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SUMMARY

Endocrinology is the study of the physiology and pathology of glands and the
hormones that they secrete inside the body.

In recent decades, discoveries that were first made in endocrinology, in par-
ticular in the area of cellular and molecular mechanisms of hormone action,
have now been found to be general to a large number of other signaling pro-
cesses (growth factors, neuromediators, interleukines, etc.). Endocrinology has
thus become a model for studying inter- and intracellular signaling mechanisms
in general, a rapidly evolving key field of current biology.

The discovery of G-protein coupled receptors is an example of how the field
has advanced. The starting point was the study of how adrenaline and glucagon
affect glucose synthesis in liver. This led to the discovery of cyclic AMP, then to G-
proteins and ß-adrenergic receptors and finally the family of G-protein coupled
receptors. This large family of proteins characterized by seven transmembrane
domains, known as serpentine receptors, includes over 800 different members
in the human species. By itself, it represents about 2-3% of all human genes. In
fact, most G-protein coupled receptors recognize non-endocrine ligands, such
as light, smells and taste. Some are involved in developmental processes, such
as cell determination, differentiation and polarization.

Many receptors with seven transmembrane domains do not have a ligand
in the strict sense but are involved in cellular adhesion through EGF (epidermal
growth factor) domains at their extracellular N terminus.

From the therapeutic point of view, these receptors have become major targets
for new drug development, with about 50% of all new therapeutic agents aimed
at them. Already one quarter of the 100 most used pharmaceuticals belong to
this category.

The nuclear receptor family is also another instance where work in en-
docrinology led to the discovery of a great diversity of signaling mechanisms.
Initially, 6 types of receptors (the 5 steroid hormone families and the thyroid
hormone receptors) were presumed to exist. Fourty-eight different genes with
widely diverse functions were later discovered. The ligands corresponding to
many of the proteins encoded by these genes have yet to be identified.

Nuclear receptors were the first mammal transcriptional regulators character-
ized, purified and cloned. They have been and still are the most important and
relevant models for studying general mechanisms of gene transcription.
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Inversely, new hormones were discovered starting from the receptors (reverse
endocrinology). In certain cases, whole hormone-receptor systems were identi-
fied based on genome analysis.

Endocrine regulation helps the organism respond to its environment and has
been subjected to evolutionary selection. However, relatively recently, Man has
acquired the capacity to modify the environment to such a degree that a certain
number of hormonal mechanisms are out of balance causing the appearance or
the exacerbation of new pathologies.

In this report, we have chosen to discuss seven particularly important exam-
ples in view of their consequences for public health and the environment:

– hormone-dependent cancers;
– hormone replacement therapy during menopause;
– contraception, current state and new targets;
– obesity and type 2 diabetes;
– hormones and ageing;
– endocrine disruption agents;
– use of hormones in livestock: zootechnical developments and public health

concerns.

In each case, current scientific data is discussed and recommendations are
put forward for research, medicine and regulation.

Cancers induced by sexual steroid hormones include the most frequent can-
cer in women (breast cancer) and men (prostate cancer) with about 40 000 new
cases in France each year. These cancers are a major concern for public health.
The prevalence of breast cancer in France has doubled in the last twenty years.
Except hereditary cancers linked to gene-based susceptibility (only 1 to 2% of
breast cancers are due to mutations of the BRCA 1 and 2 genes), most can-
cers are sensitive to the tumor-inducing effects of steroid hormones, respectively
estrogens and progesterone for breast cancer and testosterone for prostate can-
cer. These hormones do not modify the structure of the genes; they modify the
expression of the encoded gene products, resulting in proteins that stimulate
growth and invasiveness. This reversible effect is essentially due to the stimula-
tion of cells that have been previously transformed or initiated by other agents
that interact with specific nuclear receptors, thus modulating the expression of
several genes. Some of these genes have yet to be characterized. Cancers
that express these receptors can be inhibited by hormone antagonists and/or
by suppressing the production of the appropriate hormones. Tamoxifen, which
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is now widely used, was the first example of an “intelligent” therapy for solid
tumors, aimed at a molecule involved in carcinogenesis.

Among the research directions that could lead to a lower incidence and mor-
tality from these cancers are: a) understanding resistance mechanisms to anti-
hormone treatments; b) understanding the role of hormones in the first steps
of carcinogenesis which would improve preventive action; c) the development
of new therapeutic targets through a collaborative effort (academic researchers,
clinicians, pharmaceutical industry) and with large-scale randomized clinical tri-
als of original molecules discovered and developed in France. In the meantime,
a lifestyle that avoids known risk factors (obesity, alcohol, hormone replacement
therapy, etc.) must be encouraged by updating information to doctors.

Menopause is the period in a woman’s life after the ovarian follicle capital
has been exhausted, on average around 51 years of age. Taking into ac-
count today’s life expectancy, women spend a third of their life without ovarian
hormones. As a result of the absence of follicles and related hormonal de-
ficiency, symptoms appear which compromise women’s quality of life, such as
heat flushes, night sweats, vaginal dryness. The absence of estrogens also results
in an inescapable reduction in bone mass, a disappearance of cardiovascular
protection linked to the hormones, and a likely effect on cognitive functions.
The deficiency in cardiovascular protection was demonstrated in young subjects
with inactive ovaries. The phenomenon however is still discussed for women
over 50 years. Proof-based large clinical trials, the most important of which
being the Women Health Initiative, published in 2002, 2003, 2004 and 2006,
have shown within the limits of the therapeutic protocol used (equine estrogen
by oral administration, in the presence or absence of the synthetic progesterone
medroxyprogesterone) that hormone replacement therapy increased slightly the
absolute risk of cardiovascular disease, breast cancer, vascular cerebral ac-
cident, venous thrombosis, while it protected against hip fracture and colon
cancer. Five years after the first results, it seems reasonable to conclude that
an estrogen treatment with or without progesterone should not be offered to
all women mainly because of the cardiovascular risk and of the risk of breast
cancer associated with ageing. Women at high risk must be excluded. The
treatment should only be given to symptomatic women with severe menopausal
disorders who have an acceptable benefit/risk ratio over a 5 to 10 year period.
Treatment should be interrupted as soon as tests show a stable disappearance
of symptoms. HRT should not be given to asymptomatic women. It is probably
best to use physiological steroids for this treatment, possibly by transdermal ap-
plication of estrogens for 5 to 10 years in a close partnership between a woman
and her doctor. Menopausal hormone treatment should not be viewed as a hor-
mone replacement treatment anymore, but just as a time-limited symptomatic
treatment.
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Contraception based on the combination of an estrogen and a progestin, the
“pill”, has existed for 45 years and is providing an outstanding service to women
by allowing them to choose the moment of procreation. The advances made
to eliminate secondary effects while making this type of contraception more
efficient have been considerable. A pill exists now for all women, including those
that present mammary or vascular risks. The cost of contraception has become
very accessible, even in developing countries, as a result of efforts by WHO
and non-governmental organizations. The number of unwanted pregnancies is
however still too high and research must continue to make contraception even
more accessible and easier to take. Methods associating contraception and
prevention of sexually transmitted diseases (AIDS) would be particularly useful.

Research in the areas of obesity and type-2 diabetes has witnessed in the
last fifteen years four major events:

– the acknowledgement of a dramatic increase in the frequency of obesity,
a disease that is associated to adaptation to changes in diet and lifestyle
(reduced physical activity, increased food intake, decreased cost of di-
etary calories). The obesity epidemic is mostly prevalent in poorer social
environments and children. Its appearance in association with the ageing
of the general population has caused an increase in the number of type 2
diabetes patients : 180 million worldwide in 2005, 330 million expected
in 2025;

– the discovery of endocrine functions of adipose tissue. Adipose tissue is
no longer considered a simple energy reservoir used in case of starva-
tion but as a complex tissue secreting true hormones (for example, leptin,
resistin, adiponectin) and pro-inflammatory proteins (for example, inter-
leukin 6, tumor necrosis factor alpha). The latter are probably involved in
the appearance of type 2 diabetes and in obesity-related complications:
high blood pressure, myocardial infarction, uterine cancer and prostate
cancer;

– the realization that neurohormonal control of food intake and energy ex-
penditure is very complex. It involves peripheral endocrine (insulin, leptin,
thyroid hormones, cortisol), metabolic (glucose, free fatty acids) and di-
gestive (stomach, intestine) signals. These signals are integrated at the
level of the hypothalamus by a complex network of neurons that secrete
orexigenic and anorexigenic peptides (such as PYY, MSH, CRF, CART).
These peptides have been characterized. Their functions have been iden-
tified using transgenic mice models. Cases of human “hereditary” obesity
have been studied in particular in France;

– the hereditary causes of type 2 diabetes are starting to be unraveled
(90% concordance rate for homozygote twins). MODY type diabetes,
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which has an autosomal dominant inheritance, is now well-defined and
phenotyped. The mechanism of type 2 diabetes associated to android
obesity, which is characterized by an early development of insulin re-
sistance and deficit of insulin secretion, is still unknown, but progress in
genetics and epigenetics should rapidly lead to an understanding of the
mechanisms of this pathology.

France, through Inserm, Inra, ANR and the Health and Research Ministries,
started in the late 1980s a policy that brings together research funding, public
health measures (a national program for health and nutrition) and more recently
support of the social security system for the diabetes networks. These commit-
ments to foster excellence in research have enabled several groups (Paris, Lyon,
Toulouse, Lille and others) to be at the forefront of their fields.

We recommend that this policy be strengthened in particular by:

– creating small world-leading groups tightly linked to the pharmaceutical
industry;

– launching a large-scale project for the primary prevention of android obe-
sity in children and/or in lower social environment;

– bringing together technological and human resources over research
themes such as nutrition, brain and metabolic imaging.

None of these measures will be efficient if the relevant public institutions can-
not simplify the structure of research funding and the administrative load of
researchers.

Hormonal perturbators

In just a few decades, endocrinology has moved from hormones to receptor-
hormone interactions and then to molecular mechanisms regulating metabolism
and gene expression. Very quickly, foreign molecules, xenobiotics, were found
to be metabolically active and affect hormonal balances.

The first xenobiotics that were found to perturb hormonal balance were plant
toxins and chemical compounds used in industry and various human activities
that were dispersed in the environment as a consequence of their use or non-
restricted elimination. Many cases of sexual development and fertility disorders
caused by these hormonal perturbators have been analyzed from the point of
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view of environmental toxicology and pollution. Some xenobiotics, such as diox-
ins, are capable of activating orphan receptors, for which no ligands have been
identified, and generate their own hormone regulation as well as disrupt the
hormonal regulation mediated by known hormone/receptor pairs.

Two new developments have broaden the concept of endocrine disruption.
First, it should now be extended to all of endocrinology not just reproduction,
as was shown by the study of tabagism and diabetes. Secondly, due to their
combined widespread and insufficiently controlled use, new dietary xenobiotics,
either naturally occurring or legally authorized additives, should be added to the
list of monitored molecules that already includes industrial pollutants.

This progressively increasing list of compounds has led to the creation of
the REACH project (Registration, Evaluation and Authorization of Chemicals)
to deal with current insufficient level of knowledge. REACH regulation will be
enforced by European legislation to ensure future progressive elimination of the
most dangerous chemicals. Producers will be required to forward to a central
European agency a registration dossier containing the safety data and the quan-
tities produced for each compound on the list. The dossier will be evaluated by
experts, in particular for substances produced in large quantities or posing a
health risk. “Extremely worrisome” compounds (carcinogens, bioaccumulating
toxic compounds among which are hormonal perturbators) will be eliminated
and replaced by safer compounds, unless industry can prove that the social and
economical benefits of these compounds outweigh the risks associated with their
use and that these risks are controlled. REACH will also ensure that the principle
of precaution be applied to all new molecules.

Our internal equilibrium is increasingly confronted with xenobiotics, ei-
ther through pollution or industrial food processes. The possibilities of cross-
potentialization among pollutants and/or pollutants and authorized dietary ad-
ditives are practically unknown. Epidemiological research must gather data on
the general exposure of the public to xenobiotics and must identify the expo-
sure and sensitivity of specific populations at risk. Fundamental research must
clarify the mechanisms of action of xenobiotics and develop markers, detection
techniques, measuring techniques and therapeutics. Finally, diseases linked to
industrial xenobiotics must be now considered within the framework of occu-
pational diseases. All this supposes that both science and legislation act at the
European and international levels.

The use of hormones in livestock has contributed in the last fourty years to
profoundly modify the zootechnical performance of meat and milk production
and even fish farming. Various strategies have been progressively applied to
reach today’s results. At the level of the whole organism, the control of fe-
male reproduction cycles and their synchronization within herds, the induction
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of ovulation with and without ovarian stimulation, out-of-season sexual activity
of certain species, induction of sexual behavior, all require complex hormonal
treatments, limited in time to particular periods of physiological sensitivity. The
treatments rely on sexual steroids and gonadotropic hormones as well as fac-
tors stimulating the synthesis of these hormones and prostaglandins according
to protocols that are now well adapted to the species and the breeding context.
The main objective is to improve livestock reproduction, increase the application
of genetic advances and optimize the use of feed resources during the highest
periods of meat or milk production and development of young animals. By con-
trast, the increased rate of growth and milk yield in bovine livestock is based
on the chronic and relatively simple treatment of animals until the end of the
fattening period or lactation. Anabolic treatments of cattle is based on the use
nearly exclusively of natural steroids and synthetic steroids such as progestin-like
and androgen-like steroids in association with estrogens that are administered
as subcutaneous implants and less frequently orally. Beta-agonists are also ad-
ministered orally. Growth hormones are used in pig to improve the growth
performance of the animals. Stimulation of milk production by cows is obtained
through use of a recombinant growth hormone. Anabolic and milk-stimulating
treatments have increased gains by 10-15%.

The range of hormone treatments is large and strictly regulated in the eco-
nomic areas where they are used. Non-approved analogs are banned and
their fraudulent use is decreasing due to the considerable means used for their
unambiguous detection. In the European union, only a few steroid hormones,
peptides and prostaglandins, are authorized for controlling the reproduction of
livestock. By contrast, substances that improve animal growth and milk produc-
tion in cattle are banned. Some of these restrictions are a source of dispute
between the EU and the United States and Canada. The EU argues that residues
found in animal products for human consumption have not been proven safe, in
particular because the information is based on very old toxicological data that
is mostly obsolete when considered from the point-of-view of current scientific
knowledge. By contrast, North American countries claim that a reconsideration
of past toxicological data is not necessary because no new worrisome findings
have come to light.

Current farming practices are considered, rightly or wrongly, by some con-
sumers to be linked to the mediocre and degraded quality of agricultural prod-
ucts. Economic and social considerations make further analysis of such practices
difficult. In this complex context, research should find new strategies to control
animal physiology while ensuring the economic, ecological and social durabil-
ity of the production systems, farmers’ quality of life and the quality of animal
products offered to consumers.
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A strong effort in endocrinology research is necessary to maintain a com-
petitive level in the area of inter- and intra-cellular signaling, a field that has
become fundamental to all biological disciplines.

Apart from the cognitive sciences, which like other biological fields must be
left to the creativity and initiative of small groups of excellence, the organization
of other fields should be more tightly controlled.

Centers for the three-dimensional study of proteins should be associated to
groups of excellence in molecular and cellular biology. These centers would
make it possible to determine the structure of molecules involved in signaling
pathways (such as ligands, receptors, messengers, enzymes). Such collabora-
tions would have major consequences for understanding the mechanisms in-
volved and would also be indispensable for the targeted synthesis of innovating
drugs. In particular, the area of membrane receptors still needs to be developed.

Concerning nuclear receptors, the synthesis and study of specific modulators
(SERM, SPRM, SARM, etc.) are fundamental in order to make progress in the
areas of hormone-dependent cancers, menopause hormone replacement treat-
ments and the consequences of ageing.

Funding should also be provided in the area of female reproductive en-
docrinology. The life of half of the world’s population is marked by puberty,
contraception, sterility or pregnancy, menopause, the fear of and frequent oc-
currence of hormone-dependent cancers (among which breast, ovarian and en-
dometrial cancers).

Finally, we are far behind in the field of epidemiological studies, in particular
in the following areas:

– assessment of diagnostic, prognostic and treatment methods for hormone-
dependent cancers;

– evaluation of new molecules used in hormone replacement treatment dur-
ing menopause and prevention of ageing disorders;

– evaluation of projects for android primary prevention of obesity, in par-
ticular in poorer populations and populations with a hereditary risk;

– evaluation of the effects of xenobiotics on endocrine functions and in par-
ticular on reproduction.
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Abbreviations

MPA: medroxyprogesterone acetate
EGF: epidermal growth factor
CART: cocain and amphetamine related transcript
CRF: corticotropin-releasing factor
MSH: melanocyte stimulating hormone
WHO: World Health Organization
PYY: peptide YY
SARM: selective androgen receptor modulator
SERM: selective estrogen receptor modulator
AIDS: acquired immunodeficiency syndrome
SPRM: selective progesterone receptor modulator




