Review Article

International Braz J Urol Vol. 36 (5): 527-536, September - October, 2010
doi: 10.1590/S1677-55382010000500002

Is Male Infertility a Forerunner to Cancer?

Whitney R. Burns, Edmund Sabanegh, Rima Dada, Brandon Rein, Ashok Agarwal

Center for Reproductive Medicine (WRB, ES, RD, BR, AA), Glickman Urological and Kidney Institute,
Cleveland Clinic, Cleveland, Ohio, USA and All India Institute of Medical Sciences (RD), New Delhi,
India

ABSTRACT

Purpose: The frequency of testicular cancer and male infertility has been increasing in the past several decades. This article
examines the relationship between male infertility and testicular cancer, concentrating particularly on causal links.
Results: Both of these disorders are associated with testicular dysgenesis syndrome and have also been traced to mutations
in genes involving DNA repair and tumor suppression, as well as environmental exposure.

Conclusion: The identification and examination of these common points of origin supports the integration of testicular
cancer screenings into the routine evaluation of infertile men.
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INTRODUCTION components of TDS. The purpose of this article is to

fortify the connection between infertility and testicular

In recent years there has been a marked de- germ cell tumors by identifying their common origin,

cline in male reproductive health. Concomitant with describing the incidence of disease states linking the

a decrease in semen quality, there has been a 3- to two, and connecting carcinoma-in-situ (CIS) testis to
4-fold increase in the incidence of genitourinary  both infertility and testicular cancer.

abnormalities and a 6-fold increase in the incidence
of testicular cancer. Declines in semen quality have
caused an increase in the population of infertile males. ETIOLOGY OF TESTICULAR CANCER

Recent studies have also shown that there is an in-

crease in the incidence of gonadal tumors in infertile Risk Factors

men. Therefore, there has been a growing concern

that infertility may actually be a forerunner to or an Although many potential risk factors for germ

early marker of testicular cancer. cell tumors have been proposed, few have attained
Infertility and testicular cancer have been high levels of evidence in support of their association

associated with one another as well as with genito- with testicular malignancies. Thus far, only crypt-

urinary abnormalities including, cryptorchidism and orchidism, contralateral testicular germ cell tumor,

hypospadias, and this triad of disorders constitutes a and familial history of testicular cancer have proven

testicular dysgenesis syndrome (TDS). In this review, to be sound predictors of testicular cancer risk (1). A

we will explore the various causal links between the meta-analysis of 20 case control studies conducted by
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Dieckmann and Pichlmeier found the relative risk of
testicular germ cell tumors in individuals with a his-
tory of undescended testes to be 5 times greater than
that of men without that history (1). In individuals
with cryptorchidism, the risk of testicular cancer is
also increased for the contralateral testes, providing
support for the importance of testicular dysgenesis
as a common point of origin (1). Familial history
of testicular cancer confers a relative risk of 3-10,
perhaps as a consequence of the inheritance of a
susceptibility gene that has been identified on the X-
chromosome (1). Additionally, patients with unilateral
testicular germ cell tumors possess a much greater
risk of developing a contralateral germ cell tumor (1).
Three other factors twinship, testicular atrophy, and
infertility, have also been associated with testicular
germ cell tumors, but, so far, the evidence for these
relationships has not been substantiated (1).

Carcinoma-in-situ Testis

Carcinoma-in-situ of the testis precedes the
formation of all but two very rare forms of testicular
cancer (2). In fact, fifty-percent or more of those in-
dividuals diagnosed with CIS will develop invasive
testicular cancer within five years (2).

Genetically, CIS cells resemble embryonic
stem cells, with their gene expression profile closely
mirroring that of primordial germ cells and gonocytes
but not that of infantile spermatogonia or adult germ
cells (3). The proteins expressed in CIS cells are
normally down-regulated during the transition from
normal gonocytes to spermatogonia, suggesting that the
origin of CIS cells is pre-meiotic in nature. It has been
hypothesized that this is not the result of an inherent
germ cell abnormality but, rather, inappropriate age
signaling from surrounding cells, particularly Sertoli
and Leydig cells, allowing continued germ cell expres-
sion of pluripotency and self-renewal genes. Gene
up-regulation could also be the result of a failure of
abnormal germ cells to undergo apoptosis. Both escape
of cell cycle check points and improper age signaling
could allow clonal proliferation of these abnormal cells,
resulting in cells similar to those described in CIS.

Because fewer gonocytes are fully maturing
to become spermatozoa in these instances, the total
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sperm count of men with CIS is lower, possibly result-
ing in sub-fertility. In support of this claim, impaired
spermatogenesis has been observed in testes diagnosed
with CIS (2). Similarly, the incidence of CIS in infertile
men is 4-1.1% (4). This is strongly supportive of a link
between infertility and testicular cancer.

MALE INFERTILITY

Male infertility and impaired spermatogenesis
serve as one of the pillars of TDS. Infertility affects
roughly 15% of couples, with 50% of the cases result-
ing from male factor (5). While the incidence of male
infertility continues to rise, the majority of causes
remain idiopathic. Both non-genetic and genetic fac-
tors contribute by influencing physiological processes
related to spermatogenesis.

Genetic Causes

The most severe presentations of TDS, those
that result in hypospadias, cryptorchidism, sub-
fertility, and testicular cancer, are associated with
genetic causes (6). In addition, genetic abnormalities
are associated with approximately 15-30% of male
infertility cases (7). Both of these disorders have
been described in individuals with androgen insen-
sitivity, 45X/46XY karyotype, and SRY mutations
(6). Male infertility and testicular cancer have also
been associated with defects in DNA repair genes,
tumor suppressor gene mutations, and epimutations
(8).

The 45X/46XY karyotype has been associ-
ated with a variety of medical conditions. Ambigu-
ous genitalia and mixed gonadal dysgenesis are key
features of this disorder (9). These patients are at
increased risk for gonadal tumors, impaired fertility,
and fibrosis as a result of ongoing gonadal changes
(10). Most instances of this type of mosaicism are
the result of a structural abnormality of or loss of the
Y chromosome, specifically through nondisjunction
following normal fertilization.

Mutations in the SRY gene have also been
linked to gonadal tumor formation and infertility.
Alterations of SRY are most commonly associated
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with complete gonadal dysgenesis. These patients
can present with phenotypes ranging from streak
gonads like those seen in Turner syndrome to genital
ambiguity. One meta-analysis noted gonadal tumor
formation in 52.5% of patients with SRY abnormali-
ties (11).

Spermatogenic impairment, infertility, and
testicular cancer formation can also be associated
with defects in DNA repair genes. Supraphysi-
ological reactive oxygen species (ROS) levels in the
semen have been well established to lead to oxida-
tive damage to the sperm, which manifests as DNA
breakage, cross-linkage, and mutations (12). Recent
studies have shown that infertile men possess high
ROS levels (12). In addition to the DNA damage
caused, ROS also results in the production of highly
mutagenic compounds that can further increase an
individual’s susceptibility to tumor formation (12).

Persistence of this damage is indicative of a
deficiency in the DNA repair mechanisms. In addition,
mutations in these repair genes can result in dele-
tions or expansions of small repeat DNA sequences,
unstable components that have been noted in many
forms of cancer (13). Furthermore, these mutations
and expansions of DNA repeat sequences can manifest
as male infertility (13).

Cases of male infertility and cancer forma-
tion have also been attributed to deficiencies in tumor
suppressor genes, particularly p53. Known to have a
crucial role in tumor prevention and stress response
pathways, p53 normally aides in coordinating a va-
riety of cellular responses from cell cycle arrest and
apoptosis to the maintenance of genomic stability.
This gene also has an important role in spermato-
genesis, specifically aiding in prophase of meiosis
within primary spermatocytes. Mutations result in
chromosomal and genomic instability, increasing the
chance that p53 null cells will become malignant in
nature and gain additional mutations (14).

Additionally, it has also been reported that
p53 has a role in the up-regulation of certain anti-
oxidant genes (15). Therefore, a mutation of this
gene would certainly lead to higher levels of ROS,
comparable to those seen in infertile males. Although
there have been very few studies in humans on the
effects of p53 mutations, knockout mice are infer-
tile.
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TESTICULAR DYSGENESIS SYNDROME

Testicular dysgenesis syndrome is one of several
possible male reproductive health complications that
could result from an aberrant developmental pathway.
The components of TDS include low sperm count, hy-
pospadias, cryptorchidism, and testicular cancer.

Incidence

The presentation of TDS is variable, with
each of the symptoms present in differing degrees or
one or more of them being absent entirely. Mild TDS
has been estimated to affect 20% of the world’s male
population, while 5% of the population is thought to
be afflicted with a more severe presentation in which
all of the symptoms are present to a significant degree
(16).

The increasing frequency of the individual
health problems of TDS may suggest that these num-
bers are only going to get larger in the coming years.
Arecent study of eight populations with a long history
of cancer registration saw the incidence of testicular
cancer double in a twenty year period (17). In the
same timeframe, there has been a marked decline in
sperm density (18). Cryptorchidism and hypospadias
are following a comparable temporal incline (19).
These similarities have been taken as evidence for
their linkage.

Evidence for the Linkage of the Three
Presentations of TDS

In addition to these temporal trends, there
have been many studies, especially from Scandinavian
countries, that report geographic concentrations of
these reproductive health problems. In Denmark, for
example, twenty percent of the male population has
suboptimal semen parameters, while sperm counts in
nearby Finland have remained at a high level for the
past few decades (20). In support of the existence of
TDS, Danish men also exhibit higher incidences of
congenital cryptorchidism and hypospadias, as well
as a greater frequency of testicular cancer, than do
Finnish men (21-23).
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Figure 1 — Proposed mechanism leading to testicular dysgenesis. In this pathway, the key event is the impairment of testes development

during fetal life.

Other studies have found very strong as-
sociations between two or more of the reproductive
health disorders associated with TDS. For example,
men with a history of cryptorchidism have a risk of
testicular cancer that is 2-8 times that of those men
without a history of undescended testes (1). Addi-
tionally, cryptorchidism is associated with impaired
spermatogenesis and spermatogenic arrest, result-
ing in infertility (24). The congenital birth defects,
cryptorchidism and hypospadias, which are mani-
festations of TDS are also very closely related to
one another (25). The connection between infertility
and testicular cancer is one that is still disputed, but
many recent studies have found evidence to suggest
that this link is particularly strong.

As suggested by the name of the disorder,
testicular dysgenesis is the underlying correlation
between the four presentations of this disease.
Evidence of testicular dysgenesis in biopsies from
patients with infertility or testicular germ cell tumors
includes the presence of immature seminiferous
tubules with undifferentiated Sertoli cells and Ser-
toli cell-only tubules (6). There have been several
mechanisms proposed to explain the origins of these
features, all of which rely upon the disruption of nor-
mal male differentiation during fetal development.

Proposed Pathway Leading to Testicular
Dysgenesis

As the result of some genetic or environmental
influence, normal development of the testes is impaired
(Figure-1), resulting in improper functioning of the
Sertoli and Leydig cells (26). The potential causes of
this interruption are discussed below .

Improper Leydig cell function results in de-
ficiencies in both testosterone and INSL-3 secretion.
These two hormones are responsible for testicular
descent. Therefore, it is highly likely that a disrup-
tion in their production could lead to cryptorchidism.
In addition, because testosterone is the key hormone
involved in the formation of male external genitalia,
low testosterone levels lead to improper fusion of the
urethral folds and hypospadias.

Intact and competent Sertoli cells are required
for optimal spermatogenesis and spermiogenesis.
Therefore, improper functioning of these cells leads to
hypospermatogenesis and infertility (6). Additionally,
the malfunctioning of Sertoli cells leads to the arrest of
many gonocytes at an early stage of maturation. These
arrested gonocytes are thought to be the forerunners
to carcinoma in situ testis which, in turn, can develop
into testicular germ cell cancer. Additionally, as a
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consequence of decreased testosterone level, there
will also be a diminished number of Sertoli cells,
thereby compounding the problems associated with
their malfunction.

The mechanism whereby testes development
is interrupted remains to be identified, but both genetic
and environmental factors have been implicated. The
genetic causes have already been discussed in great
length above. Therefore, an examination of environ-
mental factors will be the main focus below.

Environment Factors and Testicular
Dysgenesis

As previously mentioned, all the male repro-
ductive health problems associated with TDS have
greatly increased in frequency in the past several de-
cades. A higher risk of testicular cancer and poor semen
quality are closely associated with one’s year of birth
(27,28). This cohort phenomenon is strongly suggestive
of some degree of environmental influence at work.

Environmental variables could be on the
macroscopic scale. For example, geographic location
of a mother during pregnancy can be indicative of her
son’s risk of TDS (6). Insults to the micro-environment
of the fetus, however, can also play a substantive role
in the development of the disease.

The environmental variable that is currently
receiving the most attention as a possible mediating
factor in the development of testicular dysgenesis is a
group of compounds known as endocrine-disrupting
chemicals or xenoestrogens. These are anti-androgenic
agents which mimic estrogens.

Endocrine Disrupting Chemicals

Phthalates, gums, and paints are anti-andro-
genic chemicals that are ubiquitous in human life.
They have been used as plasticizers in PVC products
and are constituents in many infant toys, storage
containers, and medical devices (29). While experts
recommend that daily exposure be limited to 2 mg,
with nearly 18 billion pounds of phthalates being
produced per year, many individuals have occupa-
tional or medical exposures greatly in excess of these
guidelines (29).

Although humans are generally exposed to
the diester form of phthalates (Figure-2), their more

pressing concern should be the monoester forms that
these chemicals are converted into within the body.
This monoester form is 10 times more toxic than the
diester form, and has been found in detectable levels
in 75% of the population, thereby greatly increasing
the risk for male reproductive tract disorders like those
of TDS (29).

Proposed Mechanism

These agents are believed to cause an increase
in estrogen levels in the blood which, in turn, inhibits the
hypothalamopitutary gonadal axis, resulting in decreased
production of follicle stimulating hormone (FSH) and,
subsequently, a fixing of Sertoli cell number.

In most mammals, Sertoli cell replication
occurs only during fetal and post natal life. Sertoli
cell number thus becomes fixed at a particular stage
of development. However, in man, the Sertoli cell
number increases significantly between late fetal and
pre-pubertal life and also increases further during pu-
berty. Hence the window for adverse effect on Sertoli
cells in man is longer than that known for other mam-

O

O
X

O

Figure 2 — Generic diester phthalate.
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Table 1 — Hormonal changes indicative of Leydig and Sertoli cell malfunction in testicular dysgenesis syndrome (TDS).

FSH LH Serum Testosterone
Cryptorchidism Elevated Elevated --*
Hypospadias Elevated Elevated --*
Infertility --* Elevated Decreased
Testicular Cancer Elevated Elevated Decreased

Changes in hormonal Assays with the reproductive health problems of TDS; * Indicates where data was unavailable; FSH = follicle

stimulating hormone; LH = luteinizing hormone.

malian species. Thus, after exposure to environmental
hormones, xenoestrogens, or environmental endocrine
disruptors, these chemicals accumulate in the body, and
their effects are biomagnified over a period of time.

Upon exposure to an endocrine disruptor,
the resulting elevation in maternal and fetal estro-
gens inhibits FSH secretion, leading to decreased
Sertoli cell number, lower levels of anti-Mullerian
hormone, and decreased expression of SRY. This
may result in abnormal sexual differentiation, lead-
ing to cryptorchidism and hypospadias, as well as
hypospermatogenesis (30,31). It also eventually may
lead to testicular cancer through a process known as
hormonal carcinogenesis (32-34).

These findings were summarized by, Sharpe
and Skakkebaek in a landmark article, now known
as the “estrogen hypothesis”, which linked exposure
to exogenous estrogens to male reproductive tract
disorders, including TDS (35).

While their precise effect on the male repro-
ductive tract is poorly understood, phthalates and other
endocrine-disrupting chemicals have been strongly
correlated with each of the reproductive health prob-
lems associated with TDS in both human and animal
studies. As this research becomes more thorough, our
understanding of the mechanisms from which these
disorders result will also become more clear.

Evidence from Human Retrospective Studies

Human retrospective studies have provided
considerable evidence for the importance of endo-
crine disrupting chemicals in the induction of male
reproductive health disorders. One potent source of
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synthetic estrogen exposure is pesticides, which are
known to possess estrogenic, anti-androgenic, and
aromatase inhibiting effects in vivo. It has been shown
that maternal exposure to pesticides during pregnancy
is associated with an increased risk of cryptorchidism
in male infants (36). A separate study also found that
women who worked in greenhouses while pregnant
gave birth to sons with significant reproductive health
impairment, particularly a three-fold greater risk of
cryptorchidism (37).

Studies investigating the different hormone
levels in males exhibiting one or more reproductive
health problems have also been helpful in demonstrat-
ing the possible pathogenesis of TDS. Three month
old male infants with cryptorchidism were shown to
have significantly elevated levels of FSH and LH as
well as reduced inhibin B concentrations compared
with controls (38). Similar changes in hormone lev-
els were also seen in boys with hypospadias (39).
Additionally, lower serum testosterone levels have
been reported in infertile men compared with proven
fertile men. Infertile men in this study had a lower
testosterone/LH ratio and higher serum LH levels as
well (40). Higher levels of LH and FSH, in addition to
lower serum testosterone levels, have also been seen
in men with CIS and testicular cancer (41), Table-1.

Taken together, these hormonal changes are
indicative of compensated Leydig cell failure. The
pituitary gland releases LH to stimulate the Leydig
cells to produce testosterone. When Leydig cells
fail to properly receive or interpret this signal, the
pituitary secretes more LH to compensate, resulting
in high levels of LH and low levels of testosterone in
the blood. Decreased androgen production that would
accompany Leydig cell malfunctioning has recently
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been shown to have a dramatic effect on the number
of Sertoli cells in the perinatal period. Faulty nurse
cells will be less capable of nurturing germ cells into
mature spermatozoa, leading to poor semen quality
in adulthood and also to germ cell maturation arrest,
increasing the likelihood of developing CIS and
testicular cancer. These changes are exactly those
hypothesized to be involved in the pathogenesis of
TDS (29,42,43).

Evidence from Animal Models

Several animal models have concentrated
on the effects of different endocrine-disrupting com-
pounds on male reproductive tract development in rats
or mice. In a study published by Fisher et al., exposure
to dibutyl phthalate in utero resulted in the abnormal
function and distribution of all major cell types within
the rat testis (44). This study described genital ab-
normalities at both the macroscopic and microscopic
level that are similar to those disorders associated
with TDS in humans, including cryptorchidism, hy-
pospadias, incomplete seminiferous cord formation,
and Sertoli cell-only tubules. Additionally, changes
in the proportion of Sertoli cells seen within those
males exposed to DBP rendered germ cells incapable
of maturation and support of spermatogenesis (44).
A similar study by Mahood et al., in which male rats
were exposed to DBP in utero, resulted in decreased
INSL-3 gene expression, multi-nucleated gonocytes,
abnormal Leydig cell aggregation, and decreased
testicular testosterone (45). The results of these two
studies are indicative of severe testicular dysgenesis
as aresult of in utero exposure to endocrine-disrupting
chemicals. Additional studies on rodents have shown
similar results (29,42,43).

Because the negative effects of exposure to
these chemicals are not evenly distributed among the
treatment groups, there likely exists some degree of
genetic predisposition for developing the male repro-
ductive disorders associated with exposure. These
findings lend credence to the assumption that TDS is
a multi-factorial disease involving both a genetic and
environmental contribution.

While animal models have provided much
mechanistic insight into the role of endocrine disrup-
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tors in TDS, they have yet to observe testicular cancer
in the treated animals. Therefore, the current belief
that testicular cancer is connected to both the genital
abnormalities and infertility attributed to TDS is reli-
ant upon human retrospective studies and our current
understanding of the fetal origins of these disorders
and of testicular cancer itself.

TESTICULAR CANCER AND MALE
INFERTILITY

Testicular dysgenesis syndrome proposes an
association between testicular cancer, male infertility,
and genital abnormalities. Due to the long time period
over which these various disorders may appear, it is
difficult to track the course of those potentially af-
flicted individuals longitudinally. More easily done,
however, is to study the associations between tes-
ticular cancer and infertility, two male reproductive
disorders that present at roughly the same time in an
individual’s life. The establishment of a definitive
relationship between these two diseases could signifi-
cantly decrease the incidence of testicular cancer if
this association was indicative of a benefit to increased
testicular cancer screening for infertile patients. Thus
far, there have been many studies within the literature
that focus on this relationship specifically.

Some studies have looked retrospectively
at the pre-cancer fertility capacity of men that later
developed testicular cancer. For example, it has been
shown that men develop testicular cancer have fewer
children than age-matched men who did not develop
testicular cancer (46). Another study by Petersen and
Skakkebaek analyzed the semen quality of men di-
agnosed with unilateral testicular cancer. This group
reported that the quality of semen collected from
these men was much poorer than would typically be
expected for a man possessing one functional testicle
(47). CIS is also seen more frequently in the testicular
biopsies of men evaluated for sub-fertility or infertility
(48). This would strongly suggest that men with fer-
tility problems, even those that go undiagnosed with
sub-fertility, are at an increased risk of developing
testicular cancer.

Recent research has supported the existence
of this increased risk, although the exact impact of
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infertility or sub-fertility on testicular cancer risk is
still disputed. A study by Jacobson et al. reported the
increased risk of testicular cancer in men with fertility
problems to be 1.6 times that of men with normal se-
men parameters (49). A more recent study by Raman
estimated the incidence of testicular cancer in infertile
men to be 20 times greater than that of proven fertile
men (50).

Clinical Implications

The increased risk of testicular cancer as-
sociated with male infertility speaks strongly for the
importance of incorporating testicular cancer screen-
ing into the routine care of infertile men. While the
only definitive way to determine if testicular cancer is
present is to perform a testicular biopsy, this test is in-
vasive and may not be a practical way to screen a large
population of infertile males. Scrotal ultrasonography
can also detect the presence of tissue irregularities
that might be indicative of testicular cancer or CIS.
Perhaps the easiest way to provide testicular cancer
screening to those suffering from male infertility is
to teach them how to perform self-examinations. This
would allow the patient to detect palpable changes
in the testicular tissue that might precede testicular
cancer.

CONCLUSION

The identification of testicular dysgenesis
syndrome has established a connection between
male infertility and testicular cancer. The reproduc-
tive health problems associated with this disorder are
manifestations of improper testicular development
during fetal life. Subsequent malfunctioning of both
the Sertoli and the Leydig cells are responsible for the
failure of gonocytes to mature properly, resulting in
a lower number of mature spermatozoa and a greater
likelihood of developing CIS. This common etiol-
ogy, when combined with what is known about the
genetic origins of male infertility and testicular cancer,
is strongly suggestive of the link between these two
disease states. As further research explores the rela-
tive influence of both genetics and the environment
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in the etiology of TDS and strengthens the connection
between infertility and testicular cancer, the current
research base provides compelling evidence for in-
creasing testicular cancer screenings for infertile men.
By integrating screenings into the routine evaluation
of infertile men, it will be possible to detect cases of
testicular cancer earlier, and, ultimately, decrease its
incidence.
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