Have We Heard the Last of DES?
Introduction

During the 1950s and 1960s, many doctors prescribed diethylstilbestrol (DES) for thousands of pregnant women as a prophylactic against premature birth and miscarriage.  Scientific studies later showed a connection between DES and various cancers and other serious health problems in the daughters of these women.  A period of intense litigation followed in which courts adopted new legal doctrines to account for the particular problems of proof presented by DES exposure cases.  Now, new studies are emerging to support a second round of litigation by DES granddaughters, litigation which may again require an innovative legal approach. 

The Endocrine System

The human body is made up of a number of different systems, or groups of organs that perform related functions.  One of the most important of these is the endocrine system.  The endocrine system consists of three components: the glands, hormones, and receptor cells.  The glands secrete chemical compounds called hormones, which travel in the blood stream, and regulate bodily functions by carrying messages to the receptor cells located throughout the body.  The hypothalamus is the central gland in the system, emitting hormones to control the activities of other glands.  The other glands in the endocrine system each perform a separate function: the ovaries, testicles, pancreas, adrenals, and others perform a vital role in the development and functioning of the body.  (Colborn)

One of the most important glandular compounds is estrogen, a chemical secreted by the ovaries.  Estrogen is vitally important in the regulation of the development and functioning of the human reproductive system.  It is the "feminizing" hormone in the sense that a relatively high level signals an embryo to develop as a female and a relatively low-level signals male development.  The equivalent "masculine" hormone is testosterone -- although both are present in varying degrees in both males and females.   

One of the first studies to examine the critical role played by natural estrogen in the in utero development of humans dealt with the position occupied by rats in their mother's womb.  Before his study, Vom Saal observed a marked difference in the level of aggression displayed among female laboratory rats.  Some were extremely aggressive, other much less so.  Suspecting that prenatal estrogen exposure was a factor, Vom Saal theorized that the position of the rats in the womb might reveal a connection.  He studied the position of the rats in two respects.  First, he considered their position relative to male siblings.  Female rats that gestate near their brothers, he guessed, would be exposed to greater levels of male rat testosterone in utero as the brothers' testes developed.  In addition, he explored the characteristics of females that gestated nearer the ovaries (at the "top" of the uterus).  Because the ovaries are the source of maternal estrogen, he wanted to know if extra "ambient" estrogen in that area affected characteristics in the children.

Vom Saal found just the relationships he had suspected.  Most significantly, the mice who gestated between brothers were found to be more aggressive than their sisters are, and less attractive to male mice as mates.  The latter phenomenon seems to be tied to a permanent effect on the type of pheromones emitted by the females that gestated between brothers.  (Colborn)  Later studies found other interesting connections to what has been called the "wombmate effect."  Primarily, these studies discovered that the "attractive" female mice were more likely to give birth to more females than their testosterone-washed sisters were.  This finding contradicted conventional wisdom that it is the male sperm that determines the sex of offspring.  (Colborn)  

Vom Saal later duplicated his study with a focus on male offspring.  Again, his study provided counterintuitive results.  Males exposed in utero to "extra" estrogen because of their position relative to their sisters were more sexually active than their brothers were.  They were also less caring and nurturing toward newborn mice.  Vom Saal's work in uncovering the "intrauterine position phenomenon" showed a strong relationship between prenatal exposure to very low levels of natural hormones in the womb and observable characteristics in life.  He showed that even slight variations in hormone exposure could have serious consequences.  

Environmental Estrogens

All vertebrates have an endocrine system that functions in much the same way as the human endocrine system.  When left alone, they function quite well -- the body produces and uses just the amount of hormone required.  When, however, foreign chemicals enter the blood stream, the normal function of the endocrine system can be interrupted.  Foreign chemicals can enter the endocrine system from natural sources, in the form of phytoestrogens, or from man-made substances, such as stray pesticides or fugitive industrial emissions, the so-called "synthetic estrogens."  Collectively, I will refer to either of these sources as "environmental estrogens."   

Environmental estrogens can affect the endocrine system in unusual ways.  The most common actions are when they act as "mimics" or "blockers."  Environmental estrogens are said to mimic estrogens when they occupy the intended receptor cells and generate a hormonal response.  Because the body did not produce the environmental estrogen, this response is not one that the endocrine system intended.  Blockers, on the other hand, prevent an intended hormonal response by occupying a receptor cell -- thereby crowding out a true hormone.  In this case, an intended response does not occur, and the function of the endocrine system is frustrated.  (McLachlan)

Despite this rather rudimentary understanding not a great deal is known about how environmental estrogens affect the endocrine system.  There are two possible scenarios.  In the "organizational" model, the environmental estrogen actually affects the developing DNA during early life -- in utero exposure or early neo-natal exposure.  These effects usually occur early in life, are permanent, and are caused during a sensitive period of development.  In the "activation" model, the effect of an environmental estrogen is less severe, limited to interference with the development or functioning of the individual later in adult life.  (Guillette)

Phytoestrogens have been known for many years, at least since the 1920s.  (Adlercruetz)  Recent studies have continued to seek to discover how these compounds affect the human body.  For example, resveratrol is a natural compound similar in structure to DES.  It occurs in the skin of red grapes, and is useful in fighting off fungus when the grapes are on the vine.  One study indicated that resveratrol (trans-3,4,4-trihydroxysstilbene), indeed acted like the female estrogen estradiol.  Although red wine is thought to produce beneficial anti-cancer and other effects, this study noted that, in certain circumstances, resveratrol actually caused human breast cancer cells to multiply faster.  (Gehm)  This finding underscores the difficulty in determining the exact mode of operation of environmental estrogens of all kinds.  

The role and function of synthetic estrogens is also little understood, but potentially serious.  Although synthetic estrogens appear in the environment at very low levels, they are a threat to human health and wildlife.  (Guillette)  Predators as they are digested by organisms low on the food chain, which in turn consume certain chemicals will "bioaccumulate."  By one estimate, for example, PCBs concentrations can increase up to 25 million times from initial ingestion until finally coming to rest in a top-tier species.  Further, the range of PCB and other potential endocrine disrupters appears to be unlimited.  Indeed, significant levels of PCBs have been found in the fat tissue of arctic polar bears with no known or suspected direct contact with human activities.  (Colborn, 1997).  

Bioaccumulation is not, however, the only exposure route that leads to dramatic effects in living organisms.  Another significant pathway is direct, low level exposure at critical points in the physical development of an organism.  Exposure to environmental estrogens at sensitive times has potentially devastating effects, as illustrated by the fate of women whose mothers used the controversial anti-miscarriage drug Diethylstilbestrol.  

The Diethylstilbestrol Experience

The existence and effect of man-made environmental estrogens has come under scrutiny in the last few decades.  Much of the public and scientific interest in environmental estrogens stems from the controversy and litigation surrounding the use of diethylstilbestrol ("DES").  

Doctors first started to prescribe DES for use by pregnant women as a prophylactic for premature births in 1947.  Although a 1953 study indicated that DES was ineffective in preventing premature births, between 1947 and 1971, millions of  women used DES.  In some cases, they took doses equivalent to 2,000 birth control pills per day.  

Although few of those who took DES suffered any ill effects, their children were subject to a myriad of complaints.  In 1971, studies began to tie the use of synthetic estrogens by pregnant women to reproductive cancers and other complications in the daughters of those who took the drug.  (Greenwald)  Other studies indicated that "DES daughters" experienced reproductive organ dysfunction, abnormal pregnancies, reduced fertility, depression, and impeded immune response.  (Colborn, 1993)  Largely because of this, the federal government banned the sale of DES in 1971.

Later studies have tried to determine the actual course whereby DES affected the DES daughters.  Two studies suggest that it had a "blocking" effect on the DES mothers DNA.  The first study found that DES suppressed the activity of a specific gene (Wnt-7a) which is partly responsible for signaling female embryo development in mice.  Because DES "occupied" this gene location, the bodies of the mice under study failed to give a signal that suppresses the mullerian ducts (early vestiges of a female reproductive system).  These structures then persist into the adult male, blocking the flow of sperm through the vas deferens, causing fertility problems.  These results were duplicated by mechanical manipulation of the Wnt-7a gene as well. (Travis)  

An earlier study had also found evidence that DES acts on the DNA to cause cancer.  There, researchers exposed mice to DES and observed demethylating (an action that removes a methyl group from a related nucleotide) of certain parts of DNA, in effect "turning it off."  This change persists into later life and may cause the onset of cancerous growths.  (Li)  

The DES Litigation

The inevitable litigation involving DES presented several significant and unique legal issues.  First, 200 or so companies made, marketed, sold and profited from DES.  They used the same formula, yielding a product that was almost completely fungible.  This presented potential plaintiffs with a significant problem of proof.  In order to recover in a lawsuit, they had to show both general and specific causation.  "General causation" in these cases meant that the chemical DES caused the type of harms the plaintiffs complained about.  "Specific causation" required proof that a particular defendant made, or sold, the DES that the plaintiff actually used -- that the defendant in the case caused the plaintiff's harm, not some other company.  Epidemiological studies satisfied the first, general causation requirement.  But how, after 15 to 20 or more years, could the daughters of women who had taken DES prove that a particular company made the DES that her mother had taken?  Several courts fashioned new legal rules to address this issue. 

The California Supreme Court provided the best known solution to the indeterminate defendant problem.  That court adopted the "market share liability" approach for DES cases.  Under this theory, a plaintiff need only bring to court defendants representing a "substantial share" of the companies that marketed DES during the relevant time.  It was then for the defendants to prove they did not make the DES that caused the specific injury at issue.  If they could not, each was responsible for a share of the plaintiff's harm corresponding to their share of the market for DES.  While there were many variations on this theme, the basic approach was to put the burden of proof on the defendants to show that they should not bare the cost of the harm that DES had caused for unsuspecting women.  

Another significant problem was that a typical plaintiff would have been exposed to DES while in the womb -- again, some 15 to 20 years before any harm was apparent.  If the harm was inflicted more than two or three years before the suit were filed, most states' statutes of limitations would bar the suit.  Again, courts interpreted the statute of limitations rules liberally to allow the suits to continue.  In one case, the state legislature actually passed a "revival" law that extended the statute of limitations for a period of one year so that the plaintiffs could pursue their cases.  (Batt)

More recently, several DES granddaughters have sued drug companies that made and marketed DES, alleging that they too suffered ill effects of their grandmothers' use of the drug.  One case involved the premature death of a DES grandson, premature birth leading to cerebral palsy and other defects in DES granddaughters.  (Maynard)

So far, they have been unable to recover, but not for the reasons that inhibited their mothers' suits.  In most cases, these women are turned away by courts fearful of "perpetual liability" or fraudulent claims.  On the other hand, the traditional common law goals of providing compensation for injuries and deterring the marketing of unsafe products weigh in favor of allowing these suits to proceed.

Based on the evidence, these results seem justified by the lack of factual, scientific support for the cases.  The next section, however, discusses the possibility that new evidence will be found to establish a causal link for DES granddaughters.  

DES Granddaughter Studies

Recent studies have begun to explore the effects of DES exposure for the third generation -- the "DES granddaughters."  As noted above, there has been a great deal of research into the effects of DES on the women who took it and their children.  Because exposure to oral DES is still a recent phenomenon, relatively little has been done to study its effects on the grandchildren of the women who took the drug.  

Newbold et. al. Exposed three different groups of mice to DES at three different stages of development:  while in utero during the part of gestation where significant organ formation occurs, the day before the mice were born, and after the mice were born for up to five days.  The groups received differing doses of DES, as indicated in the following table:

	Group
	Sex
	Dose
	Period
	Developmental Stage

	1
	M
	2.5, 5, 10 ug/kg maternal weight
	Days 9 to 16 of gestation
	Major organogenesis

	2
	M
	2,000 ug/kg maternal weight
	Day 18 of gestation 
	Just prior to birth.

	3
	M
	0.002 ug/pup/day
	Days 1 to 5 post partum
	Neonatal

	1
	F
	2.5, 5, 10 ug/kg maternal weight
	Days 9 to 16 of gestation
	Major organogenesis

	2
	F
	2,000 ug/kg maternal weight
	Day 18 of gestation 
	Just prior to birth.

	3
	F
	0.002 ug/pup/day
	Days 1 to 5 post partum
	Neonatal

	
	
	
	
	


The directly exposed females served as the "daughter" DES cases, the in utero exposure serving to simulate exposure to DES similar to that experienced in human females.  The study noted that the females directly exposed experienced reduced fertility.  This conclusion was based n the fact that their litters included fewer females and fewer live pups each compared to the control group.  

The female offspring of the directly exposed females were raised in two groups to the age of 17 to 19 months and 22 to 24 months.  At that time they were killed and examined.  

The researchers found that the fertility of the "grandchildren" of all three exposure groups was no different that the control groups.  On the other hand, the grandchildren of all three exposure groups experienced an increased incidence of cancer.  The highest rate of cancer was in the older descendants (22 to 24 months) of the Group 1 "children" exposed to 5 ug/kg of maternal weight.  This group showed a 16 per cent cancer rate, including a very rare form of vaginal cancer.  

From these and other findings, the authors of the study made three conclusions.  First, all of the "daughter" mice were susceptible to DES exposure -- whether exposed prenatal or after birth.  Second, although there was reduced fertility among the "daughters," that decrease was not passed on to the "granddaughter" mice in the second generation.  Third, the increased incidence of tumors and cancers was passed on from the "daughter" mice to the "granddaughter" mice.  

Conclusion.

New studies may show a link between DES use and physical harm to the granddaughters of those who were exposed to this controversial drug.  So far, courts have struggled with the notion of preconception torts, partly out of fear of fraudulent claims and unmanageable lawsuits with unlimited liability.  Further studies aimed at discovering the ways that DES affects the development of the human reproductive system will assist courts in addressing these issues.  To the extent that science can affirm or disprove a causal link between DES use and birth defects in DES granddaughters, fears of fraudulent claims will be more manageable.  One policy concern that may never be satisfactorily addressed, however, is the problem of unlimited liability -- the idea that drug companies may never stop paying for the effects of DES.  One way to address this concern would be to solve the "organizational/activational" model dispute.  Continued discoveries in the laboratory will no doubt lead to mire litigation addressing the effects of DES, the most well known synthetic estrogen.  

In any event, we have certainly not heard the last of DES.  Scientists continue to explore its effects.  Persons affected by it continue to seek redress in the courts.  It appears that the legacy of DES will be with us for some time. 
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