce 
chromosomal breakage in human cells. Bertazzoli et ale 
(27) reported a high incidence of mammary tumors in a 
relatively small group of Sprague-Dawley rats treated 
with single doses of doxorubicin or daunorubicin. These 
results were later confirmed by us and other (28). Both 
drugs induce cancer in rat mammary gland exclusively. 
Sieber et a1. (29) reported that one of ten healthy 
monkeys studied died of acute myeloblastic leukemia 
after treatment with doxorubicin at a cumulative dose of 
324 mg/m2 • The induction time for cancer development 
was 29 months. 

The mechanisms by which the 
antibiotics exert their cytotoxicity 
genicity are not clearly established. 
however, that: 

anthracycline 
and carcino
It is known, 

1. Daunorubicin intercalates into DNA, thus affecting 
DNA and RNA synthesis. 

2. Daunorubicin generates free 
metabolic process, thereby 
components including DNA. 

radicals during its 
damaging cellular 

3. Daunorubicin chelates metal ions and binds to 
membrane and cellular proteins. Tewey, et ale (30) 
reported the involvement of DNA topoisomerase II in 
the mechanism of action of doxorubicin. Tokes et 
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a1. (31) and Tritton and Yee (32) suggested that 
anthracycline antibiotics exert their cytotoxicity 
by interaction at the cell membrane level. 

Metabolism of Daunorubicin 

Daunorubicin is metabolized in liver by three 
pathways: (a) free-radical generation by one-electron 
oxidation-reduction, (b) a carbonyl reduction process, 
(33) and (c) the involvement of a two-electron transfer 
enzyme, quinone reductase. 

Microsomal and nuclear NADPH cytochrome (P-450) 
reductase, NADH oxidoreductase, and xanthine oxidase, 
one-electron transfer enzymes, can catalyze the 
reduction of the anthracyclines to a semiquinone free
radical intermediate. This radical, in turn, reacts 
with a cellular oxygen to produce superoxide anions. 
The superoxide radical formed will subsequently convert 
to hydrogen peroxide and hydroxyl radical that induce 
lipid peroxidation and DNA breaks. In the absence of 
cellular oxygen, the semiquinone radical can also 
rearrange slowly to form an aglycone free radical, which 
can alkylate DNA. The end product of this metabolic 
route is 7-deoxydaunorubicin aglycone. 

Carbonyl reduction is another metabolic pathway of 
daunorubicin. It is apparently a detoxification 
process. This metabolic process forms daunorubicinol 
and 7-deoxydaunorubicinol aglycone and is mediated by 
NADPH requiring cytoplasmic reductases (33). 

The third and the other potential metabolic route 
is the involvement of DT-diaphorase [NAD(P)H-quinone 
reductase] in the metabolism or detoxification of 
daunorubicin. It reduces quinone to a rather stable 
hydroquinone. Therefore, it has been suggested re-
cently that quinone reductase is a cellular control 
device against semiquinone and superoxide radicals 
formation (34). Further, Butylhydroxylated anisole, a 
dietary antitoxidant at very high doses of 7 g/kg diet 
has been found to substantially increase the NAD(P)H 
quinone reductase activity in liver, kidney, and a 
number of other rat tissues (35). 
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We have investigated and compared the metabolism of 
daunorubicin in isolated single mammary epithelial cells 
and hepatocytes. The results of daunorubicin metabolism 
showed that mammary cells either do not metabolize 
daunorubicin or they metabolize daunorubicin very 
slowly. However, more than 70% of daunorubicin was 
metabolized when incubated with hepatocytes for a 90-
minute period (Table 1). A substantial quantity of 7-
deoxydaunorubicinol aglycone and daunorubicinol (the 
major metabolites of carbonyl reduction of daunorubicin) 
and a small percentage of 7-deoxydaunorubicin aglycone 
(the end product of the free-radical reaction and likely 
the end product of the proposed quinone reductase 
metabolic route) were found. Cytochrome P-450 reductase 
inhibitors SKF-525 (lxl0-3M) and a-naphthoflavone 
(2xl0-~M) modify significantly the metabolic patterns of 
the drug (Table 1). 

Furthermore, the presence of dicumarol (3xl0-~M), a 
competitive inhibitor of the quinone reductase, 
completely inhibits the metabolism of 2,6-dichloro
indophenol as well as daunorubicin in liver cytosol. 
Our preliminary results indicate that there could be an 
NADH-dependent reductase as well as an NADPH-dependent 
reductase in rat hepatocytes as reported by Koli et al. 
(36) in hog liver. 

The presence of a rat liver microsomal or a rat 
liver postmitochondrial preparation reduced the 
noncovalent interaction between the anthracycline 
antibiotics and DNA. The addition of rat liver post
mitochondrial preparations to a bacterial mutagen assay 
or the induction of microsomal enzymic activities in 
mouse ~ fibroblasts decreased the capacity of 
doxorubicIn-induced mutagenesis and malignant 
transformation. By contrast, inhibitors of microsomal 
enzyme activity increased the yield of the drug-induced 
transformants (37). 

The activities of two metabolic enzymes of 
daunorubicin, xanthine oxidase and NAD(P)H quinone 
reductase, were determined in rat hepatocytes and 
isolated mammary epithelial cells. The results are 
shown in Table 2. Furthermore, the uptake of dauno
rubicin by these two types of cells was similar when 
quantitated per DNA content. These results suggested 
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that mammary cells might generate more semiquinone 
radicals by xanthine oxidase per mg protein than 
hepatocytes. In addition, mammary cells are less able 
to detoxify daunorubicin by the enzymatic action of the 
quinone reductase. Therefore, rat mammary cell in the 
presence of oxygen may continuously generate superoxide 
anions through the reversible reaction. 

The Difference of Daunorubicin-Induced DNA Breaks 
Between Mammary Cells and Hepatocytes 

Alkaline elution techniques (38) were used to 
compare the frequencies and type of DNA lesions in 
mammary cells and hepatocytes. Daunorubicin 
concentrations that gave a dose-response curve were 
utilized first in mammary epithelial cells and then in 
hepatocytes. Mammary cells, at 106 cells per ml, were 
incubated with the 1.5, 4.0, and 10.0 IJg drug for one 
hour. After incubation, the cells were pelleted at 200 
x g for 4 minutes, washed once with HBSS, and resus
pended in PBS. DNA single-strand breaks (SSB) were 
assessed in the absence and the presence of proteinase 
K. Analyses of experiments with mammary epithelial 
cells revealed DNA protein-associated SSB were induced 
in DNA at all drug dose levels. SSB were also detected 
without proteinase K treatment, but at a diminished 
level when compared with proteinase-K-treated assays. 
Proteinase-K-treated assays showed a small number of SSB 
at the lowest drug concentration (1.5 IJg/ml) in hepato
cytes. Negligible amounts of SSB were seen at the other 
drug concentrations in both treatments. Similar results 
were obtained in proteinase-K-untreated assays (38). In 
general, the quantity of SSB seen in liver cells was 
statistically significantly lower than that in 
comparably treated mammary epithelial cells. 

Further analyses of differences in carcinogen-DNA 
interaction between the two cell types were under
taken. The type and degree of cross-linking were 
studied using experiments involving treatment of cells 
with 10 Ilg/ml of daunorubicin for 1 hour followed by 300 
rad of irradiation. Preliminary results suggest that 
the total number of cross-linking lesions show no 
statistical difference between isolated mammary cells 
and hepatocytes. The metabolite, 7-deoxyd aunorubicinol 
aglycone at a concentration of 5 Ilg/ml, showed 
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negligible SSB in proteinase-K-treated DNA. The 
combination of this dose of metabolite with daunorubicin 
did not change the frequency of SSB produced by dauno
rubicin alone. Five ~g/ml of 7-deoxydaunorubicinol 
aglycone alone did not show any ability to produce 
cross-links in mammary cells. The combination of 
various mixtures of the two compounds did not produce a 
change in the cross-linking profile of daunorubicin. 

Since daunorubicin alone does not induce strand 
breaks in liver cells, we were not able to investigate 
DNA repair capabilities of the two cell types after drug 
incubation. However, we have studied DNA repair after 
both cell types were irradiated with 300 rad of ionizing 
radiation (cesium 137). This experiment showed that in 
this specific type of damage, both cells types exhibited 
similar functional capabilities (Wang, unpublished). 

VITAMIN E AS A CANCER PREVENTIVE AGENT 

Based upon a hypothesis that the free radicals or 
superoxide anions generated through the cellular 
activity and the metabolism of daunorubicin might be the 
causes of the tumorigenesis in animals, a-tocopheryl
acetate (1.8 g/m2) was given intraperitoneally daily for 
four days prior to a single inj ection of daunorubicin 
through a tail vein. The 60 mg/m2 of daunorubicin is 
usually a single dose given to humans. The frequency of 
tumor formation was compared with those animals treated 
with doxorubicin alone. The animals treated with a
tocopherylacetate had a significantly lower incidence 
(p(0.05) of tumor induction than those treated with 
daunorubicin alone. In animals injected with dauno
rubicin only, 24/54 animals had histologically proven 
mammary tumor; in animals treated with both a
tocopherylacetate and daunomycin, 9/38 animals had 
mammary cancer (Wang et al., unpublished). 

In this study, we observed the following: 

1. Level of a-tocopherol was significantly higher in 
the spleen and heart of animals not receiving 
daunorubicin; 

2. Mammary gland and mammary fat along with plasma and 
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erythrocyte had significant 
pherol radioactivities in 
daunorubicin; 
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increases of a-to co
animals treated with 

3. Liver, spleen, kidney, and lung tissues had the 
highest daunorubicin concentration. Mammary tissue 
areas and surrounding fat had the lowest drug 
concentration; 

4. Drug clearance was significantly faster in liver 
than in mammary tissue area; 

5. The increase of a-tocopherol was less than 100% in 
mammary gland and mammary fat after four intra
peritoneal injections of a-tocopherylacetate. 

The increase of a-tocopherol was less than 100% in 
mammary gland and fat areas 24 hours after four 
injections of high doses of a-tocopherol. Therefore, to 
investigate whether the effect of a-tocopherol is in the 
early stage of tumor development, weanling female SD 
rats were fed with a-tocopherylacetate and a
tocopherylacetate-supplemented diet (containing 100 and 
1,000 mg a-tocopherol per kg diet) for 5 weeks. Single 
mammary epithelial cells were isolated from these rats 
and biochemical studies were performed. Mammary 
epithelial cells had cellular a-tocopherol concentra
tions of less than 0.13 ~g/107 cells isolated from rats 
fed with the deficient diet for 5 weeks as compared with 
2.1 ~g/107 cells isolated from the animals fed with the 
1000 mg/kg diet. Alkaline elution assays of these cells 
after incubation with various quantities of daunorubicin 
were performed. It is apparent that vitamin-E
supplemented cells can resist the oxidation induced by 
daunorubicin. The results also indicated that a
tocopherol can, to a degree, modify the effect of 
daunorubicin-induced, single-strand DNA breaks. 
Normally, cells isolated from rats fed a normal diet can 
retain 40-60% of their DNA in double-strand format. In 
cells isolated from an animal fed with a vitamin-E
deficient diet, these cells can only retain about 20% of 
their DNA after incubation with 10 ~g daunorubicin in 
the presence of proteinase K. On the other hand, to 
those cells isolated from an animal fed with vitamin-E
supplemented diet, about 80% of their DNA was in an 
intact form. However, our preliminary results indicated 
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that the adequacy of a-tocopherol does not alter the 
activities of xanthine oxidase or quinone reductase in 
rats fed with either vitamin-E-deficient diet (0 mg/kg) 
or supplemented diet (100 mg/kg). Experiments with 
animals fed an even higher vitamin E diets (1,000 or 
10,000 mg/kg) are ongoing. 

In the last few years there have been a few reports 
dealing with the involvement of a-tocopherol as to the 
protection of DNA integrity. For instance, Summerfield 
and Tapple (39) reported that with minimal dietary 
supplement of a-tocopherol, up to 10 mg /kg diet, the 
increased a-tocopherol supplementation can reduce rat 
brain DNA-protein and DNA-DNA-interstrand cross-linking 
induced by the injection of methylethyl ketone 
peroxide. Kappen and Goldberg (40) reported that the 
presence of a-tocopherol succinate reduced the breakage 
of 3H-labeled-A-DNA induced by neocarcinostatin in 
vitro. 

THE DILEMMA OF RESEARCH IN NUTRIPREVENTION 

Epidemiologic studies have suggested that dietary 
practice is one of the contributing factors in cancer 
risk and incidence. These investigations correlated 
cancer causation and dietary factors, such as food 
contaminants, additives, and meat consumption, and also 
correlated cancer prevention and dietary factors such as 
fiber contents and fruit/vegetable and cereal consump
tion (41). There are many interactions in tumor-bearing 
hosts having an impact on the utilization of macro- or 
micronutrients. A mutual interrelation exists among 
nutrition, immunity, cancer, therapy, and prevention. 
It is, therefore, difficult to simplify these 
interactions. However, it is feasible to examine the 
mechanisms by which a defined nutrient affects the 
multifactorial interactions, and thus to examine their 
interactions in causation and prevention of cancer. 
There is ample evidence, for instance, to suggest the 
cause and effect of vitamin E as an anticarcinogen in 
model systems. However, the lack of demonstrated 
quantitative relation at a basic level becomes 
obvious. The understanding of the fundamental 
properties and biochemical actions of carcinogen and 
anticarcinogen becomes essential and necessary. This 
kind of investigation may suggest or preclude the need 
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for vitamin supplements that already prevail in our 
society (42). 
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ABSTRACT 

An isocratic high-perfornlance liquid chromatography 
(llPLC) method for the simultaneous determination of 
various fat-soluble vitamins and carotenoids has been 
developed. The method utilizes a Radial-Pak C1S, S mm 
i.d. x 10 cm, 5-~ column and an elution solvent composed 
of methanol, acetonitrile, and chloroform. Retinol, a
tocopherol, a-carotene, ~-carotene, lycopene, zeaxanthin, 
and two other unidentified carotenoids can be clearly 
separated and quantified in one HPLC run using a-toco
pheryl acetate or tocol as the internal standard. The 
eluted peaks are quantified by either a photodiode-array 
detector at preprogrammed wavelengths at the absorption 
maxima of the compounds or by a dual-wavelength detector 
at 280 and 436 nm. The total run time is 16 min. With 
an automatic injector and a programmable detector the 
system allows unattended operation. The within-run and 
day-to-day coefficients of variation range from 1 to 8%. 
In addition, the system can monitor the absorption 
spectra of the eluent during the HPLC run; this allows 
the spectral identification of various compounds 
separated in the same run. The appl ication of this new 
method in cancer epidemiology was demonstrated in a joint 
U.S.-China cooperative study on nutrition and esophageal 
cancer. 
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INTRODUCfION 

The possible roles of vitamin A, vitamin E, and /l
carotene in cancer prevention have received a great deal 
of attention in recent years (1-3). As an adjunct to 
dietary surveys, biochemical assessment of tissue 
nutrient levels is of great importance in epidemilogical 
studies on nutrition and cancer. Concerning the metho
dology for these determinations, conventional methods 
for the spectrophotometric determination of retinol, a
tocopherol, and /l-carotene are either insensitive, non
specific, or time consuming (4-6), and high-performance 
liquid chromatography (nPLC) methods are considered 
superior (6). Among the existing HPLC methods, some can 
determine vitamins A and E (7-9) and others can separate 
lycopene, /l-carotene, a-carotene and other carotenoids, 
(11). A recent paper reported that three nPLC systems 
have to be used simultaneously for the determination of 
retinol, a-tocopherol, and a-carotene (12). A system 
for the simultaneous quantitation of plasma fat-soluble 
vitamins and other compounds in one llPLC run is highly 
desirable because it decreases sample size, increases the 
efficiency of HPLC utilization, and saves technical 
manpower. 

In this communication we shall discuss a new 
isocratic HPLC method for the simul taneous quantitation 
of retinol, a-tocopherol, /l-carotene, a-carotene, lyco
pene, and other compounds in plasma samples in one HPLC 
run. This system, which quantifies each compound at pre
programed wavelengths, is automated to allow unattended 
operation. The appl ication of this method in epidemio
logical study will also be discussed. 

IlATBRIALS AND METHODS 

Sa.pIe preparation and HPLC: The fat-soluble compounds 
were extracted from human plasma samples using a proce
dure described previously (13). In brief, an internal 
standard, a-tocopheryl acetate or tocol, and 100 ~l of 
ethanol were added to 100 ~l of pI asma and mixed. Then 
230 ~l hexane was added and the mixture was vortexed for 
2 min. The samples were centrifuged for 5 min at 1000 
rpm in a benchtop centrifuge to aid the solvent layer 
separation. The hexane layer (150 ~l) was removed into a 
vial (usable in a Waters Model 710B WISp™ autocatic 
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injector), dried in a centrifugal evaporator, and the 
residue was dissolved in 100 ~l of the elution solvent. 
The sample vials were loaded onto the automatic injector. 
A 80 ~l sample was injected into the HPLC and the column 
was eluted isocratically with methanol:acetoni
trile:chloroform (25:60:15) at a flow rate of 1.5 ml/min. 
A pump (Waters Model 6000A), a Radial COtlpression Module 
(Waters Model RCM-I00), and a Waters Radial-Pak C18, 8 mm 
i.d. x 10 cm, 5-llm co I umn, were used. For moni toring the 
peaks and quantifying the compounds, a Hewlett-Packard 
multiwavelength detection system consisting of a 1040A 
photodiode-array HPLC detector, a HP-85B computer, a HP-
9121 dual mini disc drive, 7470A graphics plotter, and a 
3392A integrator were employed. Alternatively, a Waters 
Model 440 absorbance detector with 280 nm and 436 nm 
filters together with a Model 730 data module was used. 

Standards: Standards for retinol, a-tocopheryl acetate, 
a-tocopherol, lycopene, a-carotene, and 13-carotene were 
obtained from Sigma Chetlical Company (St. Louis, MO). 
Tocol was a gift from Hoffmann-La Roche Inc. (Nutley, 
NJ). Solutions of a-carotene, 13-carotene, and lycopene 
were prepared in chloroform. Retinol, a-tocopheryl ace
tate, and a-tocopherol standards were prepared in 100% 
ethanol. Concentrations of the standard solutions were 
determined using the following extinction coefficients (E 
l%/cm): a-carotene, 2800 at 444 nm; 13-carotene, 2396 at 
465 nm; lycopene, 3450 at 472nm; retinol, 1780 at 325 nm; 
and a-tocopherol, 75.8 at 292 nm (8,10). The standards 
were not stable and were prepared fresh (within two days 
of their use). Standard curves were prepared by the 
addition, singly or in combination, of the standards to 
plasma samples or a solution of bovine serum albumin (7 
gl100 ml saline). Results were calculated using the 
ratio of the peak area of the compound over the peak area 
of the internal standard. Recovery and linearity of the 
standard curves were determined and are presented in a 
subsequent section. 

RESULTS AND DISCUSSION 

Separation and a.antitation: Typical HPLC separations of 
fat-soluble vitamins and carotenes in a human plasma 
sample are shown in Figure 1. It presents overlapping 
profiles obtained in the same chromatography run by a 
preprogramed multiwavelength detection system and by 
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Figure 1. Chromatographs of human plasma extract. 
Resul ts were obtained by the IIP-1040A system. Peak 
identification: a, retinol; b, zeaxanthin; c-e unknowns; 
f, a-tocopherol; g, a-tocopheryl acetate; h, lycopene; i, 
a-carotene; and j, j3-carotene. The so 1 id 1 ine was 
obtained by r.JOnitoring peaks a, d and f, g, h, and i and 
j at 325, 290, 284, 470, and 450 nrn, respectively. The 
dotted line was obtained by monitoring at 450 nrn at a 
10Vler attenuation. 

monitoring at 450 nm. The np-I040A detection system 
scans the absorpt ion spectra of the eluent every 10 ms 
and allows the IIPLC peaks to be plotted and integrated at 
preprogramed wavelengths at or near the absorption maxima 
of the cor.lpounds. Co;::parisons of the respective reten
tion times and absorption spectra with those of pure 
standards indicated that peaks a, f, h, i, anll j were 
retinol, a-tocopherol, lycopene a-carotene, and f~-cal'o

tene, respectively. Peak b was tentatively identified as 
zeaxanthin. Peak u was presUJ:led to be iJ- or "{-tocopherol 
and peaks c and e to be carotenoids based on their 
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absorption spectra. but the identification of these peaks 
and several minor components has not been completed. For 
quantitative analysis. peaks a and b did not signifi
cantly interfere with each other because they were each 
quantified at their respective absorption maxima. For 
spectral analysis. pure spectra of retinol and zeaxanthin 
were obtained from the upslope of peak a and the down 
slope of peak b. respectively. A retinyl palmitate 
standard was eluted at 16.5 min. slightly behind the (3-
carotene peak (resul t not shown). By monitoring the 
absorbance at 325 nm. therefore. it is possible to quan
tify this retinyl ester if present in nanogram quanti
ties. When the system is programed for the integration 
of the ~-carotene peak (at 450 nm). the absorbance at 325 
nm can be recorded in the UP-SSE computer and replotted 
after the HPLC run. 

Figure 2 shows that excellent quantitation was also 
obtained using a Waters 440 dual wavelength detector. 
Ab sorbance at 280 nm was plot ted and integra ted for the 

a 9 

b 

o 5 10 15 
TIME (min) 

Figure 2. Chromatograph of human plasma extract. 
Results were obtained by a Waters model 440 detector. 
Peak identification is the same as for Figure 1. The 
first 8.8 min were monitored at 280 nm and then (after 
the arrow) at 436 nm. 
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first 8.8 min of the run for the determination of retinol 
and tocopherols; then the monitoring wavelength was 
swi tched manua 11 y to 436 nm for c aroteno ids (F igure 2). 
A second pen can record the absorbance at either 280 or 
436 nm to provide additional information. When the 
determination of a-tocopherol is not important. the 
retinol peak can be quantified by absorbance at 313 nm 
(with a 313 nm fiI ter) to increase the specificity and 
sensitivity of the determination. 

Standard curves and variability: For quantitative 
analysis. standard curves were constructed and the 
efficiency of the extraction procedure was examined as 
described previously (13). The extraction efficiencies 
of retinol. a-tocopherol. a-tocopheryl acetate. tocol. 
and carotenes from the plasma sample were between 92 and 
98%. Standard curves were establ ished by adding known 
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Figure 3. Standard curves for retinol (upper left). 
a-tocopherol (lower left). /3-carotene (upper right). and 
a-carotene (lower right). Known amounts of standards 
were added to either bovine serum albumin solution (.) or 
human plasma (0) and the peak area is expressed as a 
ratio to that of the internal standard (a-tocopherol 
acetate) determined by the Waters Model 440 detector. 
Each point represents the mean of duplicate determina
tions. 
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quantities of standards to plasma samples and bovine 
serum albumin so 1 utions (Figure 3). Lineari ty of these 
standard curves was established with correlation 
coefficients of 0.938, 0.995, 0.990, and 0.958 for 
ret ino 1, a-tocophero 1, a-carotene, and ll-carotene, 
respectively. It was estimated on the basis of the peak 
area that the lower limits of determination with both 
detecting systems were 2, 40, and 2 ng for retinol, a
tocopherol, and ll-cartene (and a-carotene), respectively. 

The within-run and day-to-day variations obtained 
with a reference plasma sample were presented in Table 1. 
Reproducible results were observed using either a
tocopheryl acetate or tocol (retention time 5 min) as the 
internal standard. Coefficients of variation of the 
determinations ranged from 1.5 to 8.2% with the highest 
variation seen for carotenes. Careful adjustment of 
integration parameters should further improve the 
quantitation of the broader carotene peaks. 

TABLE 1. Within-run and day-ta-day variationsa 

a-toco- ll-caro- a-caro- Internal 
Retinol phero1 tene tene Standard 

Exp. 1 
Mean 0.476 0.613 0.260 0.083 549 
CV ('Yo) 1.5 3.6 8.0 3.6 2.6 

Exp. 2 
Mean 0.411 1.313 1.102 0.220 336 
CV (%) 7.1 5.4 6.8 6.4 5.7 

Exp. 3 
Mean 0.406 1.248 1.237 0.271 355 
CV (%) 6.2 4.0 8.2 8.1 6.5 

a Experiment 1: within-run variation (n=7) with IIP-1040A 
detector; Experiment 2: within-run variation (n=9) with 
Waters 440 detector; and Experiment 3: day-to-day varia
tion (n=19) with Waters 440 detector. The mean is 
expressed in peak area ratios to the internal standard 
(toco1 in Experiment 1; a-tocophery1 acetate in Experi
ments 2 and 3) which is expressed in peak area units. 
Coefficient of variation (CV = standard deviation/mean) 
is expressed as a percentage. 
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Applications and possible probleas: The advantages of 
the present method are short analysis time and small 
sample size. Furthermore, sensitivity and specificity 
are greater than with previously published methods. The 
method is also suitable for the analysis of serum 
samples. Dy modifying the extraction procedure, this 
method can be readily used for the analyses of vitamins 
and carotenoids in animal tissues and food products. The 
ability of the HP-1040A system to monitor up to 8 
wavelengths simultaneously also allows the identification 
and quanti tat ion of other compounds in tissues and body 
fluids. We found that a S mm Ld. x 10 cm, 5-~m Radial
Pak CIS column gave the best separation. A 5 mm Ld. x 
10 cm, 10-~m CIS co 1 umn, which was used in our gradient 
method (13), also provided a good separation with an 
isocratic solvent mixture of methanol:acetonitrile:
chloroform (75:20:5) at a flow rate of 1 ml/min. The run 
time under these conditions was 13 to 14 min. Minor 
adjustments of the solvent ratio and flow rate should 
adapt this method to similar columns of other 
manufacturers. 

As is the case with many analytical procedures, 
several possible problems may affect the accuracy and 
reproducibility of the present IIPLC method. One is water 
contamination in the elution solvent which increases the 
retention of a- and ~-carotenes in the column. This pro
blem can be overcome by drying the solvent with molecular 
sieve. A second problem is the high lipid content of 
some of the plasma or serum samples. The lipids are 
extracted into the hexane layer and, on occassion, not 
readily dissolved in the elution solvent (methanol:ace
tonitrile:chloroform). The lipid may be trapped onto the 
guard column or the CIS separation column of the HPLC 
system and may affect the separation. A possible solu
tion of this problem involving the hydrolysis of plasma 
lipid by saponification or lipase digestion is currently 
being tested in this laboratory. 

Automation: With an automatic injector and a programm
able multiwavelength detector such as the HP-1040A sys
tem, the system allows unattended operation. In this 
case the spectra are not stored with our current data 
system and only one wavelength can be monitored at a 
time. However up to three wavelengths can be monitored 
with a multi-channel integrator. The Waters Model 440 
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dual wavelength detector is not designed for automation. 
If such operation is desired, it may be possible to use 
both pens (channels) 1 and 2 simultaneously. Pen 1 
monitors the absorbance at 280 nm for the quantification 
of retinol and a-tocopherol with a-tocopheryl acetate or 
tocol and the internal standard. Pen 2 monitors the 
absorbance at 450 nm for carotenoids and the inclusion of 
a second internal standard for this wavelength may be 
necessary. With the Waters Model 730 data module, only 
one pen is integrated and the peaks recorded by the other 
pen can be integrated manually. The new Waters 490 
multi-wavelength detector affords higher sensitivity and 
reproducibility and is suitable for automated analysis. 

Application in Cancer EpideaioloBY: The applicability of 
this method in epidemiology was recently demonstrated in 
a collaborative study on the effects of nutrition on 
esophageal carcinogenesis. During a feasibility study 
of a joint U.S.-China nutritional intervention study on 
esophageal cancer in Linxian, China, plasma samples were 
collected from individuals (ages 40-69) in April 1983 
before supplementation with daily multiple vitamin pills 
("One A Day" brand from Miles Laboratories, Inc.) and 
again in August 1983 after a 16-week supplementation. The 
samples were frozen and shipped to New Jersey for 
analysis. The results were published in detail elsewhere 
(16,17). Some representative data on vitamin A nutrition 
are shown in Fig. 4. In April about 33-37% of the 
individuals had plasma retinol levels of less than 20 
",g/dl, a level considered to be "low or deficient" in 
nutritional surveys. Differences between the general 
population (Groups I and III) and individuals with 
esophageal epithelial dysplasia (Groups II) were not 
observed. After a 16-week supplementation, the plasma 
retinol levels were significantly increased in Groups I 
and II and almost all the individuals had levels above 20 
",g/dl. The individuals in Group III who did not receive 
the vitamin supplement did not show an increased mean 
plasma retinol level (Table 2), even though fewer of them 
(13.3%) were in the "low or deficient" category. A 
summary of the results on retinol, a-tocopherol, a-caro
tene, and ~-carotene is shown in Table 2. Lower nutri
tional status in a-tocopherol was also observed. In 
April, about half of the individuals surveyed had plasma 
a-tocopherol levels of less than 100 "'S/dl, a level 
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Figure 4. Plasma retinol levels of the population in 
Linxian. Blood samples were collected in April (B) and 
August (A). Samples were from the general population, 
Group I (.) who received vitamin supplement and Group III 
(0) who did not, and individuals with esophageal 
dysplasia, Group II (A) who also received the vitamin 
supplement. 

considered to be "deficient or low" in nutritional 
surveys. In August, the percentage was reduced to 24-
29%. Significant increases in the mean plasma a
tocopherol levels, however, were observed in Groups I and 
II (supplemented) but not in Group III (not 
supplemented). The plasma ~-carotene levels were lower 
in April than August in Groups I and II, but not in Group 
III. The observed values of ll-carotene, of course, are 
much lower than the "total carotenes" determined 
spectrophotometrically for this population (14). In 
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TABLE 2. B .. an Pla •• a Fat-Soluble Vit .. in Levels 
Obtained in a Pilot Study in Linxian in 1983a 

GROUP I GROUP II GROUP III 
April August April August April August 

(n=100) (n=90) (n=45) (n=39) (n=50 (n=45) 

Retinol 23.8 44.6* 23.5 40.3* 26.7 27.7 
± 9.5 ±11.4 ±10.5 ±11.4 ±12.8 ± 8.1 

a-tocopherol 700 931* 723 867+ 737 793 
±229 ±208 ±274 ±224 ±219 ±159 

/3-carotene 10.7 15.9* 8.3 13.1+ 11.8 11.1 
± 8.1 ±12.6 ± 6.0 ± 8.1 ± 7.3 ± 6.5 

a-carotene 2.0 3.8* 1.2 4.0* 1.5 2.8+ 
± 2.2 ± 3.2 ± 1.4 ± 5.0 ± 2.1 ± 1.8 

apopulations in the age group of 40 to 69 were studied. 
Groups I and III were normal populations and Group II 
consisted of individuals with esophageal dysplasia. 
Groups I and II but not Group III received a daily 
supplement of retinol, a-tocopherol, and other vitamins 
in a tab 1 et for 16 weeks. Sampl es were taken before 
(April) and after (August) the supplementation. The mean 
± standard deviation (~g/dl) of each nutrients are shown. 

*Significantly different from the corresponding April 
sample (P < 0.001). 

+Significantly different from the corresponding April 
sample (P < 0.05). 

Linxian, corn is an important staple food and xeazanthin 
is a major contributor in the spectrophotometric assay of 
carotenes. It was estimated that in the plasma samples 
from Linxian, /3-carotene accounted for only 10-20% of the 
"tota 1 carotenes" assayed spectrophotometrically. The 
plasma a-carotene levels were low (and higher in August), 
but the significance of this compound, at these levels, 
in vitamin A nutrition or cancer prevention is not known. 
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This study demonstrates the usefulness of the new 
HPLC method in the analysis of fat-soluble vitamins and 
carotenes in cancer epidemiology. These results together 
with the data on other micro-nutrients (16,17) form the 
biochemical background for the presently ongoing 
nutritional intervention study on esophageal cancer in 
Lindan. 
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INTRODUCTION 

The synthetic vitamin A analog 13-cis-retinoic acid 
(13-CRA) has proven a clinically useful drug in the 
treatment of both neoplastic and preneoplastic diseases 
(1-6). Because of this activit3 against established 
benign and malignant lesions, the ease of its oral 
administration and its relatively low incidence of 
significant side effects, the clinical role of 13-CRA has 
been expanded to include its use in cancer chemoprevention 
trials. While the clinical pharmacology of this drug has 
been well described in patients receiving 1-5 mg/kg per 
day (7-10), little data exists concerning the toxicology 
and pharmacokinetics of 13-CRA following the chronic daily 
administration of the lower doses anticipated to be used 
in cancer chemoprevention trials. 

245 
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We and others have reported previously the human 
toxicology and pharmacokinetics of 13-CRA when used in 
high dose (i.e. I-S mg/kg/day) in normal subjects and 
cancer patients (4,7-10). Before initiating large 
chemoprevention trials with this agent, we decided to 
evaluate the toxicity and pharmacokinetics of 13-CRA in 
normal subjects administered daily oral doses of 0.11-0.14 
mg/kg for a period of nine months. This report presents 
the results of our trial in ten normal subjects and 
establishes guidelines for the use of low dose 13-CRA in 
future chemoprevention trials. 

METHODS 

Subjects and Pre-Study Evaluation 

Ten healthy volunteers (S males and 5 females) with 
no history of acute or chronic illness were enrolled in 
this study over a period of 4 months. Subject age ranged 
between 21 and 50 and subject weight ranged between 6S.S 
and 90 kg. Women of childbearing potential were required 
to institute contraceptive protection and the subjects 
were asked to discontinue all vitamin supplements at least 
2 weeks prior to the start of the trial. 

Pre-study evaluations included a complete history and 
physical examination, CBC with differential and platelet 
counts and serum determinations for SGOT, LDH, alkaline 
phosphatase, fasting cholesterol, HDL, triglycerides, 
total protein, and albumin. History and physical 
examinations were performed monthly throughout the trial 
and all laboratory tests were repeated at 3, 6, and 9 
months. 

13-CRA Dosing and Pharmacokinetic Study Design 

All subjects were administered 13-CRA in a dose of 10 
mg daily to be taken at 8 a.m. in the fasting state. 
Since the daily dose of the drug was fixed for all 
subjects, the actual dose of drug on a per kilogram basis 
ranged between 0.11-0.14 mg/kg/day. 

Pharmacokinetic stUdies of 13-CRA and its major 
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metabolite, 4-0XO-13-CRA were performed on the first day 
and at 3, 6, and 9 months of the trial. In addition at 
monthly intervals blood samples were obtained just prior 
to the 8 a.m. dose and 4 hours later. During the 
pharmacokinetic studies, 10 ml blood samples were 
collected in foil-wrapped vacutainers containing 200 units 
of sodium heparin at varying intervals up to 72 hours 
after drug administration. During this time, no further 
doses of 13-CRA were administered. Blood samples were 
stored on ice in the dark prior to centrifugation at 2000 
X g for 10 minutes at 4oC. The plasma layer was then 
removed, placed in polypropyl~ne freezer tubes (Vangard 
International, Inc. Neptune, NJ), and stored in the dark 
at -2SoC until analysis. Patients were allowed to 
resume normal p.o. intake 3 hours after drug 
administration. 

Toxicity Evaluation 

Clinical toxicities related to 13-CRA administration 
were judged to be present when either the subject or the 
examiner noted a change from the pretreatment status. The 
level of toxicity was graded according to a clinical 
toxicity scale developed at our institution during 
previous investigations (Table 1). 

TABLE 1 

Clinical Toxicity Scale for Patients Receiving 13-Cis
Retinoic-Acid 

Level I Toxicity 

Dry skin, mucous membranes, mild, controlled with 
emollients 

Cheilitis, mild, controlled with emollients 
Epistaxis, mild, <2 episodes per week 
Peeling of palms and soles, mild, controlled with 

emollients 
Headache, mild, ~2 per week over pretreatment incidence 
Increased sunburn susceptibility 
Conjunctivitis, mild, controlled with artificial tears 
Menstrual changes, mild 
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TABLE 1 (cont.) 

Level II Toxicity 

Dry skin, mucous membranes, moderate, partially controlled 
with emollients 

Cheilitis, moderate, partially controlled with emollients 
Epistaxis, mild >2 per week, or significant epistaxis 

(>10cc) >1 episode per week 
Peeling of palms and soles, moderate, partially controlled 

with emollients 
Headache, mild >2 per week over pretreatment incidence 
Conjunctivitis, moderate, partially controlled with 

artificial tears 
Alopecia of scalp, mild 
Musculoskeletal symptoms (pain, stiffness), mild 
Chronic fatigue, mild (able to perform normal functions) 
Dysuria (uretheral irritation), ~3 episodes per week 
Skin infections, ~2 episodes per month 
Menstrual changes, hypomenorrhea 

Level III Toxicity 

Dry skin, mucous membranes, severe, poorly controlled with 
emollients 

Cheilitis, severe, poorly controlled with emollients 
Epistaxis with significant blood loss (>lOcc) >3 times per 

week 
Peeling of palms and soles controlled with analgesics, >5 

per week over pretreatment incidence 
Alopecia of scalp (clinically obvious) with moderate hair 

loss 
Musculoskeletal symptoms (pain, stiffness), moderate, 

requiring awnalgesics for relief of symptoms 
Chronic fatigue, moderate, difficulty in performing normal 

functions (working, driving) 
Menstrual changes, amenorrhea 

Adapted from Meyskens, FL, Goodman, GE, Alberts, DS: 
13-Cis-Retinoic Acid: Pharmacology, toxicology, and 
clinical applications for the prevention and treatment of 
human cancer. Critical Reviews in Hematology and 
Oncology, in press, 1985. 
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l3-CRA Assay Procedure 

At the time of analysis, the plasma samples were 
allowed to thaw in the dark at room temperature and l3-CRA 
plasma extraction and high performance liquid 
chromatography were carried out as described previously 
(7,11). The assay for the 4-0XO-13-CRA was carried out by 
a minor modification of the HPLC methodology developed by 
Vane and Bugge (12). The recovery of 13-CRA from plasma 
was linear from 10-1000 ng/ml and averaged 90~ ± 6~ 
(S.D.). The assay had a detection limit of 10 ng/ml 
determined on the basis of a signal equal to twice the 
noise level. The precision of the assay for 13-CRA was 8~. 

Plasma concentration of 13-CRA versus time data were 
obtained from each patient and fitted to a 
multi-exponential equation using a non-linear regression 
computer program (13). Preliminary parameter estimates 
were obtained with the aid of a previously published 
computer method (14). Equations used in analysis are 
identical to those previously published (15). 

RESULTS 

Clinical Toxicity of 13-CRA 

All ten of the normal subjects experienced at least 
level I toxicity during the 9 month trial. The toxicity 
was severe enough in two of the subjects to require 
discontinuation of the l3-CRA. Shown in Table 2 are the 
types and levels of toxicity experienced by the 10 
volunteers. Note that the most commonly experienced 
toxicities were xerosis (70~) and cheilitis (80~). In 
general these two toxicities were well tolerated and at 
least partly controlled by emollients. Headaches were 
another common side effect of l3-CRA, but were only of 
grade III severity in one subject. Perhaps the most 
troublesome problem was musculoskeletal toxicity which was 
severe in two of the volunteers. One of these subjects 
requested discontinuation of l3-CRA after 6 months because 
of musculoskeletal discomfort. The other subject who 
requested early termination of l3-CRA experienced a large 
variety of symptoms, only a few of which could be directly 
related to l3-CRA administration. These complaints 
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included nausea, metallic dysgeusia, increased appetite, 
decreased alcohol tolerance, mouth sores, swelling and 
bleeding of the gums, and increased irritability as well 
as several of the more common adverse reactions. 

All five female subjects noted changes in their 
menstrual cycle. Four of the subjects reported 
hypomenorrhea. Two reported mid-cycle spotting. The 
fifth subject noted more frequent, longer and heavier 
menses, as well as post-coital bleeding. 

There were no significant routine laboratory 
abnormalities observed during the 9 month study. One 
subject did have a minor elevation of serum triglycerides 
to 319 mg/dl (normal 50-200 mg/dl) on one occasion. 

All of the toxicities related to 13-CRA 
administration resolved quickly and completely following 
termination of drug dosing. The onset of xerosis, 
cheilitis, eye discomfort, sensitivity to sunlight and 
menstrual changes were experienced during the first weeks 
of treatment. The more serious complaints of headaches 
and musculoskeletal pain or discomfort had a later onset 
during the trial. 

TABLE 2 

LOW DOSE 13-CRA IN NORMAL SUBJECTS 

TOXICITY LEVEL* 
I II III 

TOXICITY (MILD) (MODERATE) (SEVERE) 
TYPE % ,. ,. 

Xerosis 50 20 0 
Cheilitis 40 30 10 
Headaches 50 10 10 
Menstrual 0 100 0 
Musculoskeletal 10 0 20+ 
Sensitivity to Sunlight 20 0 0 
Eye Discomfort 40 0 0 
Epistaxis 20 0 0 
Palmar Plantar Peeling 20 0 0 
*Refer to Table 1 for Toxicity Levels 
+Discontinued 13 CRA 
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Pharmacokinetics of Low Dose 13-CRA 

The median interval to the achievement of peak plasma 
concentrations of 13-CRA and 4-0XO-13-CRA was 2 hours 
(range 1-4+ hours) and 7+ hours (range 1-25 hours), 
respectively. Shown in Table 3 are the plasma peak and 
trough concentrations of 13-CRA as determined at 1, 90, 
180 and 270 days of administration. Note that the peak 
plasma concentrations of 13-CRA averaged greater than 90 
ng/ml. Plasma trough concentrations of 13-CRA were 
observed in more than 80% of samples and averaged greater 
than 25 ng/ml. 

Peak plasma concentrations of 4-0XO-13-CRA averaged 
greater than 100 ng/ml. Trough plasma concentrations of 
this metabolite were observed in more than 60% of blood 
samples and proved quite variable. There was no evidence 
of a rising peak or trough plasma concentration of either 
13-CRA or 4-0XO-13-CRA during the 270 day trial. 

The composite plasma initial phase half-life 
(t~1/2) of 13-CRA in the 10 subjects calculated over 
the 270 day trial duration was 1. 6 ± 1.1 hours. The 
plasma terminal phase half-life (t Bl/2) was 28 ± 24 
hours. There was a significant trend for an increasing 
plasma terminal phase half-life, an increasing plasma 
concentration . time product and a decreasing total body 
elimination rate for both 13-CRA and its 4-0XO metabolite 
between the first and last trial days. The plasma 
concentration . time products increased significantly (p 
.018, comparing CxTs at 1 and 90 days versus 180 and 270 
days) and progressively from day 1 to day 270 in 80% of 
the normal subjects. 

A careful evaluation was performed to relate plasma 
peak, trough and CxT concentrations of 13 CRA and 
4-0XO-13-CRA to the documented clinical toxicities. There 
was no obvious evidence of a relationship between any of 
these pharmacokinetic parameters and side effects of 
13-eRA administration. 
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TABLE 3 

PLASMA PEAK AND TROUGH CONCENTRATIONS OF LOW DOSE 13 CRA 
IN NORMAL SUBJECTS 

DAY NO. 
ON-STUDY SUBJECTS 

1 10 
90 8 

180 9 
270 7' 

MEAN PEAK 
CONCENTRATION 

(NG/ML) 

64 
99 
96 
92 

MEAN TROUGH* 
CONCENTRATION 

(NG/ML) 

12 
24 
29+ 
29 

*Trough Values Measured at 24 Hours After Last Dose 
+Two Subjects Had No Measurable 13 CRA in Plasma on Day 

180 of Tdal 

DISCUSSION 

There are plans to incorporate low daily doses of 
l3-CRA into several chemoprevention trials in the United 
States. Although a large pool of toxicity data exist for 
the use of high dose 13-CRA (i.e. doses of 1-5 mg/kg/day) 
in patients with cancer and dermatological disorders 
(3-5), little data has been published concerning the 
toxicities of this vitamin A analog when used in 
significantly lower doses for longer periods of time. The 
subjects in this trial experienced a relatively high 
incidence of moderate (40%) or severe (30%) toxicities 
following administration of a daily dose of 10 mg. 
Unfortunately, the trial design was dictated by the 
availability of only 10 mg tablets of l3-CRA. Thus, daily 
administration required a dose of at least .11-.14 mg/kg. 
The more recent availability of 5 mg size tablets will 
allow a halving of the daily dose used in this trial. 
Although we could expect a lower incidence of significant 
toxicities related to a 13-CRA dose of .055-·.07 mg/kg/day, 
further clinical pharmacology trials in normal subjects 
will be required to determine the tolerance of these lower 
doses. Nevertheless, on the basis of the present trial 
results, we cannot recommend chronic daily dosing with the 
10 mg tablets in the relatively normal subjects entered 
into chemoprevention trials. 
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It is of conside~able inte~est that the ~elatively 
low .11-.14 mg/kg dose of 13-CRA was associated with 
detectable concent~ations of the pa~ent compound and its 
majo~ metabolite (i.e., 4-0XO-13-CRA) in blood samples 
obtained 24 hou~s afte~ the last d~ug dose. Thus, 13-CRA 
dosing compliance can be monito~ed using HPLC assay 
methodology. On the basis of the mean plasma t~ough 
concentrations of 13-CRA (i.e. approximately 25 ng/ml at 
24 hours after the last dose) it is not likely that the 
parent compound will be detectable in the majority of 
subjects ente~ed into chemoprevention trials at lower 
doses. However, the plasma trough concentrations of the 
4-0XO-13-CRA metabolites could prove useful for monitoring 
dosing compliance of 13-CRA in future chemoprevention 
trials which use even lower doses of the drug. 

It is unfortunate that the clinical toxicities 
associated with 13-CRA administration could not be 
predicted by plasma concentrations of either the parent 
compound or its major metabolite. Thus, future 
chemoprevention trials with this agent cannot rely on 
plasma monitoring of the parent compound or metabolite in 
order to anticipate serious toxicities. 
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CHANGING THE PUBLIC'S HEALTH BEHAVIORS BY 

DIET AND CHEMOPREVENTIVE INTERVENTIONS 

Curtis Mettlin Ph.D. 

Roswell Park Memorial Institute 

Buffalo, New York 14263 

INTRODUCTION 

In the last decade, cancer prevention has 
witnessed a great increase in the importance 
attached to diet and related chemopreventive 
interventions. There are several apparent 
stimuli for this. Firstly, the positive health 
value of nutrition in general and of some speci
fic nutrients may be an outgrowth of developments 
in basic laboratory studies of carcinogenesis. 
As the number of substances examined in labora
tory models grew, it was perhaps inevitable that 
some test substances would prove to have inhibi
tory, rather than carcinogenic, effects. Indeed, 
the application of basic carcinogenesis research 
methodology has proved as capable of identifying 
inhibitors as carcinogens. 

A second underlying force stimulating 
interest in diet and cancer prevention has been 
the work of epidemiologists who, in multiple 
investigations have demonstrated that it is pos
sible to assess, even if only in a crude fashion, 
exposures to dietary phenomenon which may be 
associated with cancer risk. Thirdly, clinicians 
treating cancer patients have shown that nutri
tional variables may affect significantly the 
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course of treatment and recovery and this work 
indirectly may have supported the work of others 
in the field of disease etiology and cancer pre
vention. 

As these multiple threads of research begin 
to form a fabric of understanding of the role of 
diet and nutrition in cancer causation, the time 
is approaching when another group, the public 
health practitioner, takes interest in the sub
ject. Herein, we examine some of the concepts 
and principles involved in the translation of 
basic knowledge of cause and prevention into 
interventions which may be effective in reducing 
risk to the population and rates of disease 
occurrence and mortality. 

This topic is deserving of scrutiny in its 
own right because past experience has shown that 
a considerable gap may occur between the discov
ery of the scientific leads to cancer prevention, 
the confirmation of these leads to sufficient 
satisfaction of reasonable observers, and the 
application of the knowledge in a manner that 
actually leads to risk reduction. Nearly twenty 
years passed between the early identification of 
the risk of cigarette smoking and the documenta
tion of an official scientific consensus. Even 
three decades after the early epidemiologic dis
coveries, one third of the US population con
tinues to smoke. Similarly, the basic discovery 
essential to the pap smear occurred nearly four 
decades before the truly wide scale implementation 
of this early detection tool was achieved. Any 
expectation that present-day novel research 
results regarding the modulation of cancer by 
micronutrients, vitamins, or even macro 
nutrients, will ipso facto prevent cancer, is not 
realistic given the track record of implementa
tion of chronic disease prevention measures. 

REQUIREMENTS FOR PUBLIC HEALTH INTERVENTIONS 

are 
The conditions for 
relatively well 

successful intervention 
understood and have been 
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discussed elsewhere at some length (1). The 
essential requirements for successful interven
tion are believed to include: 1) the presence of 
a significant health risk, 2) credible and com
pelling scientific evidence of the factors that 
lead to that risk, 3) a behavior change in res
ponse to the risk that is compatible with the 
attitudinal and behavioral complexion of the 
individual, and 4) a social and cultural environ
ment that is supportive of t~e desired behavior 
change. Each of these elements may independently 
retard or accelerate the pace of change toward a 
desired public health response. 

The perception of serious health risk with 
respect to nutrient intervention and cancer is 
perhaps the easiest condition to satisfy. Con
ventional public wisdom is that cancer is among 
the most serious health risks that one can face 
and this has been documented in well conducted 
public surveys (2). The reports of the National 
Cancer Institute SEER program annually reinforce 
thi s per·cept ion, documenting as they do the fact 
that cancer continues to be the second leading 
cause of death in the nation. 

The establishment of the second condition, 
convincing scientific evidence, is proving more 
difficult. The need strong evidence has been 
expressed well by Ahrens (3) who points out that 
the current state of our diet is presumed to be 
the result of a sum of forces that represent 
progress and that proponents of change must bear 
the burden of proof. While our knowledge of the 
cancer-related roles of vitamins and other nut
rients has expanded immensely in recent years, 
the nature of the research tools that have been 
applied thus far reasonably invite public and 
professional skepticism. 

Laboratory and animal models inevitably 
suffer from the fact that an inferential leap of 
uncertain validity must be made to apply those 
results to human health. International correla
tions of dietary practices and disease risk are 
potentially fallacious because they fail to take 
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into account the numerous other differences in 
populations that may contribute to differences in 
disease risk. 

Some have argued, correctly, that epidemio
logic studies of the diets of persons with can
cer, compared to those without, are superior for 
testing hypotheses about diet and cancer risk. 
However, where populations are generally exposed 
to risk enhancing factors, insufficient contrast 
between cases and controls may be present to 
assess risk. Thus, while numerous case control 
studies have shown effects for vitamin A and 
cancer risk, the fact that the U.S. population 
generally ingests a high fat diet makes this 
study design of limited value for this aspect of 
diet. 

To establish convincingly the association of 
a dietary factor to cancer risk it appears neces
sary that the hypotheses which appear most impor
tant and promising be tested by the most rigorous 
and convincing means. At present, the most con
vincing research tool we have is the randomized, 
controlled clinical trial and several such trials 
of nutritional factors and cancer are underway or 
are being planned. A good example of this is the 
so-called Physicians' Health Study which is 
investigating the prophylactic potential of beta
carotene among over 20,000 U.S. physicians. 
Other important examples of such trials are 
those studying retinoids and skin cancer, and 
antioxidants and colorectal polyps. 

Particularly when applied to study of the 
diet, as opposed to chemopreventive supplementa
tion, such trials have major inherent difficul
ties that are not experienced when one studies 
the efficacy of a medication or treatment. These 
problems include: 

1. achieving compliance 
intervention, 

to the dietary 

2. the infeasibility of providing placebos 
to control subjects, 
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3. the inspecificity of the intervention 
(eg. one dietary change brings about 
many other changes, thusly confounding 
interpretation of results), 

4. the control group can not be isolated 
from general dietary trends affecting 
the population, 

5. the effects of dietary intervention 
may not be evident until long after 
the intervention, and 

6. the trial participants may be an 
unrepresentative subset of the popula
tion. 

In spite of these difficulties, dietary 
intervention trials have been conducted suc
cessfully. The experience of researchers of 
heart disease risk offers some guidance in this 
regard. However, the several cholesterol low
ering trials differ significantly from cancer 
prevention trials in that the intervention typi
cally is not on some serum measure that may be 
manipulated by a variety of dietary interventions 
or by pharmacologic means, but rather, on a 
particular dietary exposure which may be affected 
only by affecting that exposure. Thus, the cho
lesterol lowering strategy of altering multiple 
aspects of the diet to achieve a desired bio
chemical change will not be suitable for cancer 
prevention trials because the multiplicity of 
changes may confound the identification of the 
responsible factor, should an effect be observed. 

The third requirement for life-style change 
to promote public health is that the behavior 
change desired be compatible with the attitudinal 
and behavioral make-up of the individual. This 
concept of cultural compatibility is derived from 
anthropological and communications research on 
the diffusion of innovations in a population. 
This work shows that the most compatible changes 
tend to be those that require change in the least 
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number of aspects of the individual. This con
cept would suggest that change in diet may be 
most successful when the focus is narrowed. 
Attention to individual nutrients may yield more 
evident benefit than will general prescriptions 
for dietary change such as are incorporated in 
the concept of the "prudent diet." 

Finally, behavior is, in large part, a social 
product and behavior change may be expected also 
to be largely a social product. Dietary habits 
are influenced during childhood socialization, 
modified by the forces of economics and food 
marketing and, supported and altered by the 
influences of family and other companions. Risk 
factor intervention studies previously have shown 
that involvement of a spouse in the process of 
change may be an important determinant of com
pliance to the intervention and the ability to 
maintain long-term adherence to a clinical trial 
protocol (4,5). 

FEASIBILITY OF ALTERNATIVE APPROACHES 

Considering the factors that effect the 
capability to affect changes in lifestyle to pro
mote public health, we may differentiate types of 
dietary interventions with respect to their pros
pects as public health tools. Dietary changes 
and interventions by means of micronutrients or 
comparable synthetic inhibitors such as beta
carotene or retinoids, as opposed to macro nut
rients such as fat or fiber, generally have not 
been differentiated with respect to their poten
tials for implementation. Yet, given their 
different natures, it is reasonable to expect 
that that different nutritional interventions 
will have distinct advantages and disadvantages. 

The tables below list advantages of inter
ventions through chemopreventive means as opposed 
to dietary changes. By chemopreventive we refer 
to those interventions which may be accomplished 
by supplementation of foods or potables with 
inhibitors of carcinogenesis or by individual 
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prescription of substances to individuals at 
specific levels of cancer risk. Dietary change 
on, the other hand, refers to modification of 
general practices of food purchase, preparation, 
and consumption. 

Table 1 
Advantages of Chemopreventive 

Interventions 

1. Compatibility of intervention 

2. Specificity of effects 

3. Celerity of impact 

Table 2 
Advantages of Dietary Intervention 

1. Self-sustaining 

2. Multiplicity of effects 

3. Diffusiveness of impact 

The potential advantages of chemopreventive 
interventions include the possibilities that they 
be accomplished with little active response on 
the part of the target population in much the 
same manner as ordinary foodstuffs are supple
mented with vitamins or water is fluoridated. 
Assuming that our understanding achieves such a 
level, specific agents may be prescribed to 
specific populations at risk of given cancers, 
ego a lung protective agent for heavy smokers, a 
breast protective agent for women at high risk of 
breast cancer etc. Finally given the specificity 
with which they agents may be applied and their 
potential potency, effects may be achieved more 
quickly than would be possible with interventions 
that require more generalized social and behav
ioral change. 
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Dietary interventions, in contrast, have the 
potential advantages of being sustained by social 
habit once achieved, of yielding multiple effects 
such as the prevention of cancer as well as 
coronary heart disease, and of generally 
affecting the population rather than specific 
target groups. A major drawback of dietary in
terventions intended for an entire population may 
be the length of time that will be required to 
achieve them. 

Figure 1 illustrates the increasing, calorie 
standardized, levels of fat consumption reflected 
by u.s. food expenditure data between 1915 and 
1983 (6). These five-year moving averages show a 
25% increase with the recent data suggesting a 
leveling of the trend. One projected line indi
cates the time that would be required to achieve 
a 25% reduction in fat consumption if we were to 
sustain a rate of decrease comparable to the rate 
of increase previously observed. The steeper 
line reflects the rate of change that must be 
sustained if we are to reduce fat intake by 25% 
by the end of the century. The latter is probably 
a pace of change that is not possible to achieve 
in light of present-day food habits and food 
marketing practices. 
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Fig. 1 Past and Projected Fat Consumption Trends 
(US expenditures, calorie-adj, 5-yr moving avg) 
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This illustration may suggest, however, that 
any clinical trials which attempt significant 
reductions in fat consumption may be protected, 
in the short term, from secular trends in the 
population. It may be reasonable to expect that 
a group of control subjects would change their 
fat consumption relatively little over the next 
decade if not intervened upon. 

SUMMARY 

The concept of cancer prevention by means of 
nutritional or chemopreventive manipulation 
offers interesting potential as a means of public 
health control of cancer. The gaps in our know
ledge remain great and it is important that, 
whenever possible, the scientific community move 
beyond laboratory and observational studies to 
research designs which offer the greatest rigor 
and which will have the greatest impact on public 
perception. Controlled clinical trials are per
haps the most powerful tool we have to study 
potential public health interventions. This 
approach, however, has many limitations when 
applied to human populations. 

It also is important to consider the 
behavioral determinants of acceptance of dietary 
and chemopreventive interventions. Little 
research on this subject currently is available 
but relevant models may be derived from previous 
research on the diffusion of innovations and on 
the acceptance of dietary interventions for other 
chronic diseases. 

Finally, little consideration has been 
given to the differing potentials of different 
types of dietary and nutritional interventions. 
Selection of research and intervention approaches 
may affect significantly the future level of 
effort and time-frames required for meaningful 
progress. 
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INTRODUCTION 

Clinical trials are widely used and accepted as the best 
method to evaluate the effect of therapy or prophylactic 
interventions. The design of cancer prevention trials 
are based on the same principles as cancer therapy trials 
(Peto, et a1, 1976). However, there are a number of 
important differences in the methodology, 1 ogi sti cs and 
costs of prevention trials as contrasted to therapy 
trials. A clear recognition and careful consideration of 
such differences provide a better study design resulting 
in improved eva1 uati on of cancer prophy1 acti c 
i nterventi ons. 

The Chemoprevention of Skin Cancer by Retinoids Trial 
will be used for illustration. The trial is currently 
being carried out by investigators at the Arizona Cancer 
Center in collaboration with community dermatologists. 
Persons eligible for enrollment in the study have a 
hi story of ten or more acti ni c keratoses as di agnosed by 
one of the dermatologists in the Tucson, Arizona area. 
Participants in the trial are randomly assigned to either 
retinol (25,000 IU/day) or placebo in a double blinded 
design. The objectives of the trial include the 
comparison of newly diagnosed skin cancer. 

CLINICAL TRIALS 

Items for consideration during the design of a clinical 
trial are numerous (Table 1). The design of a clinical 
trial substantially impacts its conduct, analysis and 
scientific impact. Principles common to all clinical 
trials include a design that is efficient and provides 
integrity to the results (Staquet, 1984). Ethical 
considerations also apply to all clinical trials but have 
an increased emphasi s because the i nterventi on is 
commonly app1 ied to currently healthy peop1 e. Methods, 
logistics and costs are of major importance in the design 
of all clinical trials. However, methods and logistics 
are more complex and costs are greater in prophylactic 
trials and thus deserve added consideration (Magnus and 
Miller, 1980). 
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Evaluation of Interventions 

Evaluation of a prophylactic intervention follows the 
same general developmental steps as commonly used for the 
evaluation of a new therapy. 
These steps include preclinical evaluation and a 
hierarchy of clinical trials cOlllllonly called Phase I-IV. 
Sequential evaluation of an intervention through the 
preclinical and clinical phases provides increasing 
information as to biologic efficacy of the intervention, 
safety and applicability to a population at risk of 
cancer. The preclinical evaluation can be used to screen 
different dietary interventions in a panel of animal 
models using different animals species, and different 
carcinogens acting at different tumor sites. Different 
intervention schedules and doses should also be 
evaluated. The primary objective of a Phase I clinical 
trial is the definition of a safe range of doses and 
schedules that are applicable to a human population. 
Generally, only acute toxicities would be identified 
during a Phase I trial. The primary objective of a Phase 
II clinical trial is to evaluate the effectiveness of an 
intervention dose and schedule identified during the 
Phase I trial. It is hoped that ineffective or toxic 
interventions will be identified during a Phase II trial 
and that additional clinical evaluation will not be 
carried out using that same intervention dose and 
schedul e. 

A Phase II trial of a dietary intervention can evaluate 
the feasibility of identifying, recruiting and following 
study participants. Recruitment and follow-up procedures 
include the motivation and evaluation of subject 
compliance. There appears to be methodologic limitations 
in the use of Phase II clinical trials for evaluating 
dietary interventions. 

The number of subjects enrolled in a Phase II trial of a 
dietary intervention need be substantially greater than 
for the evaluation of a cancer therapy. This is a result 
of the low annual i nci dence of cancer and the necessity 
to evaluate not only accute life threatening toxicities 
but also toxicities that would reduce participant 
compliance to the intervention. The annual incidence of 
even the most common type of cancer is very low. 
Subjects with 10 or more prior actinic keratoses have an 
estimated annual incidence of basal or squamous skin 
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cancers of approxi mate ly 3.5 %. However, women wi th a 
high risk of breast cancer due to family history of 
breast cancer and men with an extensive 40+ pack-year 
history of cigarette smoking have approximately a a per 
year annual incidence of the respective cancers of the 
breast and lung. The incidence of other cancers is 
substantially lower. The perception of the study 
participant versus the perception of the trial 
coordinators may differ in their interpretation of 
severi ty and acceptabi 1 i ty of non-l ife threateni ng 
toxicity associated with the intervention. For example, 
study participants may tolerate some degree of skin 
toxicity associated with some synthetic retinoids. A 
Phase II trial can estimate the compliance and the 
associated toxicity using the selected dose and 
schedule. The sample size of a Phase II trial of a 
dietary intervention must be in direct proportion to the 
incidence of cancer and the incidence of toxicity to be 
evaluated. A working procedure is to evauate 
approximately the same number of study participants as 
the reciprocal of the incidence of toxicity. For 
example, 500 study participants need to be evaluated in 
order to have sl i ghtly better than a 50-50 chance of 
identifying a toxicity with an incidence of 1 in 500. 
However, even this large number of study participants 
woul d be inadequate to expect to observe one or more 
cases of a toxicity with an incidence of 1 in 1,000. In 
addition, the low frequency of cancer incidence and the 
heterogenous distribution of persons at high risk to 
cancer in a population severely limits the traditional 
Phase II trial's ability to evaluate efficacy of a cancer 
prophylactic intervention. 

The importance of a careful hierarchical evaluation of a 
dietary intervention must be maintained. Information 
obtained from epidemiological studies has been of value 
in the choice of retinoids and carotenoids for several 
ongoing chemoprevention trials. However, epidemiological 
studies will have more limited value as synthetic analogs 
of nutrients are developed and evaluated. Results of 
animal studies with tumors induced by carcinogens permit 
laboratory evaluation of doses and schedules of dietary 
interventions. However, substantially more research is 
required in order to correctly identify which animal 
species, which carci nogenic initi ators and promoters and 
which animal tumor sites are best predictive for the 
evaluation of cancer prevention agents in humans. 
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Thus, a Phase II trial of a dietary intervention for the 
prevention of cancer has as its achievable objectives the 
estimation of study feasibility and intervention safety. 
The ability to estimate intervention efficacy appears to 
have to be deferred to the Phase III comparative trial, 
thus requiring substantially large numbers of 
participants. Such a deferral of the evalution of 
efficacy implies that dietary interventions will be 
determined feasible but later found to lack efficacy 
during the Phase III trial. This will result in 
increased costs not only due to the larger number of 
participants required during the evaluation of a dietary 
intervention, but also because interventions will be 
passed on to a Phase III trial that may lack efficacy. 
This emphasizes the importance of reducing the cost 
associ ated wi th Phase I II tri a 1 s of cancer preventi on 
interventions. 

Sample Size and Compliance: 

Calculation of sample size of a clinical trial is related 
to the phase of the clinical evaluation, underlying 
i nci dence of cancer and toxicity in the study popul ati on 
and the stati stical uncertainty. For a Phase II I or IV 
trial, the reduction of incidence of cancer due to the 
active intervention must also be specified. The 
resulting sample size often is larger for prevention 
trials as contrasted to therapy trials. 

Investi gators p1 anni ng a di etary i nterventi on study must 
keep in mind that the calculated sample size is the 
minimum number of subjects needed and assumes that 
participants are 100% compliant to the prescribed 
intervention. The actual sample size required for a 
dietary intervention study must be greater than the 
calculated sample size. The impact of low compliance has 
an inverse relationship on sample size. Thus, 
participant compliance must be considered in the design 
of a di etary i nterventi on trial. The understandi ng of 
medication compliance and methods to motivate high 
compliance has greatly expanded during the past few years 
(Haynes, et al, 1980). 

All subjects randomly allocated during a Phase III or IV 
trial to active or control intervention must be included 
in the comparison to assure the basis for statistical 
inferences. The use of a placebo run-in period during 
which all participants enrolled on study are assigned to 
placebo permits an evaluation of compliance prior to 
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random allocation. This permits the identification of 
subjects unable or unwilling to comply with a prescribed 
intervention schedule and thus their elimination prior to 
the random assignment procedure. If the dietary 
intervention can be formulated as a capsule, then the 
participant need not be aware (blinded) of the pl acebo 
run-in procedure. Even if blinding is not possible, the 
use of such a placebo run-in period may be of value. For 
example, in our ongoing Skin Cancer Prevention Trial 
amongst persons with 10 or more actinic keratoses, a five 
month placebo run-in period is utilized. PreliminarY 
data based upon the first 226 persons entered on trial 
indicates that persons wi shi ng to drop out of the study 
do so during the first two months after enrollment. 

A number of methods have been suggested for the 
evaluation of participant compliance to the prescribed 
i nterventi on. Methods currently bei ng used in our 
ongoing Skin Cancer Prevention Trial include both 
subjective as well as objective measures of comp1 iance. 
Subjective methods include the participants self 
reporting of their level of compliance, use of a pill 
calendar in which the participant is asked to fill out 
the time each day they take their capsule or to indicate 
they di d not take thei r capsu1 e, and the (pi 11 count) 
number of capsul es returned at each foll ow-up visit to 
the Skin Cancer Prevention Clinic. Data based upon the 
first 80 subjects completing the· five month run-in period 
indicates that all subjects reported that they had missed 
no more than 20% of thei r capsu1 es. Based upon pi 11 
count, 95% of the participants had taken at least 80% of 
thei r capsu1 es. 

The use of a pharmacologic assessment of blood or urine 
levels of the dietary intervention, its metabolite or a 
marker compound would provide information that could be 
used to objectively evaluate and, if needed, improve 
participant compliance. A pilot study evaluating 
feasibility for use of riboflavin to objectively monitor 
medi cati on comp1 i ance was carri ed out in 33 consecuti ve 
particpants enrolled on the ongoing Skin Cancer 
Prevention Trial. The protocol for this pilot study 
included the addition of 10 milligrams of riboflavin per 
day to the participants' capsules. Similar packaging and 
labeling was used for all capsules. Following the same 
enrollment procedures participants on this pilot study 
were sent requests through the U. S. Mail during each of 
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their first four months on-study. The mail procedure 
requested each pilot study participant to obtain a urine 
specimen, place it in the mailable container provided and 
send it back to the Skin Cancer Prevention Clinic using a 
self addressed, stamped envelope. Participants were 
infonned that urine specimens were required to monitor 
safety. The mail requests were sent to each pilot study 
participant during a randomly selected Friday each 
month. Upon recei vi ng the returned uri ne specimens at 
the Skin Cancer Prevention Clinic, they were stored under 
refrigeration and analyzed for riboflavin content using a 
highly sensitive and specific HPLC assay. 

Results of the riboflavin ancillary study were based upon 
27 participants who returned a urine specimen for at 
least one of the four requests. Six study subjects were 
not evaluable. Four subjects were not included in this 
evaluation, as they terminated their study participation 
during the first month on trial, and two subjects 
reported supplementing their dietary intake with B 
Vitamins. Of the 27 evaluable subjects, Table 2 
illustrates that 24 returned a urine specimen following 
the fi rst mai 1 request. Simi 1 arly, 25 subjects returned 
a urine specimen following the second, third and fourth 
mail request. Assay of urine specimens indicated that 
lOO~ of subjects returning urine specimens had 
substantial increases in urinary riboflavin content over 
their on study (pre-dosing) urinary level s. Ninety-two 
percent (23/25) of the subjects returning a urine 
specimen following the fourth mail request indicated high 
levels of riboflavin in their urine. The preliminary 
analysis and results of this pilot study suggests that 
use of riboflavin as a marker for patient compliance is 
feasible. It is . interesting to note that the objective 
ri bofl avi n assay results were consi stent wi th the 
subjective reports provided by the participants in the 
fonn of self reporting compliance as well as returning 
unused capsules. 

Limitations in the use of riboflavin or analysis of blood 
or urine levels for the intervention or its metabolite 
are important to point out. Both riboflavin and several 
of the retinoids have a plasma disappearance half-life of 
a few hours. Thi s suggests that the abi 1 i ty to rnani tor 
compliance to the prescribed intervention is limited to a 
valuation of whether or not the participant took a 
capsule during the previous day. Use of riboflavin to 
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evaluate compliance prior to the previous day is not 
currently evaluable with any reliability. 

Table 3 shows the impact of non-comp1iance on the 
statistical power and thus ability of the trial to 
correctly identify a significant reduction in cancer 
incidence for an efficacious intervention. Assuming that 
the background incidence of cancer is 3% per year and the 
intervention is anticipated to have a 1.5% per year 
incidence (50% reduction in incidence) then Table 3 
illustrates three different hypothetical 1 evel s of 
compliance. Lack of compliance is assumed in this 
illustration to mean that the participant stops all 
consumption of the intervention but continues under 
follow-up with ascertainment of endpoints (diagnosis of 
cancer). When study subjects have a 100% compliance and 
the trial was designed to have a power of 0.80, then the 
observed statistical power assuming complete follow-up of 
participants would also be 0.80. A compliance of 50% 
meaning that half of the persons regularly allocated to 
the active intervention would in fact not be compliant 
with the intervention, thus having the same cancer 
incidence as placebo controls would have an observed 
annual cancer incidence of 2.3%. In addition, 
participants with a 50% compliance would have a reduction 
in their statistical power to 0.29. Similarly, if all 
subjects allocated to the active intervention in fact did 
not take the intervention (resulting in 0% compliance) 
then both subjects assigned to the active as well as 
subjects assi gned to the p1 acebo i nterventi on wou1 d have 
the same 3% per year cancer incidence rate and a 
resulting statistical power would be 0.0. 

Delayed Effect of Intervention 

A dietary intervention trial should not be terminated too 
early. The duration of an intervention trial should be 
carefully planned to include considerations of the total 
number of participants but also the desired number of 
events. The number and rate of cancers diagnosed during 
the first few months of a trial should be carefully 
monitored not only for the ongoing evaluation of 
i nterventi on effi cacy, but a1 so for the determi nati on of 
a possible delayed effect of the intervention. The 
occurence of cancers during the fi rst few months of the 
trial may not reflect an effective intervention but may 
only reflect participants who had developed cancer but 
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were not diagnosed at the time they were enrolled on 
study. In addition, a dietary intervention may not have 
prophylactic effects if a patient is far along the 
carcinogenesis process. Such subjects may not have a 
diagnosis of cancer and appear to be eligible for 
inclusion in the trial but may unknowingly be too far 
advanced along the carei nogenesi s process for the 
intervention to have any efficacy. Such subjects would 
be observed to have a diagnosis of cancer within the 
fi rst few months after thei r enrollment on study. They 
may have a similar incidence of cancer as the control 
subjects during their first few months on study. The 
impact of such a delayed effect on the evaluation of the 
intervention is shown in Table 4. Assuming that the 
study has been designed to continue for five years at the 
end of which there would be an 80% statistical power 
associated with a reduction from 3% per year in the 
control group to a cancer i nci dence of 1. 5% per year in 
the intervention group. The anticipated reduction in 
cancer i nci dence in the acti ve i nterventi on group 
implicitly assumes that the intervention would be equally 
effective on all study participants. Table 4 illustrates 
that the statistical power would be reduced to an 
observed value of 0.71 if all participants have the same 
3% per year cancer incidence during their first year of 
follow-up on study. Similarly, if the period of delayed 
effect of the active intervention were to persist during 
the initial two years, then the statistical power would 
be reduced to 0.57. This results in slightly better than 
a 50-50 chance of correctly identifying an active 
itervention that requires two years of administration 
before cancer incidence rates are reduced. 

SUMMARY 

There are similarities but many differences between the 
desi gn of di etary cancer prophyl acti c and therapy 
trials. All clinical trials are based upon the same 
principles but have different degrees of similarity and 
difference with regard to methods and logistics of their 
conduct. Dietary intervention trials have similar 
methods but requi re speci al consi derati on for the impact 
of intervention compliance and the duration of time 
before the intervention shows an effect. Such issues can 
have substantial impact upon sample size and the ability 
to draw accurate conclusions from the trial. These and 
other factors result in substantially higher costs for 
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the clinical evaluation of a dietary intervention. An 
important consideration is the identification and careful 
evaluation of less expensive study designs that 
adequately evaluate the efficacy and resulting 
acceptabi 1 i ty of a di etary i nterventi on by the Ameri can 
population. 
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TABLE 1 

DESIGN OF INTERVENTION TRIALS 

Principles 

Efficient Study Design 
Integrity of Study 

Ethics 

Methods and Logistics 

Costs 

Selection of Interventions and Subjects 
Assignment of Interventions 
Follow-up 
Compliance 
Sample Size 
Trial Duration 
Evaluation of Endpoint 
Stopping Rule 
Analysis 
Interpretation 
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TABLE 2 

COMPLIANCE EVALUATION USING RIBOFLAVIN 

SUBJECTS 

RETURNING 
SPECIMENS 

COMPLIANCE 

SPECIMENS REQUESTED 

1 st 2nd 3rd 4th 

24 25 25 25 

100% 100% 100% 92% 
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TABLE 3 

IMPACT OF NON-COMPLIANCE ON STATISTICAL POWER 

COMPLIANCE ANNUAL INCIDENCE 

100% 

50% 

0% 

Anticipated Observed 

1. 5% 

1. 5% 

1. 5% 

1.5 

2.3% 

3.0% 

STATISTICAL POWER 
Anticipated Observed 

.80 

.80 

.80 

.80 

.29 

o 
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TABLE 4 

STUDY 
DURATION 
(YEARS) 

5 

5 

IMPACT OF DELAYED EFFECT OF 
INTERVENTION ON STATISTICAL POWER 

PERIOD OF 

MoonetaJ. 

DELAYED EFFECT STATISTICAL POWER 
(YEARS) ANTICIPATED OBSERVED 

2 

.80 

.80 

.71 

.57 
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ABSTRACT 

Careful planning of clinical trials is essential to 
achieve valid results. If the trial is randomized and well 
designed with respect to timing, choice of study population, 
completeness of follow-up, high levels of compliance, mag
nitude of the likely risk reduction, and the accumulation 
of sufficient endpoints, it can provide reliable evidence 
on the effects of a particular intervention. The Physi
cians' Health Study, a randomized trial among 21,989 U.S. 
male physicians, aged 40 to 84 years, is evaluating beta
carotene supplementation in the prevention of cancer and 
aspirin consumption in the reduction of cardiovascular 
mortality, using a 2x2 factorial design. The choice of 
physicians as the study population and the implementation 
of a pre-randomization run-in period have resulted in 90.2% 
compliance with the assigned treatment regimen after two 
years, as well as 99.6% morbidity and 100% mortality fol
low-up. The goal of these methodologic considerations is 
to design clinical trials which can clearly prove or refute 
the hypotheses being tested. 

The eventual success or failure of any clinical trial 
is often directly related to the care with which it is de
signed, since inadequate attention to methodologic issues 
can lead to uninformative results. If a trial is well de
signed and of adequate sample size, random allocation of 
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the exposure achieves control of both known and unknown 
confounding variables. If, in addition, follow-up and com
pliance rates are high, the randomized trial can offer the 
most reliable evidence about true effects of an interven
tion, thus making it the most powerful tool of the epidemi
ologist (1). 

The Physicians' Health Study (PHS), a randomized trial 
of beta-carotene in the prevention of cancer and aspirin in 
the reduction of cardiovascular mortality among U.S. male 
physicians, aged 40-84, was implemented after several years 
of planning and pilot studies to resolve methodologic con
cerns which may have general applicability to other trials. 
This report outlines these issues and describes how they 
were dealt with in this large-scale trial. 

CHOICE OF HYPOTHESIS AND TIMING 

Once the possibility of evaluating a particular agent 
has been raised, the investigators must consider whether 
mounting a trial is appropriate, on the basis of a number 
of considerations, including ethics and feasibility. With 
respect to ethics, because the researchers themselves de
termine whether participants do or do not receive a partic
ular intervention, there must be sufficient doubt about the 
efficacy of that intervention to permit withholding it from 
half of the individuals enrolled and, at the same time, 
sufficient belief in its potential to justify exposing the 
other half. From a practical point of view, it is optimal 
that an intervention not yet have become standard practice, 
due to the consequent difficulties in selecting the study 
population. 

When the PHS was conceived, the aspirin/cardiovascular 
disease hypothesis was quite mature, having been derived 
from laboratory studies, observational epidemiology, and 
a number of randomized trials of secondary prevention (2). 
The need for a trial of aspir'in among those with no pre
vious history of myocardial infarction was clear, and it 
was important to conduct it soon, before a large'number of 
healthy people began taking aspirin prophylactically on the 
basis of the secondary prevention studies. The situation 
was very different for beta-carotene, since the possibility 
that it might reduce cancer risk was only one of a number 
of untested hypotheses concerning chemoprevention of cancer 
by micronutrients (3-6). Nevertheless, the use of nutri-
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tional supplements was already wJ,.despread .<7-8) and seemed 
likely to continue to increase even in the absence of sound 
evidence about possible health benefits. It therefore seem~d 
important, despite the relative lack of supporting data, to 
begin a trial of beta-carotene as soon as possible, since 
any delay might have made it less feasible to conduct in 
the future. 

DESIGN EFFICIENCY 

Once it is determined that a trial is both scientifi
cally justified and timely, another major consideration is 
the choice of the optimal design features. In the case of 
the PHS, since there was no reason to believe the aspirin 
and beta-carotene would interact with each other materially, 
it seemed both possible and desirable to study them togeth
er without compromising the effect of either. We therefore 
decided to implement a 2x2 factorial design (9), in which 
participants are assigned at random to treatment A or B to 
address one scientific question and within each treatment 
group are further randomized to treatment alpha or beta to 
address a second issue. The principal advantage of this 
factorial design is the ability to answer two unrelated 
questions in a single trial for only a marginal increase in 
cost. Moreover, the use of this design also allowed us to 
couple the relatively immature beta-carotene hypothesis with 
the more mature aspirin question, thus resolving the timing 
difficulty discussed earlier. 

In the PHS, where a reasonable dose and frequency of 
the two agents tested seemed to be a single pill every other 
day (10).., an additional practical advantage of the 2x2design 
was our ability to give participants calendar packs (sup
plied by Bristol Myers) containing one pill daily, a white 
tablet (containing 325 mg Bufferin or its placebo, supplied 
by Bristol Myers) on odd-numbered days, alternating with a 
red capsule (containing" 50 mg Lurotin or its placeb~ sup
plied by BASF) on even numbered days,. This regimen enhances 
oompl.iance, since it is much.easier to get into the routine 
~f taking a daily pill than to remember to take one ever 
other day. 

OBTAINING COMPLETE FOLLOW-UP AND CHOICE OF STUDY POPULATION 

A second issue to be considered in designing a trial is 
ensuring the ability to obtain complete follow-up information 
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from all participants. Complete follow-up is essential to 
the validity of the study results, since high losses to 
follow-up render results uninterpretable. In this regard, 
our choice of physicians as the study population was im
portant, since they are far less mobile and much easier to 
trace than members of the general population. Furthermore, 
our pilot studies indicated that over 93% of participating 
doctors would return their study questionnaires, that tele
phone contacts would be effective in obtaining complete 
follow-up information from most of the small proportion of 
non-respondents, and that death searches could be conducted 
to determine vital status for the remainder. 

Our choice of physicians as the study population of
fered several additional advantages. Firs~because of their 
medical knowledge, they are in the best position to give 
true informed consent to participation, and to recognize 
possible side effects promptly, thus minimizing discomfort 
and illness resulting from study treatments. Moreover, 
physicians report their medical history and health status 
with a greater degree of accuracy than any other population 
group, thus ensuring the collection of high quality data. 

MAINTAINING HIGH LEVELS OF COMPLIANCE 

Another advantage of the enrollment of physicians into 
our trial relates to a third area of study design, achieving 
high levels of compliance. This is extremely important, 
since the power to detect a hypothesized difference between 
treatment groups is proportional to the square of the dif
ference in compliance between the groups (10). The optimal 
population for a primary prevention trial would be a group 
of highly motivated individuals who would clearly understand 
and appreciate both the goals of the study and the impor
tance of taking their commitment to it seriously. In this 
regard, physicians again seemed an excellent choice (11). 

In 1982, we mailed letters of invitation and question
naires to 261,248 potentially eligible, male u.S. physi
cians aged 40 to 84, identified from a tape provided by 
the American Medical Association. A total of 123,135 doc
tors returned that questionnaire, with 59,283 indicating 
that they were willing to participate in the trial. Of 
these, 33,211 were initially eligible and were enrolled in 
the trial. 
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A second major strategy adopted to enhance compliance 
in the PHS was the use of a run-in period for all subjects 
prior to actual randomization, during which these 33,211 
initially willing and eligible physicians all took their 
daily pills from calendar packs containing active aspirin 
and beta-carotene placebo. After approximately 18 weeks, 
participants were sent questionnaires, and those who re
ported side effects, the development of an exclusion cri
terion, a desire to discontinue participation, or inade
quate compliance were excluded from the trial. The remain
ing 21,989 physicians were then randomized to a treatment 
group. Our pilot studies had shown that when participants 
were immediately randomized and then followed for two years, 
virtually all the losses in compliance occurred during the 
first several months, primarily because of difficulties in 
remembering to take a daily pill or the development of side 
effects due to aspirin. On the basis of this experience, 
it appeared that implementing a run-in period would sub
stantially increase the power of the study by yielding a 
group of committed compliers for long-term follow-up, even 
though the actual number of physicians in the study would 
be lower than if participants were randomized immediately 
upon enrollment (10). 

SIZE OF THE LIKELY RISK REDUCTION 

A fourth question in trial design is how to ensure that 
the study will have adequate power to detect a difference 
between treatment groups of the order of magnitude likely 
for the agents being tested. One way to do this is to plan 
a sufficiently long period of treatment and follow-up. A 
second strategy, adopted in the PHS, was the collection of 
pre-randomization blood specimens from participants, to be 
analyzed for baseline levels of retinol, retinol-binding 
protein and carotene. The rationale for collecting these 
samples relates to the possibility that a small overall 
benefit of carotene, on the order of 10%, might actually 
result from a much larger reduction in cancer risk (e.g., 
50%) confined exclusively to those physicians with initial
ly low serum levels of these parameters. Thus, the avail
ability of these samples increases the sensitivity of the 
trial to identify which particular subgroup of doctors, if 
any, stands to benefit the most from dietary supplementation 
with beta-carotene. 
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ACCUMULATION OF SUFFICIENT ENDPOINTS 

Since the power of a trial is proportional not to the 
number of individuals enrolled but rather to the number of 
endpoints they experience, the size of a study population 
is less important than their likelihood of providing an 
adequate number of outcomes of interest. This is affected 
by the length of the follow-up period, the impact of the 
"healthy volunteer" effect, and the baseline risks of de
veloping an endpoint in the larger population from which 
study subjects are drawn (12). Planning for a follow-up 
period of sufficient duration and choosing to study a popu
lation at high risk of the disease on the basis of age, sex, 
or the presence of other risk factors, are therefore crucial 
to designing a study which will provide truly informative 
results. 

THE EXPERIENCE OF THE PHS 

The effectiveness of these strategies can be illus
trated by the experience of the PHS to date. As of January 
4, 1985, the two-year self-reported compliance among ran
domized subjects was 90.2% (participants taking both types 
of study pill regularly), with an additional 4.2% taking 
at least one type of study pill. In addition, two-year 
morbidity follow-up is 99.6%, while mortality follow-up is 
100%. These figures indicate that as regards compliance 
and follow-up, the decisions made during the design phase 
have proven effective. 

In conclusion, because of the very large sample size, 
the choice of physicians as the study population, the run
in period to eliminate poor compliers before randomization, 
the availability of pre-randomization blood specimens, and 
the high compliance and follow-up rates, we believe that 
the PHS will provide definitive answers to the two research 
questions we have posed, and sound evidence on which future 
public health policy can be based. That ability is the 
ultimate goal of all the methodologic considerations out
lined. Well-designed, large-scale randomized trials, es
pecially those with simplified protocols which can be con
ducted at low cost per subject enrolled, can and should 
play an increasing role in determining whether beta-carotene 
and other micronutrients can alter cancer risk. 
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DIET AND CANCER PREVENTION 

UPDATE ON NATIONAL CANCER INSTITUTE INITIATIVE 

Peter Greenwald MD, DtPH 
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National Cancer Institute, Bethesda, MD 20205 

The reduction of cancer mortality to one-half of 
current levels by the year 2000 has recently been 
established as a goal by the National Cancer Institute. 
At least 200,000 lives could be saved each year if this 
goal is achieved. Diet and lifestyle changes are expected 
to play a major role in reducing the occurrence of cancer 
and preventing cancer mortality. 

The relationship between diet and cancer incidence 
has not yet been precisely defined, but epidemiologic and 
other data increasingly indicate that diet may be a factor 
in roughly 35 percent of cancers. A variety of studies 
show that inadequate dietary fiber, excessive fat intake, 
excessive caloric intake and obesity, and perhaps 
inadequate consumption of certain micronutrients are 
associated with higher rates of certain cancers. Evidence 
to fully characterize the magnitude of these associations 
and the biological mechanisms involved is still lacking 
at this time, but dietary components have been associated 
with cancers of the gastrointestinal tract and some sex 
hormone-specific sites (breast, prostate, ovaries, and 
endometrium). 

We now believe that a substantial number of lives 
could be saved each year through changes in national 
eating habits that include higher levels of dietary fiber 
and reduced intake of fat. The strategy for reducing the 
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cancer rate by half by the year 2000 will include expanded 
programs for educating the public and the professioual 
community to reverse current dietary trends regarding 
dietary fat and fiber. Definitive clinical trials are 
also being designed, but results from these will not be 
available for a number of years, and it would be a 
mistake not to act now on the basis of accumulated 
evidence. 

Four types of epidemiologi~al studies show a role of 
dietary components in cancer: (1) international 
correlational studies comparing dietary intakes to cancer 
rates, (2) migrant studies comparing cancer rates in 
populations that have moved from areas with low cancer 
rates to areas with high cancer rates, (3) comparison 
of certain low-risk populations in the U.S. (Seventh Day 
Adventists, Mormons) to the general populations, and 
(4) case-control and cohort studies comparing dietary 
patterns in cancer patients to others in the study 
population. 

High intake of fat is associated with cancers of the 
breast, colon, rectum, and prostate, and possibly the 
pancreas, uterus, and ovaries. High intake of dietary 
fiber, on the other hand, is associated with lower risk 
for colon and rectal cancers. Since dietary fat and fiber 
levels tend to vary inversely in human diets, it often 
is not possible to estimate precisely the relative 
contribution of fat or the protection of fiber in the risk 
for colon and rectal cancers. Studies suggest that both 
contribute, and the protective effects from reducing fat 
consumption and increasing fiber intake may be interactive. 

CRITERIA FOR EVIDENCE 

It is often impossible in human cancer research to 
apply rigid laboratory techniques to establish a cause
and-effect relationship, and exposing humans to potentially 
cancer-producing agents to prove causality is clearly 
unethical. Therefore, five criteria have been developed 
initially to establish epidemiologic evidence of causality 
with a very high degree of scientific probablity. These 
criteria may be used (1) to determine whether existing 
epidemiologic and laboratory data warrant conducting human 
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trials for cancer prevention, and (2) to determine if the 
evidence is strong enough to warrant recommending 
interventions and developing prevention policies. The 
five criteria are: 

1. Consistency of the Association 

Diverse methods of approach in the study of an 
association provide similar conclusions, and the 
association is repeatedly observed by multiple investi
gators, in different locations and situations, at different 
times, using different methods of study. 

2. Strength of the Association 

The importance of a given factor in the production 
of disease can be evaluated by determining the ratio of 
cancer rates for people with the risk factor to those 
without. 

3. Specificity of the Association 

Most diseases are influenced by many factors, and 
a one-to-one correspondence would not be expected; 
however, the precision with which one component of an 
associated pair can be utilized to predict the occurrence 
of the other can be determined. 

4. Temporal Relationship of the Association 

Exposure to the suspect etiologic factor must precede 
the disease. Temporality is more difficult to establish 
for diseases with long latency periods, such as-cancer; 
however, histologic evidence demonstrating premalignant 
changes among individuals exposed to the agent, but not 
among unexposed controls, can indicate time sequence. 
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5. Coherence of the Association 

Other possible explanations for the association must 
be systematically considered and either excluded or taken 
into account. Coherence is clearly established when the 
actual mechanism of disease production is defined; 
coherence of a lesser magnitude exists when there is 
enough evidence to support a plausible mechanism for each 
step in the chain of events by which a given etiologic 
agent produces disease. 

EVIDENCE OF FAT AND FIBER 

A number of studies show a relationship between 
dietary fat and human cancer. Seventh Day Adventists who 
frequently ate fried foods were found to have roughly 
twice the risk of breast cancer as Seventh Day Adventists 
who less frequently ate these foods (Phillips 1975). A 
survey of Hawaiians from five different ethnic groups 
showed a strong correlation between breast cancer incidence 
and age-adjusted mean daily intake of several different 
types of fats (Kolonel 1981). Similar results were found 
in a 1981 NCI study. Reliability of dietary surveys is 
suggested by the use of several different methods. Thus, 
there are similar results from independent investigators 
using somewhat different methodologic approaches to the 
question of dietary fat in breast cancer. 

International comparisons show that countries with 
the highest fat consumption also tend to have high breast 
cancer mortality unless other dietary factors ameliorate 
the problem. A comparison of countries with half the fat 
intake of countries with the highest fat intake shows 
that the breast cancer mortality for the former is a bit 
below half that of the latter. Thus, one might postulate 
that reducing calories from fat by half might reduce the 
breast cancer mortality rate by at least half. 

Solid alternative hypotheses that exclude associating 
fat with breast cancer risk are lacking, however, a search 
for interacting factors or alternative hypotheses 
certainly still is of major importance. 

Animal studies have shown that rats on diets high in 
corn oil developed many more DMBA-induced mammary tumors 
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than did rats on diets low in corn oil. The difference 
was marked at several levels of carcinogen. The study 
also showed that the primary effect was that of 
inhibiting promotion, so the major benefit of low dietary 
fat occurred after injection of the DMBA carcinogen. 
Many other types of metabolic studies, including those 
relating to bile steroids and hormones, support the 
possibility that high fat diets increase cancer risks 
(Carrol and Khor 1975). 

The protective effect of fiber-containing foods has 
been repeatedly observed by many investigators in different 
locations and situations at different times using 
different methods of study. Taken together, these studies 
make a convincing case for the protective effects of 
fiber-containing foods. 

Research has shown that fiber appears to offer some 
protection against tumor development in rats given a 
digestive tract carcinogen (Barboldt and Abraham, 1978). 
Rats given the carcinogen were fed different amounts of 
cellulose. Those rats given the least amount of cellulose 
developed the highest numbers of intestinal tumors, and 
the observed incidence of tumors decreased as dietary 
cellulose increased. In other studies, increased dietary 
fiber was associated with a decrease in co-mutagens in 
human feces (Reddy et al., 1980), and in vitro studies 
have shown fiber binds to known, poten~food-origin 
mutagens thereby suggesting a possible mechanism for 
protection (Barnes et al., 1983). 

Human metabolic studies have been performed to 
consider such mechanisms as the effect of fiber on bile 
acids and sterols, intestinal transit time, fecal weight 
or dilution, and the effects on bacteria and mutagens. 
These studies consistently support the protective effect 
of fiber and give potential explanations for this effect. 
A high-fiber diet has been correlated with greater weight 
of stools (Eastwood et al., 1973), more frequent 
defecation and more rapid intestinal transit time 
(Cummings et al., 1976; Eastwood et al., 1982) 
Furthermore, in 14 of 20 epidemiological studies, including 
international and within-country correlations as well as 
case-control and cohort studies, an inverse relationship 
was seen between high intake of fiber-containing foods 
and incidence of colorectal cancer. Though the studies 
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were not standardized, this pattern of research results 
is unlikely to have occurred by chance or resulted from 
any type of bias. 

CLINICAL TRIALS 

Clinical trials are a vital component of the NCI 
research program, and the rationale for them includes 
theoretical and practical considerations. They constitute 
the ultimate approach for testing attractive theories to 
reveal any flaws, and at the practical level they must 
address issues of specificity, clinical relevance of 
animal models, questions about participant acceptance, and 
the risk/benefit ratio. 

Whereas epidemiologic studies often lack specificity 
and may have confounding effects, clinical trials may 
resolve questions of specificity since intake of a single 
nutrient or agent can be manipulated while all other 
aspects of the diet are left unchanged. Specificity can 
also be addressed in animal studies, but numerous animal 
models must first be developed and studied to determine 
which ones are most relevant to human disease. 

Behavioral research to determine participant 
acceptance of specific intervention strategies is an 
important component of clinical trials. Much of the 
current knowledge about behavior is based on treatment of 
persons with illnesses. Participants in cancer prevention 
trials would be basically free of illnesses, though they 
may represent groups at increased risk for developing 
cancer and thus be motivated to accept the intervention. 
Developing strategies for long-term adherence to the 
intervention diet are important, and NCI will be supporting 
research to develop and test strategies for modifying 
eating behavior that are efficacious, cost-effective, and 
lasting. Clinical trials will also provide the basis for 
determining the risk/benefit ratio for each intervention. 

An initial human trial aims to study the effects of a 
20% fat diet as the intervention compared to the typical 
American diet in which approximately 40 percent of calories 
are derived from fat. The trial will be of women at high 
risk for developing breast cancer; selection criteria used 
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should result in a population with an annual incidence 
of breast cancer of close to one percent. The human 
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trial will test whether reducing the dietary fat will slow 
or halt the promotion phase of carcinogenesis and reduce 
the incidence of breast cancer in the study population. 
This trial will evaluate the specificity of the 
epidemiologic studies and will test whether the impact of 
a low-fat diet intervention in humans duplicates animal 
model results. This trial will also provide insights 
into strategies for influencing eating behaviour and 
will document the safety of the study diet. 

While we must wait for the results of clinical research 
for the most definitive answers, efforts to change diets 
now seem prudent in light of our existing knowledge. 
Though it is not possible at this time to quantify the 
precise contribution of diet to overall cancer risk or to 
estimate with absolute confidence the reduction in cancer 
mortality to be expected from dietary modifications, 
international and migrating population data suggest that 
significant reductions in cancer incidence or mortality 
are possible. 

The following dietary guidelines for Americans have 
been recommended by the Departmentsof Health and Human 
Services and Agriculture. They are in keeping with good 
dietary habits for general health and may reduce overall 
cancer mortality as well. Health professionals should 
counsel all their patients to do the following: 

o Eat a variety of foods. 
o Maintain ideal weight. 
o Eat foods with adequate starch and fiber. 
o Avoid too much fat, saturated fat, and cholesterol. 
o Avoid too much sugar. 
o Avoid too much sodium. 
o If you drink alcohol, do so in moderation. 

In addition to dietary recommendations, the National 
Cancer Institute's Cancer Prevention Awareness Program, 
an information campaign designed to increase public 
awareness about cancer prevention, was launched this past 
year. A national survey conducted recently by NCI 
indicated that 46 percent of Americans believe "there is 
not much a person can do to prevent cancer," and 49 percent 
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failed to identify cancer as a disease affected by life
style choices. Through the Cancer Prevention Awareness 
Program, the National Cancer Institute will work with 
physicians, health professionals, private companies, and 
local organizations to make cancer prevention information 
widely available to the general public and especially to 
populations most at risk. 
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In 1982 the National Cancer Institute initiated a new 
program involving chemoprevention clinical trials. For many 
years the institute had supported laboratory research and 
epidemiologic research involving identification of carcino
genic factors and identification of agents which would inter
rupt or reverse the carcinogenic process. By 1982 this 
laboratory and epidemiologic research had reached a stage of 
maturity which provided the scientific basis for the develop
ment of intervention clinical trials. 

Early in the development of the chemoprevention program 
an implementation plan was developed to provide a framework 
for the development of the chemoprevention research area. 
The first step in this planning process involved identifica
tion of the objectives of the chemoprevention plan which are 
shown in outline form in Table 1. One objective involved 
reviewing research which had been done in animal models of 
carcinogenesis in order to identify and characterize agents 
which had been found to have cancer preventing activity. 
Another objective involved reviewing epidemiologic research 
results to identify agents such as dietary components which 
might have protective effects against carcinogenesis. Agents 
identified from either laboratory research or epidemiologic 
research might require additional studies of efficacy in 
animal models followed by preclinical pharmacologic and 
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toxicologic testing prior to introduction into clinical 
trials. Initial human studies would involve evaluation 
of toxicity and tolerable doses as well as pharmacologic 
evaluation. Based on the results of these initial human 
studies, phase III clinical trials would be developed. 
The final objective of the chemoprevention plan was to 
apply the results from the clinical trials to the general 
population. 

TABLE 1 - OBJECTIVES OF CHEMOPREVENTION PLAN 

1. Identifying and characterizing agents with proven 
activity in preventing carcinogenesis in animals. 

2. Identifying agents based on epidemiologic studies. 
3. Pharmacologic and toxicologic testing of such agents 

to select the most promising agents. 
4. Phase III Clinical Trials of potential chemopreven

tion agents. 
5. Application of research results to the general popu

lation. 

The principles underlying the development of the 
plan are shown in Table 2. An increasing body of epidemi
ologic information supported the importance of diet and 
nutrition and specific dietary components as risk factors 
factors for cancer development and prevention. A second 
principle was that further development of this research 
area would involve multi-disciplinary collaboration 
between scientists with backgrounds in epidemiology, 
laboratory research, and clinical trials. An important 
principle in the development of the plan was to maintain 
a balance between investigator initiative and the develop
ment of research according to a preconceived strategy. 
It was recognized that research vigor and enthusiasm is 
engendered when the investigator follows his research 
interests and initiative in the development and implement
ation of a research plan. However, balancing this is the 
need to allocate resources to meet specific strategic 
objectives. 

TABLE 2 - PRINCIPLES UNDERLYING DEVELOPMENT OF PLAN 

1. Relative role of diet and nutrition in cancer etiology 
2. Multidisciplinary approach to cancer prevention 
3. Balance between investigator initiative versus research 

according to a preconceived strategy. 
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The research plan which was developed is shown in 
skeleton in Figure 1. Laboratory research relevant to 
cancer prevention can be broadly divided into basic re
search and applied research. The chemoprevention program 
does not actively support basis research but rather mon
itors the results from basic research in order to identify 
promising leads to be further developed in applied research 
in the laboratory. Leads from epidemiologic research may 
also be carried into the experimental laboratory enriching 
interaction between laboratory research and epidemiologic 
research. When results from laboratory research or from 
epidemiolgic research support the possibility of cancer 
prevention, these leads are considered for further study 
in clinical trials. If the results of clinical trials 
are positive, the emphasis then shifts to wide application 
of these results to the relevant segments of the general 
population. 

Epidemiologic research relevant to chemoprevention 
may be viewed as passing through two stages. An initial 
stage is largely descriptive and identifies dietary fac
tors and chemopreventive factors for further study. Re
lated to this stage the National Cancer Institute is sup
porting the development of an International Food Composi
tion Data System to facilitate epidemiologic research 
within individual countries and comparative research in
volving more than one country. Hypotheses emerging from 
initial epidemiologic studies must then be subjected to 
further testing and refinement in prospective epidemio
logic research. The National Cancer Institute is currently 
supporting several activities involving prospective follow
up of population cohorts in which hypotheses are being fur
ther tested. We are also supporting analysis of serum fac
tors which may provide leads for future prevention studies. 

FIGURE 1 

LABORATORY 
RESEARCH ~ 

t 
EPlDEMIOLOGIC./ 
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WIDE 
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TRIALS ----":"...... OF RESULTS 
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The laboratory research plan is divided into three 
stages. The initial stage involves a review of available 
research information both published and archived in order 
to select and evaluate potential agents. We are currently 
developing an information management system which has 
identified approximately 450 candidate chemopreventive 
compounds. About half of these have been found to have 
some affect in preventing cancer in animal models and the 
other half show evidence of inhibition of transformation 
or inhibition of mutagenesis in vitro. Based on an ini
tial survey of these candidate compounds we have selected 
100 of the most promising agents on which comprehensive 
monographs are being developed to further assess the 
priorities for evaluating these compounds. Stage II 
of the laboratory flow involves performance of initial 
studies of efficacy as well as initial pharmacologic and 
toxicity testing. This stage involves both in vitro and 
in vivo testing. In vitro screening systems can be 
divided into two broad categories. One category involves 
chemical carcinogenesis including initiators and promoters 
(Table 3) and the endpoint of these screening systems is 
inhibition of transformation or inhibition of synthesis 
of new proteins having structural, secretory or enzymatic 
functions. In several of these systems colonies can be 
documented to be tumorigenic by transplantation into 
appropriate hosts. 

TABLE 3 - IN VITRO CHEMOPREVENTION SCREENING SYSTEMS 

Cell System Initiator Promoter Endpoint: 
Inhibition of 

C3H/10Tl/2 DMBA, 3-MC TPA, phenobarb, Transformed 
UV 1 i ght Saccharin, none foci 

BALB-3T3 3-MC TPA, cigarette Transformed 
tar, none foci 

Mouse epidermal none, or TPA, cigarette Growth of 
cells (JB-6) DMBA smoke conden- colonies in 

sates soft agar 
Mouse epidermal none TPA Synthesis of 

cells (SENCAR) new protei ns 
Human foreskin MNNG, Afla- TPA, estradiol Growth col oni es 

cells toxin B anthralin in soft agar 
Tracheal organ DMBA TPA Colonies tran-

cul ture formed ce 11 s 
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The second broad category involves oncogene and 
growth factor aspects of carcinogenesis. The endpoints 
involve inhibition of transformation, inhibition of 
growth, or differentiation of cells (Table 4). In vivo 
chemoprevention screening systems are displayed in Table 5, 
and indicate that a spectrum of carcinogens, a spectrum of 
target sites, and a spectrum of types of cancer are in
volved in the initial in vivo screening for chemopreven
tion activity. 

TABLE 4 - IN VITRO CHEMOPREVENTION SCREENING SYSTEMS 

Cell System Onc gene/ Endpoint: 
growtli factor Inliioition of 

BALB-3T3 carrying ras, abl, si s Transformed Foci, 
ts Mutant other 

HL-60 Human pro- myc, abl, ras Differentiation 
myelocytic leukemia into myeloid cells 

T24 Human bladder ras Growth of colonies 
cancer in soft agar, other 

A-431 Human skin erbB Growth of colonies 
cancer in soft agar, other 

NRK TGF growth of colonies 
in soft agar 

NIH-3T3 TGF growth of colonies 
in soft agar 

TABLE 5 - IN VIVO CHEMOPREVENTION SCREENING SYSTEMS 

Species Carcinogen Target organ Endpoint: 
Inliloition of 

Mouse Df4BA/TPA Skin Papillomas 
Mouse 3-MCA Lung Squamous cell 

carcinomas & 
adenocarcinomas 

Mouse OH-BBN Bladder Transitional 
cell carcinomas 

Mouse Bal b 3T3 cell s Connective Fibrosarcoma 
on plastic plate tissue 

Rat DMBA or NMU Mammary gl and Adenocarcinomas 
Rat AOM Colon Adenocarcinomas 
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The third stage of the laboratory flow involves ex
panded studies of efficacy particularly looking at compar
isons between potentially active agents and investigation 
of combinations of agents. Stage III also involves formal 
preclinical toxicology of chemopreventive agents. Studies 
which are currently in progress in this stage of our activ
ities are shown in Table 6. The agents being studied re
present a number of different chemical classes. Some stud
ies involve a comparison between several different agents, 
while others are evaluating agents in combinations. Agents 
which will be undergoing formal preclinical toxicology 
evaluation include sodium selinite and selenomethionine 
in an effort to further decide between these two agents in 
terms of development of future clinical trials. 

TABLE 6 - ANIMAL MODELS FOR EFFICACY STUDIES 

Chemopreventive Agent(s) 

B-Carotene 

Inducing Agent Target Organ 

B-Carotene 
Piroxicam 
4-Hydroxyphenyl Retinamide 
4-HPR + Tamoxifen 
Sodium Selenite + 4-HPR 
Sodium Selenite, Selenomethionine 
4 HPR + Selenium 

4 HPR (measure intermediate 
endpoints) 

OH-BBN 
NMU 
AOM 
NMU 
NMU 
OH-BBN 
3-MCA 
Asbestos 
+ 3-MCA 
UH-BBN 

4 HPR,oltocopherol, ascorbic NMU 
acid, selenium (factorial design) AOM 

Bladder 
Lung 
Colon 
Mammary 
Mammary 
Bladder 
Lung 
Lung 

Bladder 

Breast 
Colon 

Agents which have passed through the laboratory re
search studies and meet certain decision criteria are then 
candidates for initial clinical studies. Initial human 
studies focus on development of information about toxicity 
and acceptance of the agent in phase I pharmacologic 
studies. These studies are currently being conducted in 
both the intramural and extramural components of our 
program. Agents having an acceptable pattern of toxicity 
become candidates for phase III clinical trials. 

The reasons for the conduct of clinical trials in 
cancer prevention are summarized in Table 7. Epidemiologic 
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studies often lack specificity in terms of correlating an 
outcome with a specific dietary factor. Diets which are 
high in one protective factor may be high in others, and 
it is difficult to evaluate the relative contributions of 
specific factors. Although animal models are currently 
being used to select agents for clinical trials, we have 
reservations about the predictive value of animal models 
for human application. This issue will be further eval
uated in the future by comparison of clinical trial results 
with animal model results. A third reason for conducting 
clinical trials is to evaluate the participant acceptance 
of the intervention. And finally, the clinical trials will 
will evaluate the risk benefit relationships and the rela
tionship between cost and benefit. 

TABLE 7- REASONS FOR CLINICAL TRIALS IN CANCER PREVENTION 

1. Evaluate the specificity of epidemiologic observations. 
2. Determine the clinical relevance of animal models and 

other laboratory research. 
3. Evaluate participant acceptance of the intervention. 
4. Evaluate the risk/benefit ratio and the cost/benefit 

ratio. 

The objectives and endpoints of cancer prevention 
clinical trials currently in progress are summarized in 
Table 8. Several studies are focusing on preneoplastic 
lesions with the intent of either reversing precursor 
lesions or preventing their progression to malignancy. 
Other studies are focusing on the prevention of precursor 
lesions as well as the prevention of overt malignancy. 
Although the studies will have the greatest statisitical 
power related to change in incidence, many of the studies 
will also be able to reach conclusions regarding reduction 
in mortality due to malignancy and to evaluate an impact 
on total mortality. 

TABLE 8 - OBJECTIVES OF A CANCER PREVENTION CLINICAL TRIAL 

1. Prevent precursor lesions 
2. Reverse precursor lesions 
3. Prevent progression of precursor to malignancy 
4. Reduce incidence of malignancy 
5. Reduce mortality due to malignancy 
6. Reduce total mortality 
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Chemoprevention intervention studies which are cur
rently in progress or about to be activated are displayed 
in Table 9. A spectrum of risk groups have been identified 
for these studies. A range of inhibatory agents are 
included in these studies including naturally occuring 
micronutrients as well as synthetic analogs. Many of the 
investigators involved in these studies will be making 
presentations later in this program and therefore I will 
not elaborate in any more detail on these studies. 

Many of the clinical trials are evaluating serum 
levels of micronutrients for their correlation with sub
sequent development of cancer, and/or as a monitor of the 
compliance with the chemopreventive intervention. To 
assist in the development of the highest quality in these 
assays, the National Cancer Institute is supporting an 
inter-laboratory proficiency testing program designed to: 
1) evaluate the current level of analytical accuracy; 2) 
identify analytical problems that affect accuracy; 3) make 
recommendations on methodology; and 4) establish criteria 
for acceptable range of accuracy. This activity will 
involve distribution of standard solutions and unknown 
samples, and will also involve periodic workshops aimed 
at enhancing laboratory proficiency. 

Future directions within the chemoprevention clinical 
trial area will involve emphasis on development of studies 
which are either oriented toward specific sites, specific 
agents, or specific risk groups. As an example it is note
worthy that there is only one chemoprevention study in 
breast cancer, and there is a need for additional studies 
with this tumor site. As new agents are identified through 
the laboratory research activities and readied for clinical 
trials, there will be a need for the development of studies 
which are oriented to the further development of a specific 
agent. As epidemiologic studies identify additional high 
risk groups it may be of interest to develop studies 
focusing on specific risk groups. 

We are entering an exciting new era in cancer research. 
We have the possibility of identifying interventions which 
may significantly reduce the incidence of cancer. If 
such agents are identified, we will then have the oppor
tunity for wide application of these research results to 
the general population. 
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NUTRITION INTERVENTION STUDIES OF THE 

ESOPHAGEAL CANCER IN LINXIAN, CHINA 

Jun-Yao Li 

Department of Epidemiology, Cancer Insti-

tute, Chinese Academy of Medical Sciences 

The highest worldwide incidence and mortality 
for cancer of the esophagus occurs in China.(I,2) 
Linxian, in Henan Province, is the epicenter of 
this maligancy and may indeed be the world's high
est risk area, where the cumulative death rates 
(0-74yr) are 32.5% for males and 20.4% for females. 
Reasons for such exceptional risk of esophageal 
cancer are not yet known, but a series of investi
gations carried out in Linxian suggests that the 
population may be enhanced susceptibility to spe
cific carcinogens because of deficiencies of mul
tiple nutrients, especially vitamins and minerals. 
(3,4,5) To test an hypothesis that multiple vita
min/mineral deficiencies may contribute to Lin
xian's high rates and that supplementation may re
duce the cancer risk, the Cancer Institute, Chinese 
Academy of Medical Sciences in collaboration with 
th~ National Cancer Institute, NIH, in U.S.A. are 
carring out two intervention trials in Linxian 
using multiple vitamin-mineral supplements. One 
trial will be conducted in patients diagnosed with 
esophageal dysplasia and the other in the general 
population. 

In this paper, I will briefly introduce the re
search protocol for the on going nutrition inter-
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vention trials of the esophageal cancer in China 
and pl'esent the results of a fesibility study con
ducted in 1983. 

A. Specific aims 

The specific aims of two intervention trials are 
to examine the effects of daily vitamin-mineral 
sUDplements on age-specific incidence and death 
rates of esophageal cancer among patients diagnosed 
with esophageal dysplasia and the general popula
tion who have not previously had cancer. In addi
tion, these two studies will also evaluate the ef
fects of those supplements on regression/progres
sion of dysplasia, age-specific incidence and death 
rates of total cancer and total causes of death. 
We propose to do these by conducting 2 5-year ran
domized, double-blind, placebo-controlled trials 
among 3200 participants with esophageal dysplasia 
and about 30000 adults (aged 40-69) of general 
population. Intervention trials will be conducted 
in 3 communes in north part of Linxian. Linxian, 
a rural county with population 800,000, was se
lected because it has the highest rate of esoph
ageal cancer in the world and because there is 
suspicion that the population's chronic deficiencies 
of multiple nutrients may be etiologically involved 

B. Significance 

Although China is a developing country, cancer 
has gradually become one of the main causes of death 
since 1970s.(6,7) According to the data from a na
tional mortality survey during 1973-1975, cancer 
was the second leading cause of death among males, 
and the third among females.(8) In some areas, the 
mortality of cancer now ranks first among deaths 
from all causes. In 1973-1975, of 900 million Chi
nese surveyed, approximately 700,000 died of cancer 
each year, one in every 40 seconds, including 
160,000 deaths of stomach cancer, 156,000 of e-
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sophagea1 cancer and 100,000 of liver cancer, the 
three most common causes of cancer deaths in the 
nation. Cancer has different effects in different 
age-groups, taking a heavy toll of lives among the 
people in the prime of life. While increases in 
cancer survival rates and decreases in mortality 
have been achieved for some types of cancer, the 
burden of the disease remains high, and the impact 
of cancer on the nation's health care system and 
economy is 1ikewide significant. Serious attention 
must be paid, therefore, to cancer prevention and 
control, and to all aspects of cancer research. 
Coordinated and innovative approaches must include 
research to develop and test effective cancer pre
vention and eontro1 strategies. 

Among the common cancers in China, esophageal 
cancer is the second leading cause of cancer death, 
accounting for 27% of all cancer deaths in males 
and 20% in females. Although elevated mortality is 
seen in several parts of the country, the most pro
minent cluster forms in north central China, par
ticularly in the Taihang mountain area on the border 
of Henan, Hebei, and Shansi provinces. Within this 
area in Henan Province is Linxian, a county where 
the annual in§idence rates of esoPha~ea1 cancer 
were 140.9/10 in males and 107.3/10 in females 
during 1980-1983. Although there are only limited 
historical data, it appears as if esophageal cancer 
has long been a problem in these areas and that 
there has been little change in the death rates 
from 1959 to 1983. 

Abnormalities thought to represent esophageal 
cancer precursor lesions are common in Linxian. 
Past cytologic and endoscopic surveys in Linxian 
indicate that only about 20% of the adult population 
have "normal" esophageal epithelia. The remaining 
80% have some degree of esophagitis, including ap
proximately 25% with esophageal dysp1asia.(9) 

Numerous epidemiologic and laboratory intestig
ations have been conducted in areas at high and 
low risk of esophageal cancer. Evidence from cor
relational study indicated that areas of the world 
elevated esophageal cancer rates have corn or wheat 
as the dietary staple, with low intake of ribo
flavin, ascorbic acid, niacin, zinc, and other 
nutrients.(10) A number of analytic epidemiologic 
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studies also show that patients with epithelial 
cancers, including those of the esophagus, often 
had diets characterized by reduced intakes of cer
tain foods, especially fruits and fresh vegetables. 
(11,12) These results are consistent with the Lin
xian's data, which indicate that there were a se
ries of clues to etiology in Linxian high risk 
area of esophageal cancer, but have not yet con
clusively pinpointed a specific carcinogen respon
sible for the elevated esophageal cancer rates. 

Rather extensive laboratory studies suggest that 
the low nutrient intake may be involved in the high 
risk of cancer and the incidence of certain cancers 
can be reduced by increased intake of certain micro
nutrients, such as retinol (13), beta-carotene(14), 
riboflavin (15), vitamin C (16), vitamin E (17), 
magnesium (18), molybdenum (19), selenium (20), and 
zinc (21). The combined epidemiologic/laboratory 
evidence does not seem specific enough, however, 
to single out one or two nutrients as solely ex
plained for the clustering of esophageal cancer 
in Linxian. Thus, a broader hypothesis has been 
raised that multiple vitamin/mineral deficiencies 
may contribute to Linxian's high rates and that 
supplementation may reduce the cancer risk. 

Although further observational studies of these 
agents are warranted, the only way to determine 
with any reliability whether micronutrients them
selves or which ones have any protective effect 
would be a large, randomized intervention trial. 
Consequently, a clinical trial in Linxian now seems 
both relevant and timely. If micronutrients do ap
pear to be anti-tumor agents in humans, it would 
become a prescribable cancer prophylactic for peo
ple, particularly for high risk group. From a public 
health point of view, such knowledge that a readily 
available, safe, multiple vitamin-mineral supplement£ 
could reduce cancer risk would have an enormous 
Dublic health impact, particularly as people may 
be more willing to accept prescription of an anti
cancer substance than proscription of carcinogens. 

C. pilot study 
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To assess the feasibility of such trials in Lin
xian, pilot studies were undertaken in 1973. The 
specific questions the pilot studies were designed 
to answer included: 

(1) Can sufficient numbers of persons from the 
general population be recruited? 

(2) Can sufficient numbers of dysplasia patients 
be identified and recruited? 

(3) How compliant will participants be? 
(4) Can the administrative logistics of patient 

recruitment, information collection, pill delivery, 
and follow-up be managed? 

(5) What is the current nutritional status of 
the population? 

(6) Will supplementation with U.S. Recommended 
Daily Allowance (RDA) levels of vitamins improve 
low or deficient states? 

Two pilot trials were conducted, the first in
volving the general population and the second in
volving persons diagnosed with severe esophageal 
dysplasia. 

For the general population pilot, twenty-one 
production teams(vil1ages) were randomly selected 
from two communes(Yaocun and Rencun) in northern 
Linxian. A central census roster listed 937 names 
of persons aged 40-69. Sixty-two (7%) proved to be 
ineligible for the following reasons: 

- Suffering from esophageal cancer ••••••••••• 7 
- Suffering from other cancers ••••••••••••••• 2 
- Suffering from other debilitating diseases •• 5 
- Had already died •••••••••••••• 18 
- Temporarily assigned work outside the county16 
- Other (incorrect age, erroneous or duplicate 

listing, etc.) •••••••••••••• 14 
852 of the 875 eligible subjects (97%) agreed to 
enroll in the general population pilot trial. For 
the dysplasia pilot trial, 91 persons from Yaocun 
and Rencun communes most recently discovered by 
balloon-swallow cytology examination to have severe 
dysplasia were recruited. All 91 agreed to part
icipate. All participants in the pilot stUdies were 
given One-A-Day (Miles Laboratory) multiple vitamin 
tablets for six months. 

Barefoot doctors visited the subjects monthly 
during the trial to distribute pill packs. The ob
tained results show the losses to follow-up during 
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the course of the trial. Losses were generally due 
to death, cancer or other debilitating diseases 
occurring among participants, or to movement away 
from the study area. At the end of the 6-month 
trial, losses were about 3%, refused rates were 
2.5%, taking at least some pills were 95%. In ad
dition to counting unused pills, compliance was 
also assessed using a urine test. Randomly selected 
participants were adminstered loading-dose tests 
for urinary riboflavin prior to pill-taking and at 
either 3,5,9,11 and 16 weeks after the start of 
supplementation. The results show that average 
levels of riboflavin were marketly higher after 
than before supplementation. 

Nutritional assessments involving 24 hour recall 
of diet intake (only at the outset of the study) 
and laboratory assays of blood and urine were con
ducted prior to the start of and 4 months after 
supplementation. The assessments were carried out 
on 100 randomly selected individuals taking daily 
pills, 48 patients with dysplasia, and (as a con
trol) on 51 similarly aged individuals from commune 
production teams not participating in the pilot 
study. Nutritional assessment results using 24 hour
recall measure indicated that in April 198), the 
intake of protein, phosphorus, thiamin and iron 
apparently was adequate in the Linxian population, 
whereas the mean intake of calories, calcium, ribo
flavin, niacin, Vitamin C and Vitamin A was in
adequate. The intake of Vitamin A, riboflavin, and 
calcium was particularly poor, with more than 90% 
of subjects studied comsuming less than two-thirds 
of either Chinese or u.s. recommended intakes. The 
results of blood and urine assays also showed that 
at the outset of the trial, the mean plasma aS Q 

corbic acid level was 0.26-0.29mg/dl. Approximately 
half of all subjects were classified as deficient. 
The mean 4-hour ribOflavin excretion post loading 
dose was about 740mg, 40-50% of the study popula ... 
tion was deficient. (22) The mean plasfila retinol 
level was 24-27mg/dl, 20-35% of the individuals 
were lower than 20mg/dl which are considered either 
low or deficient. The mean plasma beta-carotene 
level was 8-12mg/dl, about half of the people sur
veyed had values 10mg/dl and almost 90% of the in
dividuals had values 20mg/dl. (p-carotene levels 
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were also low with mean values from 1.2 to 2.0mg/ 
ell), the mean plasma 0( -tocopherol levels ranged 
from 700 to 737mg/dl, about half of the individuals 
either low or deficient. As expected subjects tak
ing a daily pill showed improved nutritional status 
during the study.(5, 23) 

The pilot study thus suggests that a vitamin in
tervention trial will be well accepted in Linxian. 
Indeed compliance, as judged by pill counts, was 
exceptionally high. Of course, the disappearance 
of a pill from the pill pack does not guarantee 
that the pill was actually taken by the participant, 
but our initial laboratory analyses provide bio
chemical confirmation from both urine tests (re
flecting recent pill taking) and blood tests (re
flecting longer-term pill taking) that compliance 
was high. Therefore, the present study also firmly 
establishes the deficiencies of several vitamins 
in Linxian and demonstrates that the nutritional 
status can be improved by daily supplementation 
with vitamin tablets. The pilot study also led to 
the establishment of an organizational system which 
can be readily expanded to accommodate a larger 
trial. In summary, progress to date indicates that 
a population-based nutritional intervention study 
of esophageal cancer in Linxian is feasible. Pilot 
study results have clearly shown that: patients 
can be identified and recruited; compliance is ex
cellent; administrative logistics can be handle: 
nutritional deficiencies are common: and low dose 
vitamin supplementation improves nutritional status. 

D. Experimental design 

(1) Study population. Truncated death rates 
(40-69 yr~) of esophageal cancer for total Linxian 
is 470/10 , for 3 Linxian's Northern Communes(Yao
cun, Rencun, and Donggang are the Linxian's highest 
risk areas of esophageal cancer where ~he inter
vention study is to take place) 760/10 • It clearly 
demonstrats that the rates in Linxian, especially 
in Northern Commu~es are much hi~her than t90se for 
tota15China(56/lO ) and for U.S.(while-5/10 , Black-
19/10 ). (24 ):.Al though rates of esophageal cancer 
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are extremely high in the general population of 
Linxian, there is a subgroup for whom the rates 
are extraordinary. This is a group of persons with 
severe dysplasia of the esophagus. A mass screening 
survey in 1974 identified, via cytologic means, 
over 2000 persons with severe esophageal dysnlasia. 
Preliminary data on follow-up through 1982' indicate 
that the~r subsequent risk of esophageal cancer 
(1775/10 ) may be 3 to 4 times ~reater than those 
without severe dysplasia(5l0/l0~). 

In consideration of the possibility of the inter
vention may be too late and the practical difficulty 
of assembling large number of dysplasia pat'ients, 
two intervention trials will be advanced. One trial 
is involved a fixed sample of persons with recently 
diagnosed prevalent dysplasia and other trial would 
be persons selected from the remainder of the Lin
xian population. The latter trial has advantage of 
covering the entire high risk population. 

Participants in dysplasia trial are recruited 
from among residents of Yaocun, Rencun, and Dong
gang communes identified as having severe esopha
geal dysplasia in the December 1973 balloon swal
low cytology screening. There are 3489 persons with 
severe esophageal dysplasia among 13049 residents 
screened. So far, we have already completed the 
pre-study evaluation which includes having a phys
ical examination and filling out a short question
naire asking about demographic information, diet, 
and esophageal cancer risk factors, and obtained 
an informed consent from every eligible dysplasia 
subjects. 

Participants in general population trial will be 
recruited from census lists of eligible residents 
aged 40-69 from three communes(excluding those al
ready taking part in the dysplasia comnonent). Cen
sus figures indicate that the current population 
of the 3 target communes for males and females age 
40-69 is 33,643. The pre-study evaluation for these 
subjects is expected to take 3 months and will be 
started from March, 1985. 

For both trials, randomization will be conducted 
in Beijing and the key will be kept at NCl so as 
to keep the study double-blind for all involved 
persons in Linxian and Beijing. 

(2) Intervention plan. The dysplasia trial 
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will use a simple two-group design with one-half 
the patients assigned to receive multivtamin-multi
mineral pills to be taken daily. The other one
half participants will receive placebos identical 
in appearance to the active pills. For the general 
population trial, a factorial design will be used. 
The form of de~ign to be used is a one-half re
plicate of a 2 factorial design. 

The 4 proposed factors include: 
A. - Vitamin A, beta-canotene, Zinc 
B. - riboflavin, niacin 
C. - Vitamin C, molybdenum 
D. - selenium, Vitamin E 

4A full 4-factor factorial design would include 
2 -16 different treatment groups (show below): 

Placebo A B AB 

C 
D 
CD 

AC 
AD 
ACD 

BC 
BD 
BCD 

ABC. 
ABD 
ABCD 

One-half repetition includes only 8 treatment 
groups (the 8 underlined above). 

For both trials participants will receive various 
combination of vitamins and minerals in doses be
tween one and three-times the U.S. Recommended Dai
ly Allowances (RDA). 

(J) Toxicity. No toxicity is expected in ad
ministration of vitamins and minerals given at 1-
J times RDA levels. The proposed levels of micro
nutrients are shown in table 1. 

Though unexpected, allergic reactions to fillers 
or coatings of vitamin pills could occur. Barefoot 
doctors will be intructed in the signs and symp
toms of potential adverse reactions to the pills. 
If an allergic reaction or other potential. drug 
effect is suspected, the pills will be stopped. 
Patients may be re-challenged in one month if the 
reaction was mild and reversible. 

(4) Compliance. Compliance will be assessed 
in two ways: pill counts for all participants, and 
biochemical tests for a sample of them. The pro
cedure of comuliance assessment is the same as that 
in uilot study. APproximately 400 randomly selected 
study subjects per year will be checked for com
pliance in each of the 5 years. Groups of 100 will 
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be assessed at quarterly intervals. Each group of 
100 will be composed of 20 dysplasia and 80 gener
al population subjects. 

(5) Measures of efficacy(end points). The 
primary endpoints in both the dysplasia and general 
nopulation trials are esophageal cancer mortality 
and incidence. Although intermediate endpoints can 
be considered, to fully evaluate the role of vita
mins and minerals upon cancer risk the actual oc
currence of cancer must be monitored. In addition 
to esophageal cancer, total cancer mortality and 
incidence, total mortality, and the onset rates of 
some common medical conditions will be ascertained, 
including the infective and other diseases. The 
time period of ascertainment will be at least 5-
year, if the nutritional supplementation truly af
fects the late stages of the carcinogenesis process, 
a downward trend in incidence might be detectable 
within the 5-year period. 

Some intermediate endpoints will be assessed for 
those enrolled in the dysplasia trial and a sample 
of those enrolled in the general population trial. 
Therefore, several ancillary assessment will also 
be made. These include: a, reviewing cytologic re
gression and/or progression at 18, 36 and 60 months 
in all patients in the dysplasia trial and a sample 
of the participants in the population trial. b, 
endoscoping a samDle of 400 dysplasia patients be
fore starting pill and again after 18 or 24 months 
of nill-taking to assess: (1) Endoscopically ob
served esophagitis; (2) Histologically diagnosed 
esophagitis; (3) Ability of the tritiated thymidine 
incorDoration in various cells layers; (4) The nre
valence of positive esoDhageal fungal cultures; (5) 
The micronucleus test as applied to exfoliated 
esophageal cells; (6) Observe the concordance be-
tween endoscopic and histologic scoring of esopha
gitis; and (7) Observe the concordance between the 
histologic results from either the balloon cytologic 
examination at baseline or the endoscopic examina
tion at baseline or 24 months. (8) Ear information 
detection using auricular needling to detect the 
cases with severe dysplasia and cancer of esophagus 
before starting pill and again after 18, 36, 54 
months. c, obtaining 24-hour urine collections on 
a sample of individuals after the start of pill 
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Table 1 
Proposed dosages for the nutri
tion intervention trials in Linxian 

321 

Dysplasia General 
Nutrient trial pop. trial 

Dose %RDA Dose %RDA 

Vitamin A(as acetate) 10000IU 200 5000IU 100 
Beta-carotene 25mg 25mg 
Riboflavin 4.8mg )00 ).2mg 200 
Niacin(as niacinamide) 40mg 200 40mg 200 
Vitamin C(as ascorbic acid)180mg )00 l20mg 200 
Vit.E(as dl~-tocopheryl-

acetate) 20mg 200 20mg 200 
Selenium(as sodium selenite)50mcg - 50mcg 
Zinc(as Zinc sulfate) 45mg )00 22.5mg 150 
MOlybd~um(as sodium 

molybdate) )Omcg )Omcg 

taking 24 months to evaluate the effect of vitamin 
C on nitrosamine formation. d, obtaining toe nail 
clippings on a sample of individuals before and 
after pill-taking for future analysis of trace el
ement. e, obtaining an initial blood sample from 
each participant and separa~ing into plasma and 
cells stored in freezer(-80 C) for the future ana
lyses. 

During the coure of the study barefoot doctors 
will identify all deaths to study subjects. We have 
experience in monitoring mortality and cancer in
cidence in Linxian. We will use the Linxian Cancer 
Registry System (established in 1959) for stand
ardized ascertainment of cancer cases, plus we will 
have immediate notification from the barefoot doc
tors of all deaths occurring among trial partici
pants. Information from medical records will be 
abstracted to include date and cause of each',death. 
Incident cancer cases will also be identified. Date 
of diagnosis and type of cancer will be determined. 
Annually, in collaboration with NeI, the CI will 
calculate age and sex specific rates of mortality 
from all causes and rates of mortality and incidence 
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from esophageal and all other cancers among study 
participants, stratified by treatment group (with 
the code identifying placebo and treatment groups 
broken only if there are highly significant dif-
ferences). . 

A biochemical/nutritional surveillance program 
will be included in both trials to provide infor
mation on background of nutrients for trial parti
cipants before the interventions, to assess com
pliance, and to allow us to measure seasonal and 
secular variation during the interventions. 

During the trials 400 study subjects per year 
will be selected at random to have blood and urine 
collected and have a dietary history and anthropome
tric measurements taken. Blood will be analyzed for 
the various vitamins and minerals being administered 
during the trials and urine will be analyzed for 
nitrosamines. This surveillance will include parti
cipants from both trials and will be performed 
throughout the year (100 persons every 3 months; 
20 from dysplasia trial, 80 from general population 
trial) • 

The laboratory analyses for this surveillance 
program will be performed in China with a 10% sample 
being sent to the U.S. for simultaneous analysis 
as a part of an ongoing quality control program. 

(6) Statistical considerations. A, Sample 
size. The total population aged 40-69 in the 3 
communes in which the study will be conducted num
bers 33,643, based on the national census conducted 
in China in 1982. As mentioned above, in December 
1983, a mass screening of esophageal cytology by 
balloon swallow was conducted among 13049 adults 
age 40-69 in these communes. 3489 patients were 
identified as having severe dysplasia (Grade 1-
2685, Grade 11-804). It is proposed to enroll~all 
eligible persons in the general population and in 
the dysplasia trials. From our pilot study, we es
timate that 90% will be eligible and willing to 
participate in the trials. Thus, there will be about 
28000 participants in the general population trial. 
We have already completed the pre-study evaluation 
procedure of subjects with dysplasia of esophagus. 
There are about 3000 eligible dysplasia subjects 
for dysplasia trial. B, Power. The following 
assumption were made in the power calculations: 
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(1) The annual crude esophageal cancer mortality 
rate in persons aged 42,69 in the genreal popula
tion trial is 650 x 10 (or 0.65% per year). (2) 
The annual mortality from esophageal cancer in 
patients with severe dysplasia age 40-69 is 1.78% 
(3) Excluding events in the first 6 months, the 
cumulative incidence for the following 4.5 years 
will be 2.9% for the general population and 8.0% 
for those with dysplasia. (4) The effect of drop
outs and competing ri5k is ignored; and (5) Al
pha error(one-sided) is set at 0.05. 

For the dysplasia trial, with P=0.08 and 1500 
persons in each treatment arm, the detectable dif
ferences and power are shown below: 

0.064 
0.060 
0.056 
0.052 
0.048 

Decrease 
due to 

intervention 

20% 
25% 
30% 
35% 
40% 

Power 

52% 
69% 
84% 
93% 
98% 

For the general population trial, with P =0.029 
and 14,000 per treatment arm and assuming ~ 2 group 
trial for simplicity of calculation: detectable 
differences and power are: 

0.0247 
0.0232 
0.0218 

Decrease 
due to 

intervention 

15% 
20% 
25% 

Power 

72% 
92% 
99% 

These estimates are based on the formula.(25) 
Thus, the dysplasia trial will be able to detect 

with high power a 35% reduction in esophageal can
cer rates associated with the intervention, and the 
general population trial, a 20% reduction. The power 
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of the general population trial (which will use a 
fractional factorial design) to detect difference 
associated with individual factions will vary under 
various possible alternative outcome, but will be 
high to evaluate differences of 20%-30% due to each 
factor under a number of plausible outcomes. C, 
Data analysis. The methods of analysis to be ap
plied to the data collected during these trials 
include simple contingency table analysis and Cox's 
method of regression analysis for survival data. 
The use of regression methods will allow for in
corporation of variables stratified on at random
ization and adjustment for risk factors which are 
found by the initial interview to be nonrandomly 
distributed between treatment groups. 

Analysis of the dysplasia trial data will allow 
us to make a statement about the effect of the com
bined mUltivitamin-multimineral preparation only, 
while in the general population trial we will be 
able to separate out the effects of the several 
factors. 

(7) Quality control procedures. A high level 
of quality control will be maintained throughout 
the course of the trials. Quality control proce
dures include the follow: 

a. monitoring the performance of all field staff 
b. verifying that all coding of data is accurate; 
c. ensuring that all blood, urine, nail specimens 

are collected, processed, and stored completely, 
validly and accurately. 

d. ensuring that proper quality control procedures 
are carried out for all laboratory work; 

e. sending 10% of blood and urine samples to a 
u.s. lab. for duplicate analysis. 

f. recovering used pill packs with unconsumed 
pills left in the package. A random sample of these 
will be returned to the U.S. for chemical analysis, 
as a way of verifying the appropriate formulation 
and assuring that subjects are receiving the cor
rect pills. 

E. Conclusion 

The important relationship of diet and nutrition 



IntelVention Trials in Esophageal Cancer 325 

in the development of cancer has become well known 
through various research effects. Some kinds of 
nutrients have also been implicated to have cancer 
preventive potential, but their significance in 
cause and prevention remain to be confirmed. Many 
studies of cancer use experimental animals or cells 
and experimentally contrived conditions to observe 
the effects of manipulating one or two diet and 
nutrition agents. Although such studies represent 
a good starting point for new hypotheses, it is 
clear that, ultimately, these ideas must be exam~ 
ined in human living situation. This project offers 
an outstanding opportunity to evaluate the prophy
lactic Toles of multiple nutrients or which ones 
in the carcinogenesis of human esophageal cancer, 
because: (1) the study population has very high 
risk of esophageal cancer. (2) Patients with severe 
dysolasia of esophagus can be identified and re
cruited; (3) the dietary pattern of residents is 
simole and predictable. The people consume whatever 
they produce so that food effects on cancer are not 
confounded by the effect of a broad distribution 
of food. (4) The population is relatively stable, 
the rural families usually do not move, (5) nutri
tional deficiencies are common and low dose vita
min supplementation improve nutritional status. 
(6) Compliance of participants is excellent. (7) 
The local health organizations are experienced in 
epidemiological studies, maintaining a high quality 
cancer registry system. We are confident that this 
collaborative project will not only be mutually 
rewarding to both of China and U.S. but, obtained 
results should lead to a better understanding of 
human cancer cause and prevention. 
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CHEMOPREVENTION STUDIES IN FAMILIAL POLYPOSIS 
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MILLER, H.H., M.S., and DeCOSSE, J.J., M.D. 

MEMORIAL SLOAN-KETTERING CANCER CENTER 

NEW YORK, NY 10021 

INTRODUCTION 

Familial polyposis is a classic prototype of 
hereditary human precancer. Patients with polyposis coli 
were chosen for our studies of chemoprevention because the 
precursors and histology of sporadic large bowel cancer 
are mirrored and truncated in time by polyposis. One of 
several clearly defined precancerous lesions of genetic 
origin, polyposis, is characterized by the development of 
numerous adenomas of the large bowel at a young age, with 
a risk approaching 100% of eventually developing single or 
multiple adenocarcinomas (1). Familial polyposis is 
transmitted as an autosomal-dominant disorder with a high 
degree of penetrance (2), and occurs at an expected 
frequency of 1 in 6850 to 1 in 23,790 live births (2,3). 
The study of environmental factors in the more dynamic 
setting provided by polyposis may identify modes of 
chemoprevention relevant to sporadic large bowel cancer, 
as well as provide this information in less time. Thus, 
it is hypothesized that the important genetic mutational 
event requires subsequent promotional events for the 
induction of adenomas and cancer and that these 
promotional events can be blocked by chemopreventive 
agents. 

There exists evidence that antioxidants and fiber may 
have effective antitumor activity against colon cancer in 
animals and man. The theoretical basis for our present 
chemopreventive trial involving ascorbic acid, alpha-

329 
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tocopherol, and fiber dietary supplements has evolved from 
numerous studies in this area. 

Several studies have demonstrated that ascorbic acid 
and alpha-tocopherol inhibit experimentally-induced colon 
tumors (4,5,6,7). Both of these antioxidants have also 
been shown to inhibit other experimental tumors (8-15). 
Ascorbic acid reduced the formation of N-nitroso compounds 
from nitrite precursors (16-18), and alpha-tocopherol 
inhibited nitrosamine formation from nitrite in a model 
system (19). Ascorbic acid has both inhibited 3-methyl
cholanthrene-induced morphological transformation and 
reversed the transformed phenotype in mouse embryonic cell 
cultures (20), and it has suppressed the in vitro growth 
of human leukemic cells (21). Bruce and Dion (22) observed 
that when volunteers were given daily dietary supplements 
of ascorbic acid (4g) or alpha-tocopherol (400mg) or both, 
there was a sharp decrease in fecal mutagenic activity; 
the greatest effect followed administration of both 
agents. 

Studies in humans have suggested that wheat fiber has 
the best association with a reduction in carcinogenesis. 
In the case control studies of Modan et al (26) and the 
population studies of Jensen and Maclennan (27) fiber 
protected against large bowel cancer. We have reviewed 18 
studies of insoluble fiber in 17 publications. All used 
the rat as the experimental model and dimethylhydrazine 
(DMH) or azoxymethane (AOM) as the carcinogen. 
Carcinogenesis was inhibited by wheat bran in 7 of 9 
studies, by nonspecified insoluble fiber in 1 of 2, by 
cellulose in 5 of 6, and by hemicellulose in 1 study. 
Hence, protection against large bowel carcinogenesis was 
observed in 14 of 18 experiments. We have inferred from 
this review that the insoluble components of fiber provide 
some protection against experimental large bowel 
carcinogenesis. In contrast, soluble fibers such as 
pectin had no value in 3 of 4 experiments (23,24,25). 

In an initial study by our group, ascorbic acid 4g 
day was administered to a small group of patients with 
familial polyposis. A reduction in rectal polyps was 
observed (28). In a subsequent randomized double blind 
trial of ascorbic acid 4g/day among 47 polyposis patients, 
a suggestion of a reduction in polyp area was observed in 
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the ascorbic acid group (29). The present trial is based 
on this experience and is designed to assess the effects 
of ascorbic acid in combination with alpha tocoperhol and 
high fiber dietary supplements. 

METHODS 

The current chemoprevention phase II-III cancer 
control study which began in November 1982 is a three arm 
randomized, double blind, controlled clinical trial. The 
goal of this study is to assess the effect of combined 
administration of ascorbic acid and alpha-tocopherol alone 
or with wheat fiber in the diet in patients with familial 
polyposis who had previously undergone colectomy and 
ileorectal anastomosis. The three treatment arms are (i) 
ascorbic acid, 4g/day, plus alpha-tocopherol, 400 mg/day 
with a high fiber, 22.Sg/day supplement; (ii) ascorbic 
acid, alpha-tocopherol and a low fiber, 2.2gJday 
supplement (iii) placebo: inert placebo pills and low 
fiber. 

Eligible patients were randomized to one of the three 
treatment arms. At the end of a three-month stabilization 
period of placebo drug only, during which time patients 
were discouraged from taking any supplementary ascorbic 
acid or alpha-tocopherol, the treatment allocations were 
begun. This second visit represented the baseline for the 
study. Patients are seen at three month intervals. At 
these visits, we (i) assess polyp number, area, and 
location (ii) evaluate vitamin and fiber compliance by 
interview and laboratory tests (iii) collect information 
about dietary intake (iv) evaluate by hematologic tests 
the safety and toxicity of treatment. On an annual basis, 
a biopsy of rectal mucosa is obtained to determine the 
proportion of rectal epithelial labeling by tritiated
thymidine. 

Safety, toxicity and compliance issues are an 
important focus of our trial. At each visit possible side 
effects are reviewed with each patient. The hematologic 
evaluation screen for safety and toxicity includes tests 
for bleeding time, prothrombin time, white blood cell 
count, hemoglobin, hematocrit, platelets, red blood cell 
morphology, and serum calcium. In addition, serum 
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ascorbic acid and alpha-tocopherol levels are periodically 
assessed. 

In order to be able to fully evaluate the effects of 
the dietary treatment allocations, dietary intake 
information has been collected and entered into the study 
data base. At each visit, a 3 day complete diet inventory 
is collected. This nutritional data base will allow us to 
evaluate total dietary fiber intake and to assess whether 
administered fiber might alter other components of the 
dietary such as fat, thus introducing confounding 
variables. 

With the aim of developing a more complete profile of 
our polyposis patients other studies have included: (i) 
psychosocial studies related to participation and 
compliance (ii) development of a polyposis registry and 
genetic analysis of the pedigrees of polyposis families 
(iii) upper gastrointestinal endoscopy (iv) measurement of 
intestinal transit times. 

RESULTS 

Accrual: Since the trial began. 72 eligible patients 
have consented to participate. The first group of 
patients entered in November 1982 and total accrual 
occurred over five trial sessions. The study was closed 
to patient entry in November 1983 with 62 patients. The 
characteristics of the evaluable patient sample is 
presented in Table I. Of the 72 patients who began the 
protocol, 14 have withdrawn. Four dropped out between the 
first and second visit and thus did not begin treatment; 4 
more dropped out between their second and third visits. 
The remaining 6 withdrawals include 1 patient who was 
diagnosed as having carcinoma of the duodenum or pancreas 
and 1 who developed a psychiatric illness. 

As of the last study session in November 1984, 58 
patients remained on protocol. However, the interim 
analysis, started in August 1984, was based on a study 
sample of 60 patients, of whom 26 had been on treatment 
allocation for 18 months, 34 for 15 months, 45 for 12 
months, 50 for 9 months, and 60 for 6 months. 



T
ab

le
 1

 

C
om

pa
ri

so
n 

o
f 

T
h

re
e 

S
tu

d
y

 A
rm

s 
a
t 

V
is

it
 

2 
(B

as
el

in
e)

 

P
la

ce
b

o
 

Lo
w

 
F

ib
er

 

N
um

be
r 

o
f 

P
a
ti

e
n

ts
 

22
 

18
 

S
ex

 
(M

/F
) 

1
0

/1
2

 
7

/1
1

 

M
ed

ia
n 

In
te

rv
a
l 

fr
om

 C
ol

ec
to

m
y 

(Y
ea

rs
) 

3
.1

 
3

.4
 

N
um

be
r 

w
it

h
 P

ri
o

r 
P

ol
yp

ec
to

m
y 

8 
2 

P
ri

o
r 

V
it

am
in

 C
 U

sa
ge

 
27

.3
%

 
31

.3
%

 

P
ri

o
r 

V
it

am
in

 E
 U

sa
ge

 
9.

1%
 

18
.8

%
 

M
ed

ia
n 

A
ge

 
a
t 

S
ta

rt
 P

ro
to

co
l 

(Y
ea

rs
) 

3
2

.0
 

2
9

.9
 

M
ed

ia
n 

D
ie

ta
ry

 F
ib

er
 

(G
/d

a)
 

8
.5

 
8

.0
 

M
ed

ia
n 

L
ab

el
li

n
g

 I
n

d
ex

 
(%

) 
6.

6%
 

5.
4%

 

M
ed

ia
n 

N
um

be
r 

o
f 

P
ol

yp
s 

4
.1

 
7

.8
 

M
ed

ia
n 

T
o

ta
l 

A
re

a 
P

ol
yp

s 
(m

ro
2 )

 
2

3
.7

 
3

1
.5

 

H
ig

h 
F

ib
e
r 

20
 

6
/1

4
 

5
.3

 7 

15
.0

%
 

0.
0%

 

3
2

.4
 

8
.2

 

6.
5%

 

3
.0

 

1
8

.2
 

£)
 ~ .g ii! tii ::J

 g- :J
 s- ~
 

:3 ;::
.: iSi
- - d' i iii- V
J 

V
J 

V
J 



334 Freedman et aJ. 

Compliance and Safety: Few studies have examined the 
effects of the long term administration of ascorbic acid, 
alpha-tocopherol, and high fiber supplements in humans. 
Throughout the trial there has been no symptom or side 
effect which could be attributed either to the vitamins or 
to the low or high fiber supplement. Patient-reported 
symptoms such as headache, dizziness, and diarrhea 
occurred equally often in all treatment groups. All 
hematologic tests remained within normal limits. We have 
observed a decline in serum calcium during the course of 
the trial. The decrease was thought to be more prominent 
in the "high fiber" study group but subsequent analysis 
showed the decrease to be distributed evenly among all 
three groups. The calcium levels remain in the normal 
range. Further analysis of the relationship of this 
finding to total diet intake and specifically fiber 
consumption is underway. 

Fiber and vitamin compliance has been monitored 
throughout the trial (Table II). With respect to patient
reported as well as clinically-evaluated compliance, there 
was no evidence of significant differences among the 
groups. During the past year, patient reported compliance 
with vitamins or placebo has been 80% or better in over 
80% of the patients and satisfactory (60-79% compliance) 
in an additional 10%. Compliance with fiber supplements 
has been more difficult, averaging in excess of 80% of 
compliance in approximately 55% of the patients and 
averaging between 60-79% in an additional 15% of the 
patients. 

Main Response Variables: The main response variables 
of the trial are total polyp number and area and the ratio 
of total polyps area and/or number to baseline values. 
Final analyses will be performed after all patients have 
been on treatment for a minimum of 36 months. As 
indicated previously, at the time of our interim analysis 
in August 1984, patient time on trial varied from 6-18 
months. Analysis of these preliminary data on polyp 
status indicated no statistically significant differences 
among the 3 treatment arms. In spite of the limited 
followup, exploratory plots and various descriptive tables 
and figures suggest there may emerge inherent treatment 
effects, even though statistical analyses have not yet 
confirmed them. The full evaluation of the biological 
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Table II 
Overall Compliance for the November 1984 Trial 

and the 5 Previous Trials 

AUG '83 NOV '83 FEB '84 MAY '84 AUG '84 NOV '84 

FIBER: 
(;GOD 48% 56% 61% 53% 51% 51% 

SAT 24% 13% 12% 17% 17% 13% 

POOR 27% 31% 28% 31% 32% 36% 

N 33 45 51 59 59 53 

VITAHINS: 
GOOD 92% 83% 91% 79% 80% 79% 

SAT 7% 8% 5% 12% 10% 11% 

POOR 2% 10% 3% 9% 10% 9% 

N 42 52 61 58 59 53 

GOOD=80-100% COMPLIANCE, SAT=60-70% COMPLIANCE, 

POOR=0-59% COMPLIANCE, N=THE NUMBER OF PATIENTS ON WHICH 

COMPLIANCE WAS BASED 
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effects of the treatment allocations await complete 
followup of these polyposis patients. 

Labeling Index: The tritiated-thymidine labeling 
index provides a measure of rectal epithelial DNA 
synthetic activity. Thirty-three patients have undergone 
both pre and post treatment biopsies. A comparison of 
change in annual labeling index among treatment arms shows 
no significant difference, but there is a suggestion of a 
treatment effect in the "high fiber" group. 

Intestinal Transit Time: Intestinal transit time was 
assessed following administration of a carmine marker to 
patients before and several months after initiation of 
dietary fiber supplementation. There has been no 
significant difference between findings for low and for 
high fiber groups. Previous data of changes in transit 
time related to fiber probably reflects the effect of 
fiber of the intact large bowel. The negative findings 
may be a result of the fact that the large bowel is 
virtually absent in our patient sample because of prior 
colectomy and ileorectal anastomosis. 

DISCUSSION 

The present trial will provide information not only 
on the effects over time of the vitamin and fiber 
supplements on rectal polyps, but also on the natural 
history of the syndrome in our sample of patients. There 
exists little information on the time required for dietary 
interventions to express a preventive effect on rectal 
adenomas in humans. Completion of followup in our study 
patients will afford us the opportunity to fully evaluate 
the biological findings of this chemoprevention trial. 

Our experience has indicated that a randomized, 
double-blind controlled clinical trial can be established 
and maintained in patients with familial polyposis. We 
have demonstrated that these patients can maintain 
acceptable levels of vitamin and fiber compliance during 
the trial and that there has been no adverse safety or 
toxicity findings related to long-term administration of 
ascorbic acid and alpha-tocopherol. 
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Many questions remain. Can variations of measurement 
be reduced? A persistent problem has been the difficulty 
of accurately counting and measuring polyps in the rectal 
mucosa. If polyp counts are under ten, the assessment is 
reasonably trustworthy. However, when counts are high, 
there may be substantial degree of error. This range of 
error in measurement is, of course, common to all three 
treatment groups. In an effort to reduce it, we have 
obtained and begun to use a Welch Allyn video 
sigmoidoscope, which provides us with lasting visual 
records. The use of videoendoscopic procedures should 
enable us to make more accurate counts and comparisons 
between successive visits of a given patient. 

Can the results of these studies be applied to the 
much larger population of patients with sporadic large 
bowel cancer? Clearly, this is our ultimate objective. 
The hypothesis is that patients with familial polyposis 
have a truncated form of large bowel carcinogenesis 
wherein the genetic mutation has provided a biological 
amplification system but environmental or promotional 
events are still necessary. The following findings argue 
for environmental or promotional events that may possibly 
be subject to therapeutic interventions: the 10 year 
average interval between onset of polyps and onset of 
cancer; the frequent spontaneous regression of rectal 
polyps; and the regular occurrence among these patients of 
cancer in the left side of the colon rather than 
throughout the large bowel. Moreover, the observation of 
a waxing and waning of polyps even in the control group, 
yields another hint that environmental influences are at 
work and may perhaps be modified. It is possible, of 
course, that the genetic mutation is powerful enough to 
overwhelm any efforts at blocking the action of 
environmental carcinogens. Nevertheless, it remains our 
hypotheses that these environmental events can indeed be 
blocked, and that what we can learn from the study of 
familial polyposis will prove applicable over a far longer 
time frame to the larger population of patients at risk 
for sporadic adenomas and sporadic large bowel cancer. 
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Introduction 

Lung cancer is a major health problem in the USA. It 
is estimated that in 1982, greater than 110,000 deaths were 
directly attributable to lung cancer.1 In addition to be
i ng the most common cause of cancer death inman (and in 
1985, women also), lung cancer is unique in that the pri
mary causative agent has been identified. Epidemiologic 
studies have clearly shown that cigarette smoking is a 
major etiologic factor in the development of pulmonary 
neoplasia.2,3,4 Although the public is well aware of this 
relationship, there has been little success in primary pre
vention. In general, anti-smoking campaigns are met with 
apathy and tobacco abuse continues. Because the primary 
prevention of lung cancer has not yet been possible, alter
native methods of prevention are needed for those who are 
unable or unwilling to give up smoking. The availability 
of a "chemoprevention drug" for this population would be of 
significant public health interest. 

Epi demi 01 ogi c studi es of cancer pat i ents and matched 
controls as well as retrospective analysis of dietary ;his
tories and serum samples from cardiovascular/hypertension 
trials have suggested an increased incidence of cancer in 
subjects having low serum retinol and beta-carotene concen
tration.5,6,7,8,9 Although more recent studies have not 
always confirmed this inverse correlation between serum 
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concentrations of retinol/beta-carotene and the incidence 
of cancer10 , there does appear to be a correlation between 
dietary intake of fresh fruits and vegetables (beta-caro
tene-rich food) and the incidence of cancer. 

In addition to these epidemiologic trials, animal work 
suggests a rel ationship between cancer and the family of 
synthetic and naturally-occurring Vitamin A compounds col
lectively referred to as the retinoids. These compounds 
have been shown to cause tumor regression, inhibit the 
growth of established tumors, and prevent the occurrence of 
many naturally-occurring and carcinogen-induced animal 
tumors.12 ,13 A number of these studies have been present
ed at this meeting and will not be detailed here. 

There are few human studi es eva 1 uat i ng the chemopre
ventive effects of the retinoids and beta-carotene. Two 
studies of particular importance to our planned tri~ls will 
be di scussed. Gouvi a et al studi ed the effect of the syn
thetic retinoid, etretinate on the incidence of bronchial 
metaplasia in chronic cigarette smokers.1 4 They enrolled 
70 chronic smokers on a trial of 25 mg of the etretinate 
daily for six months. Previous to treatment all patients 
had bronchoscopy with biopsies taken from 10 specified 
points in the bronchial mucosa. The degree of metaplasia 
was graded by a strict grading criteria. Six months after 
treatment, all pati ents were re-bronchoscoped and had re
peat biopsies. Eleven patients were analyzed in their 
recent report. Ten of 11 patients showed a s i gnifi cant 
decrease in the degree of metaplasia with a P value of < 
0.01. Reportedly, all patients continued to smoke while 
on treatment. This trial suggests that the retinoids may 
be effective in reversing previously established metaplasia 
induced by cigarette smoking. 

Stitch et al have performed a somewhat simi 1 ar study 
in the Philippines with subjects who were chronic betel-nut 
quid chewers.l5 These subjects have a high incidence of 
oral cancers. The end point the investigator used was the 
percent of micronuclei observed in Pap stains of a scraping 
of the oral mucosa. Micronuclei represent chromosomal frag
ments and may i ndi cate nucl ear damage induced by a poten
tial carcinogen. Patients were treated orally with retinol 
50,000 units twice a week and beta-carotene 150,000 units 
twice a week. Patients had mucosal samples for micronuclei 
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determi nati on pretreatment and at 1, 2 and 3 months after 
the start of treatment. On the right side of the cheek, 
the results were 5.2 + 1.8%, 2.7 + 1.2%, 2.0 + 1.1% and 0.8 
+ 0.6% respectively, a gradient Tall in the percent micro
nucl ei with conti nued treatment. The authors fel t that 
this study gave evidence that beta-carotene and retinol in 
combination can decrease the incidence of chromosome damage 
caused by beetle-nut quid chewing. 

Intervention Trials 

With the available animal and epidemiologic studies, 
we feel it is reasonable to consider the initiation of a 
trial of beta-carotene and retinol in subjects at high risk 
for developing epithelial malignancies. In Seattle, Wash
ington, under the auspices of an NCI-funded Cancer Preven
tion Research Unit, we have initiated two trials to eval
uate the affect of beta-carotene and retinol in the preven
tion of lung cancer. Two high-risk populations will be 
studied: 1) Heavy cigarette smokers; and 2) Patients with 
asbestosis. 

Smoke rs Pi 1 ot 

To determine the sample size requirement to test an 
intervention on the incidence of lung cancer, we have made 
the following assumptions: 1) The incidence of lung can
cer in subjects age 50-67 with a history of more than 20 
pack-years will be approximately 100 per 100,000 man years;3 
2) We wish to detect the difference between treatment and 
nontreatment of 33%; 3) Subjects will be followed for 8 
years; 4) The power of this trial will be 80%. With these 
assumptions, it will be necessary to enroll 15,000 subjects 
randomized between treatment and nontreatment. 

Prior to the initiation of this large scale trial, we 
are conducting a pilot study to determine the feasibility 
of such a trial. The specific objectives of this pilot 
trial are as follows: 1) To evaluate the methods of en
rollment of subjects into this study; 2) To evaluate inci
dence of and methods of monitori ng beta-carotene and ret
inol side effects; 3) To evaluate differences in side 
effects of long term therapy with retinol, beta carotene or 
a combination of both; 4) To evaluate subject adherence in 
a) taking the agents, b) completing the follow-up question-
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naires, c) reporting to the clinic for follow-up examina
tions. 5) To initiate retino1/ beta-carotene treatment 
ina group of subjects who will be closely foll owed for 
side effects. This group will serve as a vanguard group 
for the proposed phase III intervention trial. 6) Eval
uate the accuracy of a dietary history in predicting, ret
inol and beta carotene serum concentrations. 

The eligibility criteria for this trial are seen in 
Figure I, below: 

Figure 1: Smokers Pilot Eligibility Criteria 

1) Age 50-67 
2) Smoking history of 20 pack-years or greater 
3) Current smokers or those who have quit 1 ess than 

six years previously 
4) No history of cirrhosis or hepatitis within the 

past 12 months 
5) Supp1 emental retinol intake of 5000 un its or less 
6) No beta-carotene supplementation 
7) No diagnosis of cancer within the past five years 

(other than skin cancer) 
8) SGOT and alkaline phosphatase must be within the 

99th percentile 

Popu1 ation 

The population for this trial will be drawn from sub
scribers of King County/Blue Shield, a local Puget Sound 
health insurance group. Blue Shield has agreed to send out 
introductory letters to all subscribers between the ages of 
50 and 67. This letter will introduce the basic concept of 
this study and ask questions as pertains to e1 igibil ity. 
Subjects interested in this trial will respond directly to 
the study offices. From the questionnaires returned, we 
will re-contact those who are both eligible and interested 
i n pa rt i c i pa t i ng i nth i s t ria 1 • 

Ki ng County/Bl ue Shiel d has currently around 40,000 
subscribers aged 50 to 67. In a pilot mailing to 1000 sub
scribers in May of 1983, we received 687 return question
naires. This included both questionnaires from subscriber 
and spouse. In total, of the 1000 letters sent, approxi
mately 13% were eligible and willing to participate in this 
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trial. With this population, we feel that we will have an 
adequate sample size for the pilot trial. 

Treatment Plan 

Four treatment groups will be evaluated: 

1. Retinol placebo and beta-carotene placebo 
2. Retinol 25,000 IU/day + beta-carotene placebo; 
3. Retinol placebo + beta-carotene 30 mg/day; 
4. Retinol 25,000 IU/day + beta-carotene 30 mg/day. 

230 subjects will be randomized to each of the four groups. 
All subjects will be followed for two years of treatment. 

Enrollment 

After contacting subjects with the preliminary mailing, 
those interested and eli gi b 1 e wi 11 be contacted by phone 
and given an appointment to the prevention clinic. At the 
time of the clinic visit, study nurse-practitioners will 
aid the subjects in filling out the questionnaire. A 
side-effects questionnaire will also be completed in this 
pre-treatment period. Since many of the side effects of 
the retinoids and beta-carotene are subjective, it will be 
imperative to have a pre-study evaluation. A limited 
physical exam will also be done. Subjects will be given a 
side-effects information sheet for beta-carotene and retinol 
which will be explained. 

If subjects agree to participate, informed consent 
will be obtained and pre-study blood samples will be drawn. 
These will consist of four aliquots of serum, (three for 
long-term storage and one for immediate analysis of beta
carotene, retinol, the retinyl esters and screening chemis
try profile) and two plasma samples (both for long-term 
storage). Patients will then receive a two-months' supply 
of retinol and beta-carotene placebo capsules for the 2 
month run-in period. They will then be given an appoint
ment for a two-month follow-up visit. 

At the two-month follow-up, the side-effect interview 
and physical exam will be repeated (after 2 months of place
bo.) Levels of compliance will be determined by pill count 
and history taking. If compliance is greater than 75%, the 
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patient will be randomized onto the trial. Subject will be 
stratified by the following criteria: 1) Age 50-60 or age 
>60; 2) 20-40 pack years or >40 pack years. Subjects will 
then be randomi zed to one of the four treatment arms and 
given a five-month's supply of drug. 

Follow-up visits will be at 4-month intervals and con
sist of a repeat of the side-effect interview and physical 
physical examination. Blood samples will be drawn at four
to eight-month intervals for retinoid and beta-carotene 
content and screening laboratories as well as long-term 
storage. Between clinic visits at four-month intervals, 
subjects will be contacted by phone to determine compliance 
and side effects. The standardized side-effects question
naire will be administered by phone. 

This pilot trial will continue for a total treatment 
duration of two years. At the end of this two year period, 
the four arms will be compared in terms of compliance and 
occurrence of side effects. During this pilot, we will 
also determine methods to improve adherence and partici
pation by the subjects. The methods for evaluating side 
effects and the incidence of side effects in this population 
wi 11 be determi ned. The treatment best tolerated and wi th 
the highest adherance will then be proposed for the phase 
III intervention trial. 

Asbestosis Trial 

In parallel with the smokers pilot, we are conducting 
a phase III intervention trial in subjects with asbestosis
related lung disease. Because this group as a whole is 
more aware of their increased risk for developing pulmonary 
neop 1 asms and thei r potenti al adherence and part i ci pat ion 
will hopfully be excellent, we feel we are justified in 
initiating an intervention trial. Eligibility for the 
asbestosis trial are seen in Figure 2, below: 

Figure 2: Asbestosis Eligibility Criteria 

1) Age 45-74 
2) Greater than or equal 15 years since first exposure 
3) Chest X-ray positive for pleural changes and/or 

interstitial fibrosis OR Chest X-ray neagative and 
at least five years ina high risk trade 
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The subjects for this trial are being recruited from: 
1} pulmonary physicians within the Seattle area; and 2} the 
membership of unions with a historically high exposure to 
asbestos, i.e., ship scalers, pipefitters, shipyard workers, 
boilermakers, etc. Once subjects are identified by their 
source, they are contacted by a di rect mail i ng. If a re
turn letter indicates eligibility and interest, they are 
contacted and a clinic appointment is given. 

The intervention in this group is retinol 25,000 units 
per day and beta-carotene 15 mg. per day. Subjects will be 
randomized between the combination or placebo. Stratifica
tion includes: 1} Current smoker or never smoked; and 2} 
less than 25 years since exposure to asbestos or greater 
than 25 years since exposure to asbestos. 

The followup of the subjects in this trial is identi
cal to that in the aforementioned smokers pilot. The forms 
and side effects evaluations for both trials are identical. 
We anticipate enrollment of 2000-2500 subjects with a fol
lowup of 8-10 years. 

Oi scussion 

Both these trials are ambitious undertakings. To de
termine if these interventions alter the incidence of lung 
cancer both populations will require a followup of from 8 
to 10 years. In the asbestosis trial although the inci
dence of lung cancer is significantly higher than smokers a 
total randomized population of at least 2000 will be neces
sary to statistically detect a 33% difference in the inci
dence of cancer. Adequate recruitment of this highly 
selected population will be a major goal of this trial. 

While recruitment of the population in the smokers pi
lot trial will not present a problem, recruitment of 15,000 
subjects required for the intervention trial will present a 
major undertaking, especially if this trial remains local
i zed to the Puget Sound area. We are hopeful thi s tri al 
can be expanded to other areas of the country to recruit 
the required population. 

Other major questions to be answered in these trials 
relate to adherence: While patients diagnosed with asbes
tosis are at high risk for developing cancer, their moti-
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vation and adherance in taking a daily capsule is unknown. 
Smokers are a compl etely di fferent group. These subjects 
are II we11" and do not regard themse1 ves as ill. It is 
difficult to know if this population will take a capsule 
daily for a period of 8 to 10 years. Hopefully we will 
gain some insights into these questions during the pilot 
tri al • 

The specific choice of agents in these trials is some
what empiric. Although animal studies suggest that retin
oids will reverse pre-neopl astic lesions, there are few 
human studies. In addition, most of the synthetic retinoids 
currently available have a low therapeutic index. Retinol 
itself is toxic in high doses, and it is unknown if low-dose 
supplementation will be effective. While animal studies 
have shown the retinoids to be effective in nutritionally
depleted animals, it is unknown if low-dose supplementation 
will have any efficacy in a nutritionally normal population. 
There is some rational e for a somewhat moderate dose of 
retinol, however. Such a dose would correct subjects who 
may be marginally deficient in retinol intake and increase 
the serum concentration of the reti nyl esters whi ch have 
been shown to be chemopreventive in animal studies. 

The use of beta-carotene is somewhat more empi ri c. 
While epidemiologic studies suggest its value few animal 
studies are available. The dose-response relation of 
beta-carotene is unknown. Some prel imi nary human studi es 
by Stitch have suggested that beta-carotene acts mainly 
through its conversion to retinol. However, in vitami n A 
loaded subjects beta carotene appears to have an indepen
dent action on its own. This may relate to intracellular 
conversion to retinol. Hence there is rationale for com
bining beta-carotene and retinol in clinical trials. 

As additional chemoprevention compounds become intro
duced and evaluated in the laboratory they will undoubted
ly require clinical evaluation. We are hopeful that these 
pilot trials, in addition to evaluating retinol and beta
carotene, will provide useful information for the success
ful conduct of future trials. 
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STUDY OF DIET AND BREAST CANCER 
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New York, N.Y. 10016 U.S.A. 

Methodologic problems encountered in an epidemiologic 
study of diet and breast cancer wi 11 be discussed. This 
ongoing case-control study is investigating the hypotheses 
that breast cancer risk is increased ~ ingestion of fats, 
and is decreased ~ ingestion of retinol, beta-carotene, 
ascorbic acid, alpha tocopherol, zinc, selenium, dietary 
fiber, cruciferous vegetables, and foods containing pro
tease inhibitors. The subjects will consist of about 5~~ 
breast cancer cases screened at a breast diagnostic center 
in New York City between 1981 and 1986 and 75~ randomly
selected controls without breast cancer screened at the 
same center, and frequency matched with the cases on year 
of screening. Information is being obtained through a 
highly structured telephone interview which takes about an 
hour and a ha 1£. 

The interview is admdnistered ~ trained interviewers 
who are unaware of the case or control status of the 
respondent at the start of an interview. Information 
about dietary intake is elicited for the "reference year" 
--the interval one to two years preceding the detection 
year of the cases and the matched screening year of the 
controls. This recent tUne period was decided upon, 
rather than the more distant past, because there are 
indications that certain dietary factors may have late
stage promoting (or anti-promoting) effects on carcino
genesis (1,2). Questions are asked about the average 
frequency of ingestion and portion size of about 135 food 
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items during the reference year. Information on frequency 
of ingestion of vitamin supplements is also obtained, as 
well as information about known risk factors for breast 
cancer, demographic factors and physical activity. Nut
rient indices will be computed using a large nutrient data 
base. 

Extensive developnental work was necessary before 
interviewing could commence. The methodologic issues 
which needed to be addressed in the pre 1 iminary phase of 
the study and which will be discussed in this paper 
include the follOroling: 
- How to estimate food portion sizes in a telephone inter
view, a situation in which three-dimensional food models 
were out of the questio~ 
- How to develop a comprehensive measuring instrument 
short enough to encourage compliance. 
- How to ask the questions in unambiguous terms that could 
be easily answered by the population in this study, and 
that TNOuld resul t in more valid responses. 

ESTIMATION OF PORTION SIZE 

Questionnaires which ask only about frequency but not 
portion size have been widely used in epidemiologic 
studies (3-7), although a recent paper showed that food 
frequency alone was an inadequate estimate of nutrient 
intake (8). Studies which obtained information about 
amounts of foods conswed, as well as frequency of 
ingestion have generally used three-dimensional life-sized 
food models of a single size for each food item (9,10). 
One recent study used reduced-in-size photographs of three 
portion sizes for each item (11). we decided to develop a 
set of food photographs which TNOuld be mailed in advance 
to the participants to help them estimate their portion 
sizes. Different versions of food photos were compared in 
pilot experiments to assess their ease of use and accuracy 
when compared wi th actual food samples. First, a single 
photo for each food item, which required the subject to 
estimate multiples and fractions, was compared with 
several photos of different sizes for each item, for which 
only a simple visual choice between sizes was required. 
Second, reduced photos of foods on dishes were compared 
with life-sized photos without dishes. (Life-sized photos 
on dishes, though desirable, TNOuld require an impractical-



Dietaty Methodology 353 

ly large size of paper.) A single food photo was found to 
be the least accurate way to estnnate portion size. Mul
tiple reduced photos of foods on dishes were intermediate, 
while multiple life-sized photos were the most accurate. 

Next, decisions were made regarding which foods to 
photograph. Sone food item; having a generalizable shape 
and texture were selected because their photographs could 
be used for more than one item; mixed vegetables and 
pineapple chunks (Figure 1) are exanples. Also included 
were items of unique shape which are very variable in 
size, and therefore require their own photos, such as 
broccoli stalks and wedges of cake. Photos of fresh fruit 
were not included; a nediun size was assuned. 

Three photo sizes were used for most items. Four 
sizes were used where the range of possible portion size 
was greater. Determination of nedium portion sizes was 
based mainly on USDA estimates (12). Large and snall 
portion sizes were defined so as to be sufficiently dif
ferent from the nediun sizes to permit easy discrimination 
between them. Very large portion sizes were included for 
snack items such as cookies and potato chips in order to 
encourage respondents to report their true intake without 
embarassnen~ Chicken portions were estimated by using 
photos of six parts of an average-sized roasting chicken 
(Figure 2) to allow reporting of various combinations 
eaten at a single neal. Butter portions were photographed 
on kni ves to simpl ify estimation of size. 

The final version consisted of 27 black and white 
sets of life-sized photographs. The photos were printed 
in an 8 1/2 by 11 inch booklet and arranged in the order 
in which they were first referred to in the interview. 

REDUCING THE LENGTH OF THE QUESTIONNAIRE 

The length of a telephone interview is of particular 
concern because a participant can easily terminate an 
interview before its completion by hanging up the tele
phone. Because of the many dietary hypotheses being in
vestigated in this stooy, developing an interview of 
feasible length while retaining its comprehensiveness 
presented a problem. 

Generating an abbreviated list of food items for 
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FIGURE 1. Photo Booklet - Illustration of Multiple 
Portion Sizes. (Reduced in size) 
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FIGURE 2. Photo Booklet - Illustration of Chicken Parts. 
(Reduced in size) 



356 Moseson, Shore, and Lazaro 

inclusion in the questionnaire was the first step in 
developrent of the questionnaire. Foods found to be 
related to breast cancer in other epidemiologic studies 
were included. In addition, major sources of nutrients in 
this population were identified by obtaining the approx
imate per cent contribution by each item to the person's 
total intake of vitamin A, ascorbic acid, alpha tocoph
erol, total fats, fiber and zinc. To do this, data were 
analyzed from a pre 1 iminary study of ~men screened at the 
same center who had completed a lengthy self-administered 
questionnaire which elicited frequency, but not portion 
size. The frequency of eating of each of the 180 food 
items in the quesionnaire was multiplied by the amounts of 
nutrients contained in an estimated average portion size. 
The total intake of each nutrient was obtained by adding 
the nutrient contents of all the food items, and the per 
cent which an item contributed to the total was calcu
lated. Only items which contributed at least 1% of the 
intake of one or more nutrients of interest were retained 
for the present study. 

In order to further reduce the length of the inter
view, portion size questions were restricted to items 
eaten at least once a week; for items eaten less frequent
ly, estimated average portion sizes were were used. This 
probably reduced the average length of the interview by at 
least half an hour. 

QUESTIONNAIRE REFINEMENT 

The questionnaire was further developed through pilot 
testing on about 75 women representative of the population 
to be studied. Revisions in wording, format and location 
of items were made after each pilot interview. Tape 
recordings of pilot interviews were the subject of group 
discussions during the training of interviewers. This 
phase of interviewer training was closely linked with 
pilot testing the interview, since the interviewers' expe
riences with questions were the main source of information 
on needed revisions. A number of open-ended questions 
were included in the pilot interviews in order to deter
mine whether food items ccmnonly eaten in this population 
had been omitted from the original list. These open-ended 
questions were deleted from the final version and replaced 
by some of the previously omitted items, in order to 
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standardize the interview. A nanual was developed which 
consists of detailed interviewing and coding instructions 
as well as standardized probes. This manual is used for 
training interviewers and also serves as a record of 
coding decisions made as the study progresses. 

scm: APPROACHES AIMED AT IMPROVING VALIDITY 

A nunber of approaches have been developed with the 
aim of aiding recall and improving the validity of the 
data. 

Setting the Time Frame 

The problem of obtaining valid retrospective data is 
inherent in all dietary studies because of the difficulty 
of recalling past diets. Recall is nade more difficult 
because dietary patterns have been changing in recent 
years as a result of media publicity concerning diet and 
health. Several studies have reported that estimates of 
retrospective dietary intake are influenced to some extent 
by current dietary habits (13-15). In an attempt to 
reduce this problem, the subject in our study is asked 
whether her diet during the reference year differed from 
her current diet, and our lack of interest in her current 
diet is emphasized. In order to underscore the reference 
year, a strong effort is nade in the interview to set the 
time frame for that year in the mind of the subject in 
terms of where she was living at that tilDe, who was living 
in her household, who did the cooking, whether she was 
working outside her home, and so on. The wonan is remin
ded repeatedly throughout the interview of the reference 
year of interest. The subjects often repeat the year in 
the course of their responses, correcting themsel ves when 
they stray into the wrong year. 

Infornation is also obtained about the stability of a 
subject's diet with regard to some najor food groups. If 
a drastic dietary change occurred during the reference 
year, an earlier year is chosen which is representative of 
several years prior. This change in reference year is 
coded and will be considered at the time the data are 
analyzed. 
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Wording and Format of Questions 

The wording of questions influences the validity of 
dietary information obtained. Interpretation of a ques
tion may differ, depending on the population studied and 
its dietary patterns. we experUnented with different 
wordings and formats of questions to make certain they 
were actually eliciting the desired information. Those 
found to be the least ambiguous and easiest to answer were 
incorporated into the questionnaire. 

Our usual question format was to ask how often a 
Subject ate a food and what the portion size was. Sub
jects whose diets were quite variable found it difficult 
to report how often they ate bread products when asked in 
this manner. we found the best format for eliciting 
information about bread products to be the number of 
slices, rolls or bagels eaten in a day or in a week. 

with regard to combination dishes, there exists an 
almost unlimited variety of Italian, Chinese, and Hispanic 
dishes having varying components. Many subjects could not 
give their frequency of intake of such combination dishes 
because there was much alternating of different dishes. 
The approach which proved easiest was to ask about the 
frequency of intake of the general category of an ethnic 
food (e.g., Italian dishes), followed by estimation of the 
per cent of the tUne the ethnic food contained such compo
nents as meats, fish and seafoods, cheeses, or vegetables. 
This generic approach had the advantage of greatly redu
cing the number of questions which needed to be asked. In 
addition to generic questions about combination dishes, 
specific combination dishes found to be commonly eaten by 
the pilot population were included on the list as separate 
food items. 

Questions were also asked about the per cent of the 
time a food item was eaten in a specific form, such as per 
cent of the tUne fruits or vegetables were eaten with 
peels, per cent of the time bread was wholewheat or 
toasted, per cent of the tUne meats, fishes, or eggs were 
eaten fried, and so on. The use of per cents was possible 
in this generally well-educated stlrly population, but 
might not succeed in a less educated study populatio~ 
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Dietary Cbntext of Food Items 

In order to aid recall, food items have been placed 
in a dietary context where possible. For example, to 
elicit information about the ingestion of mayonnaise, 
there are two separate questions-~yonnaise as a spread 
on breads and mayonnaise added to foods. For butter a 
third question is asked about its use in cooking. To 
elicit the information about spreads in their dietary 
context, the questions about spreads follow the questions 
about breads and are asked in terms of the number of 
slices of bread on which the spread was used. 

Separation of Food Items fram Groupings 

Grouping sllnilar food items in a question often did 
not save interview time because respondents had to 
separate out and itemize the individual foods mentally in 
order to estimate the frequency and portion size of their 
intake. For example, turkey and chicken are not grouped 
together in this interview, despite their similar nutrient 
content, because they require different photographs to 
estimate portion sizes and because they are eaten in 
different dietary contexts (e.g., in our population, 
turkey is usually eaten in sandwiches for lunch, whereas 
chicken is generally eaten for dinner). Moreover, respon
dents sometimes tend to fixate on a particular item in a 
grouping, while ignoring the rest of the items, resulting 
in reporting errors. 

Sequence of Food Items 

The sequence of items in an interview can influence 
responses. Same subjects tended to include several sub
types of foods in the first question asked, if it was 
percei ved as a more general category. For example, when 
the question about butter was placed before margarine in 
our interview, same respondents included margarine in 
their answer for butter. Then, when the question on 
margarine was asked, the original answer had to be re
vised, adding time to the interview and leading to inac
curacies. It was therefore found best to ask about 
margarine before butter. 
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Similarly, when beef was placed before other neats, 
sone respondents tended to inclooe chicken and all neats 
in their response for beef, because for sane people in 
this population, the term beef refers to neat in general. 
Therefore, chicken, veal, liver and other neats appear 
before beef in the questionnaire. 

Summary Questions to Check on Consistency of Responses 

we have found it useful to insert consistency checks 
into the interview. These take the form of summary ques
tions following certain categories of foods such as 
cereals, delicatessen neats, beef, cakes and pastries, and 
vegetables. For example, \\e ask hCM often a subject ate 
cooked vegetables of any type and hCM many \\ere eaten at a 
neal. When the summary response is discrepant with the 
tally of the frequencies of individual items, the discre
pancy is pointed out by the interviev.er and possible 
sources of the apparent under- or overreporting are sug
gested to the respondent through the use of standard 
questions. The respondent is then encouraged to revise 
either the summary response or the frequencies of indivi
dual items in order to make the responses correspond more 
closely. . 

As another consistency check, a tally is computed of 
main dishes containing neat, fish or cheese. If this 
tally is discrepant with the expected seven lunches and 
seven dinners a week, standard probes are used to 
ascertain whether sane neals \\ere skipped, whether more 
than one protein dish was eaten at sone neals, whether 
protein foods \\ere sanetimes eaten as snacks between 
neals, and so on. If under- or overreporting has actually 
occurred, the respondent is encouraged to revise the fre
quencies of individual items. When discrepancies are 
found after the interview has ended, the \1()man is called 
back to resolve them. 

The validity and reliability of dietary methodologies 
need to to be assessed in order to be able to evaluate the 
findings of a completed stooy. In addition to assessment 
of validity and reliability of data that have already 
been gathered, methods are needed to improve the qual i ty 
of data whi Ie they are being gathered. In this paper we 
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have described several approaches aimed at this goal. we 
hope that other researchers will report on the problems 
they have encountered and the different approaches that 
have been useful, so that nethodologic advances wi 11 be 
achieved in this difficult area. 
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ABSTRACT 

Ascorbic acid has been used in the treatment of cancer 
since the vitamin became available. The effect of ascorbic 
acid on cancer has been studied in vitro, in animals and in 
patients. Conversely, the influence of cancer on ascorbic 
acid status has also been investigated as has the influence 
of cancer and cancer treatment on ascorbic acid status. In 
early studies treatment was with milligram amounts, only 
later doses in the gram range were used. Significant 
inhibition of a variety of carcinogens, environmental 
pollutants and endogenously-formed carcinogens was 
demonstrated. 

Stimulation of immune defence due to the immuno 
enhancing effect of high doses of ascorbic acid was reported, 
but the significance of this effect in cancer is still 
disputed. On the basis of retrospective studies, it was 
reported that high doses of ascorbic acid prolonged survival 
in patients with terminal cancer. These findings have not 
been confirmed in prospective clinical studies, in 
untreatable terminal cancer patients, one of which was in 
patients with adenocarcinoma of the large bowel - one of 
the most resistant cancers. In one prospective double
blind study, ascorbic acid appeared to reduce pain and 
improve quality of life, as was reported in earlier studies. 

365 
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A dose-related analgesic effect and anti-inflammatory 
activity after high doses of ascorbic acid have been con
firmed in animals. In some cancer patients significant 
well-being and pain relief was achieved. Ascorbic acid 
also improved tolerance of conventional cancer therapy e.g. 
irradiation and chemotherapy. It has also been reported to 
potentiate the in vitro cytotoxicity of several chemo
therapeutic agents. This indicates that further studies 
are needed, especially when considering the extremely good 
tolerance of high doses of ascorbic acid, i.v. administra
tion being even better tolerated than oral. 

ASCORBIC ACID AND CANCER 

The history of a therapeutic use of ascorbic acid in 
cancer treatment dates back to the times when ascorbic acid 
was synthesized for the first time by Reichstein in 1933 (37). 
A year later when Jorissen and Be1infante observed a con
siderable degradation of lactic acid by ascorbic acid, the 
question was raised about possible effects of ascorbic 
acid in cancer (23). 

First investigations of malignant tumours showed that 
the tumours contained ascorbic acid and that the vitamin 
reserves in the tissues of guinea pigs on a scorbutic diet 
were exhausted more rapidly if the animals were supporting 
rapidly growing tumours (48). As early as 1939, vitamin C 
balance studies were carried out in patients with tumours 
including those of Hodgkin's disease. These patients were 
actually deficient in the vitamin, and required up to 5 g 
of ascorbic acid for saturation of the tissue. The daily 
utilization of vitamin C, after balancing the deficit was 
up to 400 mg., depending on the severity of the disease (46). 
These findings were repeatedly confirmed (27), the deficit 
being even greater when x-ray therapy had been applied. 
Studying the influence of vitamin C on the growth of Brown
Pearce rabbit carcinoma of the testicle, subcutaneous 
injections of 50 mg/kg of ascorbic acid for 5 days were 
found to inhibit growth of the tumour (20). In 1940 doses 
of up to 4 g of ascorbic acid per day were administered to 
cancer patients for several days, and showed a remarkably 
beneficial effect on the general condition of cancer 
patients and an improvement in their ability to tolerate 
exposure to x-rays (17). 
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The known hypovitaminosis of tumour patients was 
explained by the increased consumption of vitamin C of the 
tumour cells resulting from an increased vital function. 
Effective x-ray therapy resulted in liberation of vitamin C 
from the tumour cells and an increased excretion in the 
urine. On that basis administration of ascorbic acid was 
thought to be contraindicated in tumour patients (42). 

In experiments in mice with transplantable tumours 
(melanosarcoma S 39, Watts sarcoma and sarcoma 1BO), both 
a stimulatory effect on tumour growth as well as an 
inhibitory effect were reported (5). But in mice with 
spontaneous mammary tumours, repeated injections of 1-5% 
solutions of ascorbic acid retarded tumour growth slightly 
and prolonged survival time. 

Insufficient oxidation was found to be the most 
characteristic metabolic disturbance in carcinomatous 
metastases. Treatment with quinones and ascorbic acid 
improved the condition (24). 

In patients with cancer, lower levels of ascorbic acid 
in plasma were found than in healthy individuals, 0.4B mg/IOO 
ml compared to O.B mg/IOO ml respectively, scorbutic levels 
being thought to be lower than 0.2 or 0.1 mg/IOO ml (2). 
This was confirmed later also in white cells, which have 
proven to provide the best index of tissue levels of 
ascorbic acid (1). 

The majority of patients with malignant disease at 
different sites showed leukocyte levels less than the lower 
limits of the normal range (lB-50 pg/l0B W.B.C.) and more 
than 50% showed very low levels «12.5 pg/IOB W.B.C.). 
Signs of subclinical scurvy, such as decreases in capillary 
fragility were frequent (26). Recently a clear case of 
clinical scurvy was reported even though a blood level of 
0.4 mg/IOO ml plasma was found (IB). 

On the basis of decrease of plasma ascorbic acid to 
0.3-0.01 mg/IOO ml after x-ray therapy, up to B g ascorbic 
acid per day were recommended during x-ray therapy of 
patients suffering from cancer of the uterus (53). Patients 
with carcinoma of the oesophagus were found deficient in 
nearly all vitamins but especially in ascorbic acid. To 
replenish ascorbic acid levels in these patients before 
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surgery one gram per day for 5 consecutive days was 
recommended (41). 

Inhibition of respiration and glycolysis of Ehrlich 
ascites tumour cells was achieved by ascorbic acid and 
copper ions (40), and a marked decrease of catalase 
activity was found as a common characteristic in tumorous 
livers (32). 

In the 70's the main emphasis shifted to prevention of 
cancer by ascorbic acid. Schlegel reported that bladder 
cancer induced by 3-hydroxyanthranilic acid, a natural 
metabolite of tryptophan was prevented by oral administra
tion of ascorbic acid (39). 

Efficacy of ascorbic acid in preventing tumour induction 
by the most common carcinogens has been confirmed by several 
other investigators as well. A mechanism for the antitumour 
effects could be through the inhibition of the formation of 
carcinogenic N-nitrosocompounds (28). 

The formation of endogenously occurring nitrosamines 
was also efficiently blocked by ascorbic acid, thus pre
venting cancer formation (12, 19, 22, 38, 49). 

In these experiments mostly carried out in rats, cancer 
induction was only inhibited when ascorbic acid could act 
on precursors. To inhibit cancer induction by ascorbic acid 
was no longer possible when nitrosamines were already 
formed. Also, carcinogenic effects of other environmental 
chemicals like benzo (a) pyrene were shown to be inhibited 
by ascorbic acid when given in high doses (25). These 
findings were of great significance as these carcinogens are 
present in a great variety of food and luxury items like 
beer, wine, cigarette smoke, etc., and in environmental 
pollutants (51). 

At the same time a steady trend in increased cancer 
mortality was reported (7,30), which in the future, hope
fully may reverse (11) (figure 1, figure 2). In the U.S.A., 
40 to 60% of malignancies may be associated with diet. 
Increased awareness of the significance of nutrition could 
contribute to lower cancer incidence (21). 

However, we may be faced here with a choice between 



Ascorbic Acid and Cancer 369 

two evils. If we increase intake of polyunsaturated fat 
we promote a decrease of cholesterol in serum thus pro
tecting against arteriosclerosis. At the same time fecal 
neutral and acid sterols may be increased, which in turn 
may augment tumourigenesis in the intestine (4). 

Polyposis coli, especially familial polyposis, endangers 
the patient to develop cancer of the colon. In a prospective 
randomized trial in 49 patients lasting two years, oral 
ascorbic acid treatment with 3 g daily resulted in a signifi
cant reduction in rectal polyp area, 74% compared to 31% in 
controls, and a tendency to decreased polyp counts at 9 and 
12 months (74% and 83%) (6). Positive results achieved by 
3 g ascorbic daily given to patients with active rectal 
adenomatous polyp formation had been reported earlier (15). 
In 1977, a reduction in number and size of residual rectal 
polyps had been reported in 8 patients with familial poly
posis maintained on ascorbic acid, 3 g/day for 22-30 months 
(16). 

Broad interest in the role of ascorbic acid in the 
cancer process, despite the long standing history of re
search in that field, was only created when Cameron and 
Campbell (8) and later Cameron and Pauling (9) reported on 
a significant increase in survival time in terminal cancer 
patients treated only with 10 g ascorbic acid daily. The 
mean survival time in 100 ascorbic acid treated patients 
was in the average 4.2 times greater than in the controls. 

These findings were vehemently criticized with regard 
to the historical controls used. To address the criticisms 
this retrospective study was re-eva1uated with matched 
controls. Again, the patients taking ascorbic acid after 
being judged to be untreatab1e, showed a significant increase 
in mean survival time, about 300 days greater than that of 
the controls (10) (figure 3, figure 4). 

Similar results were reported from Murata and co-workers 
(31) (figure 5). At two different clinics, 130 terminal 
cancer patients received either low (less than 4 g ascorbic 
acid per day or high (more than 5 g ascorbic acid per day, 
average 25 g per day) doses of ascorbic acid. An increase 
in survival time was reported for the high ascorbate 
patients. The average factor of life prolongation by high 
versus low ascorbic acid intake was 2.4 in one and 5.6 in 
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the other clinic. The least benefit was seen in cancer of 
lung and bronchus (4.4) and the greatest in cancer of the 
uterus (14.6). 

These beneficial findings could not, however, be 
confirmed in two prospective randomized placebo controlled 
trials. In the first trial 150 terminal cancer patients 
with advanced cancer from a variety of primary sites 
received either 10 g ascorbic acid per day or placebo 
(figure 6). A criticism of this study was that most of 
the patients had previously received radiation therapy or 
chemotherapy to which they no longer responded. Consequently 
their immune system was most probably destroyed. Fifty 
percent of the patients were already dead about 1.5 months 
after start of the trial (14). 

In the second trial carried out by the same investi
gators 100 patients with advanced co1orecta1 cancer were 
randomly assigned to treatment with either 10 g ascorbic 
acid per day or placebo. All were beyond any reasonable 
hope of potentially curative surgery or radiation therapy. 
Contrary to the first trial at study entry, the patients 
were judged to be still in good general condition (figure 7). 

Ascorbic acid 10 g daily proved not to be superior to 
placebo in adenocarcinoma of the large bowel, one of the 
most resistant cancers known (29). 

In an open, non randomized study in women with early 
breast cancer, 21 patients received 3 g ascorbic acid during 
10 months, and 22 served as untreated controls. No influence 
of the treatment on five year survival was seen (34) (table 1). 

In several studies, the study of Creagan et a1. included, 
ascorbic acid appeared to provide minor symptomatic improve
ment, a beneficial influence on quality of life and a 
reduction of pain (43). 

High doses of ascorbic acid may be of significance in 
tumour treatment on 3 different levels. Certain cellular 
immune responses are potentiated, selective cell death may 
be achieved and pain may be mitigated. Ascorbic acid 
increases lymphocyte blastogenesis and increases recall 
antigen reactivities. Lymphocyte responses were normalized 
in peripheral blood lymphocytes from patients with 
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subnormal responses (52). Patients with Chediak-Higashi 
syndrome, with deficient natural killer cell function, 
showed normalized killing while taking 6-8 g ascorbic 
acid daily (33). Lymphocyte reactivity was reported to 
correlate well with the prognosis of cancer-bearing 
patients (13,44). 

Selective cell death may be achieved by high doses of 
ascorbic acid through interaction with hydrogen peroxide 
detoxification. Tumour cells may accumulate much higher 
condentration of ascorbic acid than normal cells (50). 
Ascorbic acid in high concentration inhibits catalase, thus 
becoming toxic to peroxidase deficient cells (figure 8). 
At the same time ascorbic acid may induce hydrogen 
peroxide formation. In normal cells there is no danger for 
toxicity from such a mechanism. The cells don't take up 
such high amounts of ascorbic acid and are well equipped 
with catalase and peroxidases. In some tumours low 
peroxidase activity was shown. Under these circumstances 
selective killing of tumour cells may be achieved. Pain 
may be mitigated by high doses of ascorbic acid. This could 
be demonstrated in rats. 

Anti-inflammatory and analgesic activities were assessed 
with the rat paw carrageenan induced edema test. The 
determinations were carried out always 4 hours after 
induction of edema. To test prophylactic activity drugs 
were administered 0.5 hours before initiation of inflamma
tion. In all trials the test drugs were administered only 
once, with the exception of one trial, the results of 
which were compared with a known analgesic or anti-inflam
matory agent, and with placebo. To determine dose levels 
at which the vitamins were effective, an ascending dose 
schedule was used. 

The anti-inflammatory and analgetic effect of oral 
vitamin C is shown in table 3. There is a dose-dependent 
significant reduction of pain and inflammation after 
administration of vitamin C. The prophylactic efficacy of 
vitamin C is shown in tables 4 and 5. To achieve an 
analgesic effect, higher doses of vitamin C are necessary 
than for its anti-inflammatory effect. 

Table 6 shows the anti-inflammatory effect of vitamin 
C after 15 to 60 minutes of irritation after a daily oral 
intake for 8 consecutive days. There was a significant 



372 

anti-inflammatory effect of vitamin C. The dose-effect 
relation of vitamin C as an anti-inflammatory agent is 
shown in figure 9 and that of its analgesic action in 
figure 10. 

This effect was demonstrable also in patients with pain 
caused by bone metastases in breast cancer and in osteo
sarcoma. The tolerance of high doses of ascorbic acid 
especially when administered i.v. proved to be extremely 
good. In contrast to oral intake intravenous infusion 
provided up to 100 times normal plasma levels. Under 
these conditions two apparent elimination half-life times 
are noticed; there is a rapid elimination with a tl/2 = 
0.47h and a slower phase with tl/2 = 2.8h, plasma levels 
after 24h still being in the range of 2 mg pro 100 ml 
(figure 11). 

Preliminary data show that oral intake of 15 g ascorbic 
acid induces a rise of the plasma concentration from about 
3 mg/l to 30-50 mg/l. In the 24h urine samples levels of 
ascorbic acid were raised from undetectable to about 1-2 g. 
Under these high intakes of ascorbic acid the blood levels 
could be maintained in the above mentioned range for 
several months. 

No significant change was noticed during that time 
with respect to blood pressure, pulse rate, temperature, 
altertness, sleep pattern, appetite or fatigue. The 
status of vitamin A, vitamin E, a-carotene, vitamin Bl , 
vitamin B2 , vitamin B~, was not significantly influenced, 
nor was tne concentrafion of sodium, potassium, iron and 
zinc in plasma. In no case was a rise of interferon a-A 
beyond the threshold of detection seen. 

Uric acid in plasma decreased, and a tendency for 
bilirubin and cholesterol to decrease was also noted. 
LDH, alk. phosphatase, SGOT, SGPT, y-GT, creatinine, urea, 
serum albumin, triglycerides and fasting blood sugar were 
essentially unaltered, as was ESR, Hb and differential 
blood picture. No protein or glucose was detected in the 
urine. Diarrhea was a transitory side effect and one 
patient interrupted intake of ascorbic acid for that 
reason. No other side effects were noticed. These findings 
demonstrate an extremely good tolerance of 15 g ascorbic 
acid daily given orally for several months. 
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A last aspect is the combination of ascorbic acid with 
other agents. Very interesting clinical results were re
ported recently. By treatment with a combination of gamma
linolenic acid with ascorbic acid, the mean duration of 
survival in 11 patients with histologically verified pri
mary liver cancer rose to 90 days compared to mean his -

torical survival time of only 42 days. One patient was 
still surviving after 314 days of treatment. This patient 
also showed tumour nodule regression of 34 mm after treat
ment(45) (table 7). Earlier on a potentiation of the 
growth inhibitory effects of certain agents on neuro
blastoma cells in culture by ascorbic acid was reported 
(36). Potentiation of the effect of 5-fluorouracil, 
x-irradiation and bleomycin was seen. 

Also reported was a reduction of the cytotoxic effect 
of methotrexate, Recently a growth inhibiting effect of 
hydroxocobalamin and ascorbic acid on solid tumours in mice 
was reported (35) (table 8). For treatment of malignant 
melanoma a combined regimen of ascorbic acid and copper was 
recommended (3). In man the resolution of desmoid tumors 
by treatment with indomethacin and ascorbic acid was also 
reported (47). 

In summary, for the time being in the field of ascorbic 
acid and cancer the data available demonstrate that the use 
of ascorbic acid for inhibition of the formation of several 
important environmental carcinogens seems to be reasonable. 
This is supported by in vitro and in vivo studies, and by 
studies in man. There are several sound reasons, primarily 
derived from in vitro and animal studies, that high doses 
of ascorbic acid may inhibit growth of certain malignant 
cells preferentially, although therapeutic use of ascorbic 
acid in terminal cancer patients judged to be no longer 
conventionally treatable has in prospective trials up till 
now not fullfilled expectations. 

One explanation for the unsuccessful trials may be that 
10 g ascorbic acid per day given orally, most probably are 
insufficient to generate in man cytotoxicity for tumour 
cells. However further work at these concentrations is 
justifiable in view of the extremely good tolerance of as
corbic acid. 
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The deficit of ascorbic acid formed in cancer patients, 
due to the stress of the disease and partially due to 
specific treatment calls for high extra ascorbic acid intake. 
High doses of ascorbic acid cause a significant immuno
stimulation, the relevance of which is not yet fully under
stood in the cancer process. 

Within the scope of the subjective beneficial impres
sions about the action of high doses of ascorbic acid certain 
analgetic and anti-inflammatory actions of ascorbic acid 
should be discussed. The combination of ascorbic acid with 
conventional therapy. to reduce side-effects and possibly 
to increase efficacy, seems to be warranted. When used, 
the combined treatment has to be considered carefully and 
the needs of the individual patient carefully evaluated. 
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TABLE 7 

Survival of patients with primary liver cancer, treated 
* ** with d-linolenic acid and ascorbic acid 

* 
** 
*** 

Patient 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

x = 27 capsules Efamol-G/day 
x = 6.5 g per day 

Survival (da:ts ) 
19 

28 

57 
57 
60 

69 

77 

79 

104 

130 
*** 314 

Patient still alive at the date of report. 
Normal mean duration of survival is 42 days. 

According to van der Merwe 1984. 

385 
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TABLE 8 

Inhibition of tumour growth in mice by a combination of 
hydroxocobalamin (HC) and ascorbic acid (AA). 
Size (cm3) after one week treatment (mean i SO; n = 25) 

Tumour Test group Control group 

Krebs 2 0.13 a) 1. 63 + 0.47 -
Ehrlich 0.00 b) 2.19 + 0.58 -

a) Mean of only 2 tumours which developed (0.1 and 1.2 cm3) 
b) No tumour developed; controls all developed tumours 
Treatment: 240 mg/kg b.wt.daily (25 mg AA, 200 mg CaAA, 
15 mg HC) in 8 ml H20. 

According to Poydock, E. 1984 



F
ig

ur
e 

1 -
-
-
-
~
-
-
~
~
~
R
~
i
 ~
~
 

~
5
0
0
0
 

i 

.1 
o 

o • 
'0

 § 
/1

 
T

I 
·&

40
00

 
1 

~ § 130
00

 I 
)!:

 Me
n 
I /

 l
/~m

~~ 
I 

<
2

0
0

0
· 

..-
C 

10
00

 
ty

 
7

1
" 

L:,
r:::

cer
 

2
0

0
§

' 
--=

 1 !5' c:>
. °
 

°
 

o
. 

0 

15
0

9 ... C
j)

 .e
 ... 8 ~ ~
 

::3
 

10
0
8 ..g i ] 

50
 
~ 

01
 

'9
 

-
1 

1 
1

0 
19

00
 

19
20

 
19

40
 

19
60

 
19

80
 

Y
ea

r 

T
im

e 
tr

en
ds

 o
fl

un
g 

ca
nc

er
 a

cc
or

di
ng

 t
o 

C
ai

rn
s,

 1
97

5 

t-:
lj 

H
 

CO
") ~ t>
:I 

I-
' 

~
 8 ~ )
.
 

Q
 
~
 

~ Q
.. Q
 

:::s
 
~
 

~
 w
 

0
0

 
~
 



388 

Figure 2 

300 

200 

100 

Time trends in cancer mortality 
Age-adjusted rates per 100,000 population: 
Baltimore City, 1969-1980 
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According to Celentano, 1984 
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Figure 3 

Survival times after date of onset of terminal stage (untreatability) of ascorbate- treated cancer patients 
(kidney, rectum, bladder, ovary) compared with that of matched controls (10 per ascorbate-treated patient). 

Q 100-n"--------------, 
8 Kidney ... 
~ 80 

60 
Ascorbate-treated patients 

40 

20 

100-.--r-----------...., 
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80 
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100 200 300 400 500 0 100 200 300 400 500 
Survival time after untreatability, days 

According to Cameron and Pauling, 1978 
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Figure 5 

Survival times after date of onset of terminal stage of ascorbate-treated cancer patients « 4 g versus> 5 g 
ascorbic acid daily). 
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The solid line shows survival in 55 high-ascorbate patients. The dashed line shows survival in 44 low
ascorbate patients. The sign + indicates that some ofthe patients were still alive. 

According to Murata et al., 1982 
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Figure 6 

Survival results in patients with advanced cancer. 10 g ascorbic acid daily versus placebo 
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Weeks after start oftreatment 
The solid line shows survival in 60 patients given ascorbic acid. The dashed line shows survival in 
63 patients given the lactose placebo. 

According to Creagan et aI., 1979 
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Figure 7 

Survival times after date of onset of terminal stage of ascorbate-treated patients with adenocarcinoma of 
the large bowel. 
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Figure 10 
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Figure 11 

Decline of ascorbic acid (AA) in plasma after infusion of 25 g AA in 250 ml glucose solution within 
10 min. in man. 
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THE ROLE OF VITAMIN C IN TUMOR THERAPY (HUMAN) 

Fukumi Mori.shige, M.D., Dr. Med. Sci., Ph.D. 
Takahide Nakamura, M.D., Dr. Med. Sci. 
Naoko Nakamura, M.D. 
Noritsugu Morishige, M.D. 

Fukuoka Nakamura Memorial Hospital 

Fukuoka, Japan 

INTRODUCTION 

About thirty years ago, I started administering large 
doses of vitamin C to post-operative patients. Its primary 
aim was to improve the healing of surgical wounds. During 
that time, I recognized that vitamin C supplemented patients 
very rarely suffered from post-operative and post-transfused 
hepatitis. This finding is from observations made on many 
post-operative patients especially in Kyushu district. 

During the 1975 International Congress on Micro
biology held in Tokyo, we presented a report of our clini
cal observations for the period from 1967 to 1973. The 
observations indicated that, the use of large doses of 
vitamin C remarkably reduced the occurrence of post
operative hepatitis. 

In 1975, we invited Dr. Pauling to Fukuoka and had 
discussions about orthomolecular nutritional treatment 
(especially, mega-vitamin C therapy) of various diseases 
including cancer. Since then, we started a systematic 
administration of large doses of vitamin C to patients 
with advanced cancer. My interest was gradually attracted 
by the basis and clinical problems related to the mechanism 
of action of vitamin C against cancer. 

399 
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REVIEW OF OUR STUDIES 

1. Use of Vitamin C in the Treatment of Advanced Cancer 
Patients 

I described here the results of the treatment of all 
patients with terminal cancer who were first admitted to 
the hospital with the diagnosis of cancer during the five
year period from January 1, 1973 to December 31, 1977 (9). 

We conclude, in agreement with Cameron and Pauling 
(2), that supplemental vitamin C in large dosages have 
sufficient benefit for patients with advanced cancer. We 
have noticed, in agreement with Cameron and Campbell in 
1974 (1), that in many patients the administration of 
vitamin C seems to improve the state of well being, as 
indicated by better appetite, increased mental alertness 
and desire to return to ordinary life. 

2. Influence of Oral Supplementation of Vitamin C upon 
the Induction of MNNG Gastric Carcinoma in Rats 

To study this prolongation of survival times of human 
cancer, we researched (5) about the influence of oral 
supplementation of vitamin C upon the induction of MNNG 
gastric carcinoma in rats. 

The summary is given here. The influence of megadose 
ascorbate intake upon the induction of gastric cancer in 
rats. By feeding with the ascorbate-supplemented diet, 
though the incidence of gastric cancer was not effectively 
inhibited, the infiltrative growth was significantly 
repressed. Mega-ascorbate intake was more beneficial in 
alleviating the development of gastric cancer when it was 
commenced after the middle of a long-term experimental 
period (initiation of adenomatous hyperplasia but no 
appearance of malignant lesions) rather than from the 
beginning of MNNG drinking. The aim of mega-ascorbate 
intake was to reinforce the surrounding conncective tissues 
to retard the malignant growth. 

3. Enhancement of Antitumor Activity of Vitamin C by 
Copper/GGH Complex (6) 



Vitamin C and Cancer 

In summary, it will be stated that, when in contact 
with tumor cells, the physiochemically stable copper/GGH 
complex is easily decomposed due to its high peptide
cleavaging activity (12). In such circumstances, even 
such an inert copper complex liberates free copper ions 
in the medium surrounding tumor cells and causes syner
gistic killing of tumor cells by ascorbate. 

4. Changes in Paramagnetic Species of Blood Plasma 
Following a Mega-Vitamin C Intake (10) 

401 

Ascorbic acid is known to be an essential reducing 
agent in biology. Having a moderately low redox potential, 
ascorbic acid readily reduces both cupric and ferric ions. 
The ESR spectrum of blood plasma frozen in liquid nitrogen 
exhibits three major paramagnetic species (3, 11, 4): 
organic free radical at about g=2.00, cupric ions bound to 
ceruloplasmin (CPL) - its perpendicular component at g=2.05 
and ferric ion bound to transferrin(TRF) at g=4.2. These 
ESR signals might be changeable due to a large intake of 
vitamin C. 

Ascorbic acid is readily autoxidized to dehydro
ascorbic acid in an oxygen-containing aqueous solution. 
It proceeds through a semiquinine intermediate of which 
the free radical(AFR) of substantial life time is 
demonstrable on ESR spectrum at room temperature (8, 7). 
Ascorbic acid, which undergoes free radical formation in 
vitro under conditions within the physiplogical range, 
may be expected to behave similarly in vivo. 

This paper deals with elucidation of changes of these 
ESR-demonstrable paramagnetic species of human blood plasma 
following a large intake of vitamin C. 

The summary of this report is as follows: Measure
ments of ESR spectra of blood plasmas, frozen in liquid 
nitrogen, reveal higher cupric and lower ferric ion signals 
both in vitamin C deficient guinea pigs and in a consider
able number of cancer patients. An in vitro addition of an 
excess amount of vitamin C, which is capable of reducing 
free cupric and ferric ions, does not decrease these 
signals of blood plasmas to an appreciable extent. A 
large dosage of vitamin C in vivo decreases these signals 
significantly. 
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An aqueous solution of vitamin C exhibits a stable 
free radical during its autoxidation process. Blood 
plasmas of the rabbit, rat and monkey show the ESR signal 
of ascorbic free radical, whereas plasmas of adult human 
beings, chimpanzees and guinea pigs do not. A large dose 
of vitamin C given to patients significantly increases this 
ESR signal, which may be considered as a finding suggestive 
of an abundance of these antioxidant in quenching destruc
tive free radicals in the body. 

CURRENT STUDIES OF OUR HOSPITAL ON TUMOR THERAPY 
USING VITAMIN C 

With this background, a randomized clinical trial was 
undertaken in our hospital. Usage of vitamin C in tumor 
therapy has been as follows: 

(1) When the patients possessed low NK activity of 
depressed PWM-blastogenesis of lymphocytes, they were 
given together or separately, large doses of vitamin C and 
900,000 U. of interferon. Chart 1 shows the direct plaque 
forming cells induced by PWM in patients of various ages 
to whom vitamin C was not adminsitered. It is noticeable 
that many cancer patients do not necessarily always show 
PFC (plaque forming cells). 

In chart 2, you can see the activity of natural 
killer cells as a target of K-562 cells in patients of 
various ages not taking vitamin C. In our laboratory, 
the normal range of NK activity is from sixty percent 
upwards. Cancer patients later on often show low NK 
activity. Elderly persons do not always show low NK 
activity. 

Chart 3 represents PWM stimulated PFC assay of cancer 
patients before and after administration of anticancer drug 
plus i.v. infusion of vitamin C. Some cases show downhill 
courses and the others uphill. 

In chart 4, you can see the NK activity in cancer 
patients who received i.v. vitamin C infusion before and 
after anticancer drug administration. Most cases show 
downhill courses and a few cases uphill or stationary 
levels. When the patients show lower NK activity, they are 
given i.v. infusion of 109 or more vitamin C. If the 
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patients continued to show low NK activity despite vitamin 
C injection, 900,000 U. of interferon were injected every 
day. In our experience, the daily dosage of about 
1,000,000 U. (1 million units) of interferon injection has 
shown no side effects on the patients. 

In chart 5, one can see the change of both NK activity 
and PFC induced antibody production. When chemotherapy was 
carried out, IgG produced a B cell function showed a rapid 
decrease. On the other hand, NK activity recovered despite 
chemotherapy. ,This is suspected to be the influence of 
interferon. 

In the course of rece1v1ng chemotherapy, the cancer 
patients show a lower NK activity. Interferon injection 
is given to activate NK cells. Chart 6 shows the NK 
activity did not take decline in spite of the chemotherapy. 
Even if the patients had lower NK activity, they would 
speedily recover after daily doses of about one million 
units of interferon. 

(2) When the radical mastectomy of cancer patients is 
unavailable, the combination therapy of a mega-dose of 
chemotherapy, frozen autologous bone marrow transplanta
tion and vitamin C plus nucleic acid intake, is carried 
out (Table 1). As of now, one hundred and ninety patients 
with advanced solid cancer have been subjected to treatment 
with mega-doses of ascorbate plus chemotherapy. Of the 
190 cases, all were given ascorbate 109 per day or more, 
109 received the frozen autologous bone marrow transplanta
tion(FABMT) 160 times. Thirty-four of the 109 patients 
received a second treatment, and five of the 34 received 
a third treatment with a mega-dose chemotherapy following 
FABMT. 

Of the 109 patients, 84 (77%) showed subjective and/or 
objective remissions; however, 59 (54%) died from the 
original solid cancer, 27 (25%) from the profound acquired 
immune deficiencies, and the remaining 18 cases are still 
being followed. Comparative studies between patients who 
received the mega-dose chemotherapy after FABMT and those 
who received only the chemotherapy because of no remarkable 
myelosuppression will be effected in the future. 

We saw some important cases in which ascorbate plus 
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FABMT played a decisive role to rescue the marrow abrasion 
from anticancer drug toxicity. After the mega-dose chemo
therapy, patients still showed myelosuppression in spite 
of vitamin C administration. 

Chart 7 shows CFU-C (colony forming units in culture), 
which represents the hematopoietic function. It gradually 
decreased in cancer patients after chemotherapy. Here, 
bone marrow cells were separated by Fico11-paque density 
gradient. 

Nowadays, vitamin C plus nucleic acid is given for 
such cases. Chart 8 shows the influence of a drug called 
Nuclear CD which is a mixture of vitamin C plus nucleic 
acid. Cancer patients who received Nuclear CD did not 
often show any decrease of 1eucocytes, NK act1vity and PWM 
induced antibody production despite chemotherapy. 

In chart 9, one can see that the patients who received 
only nucleic acid had larger amounts of uric acid in their 
blood. In contrast, the group that received Nuclear CD 
had a normal range. The patients who received Nuclear Cn 
for a longer period did not show large amounts of uric acid 
in their blood (see Chart 10). It would seem that vitamin 
C inhibits the formation of uric acid. 

We feel certain that nucleic acid-ascorbate plus FABMT 
could accelerate hematopoietic recovery in cancer patients 
after the mega-dose chemotherapy plus ascorbate. Although 
ascorbate plus FABMT is still in a clinical trial stage 
in specialized hospitals, we are inclined to think that it 
is an interesting approach to provide hope for the advanced 
cancer patients who have failed to respond to conventional 
chemo and radiotherapies. If we had no knowledge of 
ascorbate plus FABMT, we would not have applied the mega
dose chemotherapy used in this study to our patients. 

In Chart 11, the effect of the intravenous injection 
of vitamin C can be seen. This patient was suffering from 
metastatic liver tumor. The patients received 109 of 
vitamin C injection every day, and despite the anticancer 
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drug injection, bone marrow did not show myelosuppression. 

Chart 12 shows the effect of vitamin C after autolo
gous bone marrow transfusion. After marrow transfusion, 
leucocytes and platelets increase very rapidly. It is 
suspected that vitamin C stimulates bone marrow function. 

(3) For the enhancement of antitumor activity of vitamin 
C, we often use copper-glycylglycylhistidine complex. 
Next, I would like to show one case which we reported in 
the Journal of Nutrition, Growth and Cancer, 1983. 

Patient, M.H., a 34-year old housewife and mother of 
two young children, began to have an intolerable pain in 
the upper arm in October, 1980. Analgestic drugs failed 
to relieve her pain. The pain and paresis of her left 
arm increased gradually. On November 27, she was admitted 
to the hospital. From the bone x-ray films and antiograms, 
osteosarcoma in the left upper arm was suspected. The 
x-ray film made on December 67 indicated a destructive 
bone lesion. At this time, Ga uptake was very high on 
this region. She began to take 109 of vitamin C by intra
venous drip infusion and orally 20mg of cupric sulfate 
(Smg as copper) per day. 

On December 7, the dose of vitamin C for injection was 
increased to 20g per day. At the end of December, her 
bone pain began to decrease gradually. As mentioned, 
remarkable palliative effects. In early January, however, 
no remarkable repair of the lesion was noted on x-ray 
films and isotope bone scan. 

On January 16, we began injecting the Cu/GGH solution 
selectively into the tumor region from the artery under 
the left clavicle. Twenty ml of Cu/GGH solution was 
injected by a continuous infusion pump for two days. This 
injection was continued twice a week, together with an 
intravenous injection of 20g of vitamin C, up to the end 
of March. 

Examinations of the isotope bone scan and x-r~¥ films 
(Figure 1) made in early February, indicated that Ga 
uptake decreased significantly and the calcification of 
tumor lesion was remarkable. She had no more pain at this 
time. X-ray film (Figure 2) made on April 7, indicated a 
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complete regression of the tumor lesion. In early April, 
the dose of vitamin C for injection was reduced to 109 per 
day. Arterial infusion of Cu/GGH was stopped. She began 
to take orally 20rng of cupric sulfate per day. 

On April 29, she was discharged and has since been 
receiving 6g vitamin C and 20rng cupric sulfate per day 
orally. At the present time (as of August 10, 1982), she 
has no symptoms nor pain in her arm. X-ray shows complete 
regression of the tumor lesion. 

(4) For the inoperable tumor tissues, lesions are locally 
frozen by liquid nitrogen. In order to facilitate the good 
recovery of necrotic tissues, large doses of vitamin Care 
given. Up to now, 53 cases of advanced malignant tumors 
have been treated with cryosurgery plus ascorbate. After 
cyrosurgery, a mega-dosage of vitamin C is administered 
for the enhancement of immune responses and of connective 
tissue formation (Table 2). We made examinations weekly 
for the natural killer activit y(NK) , monthly for the 
pokeweed mitogen(PWM) induced antibody production and before 
and after cryosurgery for tuberculin(PPD) reaction. 
Following cryosurgery plus ascorbate intake, NK, PWM and 
PPD respecitvely increased in eight cases (50%), 11 cases 
(60%) and 4 cases (40%) (Charts 13, 14 and 15). 

Vitamin C is related to the formation of connective 
tissue. There is one case who suffered from liver 
metastasis with gastric cancer. Chart 16 shows the 
patient's protocol in autopsy. This liver autopsy 
(Figure 3) revealed that a thick connective tissue forma
tion surrounded the liver tumor which had a mega-dose of 
vitamin C for 90 days. In spite of the high dosage of 
chemotherapy, connective tissue formation was not 
inhibited. We strongly suspect the predominant role of 
vitamin C in the formation of the connective tissue. 
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Natural Killer activity in various age 
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Patients with Advanced Malignant Tumor 

Diagnosis Patients Patients Patients 
Participated aspirated BM infused BM 

l. Gastric Cancer 51 66 43(34) 

2. Pulmonary Cancer 32 40 24 (13) 

3. Mammary Cancer lB 26 17(13) 

4. Hepatoma 16 22 9 ( 6) 

5. Osteo Sarcoma B 15 11( 5) 

6. Malignant Lymphoma B 12 6 ( 4) 

7. Pancreatic Cancer 7 11 3 ( 2) 

B. Ovarian Cancer 7 10 7 ( 5) 

9. Rectal Cancer 5 B 6 ( 2) 

10. Colon Cancer 5 6 6 ( 5) 

ll. Esophageal Cancer 4 4 o ( 0) 

12. uterine Cancer 3 6 5 ( 3) 

13. Oral Malignant Tumor 3 5 5 ( 3) 

14. Cholecytic Cancer 3 3 l( 1) 

15. Thymoma 2 4 3 ( 2) 

16. Brain Cancer 2 4 2 ( 1) 
17. Intestinal Cancer 2 2 2 ( 2) 

lB. urinary Bladder Cancer 2 2 2 ( 1) 

19. Fatty Tissue Sarcoma 1 2 2 ( 1) 

20. Renal Cancer 1 2 2 ( 1) 

2l. Thyroidal Tumor 1 2 l( 1) 

22. Maxillary Tumor 1 2 1 ( 1) 

23. Myeloma 1 2 o ( 0) 

24. Vaginal Cancer 1 1 1 ( 1) 

25. Mediastinal Tumor 1 1 l( 1) 

26. Pharyngeal Cancer 1 1 1 ( 0) 

27. r.1elanoma 1 1 .0 ( 0) 

2B. Cervical Tumor 1 1 o ( 0) 

29. Tongue Tumor 1 1 o ( 0) 

30. Parotid Tumor 1 1 l( 1) 

Total 190 263 160(109) 

Table 1. As of now, 190 patients with advanced solid cancer have been 
subjected to treatment with mega-doses of ascorbate, 109 per day or more. 
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CFU-C Process of Cancer Patients after Chemotherapy 
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Fig. 1. X-ray film, made on December 11, 1980. 

Fig. 2. X-ray film, made on April 7, 1981. 
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Advanced Malignant Tumors Treated with 
Cryosurgery & Ascorbate (lOg/day) 

Diagnosis Patients Cryosurgery 

I. Gastric Cancer 9 

2. Manunary Cancer 6 

3. Pulmonary Cancer 5 

4. Hepatoma 4 

5. Cervical Cancer 4 

6. Maxillary Tumor 3 

7. Colon Cancer 3 

8. Esophageal Cancer 2 

9. uterine Cancer 2 

10. Mediastinal Cancer 2 

II. Urinary Bladder Cancer 2 

12. Ovarian Cancer 2 

13. Malignant Melanoma 1 

14. Parotid Tumor(Cancer) 1 

15. Malignant Lymphoma 1 

16. Pancreatic Cancer 1 

17. Osteosarcoma 1 

18. Cholecystic Cancer 1 

19. Prostate Cancer 1 

20. Osteocarcinoma 1 

2I. Pelvic Tumor(Cancer) 1 

Total 53 

Table 2. Advanced malignant tumors treated with cryosurgery and 
ascorbate, 109 per day. 
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NK activities before & after 
Cryosurgery plus Vitamin C 
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Number of Secreting cells induced by PWM 
before & after Cryosurgery plus Vc 
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Tuberculin Skin Reaction before 
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VITAMIN B6STA'lUS AND ADMINISI'RATION 

DURING RADIATION THERAPY 

Ladner, H.-A. and R.M.Salkeld 

Ladner,H.-A., M.D., Professor, University of 

Freiburg, W.-Germany, Opt.of gynecol.Radiology 

It has been derronstrated in rran and experimental animals by 
biochemical investigations with vitamin A and C during both 
carcinogenesis and cancer therapy that there is a correla
tion between the vitamin status of the host and the turror 
growth. Similar findings have also been observed in vitamin 
Bl (RIVLIN 1975), B2 (BASU 1976) and B6 research. 

VITAMIN B6 AND CANCER 

In animal experiments, metabolic function (e.g. enzyme acti
vity) was altered in growing turrors in the presence of vita
min B deficiency. It is also know that in sane animals 
turror~ growth was distinctly inhibited when dietary intake 
of pyridoxine was reduced (HA et al. 1984). This has also 
been observed in patients with advanced turrors (GAllANI et 
al. 1968). Consequently, antivitamin substances such as 
fluorouracil oder L-penicillamine have inhibited the growth 
of test turrors (TRYFIATES and COWORKERS 1974-1980, see 
review: TRYFIATES et a1. 1981). This concern with the in
fluence merely of vitamin B6 deficiency on turror growth has 
also been partly responsible for the fact that vitamin B6 
research in the field of oncology has been run on a very 
tight budget and that vitamin Bh supplementation has been 
avoided during treatment of cancer. However, sane of the 
more recent findings in the field of clinical oncology 
- changes in tryptophan metabolism (similar to vitamin B6 

deficiency) in Hodgkin's disease, bladder and breast 
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cancer (ALLEGRI et ale 1972, DE VITA et ale 1971, BELL 
et ale 1975, BROWN et ale 1969, WOLF 1974). 

- plasma pyridoxal-5-phosphate (PLP), the coenzyme form of 
vitamin B6, was reduct:d both in cases of local recurren
ces and systemic metastases of breast cancer patients 
(POTERA et al. 1977) or in patients with advanced Hodg
kin's disease (DE VITA et ale 1971) 
suggestion that vitamin B6 may correct the abnormali

ties of tryptophan metabol1sm and prevent recurrences of 
bladder cancer (BAYARD and BIACKARD 1977) together with 

some aspects of tumor and vitamin B6 research show that we 
should try a another approach to thlS problem. In the cli
nical analysis we have to mention some further relations
hips between vitamin B6 metabolism and cancer. First, there 
are interactions between estrogens and vitamin B (ROSE 
1978): PLP influences the DNA-binding activity o~ steroid 
hormone receptors (WESTPHAL and BEATO 1981), especially in 
breast and endometrium carcinoma, and receptor status is 
one factor affecting the cure rate. The elevated urinary 
excretions of tryptophan metabolites in patients with 
breast cancer correlated with lower urinary steroid excre
tion (DAVIS et ale 1972). Secondly, vitamin B6 status has 
been demonstrated to influence irrmune responses (ROBSON 
and SCHWARZ 1980). 

VITAMIN B6 AND IRRADIATION 

In a few words we have to summarize the special situation 
of vitamin B6 metabolism after irradiation: it was obser
ved that durlng radiation therapy for malignant tumor supp
lementation with vitamin B markedly improved the general 
condition of the patients &nd reduced the side effects of 
radiation, such as nausea and vomiting. Subsequently the 
work of LANGENDORFF and his collE: gues showed similar bio
chemical changes in experimental animals both in vitamin 
Bh deficiency syndrome and in acute radiation syndrome 
(LANGENDORFF et ale 1960, STREFFER 1970). MELCHING 1963 
and STREFFER 1970 as well as our group (IADNER) found in 
the mouse, rat and dog a definite impairment of the acti
vi ty of enzymes dependent on pyridoxal 5-phosphate (LANGEN
DORFF et ale 1964) as well as a radioprotective effect of 
individual B-vitamins, especially vitamin B6, administered 
immediately before total body irradiation in the lethal 
range (IADNER and DVSTERIRO 1964, IADNER and SCHWEIKERT 



Vitamin C in Tumor Therapy 431 

1964). During the last 10 years by means of new biochemical 
assay methods we have found at first in animals (I.J\DNER 
et al. 1980) and later in patients with tumors (I.J\DNER and 
VAN DE WEYER 1970) pronounced metabolic changes even during 
local irradiation, for example an increase in the urinary 
excretion of tryptophan metabolites (xanthurenic acid, 
kynurenine and kynurenic acid), and reduction of the acti
vity of erythrocyte glutamic oxaloacetate transaminase 
(EIDl'). It became apparent that, especially in m3.Il, there 
is a clear difference between tumor-induced and irradia
tion-induced metabolic changes. Furthennore, the changes 
in cases of certain tumors, e. g. the tryptophan metabolism, 
in carcincrra of the bladder (BRCWN et al. 1969, WJLF 1975), 
breast (BEI.J.. et al. 1975) and in Hodgkin's disease (DE VITA 
et al. 1971, AI..LmU et al. 1972) were so rrarked that the 
investigation of the vitamin B status in large groups of 
cancer patients was indicated. 

PATIENTS AND MEI'HODS 

Therefore we assessed the status of vitamin Bl , B2 and B6 , 
and in certain subgroups also of vitamin A, C and E, in 
patients with gynecological cancers before and during the 
course of high-voltage radiation. Initially the EIDl'-acti
vation tests were oarried out by the hospital laboratory 
and later by Hoffrrann-La Ibche in Basle. During the last 
6 years the erythrocyte PLP concentrations were also measu
red. Shortage of roam does not allow a detailed description 
of the groups of 5700 patients (Fig.1) or the analytical 
methods (Fig.2) (details see I.J\DNER and HOLTZ 1979, VILLEU
MIER et al. 1983). 

Patients investigated (1964 - 1984) 
n = 5700 

(a) gynecological cancer (carcincrra of cervix 
uteri, endanetritnn, ovary and breast) 

(b) gynecological cancer with special problems 
(diabetes mellitus, incipient uremia, etc.) 

(c) irradiation 

(d) cytostatic agents 

(e) irradiation with vitamin B6 supplerrentation 
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vitamin cOenzyme Erythrocyte enzyme Activation 
test 

thiamine (TPP) transketolase 
pyrophosphate 

flavine adenine glutathione reductase EGR 
dinucleotide (FAD) 

pyridoxal 
5-phosphate 

(PLP) g 1 utarnate-oxa~acetate mJI' 
transarrunase 

pyridoxal 5-phosphate 
(PLP) 

(in Erythrocytes) 

concentration: ng/ml 
(blood, hematocrit 40 %) 

In the evaluation of the findings, patients were excludErl 
who had additional diseases which influenced the vitamin 
B6, Bl and B2 status, such as diabetes (BEREZIN 1974) and 
uremia (SPANNUTH et al. 1978). In the light of the follo
wing results 1 + 2, we extended our investigations to the 
question of how far the observed vitamin B deficiency 
could be reduced or prevented by pyridoxing supplementation. 
In patients treated with radiation for gynecological carci
nomas, a dose of 40 mg pyridoxine daily was not always 
adequate to prevent the biochemical vitamin B deficiency 
after radiation of up to 50 Gy. Daily adminis~ration of 
300 mg pyridoxine was required to prevent impairment of the 
biochemical parameters of vitamin B6 status (mJI'-activa
tion and PLP). Since the effects, such as diarrhea. in 
irradiated patients could be only partly alleviated by 
daily oral doses of 300 mg pyridoxine, we investigated the 
influence of these doses on the survival rate in a large 
group of patients irradiated for gynecological tumors at 
various stages. During the last 20 years patients treated 
with local radiation were randomized to pyridoxine or no 
pyridoxine supplerrentation. 

RESULTS 

1. The extent of tumor-induced changes before the start of 
radiation therapy were dependent on the stage of the tumor; 
the rrore the carcinoma had progressed, and this applies to 
uterus, ovary and breast, the rrore pronounced was the im
painnent of the vitamin B6, Bl and B2 activation tests. 
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2. Soon after the start of radiation - mostly after 10 
days of radiation with a total dose in the target area of 
20 Gy - the enzyme activities, especially those for vita
min B6 ~d Bl , were definitely reduced (Fig.3), so that a 
biochemical aeficiency of vitamin Bf) and Bl was provoked, 
in particular in those patients witfi an already poor vita
min status before local radiation. Radiation-induced chan
ges in the vitamin B2 enzymes were less marked. After hig
her radiation doses ln the target area or after widefield 
(abdominal) radiation, especially when the total radiation 
dos~ ~x~eeded 40 Gy, the v~t~n B6, Bl and even B2 enzyme 
actlvltles were even more 1mpalred. 

Vitamin B6 Vitamin B6 Vitamin Bl 

Gy ~-EGOI' Erythrocyte PLP <:(~EI'K 

(=100 rad) 
deficiency deficiency deficiency 
:> 2,0 < 3 ng/rnl > 1,25 

0 22 31 25 

1-15 24 74 43 

16-40 49 82 43 

41-60 43 83 53 

vitamin B <t-EGOI' and PLP) and vi tarr>in B (tt-EI'K) status 
before ana during radiotherapy in 185 patients with 
gynecological carcinoma (frequency in %) 
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3. Similar reduction of the vitamin B and B enzyme acti
vities were observed together with A.~FLEID~, Freiburg, 
in 120 patients with carcinoma of the ovary and breast 
after administration of cytostatic drugs, especially after 
cis-platinum. 
4. The vitamin A, C and E status, as indicated by their 
plasma concentrations, was also impaired following local 
radiation, however not to the same degree as the vitamin 
B6 and B -status. 
5. If patients in stage II and III with similar radiation 
type and dosage are compared, the five years survival rate 
was about 10-15 % better in the groups which received pyri
doxine than in the groups which did not. In 210 patients 
with endometrium carcinoma, stage II, the 5 years cure rate 
was 15 % better in the group with pyridoxine than in the 
group without pyridoxine. 

Parallel to the changes in the vitamin B6 status, several 
parameters of immune function were also lIDpaired. Since in 
recent years vitamin B6 has been reported (ROBSON and 
SCHWARTZ 1980) to playa role in immunocompetence, this 
aspect will also be investigated further. Nevertheless, 
on the basis of the present results, it can already be 
recommended that during high-voltage radiation therapy for 
cancer vitamin B6 administration is of value. 

CONCLUSIONS 

We think it is important to show the difference between our 
aim and the approach of the other vitamin B research in 
the field of oncology: Our problem in radio~erapy, espe
cially intracavitary curietherapy and high-voltage therapy, 
was to find an adjuvant medication to improve tolerance to 
irradiation but which does not promote tumor growth. We 
believe that this problem may be solved to the extent that 
pyridoxine presumably protects only the healthy adjacent 
organs in patients with gynecological cancer against the 
effects of radiation. It should be stressed that in our 
study the pyridoxine was administred only during the periJd 
of irradiation and subsequent two weeks. 
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The biochemical deficiency of vitamin B6, which we have 
derronstrated both in experimental animals and in a large 
group of patients with gynecological tumors, is a rrore 
important effect of radiation than previously assumed. 
This finding together with our observation about the posi
tive influence of vitamin B in 5700 irradiated patients 
should provoke further inve~tigations not only into the 
effect of vitamin B6 deficiency (for example on immuno
competence) during radiation therapy but also into the 
effect of a deficiency of vitamin A, C and E. 
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RETINOIDS AND VITAMIN E: MODULATORS OF IMMUNE FUNCTIONS 

AND CANCER RESISTANCE 

Ronald Ross Watson 
Department of Family and Community Medicine 
and Cancer Center, University of Arizona, 
Tucson, Arizona 85724 

For centuries man has recognized the association 
between nutrition and health. One compelling hypothesis 
that explains the increased morbidity and mortality is 
that nutritional deficiencies impair responsiveness 
(1,2). How different nutrient intakes alter career growth 
and development has been more of a mystery. Nutritional 
modulation of immune functions, either enhancement or 
suppression, is a significant component in retarding 
cancer development or growth. For example, nutritional 
intakes reduced in animals enhance longevity by, in part, 
changing development of immune responses and increasing 
resistance to cancers (3,4,5). Moderately undernourished 
Australian aborigine children had increased incidences of 
bacterial infections and reduced incidence of tumors, 
which suggests improved cellular immunity (6). It also 
suggests that more needs to be known about the effects of 
diet on various host defenses and the proper intakes for 
optimum immune functions. Human nutrition in different 
populations is most often both quantitatively and 
qualitatively distinct. It may include deficiencies or 
excesses in protein, calories, vitamins, and trace 
minerals, usually in a large variety of permuted 
combinations. 

A major aim of clinical and experimental cancer 
research is to develop agents or ways to increase the 
tumor-directed immunological response of the host (7). 
Clearly, vitamins have stimulating effects on some aspects 
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of cellular and humoral immune functions (8). While 
immunoalteration by high dietary intakes of vitamins is 
not the most prominent explanation for resistance to 
cancer, it is an important side effect and may be a 
significant component of resistance. Naturally occurring 
and synthetic retinoids have been shown to prevent and/or 
cure several chemically induced benign and malignant 
animal tumors. There is also evidence that blood levels 
of vitamin A and the ingestion of vegetables containing 
large amounts of beta-carotene are inversely associated 
with cancer risk. On the other hand, low levels of 
dietary retinoids are associated with immunosuppression 
(9) and perhaps explain part of the increased risk of 
certain types of cancer in countries with chronic 
undernutrition. In this paper Vitamin A and E will be 
used as models to show an association between low or very 
high intake and immune functions which affect cancer 
resistance. 

VITAMIN A DEFICIENCY AND IMMUNE FUNCTION 

Is immunosuppression associated with low vitamin A 
intake and can it be a significant contributing factor to 
cancer development from dysplasia? The association 
between hypovitaminosis A and microbial infections suggest 
a major role due to suppressed host defenses in incidence 
and severity of infections (10). Vayas and Chandra (9) 
recently summarized the effects of hypovitaminosis A on 
immune functions with most reports showing significant 
immunosuppression. Most research was done with animal 
models as relatively little is known about vitamin A 
deficiency and immune functions in humans (9). A diet 
deficient in vitamin A in rats reduced the size of the 
thymus and spleen (11). The magnitude of change was much 
greater in the vitamin A-deficient group than pair fed 
controls. The cortical region of the thymus of vitamin 
A-deficient animals was devoid of lymphocytes. Involution 
of the thymus and bursa of Fabricius were observed in 
vitamin A-deficient chicks (12). The associated presence 
of protein-calorie malnutrition also confounds the picture 
in vitamin A-deficient children. Thus, the reduction in 
the number of T cells may well be due to concomitant 
protein-calorie malnutrition in addition to vitamin A 
deficiency (13). Surprisingly the level of serum thymic 
factor is unaltered even with reduction in thymus size in 
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animals fed a low vitamin A diet (14). In vitamin A 
deficiency, the differential count revealed a relative 
increase in neutrophils and a decrease in lymphocyte 
number. However, its effects on natural kill or 
regulatory lymphocytes important in cancer resistance, 
appears unstudied (9). The mitogenic response of splenic 
lymphocytes of vitamin A-deficient rats is significantly 
less than pair-fed animals (15). Vitamin A 
supplementation for 3 days was shown to increase 
circulating lymphocytes and to restore the mitogenic 
response of splenic lymphocytes to normal levels (15). 
Decreased nucleic acid synthesis may be due to defective 
synthesis of membrane receptors. Marked changes in 
membrane glycoproteins of lymphocytes (9) may contribute 
to impaired cell-mediated immunity seen in vitamin A 
deficiency. Alternatively, if changes in T cells in 
vitamin A deficiency are accompanied by increased 
suppressor T cells, then decreased mitogenic response 
would also result. Vitamin A deficiency could 
significantly reduce immune responses to cancer antigens 
by loss of the adjuvant effects of vitamin A. It acts as 
an adjuvant at nontoxic doses and enhances cell-mediated 
and humoral immune responses (12). Injections of vitamin 
A increased cellularity of regional lymph nodes (16). The 
vitamin was also shown to stimulate antibody production to 
bovine gamma globulin, which would otherwise have resulted 
in immunological paralysis (17). The adjuvant property of 
vitamin A was thought to be due to its membrane-labilizing 
effect on lysosomes. Lysosomal membrane labilization can 
induce lymphoid cell proliferation (18). Vitamin A 
enhances cell-mediated immunity response when administered 
simultaneously with the antigen challenge (9). Moreover, 
injection of vitamin A at a site remote to that of antigen 
was shown to be ineffective in enhancing cell-mediated 
immunity (19). 

THE ROLE OF HIGH INTAKES OF RETINOIDS ON IMMUNOALTERATION 
AND ANTICANCER RESISTANCE 

Epidemiologic evidence suggests that natural retinoids 
can cause a reduction of cancer risk in several types of 
cancer. Some different postulated modes of action of high 
vitamin A are: prevention of association of the 
carcinogens or their active metabolites to the target 
site, interference with the normal metabolic pathway of 
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certain carcinogens via inhibition of certain mixed 
function oxidases, lysosomal labilization and subsequent 
breakdown of premalignant cells, reversal of squamous cell 
dysplasia, and immunosuppression (19). Routinely vitamin 
A (retinol) has been shown to increase the T-cell 
mitogenic response in lymphocytes (20). Retinoic acid 
stimulation of cell-mediated immune reactions is indicated 
by the enhancement of skin graft rejection in mice (21) 
and induction of cytotoxic T-cells in mice fed high 
intakes (22,23). However, stimulation of mitogenesis is 
not universal for all retinoids and at all 
concentrations. For example, retinol at high 
concentrations inhibited human T-cell mitogenesis (24). 
In mice effector activity of spleen cells against a 
syngeneic tumor was specifically augmented by low doses of 
retinoic acid, whereas high doses had a suppressive effect 
(25). In addition, effector cell generation time was 
shortened and subsequent persistence was extended by 
retinoic acid (25). It was not clear in this study 
whether retinoic acid acted on immunoregulatory hormone 
production, directly affected T-cells, or perhaps, first 
affected macrophages carrying antigens which then helped 
activate effector T-cells. Cellular immune enhancement 
with increased tumor resistance by retinoids in vivo 
suggest that this property of retinoids is a major 
responsible system for retinoids' ability to inhibit the 
growth and developments of certain types of tumors (26). 
For example, retinoid inhibition was only seen with tumors 
which are strongly immunogenic or in immunocompetent mice 
(26). Using adult thymectomized, lethally irradiated and 
fetal liver reconstituted mice, it was found that 
inhibition of tumor growth was not due to direct toxic 
effects of retinoic acid (26), but rather appeared to be 
the result of stimulation of thymus-dependent, 
immune-mediated effectors able to suppress tumor growth. 
However, there is much evidence that the direct effects of 
retinoids on tumors in vivo is a major system of antitumor 
activity (27). Clearly, there are limits to the benefits 
to the immune system of high doses of retinoids. Some 
very high doses caused depletion of spleen and thymus 
lymphocytes while leaving bone marrow unaffected (28). In 
vitro treatment of lymphocytes with retinol at a high 
concentration suppressed immune functions. In a mouse 
model, induction of cell-mediated cytotoxicity to 
allogenic tumor cells is stimulated by low doses of 
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retinoic acid while high doses suppress cell-mediated 
cytotoxicity induction (28). In humans, natural killer 
cell activity was regulated by retinoic acid (29), which 
suppressed tumor growth. Synthetic retinoids such as 
l3-cis retinoic acid are sometimes more effective in 
prevention of experimentally induced cancers and less 
toxic than vitamin A. The role of altered immune defenses 
in the action of 13 cis retinoic acid is unclear due to 
limited experimentation, particularly in humans (7). It 
has recently been shown to inhibit in vitro human 
T-lymphocyte mitogenesis (30). In humans with 
unresectable bronchogenic cancer there are immune 
potentiating effects of 13 cis retinoic acid. The authors 
concluded that these effects are as important as any 
direct ones on the tumor itself (20). Perhaps of greater 
interest is recent animal experiments showing a 10-fold 
increase in cell-mediated cytotoxicity by 13 cis retinoic 
acid, after challenge with suboptimal immunogen inoculum 
(31). At high dosages, cell-mediated cytotoxicity was 
inhibited by some other retinoids while 13 cis retinoic 
acid increased cell-mediated cytotoxicity (32). This 
suggests that correlation of cellular immune functions, 
cancer resistance, and dose of each retinoid needs to be 
studied carefully at several doses in humans. The 
helper/suppressor T-cell ratio tended to increase with 
prolonged use of 13 cis retinoic acid (Watson, Alberts and 
Jackson, unpublished data). Serum immunoglobulins were 
significantly decreased due to prolonged use of this 
retinoid. Changes in hormone production or release caused 
by high intakes of vitamins may be part of the mechanics 
on which alter immune functions. We have shown that high 
dietary levels of vitamin E in mice decrease basal serum 
glucocorticoid levels (33) as well as summarized a number 
of studies confirming its role in changing immune function 
(34). We recently found that high intakes of 13 cis 
retinoic acid suppressed significantly corticosteroid 
levels. Plasma cortisol levels decreased from 15.3 ug/dL 
to 9.6 ug/dL (Watson--unpublished data). This might 
explain in part some of the apparent changes seen in 
regulatory T-cell markers or the lower serum 
immunoglobulin levels. Altered cellular immunity 
functions could play a major role in prevention of 
carcinogenesis with hypovitaminosis A suppressing and 
hypervitaminosis A sometimes enhancing cellular immunity 
(7,9). Recently high vitamin A intake enhanced immune 
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functions suppressed by burns (35) and surgical trauma 
(36). Hypervitaminosis A may be able to elevate 
suppressed normal or immune functions in the cancer 
patient for optimum functioning of host defenses to 
pathogens and tumor cells. It appears critical to monitor 
the cellular immune system when attempting to achieve 
enhancement of tumor resistance with retinoid 
supplementation. Enhancement or activation of macrophages 
was caused by high retinol palmitate intakes in mice with 
increased numbers of peritoneal exudate cells. Thus, the 
strong possibility exists for assessment in humans of 
optimum doses of several retinoids via observations of 
their effects on key anticancer defenses. In summary 
retinoids appear to be potent antipromoters for 
carcinogenic agents (37). They may effectively inhibit 
initial malignant cell growth directly and/or via a 
modulation of cellular functions, including immune 
defenses systems. 

EFFECTS OF HIGH VITAMIN E INTAKE ON IMMUNE FUNCTIONS 
AND DISEASE RESISTANCE 

Most human or animal diets contain enough vitamin E to 
prevent the generalized, recognized signs of deficiency. 
However, the optimum amount for enhanced longevity, immune 
responses, and resistance to disease or tumor growth is 
less clear and is poorly defined (38). Several recent 
studies suggest that it is necessary to understand the 
effects of intake above that routinely found in what is 
now considered a "reasonable and prudent" diet. For 
example, following high vitamin E intake, carcinogenesis 
was inhibited, patients were protected from adverse side 
effects of radiation therapy, humoral immune responses to 
antigen stimulation or resistance to bacterial infection 
were enhanced (39,40), helper T-cell activity was altered, 
and attainment of adult cellular immune functions (41) in 
young mice was accelerated. Clearly absence of vitamin E 
in the diet will eventually cause significant suppression 
of disease resistance (42,43). However, to determine what 
are optimal as well as toxic or suppressive levels for 
disease or cancer resistance, not only must deficient 
diets be used, but those with high intakes. A review of 
all but the more recent literature showed that 
supplementation of routine diets in animals improved the 
humoral immune responses of mice, chickens, turkeys, and 
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guinea pigs (44). Why do these limited animal studies 
suggest that high intakes of vitamin E improve disease and 
possibly tumor resistance? We believe that enhanced 
disease resistance, and tumor resistance in mice based on 
our work (41,45,46), is due to altered cellular immune 
functions and secretory immune functions. For example, we 
found that there were increased amounts of secretory IgA 
in the intestinal secretions of young mice fed a high 
vitamin E diet (41,45,46). We also found elevated numbers 
of cytotoxic lymphocytes in young mice, which could be 
important in anticancer defenses and which perhaps result 
from more rapid maturation of T-cell functions 
(41,45,46). It appeared that vitamin E was accelerating 
maturation of only certain types of T cells. Under 
several conditions, high vitamin E increased the 
phytohemagglutinin/concanavalin A response ratio, 
suggesting that the vitamin has an effect on maturation of 
T cells (47). Hypothetically, stimulation of T-cell 
responses may be the result of an effect on Ia + T cells 
(47). Vitamin E did not function as a mitogen in nude 
(athymic) mice or enhance the lipopolysaccharide (LPS) 
response of spleen as it does in normal mice (47). These 
data suggest that vitamin E may act with thymic factors to 
produce a mature T-he1per cell. Thus, vitamin E may act 
in part by selectively stimulating certain populations of 
T-ce11s and/or reducing hormonal control on these T-cell 
functions. 

In the area of hormonal regulation, we have shown 
consistently in mice that high intakes of vitamin E reduce 
serum corticosteroids (41,45,46). They have been clearly 
shown to affect T-cell function and thymus gland 
development. This may be a partial explanation for 
enhanced immune functions via decreased regulation of the 
thymus and, directly, T cells. Vitamin E may directly 
affect the lymphocyte cell itself by altering 
prostaglandin synthesis (48). There is growing evidence 
that prostaglandins regulate immune responses and are 
clearly immunosuppressive at high levels. Vitamin E may 
directly affect the lymphocyte cell itself by a1terine 
prostaglandin synthesis (48). There is growing evidence 
that prostaglandins regulate immune responses and are 
clearly immunosuppressive at high levels. Vitamin E is an 
effective inhibitor of prostaglandin synthetase. Vitamin 
E as an antitoxidant may prevent the oxidation of 
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arachidonic acid in the biosynthetic pathway leading to 
prostaglandins. Chickens fed supplemental vitamin E at 
six times the normal level had decreased levels of 
prostaglandins E, E2 and F2a in immunopoietic organs 
(bursa and spleen). Aspirin, a known prostaglandin 
inhibitor, acted synergestically with vitamin E in 
depressing endogenous prostaglandin levels and decreasing 
mortality from Escherichia coli infection (48). Improved 
defenses and antibody production may also be due to 
increased T-cell helper function (49). These T cells may 
be active in host defenses per se and play a critical role 
in optimum B-cell production of IgG and IgA (49). 

Although a number of investigations show either 
enhancement or at least little effect of supplementary 
vitamin E, recent reports suggest that high levels may be 
inhibitory. In one of the only human studies of vitamin E 
supplementation and immune response, Prasad (50) reported 
suppression of bactericidal activity and mitogen-induced 
lymphocyte transformation after 3 weeks of 
supplementation. This does not agree with our unpublished 
data from a long-term supplementation with higher levels 
of vitamin E (Petro, Ismail, and Watson, unpublished work) 
or with the animal work cited above. Of more relevance is 
a very recent animal study showing that some levels of 
vitamin E supplementation enhanced whereas very high 
levels suppress immune functions. Vitamin E is generally 
considered to be relatively nontoxic at high dosages. In 
the study by Yasanga et al. (57), vitamin E was given 
intravenously rather than by diet and high serum levels 
were maintained. They found enhancement with injection of 
5-20 IU/kg per day. The optimum level was not determined 
from these two dosages. (In many of the human and animal 
studies cited previously, the serum levels of 
alpha-tocopherol were not measured, so that correlation 
between dietary supplementation, altered immune function, 
and serum levels of alpha-tocopherol is difficult.) In 
unpublished work, Yasanaga et al. indicate that they have 
data in mice confirming our preliminary study (67), which 
showed some suppression of cancer growth in vivo by 
supplementary vitamins in mice. It should also be 
emphasized that, though most studies manipulate one 
nutrient in an experiment, there can be significant 
interations between several components in the diet. 
Recently, Chen (52) found an increased vitamin E 
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requirement when rats were fed large amounts of vitamin 
C. She found that adverse effect of high supplementation 
of vitamin C on tissue antioxidant potential was overcome 
by increased vitamin E and that the vitamin E requirement 
was increased by vitamin C supplementation. Clearly, 
there is a need to define accurately the levels of vitamin 
E that produce the best host defenses in humans. Whether 
supplementation of normal diets with vitamin E is 
considered "overcoming a deficiency disease" or "producing 
optimum functions" is largely irrelevant. What is 
critical is defining and determining what is important for 
health in humans and animals, including cancer resistance. 
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The myelodysplastic syndrome (MDS) occurs 
in a heterogenous group of patients with 
varying degrees of cytopenia and an associated 
morphologic change in their peripheral blood 
and bone marrow cells which indicate an 
abnormality in cellular maturation. This 
condition is also considered to be a pre
leukemic state because of the tendency to 
progress into acute myelogenous leukemia in 
approximately 40% of the patients. A sig
nificant number of these patients succumb to 
the complications of bone marrow failure such 
as infection and hemorrhage from the result
ing cytopenia. Currently, there is no 
satisfactory specific therapy available for 
MDS. 

Retinoic acids have been shown to 
induce differentiation in a human promyelo
cytic leukemia cell line (1), inhibit clonal 
growth of other human myeloid leukemic cells 
(2), and to enhance normal erythroid (3) and 
myeloid (4) progenitor cell responses to 
stimulating factors in vitro. A phase 1 
clinical study using 13 cis retinoic acid (13 
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CRA) in MDS patients indicated some clinical 
benefit (5). 

This report presents the results of 
our current clinical trial of 13-cis retinoic 
acid in MDS patients. In addition it includes 
our preliminary in vitro studies which were 
initiated to determine whether the marrow 
culture growth pattern could predict the 
patient's clinical response and whether we 
could elucidate the mechanism of action of 13 
CRA therapy in the responding patients. 

Patients and Methods 

Twenty four patients with MDS using the 
French-American-British (FAB) criteria and 
classification (6) were entered into a 13 CRA 
at 100 mg/m2 with the resultant classification 
distribution: 1 patient with refractory 
anemia (RA), 10 patients with refractory 
anemia with excess blast (RAEB), 1 patient 
with refractory anemia with excess blast in 
transformation (RAEBIT), 9 patients with 
idiopathic acquired sideroblastic anemia 
(IASA), and 2 patients with chronic myelo
monocytic leukemia (CMML). One patient had 
malignant myelofibrosis following adjuvant 
chemotherapy with cyclophosphamide, 5 fluoro
uracil and methotrexate for breast cancer. 
The initial 12 patients received 13 CRA and 
the rest were randomized in a double-blind 
fashion against a placebo for 6 months. Three 
patients received corticosteroids concomitant
ly with 13 CRA in the initial studies and were 
excluded in the randomized study. Parallel 
studies with hydrocortisone and dexamethasone 
in the in vitro studies were done because of 
these patients. 

Marrow Culture: 
Marrow was obtained from normal donors 

(7) and patients enrolled in the clinical 
trial of 13 cis retinoic acid therapy (8) with 
their informed consent. Ficoll-Paque inter
face cells from the marrow aspirates were 
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placed into duplicate or triplicate semisolid 
agar cultures as previously described (B) and 
into quadruplicate methyl cellulose cultures 
prepared using a modification of the method of 
Worton (7) and Iscove (9). Medium conditioned 
by normal human peripheral blood leukocytes 
exposed to 1% v/v PHA according to the method 
of Aye (10) served as the source of 
Granulocyte-Monocyte colony stimulating 
factor. The medium was shown to be most 
active undiluted. Hydrocortisone sodium 
succinate (5x10-5 to 10-6M), dexamethasone 
(10-7 to 10-5M) and 13 cis retinoic acid (10-9 
to 5x10-6M) were included in the stimulating 
material alone and in combination in some 
dishes. Drug concentrations are those 
achieved in vivo by oral administration 
(11-14). At the end of 10-14 days incubation, 
the agar cultures were fixed, transferred to 
glass slides and histochemically stained for 
chloroacetate and alpha napthyl' acetate 
esterases as previously described (B). 
Colonies were considered granulocytic if more 
than 90% of the cells in the colony contained 
chloroacetate esterase, monocytic if more 
than 90% of the colony cells contained alpha 
napthyl acetate esterase and mixed if neither 
enzyme predominated by 90%. 

Chromosome Studies 
a) Marrow aspirates 

Bone marrow specimens were processed on the 
day of aspiration and after 24 hours in 
culture and stained by the Trypsin-Giemsa 
banding method as described (15). For each 
study, a total of 1B-3B chromosome counts were 
done with a least 3 karyotype analyses. 
Periodically, studies were repeated to 
determine the effects of therapy on the 
karyotype abnormality. 



456 Besaetai. 

Table I - Clinical Characteristics of the 
24 Patients with MDS on the 13 CRA Trial 

Non-Randomized Randomized 

Median Age: (range) 63 (44-78) 65 (57-88) 
Sex:(male/female) 9/3 7/5 

FAB Classi fication 
RA 1 
RAEB 6 4 
RAEB IT 1 
IASA 5 4 
CMML 2 
Others 1 

"de Novo" 9 12 

Post Chemotherapy 3 0 

Treatment: 
13 CRA 12 6 
Placebo 0 6 

Chromosomes 
Normal 2 6 
Abnormal 9 5 
Unsuccessful 1 1 

Hematologic Problems 
Anemia Alone 2 4 
Bicytopenia 3 4 
Pancytopenia 7 3 
High WBC 1 
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b) In Vitro Culture 
On day 8 or 9 of culture, individual plucked 

colonies or the entire culture dish were 
washed free of methylcellulose in Hank's 
Balanced Salt solution (GIBCO), placed into 
hypotonic solution and further processed by 
standard methods for chromosome analysis (16). 

Statistical Methods 
Student T-test for paired samples was used. 

Results 

The clinical characteristics of the 24 
MDS patients are summarized in Table I. The 
initial non-randomized patients were more 
severely affected with pancytopenia (62 vs 
25%), and more patients had abnormal karyo
types detected in their bone marrow cells (75 
vs 42%) compared to the randomized patients. 
Three patients in the initial group were 
previously exposed to cytotoxic chemothera
peutic agents. 

Clinical Outcome in the Clinical Trial of 
13 CRA in MDS: 

There were 2 early deaths occurring in 
the severely affected non-randomized group and 
only 3 of the 12 patients completed 6 months 
of therapy. Three of the patients in the 
randomized study who received a placebo 
dropped out because of non-specific symptoms 
which the patient attributed to the drug in 2 
and the other because of progression of RAEBIT 
into acute leukemia within the first 3 weeks 
of therapy. The hematologic response and 
clinical outcome of the MDS patients in the 
two trials are summarized in table 2. 

A complete response to 13 CRA in a patient 
with RAEB occurred after 6 months of therapy 
with disappearance of the morphologic cellular 



458 Besaetai. 

abnormalities in the peripheral blood and bone 
marrow in the initial study (17). A gradual 
decrease in the percentage of marrow cells 
bearing an abnormal karyotype occurred finally 
resulting in a cytogenetic remission. The 
patient had a hematologic and cytogenetic 
relapse 6 months after 13 CRA was discontinued 
and was again treated with the same dose of 13 
CRA and the patient is again clinically stable 

Table 2 - Hematologic Response and Clinical 
Outcome of 13 CRA in MDS 

Non 
Randomized 

Duration of Therapy: 

< 1 mo. 
'( 6 mo. 
') 6 mo. 

Hematologic Response: 

Complete response 
Partial response 
Increased neutrophils 
Increased platelets 

Clinical Outcome: 

Clinicall y Well 
Stable Disease 
Progression of Disease 
Early Death 

Causes of Death: 
Total No. 

Sepsis 
Hemorrhage 
Transformation to 

Leukemia 

2 
7 
3 

1 
1 
7 
1 

1 
2 
7 
2 

11 /12 

4 
3 

5 

Randomized 
Placebo 13 CRA 

3 
1 
2 

o 
o 

0 
1 
2 
2 

3/6 

1 
1 

o 
2 
4 

1 
2 
1 
1 

1 
4 
1 
0 

1/6 

1 
0 

0 
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with improvement of the bone marrow cellu
larity. Another patient went into complete 
remission on the 8th month of 13 CRA after 
continuation of treatment when she entered a 
partial remission at 6th week. 

Three patients had partial responses 
which lasted from 2 to 5 months. One patient 
died from sepsis and hemorrhage after re
currence of severe pancytopenia. The other 2 
patients however returned to stable but 
transfusion dependent state. 

Half of the patients (3/6) who received 
the placebo had died within the first 6 months 
of the study and only 1 remains in stable 
condition while only 1 of 6 patients who 
received 13 CRA progressed and died. 

Side Effects of 13 CRA in MDS patients: 

All patients that received 13 CRA had 
dryness and hyperkeratosis of the skin of 
varying severity and cheilosis. The other 
symptoms such as conjunctivitis (30%), nasal 
mucositis (20%) and vaginitis (10%) of 
moderate severity improved after a decrease in 
13 CRA dosage. Gradual return to full doses 
were tolerated well. Elevation of the fasting 
cholesterol and triglycerides were observed in 
a third of the patients on 13 CRA. Two 
patients complained of headaches, fever and 
diarrhea during the first week of therapy in 
the placebo group and these patients requested 
to be removed from the study. 

In Vitro studies: 

Response of normal marrow to incubation 
with Hydrocortisone, dexamethasone or 13 Cis 
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Retinoic Acid: 

Figure 1 illustrates the effect of 
incubation with various concentrations of 
hydrocortisone and dexamethasone on the type 
of colony that develops in marrow cultures 
from normal donors. While the total number of 
colonies is unchanged, both drugs induce a 
mild inhibition of monocyte colony develop
ment (p=.006). When retinoic acid was added 
to the cultures, there was total inhibition of 
monocyte colonies in all conditions studied 
except 10-6M hydrocortisone (data not shown). 

Figure 1 also illustrates the effect of 
retinoic acid concentration on the type of 
colony grown from normal donor marrows. As can 
be seen, in the range of retinoic acid 
con-centrations usually achieved by oral 
administration on the schedule used in the 
clinical trial, the percentage of colonies 
that are monocytic is significantly decreased 
(p<.01). The total number of colonies was not 
significantly changed in this set of exper
iments, though the number of clusters not 
containing either type of esterase was 
increased at retinoic acid concentrations of > 
10-6M (data not shown). 

Response of marrow from patients with 
myelodysplastic syndrome to incubation with 
hydrocortisone, dexamethasone or 13 cis 
retinoic acid: 
Table 3 details the in vitro marrow growth 
patterns and the clinical response of the 7 
MDS patients studied to date. Five patients 
were studied prior to study entry, one (AC) 
was studied while in clinical remission 
receiving 13 cis retinoic acid and one (JL) 
was studied on multiple occasions. Marrows 
from three of the five patients sampled prior 
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Figure 1. The effects of various concentrations of hydro~ 
cortisone (upper panel), dexamethasone (middle panel) and 
retinoic acid (lower panel) on the total and monocytic 
colony growth from normal marrows. Numbers are means of 
duplicate studies from 8 normal donors. 
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Table 3 - MDS Patients Clinical Response 
and Marrow Culture Results 

Patient Diagnosist Clinical Marrow Growth* 
Response 

VZ RAEB Worse None 
JG AISA Unchanged None 
MH AISA Worse None 

MC CMML Partial 29 Colonies 
Remission 

AC RAEB Clinical 24 Colonies 
Remission 

JL RAEB Unchanged 60 Colonies 
LC AISA Died of 39 Colonies 

Leukemia 

Mean Colony Number: Normals 190+/-24 
Patients 38+/-8 

* Greatest number of colonies that could be 
proven under any of the culture conditions. 
t RAEB = refractory anemia excess blasts; AISA 
= acquired idiopathic sideroblastic anemia; 
CMML = chronic myelomonocytic leukemia. 

to study entry failed to grow in vitro. All 
of these patients had abnormal chromosomes and 
responded clinically to the drug. 

Marrows from the other four grew sig
nificantly fewer colonies than did the 7 
normal donor marrows grown at the same time 
(mean colony number 38 +/-8 for the patients, 
190 +/-24 for the normals). The colony type 
(ie granulocyte, monocyte or mixed) of the 
patients, including the two patients receiving 
retinoic acid at the time they were studied, 
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Figure 2. The effects of retinoic acid at concentrations 
achievable by oral administration on the total number 
(upper panel) and monocytic colony number (lower panel) in 
marrow from 4 MDS patients. Initials refer to individual 
donors. Points represent average of triplicate samples. 
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did not differ significantly from that of the 
normal donors. 

One patient (MC) demonstrated a 2 fold 
increase in granulocyte colonies in the 
presence of either hydrocortisone or dexa
methasone, and a 4 fold increase when 10-7M 
retinoic acid was also included (data not 
shown). This patient has achieved a partial 
response to 13 CRA but the patient was not 
treated with corticosteroids and the pre
dictive value of this observation is not 
known. None of the patients was "steroid 
responsive" by the Bagby criteria (18,19). 

However, as shown in Figure 2, all 
patient marrows were more sensitive to low 
doses of 13 cis retinoic acid than were 
normals. Also shown in Fig. 2, 10-7M RA 
halved or eliminated monocyte colony growth in 
patients, and 10-6M inhibited all GM-CFU 
growth in 3 of the 4. The marrow of patient 
JL contained an abnormal clone marked by the 
chromosomal rearrangement [t(2;11 )]. He had 
had a complete clinical remission while 
receiving 13 cis retinoic acid and then had 
been taken off the drug. In vitro studies 
during remission were indistinguishable from 
those of other patients. When he developed a 
clinical relapse and was restarted on 13 cis 
retinoic acid, this clone became apparent in 
100% of his marrow metaphases. In vitro 
studieswere repeated at this time. The 
patient's marrow cells were washed free of 
serum and any drugs the serum contained prior 
to being placed in agar culture. When the 
marrow cells were stimulated by colony 
stimulating factor, 100% of the colonies 
growing were monocytoid (ie they stained for 
alpha napthyl acetate esterase) and chromosome 
studies of the cultures indicated the presence 
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of the [t(2;11) translocation in vitro. 
Furtherthe clone was not inhibited by the 
inclusion ~ither of hydrocortisone or dexa
methasone. 13 cis retinoic acid, added in 
vitro in concentrations he was receiving in 
vivo, however, completely inhibited clonal 
growth. Clinically, the patient achieved a 
stabilization on the drug with a decrease in 
marrow hypercellularity and percent of 
myeloblasts. 

Discussion 

Our clinical trials confirm the initial 
observation that certain patients with MDS 
could benefit from treatment with 13 CRA. The 
achievement of a complete response without 
marrow hypoplasia and a cytogenetic remission 
in one patient is certainly a unique observa
tion in the treatment of MDS. A signi ficant 
clinical response usually does not occur 
within the first two months so that severely 
affected patients or MDS patients on the verge 
of transformation may not benefit from this 
therapy. Relapse of the condition after 
discontinuation of 13 CRA may indicate the 
need for some form of maintenance therapy. The 
disappearance of an abnormal chromosome is 
useful in determining the completeness of the 
response. 

We have found, as have others who have 
studied much larger numbers of patients (22) 
that the marrow of about half the patients 
with myelodysplastic syndrome fails to grow in 
standard in vitro agar or methylcellulose 
cultures. We too have found the number of 
colonies is less for the patients than the 
normals. With the smaller number of patients 
we have studied to date, we cannot yet suggest 
that the lack of in vitro growth in patients 
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with abnormal chromosomes is a bad prognostic 
feature, since it has not been noted by others 
(22), but we will continue to monitor this as 
the number of patients studied increases. 

None of the other marrow culture studies 
of patients with myelodysplastic syndrome 
have analyzed colony type. We found the type 
of colony growth and the pattern of response 
to retinoic acid to be similar in patients and 
controls, though patients' abnormal marrow 
cells were more sensitive to the toxic effects 
of the retinoic acid. 

Thus with the small number of patients 
studied to date, no assessment can be made as 
to whether in vitro growth patterns of marrows 
of patients with myelodysplastic syndrome will 
predict clinical response to 13 cis retinoic 
acid. Studies of 12 other patients are 
currently in progress and we hope to continue 
to increase our experience in this area. 

Studies of patient JL who relapsed and 
then achieved a new clinical stability when 
the drug was restarted suggest a possible 
mechanism of action for the drug. In vitro 
studies showed that proliferation of his 
abnormal monocytoid clone was completely 
inhibited by concentrations of retinoic acid 
he was receiving in vivo. It may be that 
abnormal clones of cells that produce monocyte 
colonies may have the same sensitivity to 
retinoic acid as can be demonstrated in 
monocyte colony progenitor cells in normal 
marrows. Studies of other patients with 
similar clinical courses and clonal chromo
somal markers will be required to further 
evaluate this hypothesis. 
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EXPERIENCE WITH RETINOIDS AS PREVENTION AND TREATMENT FOR 

HUMAN CANCERS 

Frank L. Meyskens, Jr., M.D. 

Arizona Cancer Center 

Tucson, Arizona 

INTRODUCTION 

In laboratory studies retinoids have potent effects as 
inhibitors of carcinogenesis at the promotion phase and are 
stimulators of differentiation and maturation and growth 
inhibitors of established tumor cells in vitro (9,14). 
Additionally, epidemiological data in general supports the 
contention that vitamin A is a natural inhibitor (anti
promoter) of many human cancers (6,7). Early data suggested 
that vitamin A was necessary for normal epithelial cell 
maturation and limited studies over a decade ago suggested 
that retinoic acid was growth inhibitory to human skin 
cancers (2). These observations have prompted us to study 
retinoids in the prevention and treatment of human cancer 
and the results from these studies are summarized here. 

PREVENTION 

We have suggested that prevention of human cancers can 
be divided into three distinct phases: primary, secondary 
and tertiary (10). Primary prevention seeks to obviate 
contact with the proximate carcinogen - such as cessation 
of smoking or use of sunscreens. Secondary prevention has 
as its goal the supplementation of an antipromoter in 
individuals already exposed to the carcinogen. Examples 
would include correction of vitamin or multinutrient defi
ciencies in individuals at high risk for cancer or supple
mentation with natural or synthetic antipromoters. 

471 
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We have sponsored two trials of secondary chemopre
vention of skin cancer and these are diagrammatically 
summarized in Table 1. Both studies are directed by Drs. 
Moon and Levine and use different populations of patients 
at risk for skin cancer. The first group must have had 8 
or greater prior actinic keratoses and is at relatively 
low risk for a subsequent actinic keratoses (10%/year) or 
basal/squamous cell skin carcinoma (2-3%/year). Partici
pants will be carefully stratified and randomized to placebo 
or retinol (25,000 I.U. qd) and over 2,300 participants 
will be required to assure meaningful results in a real 
time frame. The second group of participants is at a 
later phase of cutaneous carcinogenesis, requiring a prior 
history of 8 resected squamous/basal cell carcinomas prior 
to entry into study. These patients have a high risk of 
subsequent cutaneous cancer, occurring at a rate of 60-100%/ 
year. Participants will be carefully stratified and ran
domized to placebo, retinol (25,000 I.U. qd), or 13 cis
retinoic acid (0. 1 Orng/kg po qd). Only 300 patients will 
need to be accrued to be able to show significance between 
the three groups. 

Tertiary prevention has as its goal reversal of an 
established preneoplastic focus such as leukoplakia or 
cervical dysplasia. We have done extensive phase I and II 
studies of the effects of vitamin A acid (S-trans retinoic 
acid) delivered locally to the preneoplastic cervix (13, 
15). The results from these studies are summarized in 
Table 2. Our pre-phase I studies showed that a cervical 
cap was a more effective delivery device than a diaphragm 
and that a cream base was the most easily of the various 
carrying vehicles delivered. Using a molded cervical cap 
a formal phase I investigation was conducted and based on 
side effects a concentration of 0.32% retinoic acid was 
determined as the dose for phase II studies. In the phase 
II trials a 50% response rate was seen in the 18 evaluable 
patients treated. Based on these encouraging results, a 
phase III study in patients with moderate and severe 
dysplasia is planned. Three hundred patients will be 
randomized between placebo cream and retinoic acid and 
followed for several years thereafter. 

TREATMENT 

We have tested the activity of oral systemic 13 cis
retinoic acid on tumor response in over 240 patients with 
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cancer who were not receiving concomitant therapy. These 
results are summarized in Table 3 and detailed elsewhere 
(1,3,4,5,8,11). No activity was seen in patients with 
cancers of the breast, bladder, cervix, colon, stomach, 
soft tissue, bone, pancreas or lymph glands. Minor activ
ity was seen in 1 of 2 patients with esophageal cancer, 2 
mixed responses in 22 patients with non-small cell lung 
cancer, and one partial response in a patient with ovarian 
cancer. In 16 patients with various myelodysplastic syn
dromes, three exhibited minor improvements in hematopoesis, 
a result also reported by others. 

Substantial activity was seen against patients with 
advanced head and neck cancer, and melanoma. Partial 
responses of subcutaneous and skin sites were seen in 3 
patients with head and neck cancers. In 20 patients with 
metastatic melanoma skin/subcutaneous responses were seen 
in 3 patients and in one case pulmonary nodules responded 
also. We have also seen disappearance of ~-HCG in 2 of 5 
women with persistent choriocarcinoma. 

Highly significant responses were seen in three con
ditions: dysplastic nevi, laryngeal papillomatosis and 
mycosis fungoides. These responses are detailed elsewhere, 
but in brief summary dysplastic nevi were treated by local 
application of retinoic acid in 3 patients and in all cases 
complete responses were seen (8). We have also treated 6 
patients with severe refractory laryngeal papillomatosis 
with oral 13 cis-retinoic acid. Three sustained complete 
responses were obtained, with 2 patients off therapy for 
greater than one year (1). Others have also demonstrated 
the responsiveness of this entity to retinoids. The most 
striking responses have been in patients with the cutaneous 
T-cell lymphoma mycosis fungoides (4). Of 18 evaluable 
patients, 9 substantial partial responses were seen with a 
median duration of responses of six months. In one case 
the response lasted for over 30 months. 

FUTURE STUDIES 

Maturation of results from the two current secondary 
prevention of skin cancer trials will be required before 
combination studies are entertained. The results from the 
randomized phase III trials will also be eagerly awaited. 
A major consideration is whether a prevention trial in 
patients with dysplastic nevus syndrome is presently 
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warranted. Since the data is presently limited to 3 
patients treated by local application of retinoic acid, a 
formal phase II trial using oral systemic 13 cis-retinoic 
acid will be conducted in 14 patients with severe dysplas
tic nevus syndrome. 

Based on our results and those of others, large ran
domized trials of placebo versus oral 13 cis-retinoic acid 
are being conducted in patients with laryngeal papilloma
tosis, surgically cured high risk head and neck cancer, 
and stage I cutaneous malignant melanoma. The effects of 
retinol in both stage I and II cutaneous melanoma are also 
being studied in randomized trials. 

Another potential avenue of exploration is combining 
13 cis-retinoic acid with other biological modifiers, such 
as interferon, or with cytotoxic drugs. 
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TABLE 1 

SECONDARY CHEMOPREVENTION OF HUMAN SKIN CANCER 

EARLY CARCINOGENESIS 

DISEASE - ACTINIC KERATOSIS 

NUMBER 

SCHEMA 

2300 PARTICIPANTS 
22 DERMATOLOGISTS 

--cPLACEBO 
A.K. 

RETINOL (25,000 I.U.) 

LATE CARCINOGENESIS 

DISEASE - AT LEAST 8 PRIOR BASAL OR SQUAMOUS CELL 
CARCINOMA OF SKIN 

NUMBER 

SCHEMA 

300 PARTICIPANTS 
22 DERMATOLOGISTS 

-EPLACEBO 
BCC/SCC RETINOL (25,000 I.U.) 

ISOTRETINOIN (5-10 MG) 
(13 CRA) 
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TABLE 2 

TERTIARY CHEMOPREVENTION OF CERVICAL 

DYSPLASIA WITH LOCAL e-ALL TRANS RETINOIC ACID 

PHASE I TRIAL(S) 

- CERVICAL CAP BEST DELIVERY DEVICE 

- CONCENTRATION 0.372% 

PHASE II TRIAL 

- 50% COMPLETE RESPONSE 
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TABLE 3 

TRIALS WITH SYSTEMIC ORAL ISOTRETINOIN 

(13 CIS-RETINOIC ACID) IN ADVANCED CANCERS 

NO ACTIVITY 

DISEASE 

BREAST 
BLADDER 
CERVIX 
COLON 
GASTRIC 
SARCOMA 
PANCREATIC 
LYMPHOMA 

NUMBER OF EVALUABLE PATIENTS 

11 
5 
5 

17 
2 

10 
4 
4 

MINOR ACTIVITY 

ESOPHAGEAL 
LUNG (NON-SC) 
OVARIAN 

2 
22 
15 

MYELODYSPLASTIC SYNDROME 16 

SUBSTANTIAL ACTIVITY 

HEAD/NECK 19 
MELANOMA 20 
CHORIOCARCINOMA 5 

(FEMALE, MINIMAL DISEASE) 

HOME RUNS 

DYSPLASTIC NEVUS SYNDROME 3 
LARYNGEAL PAPILLOMATOSIS 6 
MYCOSIS FUNGOIDES 18 

NUMBER OF RESPONSES 

1 MINOR 
2 MIXED 
1 PR 
3 PR 

3 PR 
2 PR, 1 MR 
2 CR 

3 CR 
3 CR 
9 PR, 2 MINOR 
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viral carcinogenesis, 113 
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High pressure liquid chromatography 
(HPLC),231 

Hyperthermia, 99 

Immune function, 199 
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Preneoplastic diseases, 245 
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4-hydroxyphenyl retinamide 

(4-HPR), 163 
retinoic acid, 22, 24-25, 27, 

35-36, 71 
retinoids and immunostimulation, 

172 
retinoids and other modifiers, 168 
retinoid-binding proteins, 3 
retinoic acid-resistant mutant, 11 
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Teratocarcinomas, 19 
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139 
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