
Human Reproduction vol.12 no.5 pp.875–883, 1997

DEBATE

Clinical andrology

in the male. They have usually had minimal experience in theAttitudes to clinical andrology: a time
examination of the male patient, let alone a male patient withfor change
disease of the genito–urinary tract. As a consequence, such
clinicians may not be able to recognize disease processes evenAnne M.Jequier1,3 and James M.Cummins2

when they are present. They frequently have had little surgical
1University of Western Australia, King Edward Memorial experience in urology and thus cannot contribute either to any
Hospital, Western Australia 6008, 2Department of surgical alleviation of this problem or to the design of new
Veterinary Anatomy, School of Veterinary Studies,

procedures that might obviate the need for assisted conception.Murdoch University, Western Australia 6050, Australia
This sad state of affairs has thus tended to allow male

3To whom correspondence should be addressed at: Perth patients to be viewed simply as a semen analysis result and
Andrology, Suite 47, Mount Medical Centre, 146 Mounts

as a consequence these patients are reduced to little more thanBay Road, South Perth, WA 6000, Australia
a number on a pathology report. Indeed, the oft used and quite
appalling phrase ‘male factor’ infertility speaks volumes for

Since the advent of in-vitro fertilization (IVF) and intracyto- the attitudes that prevail among the gynaecological clinicians
plasmic sperm injection (ICSI) (Palermoet al., 1992), it has regarding the infertile male patient. The inability of many
now become possible to treat very successfully many differentgynaecologists to assess the male patients properly has also
forms of infertility in the human male (Van Steirteghemet al., allowed the scientists to play a role in determining treatment
1993; Payneet al., 1994). Even in the condition known as for these men, a situtation that further separates the treatment
primary testicular disease which is probably the most commonof male infertility from the determination of its cause.
known cause of an abnormal sperm count in the male (Jequier The urologists however, unlike the gynaecologists, do indeed
and Holmes, 1993) and where the sperm numbers can fall tohave an understanding of the disorders of the male genital
very low levels, conceptions can result using this technique.tract and can of course examine the infertile male patients
Thanks to ICSI, it is now also possible to achieve pregnancieswith a great degree of competence. However, as with primary
from sterile azoospermic men using spermatozoa harvestedtesticular disease, there is still no treatment other than assisted
directly from the testes themselves (Devroeyet al., 1995). conception for the more severe forms of this disorder: many

So successful has this technique become that it is now beingurologists have no access to such therapy nor do they take
used to treat all forms of male infertility with little attention part in much of its application which, even when treating male
being given to its aetiology; indeed in many clinics no clinical infertility, largely involves treatment of the female patient by
history is being taken from the male patients nor are theythe gynaecologists and the scientists. The exclusion of the
undergoing any form of clinical examination. Scant regard isurologists from the practical application of IVF and ICSI

encourages the persistant use of operations such as vaso-thus being paid to either the cause of these disorders or to the
possible genetic consequences that may result from the use of epididymostomy and vasectomy reversal when epididymal

aspiration andin vitro fertilization with ICSI may be a muchICSI in overcoming infertility in the male (Vogtet al., 1992;
Cumminset al., 1994). better and more sucessful treatment option than either of these

surgical procedures (Silberet al., 1995).It is the authors’ view that the time has now come to reassess
the important role of clinical andrology in the managment of Many years ago, it was clearly demonstrated that infertility

is the disorder of a couple not of a single individual (Steinbergerinfertility. We must remember that treatment, however effect-
ive, is not the sole objective in any section of medicine. Only and Rodriguez-Rigau, 1983). Thus the problem of infertility

must of necessity involve both partners. The factors thatby the identification of the aetiology of male infertility and by
an in-depth understanding of its patho-physiology can any influence fertility are frequently interactive and thus it is

preferable that a single clinician is competent to evaluate theprogress be made towards its prevention which is after all just
as important as treatment. Only by very careful history-taking problem in that couple and not simply in one partner alone.

For a gynaecologist to see the female patient and a urologistcan possible causes of this disorder be identified and their
presence confirmed by clinical examination. Let us now look to see her male partner (a situation that indeed exists in many

clinics) is thus a very unsatisfactory state of affairs as it makesat this problem in more detail and examine ways in which the
situation can be changed for the benefit of all future infertile the integration of treatment regimes very difficult indeed. For

this reason, the clinicians who treat infertility should be ablemale patients.
Traditionally, male infertility is treated by either gynaecolo- to diagnose disorders in both partners and to design treatment

as indicated by this assessment.gists or urologists. Most gynaecologists have had little or no
training in urology and often have a poor understanding of the Thus the next question to ask is how to achieve this ideal

situation within an infertility clinic. The answer of course liesmany urological disorders that can cause or aggravate infertility
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Cummins, J.M. and Jequier, A.M. (1994) Treating male infertility needs morein the training of the clinicians treating infertile patients for
clinical andrology, not less.Hum. Reprod., 9, 1214–1219.

whom clinical andrology must now become an important partDevroey, P., Liu, J., Nagy, Z.et al. (1995) Pregnancies after testicular sperm
of their curriculum. extraction and intracytoplasmic injection in non-obstructive azoospermia.

Hum. Reprod., 10, 1457–1460.Clinicians undertaking the treatment of infertility must
Jequier, A.M. and Holmes, S.C. (1993) Primary testicular disease presentingtherefore now undertake a wide area of training. The curriculum

as azoospermia or oligozoospermia in an infertility clinic.Br. J. Urol., 71,
must involve a great deal of basic physiology, gynaecology 731–735.
and urology. These practitioners must be able to examinePalermo, G., Joris, H., Devroey, P.et al. (1992) Pregnancies after

intracytoplasmic injection of a single spermatozoon into an oocyte.Lancet,both male and female patients competently and recognize
340,17–18.

pathologies in either partner where they exist. The cliniciansPayne, D., Flaherty, S.P., Jeffrey, R.et al. (1994) Successful treatment of
must also be taught semenology and of course all the practicalmale factor infertility in 100 consecutive cycles using intracytoplasmic

sperm injection.Hum. Reprod., 9, 2051–2057.aspects of reproductive technology.
Silber, S., Nagy, Z., Liu, J.et al. (1995) The use of epididymal and testicularThe treatment of infertility must, in our view, no longer be

spermatozoa for intracytoplasmic sperm injection: the genetic implications
the preserve of gynaecology. In many countries, including for male infertility. Hum. Reprod., 10, 2031–2043.
Australia, the subspeciality examinations in infertility and Steinberger, E. and Rodriguez-Rigau, L.J. (1983) The infertile couple.J.

Androl., 4, 111–118.reproductive endocrinology appear to relate solely to the
Van Steirteghem, A.C., Liu, J., Joris, H.et al. (1993) Higher success rate byfemale patient. Scant attention seems to be given, at least in

intracytoplasmic sperm injection than be subzonal insemination. Report of
the published curricula of such examinations, for any aspect a second series of 300 consecutive treatment cycles.Hum. Reprod., 8,

1055–1061.of male infertility except that which relates to the examination
Vogt, P., Chandley, A.C., Hargreave, T.B.et al. (1992) Microdeletions inof semen and its manipulation within an IVF laboratory. This

interval 6 of the Y chromosome of males with idiopathic sterility point to
state of affairs is greatly in need of change. In our view, such disruption of AZF, a human spermatogenesis gene.Hum. Genet., 89,

491–496.a subspeciality examination needs to be removed from the
over-riding influence of the Obstetric and Gynaecological
Colleges if only to emphasize that infertility is a male as well
as a female problem and also to facilitate the inclusion of the
urologists into this sphere of therapy.

We would thus like to see the some changes made to theDeclining clinical andrology: fact or
training of clinicians involved in the management of infertility. fiction?*
Firstly, all clinicians treating infertile couples should have
training in both urology and gynaecology. GynaecologistsHerman Tournaye
wishing to subspecialize in infertility should have a minimum

Centre for Reproductive Medicine, University Hospital,of one year in full time urology and the urologists should
Dutch-speaking Brussels Free University (Vrije Universiteit

spend the same length of time in gynaecology. This should beBrussel), Laarbeeklaan 101, B-1090, Brussels, Belgium
a standard requirement for anyone claiming to be a subspecialist
in this area. Both urologists and gynaecologists should have
training in the clinical as well as the laboratory aspects ofThe debate initiated by Jequier and Cummins (1997) provides
reproductive technology, semen handling, semen analysis andan excellent basis for an evaluation of the current status of the
sperm and embryo storage as well as the laboratory techniquesclinical investigation of the aetiology of male infertility. In
involved in embryo manipulation. Infertility should now be a their paper, the authors express their concern about the negative
subject set aside from either urology or gynaecology thusimpact of intracytoplasmic sperm injection (ICSI) on the
allowing the two specialities to come together, at long last. clinical investigation of male infertility.

We believe that the next decade will be a very important For years, male infertility has been an area of frustration.
time for clinical andrology: either we will come to understand Despite the growing knowledge on spermatogenesis and sperm
the patho-physiology of the genital tract, or reproductivefunction thanks to advances in both cell biology and molecular
technology will become so successful that we will not botherbiology, there has been hardly any substantial advance in the
to find out. If the former comes to pass there may be manytreatment of male infertility. Indeed, any ‘clinician attempting
ways in which we can prevent the disorders collectively knownto deal with male infertility is constantly reminded of the lack
as male infertility and avoid the need for treatment altogether.of detailed understanding of the pathophysiology of defects in
If the latter occurs, then prevention will be forgotten and allspermatogenesis and spermiogenesis which appear to underlie
infertility will be treated by assisted conception with all the the disorders seen in the majority of the patients’ (Baker,
problems that it may give future generations (Cummins and1993). For many years, this discrepancy between our basic
Jequier, 1994). knowledge of mechanisms leading to male infertility and

The choice between these two options by the infertiletheir treatment has resulted in the dissemination of so-called
patients is likely to be obvious. empirical treatments (Belaı¨sch, 1993). Although still widely

applied, most of these treatments are assumed to be ineffectual
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*Partially based on an internet-published paper on http://ferti.net,infertility: links with ageing, mitochondrial genetics and oxidative stress.
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and it is only assisted reproductive technology (ART) which suggest a change in attitude involving at least a joint clinical
approach by both an urologist and a gynaecologist or, evenoffers interesting perspectives for the treatment of unexplained

male infertility (O’Donovanet al., 1993). In recent years, most better, a change in the training of the reproductive clinician
dealing with male infertility, i.e. the reproductive andrologist.efforts in ART, a body of technologies emerging from co-

operation between gynaecologists and reproductive scientists, Neither their plea for a change nor their proposal is new
(Jequier, 1990). Any gynaecologist or urologist involved inhave focused on the enhancement of the in-vitro fertilization

(IVF) process. Although the basic physiology of normal male infertility should acquire minimal theoretical and practical
skills in investigating and treating disorders of the genito-fertilization still remains poorly understood, these efforts led

ultimately to the first successes with ICSI (Palermoet al., 1992). urinary tract of either sex. Whether this change may prevent the
‘decline’ in clinical andrological investigation is questionable.Since the introduction of ICSI, the clinician dealing with

the infertile male has access to a powerful tool for alleviating Indeed, proper training in urology or gynaecology or even
both is certainly not a guarantee of good medical practice andmale infertility. By means of ICSI, fertilization and pregnancies

can be obtained successfully with spermatozoa recovered or many examples of the ‘decline’ in male clinical andrology are,
in fact, just examples of poor medical practice. A recent letterfrom an ejaculate, or from the epididymis either from the

seminiferous tubules irrespective of whether spermatogenesis in this journal (Canale and Caietti, 1996) illustrates that
permanent re-training should be compulsory and may beis normal or deficient and irrespective of whether the underlying

pathophysiology is understood or not. ICSI is thus rapidly more effective in preventing poor medical practice in clinical
andrology than the fact of whether the clinician was originallybecoming a routine treatment for all reproductive clinicians

dealing with male infertility. Nowadays this treatment is trained as a gynaecologist, urologist, endocrinologist or derma-
tologist.certainly not the exclusive province of gynaecologists alone.

But the magic of ICSI may also put a spell on the infertile A training programme for a clinical reproductive andrologist
should perhaps not be limited to a full or partial training inpatient who is less interested in the pathophysiology of his

problem than in having his own child as quickly as possible. urology and gynaecology alone. Practical skills or theorethical
understandings in the male infertility clinic may be unfamiliarIn the near future cost–benefit analysis and the utilitarianism

often associated with ‘evidence-based medicine’ may also in either of the two disciplines, e.g. electroejaculation, genetics.
It may therefore be preferable to set out minimum standardsprovide a reason for health authorities to support ICSI as a

treatment of long-standing male infertility rather than to support for the practical and theoretical skills which a reproductive
andrologist should have or acquire, including principles frombasic research aimed at understanding its pathophysiology.

Thus long-standing male infertility, although remaining an ill- reproductive endocrinology, clinical genetics, embryology and
microsurgery. In Europe, the European Academy of Andrologydefined condition, may become a trivial issue with a simple

cost-effective approach bypassing any detailed diagnostic is trying to set up such standards and to approve male infertility
clinics with a broad multidisciplinary set-up for training inwork, i.e. ICSI.

The risk of a disease as described by Jequier and Cummins reproductive andrology (Nieschlag, 1996).
Secondly, we may ask whether the current standards for the(1997) may exist. Worse, it may eventually reach epidemic

proportions, probably not because of the utilitarianism of ART evaluation of the male partner are sufficiently relevant to
prevent a further decline in clinical andrology. Through aclinicians but rather because of patients’ attitudes towards their

own infertility and because authorities are focusing on short- concerted action involving urologists, endocrinologists and
gynaecologists, the World Health Organization (WHO) has setterm health policies.
standards for the investigation of the infertile couple. For the
male, these standards were first published as a supplement to

But what about the cure? The International Journal of Andrology(Comhaireet al., 1987)
and were later incorporated without substantial modificationsThe ultimate desire of the couple experiencing infertility

is the wife’s pregnancy. Traditionally, the female has been in a WHO manual (Roweet al., 1993). This WHO standardized
investigation is now becoming generally accepted as the goldconsidered the prime cause of barren marriages. It is for this

reason that the gynaecologist is often the first fertility specialist standard for investigating the male partner (Comhaire, 1995).
The investigation consists mainly of history taking, physicalto enter the field. Accurate assessment of the female factor is

very important even in male subfertility. Indeed, male and examination, semen analysis, laboratory investigations and
additional technical investigations. But will this investigationfemale subfertility are known to be closely interrelated. Many

couples where the male partner may be subfertile will probably eventually provide an improvement in the understanding, the
treatment and the prevention of male infertility?never seek medical help because the female partner fully

compensates for the ‘male factor’, resulting in no delay in History taking is an important key since ‘it will contribute
to the diagnosis in one fourth of cases’ (Roweet al., 1993).conception. Conversely, a male partner may be judged to have

a problem while in fact the couple’s fertility status may be Indeed, history taking may provide many keys to diagnostic
categorization. History taking, as suggested in the manual,negatively influenced by a concurrent and even more important

problem in the female. The diagnosis of male subfertility can will provide many keys to ‘damage-done-conditions’, e.g.
mumps orchitis, cryptorchidism, chemotherapy. Only few keysobviously only be made after an appropriate assessment of the

‘female factor’. will refer to conditions that are amenable, e.g. sexually
transmitted disease or vasectomy where microsurgery may beTo cope with this particular situation, Jequier and Cummins
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of some help, delayed puberty which raises the possibility of fertility but mainly provided an opportunity for supportive
counselling (Hargreaveet al.,1986).hypogonadotrophic hypogonadism or a misuse of anabolic

steroids leading to spermatogenic depression. There is obviously an urgent need to redefine the standard
investigation of male infertility since ICSI was introduced.The physical and andrological examination, again, may also

provide many keys to ‘damage-done-conditions’, e.g. small ICSI has created many new opportunities to treat patients
suffering from unexplained severe male infertility who attesticular volume, but may also provide some keys to ‘condi-

tions-under-debate’, e.g. varicocele or male accessory gland present cannot benefit from any specific or efficient treatment.
But ICSI has also raised many new concerns (Cummins andinfection (MAGI). Again, only a few keys may refer to

amenable conditions, i.e. epididymal swelling which might be Jequier, 1995; Cummins, 1997), many of which can be dealt
with only by an accurate clinical work-up (Tournaye and Vanrelated to an obstruction, small and soft testes which may be

related to hypogonadotropic hypogonadism, or scrotal swelling Steirteghem, 1997). For this, new standards for andrological
investigation should preferably originate from sound clinicalwhich might be indicative of testicular malignancy. If we look

at the additional tests, again, many tests will refer only to non- evidence and should include updated tests based on actual
insights into both the genetics and the epidemiology of malemanageable conditions. Endocrine testing including follicle

stimulating hormone (FSH) and testosterone may be the key infertility. At present, investigations for deletions associated
with cystic fibrosis (Jarviet al., 1995; van der Venet al.,to the curable condition of hypogonadotrophic hypogonadism.

Hyperprolactinaemia may be associated with sexual dysfunc- 1996) or spermatogenic failure (Kent-Firstet al., 1996) may
be more important in terms of prevention of infertility andtion. But a screening blood analysis, anti-chlamydia antibodies

and urine analysis may be only weak indicators for manageable understanding the pathophysiology of male infertility than
screening for subclinical varicocoeles. Screening for testicularconditions. As for the other additional tests, their efficiency in

diagnosing causes of male infertility has never been properly carcinoma-in-situ in subfertile men with a history of crypt-
orchidism may also be more important than screening for anassessed. Additional investigations such as thermography or

ultrasound combined with Doppler may again be keys to ill-defined and debatable condition like subclinical MAGI. It
is therefore questionable whether the ‘WHO standardized‘conditions-under-debate’ such as varicocele. While the incid-

ence of testicular cancer may be increasing and may be closely investigation’ still represents the ‘gold standard’ for investi-
gation of the male partner in the era of ICSI.related to male infertility (Carlsenet al., 1995), the WHO

manual does not advocate any screening for testicular malig- In the next decade we should not only reorganize the training
of the reproductive andrologist and be vigilant in keeping goodnancies. Testicular biopsy is indicated only if both testicular

volume and serum FSH concentrations are normal. clinical practice on the right track, but we must definitely set
new standards for the clinical investigation of the infertileSo far, it looks as if the ‘WHO standardized investigation’

may be a key to only a few amenable conditions which male. Only then can a clinician provide a satisfactory basis
for further research into the pathophysiology and preventionare currently not under debate: mainly infertility related to

hypogonadotrophic hypogonadism, a rather infrequent problem of male infertility. Even the reproductive andrologist who has
chosen to fight the good fight against the raiders of malewith an incidence of ~1 in 3500 (Comhaireet al., 1987), or

obstructions of the male genito–urinary tract. The impact of fertility, may become impotent without a suitable weapon!
the ‘WHO standardized investigation’ on the treatment of male
infertility by methods with a proven benefit may therefore References
be rather limited. Its direct impact on understanding the

Baker, H.W.G. (1993) Treatment of male infertility – what does the future
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cases of testicular sperm extraction (TESE) can be treated withKent-First, M.G., Kol, S., Muallem, A.et al. (1996) Infertility in intra-
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Nieschlag, E. (1996) European Academy of Andrology.Int. J. Androl., 19 retrieved from the ejaculate.
(Suppl. 2), 18–20. Secondly, a complete careful evaluation of the male patient,

O’Donovan, P.A., Vandekerckhove, P., Lilford, R.J. and Hughes, E. (1993)including history (medical, social, environmental), physicalTreatment of male infertility: is it effective? Review and meta-analyses of
examination and evaluation of semen quality or spermatogen-published randomized controlled trials.Hum. Reprod., 8, 1209–1222.

Palermo, G., Joris, H., Devroey, P.et al. (1992) Pregnancies after intracyto- esis (e.g. testicular biopsy) are important requirements for
plasmic injection of a single spermatozoon into an oocyte.Lancet, 340, identification of the aetiology of male infertility. Furthermore,
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it creates a valuable clinical basis for further scientificRowe, P.J., Comhaire, F., Hargreave, T. and Mellows, H.J. (1993)WHO
approaches to discover the pathophysiology of male infertilityManual for the Standardised Investigation of the Infertile Couple.Cambridge

University Press, Cambridge, UK, pp. 1–32. which consequently may open new approaches regarding
Tournaye, H. and Van Steirteghem, A. (1997) Controversies in science: ICSI:prevention and treatment.

the benefits do not outweigh the risks.J. NIH Res., 9, 36–40.
In summary, quality standards regarding treatment of malevan der Ven, K., Messer,L., van der Ven, H.et al. (1996) Cystic fibrosis

infertility have to include an appropriate diagnostic evaluationmutation screening in healthy men with reduced sperm quality.Hum.
Reprod., 11, 513–517 . of the male by a physician specifically and sufficiently trained

in andrology and reproductive medicine. ICSI is not a substitute
for the andrologist, on the contrary, ICSI requires an androlo-
gist. ICSI has opened a new field in clinical practice and
research regarding treatment of male infertility as well as

Clinical andrology is important for improving our understanding of sperm function and spermato-
treatment of male infertility with ICSI genesis which unfortunately has been so poor in the past.

Hans van der Ven1,3 and Gerhard Haidl2

1Department of Obstetrics and Gynecology, and
2Department of Dermatology, Section of Andrology, Molecular biology in the modern work-
University of Bonn, Sigmund-Freud-Strasse 25, 53105

up of the infertile male: the time toBonn-Vensberg, Germany

recognize the need for andrologists3To whom correspondence should be addressed

P.Patrizio1,2,3 and G.S.Kopf2

In-vitro fertilization (IVF) with intracytoplasmic sperm injec- 1Division of Human Reproduction, Department of
tion (ICSI) has become the most important method of treatmentObstetrics and Gynecology, Hospital of the University of
for most forms of male infertility. Because of its high successPennsylvania, and 2Center for Research on Reproduction

and Women’s Health, University of Pennsylvania Schoolrate the spectrum of indications has been continuously
of Medicine, Philadelphia, PA 19104, USAexpanded from severe forms of male infertility to moderate or

even mild reductions of sperm quality. Some infertility experts3To whom correspondence should be addressed

even suggest performing only ICSI for all forms of male
infertility because of the reduced pregnancy rates with conser-

In a few months the reproductive scientific community will bevative and surgical treatment, intrauterine insemination (IUI) or
celebrating the 20th anniversary of the first in-vitro fertilizationIVF compared with ICSI. Therefore, in many IVF programmes
(IVF) baby and, at the last census, it was calculated that somemale infertility patients are often referred to ICSI treatment
1 500 000 births have occurred worldwide through the use ofvery quickly, sometimes even without a sufficient diagnostic
various assisted reproduction techniques (Olivenneset al.,andrological work-up. This attitude creates two problems:
1997). Taken as an isolated entity, this number is extremelyfirstly, with regard to the quality of medical practice (good
satisfactory and it demonstrates that the establishment andmedical practice), and secondly, the quality and progress of
practice of IVF and its associated technologies has beenscientific knowledge (research into male infertility).
successful. Over the years, a number of breakthroughs haveWith regard to the first point, clinical evaluation of every
contributed to improve the overall success of these technolo-male infertility patient’s clinical history, physical examination,
gies. These include variations in protocols of ovulation induc-repeated semen analysis and, based on these findings, additional
tion, better in-vitro culture methods and more refined media,microbiological, endocrinological and immunological exam-
effective embryo cryopreservation and intracytoplasmic sperminations, are necessary. We should never forget that the worst
injection (ICSI), to name just a few. Since the advent of ICSI,possible situation for a patient, and certainly also for the
some 1500 births with close follow-up have been reportedphysician, is reduced male infertility due to a testicular
(Palermoet al., 1996; Tournaye and Van Steirteghem 1997);malignancy which remains undetected. Furthermore, despite
reassuringly, the frequency of major and minor congenitalthe limited success rate of conventional treatment, it is our
abnormalities in children conceived through ICSI (2.6% ofown experience that in several cases sperm quality or spermato-

genesis can be improved by antibiotic, anti-inflammatory or births) is within the range observed with standard IVF.
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The wide use and availability of assisted reproductive for the phenotype observed. Autosomal homologues of the
DAZ gene have been identified on chromosome 3. Thistechniques is in sharp contrast to our slow progress towards

the understanding of the aetiology(ies) of many forms of homologue is not identical to theDAZ gene on the Y
chromosome, displaying only one sequence repeat of 24 aminoinfertility. This has been particularly true for male infertility.

Recently, basic research utilizing the applications of modern acids (theDAZ on the Y has 7–16 sequence repeats), but
possessing a similar putative RNA binding domain. Further-molecular biology in a variety of mammalian and non-mamma-

lian experimental models are starting to pay great dividends more, theDAZ sequence on the Y chromosome is expressed
specifically in the testis while the autosomalDAZ is alsowith regard to our understanding of spermatogenesis, spermio-

genesis and sperm function. With the expansion of this expressed in the ovary. The current hypothesis is thatDAZ is
a gene potentially encoding for an RNA-binding protein, andknowledge base, there is little doubt that the andrologist of

the 21st century will rely on the use of molecular biology to may be involved in the regulation of meiosis. This is certainly
supported by the recent cloning and characterization of theassess the infertile male, as well as to gain further insights on

how a spermatozoon is made, how it functions in fertilizationDrosophilahomologue ofDAZ (namedboule), which has been
shown functionally in the fly to play a role in the regulationand whether any of these processes can be repaired when

found to be defective. Moreover, these techniques may also of meiosis during spermatogenesis (Eberhartet al., 1996). This
connection between infertility, genetics and the elucidation ofform the basis of diagnostic tests for this poorly understood

clinical problem. regulatory elements governing normal spermatogenesis would
not have been possible if it were not for the advent of molecularThe widespread use of ICSI, in addition to its success for

treating infertility, may also be particularly advantageous for biology and molecular genetics. The practical use of this
information can be found in the clinician–patient relationshipidentifying human models in which to investigate genetic

causes of male infertility. Moreover, patients that display and is important to the infertile couple for a number of reasons.
Firstly, it will finally provide an explanation for the problem,severe forms of male infertility or that have unexplained failure

at fertilization may possess genetic mutations that underlie and this alone can relieve some of the anxiety or existing
feelings of guilt. Secondly, it may provide evidence that genetictheir phenotype and, therefore, could be of great value for

understanding the control of spermatogenesis and sperm func- transmission of male infertility to a male offspring might
occur. Thirdly, it may help to avoid varicocele operationstion. In addition, it will be necessary to seek reassurance that

the use of abnormal or dysfunctional gametes in assisted which, in these instances would not be able to improve the
fertility status. Finally, it may help the couple to decide whetherreproduction will not result in the generation of other patho-

logical entities. What follows are some examples that clearly or not to embark on the entire cycle of assisted reproduction.
A list of genes whose deletion in the mouse generatesestablish the importance of linking clinical medicine to basic

research, utilizing the power of molecular genetics. The trans- defects in the male germ cell lineage has been recently
summarized (Sassone-Corsi, 1997). It is becoming increasinglylation of observations at the laboratory bench to the clinic and

vice versawill clearly have profound implications with regard clear that the regulation of gene expression in germ cells
follows defined rules, and molecules involved in the regulationto the future assessment and treatment of the infertile male,

as well as for the development of diagnostics in the andrology of transcriptional activity function as checkpoints to determine
the fate of the male germ cells. The use of transgenic andlaboratory. The study and treatment of male infertility clearly

will benefit from the clinician and scientist working as a team. targeted gene disruption technologies is contributing greatly
to our knowledge of regulatory events in spermatogenesis. ForOne such example that may ultimately have profound

implications with regard to our knowledge of spermatogenesis example, alterations in protamine synthesis has been achieved
in transgenic mice by modifying the 39 untranslated region ofis the application of Y chromosome screening to assess

deletions in the long arm, region 11.23. A wide variety of thePrm1gene and this results in premature nuclear condensa-
tion and arrest of spermatid differentiation (Leeet al., 1995;spermatogenic defects, ranging from the ‘Sertoli cell only’

phenotype to meiotic maturation arrest and severe hyposperma- Sassone-Corsi, 1997). Moreover, disruption of the gene encod-
ing retinoic acid receptors (RAR-α) in mice results in hightogenesis have been associated with deletions of variable

regions of Yq in the azoospermia factor (AZF) locus. At post-natal mortality and sterility in the male survivors with
severe degeneration of the germinal epithelium. Further,present, the molecular identity of AZF is still unknown.

Alterations in the YRRM 1 and 2 sequences (Y chromosome animals lacking one of the retinoid receptors (RXR-β)
expressed specifically in Sertoli cells are also sterile with aRNA recognition motif), AZFa, AZFb, AZFc, DAZ (deleted

in azoospermia) have been reported to be associated with these severe reduction in the number and motility of spermatozoa
and a high number of spermatozoa with ultrastructural abnor-aforementioned phenotypes and numerous sequence-tagged

sites (STSs) have been isolated and are currently used to malities. What is remarkable in these studies is that most of
the genes indispensable for proper male germ cell differenti-screen patients with azoospermia or idiopathic oligozoospermia

(Ma et al., 1993; Affaraet al., 1996; Reijoet al., 1995, 1996; ation are dispensable for oogenesis, supporting the concept
that molecular regulators of meiosis may be sex-specificVogt et al., 1996). Approximately 15% of patients in these

categories have been found to carry deletions. However, the (Sassone-Corsi, 1997).
Another example where medicine and science, together,majority of men with severe spermatogenic defects (85%)

show an intact AZF, thus highlighting the possibility that either could ultimately contribute to the knowledge, diagnosis and
treatment of specific forms of male infertility, is immotile Ciliapoint mutations or other genetic defects might be responsible
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Syndrome (ICS, or Kartagener syndrome). This syndrome is basis of the instability of these axonemal structures is unknown
characterized by chronic sinusitis, bronchiectasis, dextrocardiaat this time.
and male infertility secondary to sperm immotility. The absence Another area of active research is aimed at uncovering
or shortening of the inner dynein arms of the axoneme is themolecules involved in the correct assembly of sperm compon-
basis for sperm immotility and ciliary epithelial dysfunction. ents of the fibrous sheath. A number of polypeptides have
Of relevance to this discussion is the observation that immotilebeen extracted from the fibrous sheath of mammalian sperm
mutant strains of the flagellated algae,Chlamydomonas, have flagella. A major constituent of the mouse sperm fibrous
been found to have a genetic defect in thep28 gene, which sheath is a polypeptide called p82, a phosphoprotein localized
encodes the inner dynein arms. Recently, the human homologueexclusively to the principal piece of the flagellum. Molecular
of this gene has been cloned and linked to human chromosomecloning of mouse p82 predicted that it encodes a germ cell-
1, short arm, region 35.1 (Kasturyet al., 1997). Again, such specific member of the A Kinase Anchoring Protein (AKAP)
approaches have evolved from the analysis of similar sorts offamily, a family of proteins that anchors the RII subunit of
genetic defects that have been amenable to testing in otherprotein kinase A to the cytoskeleton (Carreraet al., 1994).
experimental models. It will soon be possible to determineThe human homologue of the mouse AKAP82 exists in the
whether males that have immotile spermatozoa or severehuman sperm fibrous sheath in both its precursor (Mr 5 97 000;
asthenozoospermia possess mutations in this particular gene.pro AKAP82) and mature (Mr 5 82 000; AKAP82) forms;
It is interesting to speculate that, in the future, patientsboth forms are phosphorylated on tyrosine residues under
displaying variations in the severity of Kartagener syndromeconditions that support capacitation (Carreraet al., 1996). The
(e.g. with completely immotile spermatozoa or severe astheno-identity of this protein as an AKAP has profound implications
zoospermia in the absence of respiratory problems) will bewith regard to its role in regulating motility, given the fact
described genetically. The heterogeneity of the phenotypes inthat sperm motility is regulated by cAMP and protein kinase
these instances could very well be similar to that seen in cysticA (Tash, 1989). It is of great interest that the mouseAKAP
fibrosis where a mild, variant form of the disease, is responsiblegene is located on the X chromosome (Mosset al., 1996),
for congenital absence of the vas deferens (Patrizio andsince this represents the first example of an X-linked gene in
Zielenski, 1996). which both transcription and translation is restricted to haploid

Some additional data concerning the morphology and func-male germ cells. The regulation of phosphorylation of this
tion of the non-motor and motor proteins of the sperm flagellumprotein, as well as its function in regulating motility through
is emanating from different laboratories. The flagellum isits interaction with protein kinase A, will most likely tell us a
composed of a number of cytoskeletal elements, whose co-

lot about how sperm motility and capacitation are regulated.
ordinate action is essential for proper motility. The fibrous

Such information might provide the andrologist with biochem-
sheath, present only in the sperm principal piece, is a cylinder

ical and molecular approaches to examine these specific aspects
of fibres which underlies the plasma membrane and envelops

of sperm function as they relate to male infertility.
the outer dense fibres and the axoneme. It is believed that the

Centrosome restoration and microtubule-mediated motility
fibrous sheath, although not considered to be a motor structure,

are both required to complete fertilization, and an increasingmay regulate the proper plane of bending of the sperm
number of sperm-associated proteins have been identified asflagellum by restricting the sliding movements of the axoneme
responsible for the success of various post-fertilization events(Lindemannet al., 1992; Si and Okuno, 1993). Recently, 34
(Schatten 1994). Defects in proteins such asγ-tubulin (whichpatients have been reported to have dysplasia of the fibrous
nucleate microtubules), centrin (a calcium induced severingsheath and dynein deficiency (Chemes, 1997). Semen para-
protein), pericentrin (a protein of the intermediate filaments),meters included rigid, short and thick flagella, severe astheno-
the nuclear mitotic apparatus (NUMA), to name a few, mayzoospermia and necrozoospermia. Two of these patients were
soon be found to underlie the cause of specific forms of malebrothers, and only in seven of the patients was it possible to
infertility that cannot be resolved even using ICSI (Oakleydocument chronic sinusitis/bronchitis. Ultrastructural examina-
and Oakely, 1989; Doxseyet al., 1994; Simerlyet al., 1995;tion of the spermatozoa from these patients revealed hyper-
Navaraet al., 1996). There is evidence in cattle that spermtrophy and hyperplasia of the fibrous sheath, as well as
quality may affect the size of the sperm aster (i.e. smalleraxonemal anomalies such as the lack of dynein arms and the
asters with disarrayed microtuble patterns in spermatozoa withlack of central doublets, strongly suggesting that this condition
qualitative deficiencies) and this, in turn, is reflected in lowmight represent a variant of ICS. In these 34 patients there
live birth rates (Navaraet al., 1996). Molecular assays forwere no spontaneous or conventional IVF pregnancies and
these proteins could soon be implemented in andrologicalfertilization via ICSI was used successfully in two cases.
work-ups of the infertile male (e.g. in-vitro decondensation ofHowever, the majority of these patients had a variety of
sperm nuclei and formation of microtubules after disulphidetreatments over long periods of time (varicocelectomy, use of
reduction and exposure toXenopusegg-extracts). Theoretically,gonadotrophins, antioxidants, etc.), none of which changed
in males with this specific defect in sperm aster formation,their semen parameters. Moreover, some individuals with
ICSI should not be able to circumvent the post-fertilizationdegeneration of the sperm axoneme have been described as
developmental events unless normal centrosome microinjectionhaving Usher’s syndrome (Hunteret al., 1988). These men have
therapy could be carried out; such therapy is completelynon-progressive congenital hearing impairment and vestibular

deficit due to axonemal defects in otic ciliary axonemes. The speculative at this time. In this regard, it is interesting to note,
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however, that heterologous centrosomal microinjection has led rotation in gynaecological reproductive units. There will be
grey areas. Who is going to do vasectomy and vasectomyto microtubule nucleation in animal models (Schatten, 1994).

Although these represent just a few examples, they highlight reversal operations? What about varicocele surgeries? Is the
evaluation and treatment of impotence to be carried out bythe fact that the andrology laboratory and andrology work-ups

in the future will include genetic testing, as well as the andrologists or urologists? Hopefully this debate will open a
forum for more constructive input, as well as a concrete plandevelopment of new diagnostics and tests of sperm function,

many of which may utilize molecular biology. In order to of action. In Europe a step forward for the official recognition
of andrology has been the creation of the European Academyinsure cost-effectiveness of such testing programmes, one

possibility would be to establish some laboratories (e.g. in of Andrology (EAA, 1996), a non-profit organization which
is concerned with the qualification and training of andrologistslarger institutions or in the private sector) as referral centres

to offer genetic screening to the infertile couples. It will be as well as encouraging basic research in all fields of andrology,
including male contraception.also be advantageous to set-up ‘DNA banks’ for the purposes

of depositing DNA from couples with unexplained infertility.
As basic and clinical information becomes available, this
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