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Abstract: Although testicular germ cell tumors (TGCTs) are relatively uncommon, they are particularly important as they
tend to affect children and young men, representing the most common tumor in male aged from 20 to 40 years, and the in-
cidence has increased in the last years. TGCTs comprise two major histologic groups: seminomas and non-seminomas
germ cell tumors (NSGCTs). NSGCTs can be further divided into embryonal, carcinoma, teratoma, yolk sac tumor, and
choriocarcinoma. Seminomas and NSGCTs present significant differences in clinical features, therapy, and prognosis, and
both show characteristics of the Primordial Germ Cells (PGCs). For proper diagnosis of the different histological sub-
groups, immunohistochemistry is required using different molecular markers, such as HMGA1, HMGA2, Aurora B,
Nek2, and others and they could represent useful novel molecular targets for antineoplastic strategies. Recent develop-
ments such as the discovery or the role of miRNAs in oncogenesis also revealed highly interesting features of TGCTs.
Specific miRNAs were shown to be involved in bypassing the WT p53 pathway, which is another characteristic of
TGCTs. More insight into the pathogenesis of TGCTs is likely to contribute not only to better treatment of these tumors

but also to a better understanding of stem cells and oncogenesis.
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INTRODUCTION

Testicular germ cell tumors (TGCTs) are a heterogenecous
group of neoplasms seen mainly in young men. They are
classified as seminomatous (SE-TGCT) and nonseminoma-
tous (NSE-TGCT) tumors, both of which appear to arise
from intratubular germ cell neoplasias (ITGCN). The former
is constituted by neoplastic germ cells that retain the mor-
phology of primordial germ cells or gonocytes, whereas
NSE-TGCT displays primitive zygotic (embryonal carcino-
mas), embryonal-like somatically differentiated (teratomas)
and extraembrionally differentiated (choriocarcinomas, yolk
sac tumors) patterns [1-5]. Both these tumors derive from
Intratubular Germ Cell Tumors (ITGCTs) [1-5].

Non-seminomas (NSE), including teratoma and embryo-
nal carcinoma, contain stem cells as well as cells that have
differentiated toward somatic lineages to various degrees,
thus giving rise to a morphologically pleiotropic appearance
[1]. In contrast, seminomas have an apparently homogenous
cell composition. In addition, the cells present in seminomas
are like the PGCs and/or the cells in ITGCTs. Thus, genes
expressed in seminomas are interesting not only to under-
stand their role in the oncogenesis, but also for research into
PGCs [4].

The incidence of TGCT in western countries has in-
creased in the last years [6]. In addition, differences in inci-
dence between adjacent countries such as Finland and
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Sweden are still largely unexplained. Both clinical and epi-
demiological evidences strongly suggest that environmental
and genetic factors play an important role in the genesis and
development of TGCTs. It has been demonstrated that dif-
ferent genes have a role in the pathogenesis of TGCTs, but
the involvement of other genetic factors remains unknown
[7,8]. Genetic susceptibility and environmental factors may
deregulate normal differentiation processes of PGCs. In fact,
TGCTs have an invasive phenotype and are believed to be
derived from a common ancestor, carcinoma in situ (CIS),
where the generation and expansion of tumor cells are lim-
ited to the seminiferous tubules [9].

This mini-review will describe on the molecular altera-
tions identified in post-pubertal TGCTs and on novel tar-
geted antineoplastic strategies that could contribute to cure
TGCTs.

SERUM TUMOR MARKERS IN TGCTS

In recent years, although the implementation to identify
novel biomarkers for progression has improved our ability to
counsel our patients with regard to likely outcomes and risk
and relapse, large gaps remain in our ability to reliably ex-
clude patients from unnecessary treatment or implement life-
saving therapies in those destined to fail.

Three serum tumor markers, S- alpha fetoprotein
(S-AFP) concentration, S-human-chorionic gonadotropin
(S-hCG), and serum lactate dehydrogenase (S-LD) catalytic
concentration, are currently used as prognostic markers. [10].
In the fetus, AFP is a major serum-binding protein produced
by the fetal yolk sac, liver, and gastrointestinal tract. The
highest concentrations approach during the 12" to 14™ weeks
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of gestation and decline 1 year after birth [10]. AFP is se-
creted by embryonal cell carcinoma and yolk sac tumor, but
not by pure choriocarcinoma or pure seminoma. Falsely ele-
vated AFP values can be seen after treatment in patients with
liver disease, hereditary persistence of AFP, and several ma-
lignancies including hepatocellular carcinoma, lung, pancre-
atic, colon, and gastric cancers [10].

During pregnancy, hCG is produced primarily by the
syncytiotrophoblastic cells of the placenta and serves to
maintain the corpus luteum. Similarly, in TGCTs, syn-
cytiotrophoblastic cells are responsible for the production of
hCG. All the patients with choriocarcinoma and 40% to 60%
of patients with embryonal cell carcinoma have elevated
serum levels of hCG. Approximately 10%to 20% of patients
with pure seminoma have elevated serum hCG.

S-LD is a cytoplasmic enzyme found in all living cells.
S-LD catalyzes the reduction of pyruvate to lactate TGCTs
patients typically express high levels of S-LD isoenzyme 1
(S-LD-1). However, S-DL represents a non specific marker
for the burden of disease and can be elevated in non-TGCT
malignancies and conditions of chronic disease, such as liver
and congestive heart failure, pancreatitis, hemolytic anemia,
collagen vascular disorders [10].

NEW DISCOVERED BIOMARKERS DETECTED BY
IMMUNOHISTOCHEMISTRY IN TGCTS SUBTYPES

Many novel biomarkers have been described in literature
that can help to discriminate the different TGCTs and they
represent new potential molecular therapeutic targets. These
biomarkers helpful for immunohistochemistry analysis are
summarized in (Fig. 1) in order to clearly define each TGCT
histotype.

HMGA1 and HMGA?2 represent a useful diagnostic
markers [11,12]. In fact, it has been demonstrated that the
two isoforms are differently expressed with respect to the
state of differentiation of TGCTs [11,12]. Indeed, HMGA1
is able to bind proteins involved in transcriptional regulation
such as RNF4 [13,14] and PATZ]1 that have been shown to
be delocalized and over-expressed in human testicular semi-
nomas [15]. More recently, we have shown that PATZI in-
teracts with ERP in normal germ cells, while down regula-
tion of ERP is associated with transcriptional co-regulator
PATZ1 delocalization in human testicular seminomas
[16,17].

Another marker that could help to discriminate the dif-
ferent TGCTs histotypes is Aurora-B expression; it has been
detected in all CIS, seminomas and embryonal carcinomas
analyzed but not in teratomas and yolk sac carcinomas [18-
20].
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NEK2 is a serine/threonine kinase that promotes centro-
some splitting and ensures correct chromosome segregation
during the G2/M phase of the cell cycle, through phosphory-
lation of specific substrates. Aberrant expression and activity
of NEK2 are present in neoplastic cells of seminomas. In
addition, nuclear localization and the up-regulation of Nek2
protein were also observed in the TCam-2 seminoma cell
line, and correlate with expression of the stemness markers
PLZF and OCT4 [21,22]. OCT3/4 is a well-characterized
marker for PGCs, and of CIS, seminoma, and embryonal
carcinoma [23]. It has been demonstrated that OCT3/4 is
also expressed in normal adult stem cells and non-germ cell-
derived cancers [23,24]. OCT3/4 is a transcription factor of
the family of octamer-binding proteins (also known as the
POU homeodomain proteins) and is regarded as one of the
key regulators of pluripotency [24]. In addition to OCT3/4,
several other embryonic stem-cell-specific proteins are im-
portant for maintaining the so-called ‘‘stemness’’ of pluripo-
tent cells, such as NANOG and SOX2 [25-27].

NANOG protein was detected in gonocytes within the
developing testis. In addition, NANOG is highly and specifi-
cally expressed in CIS, embryonal carcinoma, and semino-
mas, but not in teratoma, and YSTs revealing a molecular
and developmental link between TGCTs and the embryonic
cells from which they arise [28].

SOX2 is a member of the SOX protein family, transcrip-
tion factors that regulate development from the early embry-
onal stage to differentiated lineages of specialized cells.
SOX proteins are known to cooperate with POU proteins; in
particular, it has been well demonstrated the interaction be-
tween SOX2 and OCT3/4. SOX2 is not detected in human
germ cells regardless of their developmental age, in contrast
to data in mouse embryos [29]. SOX2 is expressed in em-
bryonal carcinoma, but it is not present in seminomas, YSTs,
and normal spermatogenesis [29]. SOX17 maps to the chro-
mosomal region 8p23, which is gained in seminoma. This
indicates that SOX17 is a candidate SOX protein for coop-
eration with OCT3/4 in CIS and seminoma. These data also
demonstrate that SOX17 is a good marker to discriminate
CIS and seminoma from embryonal carcinoma. Of interest is
that SOX17 distinguishes embryonic from adult hema-
topoietic stem cells [30]. Current research focuses on the
processes that may regulate the differential expression of
SOX2 versus SOX17 and on the role of these SOX proteins
in the different histologies of the TGCT subtypes involved
[31,32].

The effects of estrogens are mainly mediated by binding
to ERa and ERP [33-35], and transcriptional stimulation of
estrogen responsive genes. Recently, several reports have

OCT3/4 SOX2 SOX17 HMGA1 HMGA2 PATZ1 GPR30 CCDCeo Nek2 Aur. B
Seminoma + - + + +© + - + +
Embr. carc. + + - + + +© + - +/- +
Teratoma - +/- +/- - +© +/- - - -
Yolk sac - - +/- - + +O + - - -

Notes: +, expressed; +© cytoplasmic localization; -, not expressed; +/- variable expression.

Fig. (1). Immunohistochemical markers identified in TGCT subtypes.



8 The Open Andrology Journal, 2013, Volume 5

described estrogen/anti-estrogen binding and activation
properties of the G protein-coupled receptor (GPR)30 which
has been proposed as a candidate for triggering a broad range
of biological activities. It has been shown that GPR30 is
over-expressed in seminomas and in the derived human
seminoma TCam-2 cell line. The design of a specific GPR30
inhibitors could be a useful molecular target to block neo-
plastic germ cells with a high proliferative rate suggesting its
potential therapeutic role for the treatment of TGCTs [36-
40].

Sariola and co-workers have shown that targeted over-
expression of glial cell line-derived neurotrophic factor
(GDNF) in undifferentiated spermatogonia promotes malig-
nant testicular tumors, which express germ-cell markers. The
tumors are invasive and contain aneuploid cells, but no dis-
tant metastases have been found. By several histological,
molecular, and histochemical characteristics, the GDNF-
induced tumors mimic classic seminomas in men, represent-
ing a useful experimental model for testicular germ-cell tu-
mors [41]. In addition, recently, it has been shown that
GDNF promotes invasive behavior, an effect dependent on
pericellular protease activity, possibly through the activity of
matrix metalloproteinases. GFRA1 over-expression in CIS
and seminoma cells, along with the functional analyses in
TCam-2 cells, suggests an involvement of the GDNF path-
way in the progression of testicular germ cell cancer [42].

DNA damage response has been clearly described as an
anti-cancer barrier in early human tumorigenesis. Moreover,
interestingly, TGCTs have been reported to lack the DNA
Damage Response (DDR) pathway activation. CCDC6 is a
pro-apoptotic phosphoprotein substrate of the Ataxia Te-
langiectasia Mutated (ATM) able to sustain DNA damage
checkpoint in response to genotoxic stress and is commonly
rearranged in malignancies upon fusion with different part-
ners. Recently, it has been shown that the loss of CCDC6
expression is the most consistent feature among the TGCTs
and in the TCam-2 seminoma cell line [43].

MICRO-RNAS IN TGCTS

In recent years, the role of miRNAs in carcinogenesis of
human testicular cancer and germ cell development has
come on the limelight [44]. It was demonstrated that knock-
out mice for Dicer suffered from an early decrease in germ
cell number and an impaired ability to differentiate, indicat-
ing that Dicerl and miRNAs are important for both survival
and proper differentiation of male germ cells [45]. Subse-
quently, it was demonstrated that miRNAs 372 and 373 can
overcome cell cycle arrest mediated by p53 [44]. In contrast,
in TGCT, cell lines with mutated p53 or expressing low lev-
els of p53 were shown to be negative for these miRNAs and
it can be assumed that miRNAs 372 and 373 can bypass the
p53 checkpoint allowing the growth of TGCT. Another in-
teresting link on the importance of miRNAs for germ cells
and GCTs came from research on the Dead end gene
(DND1). Until recently, DND1 was known to regulate germ-
cell viability and to suppress the formation of germ cell tu-
mors. Recently Kedde ef al. [46] demonstrated that DND1
counteracts miRNA-mediated destabilization of mRNAs by
binding to mRNAs and prohibiting the association of miR-
NAs with their target sites. This underlines the important
role of miRNAs and regulation of miRNA expression in
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germ cell development. Linger et al. [47] focused on the role
of DND1 in humans and analyzed the presence of DNDI1
mutations in 263 human TGCTs. Further research into the
functional mechanisms of miRNAs and the role of DND1 in
TGCT are likely to give more interesting clues.

CONCLUSIONS

Both environmental and genetic factors play an important
role in the development of TGCTs. These factors cause the
deregulation of the normal differentiation processes of PGC.
For proper diagnosis of the different histological subgroups,
immunohistochemistry is required using different molecular
markers, as HMGA1, HMGA?2, Aurora B, Nek2, and others
and they could represent useful novel molecular targets for
antineoplastic strategies. A unique characteristic of TGCTs
is their sensitivity to treatment. Although the better re-
sponses of seminomas versus non-seminomas is well re-
ported, as the frequent recurrence of mature teratomas in
residual treatment- resistant tumors highlighting the need for
more effective therapies in these resistant forms. The mo-
lecular mechanisms underlying the development of TGCTs
may provide new tools to specifically target neoplastic cells
and could contribute to overcome acquired and intrinsic
chemotherapy resistance. More insight into the pathogenesis
of TGCTs is likely to contribute not only to better treatment
these tumors but also to a better understanding of stem cells
and oncogenesis.
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TGCTs = Testicular germ cell tumors
NSGCTs = Non-seminoma germ cell tumors
PGCs = Primordial Germ Cells

CIS = Carcinoma in situ

ITGCTs = Intratubular Germ Cell Tumors
NSE = Non-seminomas

S-LD = Serum lactate dehydrogenase
S-AFP = S- alpha fetoprotein

S-hCG = S-h-chorionic gonadotropin
GDNF = Glial cell line-derived neurotrophic factor
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