Mini-Reviews in Medicinal Chemistry, 2011, 11, 1075-1081 1075

Potential New Anticancer Molecular Targets for the Treatment of Human

Testicular Seminomas
P. Chieffi*
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Abstract: In the last years novel therapeutic approaches for the treatment of cancer have been proposed: specific
inhibitors of serine/threonine and tyrosine kinases, angiogenesis inhibitors, antibodies against receptors/surface molecules
on cancer cells, gene therapy approaches and others. In a lot of cases the clinical trials have confirmed the efficacy of

these approaches.

Here, we will review the discovered new potential molecular targets for the treatment of human testicular seminomas.
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INTRODUCTION

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.

TGCTs of the testis are a heterogeneous group of
neoplasms. They are classified as seminomatous (SE-TGCT)
and nonseminomatous (NSE-TGCT) tumors [1-3].
Distinction of prebuberal TGCTs, exclusively represented by
yolk sac tumor (YST) and teratoma, and postpuberal TGCTs,
invariably arising from intratubular germ cell neoplasias
(ITGCNs) seems to have a great prognostic relevance [4,5].

Postpuberal TCGTs are the most frequent solid malignant
tumors in men between 20 and 40 years of age, accounting
for up to 60% of all malignancies diagnosed at this age.
Despite a high-cure rate, they represent the most frequent
cause of death from solid tumors in this age group [1-3].
Seminomas are radio- and chemo-sensitive tumors [6]. NSE
tumors are usually treated with surgery and chemotherapy,
with different cure rates depending on the disease stage [7].
The cure rate reaches up to 99% in the early stages of NSE
tumors, although in advanced disease decreases from 90% in
patients with good prognostic category to 50% in patients
with poor prognostic features [7].

The rapid growth and progression of postpuberal TGCTs
cause early lymph node metastases and/or distant metastases.
At the time of diagnosis about 25% of seminoma patients
and up to 60% of the nonseminoma patients suffers from
metastatic disease [8-10], posing a therapeutic problem since
in metastastic disease the treatment achieves modest results.
Thus, despite the general success of postpuberal TGCTs
treatment, 10-20% of patients diagnosed with metastatic
disease will not achieve a durable complete remission after
initial treatment, either due to incomplete response or a
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tumors relapse. TGCTs show a high-cure rates in both
seminomas and nonseminomas and represent the model of a
curable neoplasia: sensitive serum tumor markers, accurate
prognostic classification, contribute to a high effectiveness
of cancer therapy.

These different prognostic and therapeutic features of
TGCTs highlight the need for a better understanding of the
molecular biology of TGCTs, that could help to improve
disease management and to tailor aggressiveness of
treatment to the severity of the prognosis.

The review will focus on the molecular alterations
identified in postpuberal human testicular seminomas and on
novel targeted molecular antineoplastic strategies.

EPIDEMIOLOGY AND RISK FACTORS

TGCTs have significantly increased in the past 50 years;
this increase is probably due to changes in environmental
factors contributing to the development of these lesions. A
number of environmental factors have been investigated to
explain the possible links. Some evidence suggests
association of increased TGCTs risk and maternal smoking
during pregnancy, adult height, body mass index, diet rich in
cheese, and others [11-15], however, the biological
mechanisms remain to be elucidated.

Hypothesized environmental agents involved in the
development of TGCTs, include pesticides [16] and
nonsteroidal estrogens, such as diethylstilbestrol (DES) [17].
It has been proposed that increased levels of estrogen
exposure in utero to increase the risk of TGCTs [18] and the
exposure of women to the nonsteroidal estrogen DES during
pregnancy increases the risk of TGCTs [19]. However, other
studies have not confirmed a role for estrogen in TGCTs
development [20]. Despite the contrasting results reported in
the literature a clear role for environmental factors in the
etiology of TGCTs is suggested by population migration
studies. Sweden has an incidence of TGCTs about twice that
of Finland and although first generation migrants from
Finland to Sweden show no increased risk [21], second
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generation males born to the migrant parents in Sweden have
a tendency to an increased frequency [22].

Familial predisposition to TGCTSs, ethnic variations in
incidence, and an association with certain chromosome
abnormality syndromes strongly suggest that inherited
factors, also, play a role in disease development. The familial
predisposition is one of the strongest for any tumor type,
since the increased relative risk of TGCTs development
associated with fathers and sons of TGCTs patients is
fourfold [23]. However, gene(s) involved in familial TGCTs
have not been identified so far [3]. Genome-wide linkage
analysis of affected families has provided evidence for two
susceptibility loci, one at Xq27 locus for undescended testis
probably playing an indirect role and another at 12q which
results in hyperexpression of the product of the CCND2 gene
[24]. It is probable that both genetic and environmental
factors produce the high familial risk seen in TGCTs and that
the interplay between these two factors, along with genetic
heterogeneity, may make familial associated susceptibility
loci difficult to determine.

HISTOPATHOLOGY

The origin and biology of TGCTs are currently distinct
on whether they occur in pre- and postpuberal age, being
pure teratomas and YSTs with a substantially benign
prognosis the most common hystotypes of prepuberal testis
and seminoma, pure NSE tumors and mixed germ cell
tumors (GCTs) with a relative more aggressive behavior
typical of adult testis [2,3].

It has been suggested that the initiating event in the
pathogenesis of TGCT occurs during embryonal
development [1,2]. The most widely accepted model of
postpuberal TGCTs development proposes an initial
tumorigenic event in utero and the development of a
precursor lesion known as intratubular germcell neoplasia
undifferentiated (ITGCNU), also known as carcinoma in situ
(CIS) [25]. This is followed by a period of dormancy until
after puberty when postpuberal TGCTs emerge. This
prepubertal dormancy suggests that the TGCTs development
is hormone dependent.

Recently, it has been proposed that tumors originate from
neoplastic cells that retain stem cell properties such as self-
renewal [26], and this novel hypothesis has fundamental
implications for the pathogenesis of TGCTs. According with
stem cells hypothesis, tumors originate from tissue stem cells
or from their immediate progeny. This cellular subco-
mponent drives tumorigenesis and aberrant differentiation,
contributing to cellular heterogeneity of the tumor and also
to the resistance to antineoplastic treatments.

ITGCNU cells are generally accepted as the common
preinvasive precursor cells that gives rise to postpuberal
TGCTs [3,27]. ITGCNU almost found invariably in the
periphery of overt postpuberal TGCTs and is estimated that
it is present in approximately 5% of the contralateral testis of
patients with postpuberal TGCTs [28]. Preinvasive
ITGCNUCcells are supposed to be able to develop in different
germinal and somatic tissues and are regarded as pluripotent
or totipotent cells and therefore can be considered as TGCTs
stem cells. ITGCNU cells share morphological similarities
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with gonocytes and it has been proposed that ITGCNU cells
could be remnants of undifferentiated embryonic/fetal cells
[29,30].

Their fetal origin is also supported by immunohis-
tochemical studies of proteins present in ITGCNU, also
shown to be present in primordial germ cells (PGCs) and
gonocytes. The identification of ITGCNU cells in
prepubertal patients, who later developed TGCTs, indicated
that the cells had originated prior to puberty [31].

Therefore, ITGCNU cell represents an interesting variant
of cancer stem cell since it originates before the tissue that it
propagates in is fully differentiated and functional. The
observation that two transcription factors, POUS5F1
(OCT3/4) and NANOG, known to be associated with
pluripotency in ES cells are expressed in ITGCNU has
further contributed to assess the embryonic origin of these
cells. A link between ITGCNU cells and embryonic cells has
been further supported by a substantial overlap between
human ES cells and ITGCNU cells gene expression profiles,
as shown by Almstrup et al. [32]. All hystotypes could be
present in postpuberal TGCTs, because of its totipontent
profile, even seminoma can switch to nhonseminoma
hystotype through reprogramming phenomenon (Fig. (1))
[33-35]. The role of these factors will be discussed in more
detail in the next sections.

Seminoma consists of transformed germ cells, that
closely resemble the PGC/gonocyte, apparently blocked in
their differentiation. Nonseminoma could be constituted by
cells with typical pluripotency of PGC/gonocyte. In
particular, embryonal carcinoma reflect undifferentiated
stem cells, Teratoma represent somatic differentiation, while
choriocarcinoma and YST extraembryonal differentiation.
Genetic studies have shown that postpubertal testis tumors
are often aneuploid with a consistent chromosomal
abnormality composed of a gain of short arm of chromosome
12, usually in the form of an isochromosome, i(12p). In
contrast tumors arising in prepubertal gonads are typically
unassociated with 12p amplification and tend to be diploid.
The most consistent structural chromosomal abnormality is
an isochromosome 12p. Tumors lacking i(12p) have other
structural abnormalities of 12p, among them the
amplification of 12p11.2-p12.1. Gain of 12p sequences may
be related to invasive growth [5] suggested that cyclin D2
(mapped to 12p13) is the most likely candidate gene of
pathogenetic relevance.

NEW DISCOVERED MARKERS AS POTENTIAL
TARGETS OF HUMAN SEMINOMAS

A number of markers has been reported over time that
can be used to discriminate CIS, seminoma, embryonal
carcinoma, teratoma, and yolk sac and they could be sed as
potential molecular therapeutic targets. The most common
are HMGA1, HMGA2, PATZ1, Aurora-B, Nek2, OCT3/4,
c-Kit, PLAP, NANOG, SOX2, GPR30 and others. For
example, HMGAL and HMGAZ2 are differently expressed
with respect to the state of differentiation of TGCTs, with
overexpression of both proteins in pluripotential embryonal
carcinoma cells and loss of expression of HMGAL in YSTs
and of both proteins in mature adult tissue of teratoma areas.
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Fig. (1). A scheme illustrating current understanding of the pathogenesis of Testicular Germ Cell Tumors.

Therefore, the different profile of HMGA1 and HMGA?2
protein expression could represent a valuable diagnostic tool
in some cases of problematic histological differential
diagnosis [36,37].

PATZ1 is a recently discovered zinc finger protein that
acts as a transcriptional repressor. Although expression of
PATZ1 protein was increased in TGCTs, it was delocalized
in the cytoplasm, suggesting an impaired function [38]. More
recently it has been shown that PATZ1 cytoplasmic
delocalization associates with estrogen receptor B (ERp)
down-regulation in human seminomas [39]. Another marker
that could be used to discriminate the different tumor
histotype is Aurora-B expression; in fact, it was detected in
all CIS, seminomas and embryonal carcinomas analyzed but
not in teratomas and yolk sac carcinomas [40,41]. Aurora-B
will be discussed in more detail later.

It is shown that Nek2 protein, a centrosomal Kkinase
required for centrosome disjunction and formation of the
mitotic spindle, is upregulated and localized in the nucleus of
neoplastic cells of seminomas. Such nuclear localization and
the upregulation of Nek2 protein were also observed in the
Tcam-2 seminoma cell line. In addition, the nuclear
localization of Nek2 is a feature of the more undifferentiated
germ cells of mouse testis and correlates with expression of
the stemness markers OCT4 and PLZF [42]. OCT3/4 is a
well-characterized marker for PGCs. It is positive in all cases
of CIS, seminoma, and embryonal carcinoma[43,44]. There
has been a various amount of reports over the years that
OCT3/4 is also expressed in normal adult stem cells and
nongerm cell-derived cancers. However, recent data indicate
that these observations are likely related to the use of

nonspecific antibodies, the latter also recognizing
pseudogenes [45-48]. 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 [49]. In addition to OCT3/4,
several other embryonic stem-cell-specific proteins are
important for maintaining the so-called ‘‘stemness’ of
pluripotent cells, such as NANOG and SOX2 [50-53].

NANOG protein was detected in germline stem cells
(gonocytes) within the developing testis. In addition,
NANOG is highly and specifically expressed in CIS,
embryonal carcinoma, and seminomas, but not in teratoma
and YSTs revealing a molecular and developmental link
between GCTs and the embryonic cells from which they
arise [54].

SOX2 is a member of the SOX protein family,
transcription factors that regulate development from the early
embryonal stage to differentiated lineages of specialized
cells. SOX proteins are known to cooperate with POU
proteins. The best characterized SOX-POU cooperation is
that between SOX2 and OCT3/4. SOX2 is not detected in
human germ cells regardless of their developmental age, in
contrast to data in mouse embryos [55]. SOX2 is expressed
in embryonal carcinoma, the undifferentiated part of
nonseminomas, but it is absent in seminomas, YSTs, and
normal spermatogenesis [55]. CIS cells are indeed negative
for SOX2, although SOX2 positive Sertoli cells can be
present in seminiferous tubules lacking germ cells or in the
presence of CIS [55].

Expression analysis of SOX family members in TGCTs
revealed that is specifically expressed in CIS and seminoma
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but not in embryonal carcinoma [55]. In addition, SOX17
maps to the chromosomal region 8p23, which is gained in
seminoma [56]. This indicates that SOX17 is a candidate
SOX protein for cooperation with OCT3/4 in CIS and
seminoma. These data also illustrate that SOX17 is a new
marker to discriminate CIS and seminoma from embryonal
carcinoma. Of interest is that SOX17 distinguishes
embryonic from adult hematopoietic stem cells [57]. 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. Analysis of expression patterns in
microarray studies revealed additional markers, MCFD2,
BOB1, and PROM1, for seminoma compared to normal
testis [58]. Studies demonstrated indeed increased expression
levels of these three proteins in seminoma cells compared to
normal adult testes [59]. Because all three of these markers
are also expressed at low levels in normal adult testicular
tissue, their suitability as practical additional diagnostic
markers remains to be proven.

Although the physiologic responses to estrogens are
mainly mediated by the ERa and ERp [60-62], in the last
few years, GPR30 has been shown to mediate estrogen
signaling in a wide variety of cell types. GPR30 is an
intracellular 7-transmembrane G protein-coupled estrogen
receptor (GPR30) that functions alongside the traditional
estrogen receptors (ERa and ERp) to regulate physiological
responsiveness to estrogen. It has been shown that GPR30 is
overexpressed in seminomas and in the derived human
seminoma TCam-2 cell line indicating that it could be a good
potential therapeutic target; [63,64].

In recent years, the role of miRNAs in carcinogenesis of
human testicular cancer and germ cell development has
emerged [65]. It was demonstrated that knockout mice for
Dicer suffered from an early decrease in germ cell number
and an impaired ability to differentiate, indicating that
Dicerl and miRNAs are important for both survival and
proper differentiation of male germ cells [65]. Subsequently,
it was demonstrated that miRNAs 372 and 373 can
overcome cellcycle arrest mediated by p53 [66]. In contrast,
in TGCT cell lines with mutated p53 or expressing low
levels 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. Further
research into the functional mechanisms of miRNAs and the
role of DND in TGCT are likely to give more interesting
clues.

AURORA KINASE INHIBITORS

Errors in mitosis can provide a source of the genomic
instability that is typically associated with tumorigenesis.
Many mitotic regulators are aberrantly expressed in tumor
cells. The kinases Aurora-A, -B, and -C represent a family of
protein well conserved throughout eukaryotic evolution and
members of this family have been extensively studied in a
range of different model organisms [67,68]. All three
mammalian members of this family are overexpressed in
human cancer cells [67]. Although the catalytic domains of
the Auroras are highly conserved, these proteins show
different subcellular localizations. Aurora-A (STK-15)
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localizes to the duplicated centrosomes and to the spindle
poles in mitosis. It has been implicated in several processes
required for building a bipolar spindle apparatus, including
centrosome maturation and separation. Aurora-A has been
found to be overexpressed in the meiotic testicular cells [69].
It is interesting to note the aneuploidy of human TGCTs is
associated with amplification of centrosomes [69]. Aurora-B
(AIM-1) is a chromosomal passenger protein. Aurora-B
binds three other chromosome passenger proteins-
innercentromere protein (INCENP), survivin, and borealin
[67,68]. During mitosis, Aurora-B is required for
phosphorylation of histone H3 on serine 10, and this might
be important for chromosome condensation [67,68]. Aurora-
B clearly regulates kinetochore function, as it is required for
correct chromosome alignment and segregation. Aurora-B is
also required for spindlecheckpoint function and cytokinesis
[67,68].

Aurora-A and -B are overexpressed in primary breast and
colon tumor samples [70]. Aurora-A is localized (20g13) to
an amplicon associated with poor prognosis in patients with
breast and colon tumors [70]. Many studies have identified
other tumor types, in which Aurora-A was amplified or
overexpressed  [67].  Aurora-C(STK-13) is  also
overexpressed in colorectal cancers [67]. The distribution
and the expression of Aurora-B were investigated in
neoplasms derived from germ cells showing that the
expression of Aurora-B is a consistent feature of human
seminomas and embryonal carcinomas suggesting that
Aurora-B is a potential target in the therapy of TGCTs
[40,41]. The increase of Aurora B expression in TGCTs has
been confirmed by using Ki67 and PCNA as molecular
markers [40,41,71]. Three Aurora-kinase inhibitors have
recently been described targeting the enzymatic activity of
the Aurora kinase and in particular blocking Aurora-B
activity: ZM447439, Hesperadin 8 and VX-680 [67,68].
AZD1152, is a reversible ATP-competitive Aurora inhibitor,
AZD1152 is 1000-fold more selective for Aurora kinase B
than for Aurora kinase A, being the Ki values of 0.36 versus
1300 nM, respectively [67,68]. AZD1152 has shown highly
significant tumor growth inhibition in a diverse panel of
solid human cancer tumor xenograft models, including lung
and colorectal cancers and his good solubility makes it
suitable for clinical use. AZD1152 and other Aurora
inhibitor are currently in early clinical evaluation, showing
reversible neutropenia as major side effect. All these
molecules act by inhibiting phosphorylation of histone H3 on
serine 10 and consequently blocking cell division [67,68].
Although germinal cell tumors are highly responsive to
commonly used chemotherapeutic treatment, cases of acute
toxicity and chronic collateral effects, such as sterility, are
recorded. Therefore, the availability of novel drugs such as
Aurora-B inhibitor(s) could represent an escape from
chemotherapy early and late effects.

RECEPTOR AND NONRECEPTOR TYROSINE
KINASE INHIBITORS

Protein phosphorylation plays key roles in many
physiological processes and is often deregulated in
neoplastic lesions. Current understanding of how protein
kinases and phosphatases orchestrate the phosphorylation
changes that control cellular functions, has made these
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enzymes potential drug targets for the treatment of different
types of cancer. Recently, receptor and nonreceptor tyrosine
kinases (TKs) have emerged as clinically useful drug target
molecules for treating cancer [72]. Imatinib mesilate (STI-
571) was primarily designed to inhibit ber-abl TK activity
and to treat chronic myeloid leukemia. STI-571 is also an
inhibitor of c-Kit receptor TK, and is currently the drug of
choice for the therapy of metastatic gastrointestinal stromal
tumors (GISTs), which frequently express constitutively
activated forms of the c-Kit-receptor [68]. Platelet-derived
growth factor receptor-a (PDGFRa), and c-Kit are expressed
at high levels in TGCTs [73,74].

The c-Kit/stem cell factor system is a signaling pathway
for migration and survival of PGCs [75]. c-Kit is a tyrosine
kinase receptor for the stem cell factor, ligand binding leads
to the c-Kit receptor heterodimerization and tyrosine kinase
activity and the downstream signal involves both apoptosis
and cell cycle progression [75]. Activating mutations of c-
Kit have recently been found in 93% of bilateral TGCTs,
albeit in less of 2% of unilateral TGCTs [76]. These
mutations affect codon 816 of c-Kit gene resulting in a
constitutional kinase active, in a manner similar to other
receptorial tyrosine kinase activating mutations [76].
However, the mutation in exon 17 is not inhibited by the
tyrosine kinase inhibitor imatinib mesylate [77].

The success of the tyrosine kinase inhibitors in the
treatment of some cancers has invigorated the development
of kinase inhibitors as anticancer drugs and a large number
of these compounds are currently undergoing clinical trials
and it is likely that molecules capable to inhibit exon 17 c-
Kit activating mutations will be identified contributing to the
development of molecular targeted therapies.

ANGIOGENESIS INHIBITORS

Tumors require access to blood vessels for the supply of
oxygen and to maintain growth. The development and the
growth of new vessels (angiogenesis) are essential for tumor
growth and progression. Judah Folkman in the early 1970s
proposed the inhibition of tumor blood vessel as a
therapeutic approach for treating cancer patients [78]. The
blood vessel growth in normal tissues is regulated through a
balance between the action of proangiogenic factors, such as
vascular endothelial growth factor (i.e., VEGF) [79] and the
action of angiogenic inhibitors (i.e., thrombospondin-1) [80].
In neoplastic lesions the angiogenic balance is shifted toward
the proangiogenic factors, and irregular and uncoordinated
tumor vessel growth is the result.

VEGFR tyrosine kinase, p53, cyclooxygenase-2 (COX-
2), andmatrixmetalloproteinases (MMPs) all directly and/or
indirectly influence the proangiogenic switch [79]. More
than five inhibitors of the VEGF pathway have entered
clinical phases I-Ill trials. Bevacizumab (Avastin(TM)), an
antibody against VEGF, was shown to prolong survival in a
phase 111 clinical trial in renal cell cancer and was efficient in
two randomized clinical trials investigating the treatment of
metastatic colorectal cancer [81].

ZD6474 is an orally bioavailable inhibitor of VEGF
receptor-2 tyrosine kinase activity that in preclinical studies
has been shown to inhibit both VEGF-induced signaling in
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endothelial cells and tumor-induced angiogenesis. ZD6474
produced significant broad-spectrum antitumor activity in a
panel of human tumor xenografts [82,83]. The results
obtained so far with inhibitors of angiogenesis suggest that
these are novel molecules, currently in development could be
useful for the treatment of chemoteraputic resistant TGCTs
and to increase patients survival.

CONCLUSIONS AND PERSPECTIVES

Both environmental and genetic factors play an important
role in the development of human testicular seminomas .
These factor cause the deregulation of the normal
differentiation processes of PGC. The incidence of
seminomas has been increasing over the last decades.
Remarkably, differences in incidence between adjacent
countries such as Sweden and Finland are still
largelyunexplained, calling for further studies. Diagnosis is
usually based on identification of histological subgroups. In
recent years, immunohistochemistry with a panel of suitable
markers, including OCT3/4, SOX2, SOX17, HMGA1, and
HMGA 2, PATZ1, GPR30 and others has given further
advantages to discriminate between subgroups.

A unique characteristic of seminoma is their sensitivity to
treatment. Although the better responses of seminomas
versus nonseminomas is well reported, as the frequent
recurrence of mature teratomas in residual treatment-
resistant tumors highlighting the need for more effective
therapies in these resistant forms. A deeper understanding of
the molecular 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. Promising molecules
capable to selectively target neoplastic cells, that is, the
Aurora-B  serine-threonine kinases, TKs, HMGAs and
proangiogenic factors inhibitors, already under clinical
evaluation will open a new scenario for seminomas
treatment.
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