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For men who still wish to father children, the contraceptive options cur-
rently available are withdrawal and the condom. Although significant
progress has been made on hormonal and vaccine-related approaches to
male contraception, a marketed product is, at best, several years away.
Therefore, the National Institute of Child Health and Human Develop-
ment convened a workshop to discuss novel strategies for development of
male contraceptives that focused on the testis and epididymis. Partici-
pants recognized that exploration of these new approaches will necessi-
tate considerable investment of funds and research efforts.
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As the world population continues to
grow and critical resources become lim-
ited, there is a call, once again, for more
and improved contraceptive options.
This is particularly true for males who
currently have four options: abstinence
from heterosexual intercourse, with-
drawal prior to ejaculation, condoms
and vasectomy. Unfortunately, for those
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men who wish to father children at a
later time, withdrawal and condoms
are the only options because vasectomy
is essentially irreversible. Despite
convincing evidence that hormonal
approaches to male contraception based
on inhibition of pituitary gonadotropins
can render men azoospermic or severely
oligospermic and therefore do result in
effective contraception!, research on
hormonal, as well as vaccine-related
approaches to male contraception have
yet to yield a marketed product.

The long-standing belief that men
would not accept the responsibility for
contraception has been one of the many
hindrances to gaining momentum for
worldwide efforts in developing male
contraceptives. Interestingly, however,
it is estimated that one-quarter to one-
third of all contraception in the United
States is, in fact, accomplished with
male methods?. Furthermore, a recent
poll has found that 70% of men are will-
ing to use a contraceptive3. Thus, the
question is posed; ‘Is the time ripe for
research and development efforts in
new approaches to male contracep-
tion?’” Based on the apparent willing-
ness of men to bear the burden of
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contraception, and the possibilities for
novel approaches that grow out of the
seemingly boundless advances in bio-
medical research and technology tak-
ing place today, the answer is a
resounding yes!

Given that the climate appears to be
opportune for male contraceptive
research and  development, the
National Institute of Child Health and
Human Development (NICHD) con-
vened this workshop to identify novel
strategies for developing a male contra-
ceptive in the 21st century. Focus was
given to strategies that involved testicu-
lar and epididymal targets. Basic and
clinical scientists working in the field
of male reproduction, andrology and
retrovirology, as well as representatives
from the World Health Organization
and industry were invited to partici-
pate. In all, the agenda included 17 pre-
sentations and a breakout session in
which the participants were divided
into three working groups that
addressed three questions: (1) What are
the unique processes in the male repro-
ductive tract that could be targets for
new contraceptives?; (2) what are the
barriers to developing a male contra-
ceptive?; and (3) what reagents/exper-
tise are needed to further our under-
standing of testis/epididymal biology?

e Testis as a Target

For the testis, not surprisingly, one
approach considered was the direct
interference with various aspects of
spermatogenesis. These strategies
included interference with meiosis and
particularly the cell-cycle checkpoints,
disruption of RNA-protein interactions
(post-transcriptional control) and dis-
ruption of junctional complexes
between Sertoli cells and germ cells.
For a strategy that involves meiosis
inhibition, an ideal target would be a
protein that is both germ cell- and
meiosis- (not involved with mitosis)
specific. Two such proteins, Dmc1 and
MutS homolog 5 (MSHS5), appear to be
reasonable candidates. Indeed, chro-
mosomes fail to pair in either Dmc1 or
MSHS5 null-mutant mice*>. Alterna-
tively, a number of checkpoints in the
meiotic process are being identified
where meiotic arrest can occur, such as
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the metaphase I transition checkpoint.
Consequently, it was suggested that
development of compounds that acti-
vate checkpoint arrests may prove to be
effective in blocking meiosis, and thus,
the production of haploid spermatozoa.

Another strategy involving the dis-
ruption of spermatogenesis centered on
the post-transcriptional control of
gametogenesis. In this regard, it is now
known that =13% of human azoosper-
mia can be attributed to de novo de-
letions of the Azoospermia Factor
(AZF) region of the Y chromosome,
which encodes several RNA binding
proteins®. Thus, one is led to speculate
that synthetic molecules that disrupt
RNA-protein interactions may mimic
mutations in genes encoding essential
RNA binding proteins, and, therefore,
result in infertility.

A third strategy that is well developed
in terms of contraceptive applicability
targets the tight junctions between
Sertoli cells and germ cells. The dis-
assembly and reassembly of these junc-
tions is critical in promoting sperm dif-
ferentiation, and, thus, any disruption
of this highly regulated process can be
expected to impact fertility. Indeed,
data were presented at the workshop to
show that administration to rats of two
novel inidazole carboxylic acid deriva-
tives that disrupt Sertoli cell-germ cell
junctional complexes resulted in infer-
tility which was restored upon ces-
sation of treatment. Although these
compounds are known to exert toxicity
that could hamper their use as contra-
ceptives, no histological changes were
observed in the liver, kidney or epi-
didymis at the doses administered that
caused anti-fertility effects (C.Y. Cheng,
pers. communn.).

¢ Epididymis as a Target

The other target discussed at this work-
shop was the epididymis. The epi-
didymis has traditionally received
much attention as a potential contra-
ceptive target because it is well known
that the process of sperm maturation
and storage occurs in the various seg-
ments of the epididymis. It is thought
that  post-testicular  contraception
would have the advantages of being
immediate in onset and readily

reversible, avoiding endocrine impair-
ment of libido and presenting minimal
risk for mutagenic damage. Fortunately
for the sperm, and unfortunately for the
scientists attempting to develop a post-
testicular contraceptive aimed at the
epididymis, this organ has developed
an elaborate system to protect sperm
via the presence of a blood—epididymal
barrier. In addition to a physical bar-
rier, a ‘knowledge’ barrier exists in that
there is a relative lack of understanding
of how sperm come to mature in the
epididymis and how mature sperm,
capable of motility, remain quiescent in
the cauda epididymidis waiting to be
released upon ejaculation.

Nevertheless, significant progress is
being made in our understanding of
epididymal biology. For example, it is
now appreciated that changes in sur-
face charge, surface proteins, lectin-
binding properties, nuclear disulfide
bonds, lipid and carbohydrate compo-
sition and membrane fluidity occur in
spermatozoa during their transit
through the epididymis, suggesting that
prevention of one or more of these
changes could interfere with sperm
maturation. Moreover, several genes
within the initial segment are regulated
by luminal factors of testicular origin,
and various factors secreted in one seg-
ment of the epididymis are likely to
affect function in either another seg-
ment or within the same segment
through lumicrine mechanisms.

Recently, gene knockout strategies
have been employed to elucidate func-
tions of epididymal-derived factors. In
particular, mice deficient in the pro-
duction of the epididymal-specific pro-
tein, c-ros, an orphan tyrosine kinase
receptor, lack a fully developed initial
segment and are infertile’. Interest-
ingly, sperm taken from these mice are
capable of fertilization in vitro, thereby
pointing to a motility defect as a result
of c-ros deficiency.

The tissues of the male reproductive
tract, including the epididymis (and
even the testis), are target tissues for
androgens. However, very little is
known about the mechanism of action
of androgens on these tissues. Andro-
gens are found in high concentration
in the epididymal lumen, and the
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importance of androgens, particularly
dihydrotestosterone in sperm matu-
ration is well known. Indeed, androgen
withdrawal results in apoptotic cell
death along the entire epididymis®.
Thus, it becomes critical to identify the
genes that are controlled by androgens.
In this regard, a murine epididymal
retinoic acid-binding protein, belonging
to the lipocalin family of proteins, was
recently characterized and found to be
androgen regulated and expressed in
the caput epididymidis®. As dihydro-
testosterone levels are high in the caput
region, it is reasonable to propose that
blockage of 5a-reductase activity with a
compound such as finasteride would
provide an effective means to block the
expression of androgen-regulated genes
that are important for sperm matu-
ration at least in the caput region.

¢ Barriers to Developing Testis/
Epididymal Male Contraceptives

The need to minimize unwanted side
effects is as important as having an
effective and reversible contraceptive
option. Consequently, contraceptives
that can be delivered to the site of
action are highly desirable. However,
the blood—testis and blood—epididymal
barriers pose a major obstacle for deliv-
ering contraceptive agents to their site
of action. Since the blood-brain barrier
presents a similar obstacle for develop-
ment of neuropharmaceuticals, a pres-
entation was made in which progress
on this front was discussed. The deliv-
ery system that is currently being pur-
sued takes advantage of receptors local-
ized on capillary endothelial cells.
Accordingly, the therapeutic entity is
conjugated to the ligand for the recep-
tor or a receptor antibody that can cross
endothelial cells. Likewise, work was
presented on current attempts to target
retroviral vectors to specific cell types.
Such work is important for successful
gene therapy strategies. Again taking
advantage of cell membrane receptors,
it was reported that successful infection
of cells expressing epidermal growth
factor receptors (EGFR) with the sub-
group A avian leukosis virus (ALV-A)
was accomplished in vitro by the con-
struction of a soluble bridge protein
comprised of Tva, the cellular receptor
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for ALV-A, fused to EGF (Ref. 10).
These exciting discoveries hold great
promise for targeted delivery strategies
for contraception because a number of
candidate receptors exist on male germ
cells, somatic cells and reproductive
tract tissues, and the list will undoubt-
edly expand. One prominent example
discussed at this workshop was the
receptor for follicle-stimulating hor-
mone, which could be used for delivery
of compounds/genes to the Sertoli cell.

Aside from physical barriers, other
barriers to the development of contra-
ceptives were identified and included
acceptance of methods by diverse cul-
tural, religious and political groups, the
possibilities (and likely probabilities)
for litigation and trust of the female
partner.

¢ Reagents and Expertise Needed
Enhancing the knowledge base on
testis and epididymal biology notwith-
standing, a variety of reagents and
expertise were identified as necessary
for development of male contraceptives
targeted to the testis and epididymis.
The list included the establishment of
immortalized cell lines, identification
of testicular stem cell markers, devel-
opment of expansive databases for
male reproductive genomics and pro-
teomics, more efficient utilization of
combinatorial chemistry, high
throughput technologies and computer
modeling, and further development of
novel delivery systems to introduce
contraceptive agents to their site of
action. Finally, it was recognized that
success in developing new contracep-
tive options requires collaborative
efforts not only from the people doing
the science, but also from government
agencies, private foundations and
industrial entities that provide support
for the research.

¢ Final Thoughts

The two-day workshop was considered
a success on two fronts. First,
it provided a platform for excellent
scientific  presentations, congenial
exchanges and serious but enjoyable
brainstorming. Second, it provided a
launching point for possible future
research collaborations and funding

initiatives that address the development
of male contraceptives. Development of
novel contraceptive approaches will
require support for basic, applied and
clinical research, as well as technology
development and information manage-
ment. In conjunction with other federal
agencies, private foundations and
industry, the Center for Population
Research at the NICHD is challenged
with designing and implementing
appropriate funding strategies to sup-
port the spectrum of efforts needed to
develop novel male contraceptives.
Clearly, this is no small task. However,
success on this front is obligatory for
any serious efforts in providing the male
public with safe, effective, reversible
and acceptable options to control their
fertility.

Acknowledgements

This workshop was supported by the
Reproductive Sciences Branch and
the Contraception and Reproductive
Health Branch, Center for Population
Research, NICHD, National Institutes
of Health.

References

1 World Health Organization Task Force
on Methods for the Regulation of Male
Fertility (1996) Contraceptive efficacy of
testosterone-induced azoospermia and
oligospermia in normal men. Fertil. Steril.
65, 821-829

2 Harrison, P.F. and Rosenfield, A. (1996)
Contraceptive Research and Development,
National Academy Press

3 Cummings, D.E. and Bremner, W.J. (1994)
Prospects for new hormonal contracep-
tives. Clin. Androl. 23, 893-922

4 Pittman, D.L. et al. (1998) Meiotic
prophase arrest with failure of chromo-
some synapsis in mice deficient for Dmcl,
a germ-line specific RecA homolog. Molec.
Cell 1, 697-705

5 Edelman, W. et al. (1999) Mammalian
MutS homologue 5 is required for chromo-
some pairing in meiosis. Nat. Genet. 21,
123-127

6 Reijo, R. ef al. (1995) Diverse spermato-
genic defects in humans caused by Y chro-
mosome deletions encompassing a novel
RNA-binding protein gene. Nat. Genet. 10,
383-393

7 Sonnenberg-Riethmacher, E. et al. (1996)
The c-ros tyrosine kinase receptor controls
regionalization and differentiation of
epithelial cells in the epididymis. Genes
Dev. 10, 1184-1193

8 Fan, X. and Robaire, B. (1998) Orchidec-
tomy induces a wave of apoptotic cell death
in the epididymis. Endocrinology 139,
2128-2136

TEM Vol. 11, No. 2, 2000



9 Lareyre, J.J. et al. (1998) Molecular cloning
and hormonal regulation of a murine epi-
didymal retinoic acid-binding protein

messenger ribonucleic acid. Endocrinology
139, 2971-2981
10 Snitkovsky, S. and Young, J.A. (1998) Cell-

Sex is All in the Brain: Report of a
Novartis Foundation Symposium on
the Neuronal and Cognitive Effects of
Oestrogens, London, UK,

7-9 September 1999

Lisa Melton

Suspicions of the impact of oestrogen beyond its traditional role in sex
maturation were confirmed with the discovery of oestrogen receptors in a
great variety of tissues other than just in sex organs. Recently, research
findings have indicated the central nervous system as one of the prime
target organs — not only does oestrogen modulate the production and
actions of serotonin, acetylcholine, dopamine and norepinephrine, but it
also encourages the growth of new synapses and enhances neuronal sur-
vival. Whether the many effects of oestrogen operate through classical
oestrogen receptors or alternative channels remains under intense inves-
tigation. During this three-day symposium, researchers and clinicians
discussed a wide-range of oestrogen-related subjects from novel mecha-
nisms of action to the influence of oestrogen on cognition and behaviour,
and results from clinical studies that suggest oestrogen therapy after
menopause may protect from Alzheimer’s disease.

Until 1996, scientists struggled to
explain how ovarian steroids could
influence functions other than those
relating to reproduction. Only the
oestrogen receptor a (ERa) was known
and, although abundant in the uterus
and the hypothalamus, it was sparsely
scattered in other non-reproductive
organs and regions of the brain. More-
over, a single receptor could not explain
the contrasting effects of oestrogen
in different tissues. When Jan-Ake
Gustafsson et al. (Huddinge, Sweden)
discovered the second receptor, ERB
(Ref. 1), it prompted researchers to re-
evaluate their ideas about the cellular
mechanisms of oestrogen. The mRNA
for ERB is more widespread than for
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ERq, being found in the cerebral cor-
tex, hippocampus, and the cerebellum,
as well as in the cardiovascular and
immune systems and other tissues.
Moreover, ERP can exert opposite
effects to ERa, and each appears to
have its own signalling pathway. The
Swedish team now believes that stimu-
lating the ERB pathway may dampen
ERa activity — a possibility they are
currently exploring in mice in which
the gene encoding for ERB has been
deleted. Gustafsson has also observed
that, although ERa and ERB bind
oestradiol-178 equally well, they differ
in their ability to bind other oestrogenic
compounds, such as phytoestrogens.
However, whether oestrogen only
operates through nuclear receptors is
still debatable. The classical genomic
route presents ERa and ERB as

specific viral targeting mediated by a soluble
retroviral receptor-ligand fusion protein.
Proc. Natl. Acad. Sci. U. S. A. 95, 7063-7068

transcription factors, binding oestro-
gen in the nucleus, where it regulates
gene expression. However, the more
rapid effects of oestrogen cannot be
explained through this genomic mecha-
nism. Increasing evidence supports the
existence of a fast, non-genomic path-
way initiated by a receptor located in
parts of the cell other than the nucleus,
and possibly associated with mem-
branes. Ellis Levin (Long Beach, CA,
USA) proposed an in vitro model, where
nuclear and membrane receptors work
in unison to accomplish the biological
functions of oestrogen?. However,
the membrane receptor has yet to be
isolated.

Dominique Toran-Allerand (New
York, NY, USA) suggested that the
receptor has not been detected yet
because it is sequestered within small
vesicular invaginations of the plasma
membrane called caveolae. These
‘crowded little caves’ are highly en-
riched in caveolin — a scaffold-forming
protein onto which the oestrogen mem-
brane receptor and other signalling
molecules dock. By forcing a huge
variety of molecules into close prox-
imity, calveolae can thus expedite the
activation by oestrogen of the Ras-
Raf- MAPK (mitogen-activated protein
kinase) cascade?.

¢ Sexual Behaviour, Motor
Coordination and Mood
Despite the puzzling absence of
detectable ERs in many areas of the
brain, scientists have continued to
explore the effects of oestrogen on the
central nervous system. Jill Becker
(Ann Arbor, MI, USA) has found that
oestrogen modulates neurochemical
activity in the striatum, affecting sen-
sorimotor function as well as sexual
behaviour*. Becker measured the pac-
ing strategy employed by female rats to
ensure that copulation results in
impregnation. Oestrogen facilitates this
reproductive behaviour, and enhances
task performance by boosting dop-
amine release in striatal nerve endings.
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