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Meeting Report

Workshop Report from the Division of Cancer Etiology, National Cancer Institute,
National Institutes of Health1

Current Perspectives and Future Trends in Hormonal Carcinogenesis

It has been estimated that 40-60% of human cancers are
etiologically associated with sex hormone exposure, either en
dogenous or exogenous. The worldwide exposure to sex hor
mone intake, either estrogenic, androgenic, or progestational
agents, is in the tens of millions annually (1,2) and with regard
to one class of therapeutic hormonal agents approximately 150
million women have been exposed to oral contraceptives since
its inception (3).

Estrogenic hormones, either natural or synthetic, have been
causally associated with endometrial, vaginal, cervical, and
hepatic neoplasms while some reports indicated a causal rela
tionship between estrogens/progestins and breast cancer and
androgens to liver and prostatic tumors (4). Therefore, it is not
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surprising that there is growing concern regarding the role of
hormonal agents in carcinogenic processes. Despite increasing
interest and intensity of research in the field of hormonal
carcinogenesis, little is known about the underlying biochemical
and molecular mechanism(s) involved whereby these hormon-
ally induced neoplastic events are elicited. Fundamental ques
tions still persist concerning the role of sex hormones in neo
plastic transformation. There is a general consensus that hor
monal agents act as tumor promoters; this is based on both
epidemiolÃ³gica! and animal data in hormone- and carcinogen-
induced neoplasms. Tumor promotion by hormones is likely
accomplished by virtue of their biological activities on cell
proliferation and differentiation. On the other hand, carcino
genic and cocarcinogenic roles for hormonal agents still remain
elusive and controversial. Additionally, it is also not known
whether epigenetic or genotoxic mechanisms are primarily re
sponsible for the initiation of target tissues which eventually
lead cells to hormonally induced neoplastic development.

The Chemical and Physical Carcinogenesis Branch, DCE,2
NCI, sponsored a workshop entitled "Current Perspectives and
Future Trends in Hormonal Carcinogenesis" on September 28-

29, 1989, at the Marriott Hotel, Gaithersburg, MD. The work
shop was chaired by Drs. Allan H. Conney and William F.
Benedict, members of the DCE Board of Scientific Counselors.
The objective of the workshop was to invite investigators with
expertise in a variety of areas to contribute their knowledge in
an effort to achieve more rapid progress in the field of hormonal
carcinogenesis and to identify specific areas requiring greater
emphasis.

The meeting was attended by 19 workshop participants and
38 guests. The participants represented expertise in chemical
carcinogenesis, cancer biology, biochemical endocrinology, re
productive toxicology, and hormonal carcinogenesis. Specific
topics included in vitro cell transformation, epigenetic-nongen-
otoxic mechanisms, P-450 monooxygenase activation, chemical
carcinogenesis (multistage), hormone metabolism, and DNA
adducts. In the area on hormone action and cell/molecular
biology, there were experts on steroid receptors, cell prolifera-
tion-DNA synthesis and repair, growth factors, cell culture,
stem cell theory, pathology-morphology, oncogenes, and the
use of transgenic animals.

After opening remarks by Drs. Allan H. Conney, William F.
Benedict (Board of Scientific Counselors members), and David
Longfellow (Chief, CPCB), Dr. Jonathan J. Li gave a keynote
address presenting an "Overview of Hormonal Carcinogenesis."

Dr. Li indicated the historical milestone in hormonal carcino
genesis from Beatson (1896) to the dramatic epidemiolÃ³gica!
associations reported in the past two decades (Herbst, Baum,
Smith, and Hoover). He pointed out that little is known about
the complex biochemical and molecular events leading to these

2The abbreviations used are: DCE. Division of Cancer Etiology; NCI. National
Cancer Institute: CPCB, Chemical and Physical Carcinogcnesis Branch; TGF,
transforming growth factor: EGF. epidermal growth factor; DES, diethylstilbcs-
trol; DEN. diethylnitrosamine; EE2. 17(i-ethinylestradiol; MPA. medroxy-
progesterone acetate; FDA, Food and Drug Administration.
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tumor inductions in both animals and humans. In addition, he
summarized the numerous animal models available utilizing
either a single hormone or two different hormones used to elicit
neoplastic transformations at various organ sites including uter
ine, ovary, mammary gland, kidney, pituitary, testes, epididy-
mis, and prostate. He indicated that the hormonal induction of
neoplasia characteristically involves tissue and species specific
ity, sustained and prolonged hormonal exposure, and long
induction or latency period. Mechanisms of hormonal carci-
nogenesis may involve enhanced cell proliferation and altered
differentiation, cellular damage and reparative hyperplasia,
chromosomal alterations, metabolic activation, free radial for
mation, immunosuppression, and protooncogene activation/
suppressor gene expression.

Dr. Gerald C. Mueller served as moderator for the workshop
which was structured in the following manner. The initial
session contained an overview of the current status of areas
relevant to the field of hormonal carcinogenesis without inter
vening discussion. The second session consisted of 20-min
lectures on specific model systems currently studied in hor
monal carcinogenesis. There was a half-hour discussion period
following each topic. The third session was a 2-hour open
discussion by all participants. Dr. Mueller asked that the group
bear in mind the following seven questions as the different
topics were presented:

1. Does the hormone itself or a metabolite directly interact
with the genetic system to bring about mutation, translocation,
or gene reiterations?

2. How much of the role of the hormone is dependent on its
interaction and utilization of a specific receptor mechanism?

3. Under conditions of a hormonally induced malignant
state, are there changes in any oncogenes and consequently
responses such as growth factors and their receptors or associ
ated responses amplifying these factors?

4. Since the development of malignancy is increasingly
thought to involve a multistepped genetic response, it is possible
that hormones work cooperatively with other agents to incite
cancer. If so, how can we better define systems to test for the
role of hormones as tumor promoters and factors in the pro
gressive growth of malignant cells?

5. What is the role of hormones in the balance between
normal cell growth and terminal differentiation? Moreover,
how is this balance deranged during the conversion of respon
sive cells to a malignant phenotype? Finally, how can we devise
test systems to zero in on such fundamental processes? What
genes are involved?

6. Since suppressor genes are emerging as potential factors
in neoplastic transformation, how can we test for such elements
as targets of hormonal carcinogenesis? Can new systems be
devised which will identify such genes as playing a role in the
growth and differentiation of hormonally responsive cells?

7. Do hormones act as nongenotoxic or genotoxic
carcinogens?

The workshop commenced with an "Overview Session" pre

sented by Dr. Nancy Colburn on chemical carcinogenesis. She
presented information on tumor promotion, the major ques
tions being addressed, and the model systems being utilized.
Endogenous hormones and growth factors are thought to ac
count for a major part of tumor promotion in humans. She
described the mouse JB6 cells that are genetically sensitive or
resistant to promotion of neoplastic transformation by phorbol
esters, epidermal growth factor, vitamin D,, and other agents.
The critical rate-limiting steps in tumor promotion appear to

involve genetically controlled susceptibility and altered regula
tion of gene expression. Understanding how hormones regulate
gene expression is considered central to understanding the rate-
limiting steps in multistage preneoplastic progression.

Dr. Keith C. Robbins next presented an overview of onco
genes indicating that the products of some oncogenes are mod
ified forms of hormones or hormone receptors; the products of
other oncogenes affect second messengers in hormonally in
duced processes; and the products of still other oncogenes act
as DNA-binding proteins that alter gene transcription. Over
the last several years, protooncogenes encoding growth factors
and their receptors have been implicated as important media
tors of the neoplastic process. When properly regulated these
molecules directly order cell proliferation. However, it appears
that constitutive activation of certain growth pathways at the
wrong time or at the wrong place is an important step in the
conversion of normal cells to malignant ones. Other oncogenic
proteins, found in the cell nucleus, are though to disrupt normal
cell function by interfering with expression of as yet unknown
growth-regulatory molecules. Recent evidence has suggested
that not all protooncogenes contribute to carcinogenesis
through growth-stimulatory pathways. Certain proteins, such
as the products of sre and fgr protooncogenes, are most abun
dant in postmitotic cells. Some data related to these protoon
cogenes suggest that they might act in pathways not related to
cell growth and suggest the existence of novel mechanisms
leading to neoplastic conversion.

Dr. Harold Moses described the current state of growth factor
research. Over 50 growth factors have been identified, and many
of them have been characterized in detail. Most of this presen
tation focused on EGF, TGF-Â«, and TGF-/1 Estrogens were
shown to induce EGF in the epithelium of the normal rat uterus
and TGF-iv may be responsible for the growth of terminal end
buds of normal mammary glands of the same species. On the
other hand, reversible inhibition of mammary gland epithelial
cell growth by TGF-/4, administered in a slow release pellet has
been demonstrated. Recent studies have suggested that the
effects of TGF-/a on c-myc expression may be a central event in
the growth-inhibitory response to TGF-fJ.

Dr. J. Carl Barrett discussed the activity of estrogens in the
Syrian hamster embryo cell culture cell transformation model.
He proposed a multistage carcinogenesis mechanism. DES
produces aneuploidy in these cells. This may involve DES-
mediated depolymerization of microtubules leading to chro
mosomal nondisjunction. He indicated that hormones can exert
both early and late effects during multistage carcinogenesis.
The late effects probably involve tumor promotion or loss of
tumor suppressor action. This could be mediated by hormone
receptor binding to DNA and switching on or off the expression
of critical genes or producing genetic imbalance via aneuploidy.

Dr. Jeffrey M. Rosen discussed our current knowledge con
cerning the use of transgenic mice. These constructs offer
opportunity for understanding how hormone-altered gene
expression can influence development of cancer induction.
Gene constructs driven by tissue-specific promoters can be
targeted to certain tissues. The development of transgenic
mouse models in which oncogenes are targeted in a tissue-
specific manner seems appropriate at this time. These models
could be used to study the potential interactions between hor
mones and oncogenes in carcinogenesis. It would be ideal if in
these models the level and timing of oncogene expression could
be carefully controlled. However, Dr. Rosen pointed out that
this may not be feasible at this time. Subthreshold models of
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carcinogenesis, in which hyperplasia but not invasive carcino
mas are induced, may be quite useful in studying the effects of
hormones on progression. Dr. Rosen reported the identification
of sequences within the rat 0-casein gene to the mammary gland
in transgenic mice. He then discussed how the availability of
tissue-specific promoters and enhancers provides a new ap
proach for studying the effects of oncogenes and hormones on
carcinogenesis of the breast and prostate using transgenic
mouse models.

The next session, on "Hormonal Carcinogenesis Specific
Model Systems," began with Dr. Sara A. Li's presentation

indicating that the estrogen-induced hamster kidney model is
presently the most intensively studied animal system in hor
monal carcinogenesis. Renal tumors can be induced in intact
and castrated male hamsters and to a lesser extent in ovariec-
tomized females. She discussed the chemoprevention of estro
gen-induced renal tumorigenesis by both hormonal and non-
hormonal manipulations. A recent observation demonstrating
a tissue-, species-, and hormone-specific estrogen-induced cell
proliferation in cultured hamster renal proximal tubular cells
grown in serum-free chemically defined conditions may be
particularly important in the elucidation of the mechanism(s)
involved in the hormone-induced neoplastic transformation of
the kidney. A comprehensive model for estrogen carcinogenicity
in the hamster kidney was presented which involves an intimate
relationship between hormonal and toxicological activities of
estrogens.

Dr. Satyabrata Nandi discussed the relationships of estrogens
to mammary carcinogenesis in the experimental model systems
dealing primarily with rats and mice. He described available in
vivo and in vitro systems to study estrogen involvement in
mammary cancers. From this analysis of the existing data, he
pointed out that estrogens are neither direct mitogens nor direct
carcinogens for mammary cells, although its presence is abso
lutely essential for growth and carcinogenesis in this tissue in
vivo. Recent in vitro studies and current in vivo studies from his
laboratory indicate that progesterone may be the important
ovarian hormone involved directly in growth and carcinogenesis
(in the presence of exogenous carcinogens) in mammary cells.
He suggested that the estrogenic role in these processes include
induction of progesterone receptors in the mammary cells and
the synthesis and release of the adenohypophysial hormone,
prolactin, essential for growth of these cells.

Dr. George W. Lucier indicated that several epidemiological
studies have demonstrated that exposure to synthetic estrogens
produce significant increases in the incidence of hepatic ade
nomas and hepatocellular carcinomas in humans. There are
also two animal models for estrogen-associated liver tumors.
The first is a rat two-stage model for heptocarcinogenesis in
which DEN is the initiating agent and EE; is the promoting
agent. EE2 treatment of rats for 60 weeks in the absence of
DEN resulted in no tumors. However, 80% of the rats that
received DEN and EE2 developed liver tumors. Increased tumor
incidence was associated with the appearance of putative pre-

neoplastic lesions, elevated estrogen receptor levels, increased
estrogen metabolism, and changes in EGF receptor. Preneo-
plastic cells are enriched in EGF receptor. The second model
is the male Syrian hamster which develops a high incidence
(90-100%) of liver tumors (both adenomas and carcinomas)
following treatment with synthetic estrogens and Â«-naphthofla-
vone. Liver tumors, however, do occur in low frequency (10-
20%) when these estrogens are administered alone without any
other intervening agent. Results from these models provide

evidence that numerous factors are involved in the carcinogenic
actions of estrogens and that there is as yet no single unifying
mechanism known.

Dr. John A. McLachlan described a mouse model for trans-
placental carcinogenesis studies. For decades, estrogens have
been reported to elicit teratogenic and carcinogenic changes in
the reproductive tracts of experimental animals following ex
posure during critical periods of development. In 1971, an
association between the use of DES during pregnancy and an
increased incidence of vaginal and cervical adenocarcinoma in
female offspring was reported. Although DES is no longer used
clinically to prevent threatened abortion, the number of progeny
at risk will peak in this decade. Dr. McLachlan described a
mouse model which he has worked with extensively. The pre
natal mouse model has provided some useful comparisons to
those seen in DES-exposed women. He showed schematic
representations of the early changes in the reproductive tract
of males and females exposed to DES during the critical stage
of sex differentiation. Exposure results in arrest of development
in the genital tracts of both male and female mice which persist
into adulthood.

Dr. James S. Norris indicated that the male hamster repro
ductive tract is another site for studying hormonal carcinogen
esis. The dual action of estrogen and androgen induced leiomyo-
sarcomas in the ductus deferens. A gradient of tumor induction
is apparent with the earliest foci being observed proximal to
the epididymis. Administration of either hormone alone, how
ever, failed to elicit neoplastic transformation. The resultant
tumors are transplantable and require hormones for growth.
Cell lines have been derived from tumors which maintain a
growth responsiveness in culture. Tumor cells can be arrested
in Go-Gi by glucocorticoids. An autocrine pathway involving
platelet-derived growth factor and fibroblastic growth factor is
apparently down-regulated by corticoids resulting in a cell cycle
block. In addition, glucocorticoids induce secondary response
genes, some of which are potentially biochemically linked to
the Go-Gi block. One example is the protein p29 which has
been cloned and identified as a glutathione -9-transferase YB
subunit. This subunit has been implicated in cell cycling.

Dr. Donald S. Coffey stated that cancer of the prostate is one
of the major malignancies in men in the western world after
lung cancer. It is the second most common cause of death due
to cancer in the United States. The cause of prostatic cancer is
essentially unknown. A variety of environmental and endocrine
factors are thought to be involved in the development of human
prostatic cancer. While androgens are considered to be major
regulatory hormones for the growth, differentiation, and func
tion of the normal prostate, it is not known whether they are a
causative or contributory factor in aberrant growth of the gland.
Findings have demonstrated that estrogens alone can exert a
direct proliferative effect on the prostate while other studies
have shown that estrogens, possibly synergizing with andro
gens, may be involved in the genesis of benign prostatic hyper
plasia and prostate carcinoma. Dr. Coffey indicated that there
are four distinct prostatic cancer model systems, presently
available; the Dunning, Noble, Pollard, and ACI model systems.
He described the Pollard model in greater detail. A special
feature of the Pollard's Lobund-Wistar rats is their extensive

ability to metastasize. In addition to the prostatic adenocarci-
nomas which spontaneously develop in aging Lobund-Wistar
rats. Dr. Pollard induced the development of prostatic adeno
mas in these rats by means of long term treatment with high
levels of exogenous testosterone.
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Dr. Irma H. Russo reported on Dr. H. Nagasawa's studies

that either progesterone or MPA (Provera) accelerated spon
taneous mammary gland tumorigenesis in SHN mice. In an
other study, Dr. C. Lanari found that high doses of MPA
induced mammary adenocarcinomas in virgin BALB/c mice
after prolonged treatment. Other studies have shown that high
doses of MPA increased the incidence of mammary adenocar
cinomas in female beagles. A role for the action of both pro
gesterone and prolactin has been suggested in mammary gland
tumorigenesis on the basis of these results. In addition. Dr.
Russo recently found that when the progestin contraceptive
MPA is administered to postpubertal or to old virgin rats, it
stimulates cell proliferation in terminal ductal structures, thus
expanding the "risk window" for carcinogenesis. Moreover, she

also found an atypical response of the mammary gland to
progestin treatment; i.e., depending on the age of the rat at
which it is administered either protection or increased mam
mary cancer risk is seen.

Dr. Roy Hertz presented an overview and historical devel
opment of the estrogen problem, from diethylstilbestrol to
zearanol.

During the "General Discussion" and after each presentation,

considerable discussion ensued. Members of the group pointed
out that: (a) there is a need to characterize the malignancies
which arise out of existing experimental hormonally induced
tumor models at the cytogenetic level. Also, the state of known
oncogene expression in such malignancies should be assessed
and their dependency on/or production of known growth fac
tors should be determined; (b) it is pertinent to develop systems
in which one could readily go from the intact animal to the in
vitro environment of tissue culture. Such systems would eluci
date the role of the hormone in tumor initiation and promotion
and normal and tumor cell selective growth in the overall
process. A variety of hormonal carcinogenesis systems in ani
mals should be examined in detail for their susceptibility for
analysis in vitro; (c) new approaches and new technologies must
be developed to analyze the different areas of hormonal carci
nogenesis. For example, better systems are needed to test for
the role of hormone as direct or indirect carcinogens. In addi
tion, development of improved systems for genetically dissect
ing the problem of hormonal carcinogenesis, i.e., transgeneti-

cally modified animals and cell systems with genetically altered
expressions and dependencies on growth factors and their re
ceptors. Moreover, unless research support is provided with the
specific intention of encouraging the interactions of biologists,
biochemists, and chemists to work together on a given problem,
solutions will be slow to come and uncertainties due to faulty
design of experiments will hamper the field in the future.

On December 6, 1989, a small group composed of workshop
participants gathered to review recommendations resulting
from the workshop. The following members participated: Drs.
Conney, Dickson, Li, Longfellow, MacLachlan, Mueller,
Nandi, Robbins, and Sekely. This group indicated that in order
to accomplish the workshop recommendations a RFA should
be formulated.

Jonathan J. Li3
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