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Session 1 How should we view the effects of chemicals?
- International approaches -

Activities of OECD and the Japanese Ministry of the Environment on
Endocrine Disruption

Eisaku Toda

The Organisation for Economic Co-operation and Development (OECD)

This presentation consists of two parts. First part addresses the role of the Organisation for Economic Co-operation
and Development (OECD) on endocrine disruption issues. OECD started a special activity on endocrine disruptors in 1996.
In 2002, a conceptual framework for the testing and assessment of endocrine disrupting chemicals was established, which
consists of five levels starting from the prioritization based on existing information up to in vivo tests providing data on
endocrine disrupting effects. Current activities of the OECD focus on the development of test methods in line with this con-
ceptual framework. The achievements and recent progress in the development of various test methods, promoted by member
countries including Japan, US and European countries, will be presented. The second part of the presentation covers the
achievements of the researches conducted by the Ministry of the Environment of Japan. The Ministry started its research in
1998 based on its Strategic Progtamme on Environmental Endocrine Disruptors (SPEED 98). The Ministry conducted fish
and rodent tests on about 30 chemicals from the list of suspected endocrine disruptors, and obtained four positive results
from four substances in fish tests in concentrations close to environmental levels. All the rodent tests were negative. In 2005,
the Ministry established a new strategy on endocrine disruption research, and promotes basic research, effects assessment,
exposure evaluation, observation of wildlife, risk assessment, management and communication. Past achievements, current

status and future prospect will be presented.
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Endocrine Disruption - Developing Approaches and Future Directions in the EU and UK

Michael J. Roberts
UK Department for Environment, Food and Rural Affairs (Defra)

Endocrine disruption has long been a major policy and scientific issue in both the European Union and the UK. In
1999, following consultation with stakeholders from across the EU, the European Commission adopted the 'Community
strategy for endocrine disrupters', with a focus on short, medium and long-term actions. These included the establishment of
a priority list of substances for further evaluation and linked into the development of a more effective system to assess the
short and long-term risks posed by industrial chemicals and to take action where necessary - referred to as the Registration,
Evaluation and Authorisation of Chemicals (REACH). The UK has been at the cutting edge of research on endocrine dis-
rupting chemicals, particularly with regard to freshwater and marine environments and the development of test methods, at
national, European and, via fruitful collaboration with Japan, international levels. This presentation will review these

approaches and their achievements and consider some possible future directions.
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U.S. Approaches, Achievements and Future Directions in Endocrine Disruptor Assessment

Leslie W. Touart
U. S. Environmental Protection Agency

The U. S. Environmental Protection Agency (EPA) is implementing an Endocrine Disruptor Screening Program
(EDSP). The EDSP was required by two important Congressional mandates, the Food Quality Protection Act (FQPA) and
the Safe Drinking Water Act (SDWA). EPA has consulted with several advisory bodies in the development of the EDSP
which consists of two distinct tiers: a screening tier (Tier 1) and a definitive testing tier (Tier 2). The recommended assays
which compose these two tiers together with the status of their development and validation will be discussed. The Tier 1
screening assays are intended to be used as an integrated battery of assays. Concepts on the interpretation of this screening

battery and future prospects in putative endocrine disruptor assessment will be presented.
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Current Status of Testing Methods for Endocrine Disrupting Chemicals

Masahiro Takeyoshi

Chemicals Evaluation and Research Institute, Japan

The OECD conceptual framework consist of 5-categorized testing methods from Levels 1 to 5 was pro-
posed in the 6th Task Force on Endocrine Disruptors Testing and Assessment (EDTA) of the Organisation for
Economic Co-operation and Development (OECD), which represent the recognized testing methods to be
applied to endocrine disruptors. And wide ranges of testing methods, ranging from in silico analysis to definitive
test methods, are included in this framework.

The development program of testing methods for endocrine disrupting chemicals in the Ministry of
Economy, Trade and Industry (METI) began in 1998, and development work and accumulation of basic data
have been advanced through cooperation with the Ministry of Health, Labour and Welfare (MHLW). This pro-
gram is focusing on the receptor binding and reporter gene assay methods, which are in vitro methods targeting
sex hormone receptors, and uterotrophic assay, Hershberger assay and the Enhanced OECD TG407 study. It has
also worked on the development of new testing methods such as a quantitative structure activity relationship
(QSAR) method for prioritizing chemicals to be tested in higher level tests according to their estimated binding
activity to sex hormone receptors from vast exinting chemical universe. And we have also been addressed the test
methods targeted to the effect on thyroid hormone production, endocrine disruption through dioxin (Ah) receptor
and steroidgenesis.

In addition to aforementioned screening tests, in utero and lactationary exposure test, which are recognized
as a simple methods of multiple-generation and investigation for promising end points to evaluate effects on
hyper-system comprising endocrine-nervous-immune systems are also being advanced. The outcomes of devel-
opment program on endocrine disruptor testing methods in METI/MHLW covers all the categories of OECD
conceptual framework. Furthermore, among the methods we have developed, the uterotrophic assay has passed
the peer review for inclusion in OECD guidelines and the peer review process for the reporter gene assay is cur-
rently in progress by OECD. These test methods are expected to be approved as part of the OECD test guidelines
in the near future.
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Session 2 How should we view the environmental risks to children?
- Differences from adults -

Current State and Problem concerning Children's Environmental Health in Japan

Iwao Uchiyama
Kyoto University, Japan

Ever since the adoption of the "Miami Declaration" in the G8 Environment Ministers Meeting on children's
environmental health held in 1997, research and investigation approaches have been taken in Japan on the collec-
tion of information on children's environmental health, and the uniqueness and weakness of children with
Ministry of the Environment taking the initiative. To date, studies have been conducted on environments for chil-
dren's activities and their behavioral patterns, changes in tidal volume depending on children's activity level, soil
intake, food intake and characteristics of the food groups, exposure media for environmental chemicals and so on
to organize the information necessary for the quantitative evaluation of exposure unique to children. In addition,
the post-natal effects of low-concentration exposure to methylmercury during fetal stages, a comprehensive study
on health effects by air pollution, and an epidemiological study on the health effects of local air pollution along
streets, etc. have also been implemented and a certain level of outcomes are expected to be acquired in future.

With such timing, a systematic discussion was held on the current circumstances and problems in children's
environmental health and opinions were summarized in the direction of policy to be promoted in future, trigger-
ing the announcement of a "Report for Commission on Children's Environmental Health" (Ministry of the
Environment, chairperson: Hiroshi Satoh, Professor, Graduate School of Tohoku University) in June this year. In
the report, the importance of qualitative and quantitative evaluation of children's weakness factors was highlight-
ed and it was also considered important to elicit the understanding of the citizens by providing information on
children's environment and health appropriately to citizens when making policies and decisions based on scien-
tific findings. It also suggested future measures and the direction of research promotion as follows:

(1) The need to extract problems from the viewpoint of protecting children's health

(2) Approach for the establishment of research infrastructure

(a) Substantiation of research funds and the introduction of competitive funds,

(b) Formation of the group of research sites,

(c) Collection of scientific findings and the grasping of international research trends,

(d) Human resource development

(3) Promotion of priority research projects

(a) Data establishment for the evaluation of exposure of children to chemicals, etc. in the environment,

(b) Development of health effect evaluation methods on environmental chemicals with focus on the sen-
sitivity of children,

(c) Promotion of epidemiological studies on the relevance between the environment surrounding chil-
dren and health,

(d) Development of biomarkers in exposure evaluation and health effect evaluation and promotion of the
use of a sample banking system,

(e) Research on how medical and welfare services should be provided in relation to children's environ-
mental health

(4) Promotion of environmental risk evaluation on chemicals, etc. with focus on exposure modes and weak-

nesses unique to children

(5) Promotion of risk communication

(6) Promotion of cooperation among ministries and international cooperation
It is expected that measures related to children's environmental health will be further promoted in Japan in future.
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Exposure to Endocrine Disrupting Chemicals and its Adverse Effects on the Next
Generation: Research Approaches and Future Issues
- Report based on the outcomes of ‘“the Hokkaido Study of Environment and Children's Health, (Malformations,
Development & Allergy)”

Reiko Kishi
Hokkaido University Graduate School of Medicine, Japan

Endocrine disrupting chemicals are reported to have large effects on the next generation including teratoge-
nesis and neurobehavioral development in experimental animals. As for effects on human health, (1) congenital
anomalies especially in the urogenital system, (2) disorders in neurobehavioral development, (3) deterioration in
thyroid functions, (4) immune and allergic disorders, are targeted. However, globally speaking, there have been
few epidemiological studies that examine cause-effect relationships.

We have implemented "the Hokkaido Study of Environment and Child Health (Malformations,
Development & Allergy)" as a prospective cohort study on effects of exposing children to endocrine disrupting
chemicals for several years. One of the cohorts is a large-scale epidemiological study to evaluate the relationship
between exposure during the organogenesis stage in 12th - 13th week of pregnancy and congenital anomalies
such as hypospadias and hidden testicles. The other is a study to trace neurobehavioral development in detail
after birth by inviting participation from mothers in middle to late pregnancy (23 - 35 weeks). In either case, the
focus was placed on the effects in the general public with background level (i.e. low concentration). Data were
obtained on various environmental factors during the fetal stages, and risk was assessed using accurate exposure
measurements and follow-up studies. Predisposing factors of individual susceptibility were also studied from the
view point of preventive medicine to identify high-risk groups.

At this point, results indicate: 1) it cannot be denied that environmental factors of exposure to PCB and
dioxins before birth may have negative effects on congenital anomalies such as hidden testicles and hypospadias
and neurobehavioral development during infancy and childhood; 2) it is possible that fluorine PFOs, agricultural
chemicals and mercury may have effects on physical development, neural development and behaviors at birth or
later even in trace amounts; and 3) it is also possible that nutritional condition, for example, adequate intake of
folic acid during pregnancy, smoking, breast feeding, and a nurturing home environment may modify or antago-
nize the adverse effects of chemicals. In the future, it is necessary that we follow the children's growth for long-
term, longitudinal observation while examining: 1) mechanisms for expressing effects on the next generation; 2)
roles of various factors including nutritional condition and home environment; 3) other composite environmental
factors such as smoking, mercury, and agricultural chemicals; and 4) predisposing factors of individual genetic
susceptibility of mother and child.
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WHO Programme on Healthy Environment for Children

Hisashi Ogawa
World Health Organization (WHO)

Children are particularly vulnerable to environmental hazards because they are constantly growing, and
consume more food, air and water than adults do in proportion to their weights. Their immune, reproductive,
digestive and central nervous systems are still developing and they spend their time closer to the ground where
dust and chemicals accumulate. Exposure to environmental health risks at early stages of development can lead
to irreversible long-term, often lifelong mental and physical damage.

Priority environmental risks that must be tackled, particularly in developing countries include unsafe water,
lack of hygiene and poor sanitation, indoor air pollution, vector-borne diseases, chemical risks, and unintentional
injuries. These risk factors cause a bulk of environmentally-related deaths, diseases and disabilities among chil-
dren and undermine their development.

The global initiative on Healthy Environments for Children, launched at the World Summit on Sustainable
Development in Johannesburg, South Africa in 2002, has brought together governments, non-government organi-
zations and international organizations to form an alliance, called the Healthy Environments for Children
Alliance or HECA to galvanize world-wide actions on some of the major environmentally-related risks to chil-
dren's health. The actions would be developed and implemented at the settings where children live, learn and
play by providing knowledge, increasing political will, mobilizing resources, and catalyzing coordination.
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Session 3 What do we know about chemicals so far?
- Today's basic research on environmental disruption effects -

What we know about the many mechanisms of action of endocrine disruption:
a short review

John A. McLachlan

Tulane and Xavier Universities, U.S.A.

Many chemicals in the environment can mimic or block the hormones of the vertebrate endocrine system.
In some cases these chemicals are pharmaceutical products designed and taken as hormones. In other cases, com-
mon environmental pollutants function as vertebrate hormones or anti hormones. The predominant activity seen
among environmental chemicals is that of the female sex hormone, estrogen; this fact may derive from the evolu-
tion of signaling molecules found in plants, fungi and animals. Initially, mechanistic studies of environmental
hormones focused on the interaction of the chemical with the appropriate nuclear receptor. For example, an envi-
ronmental estrogen would be expected to bind to and activate the estrogen receptor in the nucleus of a target cell.
We now know that there are two estrogen receptors in the nucleus of vertebrate cells - estrogen receptor alpha
and beta. These two receptors have different affinities for different estrogenic compounds with estrogen receptor
beta having a greater affinity for some estrogen-like chemicals found in dietary plants (the so-called phytoestro-
gens). More recently, membrane receptors and cell activation pathways have been reported for estrogens; in some
cases environmental estrogens activate the membrane systems more vigorously than predicted from nuclear
receptor studies. In addition to intracellular receptors for hormones, other emerging targets for such activities
include aromatase, the enzyme responsible for converting androgen (testosterone) to estrogen (estradiol). For
example, atrazine, a chemical associated with developmental feminization of frogs, was not found to be estro-
genic per se, but altered the level of aromatase so that the frog produced more estrogen at a critical period of
development. Conversely, developmental masculinization of fish in response to hypoxia is apparently mediated
through reduction of aromatization resulting in a higher ratio of testosterone to estrogen in the developing fish.
These results raise new mechanisms of action that will have to influence screening procedures for environmental
hormones in much the same way studies with the environmental anti-androgen, vinclozolin did earlier. Many
examples of endocrine disruption such as sex reversal in reptiles following treatment with organochlorines, sec-
ond generation effects in rats treated during pregnancy with methoxychlor, developmental imprinting of prostate
disease with estrogens in rats, and increased cancers in the first generation and effects on fertility in the second
generation in humans exposed prenatally to diethylstilbestrol (DES) demonstrate that estrogenic chemicals can
alter developmental programs resulting in long term persistent effects in gene expression and organ function.
One apparent mechanism that is emerging from these studies is the ability of estrogenic chemicals to imprint
genes through the process of epigenetic change (persistently altered gene expression in the absence of gene
mutation). In other words, hormonally active environmental compounds may actually alter the process of cell dif-
ferentiation in a way that persists through several generations. Finally, results demonstrating disruption of envi-
ronmental signals between different species such as plants and nitrogen fixing soil bacteria raise a new vista for
global signal disruption that is only now coming into view.
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Additive Effects of Mixtures of Antiandrogens on the Male Rat Reproductive Tract

Cynthia Rider'?, Jonathan Furr?, Vickie Wilson?, L. Earl Gray Jr?
'NCSU, Raleigh, NC, USA, ‘USEPA, ORD, NHEERL, RTD, Research Triangle Park, NC, USA.

People are typically exposed to mixtures of chemicals. Accordingly, the United States Environmental Protection
Agency was charged under the Food Quality Protection Act of 1996 to consider the cumulative effects of similar chemicals
in their risk assessments. We are conducting research into the joint effects of antiandrogenic chemicals. The main objectives
of this study were to: (1) determine whether dissimilar antiandrogenic compounds display additive effects when present in
combination and (2) to assess the ability of modelling approaches to accurately predict these mixture effects based on data
from single chemical exposures. Pregnant rats were exposed to a combination of seven antiandrogens and male offspring
assessed for effects on androgen sensitive endpoints including: anogenital distance (AGD), infant areolae/nipple retention,
sex accessory tissue weights, and reproductive tract malformations. The selected compounds (vinclozolin, procymidone,
prochloraz, linuron, and three phthalates; BBP, DBP, and DEHP) interfere with androgen signalling at multiple levels, from
inhibition of androgen synthesis to androgen receptor antagonism. The high dose of the mixture was based on the relative
potencies of individual chemicals with respect to inducing malformations (15 mg/kg/d vinclozolin, 15 mg/kg/d procymi-
done, 35 mg/kg/d prochloraz, 20 mg/kg/d linuron, and 150 mg/kg/d each of BBP, DBP and DEHP). The remaining treat-
ment groups were dosed with dilutions equalling 75%, 50%, and 25% of the high dose. We found that the effects of the
mixtures were additive for all measured endpoints. Observed data were compared to predicted data generated with various
modelling approaches based on concepts of dose addition, response addition, or integrated addition. The dose addition
model provided the best fit to observed data, while the response addition model consistently under-predicted mixture effects.
In summary, our results indicate that mixtures of antiandrogens that act at different levels of a common signalling pathway
display additive effects. Funding was provided by the NCSU/EPA Cooperative Training Program CT826512010.
Disclaimer: This is an abstract of a proposed presentation and does not necessarily reflect USEPA policy.
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Epigenetic Basis for Increased Prostate Cancer Susceptibility Due to Developmental
Exposure to Estradiol or Bisphenol A

Gail S. Prins', Wan-Yee Tang’, Jessica Belmonte', Shuk-Mei Ho?

' Department of Urology, University of Illinois at Chicago
*Department of Environmental Health, University of Cincinnati

Previous studies have shown that neonatal exposure to estradiol at high doses induces prostatic intraepithelial neopla-
sia (PIN) in a rodent model; however, low dose exposure to estradiol or BPA has not been associated with prostatic patholo-
gy. In the present study, we asked whether neonatal low-dose estradiol or an environmentally relevant dose of BPA might
alter the sensitivity of the prostate to hormonal carcinogenesis induced by prolonged exposure to testosterone plus estradiol
(T+E) in adulthood. Sprague-Dawley rats were treated with high-dose estradiol benzoate (EB; 25 mg), low-dose EB (0.001
mg), BPA (0.1 mg) or oil on neonatal days 1, 3 and 5. On day 90, the animals were given T+E implants or empty capsules
for 16 weeks. Prostates were examined histologically on Day 200 (7 months) in a blinded fashion and scored for PIN
lesions. Rats treated neonatally to high-dose EB with or without adult T+E had a high PIN incidence and score and revealed
an estrogenized phenotype. While low-dose EB exposure alone mildly increased the PIN incidence/score, neonatal BPA
alone had no pathologic alteration in the aged prostate. However, rats exposed neonatally to BPA followed by T+E in adult-
hood showed a significantly higher PIN incidence and score compared to control rats. Importantly, neonatal BPA/adult T+E
prostates were indistinguishable from neonatal high-dose EB prostates. Thus the present findings suggest that low-dose
estrogens may predispose to PIN with aging and that an environmentally relevant dose of BPA may increase the susceptibili-
ty of the prostate gland to carcinogenesis following additional adult exposures.

To determine whether neonatal exposures to estradiol or BPA may be mediated through epigenetic mechanisms, we
screened these prostate tissues for global DNA methylation changes using methylation-sensitive restriction fingerprinting
(MSRF). Over 30 gene candidates were cloned that showed consistent methylation changes on Days 10, 90 and/or 200
without or with adult T+E treatment. Phosphodisesterase type 4, variant 4 (PDE4D4) was identified as a novel imprinted
gene due to consistent and early hypomethylation of its 5' flanking region following EB or BPA exposure. RACE and bisul-
fite genomic sequencing identified a 5' CpG island that exhibited differential methylation patterns following neonatal estro-
genic exposures. Methylation-sensitive PCR confirmed hypermethylation at this site in control prostates with aging and
hypomethylation following neonatal exposure to high-EB, low-EB or BPA. Real-time RT-PCR confirmed an inverse rela-
tionship between methylation at this site and gene expression. Importantly, differential methylation and gene expression
between the control and neonatal estrogen-treated prostates was distinguishable at Day 90, prior to adult hormone exposure
and associated pathologic changes. Thus PDE4D4 may serve as a useful molecular marker of susceptibility to prostate car-
cinogenesis. We postulate that PDE4D4 dysregulation via hypomethylation at its 5' regulatory region by early EB/BPA

exposure may induce persistent gene expression changes that contribute to prostate cancer. (funded by NIEHS- ES12281)
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Function of AhR in the Ovary

Ken-ichirou Morohashi

National Institutes of Natural Sciences, National Institute for Basic Biology, Japan

Dioxins are known to cause carcinogenesis, immune suppression, female hormone-like activities, efc. In
many cases, these activities have been confirmed to be mediated by dioxin receptors (AhR), based on the analy-
sis of AhR gene disrupted mice. It is interesting that the AhR gene is conserved in a variety of animal species,
even though these activities are disadvantageous to the existence of the organisms. Therefore, it has been consid-
ered that AhR has unknown but important biological functions. We studied the phenotypes of AhR gene disrupt-
ed mice in detail and found that the reproductive ability of the female mice was affected drastically. More
detailed examination of the affected reproductive ability revealed that it occurs from oogenesis to ovulation.
Subsequently, we examined target genes of AhR in the ovary and found that aromatase gene, which is essential
for female sex-hormone production, is controlled by AhR. Namely, the expression of aromatase gene is not
increased in the proper timing of the ovarian estrus cycle in AhR gene disrupted mice, and thus the production of
female hormones is insufficient. Meanwhile, this result also indicated that AhR ligand molecules, such as diox-
ins, may activate female hormone production through ectopic upregulation of aromatase gene. While AhR was
considered so far as a transcription factor involved in metabolism of foreign substances, this study revealed the
intrinsic biological function of the factor. This result elucidated for the first time the mechanism how dioxin
exerts female hormone-like activity and how it functions as an endocrine disruptor.
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