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In addition to effects on hepatic ER, TCDD may influence estrogen action in another
way. CYP1A2 efficiently catalyzes the conversion of estrogens to catechol estrogens in liver
(Graham et al., 1988; Dannan et al., 1986). CYP1A2 is not found in extrahepatic tissues,
with the possible exception of the nasal cavity, so catechol estrogen formation would be
expected to occur only in liver. Catechol estrogens have been postulated to possess
macromolecule-damaging properties as a consequence of free radical generation (Li and Li,
1990; Metzler, 1984). Therefore, TCDD may increase the DNA-damaging capacity of
estrogens in liver as a function of CYP1A2 induction. This effect may, in part, explain the
carcinogenic actions of TCDD in female rat liver and is consistent with the knowledge that
ovariectomy protects against the hepatocarcinogenic actions of TCDD and that male rats do
not appear to be susceptible to TCDD-induced liver tumors (Lucier et al., 1991; Kociba et
al., 1978). It is important to note that cancer is more than a two-stage process and the stage-
specific actions of TCDD in multistage cancer models are not known, although TCDD-
mediated cell proliferation and possible indirect genotoxic effects may be critical at more
than one stage. A hypothetical mechanistic scheme for TCDD-mediated liver cancer is
shown in Figure 6-2.

The finding that chronic TCDD exposure decreases tumor incidences in the pituitary,
mammary gland, and uterus may also reflect TCDD’s effects on ER and estrogen
metabolism. As discussed above, TCDD decreases uterine ER concentrations in cytosolic
and nuclear fractions of rats and mice, and these changes are associated with diminished
estrogen action in in vivo as well as in vitro studies. TCDD also increases estrogen
metabolism, presumably as a consequence of CYP1A2 in liver and UDPGT induction in liver
and extrahepatic tissues (Shiverick and Muther, 1982). Likewise, the addition of TCDD to a
breast cancer cell line (MCF-7) results in increased estrogen degradation (Gierthy et al.,
1988). However, there are only small effects on serum 17-8 estradiol levels following
administration of TCDD to either rats or mice (Shiverick and Muther, 1983). Therefore, the
effect on serum estradiol is considerably less sensitive than the effects on the uterine
receptor. This comparison has led investigators to conclude that the antiestrogenic actions of
dioxins are primarily caused by effects on ER levels in reproductive tract tissues. Consistent
with this hypothesis, Fernandez and Safe (1992) have shown that TCDD is antimitogenic in
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human breast cancer cells. Final evaluation of the role of estrogen metabolism awaits data
on concentrations of estrogens in responsive cells of control and TCDD-treated rats, which
may be different from serum estradiol levels. In any event, it appears clear that TCDD does
possess antiestrogenic properties that are likely to be important to decreased tumor incidences
in some reproductive tract and endocrine organs. Numerous studies have documented that
the estrogen receptor is found in virtually every tissue of the body although the effects of

TCDD on human estrogen receptor in vivo have not been studied.

6.5.5. Other Biochemical End Points

TCDD alters a number of other pathways involved in the regulation of cell
differentiation and proliferation. The specific relationships of these effects to multistage
carcinogenesis are not known, but the broad array of effects on hormone systems, growth
factor pathways, cytokines, and signal transduction components is consistent with the notion
that TCDD is a powerful growth dysregulator. It is also consistent with the findings that
TCDD alters cancer risks at a large number of sites, possibly reflecting multiple mechanisms
of carcinogenicity. Biochemical/molecular/endocrine changes produced by TCDD include
the glucocorticoid receptor (Sunahara et al., 1989), tyrosine kinase (Madhukar et al., 1988),
gastrin (Mabley et al., 1990), interleukin 13 (Sutter et al., 1991), plasminogen activator
inhibitor (Sutter et al., 1991), tumor necrosis factor-a (Clark et al., 1991b), gonadotropin-
releasing hormone (Moore et al., 1989), testosterone (Moore et al., 1985), and luteinizing
hormone (Mabley et al., 1992). The importance of these responses to the carcinogenic
process should not be diminished by the lack of detail presented here. In every case studied,

these responses have been shown to be dependent on the Ah receptor.

6.6. SUMMARY AND WEIGHT OF EVIDENCE FROM ANIMAL STUDIES

There have been several long-term studies designed to determine if TCDD is a
carcinogen in experimental animals. All of these studies have been positive and demonstrate
that TCDD is a multisite carcinogen, is a carcinogen in both sexes and in several species
including the Syrian hamster, is a carcinogen in sites remote from the site of treatment, and

increases cancer incidence at doses well below the MTD. In two-stage models for liver and
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skin cancer, it is clear that TCDD is a potent promoting agent with weak or no initiating
activity. This finding is not surprising because TCDD does not form DNA adducts and is
negative in short-term tests for genetic toxicity. The general consensus is that TCDD is an
example of receptor-mediated carcinogenesis in that (1) interaction with the Ah receptor
appears to be a necessary early step, (2) TCDD modifies a number of receptor and hormone
systems involved in cell growth and differentiation such as the epidermal growth factor
receptor and the estrogen receptor, and (3) hormones exert a profound influence on the
carcinogenic actions of TCDD. For example, ovarian hormones are essential for the
hepatocarcinogenic actions of TCDD in rats, whereas TCDD promotion of lung tumors in
rats appears to occur only in the absence of ovarian hormones. Although tumor promotion
data for the polychlorinated dibenzofurans and coplanar polychlorinated biphenyls are
limited, it appears that these compounds are liver tumor promoters with potencies dependent
on their binding affinity to the Ah receptor.

Some of the central issues in the risk assessment of TCDD and its structural analogs
are (1) characterization of the shape of the dose-response curve for receptor-mediated events,
(2) evaluation of the relevance of animal data in estimating human risks, and (3) the health
consequences of background exposures (1 to 10 pg TEQ/kg/day) of dioxin and its structural
analogs. With regard to the shape of the dose-response curve, it is clear from animal studies
that there are different dose-response curves for different TCDD effects, which is consistent
with the generally accepted dogma for steroid receptor-mediated responses. In general, the
biochemical/molecular responses such as cytochrome P-450 induction do not show evidence
for a threshold although unequivocal conclusions cannot be made about the mechanistic link,
if any, between biochemical responses and toxic effects. In fact, coordinated biological
responses such as TCDD-mediated cell proliferation and growth of preneoplastic lesions (foci
of cellular alterations in liver) appear to be less sensitive end points, although evaluation of
these responses is complicated by a high degree of interindividual variation: some animals
do not exhibit any increase in cell proliferation in response to TCDD exposure.

The mechanistic basis for interindividual variation is unclear, and this lack of knowledge
complicates approaches to estimate human risks from experimental animal data. However,

several studies indicate that, for the most part, humans appear to respond like experimental

6-39 06/30/94



DRAFT--DO NOT QUOTE OR CITE

animals for biochemical and carcinogenic effects. However, data from epidemiology studies
are difficult to evaluate because the carcinogenic effects, if any, resulting from background
TCDD exposures are not known, although biochemical effects such as cytochrome P-450
induction may be produced by background exposures.
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