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Testicular germ cell tumors can be divided into three groups (infantile/prepubertal, adolescent/young adult and
spermatocytic seminoma), each with its own constellation of clinical histology, molecular and clinical features.
They originate from germ cells at different stages of development. The most common testicular cancers arise in
postpubertal men and are characterized genetically by having one or more copies of an isochromosome of the
short arm of chromosome 12 [i(12p)] or other forms of 12p amplification and by aneuploidy. The consistent gain
of genetic material from chromosome 12 seen in these tumors suggests that it has a crucial role in their
development. Intratubular germ cell neoplasia, unclassified type (IGCNU) is the precursor to these invasive
tumors. Several factors have been associated with their pathogenesis, including cryptorchidism, elevated
estrogens in utero and gonadal dysgenesis. Tumors arising in prepubertal gonads are either teratomas or yolk
sac tumors, tend to be diploid and are not associated with i(12p) or with IGCNU. Spermatocytic seminoma (SS)
arises in older patients. These benign tumors may be either diploid or aneuploid and have losses of
chromosome 9 rather than i(12p). Intratubular SS is commonly encountered but IGCNU is not. The pathogenesis
of prepubertal GCT and SS is poorly understood.
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Incidence

Germ cell tumors are a heterogeneous group of
neoplasms that arise primarily in the gonads and
rarely from specific extragonadal sites along the
midline, the pineal gland, mediastinum, retroper-
itoneum and sacrum. This particular distribution is
thought to be due to the migration route of the
primordial germ cells to the genital ridge.1–3 Testi-
cular germ cell tumors (TGCT) comprise approxi-
mately 98% of all testicular neoplasms and are the
most common malignancy in males between the
ages of 15 and 35 years.4

It is possible to define three epidemiologically,
clinically and histologically diverse groups of
testicular germ cell tumors (Table 1).1 The first
group includes teratomas and yolk sac tumors of
neonates and infants. These tumors occur well
before puberty and have an annual incidence of
approximately 0.12 per 100 000. The second group
includes seminomas and nonseminomatous germ
cell tumors in postpubertal patients, by far the most

common form of TGCT, with an incidence of
approximately 6.0 per 100 000 per year and occur-
ring usually between 15 and 40 years of age. The
peak incidence for seminomas is in the fourth
decade while for nonseminomas it is a decade
earlier. The final group is spermatocytic seminoma,
which usually occurs in an older age group and has
an annual incidence of approximately 0.2 per
100 000.

It is clear that the incidence of TGCTs varies with
geographic location and race (Table 2).5–7 The high-
est incidence reported is from Scandinavia and
Switzerland with an annual rate of over nine cases
per 100 000 males. Significantly lower rates have
been reported from other locations such as Asia and
Latin America. Evidence that race plays a role in this
disease is provided by the fact that the incidence is
over five times greater in Caucasian Americans
compared to African Americans.8 The only non-
white population with a relatively high incidence of
TGCT is the Maoris of New Zealand.9

Interestingly, the incidence of TGCT in many
countries has increased significantly during the last
century.8,10–12 Based on SEER data, McGlynn and
collaborators reported an overall rise of 44% in the
incidence in the United States from 1973 to 1998,
from 3.35 per 100 000 men to 4.84 per 100 000.
Although the rates increased among both white andReceived and accepted 29 August 2004
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black males, the increases observed were different in
each group. Among white males, the incidence rose
52% (from 3.69 to 5.62 per 100 000) whereas among
black males the incidence rose 25% (from 0.83 to
1.04 per 100 000). An unexpected finding was that
the increase differed among histologic groups.
Although the overall incidence of seminoma in-
creased 72% in white and 42% in black males, the
increase in non-seminoma for white males was only
32% while in black males there was a modest
decrease of 3.0%. Most investigators have con-
cluded that this increase in overall incidence of
TGCT is due to changes in exposure to etiologic
factors.

Pathogenesis

The relative importance of susceptibility genes vs
environmental factors in the etiology of TGCT is a
source of great debate among investigators.2,13–20

While both factors seem to play a role in this
disease, at present their relative importance is not
clear. We have previously mentioned differences
among races. Some investigators have suggested a
higher incidence among professionals and higher
socioeconomic classes, but it is hard to evaluate the
effect of race on these findings (Table 2). Some
reports have suggested that specific occupations are
associated with an increased risk but the data are
conflicting and poorly controlled for confounding
factors. Infertility has been associated with an
increased risk of TGCT with intratubular germ cell
neoplasia, unclassified type (IGCNU) being identi-
fied in 1–2% of cases. Nevertheless, infertility is

itself associated with other conditions linked to the
genesis of TGCT such as cryptorchidism and
gonadal dysgenesis. Thus its importance as an
independent risk factor is still in doubt.

Much stronger associations with the development
of TGCT exist with factors such as exposure to high
levels of maternal estrogen during pregnancy,
neonatal jaundice and low and high birth weights.
These findings suggest that the initiating events that
lead to tumor development occur early, possibly
during the prenatal period.19–23

The most widely accepted risk factor for TGCT is
cryptorchidism,24,25 approximately 10% of the cases
having this association. Cryptorchid patients have a
four-fold elevated risk of developing TGCT, whether
the cryptorchidism was corrected or not.26–28 There
is some evidence that testicular maldescent is
associated with prenatal exposure to estrogens. As
a result of the elevated risk of germ cell neoplasia in
cryptorchid gonads, some have suggested perform-
ing testicular biopsies in an attempt to identify
IGCNU, which has been reported in up to 4% of
cases.

Patients with a history of TGCT have an increased
incidence of contralateral disease. The reported
incidence varies between 2 and 5%, the higher
percentage having been reported from Scandinavian
countries.29–31 The incidence is also higher if the
contralateral testis is atrophic or maldescended.
Other investigators have suggested that bilateral
disease is more common in patients with a positive
family history for TGCT and if the first tumor
occurred at an early age.32 Bilateral tumors may
develop synchronously or metachronously with
approximately 50% occurring within 5 years. Some
clinicians advocate biopsies of the contralateral
gonad to identify IGCNU, which reliably predicts
the subsequent development of an invasive GCT.

Some testicular tumors appear to be familial with
approximately 2% of patients having an affected
family member.32–36 These susceptible families
rarely have more than two affected members and
these are usually siblings rather than father and son.
Early onset of disease and bilaterality are more
common in this group of patients, with a reported
frequency of 8–14%.

Patients with various intersex syndromes are at
increased risk for the development of TGCT.37–42

Table 1 Testicular germ cell tumors

Age Histology Incidence (per 100 000 population) Genetic abnormalities Ploidy

Prepubertal Teratoma/YST 0.12 -1p, -6q Teratoma: diploid
YST: aneuploid

Postpubertal Seminoma/nonseminoma 6.0 IGCNU: 7i(12p) IGCNU: hypertriploid
Seminomai: (12p) Seminoma: hypertriploid
Nonseminoma: i(12p) Nonseminoma: hypotriploid

Older (440 years) Spermatocytic seminoma 0.2 +9 Tetraploid/diploid

YST¼Yolk sac tumor; IGCNU¼ intratubular germ cell neoplasia, unclassified type.

Table 2 Factors implicated in the pathogenesis of TGCT

K Race
K Familial/genetic predisposition
K Socioeconomic class/occupation
K Infertility
K Cryptorchidism
K High levels of maternal estrogens
K Low and high birth weights
K Neonatal jaundice
K Androgen insensitivity syndrome
K Gonadal dysgenesis
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Patients with androgen insensitivity syndrome
(testicular feminization) have a 5–10% risk of
developing GCT, usually after the complete devel-
opment of secondary female sexual characteristics.
Gonadal dysgenesis in patients who carry a Y
chromosome is a significant risk factor for germ cell
tumor development. Linkage studies by Chemes et
al43 have shown a strong correlation between the
presence of the Y chromosome and the severity of
the gonadal dysgenesis. Gonadoblastoma acts as an
‘in situ’ precursor in these patients. Recently,
Skakkebaek and co-workers37,42 suggested that many
patients with testicular GCT have some evidence of
gonadal dysgenesis in the contralateral gonad, be it
microlithiasis, Sertoli-cell-only tubules, seminifer-
ous tubules with undifferentiated Sertoli cells or
IGCNU. If this is true, it suggests that a specific
genetic mutation may not be required to initiate the
process of tumor development, but rather environ-
mental factors are sufficient as initiating events.
Testicular biopsies in at-risk patients with intersex
syndromes may aid in identifying IGCNU.

Intratubular germ cell neoplasia

This term refers to the lesion initially described by
Skakkebaek as ‘carcinoma in situ’ as well as to other
‘differentiated’ forms of intratubular germ cell
neoplasia.44–47 Strictly speaking, the lesion origin-
ally described by Skakkebaek is now called ‘in-
tratubular germ cell neoplasia, unclassified’ by
most, at least in the Western Hemisphere.

The story of testicular ‘carcinoma in situ’/intra-
tubular germ cell neoplasia is fascinating and serves
as a paradigm for the concept of progression from
incipient or preinvasive neoplasia to invasive dis-
ease.46,48 In 1972, Skakkebaek reported ‘atypical
spermatogonia’ in two men undergoing testicular
biopsies during the work-up for infertility, who
subsequently developed invasive TGCT. He hy-
pothesized that these cells constituted ‘carcinoma
in situ’. Two subsequent seminal studies by his
group proved that this was indeed the case. In 1978,
he reported a series of 555 men who underwent
testicular biopsies for infertility.48 They identified
six patients with evidence of ‘carcinoma in situ’.
With a median follow-up period of approximately 3
years, three of these patients developed evidence of
an invasive germ cell tumor; one of them with
bilateral disease. The remaining 449 patients were
tumor free during the same follow-up period.

In 1986, the Skakkebaek group reported their
experience with contralateral biopsies in 500 pa-
tients with unilateral GCT.49 A total of 27 patients
(5.4%) were found to have ‘carcinoma in situ’. Eight
patients received systemic chemotherapy for ad-
vanced disease. Of the remaining 19 patients, seven
(37%) developed invasive GCT at this site within the
follow-up period. Mathematical modeling suggested
that 50% of biopsy-positive cases would develop

disease within 5 years. Remarkably, not a single case
of contralateral GCT developed in the remaining 463
biopsy-negative patients during the same follow-up
period. In a subsequent report, the authors revealed
that at least two of the biopsy-positive cases that
received systemic therapy subsequently developed
contralateral tumors, suggesting that systemic ther-
apy is not always effective against preinvasive
disease.50

It is clear that the original lesion described by
Skakkebaek is the precursor to all types of germ cell
tumors, at least for those that originate in post-
pubertal gonads, other than spermatocytic semino-
ma. In early 1980, a group of distinguished
pathologists, including Drs Robert Scully, Juan
Rosai, FKK Mostofi and Robert Kurman, met in
Minnesota to discuss nomenclature of incipient
germ cell neoplasia. They agreed that ‘carcinoma
in situ’ was a less than optimal choice to describe
this lesion since it had no features of epithelial
differentiation. They suggested the term ‘intratubu-
lar germ cell neoplasia, unclassified’ (IGCNU)
because it was associated with all morphologic
types of GCT with the exception of spermatocytic
seminoma. It also underscores the fact that differ-
entiated forms of intratubular germ cell neoplasia
may occur, including intratubular embryonal carci-
noma.

IGCNU can be seen adjacent to invasive germ
cell tumors in virtually all cases in which resi-
dual testicular parenchyma is present.44,51 As pre-
viously mentioned, it is present in up to 4% of
cryptorchid patients, in up to 5% of contralateral
gonads in patients with unilateral GCT and in
up to 1% of patients biopsied for oligospermic
infertility. Its association with TCGT arising in
prepubertal patients is still a source of contro-
versy.1,52,53 While some authors suggest that it does
not occur, others state that it does. In either case, we
can state with reasonable certainty that, if IGCNU
does occur in childhood tumors, it is certainly less
apparent.

IGCNU is characterized morphologically by the
presence of enlarged, atypical germ cells located
immediately above a usually irregularly thickened
basement membrane (Figure 1). The atypical cells
are either isolated or form a single row along the
basement membrane. They are typically larger than
spermatogonia, the other cell that usually resides
near the basement membrane. IGCNU cells have
clear cytoplasm, irregular nuclear contours, coarse
chromatin, and enlarged nucleoli, which may be
single or multiple. On the other hand, spermatogo-
nia may also have clear cytoplasm but the cells are
small, have round and regular nuclear contours,
densely packed chromatin and no nucleoli. In most
cases, tumor-bearing tubules do not have active
spermatogenesis and contain mostly Sertoli cells.
Sertoli cells may be displaced towards the tubular
lumen. Characteristically they contain a single
nucleolus which is small and regular. The nuclei
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are oval or round with regular borders and the
chromatin is fine. The cytoplasm is amphophilic/
eosinophilic and not vacuolated.

In essence, the cytologic features of classic IGCNU
are those of seminoma. The relationship is sup-
ported by the coexpression of a host of histochem-
ical and immunohistochemical markers among both
cell types. Further evidence comes from electron
microscopy, which has shown that both share
common ultrastructural features including the
absence of well-developed cytoplasmic intermediate
filaments, inconspicuous organelles, glycogen
particles, lack of mature desmosomes and cell
junctions, and nucleoli with ropy nucleolonema.
Tubules whose lumen are filled with these cells may
be regarded as ‘intratubular seminoma’ (Figure 2).

IGCNU may extend into the rete testis, usually
undermining the epithelium in a ‘pagetoid’ pattern
(Figure 3a). At times the epithelium may become
hyperplastic and in this setting it is important not to
confuse this finding with the presence of nonsemi-
nomatous germ cell tumor (Figure 3b).

IGCNU cells contain glycogen and thus are PAS-
positive, diastase-sensitive. Rarely will other intra-
tubular cells, either spermatogonia or Sertoli cells,
show similar positivity. Placental-like alkaline
phosphatase (PLAP) is one of the isoforms of
alkaline phosphatase. PLAP antibodies will stain
IGCNU and the majority of seminomas and embry-
onal carcinomas as well as a smaller percentage of
yolk sac tumors. Immunoreactivity is seen in
virtually all cases of IGCNU and the staining pattern
is usually membranous or cytoplasmic (Figure 4a).
No other non-neoplastic intratubular cells are
immunoreactive for PLAP, but immunoreactivity
may be seen in other types of nongerm cell
malignancies.54–57 C-kit (CD 117) is expressed in a
large percentage of IGCNU as well as seminomas,
but not in other germ cell tumors.58 Once again, the
staining pattern is cytoplasmic/membranous (Figure
4b). Despite the overexpression of this antigen, c-kit
is rarely mutated in these tumors. Other antibodies,

Figure 1 (a) IGCNU. The malignant cells are located towards the
periphery of the lumen. They exhibit cytoplasmic clearing and
the nuclei are enlarged, have irregular contours, coarse chromatin
and prominent nucleoli. (b) IGCNU (arrows) associated with
microlithiasis. (c) Isolated neoplastic cells (IGCNU) within
hyalinized tubules.

Figure 2 Intratubular seminoma. The seminiferous tubules are
filled with tumor cells cytologically indistinguishable from
IGCNU, the latter evident at the right.
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which immunoreact with IGCNU but are rarely used
in clinical practice, include M2A and 43-F.57,59,60

POU5F1 (Oct3/4) is a very interesting marker that
was recently described.61 The gene serves as a
transcription factor and its product is expressed in
pluripotent mouse and human embryonic stem cells
and is downregulated during differentiation. Since
the gene is also required for self-renewal of
embryonic stem cells, knocking out the gene is
lethal. Early reports suggest that this antigen is
expressed solely in IGCNU, seminoma and embry-
onal carcinoma, suggesting that these are the types
of GCT cells with pluripotency, that is, with capacity
to differentiate. In any event, it provides us with yet
another marker for IGCNU (Figure 4c).

It is important to keep in mind that the presence of
neoplastic cells within tubules does not always
constitute IGCNU and that one must adhere strictly
to the established diagnostic criteria. Other forms of
intratubular germ cell neoplasia (IGCN) include
intratubular seminoma (Figure 2), intratubular em-

bryonal carcinoma (Figure 5) and intratubular
spermatocytic seminoma (Figure 6). Secondary
tumors may sometimes grow within the seminifer-
ous tubules and mimic IGCN, including melanoma

Figure 3 (a) Pagetoid extension of IGCNU into the rete testis. (b)
Pagetoid extension of IGCNU into the rete testis associated with
reactive hyperplasia of the rete epithelium. This finding may be
confused with nonseminomatous GCT.

Figure 4 Immunoreactivity in IGCNU. (a) Placental-like alkaline
phosphatase. (b) CD-117 (c-kit). Note cytoplasmic staining with
accentuation of the cytoplasmic membrane with both markers. (c)
Oct3/4. Strong nuclear immunoreactivity is limited to the
neoplastic cells.
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(Figure 7), prostatic carcinoma, lymphoma and even
mesothelioma.

Molecular biology of germ cell tumors

The molecular biology of GCTs is fascinating and
fertile ground for basic and translational research.
As GCTs are for the most part curable due to
effective chemotherapy and in some cases by
surgery alone, lessons learned from this disease
may help treat other solid tumors more effectively.

The initiating genetic events that lead to IGCNU
and subsequent invasive GCT have yet to be agreed
upon.1,2,13,62–64 There are two major theories, the first
being championed by Chaganti and Houlds-
worth.63,64 They have postulated that the most likely

target cell for transformation is the zygotene-pachy-
tene spermatocyte where there appears to be a
‘recombination checkpoint’. At this stage, there is
replicated DNA and upregulated p53, the latter to
allow prolongation of the phase and recombination.
If unresolved, DNA strand breaks occur and the
elevated wild-type p53 can provide an apoptotic
trigger. In this model, aberrant chromatid exchange
events associated with crossing-over may lead to
increased 12p copy number. Possibly through the
oncogenic effect of cyclin D2, this aberrant, geno-
mically unstable cell is now able to escape the
apoptotic effects of p53 and may re-enter the cell
cycle, now as a neoplastic cell.

A second and more widely accepted hypothesis is
promulgated by Skakkebaek and others.14,62,65 This
model suggests that fetal gonocytes (primordial germ
cells) may undergo abnormal cell division (poly-
ploidization) due to mostly environmental factors
in utero and give rise to IGCNU. Polyploidization
precedes the formation of i(12p). These cells are
now susceptible to postnatal and pubertal gonado-
tropin stimulation and the development of invasive
tumors. This hypothesis is based primarily on
immunohistochemical data linking gonocytes to
IGCNU, developmental abnormalities associated
with GCT and epidemiological data.

Once again I must emphasize that there are three
distinct categories of testicular GCT, each with its
own clinical, pathologic and genetic characteristics.
Most of what is known about the genetics of this
tumor deals with the most common type, those that
arise in adolescents and young adults. Seminomas
and nonseminomas that arise in this group are
consistently aneuploid. The median DNA content of
IGCNU and seminoma is hypertriploid and that of
nonseminomas is hypotriploid. The characteristic
genetic abnormality of these tumors is excess
genetic material of the short arm of chromosome

Figure 5 Intratubular embryonal carcinoma. The tumor cells are
cytologically high grade and demonstrate comedo-type necrosis.
A fibroinflammatory reaction characteristically surrounds the
effected tubules.

Figure 6 Intratubular spermatocytic seminoma. The tubules are
distended by a polymorphous population of cells and lack the
characteristic features of IGCNU.

Figure 7 Intratubular metastatic melanoma. This lesion could be
confused with intratubular seminoma in the absence of the
clinical history, although greater nuclear variability represents a
subtle clue.
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12, usually in the form of an isochromosome; i(12p)
(Figure 8). This genetic abnormality occurs in all
primary sites and histologic types.66,67 Approxi-
mately 80% of cases have i(12p) and the remainder
have excess 12p genetic material in derivative
chromosomes.68 The consistent gain of 12p genetic
material is supported by gene array and comparative
genomic hybridization data.69,70 The presence of
i(12p) in IGCNU is a matter of controversy with most
investigators suggesting it is not present.2,14 This
finding tends to support the Skakkebaek hypothesis
that polyploidization is an initiating event followed
by i(12p) in the invasive phenotype. Since the
formation of the isochromosome includes the cen-
tromeric/pericentromeric region of chromosome 12,
the abnormality can be detected using commercially
available chromosome 12 centromeric fluorescent in
situ hybridization (FISH) probes.67,68,71 In a meta-
phase spread these will show the isochromosome
nicely. In interphase cells one can detect a numer-
ical abnormality (normal chromosome 12 plus the
number of isochromosomes present) but it is more
difficult if not impossible to state that an isochro-
mosome is indeed present. On the other hand, a
library probe of the short arm of chromosome 12 can
highlight the presence of the isochromosome more
easily in metaphase spreads as well as in resting
cells (Figure 9).

Data suggest that the consistent gain of genetic
material from chromosome 12 is crucial for the
development of an invasive GCT resulting in efforts
to identify the specific genes involved. Some
investigators have identified an amplified region at
12p11.2–12.1. Several genes of interest are located
in this region including SOX5, JAW1 and K-RAS.14

More recent data suggest that this minimally deleted
region applies preferentially to seminomas, suggest-
ing that the search for putative relevant genes
should not be restricted to this region. For example,
Houldsworth et al72 implicated cyclin D2, which is
mapped to region 12p13, as the most likely gene to
be involved. To date, 247 transcripts mapped to 12p
have been evaluated for expression using microarray
technology and 24 were found to be overexpressed

in over 70% of tumor samples relative to normal
testis. A significant number of these transcripts are
located telomeric to the 12p11–12p12 region.

A few studies have suggested the presence of
relevant tumor suppressor genes but the data have
not been consistent. Murty et al73 described two
regions of interest on chromosome 12 (q13 and q22)
although no candidate genes have been proposed.
Homozygous deletions in the region of DCC on 18q
have also been identified and associated to progres-
sion. Extensive molecular analyses have identified
genomic and/or functional (expression) loss of
several other known tumor suppressor genes such
as RB1, NME, WT1, APC, and p16 although no
consistent, reproducible and mechanistic data are
available to date linking these genes with tumor
development or progression.2,14 Mutation of the p53
gene is a rare event in GCT, yet a few investigators
have suggested mutation of this gene in some
chemotherapy-resistant tumors.74 Whether this mu-
tation is responsible for chemoresistance rather than
an epiphenomenon has not been resolved.

As previously mentioned, GCTs in infants and
adults are genetically distinct.1,2,75–80 While virtually
all adult cases are aneuploid, pediatric cases are
mostly diploid, particularly teratomas, although
yolk sac tumors may be nondiploid. Imprinting
studies suggest that both arise from primordial germ
cells but at a different stage of germ cell develop-
ment.76 It is quite likely that initiation of childhood
GCT occurs during germ cell migration to the genital
ridge while this step takes place at a later stage in
adults. i(12p) and 12p amplification are rare events
in pediatric tumors. Bussey et al77 found that 12p
amplification in childhood GCT was age dependent

Figure 9 FISH using a 12p specific probe. The large, irregular
signals are indicative of the presence of excess genetic material
from the short arm of chromosome 12.

Figure 8 Diagram of chromosome 12 and isochromosome 12p.
The image on the right shows an i(12p) as seen in a karyotype.
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and only seen in patients above the age of 9 years.
On the other hand, pediatric tumors are character-
ized by deletions of 1p, particularly region p36, loss
of 6q, and structural abnormalities of chromosome 2
and 3p. Published reports point towards a signifi-
cant heterogeneity in the structural chromosomal
constitution of infantile teratomas. Genetic studies
on spermatocytic seminoma are few; it appears that
the most common chromosomal abnormality is
gains in chromosome 9.2 A combined immunohis-
tochemical and molecular study by Stoop et al81

supports that these tumors are likely to originate in a
cell farther along the developmental pathway than
those that give rise to other germ cell tumors.
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