


CLA CANCER PREVENTION

buds. We wanted to see whether limiting CLA feeding to this particu-
lar time frame would offer any protection against subsequent tumor-
igenesis. Two different carcinogens were used in this experiment for
mammary tumor induction: DMBA, which requires metabolic activa-
tion, and MNU, which is a direct alkylating agent. Rats were fed 1%
CLA from weaning to 1 week past carcinogen treatment, they were
then returned to the basal diet without CLA until sacrifice. Our results
in Table 2 showed that CLA exposure during this narrow window of
mammary gland morphogenesis was able to significantly reduce total
mammary tumor yield by 39 and 34% in the DMBA and MNU
models, respectively. Based on the results of the first experiment, the
addition of 1% CLA would be expected to produce a greater suppres-
sive effect. However, it should be taken into consideration that the
administration of a high dose of carcinogen for mammary tumor
induction in this experiment (see Table 2 for doses of DMBA and
MNU), coupled with the shorter duration of CLA feeding, probably
accounted for the attenuated inhibitory response. But more impor-
tantly, the fact that CLA is protective in the MNU model suggests that
it may have a direct modulating effect on susceptibility of the target
organ to neoplastic transformation.

Effect of CLA Feeding on Bromodeoxyuridine Labeling of the
Mammary Gland. To follow up on the above observations, we car-
ried out an experiment to evaluate the effect of CLA on proliferative
activity of the mammary gland. CLA feeding was started from wean-
ing and continued until about 55 days of age. Essentially the protocol
was identical to the previous one with the exception that no carcino-
gen was used in this experiment. Multiple injections of bromodeoxy-
uridine, as described in “Materials and Methods,” enable a higher
proportion of cells to be labeled by this biochemical marker and
thereby increases the sensitivity of the assay. The results in Table 3
show that CLA reduced the labeling index of the lobuloalveolar com-
partment (P < 0.05), but not that of the ductal compartment of the
mammary tree. The significance of this finding will be discussed
below.

Effect of CLA on DMBA Binding to Mammary Cell DNA. It is
possible that the lower proliferative activity of the mammary gland
following CLA feeding may not fully explain the increased resistance
of the target organ to carcinogenesis. In order to determine whether
the inhibitory response in the DMBA model to CLA feeding prior to
carcinogen administration might be related to changes in DMBA
activation, total DMBA binding to mammary epithelial cell DNA was
measured at different times after a single dose of radioactive DMBA.
The results in Table 4 indicate conclusively that total DMBA binding
was not affected by CLA. Although these data do not rule out the
possibility that differences may exist in the formation of specific
DMBA-DNA adducts, our past experience has suggested that total
DMBA binding is a fairly reliable indicator of changes in DMBA
activation and therefore of adduct formation.

Table 2 M. y cancer pre by short term feeding of CLA®
% dietary CLA Tumor Total no. of
Carcinogen® supplementation incidence (%) mammary tumors
DMBA None 20/25 (80) 62
DMBA 1 13/25 (52)¢ 38¢
MNU None 22/25 (88) 76
MNU 1 15/25 (60)¢ 50°¢

2 CLA was added to the diet starting from weaning until 1 week past carcinogen for
a total period of 5 weeks.

® Rats were given 10 mg of DMBA i.g. or 6 mg of MNU i.p. at 50 days of age.

€ P < 0.05 compared to the corresponding control value.

Table 3 Effect of CLA feeding on proliferative activity of ductal and lobuloalveolar
mammary epithelial cells®

% mammary epithelial component®

Dietary CLA
supplementation No. Ductal Lobuloalveolar
None 15 257 %31 32426
1% 15 21925 24.8 +29°

“ CLA was added to the diet starting from weaning and continuing for the next 5 weeks
before excision of the mammary gland.

b Results are expressed as percent of cells (mean * SE) labeled by bromodeoxy-
uridine.

‘P < 0.05.

Table 4 Effect of CLA feeding on total DMBA binding to mammary cell DNA®
Time course of total DMBA binding” (pmol/mg DNA)

Dietary CLA
supplementation (%) Day 1 Day 2 Day 4 Day 7
None 3352 40 = 6.9 3150 22+38
1% 31x6.1 38*47 36 3.6 25*+34

“ Rats were fed either the basal or 1% CLA diet from weaning. At 50 days of age, they
were given 10 mg of 3H-labeled DMBA and were sacrificed at 1, 2, 4, or 7 days later.

b Measured by total tritium binding to DNA after *H-labeled DMBA administration.
Results are expressed as mean * SE (n = 4/group).

DISCUSSION

Of the large number of naturally occurring substances that have
been demonstrated to have anticarcinogenic activity in experimental
animal models, all but a handful of them are of plant origin (13). CLA
is unique because it is present preferentially in food from animal
sources. CLA is closely related to linoleic acid, but differs from
linoleic acid in the position and configuration of the double bonds.
Unlike the stimulatory effect of linoleic acid on mammary carcino-
genesis (14), CLA inhibits tumor development. As shown in Table 1,
as little as 0.1% of CLA in the diet is sufficient to produce a significant
reduction in mammary tumor yield in rats given a low dose of DMBA.
The low dose carcinogen protocol was intended to increase the sen-
sitivity of the animal bioassay so that the efficacy of CLA could be
titrated more precisely. A 350-g rat fed a 0.1% CLA diet will consume
about 0.015 g CLA/day. In a direct extrapolation to a 70-kg person,
this is equivalent to a daily CLA intake of 3 g, an amount slightly
higher than the estimated consumption of approximately 1 g/person/
day in the United States (6). In the much quoted nurses’ study by
Willet et al. (15), dietary fat was found not to be a risk factor for breast
cancer. Although the range of fat intake in this cohort was not as broad
as that observed in international ecology studies, which generally
report a positive correlation between breast cancer mortality and fat
intake (16), it is tempting to speculate that the presence of CLA in the
Western diet may play some role in moderating the impact of high fat
consumption on breast cancer risk. Preliminary experiments from our
laboratory indeed suggest that CLA could negate the stimulatory
effect of fat on mammary carcinogenesis in the rat DMBA model.*
Thus, the cancer protective efficacy of CLA needs to be further
characterized in order to fully delineate its contribution to health
maintenance and disease control.

Scanty information is available in the literature on the anticarcino-
genic activity of CLA in vivo. To date, only 3 papers have been
published regarding CLA supplementation in animal tumor models.
The 2 papers from Ha et al. (5, 17) reported successful tumor inhi-
bition in skin and forestomach of mice treated with a carcinogen. In
both cases, CLA was delivered acutely in single doses prior to either
DMBA (for initiation of skin papillomas) or benzo(a)pyrene (for
induction of forestomach tumors) administration. Our previous study
with the rat DMBA mammary tumor model was the first to show that
dietary CLA is effective in cancer protection (3). Experiments will be

4C. Ip, and J. A. Scimeca, unpublished observations.
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under way to contrast the action of CLA in the initiation and post-
initiation phases of mammary carcinogenesis.

In the present study, we failed to detect changes in total DMBA
binding to mammary epithelial cell DNA following CLA feeding.
Although definitive conclusion about DMBA activation still needs to
be confirmed by the determination of specific DMBA-DNA adducts,
we feel that this might not be a promising avenue to pursue future
mechanistic investigation. Total DMBA binding was measured at 4
different time points over a span of 7 days (Table 4). No difference
was noticeable between the control and CLA-fed animals during this
period, suggesting that the kinetics of DMBA metabolism were not
affected. Urinary DMBA levels were similarly unchanged (data not
shown). By day 7 after DMBA, there was virtually no more radioac-
tive DMBA being excreted in the urine. The lack of an effect on
DMBA removal would be consistent with our previous finding that
CLA has no effect on glutathione-S-transferase or UDP-glucuronyl
transferase activities (3). Based on these observations, it seems that
neither Phase I nor Phase II detoxification enzymes may be the targets
for the action of CLA in events associated with modulation of DMBA-
induced mammary carcinogenesis.

As shown in Table 3, CLA reduced the proliferative activity of the
lobuloalveolar structures of the mammary gland, but not of the ducts.
This difference, however, was small and needs to be confirmed. Since
the determination was made at a single time point, it is unclear
whether this outcome is due to a change in the time course of mam-
mary gland maturation or a quantitative shift in gland composition.
Multiple time point analysis on both kinetic and morphological pa-
rameters would be necessary in order to address this question. Similar
studies should also be carried out with and without carcinogen ad-
ministration. In the absence of any information correlating the effect
of CLA on proliferation and differentiation during maturation of the
mammary gland, it is not possible to make a definitive conclusion
regarding the impact of CLA on susceptibility of the target organ to
carcinogenesis. Nonetheless, suffice it to note that the lobuloalveolar
structures are derived from the terminal end buds which are the sites
of carcinogenic transformation. The observation that the proliferative
activity of the lobuloalveolar units is reduced by CLA feeding is
congruent with the bioassay results of tumor inhibition. What is so
tantalizing about this finding is that exposure to CLA during mam-
mary gland morphogenesis in the adolescent period (30 to 60 days of
age in a rat) may be able to provide lasting protection against subse-
quent cancer risk. In humans, early onset of puberty increases, but
early pregnancy decreases, the risk of breast cancer (18). Both factors
highlight the importance of developmental changes of the mammary
gland during the period of adolescence in determining the risk of
breast cancer. Further investigation will be focused on examining the
role of CLA in influencing mammary gland morphogenesis and pro-
liferation.

The subject of CLA and caucer prevention is in its infancy. In the
previous paper as well as the present one, we have identified several
areas that are critical in expanding the horizon of CLA research. CLA
is by far the most powerful naturally occurring fatty acid known to

modulate tumorigenesis. The fact that a fatty acid can produce such a
striking effect at near nutritional levels of intake is fascinating. How-
ever, foods that are high in CLA are also high in fat content. Conse-
quently, it is difficult to evaluate from epidemiology data the impact
of CLA alone in the context of a high fat intake in humans. Much
emphasis has been placed on total fat consumption and breast cancer
risk, perhaps justifiably so. On the other hand, the equivocal and often
negative results from case-control and cohort studies have hinted at
the complexity of this issue (16). The challenge of future research will
be to define the potential benefit of CLA in our diet, to characterize its
anticancer activity, to elucidate its mechanism of action at the sub-
cellular level, and to design new strategies for enriching foods with
CLA if this approach is deemed appropriate.
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