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The largest component for the primary evaluation of the
infertile couple remains focused on the woman. In part,
this is because of two considerations. The first and pri-
mary consideration is that, initially, the woman typically
pursues this issue on her own, with her gynecologist. Sec-
ond, if a couple does present for evaluation, the female
factor still dominates evaluation, as infertility has histor-
ically been considered principally a female problem. This
is exacerbated in cases in which semen parameters are
normal.

Approaches to the evaluation of the infertile couple dif-
fer from practitioner to practitioner. However, there are
certain basic, generally accepted components for evalu-
ating each member of the couple. The following will pro-
vide a brief overview; other resources can be consulted
for a comprehensive discussion (Penzias, 2000; Brugh et
al, 2002). The initial evaluation of the woman begins with
a thorough medical history and a physical examination
that focuses on physiological function, since ovulatory
dysfunction and tubal/pelvic pathology each contribute to
approximately 40% of infertility cases, while unusual and
unexplained problems each contribute to about 10% of
infertility cases (Speroff et al, 1999).

A basic medical history will help elicit any preexisting
medical conditions that may affect infertility. The cou-
ple’s coital habits should be discussed as well as whether
prior sexually transmitted diseases are a factor. The his-
tory should also be evaluated for pelvic inflammatory dis-
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ease and abdominal surgeries, since both may cause ad-
hesion formation that can affect tubal patency (Westrom,
1980; Corfman and Badran, 1994). Information that is
obtained from the patient’s medical history is assessed in
conjunction with her menstrual history. Women who are
having regular cycles tend to ovulate, reducing the like-
lihood that they will be diagnosed with anovulation or
oligo-ovulation. However, if either diagnosis is correct, it
is important to determine the cause. For example, poly-
cystic ovarian syndrome contributes to the majority of
anovulation cases (ie, approximately 70%) (Knochen-
hauer et al, 1998), whereas hyperprolactinemia, hypotha-
lamic dysfunction, premature ovarian failure, and ex-
tremes of body weight contribute to the remaining 30%.
Ovulation function can be assessed by monitoring the
surges in luteinizing hormone with ovulation predictors
and by checking the basal body temperature and serum
progesterone concentration. The initial physical exami-
nation may show undiagnosed anatomic abnormalities
that preclude pregnancy, or it may yield clues to the un-
derlying pathology (eg, endometriosis). The preliminary
examination may disclose endocrine disorders such as hir-
sutism or profound thyroid dysfunction. The levels of fol-
licle-stimulating hormone, serum androgen, and prolactin
may also be assessed, and glucose screening may be re-
quired to exclude any undiagnosed medical condition(s).

Up to this point, the basic workup is relatively inex-
pensive and noninvasive. The male partner is then asked
to submit a semen sample for analysis. If the semen anal-
ysis fulfills the normal criteria as described below, male
factor issues are generally excluded from the differential
diagnosis. In these cases of unexplained female infertility,
a karyotype analysis may be necessary to exclude undi-
agnosed chromosomal abnormalities. If a diagnosis is still
not forthcoming, women may elect to undergo further
evaluation that usually includes more costly and invasive
techniques.

The next step in evaluating the woman is to perform
an evaluation of the uterine cavity and tubes, either by
sonohysterography or hysterosalpingography. Although
the former is less invasive, both procedures cause mini-
mal discomfort. Neither is without risk. Endometrial sam-
pling by biopsy to detect luteal phase defects has tradi-
tionally been considered part of the evaluation for infer-
tility. The appropriateness of this test has recently been
questioned (Coutifaris, 2002) even though this office pro-
cedure causes minimal discomfort and carries minimal
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Normal values for semen analysisa

Volume:
pH:
Sperm concentration:
Total sperm number:
Motility:

$2 mL
$7.2
$20 3 106 sperm/mL
$40 3 106 sperm/ejaculate
$50% with grade A 1 B motility or $ 25%

with grade A motility
Morphology:
Viability:
White blood cells:

$15% by strict criteria
$75% of viable sperm
,1 million/mL

a WHO (1999) criteria.

risk. If the evidence gathered thus far is indicative of nor-
mal ovulation and suggests tubal patency, pregnancy can
be attempted, or further evaluations for tuboperitoneal
disease can be conducted. These may include hysteros-
copy and laparoscopy. Hysteroscopy can detect intrauter-
ine pathology such as polyps, fibroids, or an abnormal
cavity, whereas laparoscopy can detect peritoneal disease.
Both procedures are typically carried out in an outpatient
setting, are costly, and have defined surgical risks. If no
female abnormalities are identified using this battery of
tests and if the semen analysis is normal, the couple is
diagnosed with unexplained infertility. This is the case in
approximately 10%–15% of infertile couples.

Male Evaluation
Given that male factor issues are causative in approxi-
mately 20% of infertile couples (Hull et al, 1985; Mosher
and Pratt, 1990) and contributory in up to another 30%–
40% (World Health Organization [WHO], 1987; Practice
Committee of the ASRM and AUA, 2001), a thorough
assessment of the male partner is essential but neverthe-
less often overlooked. Numerous reviews are available
that explore male factor evaluation (de Kretser, 1997; Kim
and Lipschultz, 1999; Spitz et al, 2000; Burrows et al,
2002). A brief overview follows.

Male fertility assessment begins with a thorough med-
ical history as well as a physical examination that focuses
on any historical causes of infertility. The medical history
should be checked for peripubertal mumps, which cause
sterility in 13% of affected individuals (Beard et al,
1977), and a unilaterally/bilaterally undescended testis,
which, in 30%–80% of individuals (Grasso et al, 1991;
Lee, 1993), yields abnormal semen parameters. Any
chronic medical conditions that could alter fertility, such
as diabetes or pulmonary disease, should be explored. Ex-
posure to chemotherapeutic agents or radiation therapy
due to malignancy may also contribute to male factor in-
fertility. Medications and exposure to environmental
agents as well as a history of pelvic, spinal cord, or direct
groin trauma may also affect fertility. A couple’s coital
habits, including the use of lubricants known to be sper-
matotoxic (Kutteh et al, 1996), should also be explored.

The physical examination should focus on generalized
evidence of endocrine disorders including immature sec-
ondary sex characteristics and other evidence of hypo-
gonadism. Penile or testicular abnormalities are then con-
sidered. For example, testicular atrophy can be assumed
by noting smaller than normal testicles (Sigman and Ja-
row, 2002). Signs of varicocele, the most common iden-
tifiable anatomic cause of male factor infertility, should
be excluded. Palpation of the scrotum may identify con-
genital absence of the vas deferens. Anatomic investiga-
tion can be further delineated using imaging techniques
such as transrectal ultrasound to detect ejaculatory duct

obstruction (Kim and Lipschultz, 1996). The presumptive
diagnosis offered by the physical examination dictates the
utility of additional imaging techniques.

The laboratory investigation of the man begins with the
semen analysis. If the analysis meets WHO (1999) criteria
for ‘‘normal,’’ shown in the Table, the male factor is typ-
ically excluded as the cause of the couple’s infertility. If
the analysis is suboptimal, then repeat analyses are per-
formed and, if confirmed, the man is usually referred for
urologic evaluation. The urologic assessment involves a
complete medical history and a physical examination in
another attempt to identify any previous injuries or ex-
posures that may have altered sperm production. Physical
examination findings consistent with anatomic defects or
varicocele may help delineate male factor issues. Sper-
matozoa function is further assessed using a battery of
tests. These include the hypo-osmotic swelling test, sperm
capacitation assays, the postcoital test, the acrosome re-
action assay, the sperm penetration assay, and the reactive
oxygen species assay. Evaluation of gonadotropins, tes-
tosterone, estrogen, prolactin, and, occasionally, thyroid
function may be warranted since endocrine disorders may
contribute to male factor infertility in approximately 20%
of the cases (Sigman and Jarow, 1997).

Genetic evaluation of the infertile man often depends
on the findings of the physical examination and semen
analysis. For example, men with congenital absence of
the vas deferens should be tested for mutations in the
cystic fibrosis CFTR gene (Lissens et al, 1996; Patrizio
and Salameh, 1998), as a clear association has been dem-
onstrated. Azoospermic or oligospermic men should also
be offered genetic evaluation, including routine karyotyp-
ing, to identify aneuploidy, sex chromosome abnormali-
ties, translocations, and inversions as well as deletions of
the azoospermia factor region on the Y chromosome
(Hargreave, 2000; Dohle et al, 2002).

If the diagnosis is indicative of azoospermia or severe
oligospermia, the man may be encouraged to undergo a
testicular biopsy to evaluate testicular function and sper-
matogenesis. This anxiety-provoking and painful proce-
dure is typically carried out by one of three methods
(Goldstein, 2002). These include open testicular biopsy,
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percutaneous testicular biopsy, and percutaneous testicu-
lar aspiration. Open testicular biopsy is the ‘‘gold stan-
dard,’’ as it provides an optimal amount of tissue. A sur-
gical incision is made within the testes to recover testic-
ular tissue for pathologic sampling. In contrast, the per-
cutaneous testicular biopsy uses a large-bore biopsy
needle, and percutaneous testicular aspiration uses a
smaller-gauge needle to obtain the sample. Neither pro-
cedure is without associated risks. Each requires extreme
precision to ensure that the needle is guided to a semi-
niferous tubule. All 3 methods are painful and require
local or regional anesthesia. The complications associated
with these methods include inadvertent biopsy of the ep-
ididymis and hematoma.

New Modality for Male Evaluation
A diagnosis of male factor infertility is reached in only
40% of the affected males seeking assistance. Clearly, the
current approaches for assessing male factor infertilities
are limited. The clinical utility of semen analysis in di-
agnosing the infertile man has been under review (Guzick
et al, 2001; Menkveld et al, 2001). A recent study by
Menkveld et al (2001) demonstrated that the values for
determining normality may actually be lower than those
set forth by WHO criteria. In addition, the need to stan-
dardize protocols for semen analysis, including the use of
computer-aided evaluation, continues to be explored
(Cooper et al, 2002). Nevertheless, when couples seek
assistance, an initial semen analysis remains the current
standard for male evaluation.

As with semen analysis, the utility of the diagnostic
testicular biopsy has come under scrutiny, particularly in
the era of in vitro fertilization-intra cytoplasmic sperm
injection (ICSI). In some cases, it may not be necessary.
It has recently been shown that follicle-stimulating hor-
mone levels are significantly increased in men with non-
obstructive azoospermia when compared to men without
obstruction (Sasagawa et al, 2001; Schoor et al, 2002).
Thus, these patients can be diagnosed using noninvasive
measures. In such cases, the practitioner directly proceeds
to retrieving the specimen with the intention of employing
ICSI. The efficacy of the testicular biopsy has also been
brought into question with regard to site of biopsy, num-
ber of biopsies, and methodology. Recent studies have
shown that, for diagnostic purposes, multiple bilateral bi-
opsies are necessary to obtain an adequate specimen, re-
gardless of the technique used to recover the tissue (Plas
et al, 1999; Altay et al, 2001). In part, the requirement
for multiple biopsies may be alleviated with the use of
cutting-needle and fine-needle aspirations. Both have now
been shown to yield adequate specimens in a less invasive
manner than traditional testicular biopsies (Kessaris et al,
1995; Meng et al, 2001; Rosenluned et al, 2001).

Given the limitations of our current ability to diagnose

male factor infertility, the need for new and improved
techniques is evident. One potential method for evaluat-
ing male factor infertility that could surpass the limita-
tions of current techniques is the use of spermatozoal
RNA profiles (Ostermeier et al, 2002b). With this method,
semen samples are collected using noninvasive tech-
niques. Spermatozoa are directly isolated from the ejac-
ulate, yielding a ready source of RNAs that provide a
historical record of spermatogenesis. Once the RNA is
obtained, an objective portrait of the spermatozoal tran-
scripts can be constructed using microarray-based tran-
scriptional profiling. This noninvasive testing modality is
poised to yield greater information regarding male fertil-
ity status than current examination techniques.

Transcriptional Profiling
With the completion of the human genome project (In-
ternational Human Genome Consortium, 2001; Venter et
al, 2001), we are undergoing a revolution in molecular
medicine (Krawetz et al, 1999; Clarke et al, 2001; Gerling
et al, 2003). One of the results of this revolution has en-
abled genome-wide transcriptional profiling studies to in-
vestigate the response of cells to changes in environment
or conditions that alter messenger RNA (mRNA) expres-
sion. This allows investigators to monitor cells in both
normal and diseased states and their response to various
stimuli.

Transcriptional profiling can be classified as either an
open or a closed technology. In open methods such as
differential display, the purpose is to identify the mRNA
species that have the most notable change in expression
under certain conditions. After the set of differentially
regulated mRNAs is identified, its sequence is deter-
mined. Previous knowledge of the genomic sequence is
not necessary. This presents a series of advantages; how-
ever, it is quite time-consuming and expensive.

In contrast to the methodology used in open techniques,
closed techniques require previous knowledge of the el-
ements being studied. Using these methods, the expres-
sion of known genes is studied under different conditions,
allowing insight into the mechanisms of disease. The
prime example of this method is the DNA microarray,
also known as the gene chip (Duggan et al, 1999; Clarke
et al, 2001; Ostermeier et al, 2002b), an example of which
is shown in the Figure.

Gene chips are constructed by affixing oligonucleo-
tides, complementary DNAs (cDNAs), or other nucleic
acids onto glass slides, nylon membranes, or other solid
supports. The oligonucleotides are synthesized by stan-
dard methods and are typically much smaller than the
cDNA samples. The arrays can be assembled using
cloned, polymerase chain reaction (PCR)-amplified, or
synthesized molecules. The elements on the array are then
interrogated using either radioactive or fluorescently la-
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Typical spermatozoal fingerprint. Total RNA was isolated from the ejaculate spermatozoa of a normal fertile male. The RNA probe was hybridized to
the MWG 10 K human oligonucleotide pan array. Hybrids were detected using the Digene HC Express array kit then the array scanned using a
typhoon 9210 microarray scanning system.

beled probes corresponding to the RNA sample being in-
vestigated. The probe will only bind to its appropriate
complement on the array through a process termed hy-
bridization. When the probe has bound to the target, a
positive signal will be detected. Compiling these lists of
both intense and weak signals allows investigators to con-
struct transcript profiles or RNA fingerprints from each
treatment group. Subsequent analysis can then be used to
discern functional status.

In spite of the advantages of microarray technologies,
they still have limitations. First, it must be established
that the RNA sample under investigation represents the
tissue or cell type of interest, since microarrays are ex-
tremely sensitive. This is critical when preparing sper-
matozoal RNAs, because ejaculates can have numerous
somatic contaminants. However, stringent precautions can
be used to avoid such contamination. For example, sper-
matozoa can be purified using sequential centrifugations
through discontinuous Percoll gradients (Ostermeier et al,
2002b). This approach removes immotile spermatozoa
and somatic contaminants from the population. In addi-
tion, crude semen preparations or Percoll-purified samples
can be treated with Triton X-100. Such treatment lyses
somatic cells (Mortimer, 1981), effectively removing any
nonspermatozoal RNAs. The efficacy of these treatments
has been validated in many ways, including microscopic
evaluation, electrophoresis, reverse transcription-PCR,
and microarray technologies (Miller et al, 1994, 1999;
Ostermeier et al, 2002b). In all cases, evidence was pro-
vided to show that essentially pure spermatozoal RNA
populations can be obtained. Microarrays produce an in-
ordinate amount of data, which at times can seem rather

daunting. However, new bioinformatic tools and software
programs are continually being developed to address
these needs (Khatri et al, 2002; Ostermeier et al, 2002a;
Draghici et al, 2003). Although microarrays present chal-
lenges, overcoming them is worthwhile because of the
wealth of information this technology can provide.

Microarray Analysis and Male Factor Infertility
The observation that mammalian spermatozoa carry
mRNA has revolutionized the investigation of male in-
fertility (Kramer and Krawetz, 1997; Miller et al, 1999;
Miller, 2000; Wykes et al, 2000). Using spermatozoal
mRNA functional profiles as a tool, the diagnosis of male
infertility may be simplified. There are 2 main factors that
limit male fertility. The first factor is the inability of the
spermatozoa to fertilize oocytes. Several characteristics in
these abnormal spermatozoa can be noted, including pri-
mary and/or secondary abnormalities (Azfelius et al,
1975; Kruger et al, 1986; Chemes et al, 1987, 1998;
Oehninger et al, 1992; Liu and Baker, 1994; Garrett et al,
1997; Esterhuizen et al, 2001). The second factor that
limits fertility is the inability of the male gamete to ini-
tiate zygotic, embryonic, or fetal development (McGrath
and Solter, 1984; Ostermeier et al, 2002b). For example,
once the spermatozoon penetrates the egg, it must deliver
a signal sufficient to activate the oocyte, which will pro-
mote the development of the zygote. Since spermatozoa
are transcriptionally dormant (Miller, 1997), all of these
structures and signals must be properly packaged within
the spermatozoa prior to spermiation. Thus, any error in
spermatogenesis is likely to influence fertility. It has been
demonstrated that the RNA profiles observed in sperma-
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tozoa coincide with those observed in the testis. In effect,
they echo spermatogenic gene expression (Dix et al,
2002; Ostermeier et al, 2002b). These concordant profiles
should permit the development of a noninvasive testing
protocol to assess the functional capacity of human sper-
matozoa.

Prior to the realization of using spermatozoal RNAs to
diagnose male infertility, the spermatozoal RNA profile
that defines the normal fertile man must be deciphered.
In the recent work of Ostermeier et al (2002a,b), 3281
transcripts in spermatozoa obtained from a pool of 9 nor-
mal fertile men were identified. Further, it was established
that spermatozoal transcripts were indeed concordant with
those from the testis, lending further credence to the use
of microarray profiling for infertility testing in men.

Other studies have compared the gene expression pro-
files of fertile and infertile men. Altered expression pat-
terns produced by the spermatozoa of the infertile men
were observed (Patrizio et al, 2001). Perhaps this is the
foundation necessary to commence building a new mo-
dality for diagnosing male factor infertility.

The lack of a direct link between monogenic disorders
and spermatozoal heterogeneity suggests that a majority
of male factor infertilities are more complex than single
gene mutations (Ostermeier et al, 2002). Many known
monogenic disorders that act on the testis affect other
organ systems of equal or greater consequence (Van As-
sche et al, 1996; Cooke, 1999; Lahn and Page, 1999;
Lissens, 1999; Hargreave, 2000). Accordingly, it is rea-
sonable to assume that most male factor infertilities result
from oligogenic and/or polygenic effects on spermatozoa
production (Hsiung et al, 1991; Mieusset and Bujan,
1995; Lindbohm, 1999; Sharpe, 2000; Telisman et al,
2000). If correct, these types of mutations should be re-
flected by changes in the presence or absence of multiple
transcripts within and among various spermatogenic path-
ways. For example, a heterozygous CREM2 man presents
as subfertile and is likely classified as oligozoospermic.
On the basis of current mouse CREM/microarray expres-
sion data (http://www.dkfz-heidelberg.de/tbi/crem/affydiff.
html), this phenotype is characterized by the greater than
fivefold up-regulation of 16 genes, including laminin beta
3, C-ros proto-oncogene, spermidine/spermine N1-acetyl-
transferase, smooth muscle calponin, and acidic epididy-
mal glycoprotein, and greater than fivefold down-regula-
tion of 119 genes, including STAT4, RAR-related orphan
receptor alpha, outer dense fiber of sperm tails 1, inositol
polyphosphate-1-phosphatase, and fibrous sheath com-
ponent 1. The up-regulation and down-regulation of each
member of the affected pathways define the lesion. The
results of this simple profiling study yield potential man-
agement strategies that could be targeted to the various
affected pathway members.

It is well known that even semen obtained from normal

fertile individuals is remarkably heterogeneous (Tomlin-
son et al, 1999). This heterogeneity is likely a result of
nondeleterious oligogenic and/or polygenic modifiers of
spermatogenesis. Thus, it is thought that an invariant uni-
versal core of transcripts necessary for the production of
viable male gametes exists within the ejaculated sper-
matozoa of normal fertile men. This population of tran-
scripts can easily be defined by creating scatterplots of
intensity profiles from two different microarrays. Genes
that share similar patterns of expression are often core-
gulated and will show a strong linear relationship within
such scatterplots. Scatterplots can be constructed for any
number of expression profile pairs, and regression anal-
yses can be used to define their association. Once this
association is identified, 95% prediction limits can be
constructed. The transcripts within these limits can be
considered possible candidates for the universal core.
These candidates can be compared across all sample
pairs, and those that are consistently found will define the
invariant universal core of gene transcripts that is always
present in spermatozoa obtained from normal fertile ejac-
ulates. Genes that are either up-regulated or down-regu-
lated in one sample compared to another will exceed the
95% prediction limits and will represent those transcripts
that vary in spermatozoa obtained from normal fertile
ejaculates. The invariant universal core of spermatozoal
gene transcripts could then serve as the standard to com-
pare profiles from infertile men. Using a similar approach,
van’t Veer et al (2002) determined that breast cancer
prognosis could be reliably based on differences in as few
as 70 specific expressed sequence tags (ESTs). Given that
spermatozoal RNA fingerprints from normal fertile men
can reliably be distinguished by as few as 98 ESTs (Os-
termeier et al, 2002b), it is evident that microarray tech-
nologies can be employed to diagnose male factor infer-
tility.

Where Do We Go From Here?
With the information that we have gained, we find sig-
nificant evidence that favors the potential use of the mi-
croarray to evaluate and diagnose the infertile man. This
technique is relatively inexpensive and noninvasive in
comparison to what the woman must bear. More impor-
tantly, it may offer more information concerning the
male’s contribution to conception and early pregnancy
than the semen analysis alone.

This may become a technique that enables the identi-
fication of men at high risk for infertility due to environ-
mental factors. Men employed in certain occupations as-
sociated with increased rates of abnormal spermatogene-
sis could undergo pretesting to evaluate sperm function.
Planning assistance could then be offered for their repro-
ductive years. Perhaps couples with multiple, recurrent
spontaneous abortions would also benefit from the use of
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microarrays. Continued research in this area may uncover
the functional role that spermatozoa play in the pathology
of recurrent birth losses. The potential applications for
DNA microarrays in infertility management are unbound-
ed.
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