Minot Presentation 

From the Prague Declaration on Endocrine Disruptors (June 2005):

There is serious concern about the high prevalence of reproductive disorders in European boys and young men and about the rise in cancers of reproductive organs, such as breast and testis. Lifestyle, diet and environmental contamination play a role in the observed regional differences of these disorders and their changes with time.

The challenges posed by endocrine disrupters require a long-term commitment to monitoring and research which is dedicated to characterising human and wildlife exposure and their mechanisms of action and interaction. This will help ensure better protection of the health of European citizens and the environment.

One should note that the declaration focused on reproductive disorders, including cancer. But there is more to this unfolding story.

DES, or diethylstilbestrol, is the most widely studied endocrine disruptor. Roughly 2.5 million boys were exposed to DES in utero between 1948 and 1971, most after 1953 when it was proven that it had no effect in preventing miscarriage. Research began in earnest after it was discovered in 1971 that eight young women who had been prenatally exposed to DES had developed a rare vaginal clear cell adenocarcinoma. It has subsequently been proven by McLachlan that DES exposure in rodents causes sexual variation. While there have been anecdotal case reports in the medical literature regarding the psychosexual effects of DES exposure, beginning in 1959, and a study documenting homosexuality among exposed women, little attention has been paid to this issue.
But this situation is changing. For the first time, Swan (2005) reported that an endocrine disruptor, the class of organic compounds known as phthalates, can cause demasculinization in human males. This builds on decades of work in other animal populations, particularly rodents, with an early emphasis on DES as the endocrine disruptor. Those studies showed the effects of the “phthalate syndrome” – demasculinization of the male reproductive tract, increased incidence of undescended testes, lowered sperm counts and adult testicular tumors. This syndrome, first reported by Grey and Foster (2003) and characterized by decreased anogenital distance as well as testicular, epidydimal and gubernacular cord agenesis, was noted by Fisher (2004) to be similar to Neil Skakkebaek’s Testicular Dysgenesis Syndrome which he first reported in 2001. Of note, Swan reported that the levels of phthalates associated with significant demasculinization effects are found in approximately one quarter of the American female population. 
This year has also seen the Skinner (2005) report on the transgenerational effects of the EDCs vinclozolin and methoxychlor working through epigenetic pathways. This corroborates work done on third generation DES effects, with the observation of an increased incidence of hypospadias. Timms (2004) examined the impact of DES and bisphenol A on urogenital development in mice. Halldin and co-workers in Uppsala (2005) continue their work on the Japanese quail as an effective animal model for testing the effects of EDCs, including DES and PCBs, on brain estrogen receptors, sexual differentiation and behavior. A separate study of sexual behavior in  quail by Viglietti-Panzica et al. (2004) led to the conclusion:

The present data demonstrate that embryonic treatment with diethylstilbestrol induces a full sex reversal of behavioral phenotype [as well as a significant decrease of vasotocin expression in the preoptic-limbic region] in male Japanese quail. 

Earlier reports by Weiss (2002) made the scientific community aware that EDCs, 80,000 of which are commercially registered, affect more than genitalia and reproductive systems. He reported that polychlorinated biphenyls and dioxins such as TCDD provide several examples of striking differences between the behavioral responses of male and female offspring to developmental exposure, and noted how rarely studies include cognitive and behavioral outcomes. This was followed up by the Hojo (2002) paper on TCDD’s influence on sexually dimorphic behavior and the Zareba (2002) paper on TCDD’s effect on cortical dominance in rats. Vingaard (2005) reported on the feminization of male rats exposed to prochloraz. But the Vidaeffa review in the Journal of Reproductive Toxicology (2005) points out how few issues have been categorically decided at this time. Inadequate methodologies, limited observations, inability to aggregate case studies, variations in geography, limitations of observations to cryptorchidism, hypospadias and sperm counts plus the discovery that EDC dose-response curves are not always monotonic, have all contributed to the lack of significant progress on this front. And Storgaard (2005) concluded his meta-review by saying 
With the possible exception of testicular cancer there is no strong epidemiological evidence to indicate that prenatal exposures to estrogen are linked to disturbed development of the male reproductive organs. It is unlikely that phytoestrogens and several environmental xenoestrogens play a role unless exposures are extremely high (which is not expected), the dose–response relation is U-shaped or mixtures of xenoestrogens have synergistic actions. Low exposure levels for xenoestrogens may, however, operate by means of other toxicological mechanisms.
When Giusti published her review of DES effects in humans in 1995 the section on psychosexual effects mentioned the evidence of animal studies on DES masculinizing female brains and feminizing the male brain. But she pointed out that few studies had even evaluated the possibility of psychosexual effects of DES exposure, and that those that did were based on small numbers with serious methodological problems. She mentioned the Newbold study (1993) on masculine behavior in some daughters, and then discussed the studies in the 70’s where psychosexual effects in men were elucidated by asking about age at first intercourse and marital status, but did not ask about gender identity. In 1987 Hines reported that 

“Prenatal exposure to DES caused masculinization and defeminization” in female guinea pigs, 

but she limited her research to female offspring, completely ignoring males, and has continued with that research bias in her human studies. In 1995 Meyer-Bahlburg presented data on homosexuality in women only, corroborated by Ellis (2005), and neither asked about gender identity. The Cunha, Newbold and Swan review from an NIEHS workshop (1999) mentioned only carcinogenesis and reproductive tract abnormalities. And that limited approach has persisted until as recently as the last two years, when Titus-Ernstoff didn’t ask questions about gender identity when she was hired to study psychosexual effects for the CDC. The CDC had clearly been informed that gender identity was a potential issue which needed to be studied.
Yet, thirteen years earlier, Reinisch (1991) in her meta-analysis of 19 studies on the behavioral effects of prenatal exposure to hormones administered for the treatment of at-risk human pregnancy (including the Yalom et al., 1973 and Kester et al., 1980 studies of DES-exposed males), concluded: 

The data on prenatal exposure to synthetic estrogen derive primarily from subjects exposed to diethylstilbestrol (DES). DES-exposed male subjects appeared to be feminized and/or demasculinized, and there is some evidence that DES-exposed female subjects were masculinized.
Methodology

This study was initially conceptualized as a one-year (1999-2000) virtual focus group of DES sons, with the basic purpose being discussion and documentation of the range and history of reported adverse health effects among DES sons. Virtual focus groups are online discussion communities or support groups which, when effectively designed and moderated, enable investigation of a particular issue from the perspective of the individuals who are most directly affected (Murray, 1997). The tools and features of online forums like this one enable a collective engagement of issues raised by participants and fresh insights for participants and researchers. 

The DES Sons International Network was developed with a number of goals in mind: to bring together men who were exposed prenatally to DES, to expand awareness of the range of existing research about DES and male health, and to explore other issues affecting the physical, mental, and reproductive health of DES sons. Most important, it was meant to further investigate still unresolved questions regarding DES sons, consistent with recommendations issued by the National Cancer Institute and National Institutes of Health (National Cancer Institute, 1999). 

Upon creation of the DES Sons International Network in 1999, announcements about the online network were made on a variety of online DES and reproductive health information networks. Subscription requests were carefully screened for (1) evidence or confirmation of the likelihood of prenatal DES exposure; (2) confirmation of birth between the late-1940s and early 1970s which was the critical “window” during which DES was administered as an anti-miscarriage drug. Although a few other individuals whose exposure status was unknown were permitted to join the Network, they are not included in the statistical analysis that is covered in this report.

Data-gathering within this study has used the principles of grounded theory in qualitative analysis which involves a process of continuous expansion and refinement of issues in online discussions, combined with ethical principles of precaution around network members’ identities and privacy. As individuals joined the Network, they provided to the moderator an overview of health and medical histories as well as other questions or issues surrounding their DES exposure. Primary research on DES Sons' health issues included open-ended questions, occasional surveys or polls of members, periodic real-time online chats, and the sharing and posting of relevant published DES research studies in order to generate discussion and further awareness. Summary results from most of the available text-based data were analyzed using sophisticated qualitative data analysis software. 

Findings 

A poll was conducted in January, 2002 when total membership was just over 100. Because intake personal medical histories had indicated a large number of issues relating to sexuality, it was decided to poll the membership on those issues. Note that there was little discussion of these issues among the group at this time, and no outreach had been done based on issues of sexual identity or sexual orientation; outreach was solely based on being male and having been exposed to DES. Each member was asked to indicate the one term pertaining to their gender or sexual identity that they felt most described how they self-defined among their closest friends. What is significant among the findings of this poll is that among the 63 network members who answered the question (approximately 70% of active network members), the largest number (23, or 37% of respondents) identified as “transsexual” (pre- or post-op), while another 15% identified as transgendered, and 13% identified as “intersex” or “androgynous.” “Straight males” represented 18% of respondents (the second highest response group), while 13% identified as bisexual or gay males. 
As a result of the poll, significant attention began to be paid to gender and sexual diversity issues among some network members. A support group (DES Trans) for these members was formed in spring 2002. As of July, 2004, more than 130 individuals had joined DES Trans. This underscores the significance of gender identity and intersex conditions as major concerns among those who have been exposed to DES. 
By the spring of 2004, the network had accumulated 500 members. At that time, more than 150 (31%) network members with “confirmed” or “strongly suspected” prenatal DES exposure status indicated they are either transsexual (pre- or post-operative, 90 members (18%)), transgender (48 members (10%)), “gender dysphoric” (17 members (3%)), or intersex (3 members (<1%)). The “confirmed” vs. “strongly suspected” groups broke down neatly across the 500 as well as the gender variant group in a 60:40 ratio.
Since this group of researchers is interested in other issues, I will briefly mention, and we can discuss this in detail later, several of the other findings. Other medical problems included 100 (20%) with depression and/or anxiety, 100 (20%) with hormonal/endocrinologic concerns, which break down as 75% hypogonadism and 5% infertility, and seven persons with testicular cancer. There was also a surprising number of people who claimed to have Asperger’s Syndrome among the gender variant, but I don’t have numbers for that.
Discussion and Implications

Historically, research with DES sons has often entailed relatively low numbers of individuals, making it difficult to extrapolate from one study to broader populations of DES sons. Limitations of this study of DES Sons involved relatively low levels of researcher control over issues of geographic location, knowledge of dosage and timing of exposure, shame and fear limiting disclosure, lack of medical and scientific proof of exposure, and selection bias following publication of the initial report in 2003. However, this research has enabled deeper exploration of issues of common life experience and human development among DES sons. Grounded Theory (Glaser and Strauss, 1967), as a rigorous method of qualitative inquiry in which theory is developed inductively from a corpus of data, was used in this study to enable issues to emerge that otherwise might be overlooked in study designs involving greater levels of control. 
Throughout this study, the issue of gender dysphoria (Colucciello, 1996) and the prevalence of a significant number of self-identified male-to-female transsexuals (Cohen-Kettenis and Gooren, 1999) and transgendered individuals (Conway, 2004) as well as some individuals who identify as intersex, androgynous, gay and bisexual, has raised fresh awareness of historical theories of a possible biological/endocrine foundation to variations in psychosexual development in humans. Some of these theories were first forwarded in the 1960s by experts in sexual medicine (Benjamin, 1966, 1973; Diamond, 1965, 1996) and have been further refined relative to the role of hormones in shaping gender-based behavior and sexual orientation (Dorner, 2001; Friedman and Downey, 2002; Wilson, 1999). Pathbreaking neuroanatomical and neurohistochemical work was performed by Swaab, Zhou, Kruijver and Gooren from the Netherlands (1995-2002). Henningsson, et al, in Sweden published provocative work this year linking transsexualism to polymorphisms of three sex-steroid-related genes, including AR, ERβ and aromatase. The results of our study suggest that gender dysphoria and transsexual changes may be a plausible toxic endpoint for future exploration of the human health effects of exposure to endocrine disruptors. 
Further, they call into question the accuracy and adequacy of previous research and conclusions by Titus-Ernstoff et al. (2003) in which they conclude that there is little support for a hypothesis that prenatal DES exposure influences psychosexual development in males and females (Udry, 2003).  Indeed, Dutch researchers studying male and female children’s play behavior documented apparent "feminizing" effects in boys resulting from perinatal exposure to PCBs and dioxins (Vreugdenhil, et al., 2002). And Michel, Mormont, and Legros (2001) in their psycho-endocrinological overview of transsexualism, observe the following:

Gender identity disorders may be the consequence of an atypical hormonal environment such as congenital adrenal hyperplasia, resistance to androgens or even exogenous hormonal impregnation (the absorption of diethylstilboestrol treatment during pregnancy). In the majority of cases, these subjects do not develop towards transsexualism (2001, p. 366)

In underscoring the human health effects of prenatal exposure to DES in males, the findings in this study are consistent with McLachlan's (2001) proposition that DES be considered as a model for developmental estrogenization.
After 45 years of published case studies on the psychosexual effects of in utero DES exposure on those born male, we have yet to see a study that simply asks the question: is in utero DES exposure associated with an increased incidence of transsexualism?
There may be many reasons for this. In the early years the concept of sexual identity, or gender identity, had not been developed and accepted. Dr. Titus-Ernstoff, who was hired to prepare a paper on the psychosexual effects of DES for the Centers for Disease Control, told me she hadn’t been aware of the concept. That was over forty years after John Money coined the term “gender identity.” Then there are those who believe, as Titus-Ernstoff reported during a CDC Teleconference, that transsexualism is so rare that given the sample sizes studied, it would be statistically unlikely to discover a transsexual woman in the sample. We now know that not to be the case. There is the predisposition of DES researchers to focus on the Daughters and Mothers, and on cancer as well, because of inertia and because that’s where the money is. And, finally, there are all the biases and prejudices that play into this explosive cultural issue.
As to the data presented today, I have a paper for distribution from my colleague and primary author, Dr. Scott Kerlin, which discusses these results and others in greater detail. I will, however, make a few points.

(1) The majority of those on the DES Sons network who categorized themselves as transgendered were members before the issue of gender variance was ever broached. The network was not setup for gender variance issues – they were finally discussed later when one of us finally had the courage to ask the question online.

(2) While many are not yet comfortable using the internet as a research tool, it does allow the compilation of data from sources dispersed geographically that was never possible before. It seems to be little different in kind from multi-center collaborative efforts. [This conference, back in 2000 had a presentation from Richard Lippa that was internet based, and this year showcases three such efforts.]
(3) As for this possibly being a random result – the latest estimate of the prevalence of transsexualism, from the Netherlands, of MtFs, is 1:11,000. The best estimate of the number of Sons in the US exposed to DES in utero is 2.5 million. So approximately 225 MtF transsexual persons are expected in the DES Sons population without ascribing any causality. Well, I personally know about 200, and I tend to doubt that I know only those who statistically just happened to be both DES exposed and transsexual. 

(4) As for standards of proof, science has, justifiably, severe standards, and I am asking that further studies be done, rather than leaving us with suggestibility. Let’s find a molecular or tissue marker for DES exposure. Let’s elucidate the pathways by which DES interacts with the WnT and Hox genes and other critical aspects of sexual differentiation.

(5)  But for those of us who are medical professionals, the standards are rightly different. The original inference of causation related to vaginal clear cell adenocarcinoma was based on eight self-reported cases. That’s all. Why was that sufficient back in 1971, and hundreds today are not?

(6)  I am an ophthalmic surgeon, and I recall learning in high school during the 60’s about Hubel and Weisel’s Nobel Prize-winning experiment on the development of the visual cortex in cats. They showed that there is a critical window for such development in kittens between weeks 6 and 8 after birth. Now eye surgeons at that time had been delaying cataract surgery on newborns because there was no scientific pressure to operate and doing so was dangerous because of the surgical and anesthesia techniques of the time. Once the Hubel and Weisel study was published it was recognized that a similar window could well exist in humans, (now thought to be around 3-4 months), and that surgery would have to occur earlier. This newly recognized need, based on cat research, prompted improvements in surgical techniques and anesthesia and now newborns with congenital cataracts are operated on within the first month of life in many instances. No one waited to do a human study. No one scoffed that data from cats could not possibly be applicable to humans. Did we have proof? No. Was progress impeded by the lack of proof? No.

(7) We have a great deal of data on DES and gender variance from rodent studies, and a developing mound of evidence of the effects of EDCs on the sexual development of many different kinds of animals. We routinely extrapolate our mouse results to humans, so why the hesitation in this case?

(8) One other thing for the physicians here. We all take an oath, and the primary ethical precept is – First, do no harm. For over 50 years physicians have, with absolutely no evidence but with a great deal of undeserved confidence, labeled transsexual patients as sexually deviant and perverted, mentally ill, and delusional. It’s time we stopped. We can no longer claim there is no neuroscience on this topic, thanks to the studies from northern Europe, and we have the experience of those, such as Bill Reiner, Mickey Diamond and Ken Zucker, working with intersexed children to better understand the development of sexual identity. We also have the remarkable example of America’s pediatric urologists who went from routinely operating on intersexed babies to almost all, today, refusing to operate until they have a sense of the child’s sexual identity. That’s a turn worthy of celebration.
[If the results of this current study have pointed out anything significant, it is that we cannot relegate DES to the dustbin which contains so-called "cancer-causing drugs no longer being used and therefore unworthy of continued investigation." And we cannot afford to limit the scope of our vigilance and public health information regarding long term effects of DES to cancer outcomes (Schrager and Potter, 2004).

This paper has provided a brief encapsulation of the leading trends and outcomes from a five-year study of DES Sons. Many of the issues and questions deriving from this study will be further examined and refined in the future. Interested researchers are invited to join the DES Research online group located at: http://groups.yahoo.com/group/des-research]
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