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" ABSTRACT

2,3,7,8-tetrachlorodibenzo-p-dioxin (herzafter referred to as TCDD) has a high estimated cancer potency in
animals which has been reasoned to imply that TCDD might be carcinogenic to man. Theanimal cancer data show
that TCDD can act in a solitary manner causing tumors without the participation of other known factors.
However, there exists animal cancer data indicating that TCDD can act as a tumor promoting compound. This
analysis examines which type of carcinogen and which mechanism best characterizes TCDD cancer activity. It
is suggested that TCDD acts by a hormonal mechanism to cause cancer in a solitary manner, at low doses, in two
species, and in a number of different organs, including rare sites. These observations in (oto characterize TCDD
asacomplete carcinogen, which by definition encompasses both initiation and promotion carcinogenic activities.
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INTRODUCTION

Inorder tobest assess the hazards to human life from chemical carcinogens, it is necessary to incorporate as much
understanding of the mechanism of action of animal and human carcinogens into the hazard assessment process
as possible. The carcinogenic response to TCDD in mice and rats seems to indicate a dichotomous mechanism:one
mechanism proceeding by complete carcinogenesis and the other by tumor promotion. The [irst mechanism
indicates that TCDD can act as a solitary carcinogen needing no other factors to cause cancer. The second
mechanism refers to a type of incomplete carcinogenesis where the compound completes the initial,
subcarcinogenic insult of a total carcinogen, e.g. from another source, 50 as to cause tumorigenesis.

- We consider, in the delineation of the cancer mechanism, that it is important to qualitatively model what type
of mechanism is likely to be operative in TCDD-exposed man. Quantitative models used to explain cancer
dosimetry must of necessity be based on the best available realistic qualitative mechanistic model.

This analysis shall proceed in turn through the extant TCDD tumor promotion data, complete carcinogenesis
data, hormonal-related mechanisms to TCDD, and finally through a summary anafys:s of the mechanism which
best characterizes TCDD carcinogenicity.

EVIDENCE FOR Ti‘lE‘ TUMOR PROMOTION EFFECTS OF ;[CDD
a. in viv r - T Pr ion (Dire

Pitot ef al. (1980) have presented data on the promotion characteristics of TCDD in female Charles River rats
(Fig.1). The primary purpose of this study was to demonstrate tumor promoter-rélated quantitative liver enzyme
focus formation. Positively staining foci [or v -glutamyl transpeptidase (GGT) was used as a liver tumor-
promotion marker for liver cells disposed to preneoplasia by TCDD. These foci were markedly increased
compared to controls (se¢ protocel, Fig. 1). ‘ )

The Pitot study also enumerated the number of female rats with hepatocellular carcinoma am'ong the dose groups
(4-7 rats/TCDD group, Fig.1). No liver cancers were found in any control group, nane in the low-dose TCDD
group (10 ng/kg/day given s.c. in corn oil), but-5/7 rats had liver cancers at the high-dose TCDD group (100 ng

The views expressed in this presentatlon are those of the authors and not necessarily those of our respective
countries or agencies.



TCDD/kg b.w./day). A positive control group was tested also with phenobarbital (0.05% in diet) which showed
8/10 rats had liver cancers. Although few animals were tested giving a lowered statistical inference of the tumor
results (compared toa standard bioassay with 50 animals/sex/dose group), itisclear thatsufficient fields of cells
were scanned to determine the TCDD-related histochemical effects of TCDD and phenobarbital in the rarc liver.
Pitot et al.(1980) have suggested that, because of the positive tumor promotion results, which are associated with
particular enzyme foci formation in the liver, it is reasonable to hypothesize that all the tumors associated with
persistent TCDD exposure arise from the tumor promoting effects of TCDD on "already initiated” cells in the
test animal. This further implies that there is no primary initiating cl‘fcct of TCDD on these female rat cells
(cf. DISCUSSION section).

A study in HRS/J mouse skin is presented in Fig. 2 (Poland et a/,1982), When hairless mice (hr/hr) were first
exposed to 0.2 nmol of DMBA (initiation) and then exposed to repetitive exposures of either 50 ng TCDD/mouse
or 2000 ng TPA/mouse (a known skin tumor promoter), papillomas of the ¢pithelium were formed in both cases.
It is notable that TCDD alone in this experiment caused no increases in skin papillomas. But when a subthreshold
dose of a complete carcinogen was applied to skin, then subsequent TCDD or TPA ¢xposure caused tumor
promotion in hairless mice. TCDD is about 40 times more potent as a tumor promoter in this system than is TPA.
In congeneic mice which are genetically (hr/+), no tumors can be promoted by repetitive exposures to TCDD,
thereby suggesting that a single recessive trait (hr) may be involved in the TCDD-mediated tumor promotion in
HRS/J mice. However, the possibility of other genetic loci involvement is not ruled out.

A tumor promotion bioassay was done for the U.S. National Toxicology Program (USNTP, 1982a) in mice.
TCDD wasapplied dermally onto the dorsal region of skin (Fig. 3). Swiss-Webster mice showed marginalincreases
in fibrosarcomas upon TCDD exposure in ¢ither the male TCDD or DMBA/TCDD dose groups which are not
viewed as statistically increased cancer responses; however, definite increases in fibrosarcomas were observed
in the female TCDD and DMBA /TCDD dose groups. These increases, which were about the same (30% and 28%,
Fig. 3), showed that TCDD alone increased the fibrosarcomas, but prior initiation with DMBA was not further
enhanced by repetitive exposure to TCDD. This suggests that TCDD is acting as a total carcinogen. It is
interesting that fibrosarcomas were caused by TCDD and not cancers of the mouse epithelium, onto which the
three times/week applications in 0.1 ml. acetone were applied. It is known, for instance, that TPA and certain
other phorbol esters do promote tumors in that same epithelium (Pelling and Slaga, 1985, and references therein).

Other results (Fig. 4) found in "normal® wild-type mice (presumably +/+ at the hr locus) are also negative for
TCDD skin tumor promotion (Berry et al., 1978). The results in all of the mice strains tested for tumor promotion
taken together suggest that HRS/J halrlcss mice may be unique in showing skin tumor promotion responses as
a result of repetitive TCDD exposures to the shaved and depilatated mouse dorsal skin epithelium.

vitro Su rt for TCDD-Rel Tumor Promotion Eff

TCDD has little transforming ability in 10 T 1/2 cells alone, but was a promoter of transformation following
MNNG ((N-Methyl-N'-nitro-N-nitrosoguanidine),a known tumor initiator (Abernethy et al., 1985; Abernethyand
Boreiko, 1987). Following initiating (low) levels of MNNG.in this assay, TCDD was a very potent transforming
agent, since it has a high transformation efficiency: 29%-39% @ 4 picomolar.
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Fig. 3
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The degree of cellular malignancy associated with the invitro focus formation was likely significant because type
IIT cells [defined originally by Reznikoff et al., 1973] were scored. Since transformation is viewed to be an
essential series of cellular conversions in the development of cancer, these observationsin 10 T 1/2 cells indicate
this subset of cellular transformations is caused by TCDD. The connection between in vitro transformation to
tumor promotion is not well understood as of yet, however, and can only be surmised as being part of the process.

Although TCDD facilitates cell transformation like a tumor promoter, TCDD does not inhibit intercellular
commumcanon asmany tumor promoters have been observed todo (Williams, 1980;Trosko et al.,1981) measured
by the *H-Uridine cellular exchange, or by movement of Lucifer vellow dye among cells in mtcrccilular transfer
assays (Boreiko et al., 1986). This lack of interference in cell-to-cell communication suggeststhat TCDD is either
nota tumor promoter,or that TCDD isa tumor promotcr acting by a different mechanism than a classic promoter
such as TPA.

Two of the major re-programming cellular effects caused by tumor promoters are increased mitosis in some cell
subpopulations and increased terminal cellular dif ferentiation in other cell populations (Willey J.C,, et al., 1984).
For example, TCDD has been found to increase keratinization in skin (Knutson and Poland, 1980). Hyperplasia
from TCDD exposure is seen in vitro in cultured human keratinocytes, in exposures to human epidermis, and in
animal systems (Milstone and LaVigne, 1984; Gianotti, 1977; Poland and Knutson, 1982). Both propertics of
increased cellularity and maturation are dcscrlptxvc of tumor promouon activity but are also manifest by
complete carcinogens, which possess both initiation and Dl’OmOthl‘l activities.

EVIDENCE OF TCDD ACTING ALONE AS A TOTAL CARCINOGEN

Sprague-Dawley rats were gavaged with average daily TCDD dosesof 0,1, 10,and 100 ng/kg/day (Kociba, et al.,
1978). The summary of the Kociba study is presented in Fig. 5. Increases in malignant tumors were observed in
fourdifferent organs: hard palate {including nasal turbinate cancers), tongue, liver,and [ung. This tumor activity
is carcinogenic activity since TCDD caused malignant tumors in these organs (Kociba, 1984). Mechanistic
activities of tumor initiation, promotion, and progression are all indicated by these rat malignant responses to
TCDD oral exposure. :

It is interesting to note that the cancer responses were positive at the 100 ng/kg/day doseand notat 10 ng/kg/day
{Fig.5). The same pattern of response was seen (100 + and 10 -) in the Pitot tumor promotion experiment where
TCDD was administered to rats subcutancously (Pitot ¢ al., 1980). The observations that different routes of
TCDD exposure show the same break in the cancer response curve (at the same dose level shows a null response),
in radically different protocols, and in different rat strains, all suggest that this dose region may be one that
observationally defines (not proves) an apparent cancer threshold for TCDD in the rat.

It is also interesting to note (in the same experiment): not only were tumors increased but also tumors were
decreased by TCDD. These tumor decreases are shown in Fig. § and Fig. 7. We note one exception to tumor
incidence decreases, i.¢. an increase in benign tumors of the adrenal gland cortex. However, decreases were
observed at the same time in adrenal pheochromocytomas (Fig. 7). The tissues affected by TCDD-related cancer
decreases are all endocrine organs, thereby strongly suggesting the mechanism of action of 2,3,7,8-
tetrachlorodibenzo-p-dicxin is linked to these hormonal systems. This "protection effect” of TCDD has not been
adequately discussed or factored into any complete hazard evaluation or risk assessment of TCDD as of yet. This
dichotomous tumor pattern imposes an additional complexity when ascribing the "estimated” carcinogenicity
hazard from TCDD exposure and how this rcIatcs to human carcinogenicity risk.

Later work on TCDD carcinogenicity has been rcportcd by ‘the NTP in Osborne-Mendel rats and B6C3IF! mice
(US.NTP, 1982b). Hepatocellular carcinomas are the-dominant cancer response in the Osborne-Mendel rats with
females and males demonstrating carcinogenicity increases only at the highest dose tested (Fig. 8). A mostly
benign response to TCDD was also observed in the follicuiar thyroid at the highest dose and in. both sexes. It is
notable that tongue, hard palate, and lung tumors did not appear increased in the Osborne-Mendel ratin this NTP
study as in the above Kociba study in Sprague-Dawley rats {cf. Fig. 5). However, the liver repeated as being a
cancerous site between the two studies as well as increases in an endocrine organ (thyroid), whereas decreases
were observed in Sprague-Dawley rat endocrine organs (pituitary, pancreas, thyroid, uterus, mammae, and
" adrenals) with only benign tumors increased in the adrenal cortex Sprague-Dawley rat.

A similar carcinogenicity response in the NTP study was observed in B6C3F | mice (Fig. 9). That is, in the mouse
just as in the rat, liver and thyroid tumors were also increased by TCDD exposure.

DISCUSSION

It is clear that repetitive TCDD exposure, after a subcarcinogenic initial exposure of a carcinogen, can-bring
about or promote tumors. Thisactivityof tumor promotion seems to bc manifest in Charles River ratsand HRS/J
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hairless mice (hr/hr), but pot in some "normal” mice strains (Swiss-Webster or CD-1) which are presumed to be
wild type at the hr locus. In the hairless mouse cross experiments mice which were heterozygous (hr/+) at the hr
locus also did not show tumor promotion activity thh TCDD suggesting the hr trait may be a necessary element
for mouse skin tumorigenicity .

It appears, then, that tumor promotion can be observed in some test strains, and not in others. Furthermore, it
is noted (Fig. 1) in Swiss-Webster mice that, although TCDD skin tumor promotion is not observed in DMBA
treated mice, TCDD by itself caused significant increases infibrosarcomas in females {p=0.007)and a borderline
response in malcs (p=0.08). These results suggest that although TCDD did not promote or enhance tumors in this
test system it can cause carcinogenesis. This points to a total carcinogen mechanism in thissystem for TCDD. In
asinglereport TCDD showed tumor initiation activity in the mouse (Digiovanni 1977}, Consequently, we'surmise
from all the TCDD tumor promotion data that TCDD has tumor promotion charactcnsucs only in certain strains
tested in the two-stage carcmosencs:s system.

Thecancersobserved by Kociba and hiscollaboratorsin Sprague-Dawley rats were tumors in liver and squamous-
cell carcinomas of the lung, the later being an uncommon tumor type occurring spontancously in the lung. Also,
the tongue and hard palate responded with carcinomas both of which are direct-route sites and are rare tumors.
The occurrence of tumors isrevealing astothe carcinogenicity of TCDD: (1) itstrengthens the causal relationship
between chemical exposure and cancerous outcome because the outcome is improbable due to random chance, and,
(2) it indicates the probable effect of TCDD is likely direct on these tissues to cause cancer rather than
"promoting™ cryptic initiation lesions [hypothetically caused by prior events] in these normally cancer-free
tissues. Were this latter point not true, then it would be expected that the theoretical initiation lesions, if really
present, might nonspecifically interact with other promotion agents, such asexist in the diet, to cause cancer. But,
cancer is only rarely observed in the hard palate and tongue of the rat.

So itis reasoned thatanalogous toa complete cancer-causing agent in man, such as tobaccosmoke which contains
known initiation and promotion agents and i5s carcinogenic to the human tongue, hard palate, and lung, TCDD
can also be carcinogenic to these same tissues in the Sprague Dawley rat thereby indicating that TCDD is a
complete carcinogenic agent, at least in the rat. It remains to be proven whether TCDD is also carcinogenic to
these tissues in TCDD-exposed humans. Since no other known agent participated in the rare cancer formation
in the Kociba TCDD rat study, then it is reasoned that TCDD is a complete carcinogen possessing both initiation
and promotion properties, although the proportional degree of each is not yet known: The relative proportion of
the initiation/promotion mechanisms need not be the same among compounds testing positive for cancer in test
species and may not necessarily correlate with the same proportion of these mechanism types in man.

Tumor promotion is not a new concept. Inception of this etiology took place in the 1920’s by investigators who
suggested a noncarcinogenic effect such as wound healing could evoke cancer in some cases, called traumatic
cancer (Deelman, 1924, 1927). Later, the seminal work of Peyton Rous showed that certain chemical treatments
could "seed" apparently normal tissue with persistent cells, in which later in time could be stimulated or enhanced
by other noncarcinnogenic chemicals (or even by mechanical stimulus) to form tumors in the seeded tissues (Rous
and Kidd, 1939; MacKensic and Rous, 1941). These authors referred to the latter stimulus which caused cell
growth leading to tumors as "extraneous encouragement agents”, and it was later defined as promoting agents
(Friedwald and Rous, 1944). In this work the term initiating agents wasalsogiven to theirreversible carcinogenic
action of chemicals which would start the process. With such concepts of stages of effects in sequence started the
conceptualization of the commeoenly accepted initiation/promotion hypothesis of carcinogenesis which still is
considered a valuable working model today.

Other investigators pursued the initiation/promotion concept referring to it .as “specific cellular
reaction”/developing factor (Mottram, 1945), and initiation process/promotion process {(Berenblum and Shubik,
1949). These studies, and other genetic studies, provided support for the two stage hypothesis (Glinos,er al., 1951).
The operative concept was also supported by the evolving somatic mutation hypothesis (Berenblum and Shubik,
1949): cancer was determined to arise from a somatic mutation of a few cells [there being variation among these
few mutated cells as to the type of lesion (Shubik, 1950)). Some of these cells, in time, could be developed by a
number of diverse agents to unscheduled cellular growth which proceeded in greater abundance [presumably]
from mutated cells to hyperplastic regions, tumors, and finally in some cases to cancers which disseminated
throughout the body. These developing agents, which by all authors were referred to as noncarcinogens, enhance
the chances of cancer in initiated tissues and were referred to as tumor promoters. ‘

This concept of tumor promotion has been studied by a number of investigators (Boutwell, 1964; Van Duuren,
1969; Berenblum, 1969; Shubik, 1984; Pelling and Slaga 1985; Schulte-Herman, 1985} since the foundat:on works
discussed above. The concept of tumor promotlon in our opinion may be 3cncral1y defined as:

Promotion is a reversible set of cellufar processes which can cause unscheduled and /or mis-controlled cellular
growth allowing for relative enrichment of initiated cells compared to the normal field of cells in which these
initiated cells reside. Promotion leads to expanded clones, as well as. allows for reversible qualitative changes
in the normal cellular differentiation process. Cancer can result from this promotion process ([ further changes
in genetic expression [ progression] are imposed on the exposed field of cells.
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f—'or other discussion of tumor promotion definition refer to. US. EPA, 1987,

It is instructive to note that (1) tumor promotion does not take place in the absence of initiation, i.e. initidtion
precedes promotion which in turn precedes progression into malignancy, and (2) tumor promoters are not
- carcinogens. Wereason that TCDD producescancers{malignancy)alone withoutany known prior tissue initiation
which indicates TCDD is a complcte carcinogen needing no assistance in causing c¢ancer. If TCDD were just a
tumor promoter as has been suggested (Shu et al., 1987), then all the responding tissues (liver, lung, hard palate,
tongue, skin, and thyroid) would of necessity have already been initiated at the time of TCDD exposure. We view
this alternative as unlikely since the responses occur in a number of species/strains, and in a number of organs, -
including palate and tongue which are rare sites. These occurrences are not indicative of promoters studied to
date which usually affect one organ, and only if that tissue has been initiated previously. We know of no
published example where just a promoter exposure alone caused a dose-response of malignant tumors at a rare
site. Lastly, even though it may be argued that the tongue and hard palate may have extraordinarily high TCDD -
exposures, this does not necessarily account for the rare carcinogenic response of these tissues any more than
other carcinogens which aresimilarly administered by gavage. We conclude there must have been some specificity
for the tongue and hard palate in the Sprague Dawlcy rat in the Kociba study. However, since this response was
from a single study, it will be necessary to replicate these results in these tissues in order to increase cerctainty
of the hard palate, tongue, squamous lung cancer responses. ‘

A control often done in earlier work was to test whether a chemical could promote itself (e.g. Boutwell, 1964),
This control started the process by a subcarcinogenic dose of the suspected carcinogen. If no other treatment is
given, no tumors result; but if repetitive isoquantal doses of the same test chemical are applied, tumors do result .
if the chemical is a carcinogen. This is interpreted to mean that processes of initiation and promotion occur, i.e.
a total carcinogen can promote itself. We view TCDD as having promotion activity, but this does not preciude
that TCDD isa total carcinogen capable of promoting it's own initiation process. [tshould not be a surprise, then,
thatat the right dose-rate total carcinogens will act as tumor promoters in tumor promoter assays. We view TCDD -
acting this way in the tumor promotion assays reviewed here (Pitot e al., 1980; Poland and Glover, 1982).

It remains then to address what kind of carcinogen is TCDD. The present genotoxicity information on TCDD is
mostly negative although positives do occur (U.S. EPA, 1985). The most{y negative genotoxicity results suggest
that TCDD is not generally positive by current methodology, and the true genotoxicity may not be known since
the appropriate end-point may not have tested yet. Some authors have taken the position that TCDD must act
upon the genetic material [but by an unknown mechanism] {Giri, 1986). The classical mutation mechanism
whereby covalent-binding mutagens alter the DNA content may not be operating in the case of TCDD. TCDD
may alter the genetic informational flow by a here-to-fore undescribed carcinogenic mechanism.

Due to the extended residence times of TCDD in the body [(t,,;), = 1-4 mo. in rodents and 6-10 yrs.in man),
TCDD could interact with functional chromatin, cell generation aflter cell generation, sa as to alter genetic
expression by persistent phenotypic changes. TCDD likely interacts by noncovalent binding in the ratsince DNA
measured covalent binding s 1 TCDD molecule/ 10! nucleotides (Poland and Glover, 1979). However, assuming
2 x 10° base pairs/cell, the estimated number (maximum) of hits in the rat are: "

1 molecule TCDD X 4x10° nucleotides = 1 molecule of TCDD

10" nucleotides one sukaryotic cell 25 cells

This hit frequency of TCDD covalent linkage to DNA is very low in rats being less than one hit per cell and
4-6 orders of magnitude less than most chemical rat carcinogens (Poland and Knutson, 1982a). However, in long
term human TCDD exposure over 50% of fecal iabel has been reported to be TCDD-metabolites (Wendling et.al.,
1988), thereby not ruling out the possibility of tumor initiators being generated [over long periods] in man.

The relationship of TCDD cellular actions is known to be related to a specific cytosolic receptor protein Ah,
which binds tightly to TCDD, K, = 0.3 x 10°® M™Y. The receptor-ligand complex is thought to initiate and
promulgate many of the pleiotropic cellular effects of TCDD including wasting of some tissues and hyperplasia
in others (Poland and Knutson, 1982). One of the most characteristic TCDD-induced biochemical events is a
rapid increase in P-450 enzymes. This event leads to an important observation: pretreatment of animals with
TCDD can abrogate subsequent cancer responses from known carcinogens (DiGiovanni et al., 1980). Also
interesting, and perhaps related, is the TCDD-related suppression of tumors in the pituitary, pancreas, thyroid,
uterus, mammae, and adrenals. Such tumor incidence suppressions are likely to be related to TCDD « hormonal
influences in these tissues. Neither of these negative carcinogenic influencescaused by TCDD have been factored
into the hazard evaluation of TCDD in any risk assessment to date, ‘

Evidence is continuing to build from a number of laboratories that TCDD affects the adrenals and thymus
(Greenlee et al., 1985), thyroid (Rozman ef al.,, 1984; Henry and Gasiewicz, 1987, Romkes, e/ al., 1987), estradiol-
(Umbriet et al., 1988) glucocorticoid and cholesterol-producing systems, as well as epidermal growth fagtor
~ cellular activity (cf. Greenlee et al., 1987, and references therein). It has been suggested that (1) there 1s a
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relationship of the TCDD Ah receptor protein function to the steroid and thyroid receptor protein functions, and
(2) the relationship may be due (in part) to sequence homology among these receptors (Evans, 1988). There are
no cross-bindings of these ligands among the other systems’receptors. The sharing of a common motif among the
essential receptor proteins indicates a superfamily of receptors which coordinate major cellular systems (Green
and Chambon, 1986). TCDD may cause its pleiotropic effects by perturbing the superfamily gene expression by
interaction with each of the various hormone-receptor reaction sequelae at their respective functional sites in
chromatin.

Given the hormonal relationships of TCDD to cancer (at least in animal test systems), we postulate that TCDD
isa hormonal carcinogen. TCDD may be uniqueiin its close association with so many essential organismic control
systems, and might be expected to act in a hormonal-like lashion. Moreover, the tight hormone-like binding to
the Ah receptor may relate to the supreme cancer potency cstimate for TCDD. As a comparative example,
estimated cancer potency [to humans, units are in (mg/kg/day) ] based on rodent positive tests are: TCDD
(156,000), aflatoxin B, (2,900), ethylene dibromide (41), benz[alpyrene (11.5), bis-(2-chloroethyl)-ether (1.1),
DDT/DDE (0.34), vinyl chloride (0.017), and methylene chloride (0.008). Part of this extreme potency is no doubt
due to the accumulation of this metabolically stable compound. Lastly, the carcinogenicity effects of TCDD in
hormonal organs arc also expected to be influenced by the interplay hormonally among the interactive target
systems, i.c. direct TCDD ceffects in one target affect a second target [in .part] by disturbance of homeostasis
between the targets. ‘

We conclude: the bioassay data designate TCDD as a total carcinogen, which can participate in tumor promotion
. assays 5o as to complete the carcinogenicity action started by other carcinogens. TCDD is unique in its supreme
cancer potency and close functional relationships with 2 number of key hormonal regulation systems, Inference
to other hormonal actions suggests that TCDD may also mechanistically show a threshold, which would suggest
that the traditional assumption made with all carcinogens that there is a finite positive chance of cancer from
even at one molecule of exposure (some 15 orders of magnitude lower than total body burden of TCDD ) may not
be the correct assumption to make in the case of TCDD. The existence of a threshold has not yet been
demonstrated and {urther work on TCDD dosimetry needs to be done 1o properly assess the carcinogenic hazard.

We think the uniqueness of this compound offers an excellent investigative tool for hormonal carcinogenicity
mechanisms. The derivation of risk from human exposure, using Quantitative modeling should take into account
the gualitative biological concepts discussed here: complete carcinogenicity, presumptive nongenotoxicity or
mutation, probable dose-rate limitation at low doses, and hormonal systems interactions.
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— 2,3,7,8-Tetrachlorodibenzo-p~ dioxin (TCDD) has a high est1mated cancer potency ?

The animal cancer data show that TCDD can act in a solitary manner causing tumors
without the participation of other known factors.  However, there exist ‘animal cancer
data indicating that TCDD can act as a tumor- promot1ng compound s Thisvanalysis
examines which type of carcinogen and which mechanism best character1ze TCDD cancer |
activity. It is suggésted that TCDD acts by a hormonal mechanism to cause cancer in g
solitary manner, at low doses, in two species, and in a number of ‘different organs,
including rare sites. These observat1ons in toto characterize TCDD as a comp1ete

in an1maIs wh1ch has been reasoned to imply that TCDD ‘might be" carc1nogen1c to man.. ] .

activities.
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