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Germ Cell Tumors 
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Perspective: Cells of Origin, 
Pathogenesis, and Molecular 
Biology (Emerging Patterns)

J. Wolter Oosterhuis and Leendert H.J. Looijenga

3.1	 �Introduction

Germ cell tumors (GCT) are a seemingly hetero-
geneous family of neoplasms, whose histological 
composition likely reflects the developmental 
potential of the cells from which they are derived.

Recent discoveries on the regulation of devel-
opmental states of cells in the early embryo and 
the germline allow a deeper understanding of the 
origin and developmental potential of GCT and 
provide a biologically plausible and clinically 
relevant basis for their classification.

3.2	 �Developmental States 
of Early Embryonic Cells

3.2.1	 �Restriction 
Versus Maintaining 
Developmental Potential

Multicellular organisms develop from a single 
omnipotent cell, the zygote, through a tightly 
regulated program of restriction of pluripotency 
[1], yet for maintaining their kind, they have to 

preserve totipotency in the germ cell lineage [2]. 
For full developmental potential, the zygote of 
placental mammals needs a biparental genomic 
imprinting (GI) [3–5] and a specifically methyl-
ated intact genome with X-inactivation in female 
cells [6, 7].

Here a brief explanation of GI is appropriate; 
changes of (global) methylation in the early 
embryo and the germline will be discussed later 
in this section. GI is the phenomenon whereby in 
mammals the expression of some genes depends 
on maternal or paternal origin, due to parental-
specific DNA methylation and histone modifica-
tion [8]. The GI cycle starts with erasure of the 
original biparental imprinting pattern of the 
zygote early in the germ lineage through replace-
ment of methylcytosine by unmethylated cyto-
sine via the base excision repair pathway [9]. 
Later, during oogenesis and spermatogenesis, 
respectively, fresh maternal and paternal imprint-
ing patterns are established by de novo methyla-
tion of the relevant targets, an estimated 100–200 
genes including noncoding RNAs, about 1 % of 
the genome [10–15] (Fig. 3.1). A variety of 
human diseases is caused by aberrations of spe-
cific imprinted genes through genetic and epigen-
etic mechanisms (for review [16]).

Only blastomeres after the first few cleavage 
divisions, up to the eight-cell stage, may have 
the full developmental potential (omnipotency) 
of the zygote [17]. In fact, in the mouse, it is lost 
beyond the two-cell stage [18]. Later, 
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blastomeres and the embryonal stem cells (ESC) 
of the inner cell mass (ICM) and epiblast 
undergo further restriction step by step of their 
developmental potential, as stem cells are gen-
erated with commitment to developing special-
ized organs and tissues [1], including the germ 
lineage, which is specified to transfer omnipo-
tency to the next generation [2, 12]. Probably all 
cells of the ICM and the epiblast are in principle 
germline competent and thus potentially totipo-
tent/omnipotent [2, 19], although with different 
efficiency [20].

3.2.2	 �OCT4: Key Protein 
in Pluripotency

From studies mainly in the mouse, Oct4 (also 
known as Pouf1, Oct3, Oct4, and Otf3), a mem-
ber of the POU-domain family of octamer-
binding transcription factors, emerges as the 
key component in the regulatory network that 
maintains pluripotency [21–24]. Although not 
indispensable for the establishment of omnipo-
tency in the zygote, it is required for maintain-
ing pluripotent states in the developing embryo 
[25]. From the two-cell stage onward [19, 23], 

after the genome of the zygote is activated, 
Oct4 is expressed in all cells through the mor-
ula stage. Later, in the preimplantation embryo, 
Oct4 is confined to the ICM and the epiblast, 
while after implantation, its expression is lim-
ited to the primitive ectoderm (Fig. 3.2). 
Simultaneously with downregulation of Oct4 in 
the primitive ectoderm during gastrulation, pri-
mordial germ cells (PGC), the stem cells of 
gametogenesis in later life, are formed, with 
continued expression of Oct4 [26] that is main-
tained in the developing germ lineage until 
entry in meiosis. Meiotic oocytes are negative 
for Oct4; in the mouse, Oct4 is reexpressed in 
oocytes of the postnatal ovary. In the mouse tes-
tis, it is only expressed in type A spermatogonia 
[27]. In the human embryo, OCT4 expression 
starts somewhat later than in the mouse, in the 
eight-cell embryo [28]. OCT4 is normally not 
expressed in the testis beyond the age of 
6 months and thus negative in spermatogonia, 
i.e., in male germ cells from mitotic arrest 
onward [29]. In contrast to the mouse, in 
humans, OCT4 is not expressed in meiotic 
germ cells both in males and females, and it 
thus remains also negative after birth in the pre- 
and postpubertal ovary [29–31]. OCT4 is 
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Fig. 3.1  Cycle of 
genomic imprinting 
(GI). Upon fertilization, 
the zygote acquires a 
haploid set of paternally 
imprinted chromosomes 
from the father and a 
haploid set of 
maternally imprinted 
chromosomes from the 
mother; the cells of the 
embryo therefore have 
a biparental GI pattern. 
In the germline, GI is 
erased; during 
spermatogenesis and 
oogenesis, respectively, 
paternal and maternal 
imprinting is 
reestablished [746]
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specific for normal and neoplastic pluripotent 
cells and not expressed in normal adult human 
tissues and the large majority of cancers derived 
from adult tissues [32].

Notably, in the cells of the ICM and the epi-
blast of the preimplantation mouse embryo and 
the germline (collectively, the totipotent ESC) 
which efficiently contribute to the germline in 
chimeric embryos [33], Oct4 expression is 
driven by its distal enhancer. In contrast, in 
ESC from primitive ectoderm of the postim-
plantation embryo, which are pluripotent and 
contribute to the germline with low efficiency, 
it is driven from its proximal enhancer [26]. In 
the ESC, both of the pre- and postimplantation 
embryos and in the germline Oct4 physically 
partners with Sox2, regardless of the driving 
enhancer [20, 34]. In humans, OCT4 is coupled 

with SOX2  in ESC, however, with SOX17  in 
the germline [35].

OCT4 (6p21–22) [36] is involved in a net-
work of pluripotency factors including among 
others SOX2 (3q26–27) [37] and NANOG, 
STELLAR, and GDF3 (12p13) [38] that induce 
and maintain pluripotency of ESC, repress devel-
opment of somatic lineages, and regulate cell fate 
decisions in the early embryo [20, 39].

In various animal models, factors involved 
specification of early lineages, orchestrated by the 
pluripotency network, have been identified, such 
as Ezh2, Sox21, and Cdx2 for trophectoderm  
[40–42], Sox17 [43] (SOX17 in humans) [44] for 
primitive endoderm, and TBX3 for mesoderm (in 
Xenopus) [45]. Oct4 switches partner from Sox2 
to Sox17  in the primitive endoderm [34] and in 
humans also in the germline [35].
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Fig. 3.2  Oct4 expression in the early mouse embryo. 
The progressive stages of murine preimplantation devel-
opment, through implantation and gastrulation (embry-
onic days 0.5–6.5), are schematically represented. 
Critical genetic and epigenetic events initiated during 
this period are indicated at the appropriate time points. 
The expression pattern of Oct4 mRNA and protein in the 
developing embryos is represented by shading, with the 

intensity of color reflecting the level of expression. Oct4 
is present in the nuclei of all cells through the morula 
stage. At day 3.5, Oct4 becomes restricted to the inner 
cell mass (ICM) and, later, at day 4.5, to migrating cells 
of differentiating primitive endoderm. Following implan-
tation, Oct4 expression is limited to primitive ectodermal 
cells. Expression in primordial cells is detectable at day 
8.5 (not shown) [23]

3  Germ Cell Tumors from a Developmental Perspective



26

3.2.3	 �Specification 
and Maintenance 
of the Germline

In mice timeline at embryonic day 6 (E6), Bmp4 
initiates the specification of the germline by 
inducing Blimp1, Prdm14, and Ap2ɣ in proximal 
epiblast cells. These three proteins act to repress 
somatic genes and induce expression of PGC 
proteins, such as nanos3, re-induce pluripotency 
genes, and start the epigenetic reprogramming 
([35] for review). At E7.25, they form a cluster of 
40–50 cells at the base of the allantois due to the 
homotypic adhesion molecule fragilis. The cells 
in the center of the cluster with the highest 
expression of fragilis start to express stella(r) 
(also known as Dpp3a) and Tnap (the mouse 
homolog of PLAP) and become recognizable as 
the first PGC, which on E 8.5, after downregula-
tion of fragilis, start to migrate to the genital 
ridges, the future gonads [46, 47].

Different from mice, in humans SOX17 is a 
critical specifier of PGC fate [35], inducing the 
expression of BLIMP1, which represses endo-
dermal and other somatic genes as in the mouse. 
SOX17 and BLIMP1 are probably also important 
in the maintenance of PGC, preventing them 
from displaying their capacity to totipotency 
endowed by the expression of OCT4. Both in 
mice and humans, migrating PGC undergo 
germline-specific global demethylation, “repro-
gramming 1,” jointly with upregulation of 
PRMT5 to protect the vulnerable demethylated 
genome from damage by transposable elements 
[7, 35]. In the gonads, these cells, now called 
gonocytes, undergo “reprogramming 2,” includ-
ing completion of erasure of parental imprinting 
[48, 49], a process that is completed within 24 h 
in the mouse, however, takes several weeks in a 
locus-specific manner in the human embryo [6]. 
In the process of global demethylation and era-
sure of GI of PGC, 5mC is replaced by 5hmC in 
mouse [50] and man [6].

In the mouse, PGC start migration at E8.5 
from the base of the allantois, as mentioned, and 
reach the genital ridges at E10.5 by passive 
movement due the folding of the embryo and 
active migration partly guided by chemotactic 

factors from the genital ridge [2, 12, 51]. In 
humans, PGC expressing OCT4 (see above), as 
well as cKIT (membrane receptor for KIT ligand 
(KITLG), also known as stem cell factor, crucial 
for survival and proliferation of PGC), can be 
recognized in the yolk sac wall from 3 to 4 week 
postconception (wpc) [52]. PGC are present in 
the hindgut epithelium, in the mesenchyme of 
the dorsal mesentery, and in the developing 
gonadal ridge in wpc 4–6. In wpc 4–5, they leave 
the gut epithelium by a process resembling epi-
thelial mesenchymal transition (EMT). KITLG 
activates KIT signaling in the PGC and facili-
tates their further migration [2], but after estab-
lishment of connections between the enteric and 
sympathetic nervous systems, PGC follow sym-
pathetic nerve fibers toward the gonads. 
Numerous PGC are still present in the nervous 
system by wpc14. PGC failing to exit the nerve 
branches at the gonadal site may continue along 
the sympathetic trunk along the midline of the 
body and may end up in other distant localiza-
tions including the retroperitoneum (suprarenal 
region, adrenal glands), abdomen (stomach), 
anterior mediastinum, heart, lungs, head and 
neck, and CNS [52, 53]. This is an important 
observation because these so-called mis-
migrated PGC may give rise to GCT in these 
various extragonadal sites, unless eliminated by 
apoptosis [54–57] (Fig. 3.3). In the mouse 
embryo, upon arrival in the genital ridges on 
E12.5, gonocytes enter a premeiotic stage and 
upregulate meiotic genes both in female and 
male embryos. In the male genital ridge, meiosis 
proceeds no further and the germ cells enter 
mitotic arrest as G0/G1 prespermatogonia, 
which resume mitosis only after birth. In con-
trast, in the female genital ridge, germ cells enter 
meiotic prophase as oocytes and pass through 
leptotene, zygotene, and pachytene stages before 
arresting in diplotene at the time of birth. Germ 
cells enter meiotic prophase at about the same 
time not only in the female genital ridge, but also 
in extragonadal localizations, such as the adrenal 
gland, in female and male embryos [58, 59].

Mouse and human PGC are mortal, nullipo-
tent cells; in vitro exposure to KITLG, LIF, and 
bFGF reprograms them into totipotent stem cells 
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Fig. 3.3  Horizontal section through abdomen of a human 
embryo, 8 wpc. Horizontal section of human embryo, CRL= 
30 mm, 7 weeks and 6 days pc immunofluorescent labeled 
against cKit and b-III-tubulin antibody. Survey depicted (a–
c), with commencing connectivity of the enteric (ENS) and 
sympathetic (SNS) nervous system (b). (c) Some sympa-
thetic nerve fibers are found in the adrenal glands (AG), the 
pancreas (P), and especially in the dorsal mesentery located 
in the middle of the section. Positive b-III-tubulin reactivity 
is seen in nerve fibers of ENS, in general in the plexus myen-
tericus (PM), and similar reactivity is observed in the duode-

num (d). Furthermore, cKit is also observed in the interstitial 
cells of Cajal (ICC) of PM. (d) The PGCs in the nerve fibers 
demonstrate cKit reactivity. (e) Higher magnification of (b) 
demonstrating b-III-tubulin reactivity of SNS. (f) Higher 
magnification of boxed area in (c). The larger PGCs, with 
strong membranous cKit reactivity, are located in close cor-
respondence to the periphery of the individual nerve fibers of 
the SNS (f, arrows). The small, densely labeled cKit-positive 
cells outside of the nerve fibers are mast cells (f, arrow-
heads). Scale bars: (a, b) 500  mm, (c) 200  mm, (d, e) 
100 mm, (f) 50 mm [52]
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(EGCs) that can grow indefinitely [60] and can 
enter the germline efficiently [33, 61].

3.2.4	 �Plasticity of Pluripotent States

From recent research papers and reviews [17, 19, 
20, 62–66], a model emerges of the spectrum of 
developmental states of the different types of 
stem cells in the early embryo (mouse and 
human), how they are regulated at the molecular 
level in vivo, and how these developmental states 
can be modeled in  vitro depending on culture 
conditions.

The term “pluripotency,” often used in a more 
general sense in the quoted papers, as in the leg-
end of Fig. 3.4, is replaced by “developmental 
potential” throughout this chapter, to avoid con-
fusion with the more specific application of the 
term “pluripotency” to indicate the developmen-
tal potential of cells in the primed state.

The 2C state represents the full developmental 
potential (omnipotency) of the zygote, still pres-
ent in the blastomeres of the two-cell stage of the 
embryo. These cells have not yet undergone 
global demethylation, erasure of parental imprint-
ing, and X-inactivation (the latter in female cells) 
and do not (yet) express Oct4 and Sox2 [19]. In 
fact, this corresponds to the omnipotent state.

ESC derived from the preimplantation embryo 
(ICM and epiblast) have the broadest develop-
mental potential, compared to other ESC, with a 
permissive epigenetic signature, including two 
active X chromosomes (in female cells), capable 
of forming embryonal and extraembryonal tis-
sues and efficiently contributing to the germline. 
They can continuously self-renew; Oct4 expres-
sion is driven from the distal enhancer, and Oct4 
partners with Sox2. These ESC represent what is 
called the ground state, naïve state, or totipotent 
state.

ESC derived from the primitive ectoderm of 
the postimplantation embryo exhibit reduced/
absent expression of many ancillary pluripotency 
factors, including Klf4, Klf5, Prdm14, Rex1, and 
Esrrb, due to the attenuated Nanog expression 
[67]. These cells accumulate epigenetic barriers 
incompatible with the naïve state, such as female 

X-inactivation and promoter methylation at pluri-
potency genes, and thereby resemble the anterior 
primitive streak [68]. They give rise to somatic 
lineages and do not readily contribute to extraem-
bryonic tissues and the germline. Their self-
renewal capacity is limited, as they progressively 
differentiate toward stem cells committed to 
organs and tissues of the embryo proper; Oct4 is 
driven from the proximal enhancer, and Oct4 
partners with Sox2. These ESC represent the so-
called primed state or pluripotent state.

The developmental potential of PGC upon 
reprogramming depends on their epigenetic sta-
tus. Early PGC, prior to completion of erasure of 
GI, give rise to EGC with the developmental 
potential of pluripotent ESC in the primed state. 
Late PGC with completed erasure of GI give rise 
to EGC with characteristics of naïve state, totipo-
tent ESC, including a permissive epigenetic sig-
nature, the absence of X-inactivation, the 
activation of Oct4 expression from the distal 
enhancer, and the combination of Oct4 with 
Sox2. In human PGC, OCT4 partners with 
SOX17; upon reprogramming to EGC, OCT4 
switches partner with SOX2. In parallel with 
their changing epigenetic status, PGC will have 
developmental potentials ranging from the 
primed to the naïve state.

In vivo, these developmental states are tightly 
controlled partly by cell autonomous factors 
(such as retroviral regulatory sequences) [19] but 
probably more by external cues, like position of 
ESC in the embryo. Plasticity of the developmen-
tal states in vivo is demonstrated by transplanta-
tion experiments, for example, cells from the tip 
of the epiblast become committed to the germline 
when transplanted in the proximal epiblast [12]. 
In vitro, naïve state and primed state can alternate 
depending on the culture conditions [20] (Fig. 
3.4). A startling example of plasticity is the phe-
nomenon that probably all ESC from the ICM 
transiently acquire the omnipotency of two-cell 
stage embryonic cells, the 2C state [19].

Apart from these physiological pluripotent 
cells, there are now somatic cells induced to plu-
ripotency (iPSC) by the very factors involved in 
regulation of pluripotency in the embryo and the 
germline. This feat was first reported by 

J.W. Oosterhuis and L.H.J. Looijenga



29

E3.5
E6.5 E11.5

PGCEpiblast

ICM

2i/LIF or Serum/LIF

ESC

Ground state

Serum/LIF

Serum/LIF

Serum/LIF

Serum/LIF
Rex1+ ve FGF/Activin

FGF/Activin

Spectrum of pluripotent states (developmental progression)

In
 v

iv
o

In
 v

iv
o

Serum/LIF
Rex1- ve

Ch/LIF?

PD/LIF?2i/LIF

2i/LIF 2i

EpiSC EGC

Culture conditions

Naive Primed

FGF/Activin
Ch/LIF or Serum/LIF

Fig. 3.4  Embryonic origin 
and spectrum of pluripotent 
stem cell states. The 
pluripotent cells of a 
blastocyst between E3.5 and 
E4.5 can give rise to 
functionally naive ESC 
(blue). Between E5.5 and 
E8.0 postimplantation 
epiblast can establish EpiSC 
(orange), which occupy a 
primed pluripotent state. 
Additionally, primordial germ 
cells (PGC), which are the 
founders of the germline 
lineage, can give rise to naive 
EGC (green), which are 
highly comparable to ESC. 
Depending on the culture/
derivation conditions, these 
pluripotent stem cells occupy 
discrete molecular states that 
can be broadly classed as 
naive or primed. The most 
optimized state of naive 
pluripotency, which closely 
recapitulates the naive 
epiblast cells of the blasto-
cyst, is termed ground state. 
An interchangeable spectrum 
of pluripotent states may 
arise that ranges from ground 
state to primed pluripotency. 
The state of pluripotency 
adopted in vitro is primarily 
dictated by the combination 
extrinsic signals in the culture 
environment rather than the 
developmental source of the 
pluripotent cells. CH Chiron, 
PD PD03 [20]

Takahashi et al., using the same cocktail of pluri-
potency transcription factors, consisting of Oct4, 
Sox2, Klf4, and c-Myc, for mouse [69] and 
human somatic cells [70]. Shortly thereafter, 
Kim et al. demonstrated that mouse [71] and 
human [72] neural stem cells (NSC) can be 
induced to pluripotency by OCT4 alone, proba-
bly because these cells endogenously express 
SOX2, c-MYC, and KLF4. ESC and NSC appear 
to have many similarities at the transcriptional 
level [73]. Pluripotent stem cells can also be gen-
erated with embryonic stem cell-specific cell 
cycle regulating miRNAs [74].

iPSC, including those derived from NSC, 
resemble human ESC as to developmental poten-
tial, which means that they produce teratomas 
in vivo. By proper in vitro conditions, iPSC can 
be made germline competent [20].

In iPSC, the genomic imprint of the somatic 
cells from which they are derived is stably 
retained; however, a low frequency of loss of 
imprinting can be found, probably acquired in 
the process of reprogramming [75].

The high degree of plasticity of the develop-
mental potential of stem cells, including iPSC, 
implies that the actual state of developmental 
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potential of a given cell, rather than the cell type 
itself, ultimately determines the developmental 
potential of a stem cell [20]. This being said, it 
remains that a certain cell type has its character-
istic developmental potential, e.g., a blastomere 
is characterized by omnipotency.

3.3	 �Developmental Potential 
of Germ Cell Tumors

Failure of regulation of the developmental poten-
tial of stem cells in the early embryo may result 
in mainly extragonadal tumors early in life 
reflecting the overall somatic developmental pro-
gram of the originating cells. Flaws in the control 
of the developmental potential in the germline 
may give rise to tumors with a broad spectrum of 
developmental capacities, mainly in the gonads, 
and most often beyond childhood. Such gonadal 
and extragonadal tumors are usually designated 
with the umbrella-term germ cell tumors (GCT), 
which shall be used from here on.

Indeed, the predictions above fit with the epi-
demiology of GCT in infants, adolescents, and 
adults. Extragonadal GCT occur mainly in neo-
nates and infants, rarely beyond age 6 [76] with 
an estimated incidence of about 1.5/100,000 for 
males and females together [77]. Of note, 
extragonadal GCT are associated with an 
increased risk for various congenital malforma-
tions. In adolescents and adults, GCT are mainly 
found in the gonads with an incidence of 0.5–
12/100,000 for the testis, virtually always malig-
nant, and an incidence of up to 15/100,000 for the 
ovary, most often benign [78]. Overall GCT are 
rare, and even in high-incidence countries like 
Denmark, the lifetime risk for a testicular GCT is 
only 1 % [79]. It is noteworthy that GCT of the 
gonads are associated with a risk for impaired 
fertility.

The rarity of these tumors in any anatomical 
site in humans, the mouse [80, 81], and other 
animal species, perhaps with exception of the 
horse [80, 82, 83], demonstrates how success-
fully the hazards of dealing with embryonic 
stem cells and germ cells are coped with, prob-
ably because these cells are highly apoptosis 

prone. To illustrate this point, targeted loss of 
OCT4 as well as Nanog in PGC in the develop-
ing mouse results in apoptosis of these cells [84, 
85]. It could well be that these cells can only 
escape apoptosis if their normally repressed 
developmental potential unfolds. This mecha-
nism likely plays a role in the origin of many 
GCT in humans.

GCT can be classified according to their devel-
opmental potential [86]. Tumors of a certain 
developmental type appear to have more features 
in common, such as age of presentation, anatomi-
cal distribution, (cyto)genetic aberrations, and 
epigenetic characteristics including global meth-
ylation and GI status [87] (Table 3.1, Fig. 3.5).

3.4	 �Type 0 GCT

3.4.1	 �Developmental Potential 
and Incidence

Internal parasitic twins (fetus in fetu) with an 
incidence of 1/500,000 births [88] and external 
parasitic twins, such as the epignathus that pro-
trudes from the mouth, are extremely rare. These 
abnormal growths have the highest, omnipotent, 
developmental potential of all GCT, essentially 
not different from a zygote. They may contain 
well-developed internal organs, limbs [55], and 
often a vertebral axis [89] and are histologically 
composed of fully differentiated tissues. The 
presence of immature tissue or yolk sac tumor 
(YST) is exceptional [90–93], as is recurrence as 
YST [92, 94].

3.4.2	 �Anatomical Distribution

Fetus in fetu is in 80 % of the cases localized in 
the retroperitoneum and often enclosed in an 
amniotic sac, sometimes with rudiments of an 
umbilical cord [95] and extremely rarely placen-
tal tissue [92]. Other sites are the skull, hard pal-
ate, liver, sacrum, scrotum, and attached to ovary 
[94] and undescended testis [95]. External para-
sitic twins are localized at the same sites where 
conjoined twins are united [96].
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3.4.3	 �Genetics and Pathogenesis

Genetic analyses in some of the more recent 
cases have with rare exceptions failed to demon-
strate differences with the host [97]. These obser-
vations are consistent with fetus in fetu and 
external parasitic twins being monozygotic 
diamniotic twins [95] lacking a heart and deriv-
ing their circulation from the host. Apart from the 
heart, the brain is also usually missing; in fact, 
most of the rostral part of the embryo is poorly 
developed [96].

There are features, such as common anatomi-
cal localization and female preponderance, sug-
gesting a continuum and common pathogenesis 
of conjoined twins, parasitic twins, fetus in fetu, 
acardiacs, which are considered parasitic twins 
attached via the placenta, and teratomas [96, 98, 
99]. Multiple pregnancies could be the far end 
of this continuum, as each of the mentioned 
conditions as well as type I GCT of various ana-
tomical sites [94] and perhaps also dermoid 
cysts (type IV GCT) [100, 101] is associated 
with a family history of multiple pregnancies 
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Fig. 3.5  Unifying model of the pathogenesis of GCT 
based on the hypothesis that the developmental potential 
of GCT is determined by the developmental state (2C, 
naïve, primed) of the originating cell. Juxtaposed in the 
figure are stages of embryogenesis (upper panel), devel-
opmental potential of stem cells in subsequent stages of 
embryonic development and the germline (second panel), 
critical features of the involved stem cells (third panel), 
and corresponding GCT types with gender distribution 
and their histology, reflecting developmental potential 
(bottom panel, linking Fig. 3.5 to Table 3.1) (abbrevia-

tions in order of appearance: DEV.POT. developmental 
potential, PGC primordial germ cell, iPSC induced plu-
ripotent stem cell, PARAM. parameters, M male, F female, 
DE-(I) first wave of demethylation, DE-(II) second wave 
of demethylation, RE remethylation, glob. Meth. global 
methylation, GI genomic imprinting, X-inact. 
X-inactivation, D distal enhancer, P proximal enhancer, H 
human, GCT germ cell tumor, TE teratoma, Im immature, 
YST yolk sac tumor, SE seminoma, NS non-seminoma, ST 
spermatocytic tumor, HM hydatidiform mole, DC der-
moid cyst)
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[96] (see below). In fact, over 15 % of cases of 
fetus in fetu have a family history of twins or 
double fetus in fetu [94]. The basic defect then 
would be an increased risk of multiple pregnan-
cies or, more mechanistically phrased, prone-
ness of blastomeres in the 2C state to escape the 
organizing influence of the developing embryo 
or rather escape from control of their develop-
mental potential. If the twin fails to develop a 
functional heart, it will either die or, if it suc-
ceeds in getting its circulation from the host, 
develop as a parasitic twin or a teratoma [96]. 
The latter may seem far-fetched; however, there 
is a case report on an oral mature teratoma in a 
female neonate that contained epididymal tis-
sue. In the tumor, Y-chromosomal DNA was 
demonstrated by PCR, which was lacking in the 
peripheral blood of the girl who had a normal 
female karyotype in peripheral blood lympho-
cytes (Fig. 3.6). This extraordinary teratoma is 
probably best regarded as a poorly organized 

epignathus originating from dizygotic twinning 
[102], illustrating an exceptional mechanism of 
origin of teratoma.

3.5	 �Type I GCT

3.5.1	 �Type I GCT General

3.5.1.1	 �Developmental Potential
The natural history of type I GCT, emerging 
from numerous clinical and pathological obser-
vations [55, 94, 103–109], is that regardless of 
anatomical site, they begin during embryonic 
life as immature teratoma, probably arising 
from one pluripotent progenitor cell, which 
may evolve to mature teratoma with trilaminar 
derivatives. However, an immature teratoma 
component may contain foci of YST easily 
overlooked on microscopic examination [106, 
110–113], which may eventually overgrow the 

Fig. 3.6  Histology and PCR of male epignathus, dis-
guised as teratoma, in a female neonate. Left panel, histol-
ogy of teratoma with epididymal ducts (arrows); right 
panel, PCR-amplification of Y-chromosomal DNA. Lane 
1: control DNA, female. Lane 2: control DNA, male. Lane 

3: 100 bp ladder. Lane 4: DNA extracted from 10 μm thick 
slides cut from paraffin-embedded teratoma tissue show-
ing ductus epididymis on light microscopy. Lane 5: DNA 
extracted from paraffin-embedded teratoma tissue show-
ing no ductus epididymis on light microscopy [102]
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original teratoma (Fig. 3.7). In fetuses and neo-
nates, and in prenatally resected tumors, YST 
is virtually always associated with immature 
teratoma, while pure YST is rare [94, 113]. 
Thus, these tumors come in three histological 
variants: pure (immature) teratoma; pure YST, 
whereby the original teratoma component is 
probably overgrown by the more aggressive 
YST component; and combinations of (imma-
ture) teratoma and YST. The younger the 
infant, the more often an immature component 
is present and the lesser the chance that an 
overt YST component has developed, irrespec-
tive of gender (Table 3.2). YST can take the 
form of both intraembryonic endodermal 
derivatives, such as the primitive gut and liver, 
and extraembryonic structures such as allan-
tois and yolk sac [114], reason for Nogales to 
advocate the name primitive endodermal tumor 
instead of YST (Chap. 6).

The frequency of the different histological 
variants differs per anatomical site; however, in 
population-based registries, teratomas are the 
most frequent at all sites. In fact, the large major-
ity of type I GCT have a favorable course regard-
less of degree of immaturity, with the exception 
of high-grade immature teratomas of the ovary. 
A YST component, overall present in about 
5–10 % of the cases at birth [94, 109], is the only 
predictor of recurrence at any site [106, 109]. 

Type I GCT typically lack a seminomatous com-
ponent, EC, and choriocarcinoma, which are 
indicative for a type II GCT (see below). 
Choriocarcinoma may rarely occur in infants, in 
association with an intracranial type I teratoma 
[115] or metastatic from placental/gestational 
choriocarcinoma [116, 117].

Type I GCT may contain OCT4-positive 
cells, usually in higher-grade immature teratoma 
components [118, 119], which however are neg-
ative for SOX2 and CD30. This is in contrast to 
EC cells, the stem cells of type II GCT, which 
typically express these two proteins in addition 
to OCT4 and other pluripotency proteins, such 
as NANOG and STELLAR [57, 120]. These 
OCT4-positive cells may be the stem cells of 
type I GCT. The lack of expression of CD30 may 
be explained by the cells being diploid. It was 
shown that in vitro ESC cells, the normal coun-
terparts of EC cells, only start to express CD30 
when they become aneuploid [121]. The rarity of 
these stem cells in type I GCT suggests that they 
do not readily self-renew but are rather poised to 
differentiation, particularly into the various 
somatic lineages, explaining the usually benign 
character of these tumors. In fact, the precursor 
cells seem to be in the primed state.

Type I GCT may contain SOX2-positive cells; 
however, these are not the OCT4-positive puta-
tive stem cells [122], shown in Fig. 3.8.

Fig. 3.7  Testicular type I GCT, in infant of 5  months, 
composed of mature and immature teratoma with decep-
tive microscopic foci of YST, difficult to recognize with-

out the aid of immunohistochemistry. (left, H and E ×200; 
right glypican 3, ×200)

J.W. Oosterhuis and L.H.J. Looijenga
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Fig. 3.8  Type I immature teratoma with OCT4-positive, SOX2- and CD30-negative stem cells. (clockwise, HE, OCT4, 
SOX2, and CD30; original magnification, ×200)

Table 3.2  Histology of 96 sacral type I GCT related to sex and age

Histology Male Female Total

Mature teratoma Number 17 47 64

Age (average) 230 day 97 day

Age (median, range) 12 day 
(1 day – >3 year)

8 day 
(1 day–2.5 year)

Immature teratoma Number 3 13 16

Age (average, SD) 6 day 8 day

Age (median, range) 4 day (1–14 day) 4 day (1–45 day)

(Immature) 
teratoma
Plus yolk sac tumor

Number 0 5 5

Age (average, SD) 60 day

Age (median, range) 12 day (1 day to > 
6 month)

Yolk sac tumor Number 3 8 11

Age (average, SD) 20 month 21 month

Age (median, range) 18 month 
(15–27 month)

21 month (12 to 
>34 month)

Based on original data from De Backer [77]
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3.5.1.2	 �Epidemiology
The age distribution of GCT shows a neonatal 
peak in the sacrococcygeal area, retroperito-
neum, mediastinum, head and neck, brain (apart 
from the pineal gland), and testis. In the ovary, 
the early peak is missing; however, GCT do 
occur from birth through adulthood without 
interruption. The tumors represented by the 
early peak are type I GCT, rare tumors, most 
often occurring in the fetus, neonates, and chil-
dren under the age of two and seldom beyond 
age six, with an overall predilection for girls, 
mainly due to the about 3.5:1 female to male 
ratio of sacrococcygeal tumors [76]. This 
skewed sex distribution may be due to global 
demethylation of PGC taking place earlier in 
males than in females. As a result, in males, the 
PGC are more fragile and prone to apoptosis 
upon mis-migration, whereas in females, the 
PGC are more robust and therefore have a 
greater chance to undergo reprogramming, giv-
ing them survival advantage outside a proper 
niche [57]. Such a mechanism would explain 
the overall slightly increased risk of extrago-
nadal type I and perhaps also type 0 GCT in 
females [123], not answering the question of 
why mainly in the sacrococcygeal region.

Exact incidence figures are hard to get 
because in most cancer registries, only malig-
nant GCT and not teratomas are included. The 
best approximation is achieved by combining 
cancer registry data with population-based fig-
ures on all GCT obtained in centers specializing 
in the treatment of these tumors [55, 94, 103, 
105, 107, 109, 114]. The Netherlands and 
Belgian National Cancer Registries report, 
respectively, 5.2 and 5.4 malignant GCT per mil-
lion children less than 15 years of age [77]; this 
figure is 4/million in Germany [107]. Assuming 
that over half, in fact, up to 70 %, of the type I 
GCT in children are teratomas, the overall inci-
dence would be 1–1.5/100,000 [77].

Multiplicity of type I GCT is exceedingly 
rare: one child with a bilateral pure YST of the 
testis [124]; four cases of bilateral teratoma of the 
testis [125–127], two of which were brothers 
with Klinefelter’s syndrome [127]; no bilateral 
stage I ovarian YST [128, 129]; 1–2 % of ovarian 

immature teratomas is bilateral [130, 131]; and 
no published multiple extragonadal cases to the 
best of our knowledge.

Combinations in one individual of type I GCT 
with other GCT types do occur: type I GCT may 
rarely be combined with fetus in fetu (type 0 
GCT) among others in the cranial region [132]; 
ovarian type I GCT may be combined with a type 
IV GCT in the same ovary and in 11  % in the 
contralateral ovary [130].

Familial cases of type I GCT have not been 
described for the testis, apart from the two 
brothers, both infants, with Klinefelter’s syn-
drome, mentioned above, with bilateral testicular 
teratomas [127]. In view of the rarity of bilateral 
testicular type I teratoma [125, 126] as well as 
Klinefelter’s syndrome, this is probably not a 
chance occurrence, suggesting that this syndrome 
is a risk factor also for type I GCT, in addition to 
being an established risk factor for type II GCT 
of the mediastinum and brain.

Ovarian type I GCT may cluster with dermoid 
cysts of the ovary (type IV GCT). Since the latter 
may have a familial component, this is probably 
also true for the type I GCT [130, 133–135].

Finally, there is the family of a mother with an 
immature teratoma of the ovary coexisting with a 
newborn baby with an intracranial immature ter-
atoma [132, 136]; Poremba et al. excluded that 
the tumors were clonally related. Giambartolomei 
et al. [137] retrieved four families from the litera-
ture in which an ovarian type I GCT was com-
bined with one or more type II GCT of the testis 
(five cases) or ovary (one case).

3.5.1.3	 �Anatomical Distribution
Type I GCT are most often localized in extrago-
nadal sites along the midline of the body: the 
sacral region, retroperitoneum (cranially of the 
kidneys), stomach, anterior mediastinum, heart, 
head and neck, and brain [94, 138]. This peculiar 
distribution along the midline, including the 
brain, is attributed to the migration route of PGC 
during embryonic development [52, 54, 56, 57]. 
Others explain it by the relative abundance of 
ESC (for review [55]) or NSC [139] along the 
midline of the developing embryo. Type I GCT 
occur also in the testis, the second most frequent 
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site after the sacral region, and in the ovary. They 
have never been described in dysgenetic gonads 
in keeping with the different pathogenesis of type 
I and type II GCT of the gonads, the latter being 
derived from transformed, virtually always aneu-
ploid gonocytes in the naïve state, while the for-
mer probably originate through direct 
reprogramming of essentially normal, still meth-
ylated, and pre-erased diploid gonocytes to ESC 
in the primed state.

3.5.1.4	 �(Cyto)Genetics
Type I (immature) teratoma, either pure or com-
bined with YST, is virtually always diploid, lack-
ing chromosomal rearrangements. However, 
YST of type I, pure or combined with teratoma, 
is most often aneuploid, usually (near)diploid, 
with multiple gains and losses of (parts) of chro-
mosomes. Involved in gains are 1q, 3, 3p, 8q24, 
12p13, 20q, and 22; involved in losses are 1p 
(1p36), 4, 4q, 6q (6q24-qter), 16q, and 20p. 
Overrepresentation of the whole of 12p or the 
region 12p11.2–p12.1, typical for type II GCT, is 
not a feature of type I GCT. As mentioned above, 
the distal part of 12p and in particular 12p13 may 
be overrepresented ([111, 140–150], for review 
[151]). Some of these changes, such as gain of 1q 
and loss of 1p and 6q, are shared by type II YST 
and may be related to the phenomenon of pro-
gression/differentiation toward YST rather than 
being specific for type I GCT [152].

Although highly speculative, for some of the 
chromosomal gains and losses, possibly involved 
genes have been suggested; gain of 8q24 has 
been associated with amplification of MYC [142]; 
gain of 12p13 might involve the pluripotency 
genes STELLAR, NANOG, and GDF3 [38]; and 
loss of 1p36 [140] might involve CHD5, a tumor 
suppressor gene deleted from 1p36.31 in neuro-
blastoma [153].

Sporadic case reports describe specific bal-
anced chromosomal translocations in type I 
GCT.  Two infantile sacral teratoma cases had 
constitutional balanced translocations involving 
12q13 probably affecting different genes [146, 
154]. In one of the two patients, the genes 
involved in the translocation t(12;15)(q13;q25) 
were identified as SUMO-/Sentrin-specific prote-

ase 1 gene (SENP1) and the embryonic polarity-
related mesoderm development gene (MESDC2) 
[155]. The resulting fusion protein SEME inter-
feres with the function of MESDC2 as a chaper-
one for the WNT co-receptors LRP5 and/or 
LRP6. It is suggested that in both patients, the 
constitutional translocation was predisposing to 
the development of the sacral teratoma. In an 
intrathoracic mature teratoma in a 15-year-old 
girl, a balanced chromosomal translocation, 
t(8;22)(p21;q12), was the sole cytogenetic aber-
ration. It resulted in fusion of the genes PPP2R2A 
and CHEK2, supposedly the initiating event in 
this teratoma [156].

A genome-wide association study involving 
type I and II GCT suggests that a variant in BAK1 
involved in suppression of apoptosis [157] is 
associated with gonadal GCT of both types. Type 
I GCT were not associated with variants in 
KITLG, SPRY4, and DMRT1 (doublesex and 
mab-3 related transcription factor 1), which con-
fer an increased risk for type II GCT of the testis 
[158].

The Wnt/beta-catenin [159] and the TGFbeta/
BMP signaling [160] pathways are strongly 
expressed in type I and II YST, compared to sem-
inoma/dysgerminoma, EC, and choriocarcinoma 
([161] for review). Methylation of APC and LOH 
at 5q21-22 suggests that APC might be involved 
in the activation of the Wnt pathway [162]. In 
general, the transcriptome of pediatric YST is 
enriched for genes associated with a differentia-
tion and proliferation phenotype as compared to 
seminomatous (type II) GCT [163]. It is likely 
that the expression patterns of the various GCT 
types are mostly determined by the cell type(s) 
present and much less by pathways activated in 
the process of tumorigenesis. Seminomatous 
GCT and EC express pluripotency genes, and the 
various extraembryonic and somatic tissues 
express genes characteristic for the involved cell 
lineages [161, 163].

3.5.1.5	 �Epigenetics, including GI
Type I GCT usually have a biparental GI pattern 
as in somatic cells. In a small proportion, GI is 
partially erased, in particular in type I GCT of the 
testis and ovary [144, 164–167]. These findings 
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on GI support the hypothesis that extragonadal 
type I GCT may originate from PGC, which are 
pre-erased or partially erased, corresponding to 
the methylation status of the genome (see Sect. 
3.2.3). Reprogramming of these cells will pro-
duce an ESC with the developmental potential of 
the primed state. It does not exclude their deriva-
tion directly from ESC in the primed state, which 
are also characterized by a biparental GI pattern. 
Also, a somatic cell with induced pluripotency 
(iPSC), for example, by reactivation of pluripo-
tency genes, in particular OCT4, as demonstrated 
for human NSC [72], could theoretically be the 
precursor of type I GCT. This has been suggested 
by Scotting and co-workers for GCT of the brain 
[139, 168, 169], without making the essential dis-
tinction between type I and type II GCT [86]. 
Such iPSC would endow the derived tumors with 
their own GI pattern [56], as it is stably transmit-
ted to daughter cells [75, 170]. Any degree of loss 
of imprinting in a type I GCT tumor would sug-
gest that the tumor is derived from a germ cell 
precursor [166], unless, as reported [169], NSC 
may also have partial loss of imprinting.

3.5.1.6	 �Animal Models 
and Pathogenesis

Apart from humans, pluripotent tumors have 
been most extensively studied in the mouse. 
Relevant for human testicular type I GCT are the 
spontaneous [80, 81] and experimental [171] tes-
ticular teratomas in the 129 mouse strain. The 
spontaneous ovarian teratomas in LT mice [172] 
are probably a model for human ovarian type I 
GCT. Teratomas derived from pre- and postim-
plantation embryos transplanted to various 
organs, in particular the testis [173] or the kidney 
[174], might be a model for extragonadal type I 
GCT in man. Spontaneous extragonadal terato-
mas in mice [83, 175, 176] are too rare to be prac-
tically useful for animal experiments.

The difference between the spontaneous and 
experimental testicular teratomas as compared to 
the embryo-derived teratomas is that the gono-
cytes from which the testicular tumors originate 
are committed to the germ lineage and not them-
selves pluripotent [61]. They have to be repro-
grammed before being able to form pluripotent 

tumors [60], a process similar to what happens in 
the human type I GCT, and to reprogramming of 
a somatic cell to an iPSC, by converting the 
nucleus from nullipotent to pluripotent [61].

These different mouse models have a similar 
developmental potential; when fully developed, 
they are mainly composed of mature somatic tis-
sues derived from the three germ layers. Immature 
teratoma and EC cells are less frequent and often 
minor components; rarer still are extraembryonic 
lineages. Late takes of embryo transplantation 
under the kidney capsule consist of parietal YST 
and occasionally trophoblastic giant cells [177]; 
these tumors are most often aneuploid [178], just 
as human type I YST (Fig. 3.9). The observation 
that in chimeric blastocysts polyploid murine 
ESC only give rise to extraembryonal lineages 
(yolk sac and placenta), while the embryo proper 
is derived from the diploid ESC [179, 180], might 
explain the restricted developmental potential of 
aneuploid tumor cells in type I GCT: probably, 
they are no longer capable to form somatic 
tissues.

The testicular teratomas in the mouse models 
originate when a luminal gonocyte or a presper-
matogonium in its niche is reprogrammed to an 
ESC in the primed state, either directly or via an 
EGC that apparently loses its naïve-state devel-
opmental potential [60, 61, 80, 181, 182]. 
Initially, when proliferating within the seminifer-
ous tubules, the tumor cells stay undifferentiated, 
as EC cells. When the EC distends and disrupts 
the tubular wall and invades the testicular inter-
stitium, it starts to differentiate into immature 
somatic tissues, which gradually develop into 
mature teratomas [81, 183]. A minority of the 
tumors will maintain immature teratoma and EC 
and will be retransplantable in syngeneic hosts. 
Rare tumors are pure EC from the start, which 
can readily be transplanted. This same evolution 
is seen in tumors derived from pre- or postim-
plantation embryos up to E8. The percentage of 
tumors with an EC component depends on the 
strain of the transplanted embryos and is usually 
higher than in the testicular teratomas [184]. 
These mouse models, as well as the ovarian tera-
tomas in LT strain mice, resemble human type I 
GCT. They have the same cells of origin (PGC/
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gonocytes and ESC), histological evolution, and 
developmental potential. Whatever the cells of 
origin, they seem to have or acquire the primed 
state in view of the developmental potential of 
the derived tumors.

Probably the most important lesson to be 
learnt from these models is that disruption of the 
microenvironment of the pluripotent cell itself 
suffices to initiate a pluripotent tumor. For gono-
cytes/prespermatogonia in the developing testis 
of 129 strain mice, this principle is demonstrated 
by genital ridge transplantation, as will be dis-
cussed in the following.

In 129/Sv mice carrying the loss of function 
steel mutation (steel or Kitlg is the mouse homo-
log of KITLG), spontaneous testicular teratomas 
occur in about 4 % of the animals, twofold the 
spontaneous rate (2 %) in 129 strain mice lacking 
this mutation. When from the same animals the 
genital ridges are transplanted, teratomas develop 
in over 80 % of the grafted genital ridges, often at 
multiple sites [171]. This is counterintuitive: loss 
of PGC with the steel mutation, and even more so 
by the procedure of the genital ridge transplanta-
tion, increases the yield of teratomas. The steel 
mutation, in the membrane-bound Kitlg [185], 
and the transplantation procedure are not carci-
nogenic events acting on the PGC but rather fac-
tors that disturb the niche of the PGC, promoting 
reprogramming of the surviving PGC. Apparently, 
cell-intrinsic mechanisms for repression of the 
developmental capacity of gonocytes/presper-
matogonia, such as those via Blimp1, Prdm14, 

and AP2ɣ [186–188] and Dmrt1 [189], are not 
sufficient when the restraints of the normal tubu-
lar environment are disturbed, like Nanos2-/
Dmrt-dependent GDNF signaling by Sertoli cells 
[189]. Remarkably, only male genital ridges pro-
duce teratomas; female genital ridges never do 
[173], probably because in the female genital 
ridge, the germ cells are blocked in meiosis I and 
few in numbers. In the male genital ridges, the 
germ cells are more numerous, premeiotic, and 
arrested in G0/G1 of mitosis [12]. Contrasting 
patterns of Dnd1 expression in female and male 
gonads may also contribute to the different sus-
ceptibility to teratoma formation [190].

As for embryo-derived tumors, perfectly nor-
mal embryos may turn into teratomas when 
transplanted into a testis or a kidney [173, 184]. 
EC cells derived from such tumors, when intro-
duced into the ICM of a blastocyst, can contrib-
ute to the normal tissues of the resulting chimeric 
mouse, demonstrating that the tumor cells when 
restored to their proper environment may nor-
malize, as well as cause malignant tumors [191].

The importance of genetic factors condition-
ing the micro-milieu of the niche was demon-
strated by crossing susceptibility genes for 
testicular teratomas into 129 strain mice. As 
already mentioned, in the original strain, about 
2 % of the mice had spontaneous testicular tera-
tomas, introducing the loss of function steel 
mutation, which reduces the number of PGC and 
spermatogenesis [192], doubled this percentage 
[171], and by adding the ter mutation, one third 

Fig. 3.9  Late take of transplantation of snowman stage 
mouse embryo under kidney capsule of syngeneic mouse. 
Left panel: parietal YST with trophoblastic giant cells in 

hemorrhagic context (H and E, ×200) [177]; Right panel: 
aneuploid karyotype of same tumor [178]
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of the mice developed spontaneous testicular 
teratomas [81]. The gene ter is a recessive gene 
that causes germ cell deficiency in mice, and in 
129/Sv-ter mice, it also enhances the yield of 
teratomas. Male 129/Sv-ter mice, homozygous 
for the ter mutation, are sterile and almost always 
have teratomas, often bilateral [193]. The ter 
mutation occurs in the Dnd gene, expressed in 
fetal gonads [190]; in mice, Dnd isoform α is 
necessary for viability of germ cells including 
PGC from E8 and for viability of embryos [194]. 
Specifically, in 129 strain mice homozygous for 
this mutation, PGC die apoptotically or when 
they escape apoptosis may be reprogrammed to 
ESC, which form teratomas. It is even more 
likely the other way round that some PGC escape 
apoptosis because they have been reprogrammed 
[190]. As a corollary, the proneness of 129 mice – 
and not of other strains [194] – to form teratomas 
is due to the ease with which PGC of 129 mice 
PGC are reprogrammed to an ESC in the primed 
state. This may be due to incompetence of 129 
strain mice to adequately suppress reprogram-
ming to pluripotency in germ cells, a process in 
which among others Dmrt1 expressed in PGC/
gonocytes is involved [189].

The variants in KITLG that increase the sus-
ceptibility for testicular type II GCT in humans 
[195, 196] do not seem to affect the incidence of 
type I GCT [158].

Although derived from PGC, KIT mutations 
are probably exceptional in type I GCT. In sup-
port of this contention, none of the pure imma-
ture and mature teratomas of the brain studied by 
Wang [197], almost certainly type I GCT, had 
KIT mutations and also very rarely other muta-
tions. This is indeed remarkable since KIT is the 
crucial survival and proliferation factor for PGC.

In the mouse, germ cells that do not reach the 
genital ridges die through apoptosis caused by 
the proapoptotic protein Bax. In Bax-null 
embryos, large numbers of ectopic (extrago-
nadal) germ cells fail to die [57]. A similar mech-
anism of impairment of apoptosis of mis-migrated 
PGC might enhance the development of extrago-
nadal human type I GCT; however, this has not 
been demonstrated.

The available evidence points to the pathogene-
sis of type I GCT being foremost “developmental” 

and not driven by somatic mutations. This implies 
that the p53-dependent DNA damage response is 
intact in these tumors, explaining their favorable 
response to cisplatin-based chemotherapy, just like 
type II GCT.

3.5.1.7	 �Summary of the Pathogenesis 
of Type I GCT

The most likely cells of origin of extragonadal 
type I GCT are mis-migrated PGC, as these cells 
have been demonstrated along the midline of the 
body, indeed in large numbers at the typical sites 
of these tumors [52]. Most of these PGC die 
apoptotically; probably only those that are repro-
grammed to an ESC manage to survive outside 
the niches in the gonads, the thymus, and the 
midline of the brain suitable for 
PGC. Reprogramming occurs when the mecha-
nisms, with a key role for SOX17, BLIMP1, and 
OCT4 [35], maintaining the phenotype and sup-
pressing the developmental potential of PGC, 
break down, probably because of lack of a suit-
able niche. Since the PGC are pre-erased, repro-
gramming will result in an ESC in the primed 
state capable of forming immature somatic tis-
sues that will usually differentiate to fully mature 
teratoma. YST and very rarely choriocarcinoma 
are the only other components, which develop 
from tumor cells that have become aneuploid.

In the testis and ovary, type I GCT originate 
when diploid, pre-erased gonocytes, and oogonia 
are reprogrammed to ESC in the primed state due 
to failure of control of developmental potential 
by germ cell-intrinsic (DMRT1  in addition to 
SOX 17, BLIMP1, and OCT4) and niche factors 
(such as GDNF) [189]. Reprogramming to an 
ESC can occur directly or via an EGC in which 
the naïve state is rapidly dismantled [182].

Pathogenesis is mainly developmental; 
somatic mutations probably play a minor role.

3.5.2	 �Site-Specific Aspects of  
Type I GCT

3.5.2.1	 �Sacral Region
Sacrococcygeal type I GCT, with a frequency of 
1/35,000 live births, constitute about 40–50 % 
of extragonadal type I GCT and are the most 
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frequent neonatal tumor. They are rarely diag-
nosed beyond the age of 2 years and virtually do 
not occur after age six [76, 109, 198, 199]. The 
fact that there are practically no GCT at all in 
the sacral region past the age of six is in accor-
dance with the absence of type II GCT at this 
anatomical site. The rare sacrococcygeal type I 
teratomas in adults probably had their inception 
before birth and went undetected [55]. There is 
a strong predilection for girls with a male to 
female ratio of 1:3.5.

Other congenital disorders occur in up to 25 % 
of patients with sacrococcygeal type I GCT, 
including trisomy 21/Down’s syndrome (imply-
ing a higher risk for type I GCT in Down’s syn-
drome), genitourinary malformations, congenital 
hip dislocation, esophageal atresia and congeni-
tal heart disease [114, 198], and duplication of 
pelvic organs attributable to hindgut twinning 
[200]. There is a well-documented association 
with multiple pregnancies, either within the same 
pregnancy or as a family history of multiple preg-
nancies [94, 96].

The evolution of these tumors is typical for 
type I GCT.  Starting as immature teratomas 
prior to birth, they become more mature with 
time. When completely removed at this stage, 
which entails removal of the coccyx bone in 
continuity with the tumor ([114] for review), the 
child is cured. Incomplete or delayed surgery 
may allow the tumor to recur as mature or 
immature teratoma, or by means of tumor pro-
gression, to develop a YST component in the 
primary tumor or in a recurrence. A YST com-
ponent is found in 5–10  % of the tumors 
removed before the age of 2 months; thereafter, 
this figure increases rapidly, and by the age of 
three, most sacrococcygeal type I GCT are 
malignant, in principle due to progression to 
YST [94, 201, 202]. The tendency for malig-
nancy seems somewhat greater in males than in 
females [201]. Rarely, a somatic-type malig-
nancy may develop such as Wilms’ tumor [203, 
204]. Also the type I teratomas of adults may in 
some 10  % develop a malignant component 
[205]. Metastases can be local or visceral and 
are usually composed of YST or less frequently 
immature teratoma [198, 199]. In contrast 
to teratoma, YST is aneuploid with the 

chromosomal aberrations characteristic for YST 
progression in type I GCT, as discussed.

Sacral teratomas so highly developed that 
they have a vertebral axis should according to 
the definition of Willis [206] be classified as 
parasitic twins. A somewhat less strict definition 
[96, 98] considers a sacral teratoma with clearly 
developed limbs as a parasitic twin; in view of 
the site of attachment, they should be classified 
as a parasitic pygopagus [96]. Indeed, a per-
sonal case, published as sacral teratoma with a 
classical clinical history, including recurrence 
as YST (with the characteristic chromosomal 
aberrations) upon incomplete surgery [207], 
should probably be reclassified as a parasitic 
pygopagus, a conjoined twin parasite attached 
to sacrococcygeal area (Fig. 3.10). This case 
illustrates the continuum between twinning and 
the development of a type I GCT and the diffi-
culty pinpointing the cells of origin of these 
growths. Indeed, some deem it possible that all 
extragonadal teratomas have originated as twins 
[96], and at the other end of the spectrum, others 
consider them as derived from mis-migrated 
PGC, which have a preference for the rostral 
and caudal part of the sympathetic nervous sys-
tem [52]. In between are those who favor the 
idea that they are derived from an ESC.

Cases like ours [207], and an almost identical 
one reported by Chen et al. [208], blur the dis-
tinction between parasitic twin and teratoma or 
rather between type 0 and type I GCT. The two 
types of GCT may be derived from the same or 
different precursor cells in the 2C, respectively, 
primed state.

3.5.2.2	 �Retroperitoneum
In the retroperitoneal region, all GCT under the 
age of six are probably type I GCT [76]. Perhaps 
some may be poorly organized included twins 
(type 0 GCT), as the retroperitoneum is the most 
common site of fetus in fetu [95].

Five to ten percent of extragonadal type I GCT 
occur in the retroperitoneum, most of them in the 
left or right suprarenal region consistent with lat-
eral migration of PGC toward the gonadal ridges 
[52]. The sex distribution is about equal when 
several smaller series are combined [104, 209, 
210]. Over 10–20  % of tumors are partly or 
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wholly composed of YST, of the remainder, 
about half have an immature teratoma component 
and half are completely mature teratomas. The 
relatively high figure for YST is probably due to 
the fact that most of the tumors are diagnosed a 
couple of months after birth.

In postpubertal males, retroperitoneal GCT are 
virtually always metastatic from unrecognized 
testicular type II GCT [108, 211–213]. In postpu-
bertal females, retroperitoneal GCT are very rare, 
usually benign, and probably type I GCT that 
have remained undetected until after puberty.

3.5.2.3	 �Stomach
Of the type I GCT, 2–3 % are located in the stom-
ach with a male-to-female ratio of 1:3.7; progres-
sion to YST is rare [94]; however, like the type I 
GCT of the neck, they may metastasize in the 
form of immature teratoma [94].

3.5.2.4	 �Mediastinum
The mediastinal type I GCT constitute 2–3 % 
of the total, most are located in the anterior 

mediastinum, originating in the thymus [114], 
and only rarely in the posterior mediastinum. 
There is a slight preponderance of females [94, 
138]. Progression to YST occurs in up to 30 % 
probably due to surgery several months after 
birth [214].

3.5.2.5	 �Heart
Type I GCT of the heart are relatively frequent, 
4–7 % of the total, most often located in the peri-
cardial cavity, attached to the great vessels at the 
base of the heart, and only rarely within the heart 
itself, very much in accordance with the sites 
where mis-migrated PGC are found [52]. Males 
and females are equally affected. Progression to 
YST occurs in about 5 % [94].

3.5.2.6	 �Head and Neck
Type I GCT of the head and neck occur in less 
than 40,000 live births and constitute 10–20 % of 
all extragonadal type I GCT; the sex distribution 
is roughly equal. Anatomical localizations are the 
neck including the thyroid gland (35  %); face 

Fig. 3.10  Neonate with diploid sacral teratoma/para-
sitic twin (pygopagus) with a clearly recognizable foot; 
upon irradical removal recurring as aneuploid YST (right 
top; H and E, ×100); karyotype with typical loss of 1p 

and gain of 6q (left bottom); after chemotherapy a small 
residual mature teratoma was resected (right bottom;  
H and E, ×40) [207]
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(8  %); oro- and nasopharynx and surrounding 
structures, in particular hard palate and nasophar-
ynx (45  %); and orbit (12  %) [94, 138, 
215–217].

They develop during embryonic life and are 
often diagnosed before birth. The histology is 
most often mature teratoma, about one third of 
the cases contain immature teratoma. Immature 
neural tissue may rarely metastasize to regional 
lymph nodes and the lungs and on very rare occa-
sions spontaneously mature [218]. About 3 % of 
the tumors present as pure YST or as teratomas 
with microscopic foci of YST [94, 216]. In the 
series of 16 cases described by Lack [215], there 
were three YST, respectively, in the oropharynx, 
the nasopharynx, and the floor of the mouth. In 
two cases, surgery was not carried out immedi-
ately after birth but after 6 and 10 months, respec-
tively. Progression to a somatic-type malignancy 
may occur, in particular neuroblastoma [218]; 
squamous cell carcinoma has been reported as 
well [219].

Progression to YST and metastasis did not 
occur in 51 cases occurring in the neck [217], 
probably because surgery is done shortly after 
delivery, preventing the tumors to progress. The 
low progression rate might raise the suspicion 
that many of the teratomas are in fact parasitic 
cephalopagus [96]. Indeed the oral mature tera-
toma, mentioned before, diagnosed prenatally in 
a female baby, most likely was a disorganized 
dizygotic twin [102], which in retrospect should 
have been classified as epignathus or more for-
mally as parasitic cephalopagus. This is yet 
another example of a case that blurs the distinc-
tion between type 0 and type I GCT.

Oro-nasopharyngeal and cervical teratomas 
are associated with other congenital disorders in 
12 and 6 %, respectively [94].

The highly aggressive sinonasal pluripotent 
tumors in adults [220–222] are often character-
ized by chromosomal translocations and will be 
discussed as type VI GCT.

3.5.2.7	 �Brain
Intracranial type I GCT constitute about 
10–15  % of all type I GCT with an equal sex 
ratio and 3  % associated with YST [94, 109, 
132]. In one third of the cases, the size of tumor 

obscures the original anatomical localization. 
When the site can be determined, it is most often 
cerebral hemisphere (25.5 %), followed by the 
suprasellar region (23  %), third ventricle 
(5.6  %), and pineal region (4.4  %) [132]. The 
tumors may extend into the orbit, neck, face, 
mouth, or pharynx [94, 132, 138].

3.5.2.8	 �Testis
Under the age of six, GCT of the testis are practi-
cally always of type I [76], amounting to 5–10 % 
of all type I GCT [94, 109, 223]. Eleven out of 
the 19 tumors described by De Backer et al. [223] 
were teratomas, confirming that teratomas are 
more frequent than YST in unbiased institutional 
registries [224]; indeed, under the age of 
1.5 years, no YST was diagnosed. Four of the 11 
teratomas had immature areas; however, none of 
the tumors was combined with YST or a raised 
serum alpha-fetoprotein (AFP). Mixed type I 
GCT, combining teratoma with YST, are rare but 
do occur also in the testis [224].

In view of the supposed pathogenesis of type 
I GCT, it is remarkable that mixed tumors are 
so rare in the testis, at least ten times less fre-
quent than pure YST [224–226]. The presence 
of immature teratoma may increase the risk of 
progression toward YST [106, 198]. Probably, 
when progression occurs early, in a microscopic 
immature teratoma, the tumor appears as pure 
YST at clinical presentation; progression in an 
established teratoma results in a mixed type I 
GCT combining teratoma with YST. Teratomas 
may very rarely, also by way of progression, 
develop PNET as a somatic-type malignancy 
[227].

Type I GCT of the testis are not associated 
with germ cell neoplasia in situ (GCNIS) [228] 
and testicular dysgenesis syndrome (TDS) [229] 
and do not share the risk factors of testicular type 
II GCT nor their increasing incidence. Familial 
susceptibility for prepubertal YST has not been 
demonstrated [230, 231]. Unlike the type II GCT 
of the testis, there is no association with single 
nucleotide polymorphism (SNP) variants of 
KITLG, SPRY4, and DMRT1, among others. 
There seems to be an association with a SNP 
variant of BAK1 [158], suggesting that resistance 
to apoptosis of primitive germ cells might play a 
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role in the pathogenesis of prepubertal GCT. This 
is in line with the hypothesis that testicular type I 
GCT originate through reprogramming of a dip-
loid, methylated, pre-erased, premeiotic PGC to 
an ESC in the primed state.

3.5.2.9	 �Ovary
In the ovary, the early neonatal peak in the age 
distribution of GCT, representing type I GCT, is 
not apparent [76]; however, it is unlikely that 
they do not exist. Rather their age distribution is 
probably broader and overlaps with types II and 
IV, as shown below.

Among 158 reviewed cases of pure and mixed 
dysgerminomas of the ovary, by definition type II 
GCT, the youngest was 4 years old; 6 % were in 
the age group 0–9  years and 41  % between 10 
and 19 [232]. A review of 517 dermoid cysts, 
type IV GCT of the ovary, showed an almost 
Gaussian age distribution with no cases under 
age 10 and 1.5 % under age 15 [233]. From these 
figures, it can be deduced that the large majority 
of the 66 pediatric patients through age 15, 
reported by De Backer et al. [234], had a type I 
GCT. Six tumors were purely cystic, thus proba-
bly type IV GCT, and 12 were type II GCT on 
histological grounds, leaving 48 type I GCT. Of 
these, three were pure YST, consistent with the 
rate of about 5 % YST in other anatomical sites. 
This makes the ovary the second most frequent 
site of type I GCT after the sacrococcygeal 
region, accounting for 15–25 % of all type I GCT.

Apparently, teratomas of the ovary can be of 
three types: I, II, and IV and taking the type VI 
teratomas associated with clear cell carcinoma of 
the ovary (Chap. 6) also into account, four types. 
The overlapping age distributions and morpho-
logical resemblance may pose problems separat-
ing them. A morphologically typical dermoid 
cyst in a patient over 10 years of age is almost 
certainly a type IV GCT. A solid teratoma or a 
pure YST, or the combination of the two under 
age five, is most probably a type I GCT.  Any 
GCT with a dysgerminoma, EC, or choriocarci-
noma component, with or without other compo-
nents, is a type II GCT regardless of age. 
Teratomas associated with epithelial cancers of 
the ovary are of type VI. Cases composed of tera-

toma and/or YST over age 5 could be type I or 
type II GCT. Separating these malignant GCT is 
probably not so important clinically. However, 
for a (partly) solid pure teratoma, in a patient 
over 5 years, it is crucial to make the distinction, 
since a type I teratoma is benign, whereas a type 
II teratoma is malignant. In such cases, the diag-
nosis needs (cyto)genetic confirmation.

Like for the testicular ones, the assumption is 
that ovarian type I GCT originate through repro-
gramming of a diploid, methylated, pre-erased, 
premeiotic PGC to an ESC in the primed state. 
Such mitotic germ cells persist in the periphery 
of the ovary through week 20 gestational age 
[235, 236]. Oogonia can be present in the cortex 
of the ovary in the two first years of life before 
they are finally cleared [237].

3.5.3	 �Type I GCT Beyond Infancy

In general, type I GCT occur neonatally and in 
early infancy, in prepubertal individuals. However, 
GCT with essentially the same developmental 
potential may become clinically manifest at older 
ages, also in postpubertal patients. This is obvious 
for the ovary where the neonatal incidence peak is 
lacking, and the type I GCT have a broad age 
range, overlapping with the age distribution of the 
type II and type IV GCT of the ovary. The exis-
tence of prepubertal type I teratomas in the postpu-
bertal testis was recently established [228, 238, 
239]. Typically, these teratomas are highly differ-
entiated, lack (cyto)genetic abnormalities in par-
ticular gain of the complete short arm of 
chromosome 12 (12p), and are not associated with 
GCNIS. Remarkably, they may grossly present as 
dermoid cysts, sometimes containing hair [238], 
as the type IV dermoid cysts of the postpubertal 
ovary almost invariably do. Like type I teratomas, 
they may, albeit rarely, progress to YST [120]. 
Zhang et al. [238] have proposed that they have 
the same pathogenesis as type I, prepubertal tera-
tomas. However, the possibility that they arise 
later in life from “dormant” germ cells arrested in 
meiotic prophase, like extragonadal mis-migrated 
PGC, which can be reprogrammed to the primed 
state, cannot be excluded [120]. It is likely that 
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type I teratomas may also occur beyond infancy at 
extragonadal sites, like the mediastinum [55, 240, 
241] and brain [242]. Particularly in the mediasti-
num, postpubertal mature teratomas may have the 
gross appearance of a dermoid cyst, grossly con-
taining hair and even tooth structures [55, 240, 
241] (Fig. 3.11). Microscopically, the cysts are 
lined by squamous epithelium with pilosebaceous 
structures and may have glial tissue in the solid 
parts of the cyst wall. It seems that in these ana-
tomical localizations, ovary, mediastinum, other 
extragonadal sites, and perhaps also testis, the 
developmental potential of the teratomas may 
have intermediate phenotypes between typical 
type I and type IV GCT.  In each site, teratomas 
occur that are partly dermoid cysts and partly solid 
teratoma sometimes with immature components. 
In the ovary, typical type I teratomas may occur 
side by side with type IV teratomas, both uni- and 
bilaterally [130]. Remarkably, the incidence of 
type I GCT beyond infancy in the mediastinum 
[241] and brain [243] is rather similar in males and 
females as opposed to type II GCT, which are 
much more frequent in males than females.

These clinical observations on early and late 
type I GCT may be explained by the phenome-
non that PGC in females and males regardless of 
anatomical site enter meiotic prophase by 
default [58, 59]. The only exception are gono-
cytes in the testis, which within the seminifer-
ous tubules, under the influence of Sertoli cells, 
undergo mitotic arrest until puberty. The various 
phenotypes of these tumors, ranging from typi-

cal, solid type I GCT to mainly cystic teratomas 
closely resembling type IV GCT, may be due to 
epigenetic differences between the originating 
PGC. It is hypothesized that pre-erased PGC of 
early infancy, reprogrammed to ESC in the 
primed state, will give rise to the typical type I 
GCT phenotype, while PGC that later in life, 
beyond infancy, have entered meiotic prophase 
and concomitantly have undergone partial era-
sure of GI and possibly some degree of maternal 
imprinting, may form tumors resembling type 
IV GCT.  In fact, these GCT have intermediate 
phenotypes between type I and type IV 
GCT.  This assumption is supported by the 
observation that in mice, EGC are totipotent 
when derived from PGC but that this phenotype 
is gradually lost in EGC derived from more 
mature germ cells [61]. Fully fledged type IV 
GCT seem to occur only in the postpubertal 
ovary [233].

3.6	 �Type II GCT

3.6.1	 �Type II GCT General

3.6.1.1	 �Developmental Potential
Type II GCT are malignant tumors that come in 
two variants: first, seminomas (named dysgermi-
noma in the ovary; germinoma in the brain; semi-
noma or germinoma in the mediastinum), which 
are homogeneous neoplasms composed of neo-
plastic PGC/gonocytes, the default development 
of type II GCT; second, non-seminomas, which 
are caricatures of embryonic development, includ-
ing both somatic and extraembryonic lineages 
[244]. Non-seminomas arise when a neoplastic 
PGC/gonocyte is reprogrammed to become an 
EGC in the naïve state, or, in pathological terms, 
when a seminomatous cell is reprogrammed to a 
totipotent EC cell, the stem cell of non-seminomas 
[245], as originally demonstrated for mouse EC 
cells by Kleinsmith and Pierce [246]. EC cells 
may give rise to all lineages of embryogenesis: 
YST (secreting AFP) and choriocarcinoma (secret-
ing beta-human chorionic gonadotropin (β-HCG)) 
represent the extra-embryonic tissues; immature 
and mature teratomas represent somatic tissues of 

Fig. 3.11  Mediastinal teratoma, late type I GCT, with 
intermediate phenotype between types I and IV: cyst filled 
with sebaceous material and hairs
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the three germ layers of the embryo in varying 
degrees of maturation; occasional primitive germ 
cells represent the germ lineage [247] (Fig. 3.12). 
These elements are characterized by lineage-spe-
cific mRNA [248, 249] and protein expression 
profiles [161]. In non-seminomas, so-called 
embryoid bodies can be encountered, which 
strongly resemble 10-day-old, early presomite 
human embryos. They show the same expression 
patterns of both mRNA and proteins as during nor-
mal development, like OCT4. Beyond that particu-
lar stage, corresponding to the time that in a 
pregnancy implantation is completed [250], devel-
opment becomes disorganized, with embryoid 
bodies turning into patches of EC, YST, tropho-
blastic giant cells/choriocarcinoma, or teratoma, 
and disorderly combinations thereof. A possible 
explanation is that the neoplastic embryo lacks the 
biparental imprinting pattern of the zygote that is 
required for proper development of extraembry-
onic structures and concomitant vascular supply. 
Mature teratoma may be highly differentiated at 
the tissue level and even contain organoid struc-
tures closely resembling the gut, bronchi, etc., but 
never fully developed organs as in type 0 GCT or 
hair and teeth as in type IV GCT. The complete 
gamut of differentiation lineages, in particular the 
capacity to develop both embryonic and extraem-
bryonic lineages, the germline competence, and 
the high capacity of self-renewal of its stem cells 
(EC cells) characterize type II GCT indeed as toti-

potent, apparently derived from precursor cells in 
the naïve state [251].

The mechanism of reprogramming of a semi-
nomatous tumor cell (including the cells of 
GCNIS) is unknown. It is likely that microenvi-
ronmental factors play an important role, sug-
gested by the observation that in the cryptorchidism, 
the percentage of seminoma depends on the loca-
tion of the testis: about 90 % in abdominal, about 
80 % in inguinal, and about 50 % in scrotal posi-
tion (both after spontaneous or surgical/hormonal 
correction of cryptorchidism) [252–254]. The age 
of clinical presentation of the tumor was the same 
as in patients with scrotal tumors without a history 
of cryptorchidism [253]. Recently, it was sug-
gested that interstitial stromal factors like 
NOGGIN might inhibit bone morphogenetic pro-
tein (BMP) in the tumor cell, whereupon repro-
gramming is initiated via NODAL signaling in 
two stages [255]. During a maturation phase, a 
fast-acting NODAL loop stimulates its own activ-
ity and temporarily inhibits BMP signaling. 
During the stabilization phase, a slow-acting 
NODAL loop, involving WNT signaling [159], 
reestablishes BMP signaling and the pluripotency 
circuitry [255]. This is in line with the observa-
tions on Cripto, the co-receptor for Nodal [256, 
257], which is highly expressed in GCNIS, semi-
noma, EC, and YST, associated with hypomethyl-
ation of the promoter and absent in teratoma where 
the promoter is hypermethylated [257].

Interestingly, inhibition of BMP is the oppo-
site mechanism from initiation of germline 
specification in the mouse embryo via expres-
sion of Bmp4 ([35] for review). This NODAL-
mediated mechanism of reprogramming implies 
that the tumor cells are exposed to interstitial 
stromal cells, which is not the case in the intra-
tubular environment, suggesting that within the 
seminiferous tubule, other factors are involved 
in reprogramming of GCNIS or intratubular 
seminoma cells. Moreover, stromal factors are 
usually not sufficient as primary seminoma is 
reprogrammed in only about 15 %, giving rise to 
a mixed non-seminoma with a seminoma com-
ponent. It seems there is more to be learned 
about reprogramming of a seminomatous pre-
cursor cell to a totipotent EGC.

Fig. 3.12  Germ cell differentiation in non-seminoma: 
TSPY-positive cells within epithelium of primitive gut-
like structure and dispersed in surrounding mesenchymal 
tissue (TSPY, original magnification 100×) [56]
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In all anatomical sites, over half of all primary 
type II GCT are pure seminomatous tumors. In 
fact, the younger the patient population, the higher 
the proportion of seminoma: in dysgenetic gonads 
and the brain about 80 %, in the ovary 60 %, in the 
mediastinum 55 %, and in the testis about 50 %. 
Reprogramming continues even in metastatic 
seminoma of the testis: 44 % of seminoma metas-
tases eventually develop non-seminoma compo-
nents [258]. Thus, in the natural history of 
testicular type II GCT, only 30 % maintain their 
seminoma phenotype until demise of the patient. 
These observations suggest that reprogramming 
is a chance event accumulating over time, whereby 
in a non-scrotal testis, the chance of reprogram-
ming is deminished, as discussed above.

Seminomatous tumors are by definition pure; 
the only cells other than neoplastic gonocytes are 
scattered trophoblastic cells occurring in less 
than 10 % of the cases [244]. Dysgerminomas in 
the ovary, mediastinal seminomas, and germino-
mas of the brain may also contain trophoblastic 
giant cells in a small percentage [243, 259, 260]. 
Non-seminomas are often composed of more 
than one differentiation lineage, in all possible 
combinations including seminoma, so-called 
mixed non-seminomas. EC is almost always 
present and may be the only component, like its 
derived lineages, thus accounting for pure EC, 
YST, choriocarcinoma, and teratoma. The fre-
quency of EC attests to the high capacity for self-
renewal of these totipotent stem cells of 
non-seminomas and likely explains the more 
rapid evolution and earlier clinical manifestation 
of non-seminomas than seminomas. This is well 
documented for the testicular type II GCT, where 
the age distribution for seminomas peaks at 
35 years and for the non-seminomas at 25 years. 
Mixed non-seminomas with a seminoma compo-
nent, in which reprogramming is delayed because 
it occurs in already invasive seminoma, peak at 
the median age of 30 in between non-seminoma 
and seminoma [261, 262] (Fig. 3.13). Primary 
type II GCT of the brain, mediastinum, and ovary 
show the same order in age distribution: for brain, 
the mean age for germinomas, mixed tumors 
with a germinoma component, and EC is, 
respectively, 18, 15, and 12  years [263]; for 

mediastinum, the mean age for seminomas is 
about 30 [264] and for non-seminomas 25 years 
[265]; and for the ovary, the median age of dys-
germinoma is 22  years [266], for EC 14  years 
[267], and for mixed non-dysgerminomas with a 
dysgerminoma component in between.

Somatic tissues of non-seminomas may prog-
ress to form somatic-type malignancies that 
closely resemble their somatic counterparts, as 
will be discussed per primary site (see also Chap. 
12) (for review [244, 268]).

Seminomas and non-seminomas may metasta-
size to regional lymph nodes and from then on to 
distant organs, so-called visceral metastasis, in 
order of frequency: lungs, liver, brain, and bone 
[258]. Choriocarcinoma has a propensity for 
blood-borne metastases, which may cause the 
first clinical manifestation of the tumor [244]. 
Seminoma cells may at metastatic sites be repro-
grammed to non-seminoma in up to 44  %, as 
mentioned [258]. In non-seminoma, EC cells are 
the principal metastatic cells; likewise, in somatic 
cancers, cancer stem cells are the ones that fre-
quently metastasize [269]. This is microscopi-
cally apparent as tumor emboli are virtually 
always composed of EC cells [244]. At the site 
where these tumor stem cells will eventually 
lodge, they may resume differentiation, mimick-
ing the histology of the primary tumor. This phe-
nomenon is demonstrated in mouse models of 
type I GCT, which in this respect are also valid 
for type II GCT [270] (Fig. 3.14). The level of 
differentiation at the metastatic site is in general 
less than in the primary tumor [271], which may 
be related to the different microenvironment or 
due to selection of more metastatic EC cells. In 
support of the latter, the more distant the 
metastases, the lesser the level of differentiation; 
in particular, visceral metastases rarely contain 
teratoma components but often consist only of 
EC cells that apparently in the metastatic process 
have progressively been selected toward stem-
ness and loss of differentiation capacity [272].

3.6.1.2	 �Epidemiology
Over 90 % of type II GCT occur in the testis [76], 
being the most frequent cancer of males aged 
25–45  in Western white Caucasian populations 
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Fig. 3.13  Distribution of 
age of presentation of 
testicular non-seminoma 
(dashed line), seminoma 
(solid line), and non-semi-
noma with a seminoma 
component (dotted line) 
[261]

Fig. 3.14  Inguinal lymph 
node metastasis of 
retransplantable embryo-
derived teratocarcinoma in 
the thigh of mouse; left 
panel, early metastasis, 
composed of EC cells 
only (H and E, original 
magnification ×200); right 
panel, later metastasis 
shows somatic differentia-
tion in addition to EC 
cells (H and E, original 
magnification ×100) [270]
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[273]; the remaining develop in dysgenetic 
gonads/ovary (about 4 %) and in the extragonadal 
sites: anterior mediastinum/thymus and brain 
midline/pineal gland (about 3  %) [274]. The 
youngest age of presentation is in dysgenetic 
gonads/ovary (from age four with a broad age 
distribution) [232, 266], followed by brain (chil-
dren from age 10 to adolescence) [263], medias-
tinum, and testis (adolescents and adults) [264, 
265]. Remarkably, overall the peak age is about 
30 for testicular type II GCT: 15 years later than 
the peak age for those of the brain and 5 years 
later than for those in the ovary and mediastinum. 
Type II GCT occur in patients in whom puberty 
has started or is completed, except for rare cases 
associated with disorders of sex development 
(DSD) [275], Down’s syndrome [276], and 
Klinefelter’s syndrome [277].

In each of the extragonadal sites, males greatly 
outnumber females with regard to type II GCT 
[76]. Apparently, type II GCT is very much a dis-
ease of adolescent and adult males, probably 
related to the presence of the TSPY gene on the 
Y chromosome, as will be explained later on.

The overall global incidence is 1.5/100,000 with 
a 20-fold difference between areas with the lowest 
and highest incidence [273]. The global incidence 
differences and the rising incidence are attributable 
to the testicular type II GCT [273, 278]. Geographic 
incidence differences for the other anatomical sites 
are dwarfed by those of the testis [76].

Testicular and ovarian type II GCT are bilat-
eral, respectively, in 3–5  % [279, 280] and 
10–15 % [281, 282]. Rarely, gonadal tumors may 
be combined with extragonadal type II GCT in 
the same individual, like in the patient who had a 
testicular seminoma and a germinoma of the 
pineal gland [283] and a patient with GCNIS of 
the testis simultaneous with a mediastinal non-
seminoma [212].

Type II GCT have a strong familial compo-
nent: over 5 % of patients with a testicular type 
II GCT have a relative with a similar tumor 
[284]; an estimated 25 % of testicular cases is 
due to familial susceptibility [285, 286]. 
Familial clustering is also documented for ovar-
ian tumors, and testicular may cluster with ovar-
ian type II GCT [137]. In one family, a woman 

with an ovarian dysgerminoma had a brother 
with a mediastinal EC [287], suggesting a com-
mon etiology in these cases. The only difference 
between sporadic and familial cases is a younger 
age of clinical manifestation: 2–3 years for tes-
ticular tumors [288] and about 7 years for ovar-
ian cases [137].

Gonadal type II and I GCT may cluster in 
families as discussed under the type I GCT. An 
intriguing combination was reported by Heimdal 
et  al. [284] of two brothers, one with a non-
seminoma (type II) and the other with a sper-
matocytic tumor (type III). Spermatocytic tumor 
being so rare, this combination is probably not by 
chance but due to a pathogenetic commonality.

3.6.1.3	 �Anatomical Distribution
From the epidemiological data, it appears that 
type II GCT occur only in the testis, ovary, dys-
genetic gonads, anterior mediastinum, most 
likely arising in the thymus, and midline of the 
brain with a preference for the pineal gland [76]. 
Type II GCT localized in the retroperitoneum are 
not primary tumors as suggested [289] but metas-
tases from unrecognized primary testicular 
tumors [108, 211–213].

The occurrence of type II GCT in the medias-
tinum and the midline of the brain is explained by 
the migration route of PGC, also the explanation 
proposed for the anatomical distribution of type I 
GCT [54]. Clearly, the anatomical distribution of 
type II GCT is much more limited than for type I 
GCT. Probably initiation and development of the 
former require specific conditions of the micro-
environment, only offered by certain cell types in 
these sites [56]. The PGC/gonocytes giving rise 
to type II GCT are hypomethylated, erased, and 
apoptosis prone and therefore in need of specific 
supportive cells for their survival: Sertoli cells in 
the testis, granulosa cells in the dysgenetic gonad/
ovary, and perhaps equivalent cells in the thymus 
and pineal gland. What these supportive cells 
probably have in common is expression of solu-
ble and membrane-bound KITLG that may acti-
vate the KIT receptor expressed on PGC/
gonocytes, thereby enhancing their survival and 
proliferation [290–292]. Moreover, assuming a 
similar role for AKT in PGC/gonocytes as in EC, 
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KIT signaling may through phosphorylation of 
OCT4 by AKT be involved in maintenance of the 
undifferentiated PGC phenotype [293].

Type I GCT occur at all sites of type II GCT 
and in addition in many more anatomical local-
izations along the midline of the body and occa-
sionally in organs outside the midline. It seems 
that the requirements for the development for a 
type I GCT are less demanding than for a type II 
GCT, as mentioned. This may be explained by 
the PGC/gonocytes giving rise to type I GCT still 
being in an earlier stage and therefore still meth-
ylated, pre-erased, or rarely partially erased, and 
thus less fragile than the more mature, hypometh-
ylated, erased PGC from which the type II GCT 
originate. Finally, and perhaps most importantly 
in view of the animal models of type I GCT dis-
cussed earlier, the PGC giving rise to type I GCT, 
because they lack a proper niche, probably do not 
survive as such but only if reprogrammed to plu-
ripotent, primed state-ESC.

3.6.1.4	 �(Cyto)Genetics
Testicular type II GCT are virtually always 
peritriploid [294, 295], whereas in the ovary 
[296], mediastinum [297], and brain [197, 298], 
type II GCT may be (near)diploid or (near)tetra-
ploid, reportedly in up to 50 % in the brain [197]. 
The consistent peritriploidy of the testicular 
tumors is probably due to the older age of clinical 
manifestation than at the other sites and the long 
preceding period of intratubular development 
with concomitant karyotype evolution.

Regardless of anatomical site, type II GCT are 
characterized by gain of (parts of) the short arm 

of chromosome 12, usually in the form of an iso-
chromosome of 12p (i(12p)) [299, 300] (Fig. 
3.15). In the testis, it occurs in virtually 100 % 
[295, 301–304], in the ovary/dysgenetic gonad in 
about 75 % [296, 305, 306], in the mediastinum 
in 87  % [307, 308], and in the midline of the 
brain in 60 % [309, 310]. Also just the more prox-
imal parts of 12p may be involved, as an ampli-
con, in particular 12p11.2-p12.1, specifically in 
the invasive components [311–314]. It looks as if 
the proportion of tumors with 12p gain is 
inversely related to the age of clinical presenta-
tion. The very high proportion of 12p gain in tes-
ticular tumors is probably, like their peritriploidy, 
due to the long period of intratubular karyotype 
evolution.

Isochromosome 12p arises from an erroneous 
centromeric division during mitotic anaphase pre-
ceded by tetraploidization [315] and is of uniparen-
tal origin [316]. Among the genes involved in the 
12p aberrations are NANOG, STELLAR, GDF3, 
and EDR1, necessary for maintaining pluripotency; 
cyclin D2 and KRAS providing proliferative advan-
tage; genes involved in glucose or glycolytic 
metabolism, including GLUT3, GAPDH, and TPI1 
for energy metabolism in a low-oxygen environ-
ment [304, 313, 317, 318]; and genes involved in 
suppression of apoptosis such as EKI1, SOX5, and 
DAD-R [312, 313]. Expression of these genes 
maintains the PGC/gonocyte-phenotype of the 
tumor cells and allows them to survive and prolif-
erate in the proper niches.

With rare exceptions [306], the tumors have 
over- and underrepresentation of (parts of) chromo-
somes other than 12p. Gains involve chromosomes 

Fig. 3.15  Partial karyotype showing four copies of chro-
mosome 12 and one copy of i(12p) (left panel); schematic 
drawing of chromosome 12 and i(12p) (middle panel); in 

situ hybridization on cytopreparation of interphase 
nucleus showing three copies of chromosome 12 and two 
copies of i(12p) [244]

J.W. Oosterhuis and L.H.J. Looijenga



51

X, 7, 8, 12, and 21 and losses the chromosomes Y, 
1p, 11, 13, and 18. The overall pattern is consis-
tent with early tetraploidization of the tumor cells, 
possibly as a result of malfunction of the mitotic-
meiotic switch [319], followed by net loss of 
chromosomes due to nonrandom losses and gains 
of (parts of) chromosomes [294, 320]. The large 
stretches involved, often entire chromosome 
arms, suggest that aberrant meiotic division may 
have a role in the evolution of the chromosomal 
aberrations [197].

Type II GCT are chromosomally instable, 
probably due to their hypomethylated [321] and 
polyploid genome, and therefore subject to a 
continuous reallocation of chromosomal mate-
rial between chromosomes (Fig. 3.16). Upon 
cell division, this may cause unequal distribu-
tion of chromosomal material over the two 
daughter cells, resulting in different gene dos-
age [304]. Chromosomal instability likely 
drives tumor progression of type II GCT, exem-
plified by the increasing gain of entire chromo-
some 12, 12p (among others KRAS), 12q 
(KITLG, located on 12q) [296], and 4q12 (KIT) 
[322], which renders the neoplastic gonocytes 
ultimately feeder cell independent and endows 
them with invasive capacity. Interestingly, in 
non-seminoma where because of reprogram-
ming KITLG is no longer advantageous to the 

tumor, 12q13-q22 including KITLG is often 
deleted [323]. Chromosomal instability may 
also drive cell fate decisions in the tumor cells, 
e.g., by influencing the balance of signals pro-
moting germline (BMP) versus embryonal phe-
notype (NODAL) [255], and thereby the 
reprogramming of a seminomatous cell to a 
totipotent EC cell. Finally, in a non-seminoma, 
it could be involved in lineage determination, 
e.g., by tipping the balance of normally mater-
nally and paternally expressed genes favoring 
somatic and extraembryonic/trophoblastic dif-
ferentiation, respectively.

Mutations and amplifications of oncogenes 
are rare in type II GCT, with 0.5 mutations per 
Mb [295] lower than in any other solid cancer of 
adults [324]. KIT is most frequently mutated 
and mainly involved in seminomatous GCT: 
seminoma of the testis, about 30 % [295, 324–
329]; dysgerminoma of the ovary, up to 50  % 
[326, 330–332]; seminoma of the mediastinum, 
38 % [333]; and germinomas of the brain, over 
50 % [197, 334]. In non-seminomatous tumors, 
KIT mutations are rare, less than 1.5  %; the 
same low figure was reported in gonadoblas-
toma and derived germinomas [332]. Functional 
studies have shown the KIT mutations to be 
activating [326, 327], occurring predominantly 
in the activation loop (exon 17, usually in 

Fig. 3.16  Spectral karyotype of type II GCT. Normally, 
each chromosome should have one specific color, e.g., 
chromosome 12 stains pink. In this case of a type II GCT, 
chromosome 12 contains fragments of other chromo-
somes, and fragments of chromosome 12 are present in 

other chromosomes, such as chromosomes 4 and 10. 
Asymmetric distribution of chromosomes over daughter 
cells upon cell division may result in different gene 
dosage
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codons 816, 820, 822, 823, and 825) of the sec-
ond TK domain [335].

In seminomatous tumors, mutations of KIT 
appear to be only one of the mechanisms of acti-
vation of KIT signaling and its downstream 
pathways: KRAS/RAF/MEK/ERK and AKT/
mTOR. In fact, in these tumors, KIT signaling is 
always activated either by upregulation of 
expression or genetically by mutation or amplifi-
cation [322]. In the TCam-2 seminoma cell line, 
siRNA-induced reduction of KIT expression 
reduced the viability of the cells, although only 
marginally [329].

The quoted studies report that activating KRAS 
mutations occur in a few percent of type II GCT, 
more or less at the same rate in seminomatous 
and non-seminomatous GCT. Earlier studies had 
found higher figures in testicular seminomas, 
with subclonal activating KRAS and NRAS muta-
tions in 40 % [325] and activating KRAS muta-
tions in 2/15 cases (15 %) [336] (Fig. 3.17).

KIT and KRAS mutations are mutually exclu-
sive in type II GCT of the brain [334] and per-
haps also in those of the testis [324]. Consistent 
with this observation, “large-scale” gain of 12p 
(harboring KRAS) seems also to be mutually 
exclusive with mutations of KIT both in semino-
mas of the testis [295] and germinomas of the 
brain [197]. This phenomenon may explain why 
in non-testicular seminomatous tumors, where 
gain of 12p is less frequent, KIT mutations are 
more common.

The fact that KIT mutations are predominantly 
found in seminomatous tumors and only rarely in 
non-seminomas suggests that they, like upregula-
tion and amplification of the gene, are in general 
involved in the progression of seminomatous 
tumors, rather than in initiation of type II 
GCT.  Further evidences that KIT mutations are 
most often related to progression of seminoma-
tous tumors include:

In gonadoblastoma, the precursor of type II GCT 
of the dysgenetic gonad KIT mutations occurs 
in 0.6 %, the same rate as the derived dysger-
minomas [332].

The copy number of KIT (4q12) is greater in 
seminoma than in non-seminoma, and high-

level amplification of the gene found in a cou-
ple of seminomas was not present in adjacent 
GCNIS [322].

In a case of bilateral seminoma, a KIT mutation 
was found in only one of the two tumors [337].

The report that virtually all bilateral type II 
GCT, including non-seminomas, had KIT muta-
tions, usually in codon 816 and often with the 
same mutation on both sides, has strongly incrim-
inated KIT mutations as an initiating event in 
migrating PGC prior to their reaching the genital 
ridges [338]. Later studies could not reproduce 
these findings neither in bilateral tumors of the 
testis [283, 322] nor of the ovary [330]. Other 
studies did show more (14/22, 64 %) [339] or less 
(2/7, 28  %) [340] preference of KIT mutations 
for bilateral tumors. Whole exome sequencing of 
42 testicular type II GCT [295] demonstrated KIT 
mutations in 3/9 bilateral cases (33  %) and in 
3/33 unilateral cases (9  %). It seems, after all, 
that bilateral cases do have KIT mutations at a 
somewhat higher rate than unilateral cases, in 
support of a possible initiating role of this genetic 
event. Notably, the most frequent mutation in 
bilateral cases and unilateral cases is probably 
different, respectively, Y823D and D816V [339]. 
Also in favor of initiation, the same KIT mutation 
(A816V) was found in the testicular seminoma 
and the pineal germinoma of the same patient 
[283]. This pathogenetically revealing case dem-
onstrates two significant points: initiating KIT 
mutations may occur in migrating PGC and 
extragonadal type II GCT of the brain may be 
derived from mis-migrated PGC.

Indeed, upregulation of KIT signaling [341] 
and mutant KIT [342] can transform cells; thus, it 
is very likely that KIT mutations may occasion-
ally be the initiating event in PGC, which during 
migration depend on KIT signaling for survival 
and proliferation.

It has been proposed that when a KIT mutation 
is the initiating event, the transformed PGC will 
preferentially develop as seminoma [327]. The 
rarity of KIT mutations in non-seminomas then 
could be due to the unlikeliness that a seminoma-
tous tumor cell with a KIT mutation is repro-
grammed to an EC cell. If this were true, one 

J.W. Oosterhuis and L.H.J. Looijenga



53

would expect to find KIT mutations preferentially 
in GCNIS adjacent to seminomas with a KIT 
mutation and vice versa; this has not yet been 
investigated. This hypothesis would also predict 
the absence of KIT mutations in the seminoma-
component of mixed non-seminomas where 
reprogramming of an invasive seminoma cell has 
given rise to the non-seminoma component. In the 
brain 4/8 (50 %) mixed GCT including a germi-
noma component showed a KIT mutation [197], 
suggesting that a KIT mutation is compatible with 
reprogramming in a seminomatous GCT.

Tumor suppressor genes seem to play a mod-
est role, perhaps not surprising in view of the 
early tetraploidization in the pathogenesis of type 
II GCT, making loss of heterozygosity less likely 

to develop. In addition, inactivation of tumor 
suppressor genes by promoter hypermethylation 
is rare in type II GCT [343, 344].

The overwhelming male predominance of type 
II GCT may be explained by the role of co-
expression of OCT4 and TSPY [345–347] in their 
pathogenesis, as it appears from the study of these 
GCT in DSD patients [290, 291], cryptorchid tes-
tis [348], and complete androgen insensitivity 
(CAIS) [349] (Sect. 3.6.2.1). Notably, TSPY is 
present in about 35 copies [350] in the GBY 
region of the male-specific region on Y [351].

Similarly, in the proper niches in the thymus 
and midline of the brain where sporadic mis-
migrated, but not yet demonstrated PGC [52], 
may survive, co-expression of these two proteins 
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may drive transformation of PGC. In view of the 
predominance of males, this pathogenetic mech-
anism is probably the most important but not the 
only one to explain the origin of type II GCT, as 
they do occur in phenotypically normal females 
[352], whereby the possibility of constitutional 
or chimeric mosaicism for the GBY region of Y 
has to be kept in mind [353]. In normal females, 
somatic mutations, in particular KIT mutations, 
may indeed be the initiating event of type II GCT 
as illustrated by the study of Hersmus et al. [332], 
where KIT mutations were found in 53 % of ovar-
ian dysgerminomas of normal women and in only 
6  % of dysgerminomas originating in gonado-
blastoma in DSD patients.

It seems that type II GCT have at least two 
fundamentally different pathways of origin: first 
and foremost, if GBY/TSPY is present, the 
“developmental pathway,” due to disturbed matu-
ration of PGC leading to co-expression of embry-
onal proteins in particular OCT4 and early 
differentiation genes in particular TSPY (fol-
lowed by overexpression of KITLG in the sup-
portive cells) [290, 291, 348, 349]; second, and 
much rarer, the “somatic mutation pathway,” in 
which mutations in oncogenes, in particular in 
KIT and RAS, are initiating events. In view of the 
mutation frequency of these two genes in non-
seminomatous tumors, the “somatic mutation 
pathway” seems to occur in less than 2 % of the 
cases. The frequent mutations in KIT in semino-
matous GCT are in general progression related, 
as discussed. In normal females, obviously lack-
ing GBY/TSPY, initiation of type II GCT by 
somatic mutations is probably a more common 
mechanism.

A brief summary of the progression of type II 
GCT, with emphasis on the various roles of KIT 
activation, is at this point appropriate. Early pro-
gression is sustained by upregulation of KITLG, 
followed by tetraploidization, whereby probably 
gain of chromosome 12, with KITLG on 12q and 
among many others KRAS on 12p, is most sig-
nificant. In the in situ precursor lesions prior to 
the development of an invasive tumor, best stud-
ied in GCNIS, progression is driven by nonran-
dom gains and losses of parts of chromosomes 
harboring genes that promote feeder cell inde-

pendence, most conspicuously gain of 12p [315]. 
Activation of KIT (gene on 4q12) signaling via 
upregulation, mutation, or amplification of the 
gene is essential in the progression to seminoma. 
Upon reprogramming of a seminomatous cell 
into an EC cell, factors favoring seminomatous 
cells are no longer relevant, as exemplified by 
the loss of 12q, harboring KITLG in non-semino-
mas [323].

Mutations common in adult cancers, like in 
p53, appear in type II GCT when they acquire 
resistance to cisplatin-based chemotherapy [354] 
or progress to somatic-type malignancies, most 
often in (late) recurrences [244, 268, 355]. Of 
interest is the observation that expression of a 
specific set of miRNAs, i.e., 372 and 373, might 
function as an alternative for inactivation of p53 
in the pathogenesis of type II GCT [356].

3.6.1.5	 �Epigenetics: Including GI 
and miRNAs

Except for teratoma components, type II GCT, 
including GCNIS and gonadoblastoma, are char-
acterized by global demethylation, erasure of 
parental imprinting, and the presence of permis-
sive histone modifications [87, 357–364]. Only 
Alu repeats have been reported to be methylated 
in non-seminomas [344].

Specifically the developmentally important 
miRNAs, miR-371-373 as well as miR-302 and 
miR-367 [356, 365], which have a crucial role 
in development of embryonic stem cells, are 
highly expressed in type II GCT, including 
GCNIS [366].

Global demethylation and this typical expres-
sion pattern of miRNAs are part of the phenotype 
of PGC, underscoring the origin of type II GCT 
from these germ cells committed to totipotency 
and confirming the phenotypic similarity of PGC 
and the cells of the precursors GCNIS [367–370] 
and gonadoblastoma [290–292], respectively, in 
the testis and the dysgenetic gonad/ovary.

3.6.1.6	 �Sensitivity/Resistance/Residual 
Teratoma/Further Progression

Type II GCT are the solid tumors in adults with 
the highest sensitivity to DNA-damaging agents, 
where, e.g., for testicular primary tumors, cure 
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rates >80 % are achieved in disseminated disease 
[371]. Both seminoma cells and EC cells, the 
stem cells non-seminoma, are probably highly 
accessible for DNA-targeting drugs because of 
their open chromatin structure [344, 360, 372]. 
EC cells are a factor two to four more sensitive to 
cisplatin than the clonogenic cells of cell lines 
derived from common adult cancers [372]. 
Seminomas are exquisitely sensitive to radiother-
apy and cisplatin-based chemotherapy. The typi-
cal failure of seminoma cells to repair 
radiation-induced double-stand breaks, requiring 
homologous recombination, may be related to 
premeiotic and embryonic characteristics of the 
neoplastic gonocyte. A significant change 
brought about by the reprogramming from semi-
noma to non-seminoma is that this high radiosen-
sitivity is lost.

Progression from a gonocyte to a type II GCT, 
particularly in the “developmental pathway,” 
requires fewer genetic changes than in the devel-
opment of virtually any other type of cancer. 
Significantly, the most stringent barrier to 
immortalization and thereby carcinogenesis is 
progressive shortening of telomeres due to 
repression of telomerase activity [373]. This bar-
rier is absent in PGC and ESC, as telomerase is 
indeed active, and thus immortality is part of 
their normal [374] and neoplastic phenotype, 
except for mature teratoma [375–377]. 
Accordingly, mutations are rare in testicular type 
II GCT [295, 324]; there is no selective pressure 
for loss of function of p53 [356], and the DNA-
damage response remains intact (for review 
[167, 354, 378]). In fact, it is hypersensitive, 
reflecting the physiological situation in germ 
cells and embryonal cells, characterized by 
inducibility of wild-type p53 jointly with the 
absence of p21-induced cell cycle arrest [379], 
whereby cells with damaged DNA are not 
repaired but rather eliminated due to a low 
threshold for apoptosis. This preference of apop-
tosis over DNA repair is a physiologic mecha-
nism protecting against propagation of repair 
errors via germ cells into the next generation or 
via ES cells into the developing embryo.

The open chromatin structure and the hyper-
sensitive germ cell/embryonal phenotype get lost 

upon somatic differentiation into teratoma [380, 
381, 382] of which the adult tissue stem cells are 
well equipped to survive DNA damage by pro-
longed G1 and G2 arrest and proficient repair (for 
review [167, 354, 378]). The phenomenon that 
residual teratoma after chemotherapy is usually 
associated with primary tumors with a teratoma 
component demonstrates that it results from 
selective survival of somatically differentiated 
cells rather than induction of somatic differentia-
tion due to chemotherapy [271, 383].

Primary and acquired resistance is relatively 
rare in type II GCT, probably because of the low 
mutation rate in these tumors [324, 378]. 
Mutations involved in resistance have been 
found in BRAF, correlated with MSI [384], and 
in the DNA repair gene XRXX2, promoting cis-
platin resistance in animal studies [295]. Also 
mismatch repair deficiency was found corre-
lated with treatment failure [384]. Further 
molecular mechanisms of (cisplatin)resistance, 
partly the same as occurring in spontaneous 
somatic differentiation, are: somatic differentia-
tion accompanied by downregulation of OCT4 
(e.g., as a result of hypoxia or treatment with 
retinoic acid); failure to induce the apoptotic 
factors Puma and Noxa; changes in the expres-
sion levels of miRNAs such as miR-17, miR-
106b, and miR-302a or miR-371-373; elevated 
levels of MDM2 and cytoplasmic translocation 
of p21 by phosphorylation; activation of the 
PDGFRβ/PI3K/pAKT pathway [354]. Jointly, 
these molecular mechanisms explain only the 
minority of therapy-resistant cases. Development 
of resistance usually occurs without obvious 
deviation from typical GCT morphology, mainly 
as YST but also as EC, choriocarcinoma, and 
seminoma [385].

A final important mechanism causing resis-
tance of type II GCT is further progression of 
teratoma and YST due to accumulation of muta-
tions commonly found in adult cancers. Twenty 
percent of late relapses of testicular type II GCT, 
defined as recurrences more than 2  years after 
initial complete response, contain histological 
elements resulting from further tumor progres-
sion with morphologies not typical of type II 
GCT [386], so-called somatic-type malignancies, 
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which may be derived from teratoma or YST (see 
also Sect. 3.6.2.2).

In addition to 12p aberrations [387–389], the 
somatic-type malignancies may have the genetic 
characteristics of their somatic counterparts, 
like 2q37 rearrangements in rhabdomyosar-
coma, p53 mutations in sarcomas, and t(11;22) 
translocations in PNET [355]. A somatic-type 
malignancy confined to a stage I non-seminoma, 
occurring in about 5  %, does not adversely 
affect prognosis [390].

Cisplatin-based chemotherapy of non-
seminoma is, in fact, a model for stem cell ther-
apy of a solid tumor showing that eradication of 
the stem cell population does not necessarily cure 
the patient [268, 391]. The surviving committed 
stem cells and differentiated cells may possess or 
acquire clonogenic potential and appear as 
therapy-resistant recurrence.

3.6.1.7	 �Animal Models and Cell Lines
Type II GCT are probably unique for humans, as 
no convincing examples of spontaneous or 
induced type II GCT have been reported in ani-
mals. Neoplasms of primitive germ cells in mice 
[392] and fish, e.g. experimentally induced in 
zebrafish [393–395], have been reported; how-
ever, reprogramming of a neoplastic primitive 
germ cell into a totipotent GCT, a key feature of 
type II GCT, has to the best of our knowledge not 
been described.

The only experimental model for seminoma is 
the TCam-2 cell line, derived from a human pri-
mary testicular type II GCT with a seminoma 
component, which can be propagated in vitro and 
as xenograft in immune-compromised mice [396] 
due to a BRAF mutation making it more apopto-
sis resistant than seminoma cells normally are 
[397, 398]. TCam-2 cells were at the molecular 
and epigenetic level characterized as seminoma 
cells [329, 398], including the expression of 
OCT4  in combination with SOX17 [399]. As 
expected, TCam-2 cells resemble human PGC, 
cells committed to totipotency, whose fate is 
determined by SOX17 and by BLIMP1 that 
represses differentiation into endodermal and 
other somatic lineages in PGC by repressing 
SOX2 [35]. Indeed, by inhibition of BMP, 

TCam-2 cells could be reprogrammed to an EC 
phenotype (among others expression of SOX2 
instead of SOX17; genome-wide DNA methyla-
tion) via NODAL signaling [255, 400, 401], 
demonstrating in  vitro what was first hypothe-
sized from pathological observation [245].

The absence of type II GCT in mice may be 
explained by the molecular mechanisms of speci-
fication and epigenetic modification of the early 
germline being different in mice and humans. 
Particularly relevant could be that Oct4 in murine 
PGC is co-expressed with Sox2, like in mouse 
ESC, whereas OCT4  in human PGC is co-
expressed with SOX17 [35]. Moreover, as men-
tioned before, epigenetic reprogramming of 
mouse PGC during embryonic development 
takes place in 24 h [8], whereas in humans, this 
process takes several weeks [6, 236]. This situa-
tion in humans creates a longer time frame for 
neoplastic transformation of early germ cells 
with a totipotent developmental potential, which 
in addition have the obstacle that they have to 
switch from SOX17 to SOX2 before being able 
to revert to an EGC phenotype. The very frequent 
step of tetraploidization early in the pathogenesis 
of type II GCT suggests that it is important for 
maintenance and survival of totipotent tumor 
cells in the naïve state.

In mice, and possibly also in other animals, 
the time frame for generating neoplastic totipo-
tent cells is short, probably not long enough for 
the necessary steps, including polyploidization, 
to give rise to a tumor of transformed PGC/gono-
cytes. In mice, PGC/gonocytes can only give rise 
to neoplasms if they are directly reprogrammed 
to a diploid, pluripotent ESC in the primed state, 
probably because it expresses Oct4  in tandem 
with Sox2, as in ESC. As mentioned before, PGC 
that are not reprogrammed die apoptotically. The 
various teratoma models in mice are not repre-
sentative for type II GCT but rather for type I 
GCT (Sect. 3.5.1.6). Several features of the mod-
els that do help to understand type II GCT are 
addressed throughout this chapter, where 
appropriate.

In humans, the PGC/gonocyte phenotype is 
indeed fairly stable in type II GCT, as at each 
anatomical site, over half are seminomas, the 
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default state of these tumors. At the same time, 
it is obvious from the biology and histology of 
these tumors that reprogramming of a semino-
matous cell (GCNIS or seminoma, primary or 
metastatic) to a totipotent EGC-like cell giving 
rise to a non-seminoma is a regular, though 
poorly understood event. To study this phenom-
enon, more typical seminoma cell lines would 
be helpful.

Non-seminoma cell lines, derived from in vivo 
reprogrammed seminomatous precursors, have 
been less difficult to establish than seminoma cell 
lines and are readily available. The first clonal 
cell line, and probably best characterized and 
intensely studied in  vitro and in xenografts, is 
NT2D1, derived from Tera-2 [402]. It has been 
widely used, among others non-seminoma cell 
lines, to study differentiation of EC cells as a 
model for human embryonic development before 
human ESC became available [403, 404].

Because of the paucity of models for type II 
GCT, their pathogenesis has been studied primar-
ily in human tumors in a multidisciplinary 
approach, combining epidemiology, pathology, 
(cyto)genetics, cell biology, and molecular 
approaches, as will be discussed per anatomical 
site in the following paragraphs.

3.6.2	 �Specific Aspects 
of Pathogenesis 
per Anatomical Site

3.6.2.1	 �Dysgenetic Gonad
Much of the pathogenesis of type II GCT has 
been learnt from the study of gonadal dysgenesis 
in DSD and its typical type II precursor lesion 
gonadoblastoma, in which the inception of these 
GCT can be closely followed. It has provided 
crucial insight into the interactive role of support-
ive cells and tumor cell-intrinsic factors in the 
pathogenesis of type II GCT.

Developmental Potential
Gonadoblastoma, originally described by Scully 
([405], for review [406]) is composed of two cell 
types: nonneoplastic immature granulosa cells 
and gonocytes. The granulosa cells serve as 

feeder cells, offering a niche for the gonocytes, of 
which some, actual gonadoblastoma cells have 
the same atypical morphology as the cells of 
GCNIS.  Gonadoblastoma cells will eventually 
outgrow the nonneoplastic gonocytes and by way 
of further progression become feeder-independent 
invasive dysgerminoma, the counterpart of semi-
noma of the testis. Most type II GCT of dysge-
netic gonads are dysgerminomas (80  %); 
apparently, reprogramming to non-seminoma 
occurs in only 20 % of the cases [406].

Epidemiology/Risk Factors
Gonadoblastoma is a rare lesion that develops in 
patients with certain forms of DSD, bilaterally in 
40  % of the cases [405–408]. At high risk are 
46,XY patients with mutations in WT1 (including 
Denys-Drash, Fraser, and WAGR syndromes) 
[409–413], SRY, SOX9, DHH, ARX, RR5A1, or 
TSPYL1, resulting in a dysgenetic testis in the 
presence of Y-chromosomal sequences, although 
the male gonadal initiation/differentiation path-
way is disrupted [275, 408, 414, 415]. Patients 
with 46,XY/45,XO mosaicism with a high risk 
for streak gonads [416, 417] may develop gonad-
oblastoma in up to 50 %. Cases reported in 45,XO 
patients with a Turner phenotype probably have 
undetected mosaicism for Y-chromosomal mate-
rial containing the GBY region with the candi-
date gene TSPY within the dysgenetic gonad 
[353, 418, 419].

Anatomical Distribution
Gonadoblastoma and its derived invasive GCT 
occur at the sites of dysgenetic gonads: intra-
abdominal, inguinal, and sometimes scrotal.

(Cyto)Genetics/Epigenetics
The cytogenetic changes in gonadoblastoma are 
similar to those of GCNIS: early polyploidization 
followed by the same nonrandom losses and 
gains of chromosomes. Overrepresentation of 
12p material, usually as i(12p), occurs when 
gonadoblastoma progresses to invasiveness. As 
opposed to GCNIS, tetraploidization does not 
always take place [290, 306]. KIT mutations 
have been identified in dysgerminoma [296, 
330], however only once in a dysgerminoma 
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originated from gonadoblastoma [332]. 
Gonadoblastoma cells have the hypomethylated 
genome with (partially) erased GI of PGC [360].

Pathogenesis
Typically, gonadoblastoma develops in those 
forms of DSD, where the presence of the GBY 
region [351] including the candidate TSPY gene 
[345–347] is combined with a disturbed gonadal 
development due to mutations or deletions in 
genes necessary for the physiological male 
(46,XY) pathway (initiated by SRY, followed by 
SOX9/WT1, SF1, and downstream targets) [275, 
408, 411, 414], which may be hereditary [420–
422]. Disturbed expression of members of this 
pathway may result in immature supportive stro-
mal cells, resembling granulosa cells [423, 424]. 
Multiple genes can be affected within a single 
patient [425]. In this hypovirilized condition, 
maturation of the gonocytes is delayed, thereby 
creating a window for co-expression of embryo-
nal genes and early differentiation genes, in par-
ticular OCT4 and TSPY [290, 291, 426], which, 
jointly with enhanced KIT/KITLG signaling 
[292], promote neoplastic transformation of 
gonocytes into gonadoblastoma cells in the dys-
genetic gonad. A combination of GCNIS and GB 
has also been reported within a single gonad 
[427, 428] (Fig. 3.18).

Again, the important lesson to be learned from 
gonadoblastoma is that there are probably two 
pathogenetic pathways for the origin of dysger-
minoma: the first, as in DSD, merely by distur-
bance of the normal development of the gonad, 
the “developmental pathway,” related to GBY 
enabling co-expression of TSPY and OCT4, and 
the second, much rarer pathway, the somatic 
mutation pathway involving mutations, particu-
larly in KIT. The somatic mutation pathway is 
probably more frequent in normal females, as 
discussed earlier (Sect. 3.6.1.4) [332].

3.6.2.2	 �Testis
Developmental Potential
Slightly over 50 % of testicular type II GCT are 
pure seminomas, about 15 % combine seminoma 
with a non-seminoma component, and the 

remainder lack seminoma and are composed of 
one or more embryonal (immature and mature 
somatic tissues) or extraembryonal (YST and 
choriocarcinoma) lineages; primitive germ cells 
are occasionally encountered [247]. Most testicu-
lar non-seminomas combine two or more lin-
eages; the most frequent pure non-seminoma is 
pure EC, followed by pure teratoma; pure chorio-
carcinoma and pure YST are rare [244]. Somatic-
type malignancies occur in primary testicular 
non-seminomas in 3–6  % [390], in postchemo-
therapy RPLND in 8 % [429]. In late recurrences, 
the percentage is over 20 % [386]. Over half of 
somatic-type malignancies are sarcomas [388], 
the most frequent types being rhabdomyosar-
coma, followed by angiosarcoma, and leiomyo-
sarcoma [430]. Next in frequency are carcinomas 
of various types and small blue round cell tumors 
[388, 390, 430–433]. Rarely two somatic-type 
malignancies develop simultaneously in late 
recurrences [268]. About 75 % are derived from 
teratoma ([268] for review); in 25 %, progression 
has occurred in YST, giving rise to glandular and 
sarcomatoid YST, mimicking somatic-type 
malignancy [434, 435].

Epidemiology
The lowest incidence figures of <0.5 for testicu-
lar type II GCT are found in Africa and parts of 
Asia. The incidence is a factor 10–20 higher 
among most white Caucasian populations in 
Western societies, like in Europe, North America, 
Australia, New Zealand, and parts of South 
America. The highest figures of >12 are recorded 
for Denmark, Norway, and Switzerland [273, 
436–438]. Worldwide, the incidence has 
increased in the last four decades, in fact more 
than doubled in most Western and Northern 
European countries. In earlier low-incidence 
countries like Spain, Slovakia, and Slovenia, the 
rates are increasing rapidly and approaching 
those of Western Europe [273, 278]. In the US, 
the incidence among Caucasians is 6.6 versus 
1.2  in blacks. In both groups, the rates have 
increased in the past 30 years [76, 439].

The large incidence differences among ethnic 
groups within the same society, e.g., Caucasians 
and blacks in the USA [76], demonstrate the 
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importance of genetic factors. On the other hand, 
the geographic pattern of increasing incidence of 
testicular type II GCT, the changing incidence 
among certain immigrant populations [440–442], 
points to an important causative role of environ-
mental factors, associated with modern, Western 
lifestyle that probably favor hypovirilization of 
the developing male embryo [167, 370, 443]. 
Indeed, the young age of the patients, the bell-
shaped age distribution, the decreased risk for 
testicular type II GCT in Danish men born during 
World War II [444] and similar birth cohort 
effects in other populations, and the evidence that 
type II GCT are derived from gonocytes; all these 
observations point to their initiation during 
embryonal development.

Risk Factors
Risk factors for type II GCT of the testis have 
recently been comprehensively reviewed [445, 
244]. Briefly, features of TDS [229] confer a 
higher risk: cryptorchidism (OR 4.3) [446]), pre-

vious inguinal hernia (OR 1.63), as well as hypo-
spadias [447], previous testicular cancer 
(testicular type II GCT are bilateral in 3–5  %) 
[448], impaired spermatogenesis [449], and a 
family history of testicular type II GCT [286] 
which encompasses urogenital anomalies as in 
TDS [450]. TDS is considered as a relatively 
mild disturbance of sex differentiation, due to 
hypovirilizing factors in utero. This is consistent 
with the observation that gene mutations that 
cause DSD in 46,XY individuals, such as AR-
mutations, confer a (somewhat) higher risk for 
type II GCT.  Also in individuals with normal 
sexual development variants in AR, ESR2, 
HSD17B4, and CYP19A1, involved in steroid 
signaling or metabolism, confer an increased risk 
of testicular type II GCT [451, 452].

Factors increasing risk with a lower OR, in the 
order of 1.3 or less, which also one way or another 
may relate to disturbed hormonal conditions in 
utero are maternal bleeding, low birthweight, 
short gestational age, twin, tall stature, and being 

Fig. 3.18  Co-expression of OCT4, TSPY, and KITLG in 
gonad with gonadoblastoma (left half of the photo’s with 
granulosa cells and Call-Exner bodies between the neo-
plastic gonocytes) and GCNIS (right half of the photo’s 

with neoplastic gonocytes in the spermatogonial niches); 
clockwise: H and E, OCT4 (brown), KITLG (brown), and 
TSPY (red), ×200 [427]
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first born child. Sibship size is protective, the 
more siblings the lower risk, OR 0.80, as is late 
puberty, OR 0.81 [453]. There is sufficient evi-
dence to support a relation between testicular 
type II GCT and three widely used hormone dis-
ruptive organochlorine insecticides (dichlorodi-
phenyldichloroethylene, cis-nonachlor, and 
trans-nonachlor), which may have a hypoviriliz-
ing influence on a developing male embryo in a 
specific window of development (masculiniza-
tion window) [454].

The two identified occupational risks (fire 
fighting and aircraft maintenance) [455] and 
cannabis smoking [456] obviously affect males 
postnatally, in adolescence and adulthood. It 
might be assumed that these risk factors modify 
the development of already existing precursor 
lesions. Cannabis smoking is particularly inter-
esting because it selectively increases the risk of 
non-seminoma, suggesting that it might pro-
mote reprogramming of a seminomatous pre-
cursor cell.

Genetic Susceptibility
Familial risk is among the highest in cancers 
[457, 458]: having a brother with a testicular type 
II GCT confers a three to eight times and a father 
a two to four times higher risk. For comparison, 
having a brother with colon cancer increases ones 
risk by a factor two. Yet, despite substantial 
efforts in international collaborations, only few 
low-penetrance gene mutations were identified 
by comparing familial and sporadic cases. The 
first identified risk locus was the gr/gr deletion in 
azoospermia factor c region of Y [459], and 
recently a deleterious probably causative germ-
line mutation in PDE11A was discovered in 
familial and sporadic cases [460]; both mutations 
explain only a few percent of the familial cases.

Indeed, the small size of affected families, 
usually a father and a son or two brothers, and the 
high risk in monozygotic compared to dizygotic 
twins [457] are consistent with multiple autoso-
mal recessive low-penetrance susceptibility 
genes [286, 288, 461–463].

The polymorphic gene variants increasing 
susceptibility to type II GCT shown in recent 

genome-wide association studies (GWAS) are 
also consistent with genetic susceptibility being 
the result of multiple common, relatively low-
penetrance gene variants. The first variants 
(KITLG, BAK1, SPRY4) were demonstrated in 
2009 by two independent studies [195, 196]. As 
of 2015, over 30 variants of genes for proteins 
which are plausibly involved in the biology of 
testicular type II GCT have been published, e.g., 
KIT/KITLG signaling (KITLG, SPRY4, BAK1, 
PDE11A) in relation to PGC survival and prolif-
eration; DMRT1 variants, involved in sex deter-
mination and regulation of meiotic division; 
genes involved in telomere maintenance, testis 
differentiation, and sex determination (such as 
HPGDS), among others [288, 376, 464–467]. 
Together, these account for about 15  % of the 
excess familial risk to brothers of testicular type 
II GCT patients and 22 % of the excess to sons of 
testicular type II GCT patients [468]. 
Remarkably, these variants have no association 
with the established phenotypic risk factors: 
family history, cryptorchidism, inguinal hernia, 
age at diagnosis, and bilateral testicular type II 
GCT [469]. TDS, including cryptorchidism, 
hypospadias, male infertility, impaired testicular 
development, and testicular type II GCT [229] 
may be associated with variants of TGFBR3 and 
BMP7 [470] and variants in genes involved in 
steroid signaling but not with the established risk 
variants for testicular type II GCT.

Importantly, different distribution of variants 
in KITLG and AR in Caucasian and black popula-
tions may partly explain the 20-fold ethnic differ-
ence in the incidence of testicular type II GCT 
[195, 196].

It seems that some of the variants primarily 
target the PGC/gonocyte, in particular the KIT/
KITLG pathway and others primarily the sup-
portive cells (Sertoli and Leydig cells in the tes-
tis), and that homozygosity for risk alleles in the 
two pathways confers the highest risk. For exam-
ple, men with testicular type II GCT have a 14 
times higher chance than controls to be homozy-
gous for the two risk alleles, KITLG (PGC/gono-
cyte survival and proliferation) and DMRT1 
(testicular development) [464].
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Pathogenesis: Initiation
There are striking similarities between the patho-
genesis of type II GCT in dysgenetic gonads and 
the testis. Testicular type II GCT are considered 
part of TDS [229, 471], which as mentioned 
above also includes cryptorchidism, hypospa-
dias, impaired testicular development, and male 
infertility, broadly, features of hypovirilization. 
In fact, the changes in the testis can be considered 
as a mild form of gonadal dysgenesis [411, 445, 
472], supposedly resulting from an interplay 
between genetic factors, such as mutations in the 
AR [473], and endogenous and environmental 
hypovirilizing factors exerting their influence in 
utero, foremost on the stromal cells of the devel-
oping male gonad, so-called genvironmental 
interactions [474]. Of note, hypovirilization may 
not only occur during embryonic development, 
as DMRT1 is required to prevent female repro-
gramming of the postnatal mammalian testis 
[475, 476], conceivably with impact on the post-
natal development of testicular type II GCT.

In keeping with the above observations, the 
association between increased risk for testicular 
type II GCT and impaired fertility might be due 
to variants within DMRT1 [464], comparable to 
the role of Dmrt1 in fertility and testicular tera-
toma formation in 129Sv mice [189]. Similarly, 
there might be a parallel between the loss of 
function mutation of steel/Kitlg in this mouse 
model, impairing fertility and enhancing tera-
toma formation [185] and variants in KITLG in 
men. Variants in KITLG resulting in loss of func-
tion may disturb the function of Sertoli cells and 
the germ cell niche, thereby impairing fertility 
and promoting initiation of type II GCT.

Specifically, the disturbed Sertoli cells/niche 
might interfere with downregulation of OCT4 in 
gonocytes relocated from the center of the 
tubules to the prespermatogonial niche, thereby 
creating a window for co-expression of OCT4 
and TSPY, assumed to respectively protect the 
germ cells from apoptosis and to stimulate their 
proliferation [84, 477]. Co-expression of these 
proteins is in due time accompanied by 
increased expression of KITLG by the stromal 
component and/or via an autocrine loop, which 

supposedly further stimulates the neoplastic 
transformation. The association of a higher risk 
for testicular type II GCT with SNP variants in 
KITLG [195, 196], for example, might be 
mechanistically explained by interference with 
KIT signaling in Leydig cells and, as mentioned 
above, a disturbed interaction between Sertoli 
cells and gonocytes [348, 377]. Interestingly, 
one of the likely related variants within KITLG 
concerns a binding site for p53 [478], whereby 
the expression level of this allele of KITLG 
might increase under conditions of stress dur-
ing early development, such as TDS/DSD 
[415], via upregulation of p53.

Pathogenesis: Early Development
The early morphological changes in gonocytes 
undergoing neoplastic transformation have been 
studied in patients with various degrees of andro-
gen insensitivity, including complete insensitiv-
ity [349], and in infants with cryptorchid testes 
[348]. In both conditions, a continuum from 
delayed maturation of gonocytes, via pre-GCNIS 
to GCNIS is observed. In delayed maturation, 
gonocytes located centrally in the tubules still 
express OCT4 beyond the normal age limit of 
6  months [29]; in pre-GCNIS, gonocytes that 
have migrated into the spermatogonial niche at 
the basement membrane fail to switch off OCT4 
expression and start to co-express OCT4 and 
TSPY in a heterogeneous pattern, accompanied 
by focal expression of KITLG (Fig. 3.19); in 
GCNIS, gonocytes located in the spermatogonial 
niche consistently express OCT4, usually with 
co-expression of TSPY and combined with dif-
fuse expression of KITLG.  The GCNIS cells 
meet the established morphological criteria, 
including enlarged, angulated nuclei. The change 
of nuclear morphology in the progression step 
from pre-GCNIS to GCNIS suggests that poly-
ploidization takes place at this stage. These 
observations are consistent with the hypothesis 
that gonocytes moving from the center of the 
tubules into the prespermatogonial niche do not 
turn off OCT4, because the malfunctioning 
Sertoli cells do not give the proper licensing sig-
nal toward male gametogenesis [479].
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Pathogenesis: GCNIS, Progression to 
Seminoma and Non-seminoma
GCNIS is the common precursor of seminoma 
and non-seminoma of the testis [480, 481], 
which is bilateral in 3–5  % of the patients 
[448, 482, 483]. This high propensity for bilat-
erality is probably because the germ cell niche 
is disturbed in both testes as a consequence of 
TDS.  Consistent with this assumption is the 
fact that in DSD, where the disturbance of the 
niche is more severe, bilaterality of gonado-
blastoma may occur in up to 40  % [405]. 
GCNIS has a heterogeneous phenotype due to 
the plasticity of GCNIS cells reflecting differ-
ent stages of maturation of primitive germ 
cells [484–487]; a subset of GCNIS cells 
expresses spermatogonial markers [488]. 
GCNIS will probably always progress to an 
invasive type II GCT if left untreated [482, 
489], although not proven so far. As yet, no 
features have been found that predict whether 

it will progress to (intratubular) seminoma or 
non-seminoma.

As in dysgenetic gonads, the neoplastic trans-
formation of gonocytes does not require somatic 
mutations but rather results from a disturbed 
timing of expression of critical embryonal and 
differentiation proteins during development, as 
discussed. Therefore, type II GCT of the testis 
can be considered developmental tumors [370]. 
Indeed, somatic mutations are rare and limited to 
KIT and KRAS [295, 322–326, 490], whereby 
activating KIT mutations are found in about 
25  % of seminomas [327] and rarely in non-
seminomas [340]. In seminomas, the KIT path-
way is always activated via mutation or 
amplification of KIT or via overexpression of the 
protein [322, 491]. KRAS mutations are in a few 
percent found both in seminomas and non-semi-
nomas. Mutation of KRAS does not seem to 
occur in combination with high-level amplifica-
tion of the gene [324] or overexpression of the 
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Fig. 3.19  Morphology and expression of OCT3/4, TSPY, 
and KITLG in delayed-matured gonocytes and pre-
GCNIS. Delayed maturation and pre-GCNIS puts gono-
cytes at risk for malignant transformation without the 
need of mutations by creating a window for co-expression 
of OCT3/4, TSPY, and KITLG. (a) Delayed maturation 
with OCT3-/4-positive germ cells (brown) all in the center 
of the tubules, gonad of 10-month-old individual. (b) 
Same area as in A double stained for OCT3/4 (orange) 
and TSPY (blue) which are not co-expressed within the 

same cells. (c) Same area as in A and B negative for 
KITLG. (d) Pre-GCNIS with most of the OCT3-/4-
positive germ cells are attached to the basal lamina, gonad 
of 9-year-old individual. (e) Detail of the same area as in 
D double stained for OCT3/4 and TSPY, heterogeneity of 
the germ cells within particular tubules – cells are either 
positive for both OCT3/4 and TSPY (arrow) or only for 
TSPY (double arrow). (f) Same area as in E strongly posi-
tive for KITLG (red) [349]
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protein [329]. In testicular type II GCT, KIT and 
RAS mutations may be mutually exclusive [324].

The much higher frequency of activating KIT 
mutations in seminoma than non-seminoma sug-
gests that this genetic event does not take place in 
an early stage of tumor evolution shared by semi-
noma and non-seminoma. Rather, as discussed 
before, mutation of KIT is part of progression of 
seminoma, as is amplification of the gene, and 
upregulation of its expression [322] resulting in 
KIT activation, characteristic for seminoma. 
Since it is related to seminoma progression, it is 
understandable that non-seminomas rarely har-
bor KIT mutations, for they offer no advantage 
after reprogramming of a seminomatous tumor 
cell into an EC cell. In the rare non-seminomas 
with a KIT mutation, reprogramming probably 
took place in a seminomatous tumor cell that 
already had acquired a KIT mutation. Indeed, one 
of the first two type II GCT in which an activating 
KIT mutation was demonstrated was an ovarian 
mixed dysgerminoma/YST, with the mutation in 
both components [326].

The observation that KIT mutations are usu-
ally found in seminomas that lack large-scale 12p 
amplifications [295] could mean that for semino-
mas, KIT mutations and 12p gain are alternative 
pathways of tumor progression.

The occurrence of the same KIT mutations in 
bilateral testicular tumors demonstrates that a 
KIT mutation can be the initiating event taking 
place in PGC prior to their arrival in the gonadal 
ridges [283, 339, 340]. Even more convincing, as 
already referred to, the same KIT mutation was 
found in the testicular seminoma and the pineal 
germinoma of the same patient [283].

GCNIS stays more or less dormant until 
resuming further progression upon hormonal 
stimulation at puberty [492]. In prepubertal 
GNCIS, about a quarter of the tumor cells express 
DMRT1, a key regulator of the mitosis-meiosis 
switch, whereas in adult cases, this figure drops 
to a few percent. GCNIS cells that express 
DMRT1 are not mitotically active and considered 
dormant [486].

In so-called isolated GCNIS that has not yet 
given rise to an invasive type II GCT [493] and in 
GCNIS confined to the spermatogonial niche 
[304], there is no overrepresentation of 12p (Fig. 
3.20). Gain of 12p coincides with the GCNIS 
cells becoming feeder independent, apparent 
from their leaving the spermatogonial niche and 
their capacity to float in the lumen of the seminif-
erous tubules [304], usually adjacent to an inva-
sive GCT [493] (Fig. 3.21). The next step in the 
“default development” of a testicular type II GCT 

Fig. 3.20  Comparative genomic hybridization on 
GCNIS cells in the niche (left panel) and on three invasive 
type II GCT, from left to right EC, teratoma, and YST 

(right panel). Gain of 12p is absent in GCNIS, while it is 
present in invasive type II GCT [244]
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is the formation of intratubular seminoma, 
whereby the GCNIS cells completely fill and dis-
tend the seminiferous tubules and oust the Sertoli 
cells. Intratubular seminoma may contain lym-
phocytes like invasive seminoma. Though highly 
proliferative it virtually never shows necrosis, 
which is practically always present in intratubu-
lar non-seminoma. Apparently, intratubular sem-
inoma cells, like normal gonocytes, are well 
adapted to the intratubular low-oxygen environ-
ment [244].

The trigger for invasive growth of intratubular 
seminoma is not known. Morphologically, inva-
sion of seminoma has different appearances: one 
whereby intratubular seminoma extends the sem-
iniferous tubule to the point of breaching the 
tubular wall [262] and another, microinvasive 
seminoma in which the tumor cells appear as 
single cells in the interstitial stroma of the testis 
[244, 494–496], and combinations of both. Just 
like intratubular seminoma [262], microinvasive 
seminoma can be found adjacent to a non-
seminoma in about 20  % [494]. Microinvasive 
growth may be due to expression of matrix metal-
loproteinase 9 and plasminogen activator, uroki-
nase, by the tumor cells [495].

Upon invasion, seminoma invariably elicits 
an inflammatory host response, usually com-
posed of lymphocytes, macrophages, plasma 
cells, and often a granulomatous reaction. Its 
significance remains controversial. Recently, it 
was suggested that it is not involved in active 
immune surveillance [497]. An earlier study 

demonstrated clonally expanded cytotoxic T 
cells and evidence of specific and functional 
T-cell responses operating in seminoma, indicat-
ing that the inflammatory infiltrate is indeed 
involved in the immunological control of the 
tumor; however, class I MHC molecules could 
not be demonstrated on the seminoma cells 
[498], making them invisible to cytotoxic T 
cells. From histology, the infiltrating lympho-
cytes seem capable to cause complete regression 
of seminoma, leaving the scar of a so-called 
burnt-out tumor. GCNIS and intratubular semi-
noma may undergo regression as well, whereby 
the tubules become atrophic and in the end com-
pletely fibrosed. This host reaction, and probably 
the older age of the patients, explains why 
GCNIS is usually much less extensive in associ-
ation with seminoma than non-seminoma and 
even absent in up to 15 % of the cases [262]. The 
few lymphocytes accompanying GCNIS adja-
cent to non-seminoma, as opposed to the many 
adjacent to seminoma, suggest that the host 
response is indeed elicited by the seminoma, 
which upon invasion disturbs the mechanisms of 
immune privilege in the testis [499]. GCNIS, 
composed of tumor cells that are phenotypically 
similar to seminoma cells, is probably second-
arily involved. It seems less likely that the 
GCNIS cells themselves, within the intact immu-
nologically privileged testis, trigger a reaction of 
the host.

The host response is probably clinically rel-
evant in view of the 10 years difference of the 
median age of presentation of seminoma in 
patients with AIDS and the general population: 
respectively, 25 and 35 years. In AIDS patients, 
seminoma and non-seminoma present at the 
same age, 25 years, also the age of presentation 
of testicular non-seminoma in the general popu-
lation. In addition, a higher risk for dissemi-
nated seminoma has been reported in patients 
with AIDS, suggesting a protective role of an 
intact immune system [500]. Invasive non-sem-
inoma also contains inflammatory cells; how-
ever, the surrounding parenchyma is much less 
involved than with seminoma, probably explain-
ing why GCNIS is often very extensive and 
rarely absent [262].

Fig. 3.21  GCNIS cells in the spermatogonial niche and 
floating in the seminiferous tubules (direct alkaline phos-
phatase, ×100)
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Pathogenesis: Non-seminoma Due to 
Reprogramming Seminomatous 
Progenitor Cell
Deviation from the default development of semi-
noma occurs when a seminomatous cell, either a 
GCNIS cell or an invasive or metastatic semi-
noma cell, is reprogrammed to an EC cell, the 
stem cell of non-seminoma. How often a primary 
testicular non-seminoma is due to reprogramming 
in an invasive seminoma (Fig. 3.22) can be esti-
mated from the percentage of mixed non-semino-
mas with a seminoma component, which is about 
15  %. This figure could be an underestimation, 
since microinvasive seminoma may be over-
looked [495, 496]; on the other hand, because a 
mixed non-seminoma could be a collision tumor 
of separately developed seminoma and non-semi-
noma, 15  % may be too high an estimate. The 
remaining non-seminomas are probably due to 
reprogramming of an intratubular seminomatous 
cell. Indeed, the intratubular non-seminoma stage 
can be demonstrated in the parenchyma adjacent 
to a non-seminoma in about 15 % of the cases, 
most often adjacent to small tumors, suggesting 
that large tumors have overgrown their intratubu-
lar precursor [262]. Intratubular reprogramming 

cannot be explained by downregulation of BMP 
in GCNIS cells due to interstitial stromal factors 
[255]. Here, the possibility of unequal distribution 
of chromosomal material over the two daughter 
cells [501] might be considered, which would 
result in a low gene dosage of BMP in one of 
them, starting off NODAL signaling and thereby 
reprogramming. In invasive seminoma, the mech-
anism could be the same or BMP could be down-
regulated by exposure to interstitial stromal 
factors like NOGGIN [255].

With sporadic exceptions, intratubular non-
seminoma is composed of pure EC that is partly 
necrotic and often calcified. The invariable necro-
sis indicates that EC cells are less adapted to the 
intratubular low-oxygen environment than 
GCNIS/seminoma cells. It is conceivable that 
hypoxia-induced factors like MET trigger inva-
sion of intratubular non-seminoma. Remarkably, 
only upon invasion, the EC cells start to differen-
tiate and display the totipotent nature of naïve-
state EGC due to differentiation-inducing factors 
in the stroma of the testis and/or loss of 
differentiation-inhibiting factors in the intratubu-
lar microenvironment (Fig. 3.23). Possible stro-
mal factors are TGF-β, FGF, and BMP, which 

Fig. 3.22  Foci of EC, teratoma (TE), YST, and choriocar-
cinoma (CC) in an otherwise typical testicular seminoma 
demonstrating the phenomenon of reprogramming to non-
seminoma in an invasive seminoma. The reprogramming 
at multiple sites and into different lineages may be due to 

aneuploidy of the tumor cells, which upon cell division 
give rise to daughter cells with different chromosomal 
constitutions (middle panel, H and E ×1; YST, EC, TE, 
and CC H and E ×200)
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may derepress differentiation-promoting genes 
by removing polycomb repressive complexes 
recruited to the promotor sites of these genes by 
the pluripotency proteins OCT4, SOX2, and 
NANOG [502]. Noteworthy, spontaneous and 
experimental teratomas in 129 mice also start as 
intratubular EC and begin to differentiate when 
the seminiferous tubules are extended and dis-
rupted [81, 183] (Fig. 3.24).

Pathogenesis: Summary
Most of the testicular type II GCT have a devel-
opmental origin in the context of TDS, a condi-
tion of mild undervirilization, whereby 
inadequate signaling by Sertoli cells interferes 
with normal maturation of gonocytes, creating a 
window for co-expression of embryonal and dif-
ferentiation proteins, in particular OCT4 and 
TSPY, combined with upregulation of KITLG, 
resulting in transformation of gonocytes. 
Polyploidization is an early event, possibly due 
to dysfunction of the mitotic to meiotic switch 
[319, 486], providing survival advantage to the 
gonocytes in the suboptimal niche. In combina-
tion with their hypomethylated state [321], it 
endows the transformed gonocytes with chromo-
somal instability, which drives tumor progression 
through nonrandom gains and losses of (parts of) 
chromosomes, most conspicuously gain of 12p. 
This chromosomal region harbors a cluster of 

genes whose products via various mechanisms 
convey further proliferative and survival advan-
tage to the neoplastic gonocytes, resulting in 
GCNIS and intratubular seminoma that by default 
develops into seminoma. Seminomas may harbor 
mutations predominantly in KIT in up to 25 %, 
probably most often as a genetic mechanism of 
tumor progression and only rarely as initiating 
event. Non-seminoma originates when a neoplas-
tic gonocyte, usually within a seminiferous 
tubule, is reprogrammed to an EC cell, the totipo-
tent stem cell of non-seminoma, giving rise to 
intratubular EC that upon invasion of the testicu-
lar interstitial tissue may give rise to all extraem-
bryonal and somatic lineages and occasionally 
the germ lineage.

3.6.2.3	 �Ovary
Developmental Potential
Ovarian GCT containing dysgerminoma, EC, or 
choriocarcinoma, either alone or in various com-
binations with or without YST and/or teratoma, 
are type II GCT with totipotent developmental 
potential and can be classified as such on histo-
logical grounds. Solid tumors solely composed 
of (immature) teratoma and/or YST can only be 
classified with certainty as a type II GCT by dem-
onstrating gain of 12p [503]. However, age and 
histology do give clues, since in general, pure 
immature and/or mature solid teratomas are of 
type I, as they typically lack gain of 12p ([296, 
503] for review). Of the pure YST, about 40 % 
have 12p gains and are therefore type II, while 
the remaining 60 % are best classified as type I 
GCT [296]. Tumors combining teratoma and 
YST can also be of either type; those in infants 
are likely progressed type I teratomas lacking 
12p gain, while the postpubertal ones are likely 
non-germinomatous type II GCT with 12p gain 
[296, 305, 503]. As mentioned earlier, in the case 
of a pure mature solid teratoma, it is important to 
make this distinction because a type I teratoma is 
benign and a type II teratoma is malignant.

The ratio between dysgerminoma and non-
dysgerminoma, and thus the rate of reprogram-
ming of dysgerminoma, is difficult to establish 
because usually epidemiologic studies do not 

Fig. 3.23  Differentiation of intratubular non-seminoma 
upon invasion. Intratubular component consists exclu-
sively of EC (right lower corner); upon invasion develop-
ment of teratoma elements, YST, and trophoblastic giant 
cells, in addition to EC. (H and E, ×100)
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specify the histology to the degree that the dis-
tinction between type I, II, and IV GCT is possi-
ble. The report by Smith et al. [504] is a notable 
exception: among 1262 malignant ovarian GCT, 
the 449 pure immature teratomas and at least 110 
pure YST (60  % of 183, based on Kraggerud 
[296]) should be considered as type I GCT, while 
the 37 teratomas with malignant degeneration 
should be type IV GCT with a somatic-type 
malignancy. That leaves 666 type II GCT: 414 
dysgerminomas (62  %) and 252 non-
dysgerminomas (73 pure YST, 67 mixed GCT, 
52 EC, 27 choriocarcinomas, and 33 EC plus 
teratoma, so-called teratocarcinomas). The per-
centage of pure dysgerminoma is higher than the 
slightly over 50  % seminomas within testicular 
type II GCT.  It suggests that reprogramming in 
ovarian dysgerminoma, which is convincingly 
documented [505–508] and also apparent from 
the mixed GCT with a dysgerminoma component 
[504], occurs less frequently than in GCNIS and 
seminoma of the testis. The spectrum of histo-
logical types in ovarian and testicular non-
seminomatous GCT is similar; however, the 
distribution is different: mixed non-seminoma is 
the most frequent histology in the testis and pure 
YST in the ovary; pure choriocarcinoma seems to 

be more frequent in the ovary than in the testis. In 
mixed tumors, the percentage of tumors combin-
ing dysgerminoma with just immature teratoma 
or YST seems to be higher than the combination 
of seminoma with only immature teratoma or 
YST in the testis (Chap. 6).

Epidemiology
In the ovary, the second most frequent site of type 
II GCT after the testis, the incidence is about 
20-fold lower than in the testis [76, 137, 509, 
510], with reportedly a slight decrease over the 
past 30  years [76, 504]. Data from South East 
England for about the same period suggest a rate 
of increase comparable to that of testicular type II 
GCT [509]. However, the quoted data on inci-
dence trends are not representative for type II 
GCT, because in neither of the studies, the trends 
were specified for the different types of GCT of 
the ovary. The incidence of dysgerminoma in 
England was reported stable between 1971 and 
1984 [511] and in the same period increasing in 
Los Angeles County [512]. Therefore, the patho-
genetically important question whether or not 
ovarian type II GCT parallel the increasing inci-
dence of those of the testis in recent decades, due 
to comparable gene-environment interactions, 

a b

Fig. 3.24  (a) Intratubular GCT, composed of EC (arrow) 
in testicular tubule of 19-day fetus of 129 strain mouse. 
(b) GCT (in 19-day fetus) which has enlarged and rup-

tured seminiferous tubule in which it arose and is com-
posed of EC and also more differentiated cells forming 
tubules [81]
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remains open. In the US, dysgerminoma seems to 
be more frequent in whites and other nonwhites 
than in blacks [76], suggesting an ethnic influ-
ence, just as in testicular type II GCT.

Type II GCT of the ovary may arise before 
puberty, likely in DSD [275, 513] (see also Sect. 
3.6.3). DSD may remain unrecognized, as in the 
case of two phenotypically normal females hav-
ing a 46,XX karyotype, who well after puberty 
were diagnosed, respectively, with gonadoblas-
toma with a germinoma [514] and gonadoblas-
toma with a mixed type II GCT [515]. 
Ninety-five percent of ovarian type II GCT 
become manifest after puberty in women with a 
normal 46,XX karyotype [516], a couple of 
years earlier than in males, in accordance with 
the earlier onset of puberty in females [232, 
266, 517]. Age of presentation is in the typical 
order: first, the pure non-dysgerminomas, fol-
lowed by the mixed non-dysgerminomas/dys-
germinomas, and then the pure dysgerminomas 
with a median age of the latter close to 20 years 
[511]. Dysgerminomas and non-dysgerminomas 
are bilateral in over 6 % [129, 131, 518–520], a 
slightly higher figure than for bilateral type II 
GCT of the testis, probably due to the contribu-
tion of gonadoblastoma-related tumors, as 40 % 
of gonadoblastomas are bilateral [405]. In fact, 
in a retrospective study, one out of three bilat-
eral dysgerminomas was associated with bilat-
eral gonadoblastoma [521].

Familial cases are rare: among 18 families 
retrieved from the literature with at least one 
female with a GCT [137, 522, 523], eight 
involved only females and ten both females and 
males (in about 0.2 % of the pedigrees of famil-
ial testicular cancer, a female member has a 
GCT [524]). The information on the histology 
of the tumors provided in the reviews and the 
quoted original case reports allows the distinc-
tion between GCT of types I and II. In 12 of the 
families, at least one case concerned a dysger-
minoma, combined with various type II GCT of 
the gonads in close relatives of both sexes; 
remarkably, one relative had a mediastinal 
EC. Also noteworthy, in three families, type II 
GCT clustered with at least one ovarian type I 
GCT: three pure (immature) teratomas and in 

two families with pure YST, which may have 
been of type I. (The remaining family consisted 
of a woman with an ovarian type I immature 
teratoma and her baby with a type I immature 
teratoma of the brain [136].) These families 
demonstrate two significant points: type II GCT 
of the ovary may cluster with similar testicular 
and extragonadal GCT and also with type I GCT 
of the ovary.

Risk Factors
An established risk for (bilateral) ovarian type II 
GCT are the various forms of DSD in phenotypic 
females who have the GBY region, containing 
TSPY, in their genome, as discussed earlier.

Less certain is that a disturbed hormonal 
milieu in the mother increases the risk of malig-
nant ovarian GCT in daughters, comparable to 
the role of hormone disruption in the etiology of 
TDS and type II GCT of the testis [229, 525]. 
Reported risks are maternal use of exogenous 
hormones during pregnancy (OR 3.6), maternal 
obesity (OR 2.7), early regular menstruation after 
menarche (OR 1.8), and age at index pregnancy 
under 20  years (OR 2.8) [526]. Other studies 
have also reported association of malignant ovar-
ian GCT with reproductive risk factors such as 
parity, use of contraceptives, ages at first and last 
births, and time since last birth [527–529]. A 
more recent study could not link levels of circu-
lating sex hormones with risk of ovarian germ 
cell cancers [530]. Most studies do not distin-
guish between type I and II GCT, making the 
results difficult to interpret.

As discussed above, type II GCT of the ovary 
lack the strong familial risk of those of the testis. 
Sporadically, type II and I GCT cluster in fami-
lies. Both tumor types are so rare that the cluster-
ing is probably not by chance, rather these 
families have susceptibility for both type I and II 
GCT, pointing to a common cell of origin in dif-
ferent states of developmental potential. The 
obvious target cell is the PGC/gonocyte, and the 
familial susceptibility factor might have bearing, 
for example, on resistance to apoptosis of PGC, 
such as variants in BAK1, which are associated 
with a higher risk for type II GCT [195, 196] and 
perhaps also for type I GCT [158].
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In one of the families reported by Huddart 
[524], a male with a testicular type II GCT clus-
tered with a female with bilateral dermoid cysts 
(type IV GCT) of the ovary. More recently, a 
similar family was identified, with a father hav-
ing a seminoma and his daughter metachronous 
bilateral dermoid cysts [531]. In both families, it 
may be a chance occurrence in view of the high 
frequency of dermoid cysts of the ovary, with 
bilaterality in 10–15 % of the patients [233, 532] 
(Chap. 6). It is intriguing though that in both 
females, the dermoid cysts were bilateral, because 
in familial cases of dermoid cysts where laterality 
was stated, 11/28 (39  %) were bilateral, and 
among the patients who were twins or triplets, 
9/12 (75  %) were bilateral [134, 135]. One of 
identical twins [533] had over the years seven 
dermoid cysts removed from her left and one 
from her ovary. These case histories are sugges-
tive of a genetic risk factor for bilaterality of type 
IV GCT of the ovary, which perhaps could also 
increase the risk for type II GCT.

(Cyto)Genetics/Epigenetics
Over ninety percent of dysgerminomas are aneu-
ploid, often close to tetraploid [534], and in 
77  % have gain of 12p and similar gains and 
losses of (parts) of other chromosomes as testic-
ular type II GCT (for review [86, 296]). Mixed 
non-dysgerminomas are also most often aneu-
ploid and have gain of 12p in 68 %. This some-
what lower figure as compared to dysgerminoma 
is probably due to the fact that part of the mixed 
GCT combining teratoma and YST is type I 
GCT. Of the pure YST, 41 % have gain of 12p, 
indicating that less than half are type II 
GCT. Pure immature teratomas and mature tera-
tomas have gain of 12p in 5 and 9  %, respec-
tively, and are therefore most often type I GCT 
(for review [296]). Conversely, one out of ten 
solid mature teratomas of the ovary is of type II 
and therefore malignant.

As for the other chromosomes in dysgermi-
noma, the most common changes are gains from 
chromosome arms 1p (33  %), 6p (33  %), 12q 
(75 %), 15q (42 %), 20q (50 %), 21q (67 %), and 
22q (58 %); gains of the whole of chromosomes 
7 (42 %), 8 (42 %), 17 (42 %), and 19 (50 %); and 

losses from 13q (58  %) [535]. The strong pre-
dominance of gains over losses might be 
explained by the (near)tetraploidy of most 
dygerminomas.

Somatic mutations of KIT in exon 17 codon 
816 have been found in 27–33 % of dysgermino-
mas [330–332] and in codon 822 in an additional 
20 % [332], adding up to activating mutations in 
53  %, always in unilateral and not in bilateral 
cases. Among 16 DSD patients with GBY in 
their genome who developed a dysgerminoma, 
only one case had a KIT mutation, in codon 820; 
the same mutation was found in the gonadoblas-
toma from which the dysgerminoma was derived 
[332]. This may be part of the explanation for the 
absence of KIT mutations in bilateral dysgermi-
noma, as bilateral tumors are probably in a sub-
stantial proportion derived from gonadoblastoma. 
KIT mutations are absent in other malignant 
ovarian GCT, i.e., immature teratoma, YST, and 
tumors combining these two components. Gain 
of 12q in dysgerminoma may be related to the 
localization of KITLG on 12q22, with possible 
involvement of KITLG in an autocrine loop with 
KIT. KRAS has hardly been investigated in ovar-
ian type II GCT; in two studied dysgerminomas, 
it was not mutated [536].

Pathogenesis
Type II GCT of the ovary are derived from hypo-
methylated, erased, premeiotic PGC/gonocytes in 
the naïve state (totipotent), present in the early 
developing gonad, as has been convincingly dem-
onstrated for GCT arising in dysgenetic gonads 
[275]. It is very likely that the phenotypically iden-
tical GCT outside the context of DSD have the 
same cell of origin. Morphology, immunohisto-
chemistry, and expression studies of dysgermi-
noma have shown the same profiles as in 
seminomatous GCT of other anatomical sites and 
in PGC, with high expression of pluripotency fac-
tors, in particular expression of OCT4 in combina-
tion with SOX17. The non-germinomas have the 
same profiles as the type II non-seminomas at other 
sites, with EC cells expressing OCT4 in combina-
tion with SOX2 in addition to other pluripotency 
factors and the derived lineages showing tissue-
specific expression patterns (for review [296]).
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Five percent of ovarian type II GCT develop 
in the context of DSD by the “developmental” 
pathway, related to the presence of GBY and co-
expression of OCT4 and TSPY, consistent with 
the low rate (0.6  %) of KIT mutation in these 
tumors [332]. In a molecular analysis of 45 
malignant ovarian GCT in patients without 
signs of DSD, 32 can be classified as type II 
GCT. In four of these (13 %, two dysgermino-
mas and two immature teratomas), TSPY was 
demonstrated in tumor tissue [353]. This would 
mean that the origin is “developmental,” in 
association with TSPY, in about 20 % of ovarian 
type II GCT (5  % DSD and 13  % clinically 
silent mosaicism for TSPY).

As discussed in the general section on (cyto)
genetics of type II GCT (Sect. 3.6.1.4), the KIT 
mutations found in up to 50 % of dysgerminomas 
[330, 332] may be initiating, but they are proba-
bly most often progression related. In view of the 
absence of KIT mutations in type II non-
germinomatous tumors of the ovary [330], it is 
likely that the situation is not much different 
from the testis and that also in the ovary, very few 
type II GCT are caused by somatic mutations. 
Thus the initiation pathway in over 80  % of 
ovarian type II GCT in 46,XX phenotypically 
normal females remains to be explained.

It is tempting to speculate that in the ovary, the 
majority of type II GCT develop in the context of 
mild dysgenesis, comparable to TDS of the male, 
mainly caused by imbalances of factors regulat-
ing gonadal development. It has been shown in a 
mouse model that downregulation of FOXL2, the 
key protein for maintenance of the female iden-
tity of the gonad, results in reprogramming of the 
ovary in the male direction, even in adults. 
Granulosa cells are transformed into Sertoli cells 
forming tubular structures. Remarkably, if in this 
situation the expression of FOXL2 is restored, 
the ovarian identity is repaired [537]. If this 
would happen during gonadal development, even 
only transiently, in the stage before oocytes 
become arrested in the prophase of meiosis I, it 
would create a hypovirilized testis-like environ-
ment favoring disturbance of maturation oogo-
nia/gonocytes and a window for the development 
of a type II GCT. However, due to the absence of 

GBY/TSPY, at a much lower rate than in males 
or in DSD patients carrying GBY in their genome, 
who have an up to 70-fold risk of developing a 
type II GCT as compared to normal females 
[275]. Indeed, insight into the factors involved in 
the development and maintenance of sexual iden-
tity of the gonads (DMRT1, FOX9, and SOXL2) 
lends credence to the hypothesis that as yet 
pathogenetically unexplained type II GCT of the 
ovary have their origin in mild forms of ovarian 
dysgenesis, possibly even transient, which leave 
no obvious further phenotypical traces (Fig. 
3.25). If this hypothesis were true, it would mean 
that the large majority ovarian type II GCT have 
a “developmental” origin.

The much lower incidence of type II GCT in 
the ovary as compared to the testis has been 
explained by the lower number of susceptible 
germ cells in the ovary, and the fact that they 
are blocked in meiosis I, whereas the gono-
cytes are more numerous in the testis, are 
arrested in mitosis [509]. This is probably only 
part of the explanation in view of the epidemi-
ology of the type II GCT of the mediastinum 
and brain. One might assume that in these sites, 
the number of target cells is similar in men and 
women; moreover, the mis-migrated PGC are 
blocked in meiosis I in both genders [58, 59]. 
Yet type II GCT of the mediastinum [241] and 
brain [539] are much more frequent in males 
than females. As alluded to earlier, this may be 
due to men having the GBY region on Y and 
thus being able to express TSPY in combina-
tion with OCT4 in the critical stage of neoplas-
tic transformation of erased PGC.  This 
suggestion is consistent with the high risk of 
developing a type II GCT in dysgenetic gonads 
containing GBY/TSPY [275].

Also relevant in this context is the observation 
that type I GCT have a roughly similar frequency 
in the ovary and the testis and that the sex distri-
bution, apart from the sacral region, is equal for 
most extragonadal sites, in particular for the 
mediastinum and brain [94]. It suggests that 
indeed the number of susceptible cells, probably 
mis-migrated, pre-erased PGC for type I GCT, is 
similar in males and females and that GBY has 
no role in the pathogenesis of type I GCT.
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Fig. 3.25  Role of DMRT1, FOX9, and SOXL2 in development and maintenance of ovarian identity. DMRT1 silences 
RA-dependent feminization genes to ensure postnatal sex maintenance. During fetal sex determination (1), the bipoten-
tial gonad makes a choice between male (blue) and female (pink), largely guided by the presence or absence of Sry. The 
sexual differentiation machinery downstream of sex determination transforms the undifferentiated gonad into a mature 
testis or ovary (2), manifested in the formation of Sertoli-cell-containing seminiferous tubules in the male and granulosa-
cell-containing ovarian follicles in the female. Postnatal sex maintenance within Sertoli cells (3) is achieved via the 
silencing of RA signaling-dependent feminization genes (such as Foxl2) by the transcriptional regulator DMRT1. RA 
is thereby allowed to act in adjacent spermatogonia to promote spermatogenesis within the seminiferous tubule. In 
Dmrt1 mutant Sertoli cells, however, RA acting through RARa activates feminizing genes and reprograms the Sertoli 
cell into a granulosa-like cell through the process of transdifferentiation [538]
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3.6.2.4	 �Mediastinum
Developmental Potential
Of the mediastinal GCT in postpubertal male 
patients, seminomas constitute 32 %, mixed GCT 
16 %, EC 4 %, choriocarcinoma 3 %, YST 10 %, 
and teratoma 35 % [241]. In CGH analysis [165], 
most mixed GCT in patients older than six had 
gain of 12p and are therefore type II GCT; in one 
out of three YST and none of the teratomas in that 
age group 12p was involved. Thus it can be esti-
mated that in early- and postpubertal patients, 
seminomas constitute about 55  % and non-
seminomas 45  % of mediastinal type II GCT 
(mixed 28  %, EC 7  %, YST 5  %, choriocarci-
noma 5  %). Apart from a higher proportion of 

pure YST and pure choriocarcinoma, the distri-
bution of histological subtypes is similar to that 
of the type II GCT of the testis.

Of note, in patients older than six [76, 165], 
pure (immature) teratoma, pure YST, and mixed 
GCT combining the two can only with certainty 
be classified as type I or type II GCT by analysis 
of 12p status. This is clinically relevant as a 
type I teratoma is benign and type II teratoma is 
malignant.

Most intriguingly, 41 patients with 
Klinefelter’s syndrome who had a type II GCT 
based on histology and secretion β-HCG showed 
a very different distribution of histological types 
from the general adult male population, with 
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seminoma 0 %, mixed non-seminoma 44 %, EC 
10  %, choriocarcinoma 15  %, YST 2  %, and 
(immature) teratoma (29  %) [277]. Not only 
there were no pure seminomas but also only two 
of the 12 mixed GCT had a seminoma compo-
nent. Choriocarcinoma/trophoblastic differentia-
tion, either in pure form or as part of a mixed 
tumor based on histology or elevated serum 
β-HCG, was very common: 35/41 (85  %). 
Considering that over 20  % [540, 541], of all 
mediastinal GCT, are diagnosed in patients with 
Klinefelter’s syndrome, this may partly explain 
the histological differences between testicular 
and mediastinal type II GCT in adolescent and 
adult males.

Ten to twenty percent of mediastinal non-
seminomas develop a solid somatic-type malig-
nancy [542, 543]. The distribution of histologies 
is largely similar as in the testis, sarcomas being 
the most frequent type and among them rhabdo-
myosarcoma ranking first [430, 543]. In the 
mediastinal cases, angiosarcomas are more fre-
quent than in the testis [241, 544]. The associ-
ated GCT are most often mixed non-seminomas 
with a (immature) teratoma component and 
rarely pure YST or seminoma [430]. Patients 
with Klinefelter’s syndrome may develop 
somatic-type malignancies other than hemato-
poietic malignancies.

Hematologic malignancies develop in 2–6 % 
[543, 545–547], sometimes combined with a 
sarcoma [388]. These hematological somatic-
type malignancies are uniquely associated with 
mediastinal YST, either pure or as part of a 
mixed non-seminoma [265, 543, 547–549]; the 
most frequent types being megakaryoblastic 
leukemia, followed by malignant and benign 
histiocytosis and myelomonoblastic leukemia 
among many other types encompassing virtu-
ally all hematopoietic lineages [543]. Except 
associated with mediastinal non-seminomas, 
hematologic malignancy has been reported only 
once, in association with a suprasellar dysger-
minoma [550]. Hematologic malignancies are 
usually diagnosed at a median time of 6 month 
after primary treatment [549]; about 40  % are 
synchronous with the primary mediastinal non-
seminoma [543]. The rate is comparable in 

patients with and without Klinefelter’s syn-
drome, as about 20 % of the hematologic malig-
nancies are diagnosed in patients with this 
syndrome, indicating that it is indeed the medi-
astinal localization that predisposes to this 
somatic-type malignancy. These hematologic 
malignancies are not treatment related [546, 
549] but a peculiar biologic characteristic of 
mediastinal non-seminomas with a YST compo-
nent [241, 547].

Added up, the solid and hematologic somatic-
type malignancies develop in a quarter of medias-
tinal non-seminomas, which is about sixfold of the 
3–6 % in primary testicular non-seminomas [390]. 
The higher rate of somatic-type malignancies is 
possibly due to the larger size at surgery of the 
non-seminomas in the mediastinum than in the 
testis [551] and due to the fact that surgery is 
always preceded by chemotherapy. Indeed, in 
originally testicular non-seminomas, the percent-
age of somatic-type malignancies increases to 8 % 
in postchemotherapy retroperitoneal lymph node 
dissection specimens [429] and to >20 % in late 
relapses [386], approaching the rate of somatic-
type malignancies in mediastinal non-seminomas.

The poorer prognosis of mediastinal than tes-
ticular non-seminomas may be because of the 
larger size at clinical manifestation and the over-
all higher rate of somatic-type malignancies, 
which are largely resistant to the chemotherapy 
given for non-seminomas [354].

Epidemiology/Risk Factors
With an incidence of about 0.12  in white and 
0.05 in black males, which has not increased in 
the past decades [76], the mediastinal type II 
GCT constitute 50–70 % of extragonadal type II 
GCT [552]. Over 95 % occur in men [241, 308], 
which is true for whites and blacks [76]. The 
mean age for seminomas is about 30 [264] and 
for non-seminomas 25 years [265]. The mean age 
of patients with Klinefelter’s syndrome, always 
with mediastinal non-seminomas, is 17  years 
(range 4–31), substantially younger than in non-
seminoma patients without Klinefelter’s syn-
drome. In all Klinefelter cases younger than 12, 
there was precocious puberty [553], due to 
β-HCG produced by the tumor [277].
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In a large Danish cohort, mediastinal non-
seminoma was the only cancer for which 
Klinefelter’s syndrome conferred a higher risk 
compared to males without this syndrome, 
with a relative risk of 67 [554]. Over 20 % of 
mediastinal type II GCT are associated with 
Klinefelter’s syndrome [540, 541], meaning 
that roughly half of the mediastinal type II 
non-seminomas occur in this context, as pure 
seminomas do not seem to occur in 
Klinefelter’s syndrome. The age distribution 
of Klinefelter patients with mediastinal GCT 
is bimodal. However, the early peak (between 
age 4 and 10) is later than in typical type I 
GCT; moreover, the tumors in the early peak 
are not the usual type I GCT but more like type 
II GCT, based on the histological composition 
and the secretion of β-HCG causing preco-
cious puberty [277]. Remarkably, the two 
mixed GCT with a seminoma component 
occurred in two 8-year-old boys. Klinefelter’s 
syndrome also increases the risk of type II 
GCT of the brain [555, 556].

Sporadically, mediastinal seminomas have 
been diagnosed in individuals with Down’s syn-
drome [557, 558]. Neurofibromatosis 1 [559, 
560] and Li-Fraumeni syndrome [561, 562] are 
not associated with mediastinal type II GCT.

There is one report of a patient with medias-
tinal type II non-seminoma associated with only 
GCNIS in one testis, suggesting that the tumors 
were two independent primary type II GCT 
[212]. Indeed, contrary to retroperitoneal type II 
GCT, which are metastatic from unrecognized 
testicular tumors, mediastinal type II GCT are 
normally not associated with GCNIS of the tes-
tis [211, 563]. König et al. [564] report a medi-
astinal non-seminoma (“teratocarcinoma”) and 
a metachronous pituitary stalk germinoma in a 
patient with Klinefelter’s syndrome, probably 
both related to the underlying syndrome.

There is one patient, mentioned earlier, with a 
mediastinal EC who had a sister with an ovarian 
dysgerminoma [287], demonstrating that in some 
families, mediastinal type II GCT may cluster 
with type II GCT at other anatomical sites. To the 
best of our knowledge, clustering with other GCT 
types has not been reported [137].

Anatomical Distribution
Primary mediastinal type II GCT are only local-
ized in the anterior or anterosuperior mediasti-
num in association with the thymus [241]. 
Occasionally, small tumors are completely local-
ized within the thymus, showing that they had 
their origin in the thymus itself [241]. Concurring 
with this conclusion is the observation that in 
about a quarter of all mediastinal seminomas, 
remnants of the thymus can be identified in the 
periphery of the tumor [565]. Thymic cysts have 
been found in 10  % of seminomas [566] and 
occasionally in YST of the mediastinum [567], 
again, indicating that these tumors originate in 
the thymus. Apparently, in most cases, the thy-
mic origin is obscured by tumor overgrowth.

Mediastinal type II GCT are indeed primary 
tumors, as testicular type II GCT only rarely 
metastasize to the anterior mediastinum and only 
simultaneous with metastases in the visceral 
mediastinum [568].

(Cyto)Genetics
In a study of 19 malignant mediastinal GCT, 14 
were definite type II GCT, based on histology 
and expression of β-HCG, with the expected dis-
tribution of histological types [297]. Four tumors 
were (near)diploid, six (near)tetraploid, three 
had a (near)diploid plus a (near)tetraploid stem 
line, and one tumor had two hypertriploid stem 
lines. This pattern is completely different from 
type II GCT of the testis, where on average, the 
seminomas (and GCNIS) are hypertriploid 
(DNA index 1.61) and the non-seminomas hypo-
triploid (DNA index 1.40) [294, 569]. This sug-
gests that the precursor cells do not necessarily 
undergo tetraploidization and that following that 
event they undergo less extensive of karyotype 
evolution, whereby the original (near)diploid 
tumor cells still may coexist with the derived 
(near)tetraploid clone.

Results of karyotyping are in agreement with 
these ploidy data, with chromosome numbers 
being (near)diploid [307, 570–572], (near)tetra-
ploid [573], (near)diploid plus (near)tetraploid 
[572], and hypertriploid [574]. Karyotyping, 
CGH analysis [165], and FISH [308] show 
i(12p) as the most common structural aberration 
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in type II GCT of the mediastinum; other recur-
rent changes are gains of chromosomes 21 and X 
and loss of chromosome 13, similar to type II 
GCT of other sites. In the study by Schneider 
[165], two patients had Klinefelter’s syndrome, 
as did the case karyotyped by Mann [571], partly 
explaining the extra copies of X. Different from 
testicular cases is that gain of 12p may be lack-
ing [571, 574] and that fewer chromosomes are 
involved in gains and losses, again consistent 
with less extensive karyotype evolution. 
Mediastinal non-seminomas in patients with 
Klinefelter’s syndrome may [165] or may not 
have i(12p) [571].

The demonstration of gain of 12p (in particu-
lar i(12p)) in solid and hematologic somatic-type 
malignancies, often in combination with genetic 
hallmarks of the somatic cancer, proves their ori-
gin from the GCT [575, 576].

Three out of eight mediastinal seminomas 
(38  %) had activating KIT mutations (exon 17 
and codons 818, 820, and 822) [333]; 1/13 semi-
nomas (8  %) had a KRAS mutations (exon 1, 
codon 13) [336]. Essentially the same pattern of 
somatic mutations as demonstrated for testicular 
seminomas [295]). Non-seminomas of the thy-
mus have not been studied for the presence of 
mutations.

There are no published studies addressing the 
epigenetics of mediastinal type II GCT.

Pathogenesis
The occasional finding of mediastinal type II 
GCT entirely within the thymus and the frequent 
thymus rests in these neoplasms indicates that 
they have their origin in the thymus. Apparently, 
this organ offers a niche in which hypomethyl-
ated, erased, premeiotic [571] PGC, the precur-
sor cells of type II GCT, may survive [56] as 
already proposed by Teilum [54]. The fact that 
mis-migrated PGC have been demonstrated in 
large numbers in the anterior mediastinum but 
not in the thymus itself [52] does not rule out this 
possibility. The tumors probably originate from 
very few PGC that manage to escape their nor-
mal fate of apoptosis by ending up in the thymus. 
There is circumstantial evidence to suggest that 
thymic epithelium may have the capacity to sup-

port erased, premeiotic PGC.  Seminoma cells, 
the neoplastic counterparts of PGC, tend to home 
in thymic epithelium [56]. More convincing still 
is the finding of “seminoma-like” cells enclosed 
by thymic epithelium in the absence of an 
accompanying invasive type II GCT [241], 
resulting in lesions resembling gonadoblastoma 
of the dysgenetic gonad. Moreover, like Sertoli 
and granulosa cells, thymic epithelium produces 
KITLG, the survival and growth factor of PGC 
[56] (Fig. 3.26).

The assumption that mediastinal type II GCT 
arise from PGC is more credible than the pro-
posed alternatives. Origin from a primordial cell 
of the thymus (for review [577]) is unlikely in 
view of the close phenotypic and genetic resem-
blance of the mediastinal type II GCT with their 
counterparts in the gonads, of which the origin 
from PGC/gonocytes is undisputed.

The hypothesis of origin through dissemina-
tion of early gonadal lesions, which recapitulate 
embryonal memory and reverse migrate to thy-
mus [578], was immediately refuted [579]. This 
idea is conflicting with the absence of testicular 
type II GCT in patients with Klinefelter’s syn-
drome combined with their 67-fold risk of medi-
astinal type II GCT [554]. In addition, the 
presumed testicular precursor lesions are typi-
cally absent in patients with mediastinal type II 
GCT [211, 563]. Finally, Chaganti et  al. [578] 
stressed the identity of karyotypic changes of 
testicular and mediastinal type II GCT, which 
they are not. As discussed, mediastinal type II 
GCT are characterized by a shorter karyotype 
evolution than their testicular counterparts. For a 
mediastinal GCT to be derived from a testicular 
precursor lesion, one would expect the reverse 
pattern, with the testicular lesions being in an 
earlier stage of karyotype evolution than the 
mediastinal tumors.

Mediastinal type II GCT, like those in the 
gonads, usually originate via the “developmen-
tal” pathway. The almost exclusive male patient 
population is consistent with a crucial role of 
TSPY as in the testis and gonadal dysgenesis in 
46,XY DSD, in combination with KITLG stimu-
lation. It cannot be excluded that some tumors are 
initiated by somatic mutations in KIT or in genes 
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of its downstream signaling proteins; however, 
most KIT mutations are probably engaged in the 
progression of seminoma. Non-seminomas, also 
in the mediastinum, result from reprogramming 
of a seminomatous precursor cell, i.e., a trans-
formed PGC, into an EC cell.

The 67-fold risk of mediastinal type II GCT 
in Klinefelter’s syndrome [554] supports the 
notion that these tumors usually have a develop-
mental origin. The syndrome, affecting 1 in 500 
males and diagnosed in only a quarter of the 
cases [277], is characterized by hypergonado-
tropic hypogonadism, small testes, infertility, 
gynecomastia, abnormal body habitus, and mild 
developmental abnormalities due to an abnor-
mal sex chromosomal complement, usually 
47,XXY.  Relative androgen deficiency at least 
at the testicular level accelerates degeneration 
of the testis at the onset of puberty [580]. In 

adolescents and adults, most tubules become 
atrophic with very few or no germ cells left. This 
may explain why testicular type II GCT are rare 
in these patients with only sporadic cases 
reported: one seminoma and two non-seminomas 
[581–583]. It seems that like the normal sper-
matogenic cells, precursor cells of GCT cannot 
survive in the defective spermatogonial niche.

At the same time, it is hypothesized that in 
Klinefelter’s syndrome, the increased levels of 
gonadotropins, which physiologically stimulate 
germ cell proliferation, promote malignant 
transformation of PGC in the thymus [165, 
277]. Indeed, the tumors develop at a much 
younger age than in the testis, before or at the 
onset of puberty and thus before degeneration 
of the precursor cells. Hypothetically, the 
absence of pure seminomas [553] may be due 
to a similar process of degeneration as in the 

Fig. 3.26  Seminoma cells homing in thymus epithelium; 
clockwise: cytokeratin-positive thymus epithelium 
(brown) enclosing seminoma cells; same area with OCT4-

positive nuclei (brown) of seminoma cells; same case 
expressing KITLG (red) in thymus epithelium (original 
magnification ×200) [56]
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testis that eventually destroys all precursor cells 
except those that have undergone reprogram-
ming to EC cells, the more apoptosis-resistant 
totipotent stem cells of non-seminoma. 
Supporting this hypothesis, the only mixed 
GCT that contained a seminoma component 
were in two 8-year-old boys.

The reportedly higher incidence of type II GCT 
of the brain in Klinefelter’s syndrome [556] is pos-
sibly also caused by the hypergonadotropic stimu-
lation. It remains elusive why as opposed to the 
mediastinal ones, the brain GCT in Klinefelter’s 
syndrome have a similar age distribution and his-
tology as in the general population, with more than 
80 % seminomas [584].

From a different angle, it has been suggested 
that the extra copy/copies of chromosome X in 
Klinefelter’s syndrome play a direct role in the 
pathogenesis of the type II GCT because the 
region Xq27 harbors a susceptibility locus for 
testicular germ cell neoplasms [585]. However, 
linkage to this locus was not confirmed in a larger 
set of pedigrees, which included the original 66 
families [586], and a candidate gene has not been 
identified.

Solid somatic-type malignancies are most 
often due to further tumor progression of somatic 
components of non-seminomas but may also 
arise from progression of YST, angiosarcoma, for 
example [544]. The unique association of medi-
astinal mixed non-seminomas containing YST, or 

pure YST, with hematologic malignancies is as 
yet unexplained.

It has been suggested that the angiosarco-
mas may arise in myxoid/mesenchymal foci of 
YST, called magma reticulare by Teilum 
(quoted in [241]). This tissue has vasoforma-
tive capacity, whereby dysplastic spindled and 
epithelioid cells condense into vessels. In the 
mouse, the first adult hematopoietic stem cells 
arise from the endothelium of the major vascu-
lature, in particular the aorta [587, 588]. It is 
tempting to speculate that the higher incidence 
of angiosarcoma and hematological malignan-
cies in mediastinal YST (component) are 
related and that endothelial cells developing in 
magma reticulare are the source not only of 
angiosarcoma but also of hematopoietic stem 
cells [297, 576], which may progress into 
hematopoietic malignancies (Fig. 3.27). The 
question remains: why only in mediastinal 
non-seminomas? Could it be that local factors 
in the anterior mediastinum, which regulate the 
specification of adult hematopoietic stem cells 
in normal embryogenesis, also, in the early 
stages of tumor development, promote the 
development of neoplastic hematopoietic stem 
cells from suitably primed endothelial precur-
sors? Human thymic epithelial cells could be a 
source of such factors as they reportedly pro-
duce granulocyte and macrophage colony-
stimulating factors [589].

Fig. 3.27  Mediastinal non-seminoma. Left: primary 
tumor with florid vascular proliferation (magma reticu-
lare) with groups of blast-like cells suggestive of hemato-

poietic cells (arrow) (H and E, ×400); right: bone 
metastasis of same patient with the histology of angiosar-
coma 7 months after initial treatment (H and E, ×200)
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3.6.2.5	 �Central Nervous System
Developmental Potential
Type II GCT of the brain have the same totipotent 
developmental potential as those of other ana-
tomical sites. The proportion of seminomas 
(called germinomas in the CNS), 80 %, is higher 
than in other sites, apart perhaps from the dysge-
netic (intra-abdominal) gonad. This figure may 
be a slight overestimation because the histologi-
cal diagnosis of GCT of the brain is often made 
on small biopsies not always representing all 
components of the tumors. It explains the occa-
sional event of recurrences having a different his-
tology from the original tumor, such as a 
germinoma recurring as YST [590], a YST as 
growing teratoma [591], and in particular tera-
toma as germinoma, sometimes after a long inter-
val [592–596].

Most of the non-germinomatous tumors are 
mixed (54  %), followed by mature teratoma 
(21 %), immature teratoma (8 %), EC (6 %), YST 
(3 %), and choriocarcinoma (3 %). Seventy-five 
percent of the mixed GCT have a germinoma 
component, most often combined with, usually 
immature, teratoma, YST and/or EC; a choriocar-
cinoma component is rare [263]. This observa-
tion is consistent with the pathogenetic 
mechanism, whereby non-germinomas result 
from reprogramming of a germinomatous precur-
sor cell.

Somatic-type malignancies, sarcoma among 
others, develop rarely; the reported squamous 
cell carcinomas may have developed in late type 
I GCT [263]. There is an exceptional case report, 
mentioned before, of a black female who pre-
sented with a mixed lineage acute myeloid leuke-
mia 4  months after treatment of a suprasellar 
dysgerminoma, obviously not related to 
Klinefelter’s syndrome [550].

GCT of the brain (except those of the spinal 
cord) in patients with Klinefelter’s syndrome 
have about the same distribution of histological 
subtypes as in non-Klinefelter cases, with 6/7 
being dysgerminoma (86 %), at the median age 
of 15 years (range 12–35) [584]. This is remark-
ably different from the mediastinal type II GCT 
in Klinefelter’s syndrome, which are exclusively 
non-seminomas, at variance with the general 

population [553], and may appear before puberty 
[277]. Their predominant germinoma histology 
by itself makes it less likely that leukemias 
develop in association with GCT of the brain in 
Klinefelter patients. Indeed, this phenomenon 
has, to our knowledge, not been reported.

In Down’s syndrome, type II GCT of the brain 
have a lower percentage of germinomas than in 
the general population (6/11, 55  %), in agree-
ment with the atypical anatomical localization of 
the tumors, with only one tumor in the pineal 
gland; of the five non-germinomas, there were 
four YST and one teratoma [597].

Epidemiology
Historically, for GCT of the brain, a five- to 
eightfold higher frequency in the Far East than 
in Western countries has been reported [598–
600]. The last WHO classification [243, 601] 
quotes a twofold difference (0.17 and 0.09  in 
Japan and the USA, respectively). A recent 
comprehensive epidemiological study based on 
four large databases, two from Japan and two 
from the USA, demonstrates that the incidence 
is not significantly different in both countries: 
0.143 for males and 0.046 for females in Japan 
and 0.118 for males and 0.030 for females in 
the USA [539]. In these figures, type I and II 
GCT are combined; however, >90 % are prob-
ably type II, as less than 3 % of the registered 
cases, often perinatal (immature) teratomas, are 
below the age of 5  years [602]. Virtually all 
pineal tumors are type II; indeed, they hardly 
occur under age six [76]. In Japan, the inci-
dence of CNS GCT has reportedly increased in 
the 1980s, mostly in males, and has plateaued 
since [603]. The median age is about 15 years 
both for males and females [243, 539], whereby 
patients with germinomas, mixed GCT, and 
non-germinomas are on average 18, 15, and 
12 years, respectively [263].

The overall male-to-female ratio of CNS GCT 
is about 4:1 [243, 539, 601]. In Japan, all histo-
logical types occur predominantly in males [602]. 
The incidence of non-malignant GCT is similar 
in males and females, 0.029 and 0.020, respec-
tively. The male-to-female ratio for malignant 
GCT is 16:1 in the pineal region and 2.1:1 in the 
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rest of the CNS. More than half of all malignant 
GCT are located in the pineal region [539].

Multifocal tumors in the brain usually involve 
the pineal gland and the suprasellar region (so-
called bifocal tumors) or rarely both basal gangli-
onic regions, simultaneously or sequentially 
[243, 604, 605]. Without molecular analysis, it is 
virtually impossible to prove that the tumors are 
independent primaries; locoregional metastasis 
or recurrence is usually the more likely explana-
tion [594].

A series of case reports demonstrates that type 
II GCT of the brain may be combined with pri-
mary, usually type II, GCT at other anatomical 
sites. The brain tumors were always germinomas 
located in the pineal gland or immediate vicinity 
and followed by a seminoma of the testis (three 
cases) [283, 606, 607], a non-seminoma of the 
testis [608], a mediastinal non-seminoma [609], 
or preceded by a mediastinal seminoma [610]. In 
one case, the brain germinoma was followed by a 
mediastinal type I YST, in view of the demon-
strated 1p36 deletion and the absence of gain of 
12p in the latter [611]. In one patient with 
Klinefelter’s syndrome, the germinoma of the 
brain was simultaneous with a non-seminoma of 
the mediastinum, and in another, it was followed 
by a mediastinal pure choriocarcinoma [612]. In 
a patient with Down’s syndrome, the germinoma 
of the brain was simultaneous with an EC of the 
testis [613].

In view of the relative frequency of testicular 
and mediastinal type II GCT, the latter are clearly 
overrepresented, which is plausible: if the condi-
tions are favorable for the development of 
extragonadal type II GCT, e.g., by hypergonado-
tropism, they could stimulate their development 
both in the mediastinum and brain.

In the patient described by Coffey [283], the 
pineal germinoma had the same KIT mutation as 
the testicular seminoma diagnosed 6 month later, 
suggestive for a common cell of origin, as men-
tioned earlier.

There are occasional reports of familial clus-
tering of type II GCT of the brain: two brothers 
with a teratoma with germinoma elements in the 
pineal region [614]; three brothers, one with an 
EC and two with a dysgerminoma in the pineal 

region [615]; and a boy with a germinoma of the 
basal ganglia and his sister with a germinoma of 
the suprasellar region [616].

Risk Factors
In Klinefelter’s syndrome, type II GCT, which 
constitute only few percent of brain tumors in the 
general population, are the most frequent tumors 
of the brain (median age 16), implicating an 
increased risk in this syndrome [555]. This is per-
haps also true for spinal cord germinomas, 
although the high age of the patients (median 
29 year) suggests that the spinal tumors might be 
cerebrospinal fluid-borne metastases of subclini-
cal germinomas of the brain [584].

Patients with Down’s syndrome have an 
increased risk of leukemias and a lower risk of 
solid cancers [557, 558]; the latter is attributed to 
overexpression of the DSCR1 and DYRK1a 
genes on chromosome 21, which suppress the 
production of VEGF and thereby angiogenesis, 
which sustains solid tumor growth [617]. 
Exceptions among the solid tumors are lympho-
mas and GCT of the brain [557] and possibly the 
testis [276, 558].

Isolated case reports have associated type II 
GCT of the brain with neurofibromatosis 1 [618] 
and multiple congenital melanocytic nevi [619].

Anatomical Distribution
Over 80 % of type II GCT of the brain are located 
in the pineal gland, suprasellar region (neurohy-
pophysial axis; occasionally within the neurohy-
pophysis), hypothalamus, and the wall of the 
third ventricle. In these midline structures, the 
large majority are in male patients, malignant, 
and germinomas. Germinomas occur also in the 
basal ganglia, cerebral hemispheres, and in the 
posterior fossa; however, in these and other atyp-
ical, non-midline anatomical sites, the propor-
tion of females, non-germinomas and benign 
GCT (the latter probably of type I), is somewhat 
higher [243, 539]. In fact, type I GCT of the 
brain have an anatomical distribution resembling 
that of the type II non-germinomas [132]. It 
seems that germinoma involving the basal gan-
glia is more frequent in Asian than Western chil-
dren [604, 605].
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The anatomical distribution of type II GCT in 
Klinefelter’s syndrome, 6/7 in the pineal, supra-
sellar, and hypothalamic region, is similar as in 
the general population [584].

In Down’s syndrome, where there is a high 
percentage of non-germinomas, the tumors lie 
most often outside the typical midline sites [597].

(Cyto)Genetics
Half of the type II GCT of the brain are (near)
diploid and half (near)tetraploid, which is true for 
germinomas, mixed GCT, and non-germinomas 
[197]. This finding is consistent with the young 
age of clinical manifestation of these tumors 
(median 15 years) and therefore shorter period of 
karyotype evolution than in their testicular and 
mediastinal counterparts. The pattern of gains 
and losses of (parts of) chromosomes is largely 
similar to that in type II GCT of other anatomical 
sites: in order of frequency, gain of 12p, 1q, 8, 21, 
and X, with more defined regions of gain being 
12p12, 1q11-q24, and 8q11-q21, and loss of 11q, 
18q, and 13 [310]. In addition, Wang et al. [197] 
found gain of 14q and loss of 10q and 17p, 
thereby making the picture even more similar to 
type II GCT of other sites. A comprehensive 
analysis by SNP microarray further confirms and 
details this data. The most frequently observed 
copy number gains were regions on chromo-
somes 1q (44  %), 2p (37  %), 7q (37  %), 8q 
(41 %), 12p (59 %), 14 (33 %), 20q (30 %), 21 
(63 %), 22 (41 %), and Xq (44 %). Frequently 
observed copy number losses were regions on 
chromosomes 1p (26 %), 4q (26 %), 5q (33 %), 
9q (30 %), 10q (37 %), 11q (41 %), and 13 (48 %) 
[298].

Gain of 12p is present in 9/17 (53 %) type II 
GCT studied by Schneider et  al. [310], in 5/15 
(33 %) unequivocal type II GCT (germinomas and 
mixed GCT) in the material of Wang et al. [197], 
and in 59 % in the study by Terashima et al. [298]. 
These figures are significantly lower than in other 
sites, again consistent with less extensive karyo-
type evolution.

Activating KIT or RAS mutations occur fre-
quently in germinomas (60 %) and less so in non-
germinomas (9 %); they are mutually exclusive 
in both [334]. By next-generation sequencing, 

Wang et  al. [197] confirmed and extended these 
data. It appears that activating mutations in KIT 
(47 %) (in order of frequency in exons 17, 11, 18, 
and 13), KRAS (18 %), and NRAS (6 %) and inac-
tivating mutations in CBL (6 %), a negative regu-
lator of KIT expression, are all mutually exclusive 
and occur most often in germinomas and mixed 
GCT that lack gain of 12p. The complementary 
character of these genetic events and their pre-
ferred occurrence in germinomas and mixed 
GCT indicate that they are probably not initiating 
but engaged in the progression of germinoma. 
The AKT/mTOR signaling pathway is activated 
in about 20 % of cases, mostly by focal amplifi-
cation of 14q32.33, containing the AKT1 locus, 
often in tumors lacking gain of 12p. Less fre-
quently, loss of function mutations were identi-
fied in BCORL1, MTOR, TP53, SPTA1, KDM2A, 
and LAMA4 [197]. BCORL1 is a tumor suppres-
sor and a transcriptional corepressor, of which 
the mutation might interfere with the function of 
nuclear receptors such as the AR [620].

The study by Terashima et al. [298] highlights 
frequent gain of PRDM14 on 8q13, which was 
earlier identified as a susceptibility locus for tes-
ticular type II GCT and also frequent aberrations 
of CCND2 (12p13) and RB1 (13q14) suggesting 
that the cyclin/CDK-RB-E2F pathway might be 
involved in the pathogenesis of type II GCT of 
the brain. Finally, Wang et al. [197] found in their 
cohort a rare germline variant of JMJD1C in 
Japanese patients that functions as a chromatin 
modifier gene interacting with the AR in humans 
[621] and that in mice is involved in long-term 
maintenance of male germ cells [622]. This gene 
variant is reportedly enriched in the Japanese 
population and fivefold higher in the Japanese 
patients with GCT of the brain compared to the 
general population. The authors propose that this 
variant of JMJD1C might explain the higher inci-
dence of GCT of the brain in Japan [197]. It 
seems, however, in view of recent incidence fig-
ures [539], that there is no significant difference 
to be explained.

Pathogenesis
The strong phenotypic [352] and genotypic [197, 
298, 310, 334, 623] resemblance of type II GCT 
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of the brain and the gonads makes it plausible that 
they share the same cell of origin: a hypomethyl-
ated, erased, premeiotic, totipotent PGC [56], as 
already proposed by Teilum [54]. Indeed, in 7–14 
wpc, human embryos and fetuses mis-migrated 
PGC that have escaped elimination by apoptosis 
can be seen in the midline of the CNS. Probably, 
these PGC have arrived here because they failed 
to exit the sympathetic trunk at the gonadal site 
and continued migration in cranial direction along 
other nerve branches from the sympathetic trunk 
[52]. Apparently, the midline of the brain, in par-
ticular the pineal gland and the suprasellar region, 
offers a niche with conditions where some of 
these PGC can survive long enough to give rise to 
germinoma, which upon reprogramming may go 
on to develop non-germinoma. The high propor-
tion of pure germinomas (80 %) may be due to the 
young age of the patients (median age 15 years). 
Consequently, the time for progression to non-
germinoma via reprogramming is short, as in 
patients with gonadal dysgenesis. This model 
may also explain why type II GCT in sites away 
from the midline are rarer and more often non-
germinomas. In these non-midline sites, the con-
ditions are supposedly less suitable for neoplastic 
PGC, favoring precursors that have undergone 
reprogramming to an ESC-like precursor, with a 
developmental potential in between the totipotent 
and the pluripotent state. Indeed, the spectrum of 
histologies of type II non-germinomas has resem-
blance to that of type I GCT: relatively high pro-
portions of pure (immature) teratoma, pure YST, 
and pure choriocarcinoma and rarely pure EC. Yet 
these tumors occur most often beyond the age of 
six and have the (cyto)genetic characteristics of 
type II GCT.  In fact, in the brain, particularly 
away from the midline, there seems to be a gray 
area with a gradual transition between GCT of 
type I and II, featuring tumors that are type II by 
genotype and age but resembling type I by 
phenotype.

An alternative to the hypothesis that all type II 
GCT develop from PGC proposes that only ger-
minoma stems from PGC and that the other 
tumor types develop from corresponding embry-
onic rests that get incorporated in the developing 
neural tube through folding errors. In this man-

ner, choriocarcinoma would arise from misplaced 
trophoblast, YST from patches of yolk sac, and 
EC and teratoma from fragments of the embryo 
proper [624]. However, such misplaced elements, 
contrary to PGC, have never been detected in the 
developing CNS. Reprogramming of germinoma 
cells, the neoplastic recapitulation of physiologi-
cal process in embryonic development, is a more 
plausible explanation for the origin of the differ-
ent types of non-germinoma, if only because this 
mechanism applies also to gonadal type II GCT 
where misplacement of embryonic rests has no 
bearing. Nevertheless, the embryonic misplace-
ment hypothesis cannot be totally dismissed. 
Sporadically, growths have been reported in the 
head and neck region, including the brain [96], 
with a morphology in principle compatible with 
type I or II (immature) teratoma that turned out to 
be mono- or even dizygotic twins [102]. In such 
cases, misplacement of a zygote or a blastomere 
during embryonic development is a plausible 
pathogenetic mechanism.

More recently, it was proposed by Scotting 
and colleagues that all GCT of the brain have 
their origin in NSC that during embryonic devel-
opment have been induced to pluripotency by 
activation of OCT4 through demethylation of its 
promoter region [139, 168]. Indeed, Kim et al. 
have shown that mouse [71] and human [72] 
NSC can be induced to pluripotency by activation 
of OCT4 alone, as mentioned earlier, and when 
grafted into mice, these stem cells give rise to 
teratomas. According to Scotting et al., teratomas 
may develop in the brain via the same mecha-
nism, which subsequently can give rise to all 
other types: germinoma and the various mixed 
and pure non-germinomas. To support their 
hypothesis, they quote a series of case reports to 
show that each type of GCT can recur as any of 
the other types of GCT, except germinoma recur-
ring after resection of a YST. None of the cases, 
however, prove the crucial point of teratoma or 
rather the stem cells of teratoma, giving rise to 
germinoma. In two of the quoted cases, the 
authors of the case reports themselves conclude 
that the pineal tumor, originally diagnosed as 
teratoma, was probably mixed and that the ger-
minoma component was missed in the initial 
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intervention. This was histologically likely in the 
case described by Janzarik et al. [595] and clini-
cally suspected in the case reported by Mao et al. 
[596]. In the three cases where the original tera-
toma and the later diagnosed germinoma were 
anatomically separate, the authors interpret the 
germinoma as a second primary tumor [592–
594], admitting that a late relapse cannot be 
excluded, as seminoma/germinoma usually has a 
long protracted clinical course.

The biology of metastasis of type II GCT, of 
the testis in particular, shows that the seminoma 
component in a mixed primary non-seminoma 
disappears over time in the evolution of the tumor 
[271]. Residual mature teratoma after chemother-
apy for non-seminomatous germ cell tumors of 
the testis occurs significantly less often in the lung 
than in retroperitoneal lymph node metastases 
[272]. On the other hand, a pure seminoma may 
undergo reprogramming to all non-seminomatous 
components [244], even in metastatic sites, in up 
to 44 % of the cases [258], as mentioned earlier.

Consistent with the lack of clinical evidence 
of germinoma originating from teratoma, this 
phenomenon has never been reported in the 
decades of research in mouse models of tera-
toma, starting with Stevens’ seminal work [80]. 
Also, the many iPSC that have been tested for 
their developmental potential by grafting into 
mice have never produced seminomatous tumors 
[321, 625]. iPSC appear to be in the primed state 
by default, with a pluripotent development poten-
tial, typical for type I GCT.  It is therefore very 
unlikely that induced pluripotent NSC would 
give rise to type II GCT. They may perhaps be the 
origin of perinatal/infantile, type I teratoma GCT 
of the brain, if it is true that NSC, particularly in 
the midline of the brain (not the typical site of the 
type I GCT), have partial loss of imprinting 
[169]. The quoted observations are consistent 
with specification of the germ lineage being a 
tightly controlled process that is unlikely to spon-
taneously occur in a teratoma developed from an 
iPSC (for review [35]). Reprogramming of PGC 
to pluri- or totipotency on the other hand is a kind 
of default pathway for which molecular mecha-
nisms are in place to prevent it from happening 
([39], for review [20]). Finally, if all germinomas 

of the brain were to originate via a teratoma stem 
cell, one would expect a smaller percentage of 
the GCT of the brain being pure germinoma/sem-
inoma than in other sites, while in fact in the 
brain, this figure is the highest. It is suggested 
that KIT mutations could bias induced pluripo-
tent NSC toward developing germinoma [139]. 
However, KIT mutations are effect rather than 
cause of germinoma development, as they are 
mostly engaged in progression of seminomatous 
GCT and rarely in initiation of type II GCT, as 
appears from molecular analysis of GCT of the 
testis [295, 324] and brain [197].

Like in other sites, probably the majority of 
type II GCT of the brain have a “developmental” 
origin with the same arguments in support. The 
overwhelming preponderance of male patients, 
like in the thymus, suggests a similar role for co-
expression of OCT4, TSPY, and KITLG in 
maturation-disturbed PGC, as in the hypoviril-
ized conditions in the testis in TDS and in 46,XY 
gonadal dysgenesis.

The increased risk of type II GCT of the brain 
in patients with Klinefelter’s and Down’s syn-
drome is consistent with a developmental origin 
of these tumors. In both conditions, disturbed 
development of the gonads causes increased 
secretion of gonadotropins in the diencephalic 
centers at the inception of puberty. These hor-
mones are supposed to stimulate the neoplastic 
transformation of mis-migrated PGC in the mid-
line of the brain [165, 243, 277].

In addition, it has been speculated that over-
dose of certain, as yet unidentified, genes on 
chromosomes X and 21 might favor the develop-
ment of type II GCT. Indeed, both are among the 
most frequently overrepresented chromosomes in 
type II GCT in the general population, regardless 
of anatomical site. Patients with Klinefelter’s and 
Down’s syndrome seem to have a constitutional 
“chromosomal advantage” for developing type II 
GCT.  Indeed, the only malignancies for which 
Klinefelter patients have an increased risk are 
mediastinal [554] and brain type II GCT [555, 
556]. In Down’s syndrome, apart from leukemias 
and lymphomas, there is only an increased risk 
for type II GCT of the brain and probably the tes-
tis [276] [557], [558].
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Probably some tumors are initiated by somatic 
mutations, as in the earlier quoted patient with 
the same activating KIT mutation in his testicular 
seminoma and pineal germinoma [283]. In this 
case, the mutation has likely occurred in migrat-
ing PGC thereby enabling them to not only reach 
the gonads but also the pineal gland.

Somatic mutations are rare in type II GCT of 
the brain with 0.50 non-silent mutations per Mb 
[197], the same figure as in testicular type II GCT 
[295]. The majority of mutations occur in germi-
noma and can be explained as involved in the 
progression of germinoma rather than as initiat-
ing events. Initiating mutations should be as fre-
quent in germinoma as in non-germinoma, as the 
PGC is the precursor for both. The mutation rate 
in non-germinomas, less than 10  % [197], is 
therefore a fair indication for the maximum rate 
of type II GCT of the brain initiated by a somatic 
mutation. Probably the rare type II GCT in 
females without mosaicism for Y, where TSPY 
obviously is not involved in the pathogenesis 
[352], are more often caused by somatic muta-
tions, particularly in KIT, like in the ovary [332].

Incidental reports on association of NF1 with 
type II GCT of the brain underscore the pivotal 
role in the development of these tumors of the 
KIT/RAS signaling pathway, of which NF1 is a 
negative regulator (Fig. 3.17).

3.6.3	 �Type II GCT Before Puberty

Typically, type II GCT develop after puberty. 
There are three situations in which type II GCT 
occasionally may occur before puberty: in 
patients with DSD in the gonads (for review 
[275], for age distribution of dysgerminomas 
[232]); in Down’s syndrome, e.g., a seminoma 
of the testis in a boy of 2 years ([626], for review 
[276]); and in Klinefelter’s syndrome in the 
mediastinum, e.g., two 8-year-old boys with a 
mixed GCT having a seminoma component 
([564, 627], for review [277]). What these con-
ditions broadly have in common is the severity 
of the disturbance of the niches where PGC/
gonocytes may home. This is apparent from the 
gonads in DSD and Klinefelter’s and Down’s 

syndrome where gonocytes can barely survive 
and only rarely (in DSD and Down’s syndrome) 
may differentiate into functional gametes. When 
gonocytes do survive, in DSD and Down’s syn-
drome, they have an increased risk for neoplas-
tic transformation; in Klinefelter’s syndrome, 
transformed PGC probably degenerate before 
they can produce manifest tumors. What applies 
to the gonads is probably also true for extrago-
nadal niches: PGC surviving there have a higher 
risk of neoplastic transformation, particularly 
when they are reprogrammed to ESC.  These 
precursors may have a developmental potential 
ranging from primed-state-like, as in early 
mediastinal GCT in Klinefelter’s syndrome, to 
fully fledged naïve state, depending on their 
methylation status at the time of neoplastic 
transformation.

This generalizing hypothesis does not explain 
the observation that in Klinefelter’s syndrome 
mediastinal and not brain type II GCT may occur 
before puberty and in Down’s syndrome, those of 
the testis but not those of mediastinum and brain.

3.7	 �Type III GCT

3.7.1	 �Developmental Potential

The cells of a spermatocytic tumor, the name 
proposed in the fourth edition of the WHO clas-
sification instead of spermatocytic seminoma 
[244], resemble postpubertal germ cells with 
nuclei in three distinct size classes. Those with 
the smallest nuclei with dense chromatin look 
like A-dark spermatogonia (considered reserve 
spermatogonial stem cells); the cells with inter-
mediate and large paler nuclei with finely granu-
lar filamentous chromatin resemble A-pale 
spermatogonia (self-renewing stem cells), B 
spermatogonia, and leptotene spermatocytes 
[244, 628–630]. Transcript and protein analyses 
of spermatocytic tumor cells, reviewed by 
Waheeb and Hofmann [631] and summarized in 
Table 3.3, show that they lack markers of embry-
onic gonocytes and postmeiotic germ cells and 
express markers of prespermatogonia, spermato-
cytic stem cells/undifferentiated spermatogonia, 
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and spermatocytes in various combinations, sug-
gesting the phenotype of a postnatal germ cell 
arrested at any stage of maturation between pre-
spermatogonium and primary spermatocyte. 
OCT2 expression seems confined to tumor cells 
resembling A-dark spermatogonia [632]. Rare 
spermatocytic tumors are composed only of 
OCT2-expressing tumor cells and thus of neo-
plastic A-dark spermatogonia with blocked dif-
ferentiation [632]. In fact, the stem cells of 
spermatocytic tumors, type III GCT, are commit-
ted to spermatogenesis with differentiation 
capacity limited to premeiotic cells.

So-called anaplastic spermatocytic tumor, a rare 
variant, has morphological features in common 
with seminoma [633]. One report describes a 
metastasizing anaplastic tumor [634]; however, 
overall this variant behaves as benign as the usual 
spermatocytic tumor, which only sporadically 
metastasizes [633]. Exceptionally, with less than 
20 published cases, the tumor is associated with a 

sarcomatous component, usually undifferentiated 
sarcoma, and rarely rhabdomyo- or chondrosar-
coma [635–637]. It is highly malignant and readily 
metastasizes to regional lymph nodes or, blood-
borne, to visceral organs. The sarcoma component 
is probably the result of progression of the sper-
matocytic tumor, similar to progression in low-
grade leukemias, lymphomas, and sarcomas [636]. 
The possibility that it has its origin in a germ cell 
that is reprogrammed to rudimentary somatic dif-
ferentiation cannot be dismissed.

3.7.2	 �Epidemiology/Risk Factors

The only population-based epidemiological 
study finds an incidence of 0.4 per million for 
spermatocytic tumors, constituting 0.6 % of all 
testicular cancers in Australia. An increasing 
incidence over the past 20 years is suggested but 
has not been found statistically significant; risk 

Table 3.3  Germ cell markers in spermatocytic tumor [631]

Marker Spermatocytic tumor Gonocytes Spermatogonia Spermatocytes

MAGEA4 + + + +/˗
SSX + + + +

DAZ family + + + +

CHK2 + + + −
KIT − +a +/˗a −
PLAP − +a − −
OCT4 − +a − −
NSE + +/˗ + −
p19INK4d − − − +

UTF1 +/˗ +/˗ + −
DMRT1 + − + +

NY-ESO-1 + + + +

FGFR3 + + + −
RAS + + + +

pERK1/2 + + + ND

REX-1 +/˗ +/˗ +/˗ +

SYCP1 + − − +

LDHc + − − +

CLGN + − − +

TCFL5 + − − +

Table 3.1 in Waheeb and Hofmann 2011 [631]
+/˗ weak or variable staining
aModified according to Oosterhuis et al. 2011 [348]
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factors have not been identified [638]. In about 
9  %, the tumor is bilateral, more often meta-
chronous than synchronous [244, 630]. The 
median age of clinical manifestation is 54 (range 
19–92) [638].

3.7.3	 �Anatomical Distribution

Spermatocytic tumor occurs only in the postpu-
bertal testis [630]. There is one report on a tumor 
originated in a maldescended testis [639]. 
Apparently, the tumor develops only if the con-
ditions in the testis are compatible with survival 
of postnatal germ cells and induction of 
spermatogenesis.

3.7.4	 �(Cyto)Genetics

Most spermatocytic tumors are (near)diploid, the 
second largest group is (near)tetraploid, and a 
small number is peritriploid [640–642]. The most 
consistent cytogenetic aberration, present in all 
studied tumors, is an extra copy of chromosome 
9 [643, 644], in which subsequent CGH analysis 
demonstrated a small amplified region on 9p, 
containing DMRT1 as the most likely candidate 
gene involved in tumorigenesis [645]. In passing, 
DMRT1 has been shown to be an immunohisto-
chemically detectable, useful marker for diag-
nosing spermatocytic tumor, apparent from Fig. 
3.28 [645]. A small number of tumors, usually in 
the oldest half of the patients, have mutually 
exclusive, paternal age-related mutations in 
FGFR3 or HRAS [646]. p53, not expressed in 
normal postpubertal germ cells, is demonstrated 
in 80  % of spermatocytic tumors, supposedly 
related to genomic instability [647].

The metastasizing anaplastic spermatocytic 
tumor published by Mikuz [634] resembled sem-
inoma morphologically but lacked expression of 
PLAP and OCT4; cytogenetically, it had gain of 
both chromosome 9 and 12p. This tumor seems a 
hybrid between seminoma and spermatocytic 
tumor, whereby the phenotype is partly deter-
mined by overexpression of DMRT1, partly by 
the overdose of the pluripotency genes on 12p, 

perhaps not adequately repressed by DMRT1 
[189]. This is yet another example of the plastic-
ity of developmental states of precursors of GCT, 
blurring, in this case, the line between type II and 
type III GCT.

3.7.5	 �Epigenetics Including GI

An immunohistochemical study found a hetero-
geneous pattern of DNA methylation and his-
tone modification in spermatocytic tumors, 
quite different from the regular patterns in nor-
mal spermatogenesis, probably because the reg-
ulatory signals conveyed by the niche toward 
the spermatogenetic cells are lacking in the 
tumors [648].

3.7.6	 �Pathogenesis and Animal 
Models

Spermatocytic tumor is not associated with 
GCNIS [481, 640]; however, it has its own intra-
tubular precursor, at the luminal side of the tight 
junctions connecting the Sertoli cells, with essen-
tially the same morphology as the adjacent inva-
sive tumor [244, 628–630]. The occasional 
finding of exclusively intratubular spermatocytic 
tumor without an invasive component proves that 
the intratubular part is not due to intratubular 
extension of the invasive component [244, 630] 
and indeed the precursor lesion. Unlike GCNIS, 
it shows no obvious accumulation of precursor 
cells in the spermatogonial niche, neither as 
stacking of multiple layers of precursor cells nor 
as pagetoid extension within the seminiferous 
tubules to the detriment of spermatogenesis. It is 
possible that the precursor cells are phenotypi-
cally so similar to normal spermatogonia that 
expansion in the niche is not recognized with 
light microscopy, including immunohistochemis-
try. Alternatively, only the spermatogonial tumor 
stem cells remain in the niche, and upon the earli-
est differentiation, the tumor cells, like their nor-
mal counterparts, move to the lumen of the 
tubule. Finally, it is possible that the initiated cell 
lies at the luminal side of the tight junctions. 
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Whatever the initial development, eventually the 
tumor cells become invasive and apparently inde-
pendent from the tubular micro-milieu. It is 
indeed remarkable that fragile, apoptosis-prone 
cells like spermatogenic cells manage to survive 
in conditions so alien to them.

Studies in mouse models and human tumors 
begin to untangle the molecular mechanisms, 
both in the germ and niche cells, involved in mat-
uration of postnatal male germ cells and control-
ling the mitosis versus meiosis switch, and how 
these might bear on the development of sper-
matocytic tumors.

Glial cell line-derived neurotrophic factor 
(GDNF), a distant member of the transforming 
growth factor superfamily, is secreted by Sertoli 
cells as paracrine factor involved in the regula-
tion of spermatogonial self-renewal and differen-
tiation in mouse and men ([649], for review 
[631]). Spermatogonial stem cells express the 
GFRA1/RET receptor complex at the cell sur-
face. Binding of GDNF to this complex upregu-
lates MYCN transcription factor via the PI3K/
AKT pathway and FOS transcription factor via 
the RAS/ERK1/2 pathway (Fig. 3.29), as well as 
FGFR2 in spermatogonial stem cells. Other niche 
factors are FGF2, the ligand for FGFR2, pro-
duced by Sertoli cells, and CSF-1 secreted by 
Leydig cells (Fig. 3.30). Downregulation of 
GDNF in mice causes a Sertoli cell-only pheno-
type with complete absence of spermatogenic 
cells. Overexpression causes accumulations of 

undifferentiated spermatogonia in seminiferous 
tubules, resembling intratubular spermatocytic 
tumor, abrogation of spermatogenesis, and 
tumors in older animals, which are bilateral in 
over 50 %. By geno- and phenotype, the tumors 
have intermediate phenotypes between type II 
seminoma and spermatocytic tumors [650, 651], 
like the tumor described by Mikuz [634].

DMRT1 is the transcriptional gatekeeper con-
trolling the mitosis versus meiosis decision in 
male germ cells [652]. It prevents differentiation 
and meiosis of spermatogonial cells by blocking 
the transcription of STRA8 and rendering these 
cells less sensitive to RA-induced meiosis. At the 
same time, it upregulates SOHLH1, a factor 
stimulating proliferation of spermatogonial stem 
cells, and suppresses the pluripotency genes 
NANOG, SOX2, and OCT4. Decreasing the level 
of DMRT1 disrupts GDNF signaling, cell cycle 
control, and pluripotency regulation. In 129Sv 
mice, but not in other mouse strains, it causes 
teratoma formation in a dose-dependent manner, 
probably due to failure to repress pluripotency 
regulators and reduced GDNF signaling. 
Postnatally elevated DMRT1 and GDNF signal-
ing blocks differentiation of spermatogonial stem 
cells, resulting in tumors resembling spermato-
cytic tumors [189].

From these studies, it appears that both niche 
factors and factors intrinsic to spermatogonial 
stem cells may contribute to the formation of 
spermatocytic tumors. Overexpression of GDNF 

Fig. 3.28  Exclusively intratubular spermatocytic tumor, the precursor of spermatocytic tumor; no pagetoid involve-
ment of adjacent tubules as in GCNIS (left H and E, ×200; right DMRT1, ×200)
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Fig. 3.29  Signaling pathways triggered by GDNF in 
spermatogonial stem cells. GDNF dimerizes and binds to 
the GFRA1⁄RET receptor complex. (a) Binding of GDNF 
activates RET, which triggers SRC kinase phosphorylation 
and the downstream activation of PI3K⁄AKT. Ultimately, 
the transcription factor MYCN is upregulated. (b) Binding 
of GDNF also can activate the RAS-mediated signaling 
pathway, which triggers ERK1⁄2 phosphorylation and 
upregulation of the transcription factor FOS [631]
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Fig. 3.30  A simplified view of the spermatogonial stem 
cell niche showing the main extrinsic factors driving SSC 
maintenance and self-renewal. Sertoli cells and spermato-
gonial stem cells (SSCs) are both attached to the basement 
membrane (BM). Sertoli cells provide for structural sup-
port and produce glial cell line-derived neurotrophic fac-
tor (GDNF) and basic fibroblast growth factor (bFGF) 
which are crucial for SSC self-renewal in  vitro and 
in vivo. Leydig cells (L) and peritubular cells (PE) pro-
duce colony-stimulating factor-1 (CSF-1), also essential 
for self-renewal [631]

by Sertoli cells and CSF-1 by Leydig cells, per-
haps in response to reduced spermatogenesis in 
aging men, might explain the old age of clinical 
manifestation and the relatively high risk of bilat-
eral tumors, like in the mouse model [650, 651]. 
The niche factors may synergize with cell-
intrinsic factors, also acquired with increasing 
age, such as elevated levels of DMRT1 through 
gain of chromosome 9 [645], and accumulation 
of paternal age-related mutations in HRAS and 
FGFR3 [646].

It is an emerging pattern: like in the other 
types of GCT, in spermatocytic tumors, initiation 
is probably primarily due to a developmental 
deregulation rather than somatic mutations, the 
latter being mainly progression related.

So-called seminomas have been described as 
spontaneous tumors in a variety of animals, like 
the dog [653] and rhinoceros [654], and have 
been experimentally produced, e.g., in C. elegans 
[655], zebrafish [393–395], and mice [651]. 
None of these can be reprogrammed to totipo-
tency like type II seminomas in men and are 
therefore best regarded as models for spermato-
cytic tumors, sharing some features with semino-
mas [629, 653]. In dogs, the often bilateral, 
DMRT1-positive [656], spermatocytic tumors 
are frequently combined with nodular hyperpla-
sia or even benign tumors of Leydig and Sertoli 
cells [653], supporting the idea that disturbance 
of the hormonal regulation of the spermatogonial 
niche is a crucial factor in the origin of spermato-
cytic tumors.

3.8	 �Type IV GCT

3.8.1	 �Developmental Potential

Dermoid cysts, type IV GCT, are unique for the 
ovary as they are derived from meiotic oocytes 
[657]. Typically, completely mature teratomas, 
they present as a thin-walled cyst lined with epi-
dermis with attached appendages and filled with 
sebaceous material and hairs. Usually one solid 
nodule (Rokitansky’s protuberance) protrudes 
from the wall into the lumen of the cyst. It is 
often composed of fat tissue, bone, teeth (with 
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intermediate shapes between deciduous and per-
manent teeth) [658], and glial tissue and covered 
with skin with well-developed appendages 
including hair follicles forming hairs. The nod-
ules mainly contain cranial tissues, suggesting 
that they represent the rostral part of an attempted 
embryo; however, virtually any adult tissue can 
be present. Exceptional tumors are predomi-
nantly solid with highly organized structures 
resembling a fetus, lacking extraembryonic tis-
sues, as is the case in typical dermoid cysts. 
Benign tumors, such as struma ovarii and carci-
noids, may arise within a dermoid cyst. Probably 
so-called monodermal teratomas similarly have 
their origin in dermoid cysts, eventually 
obscured by overgrowth of one tissue type. 
Epidermoid cysts may be a variant of monoder-
mal teratoma [659], as in the testis. Monodermal 
teratomas could also originate in type I and II 
GCT of the ovary, as discussed in the relevant 
sections. Somatic-type malignancies develop 
reportedly in 0.2–3 % of dermoid cysts, includ-
ing, in order of frequency, squamous cell carci-
noma (80–90 %), adenocarcinomas (7 %), and 
sarcomas (7  %). Among the many rare types, 
PNET is also described (Chap. 6). A peculiar 
association with dermoid cysts is gliomatosis 
peritonei [660, 661], which will be discussed in 
the section on type VI GCT.

Sporadically, dermoid cysts contain imma-
ture foci, even more exceptionally combined 
with YST [133], prompting Yanai-Inbar and 
Scully to study the relationship between imma-
ture teratoma and the dermoid cyst [130]. 
Among 350 immature teratomas of the ovary 
submitted to the authors for second opinion, 92 
(26 %) contained one or more grossly visible 
cysts lined by squamous epithelium with pilo-
sebaceous structures. The figure of 26  % is 
most probably an overestimation because 
unusual cases are sent for consultation. In 
10 % of all 350 cases, there was a dermoid cyst 
in the contralateral ovary, which is not much 
different from the percentage of bilaterality for 
dermoid cysts. In nine cases (aged 17–28, 
mean 23  years) of immature teratoma, there 
was a history of prior removal of a dermoid 
cyst in the same ovary. Four of these nine cases 

had a dermoid cyst in the other ovary, and three 
cases had multiple dermoid cysts in the same 
ovary. In addition, the authors had ten referral 
cases (aged 15–30, mean 23  years), collected 
over a period of 23 years, of otherwise typical 
dermoid cysts with minor immature areas, 
which did not recur after surgery, as usual for a 
dermoid cyst.

These cases illustrate a continuum between 
the typical dermoid cyst, type IV GCT, and type I 
immature teratomas of infancy. The ten dermoid 
cysts with small foci of immature teratoma are 
probably type IV GCT of which not all tissues 
had fully matured, consistent with the young age 
of these patients. The nine dermoid cysts recur-
ring as immature teratoma belong probably to the 
same group as the 92 immature teratomas with 
macroscopically visible dermoid cysts. These 
tumors have an intermediate behavior and pheno-
type between type I and type IV, with an age of 
presentation in between that of pure immature 
teratomas and dermoid cysts and bilaterality like 
in dermoid cysts, whereas bilaterality is rare in 
pure immature teratomas [130, 131, 662]. These 
features justify the classification of these GCT as 
type I tumors beyond infancy, which occur also 
in the testis and extragonadal sites, in particular 
in the anteroposterior mediastinum, as discussed 
earlier.

3.8.2	 �Epidemiology/Risk Factors

Cancer registries do not provide data on the inci-
dence of dermoid cysts as they are benign tumors. 
The best approximation is achieved by multiply-
ing the frequency of dermoid cysts relative to 
cancers of the ovary (from hospital registries) 
with the incidence of the latter (from cancer reg-
istries) in the same region/country, as follows. 
Among 861 self-referred patients with an ovarian 
tumor, all of whom were treated in a single hos-
pital (Women’s and Children’s Hospital, Los 
Angeles, CA), and therefore without obvious 
referral bias [663], dermoid cysts were the most 
common tumors with 379 cases (44  %); 211 
tumors were malignant (25 %). The incidence of 
ovarian cancer in Northern America being 8.1 in 
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2012 [664], the incidence of dermoid cysts of the 
ovary can be estimated at about 13, making it 
overall the most common GCT, more frequent 
even than testicular type II GCT in high-incidence 
countries.

As for age of presentation, in a review of 517 
dermoid cysts from a single institution, the two 
youngest patients were 10 and 13 years of age, 
the median age was 30, and the oldest patient 90. 
There were no prepubertal cases, and the large 
majority of dermoid cysts occur in the reproduc-
tive age between the onset of puberty and meno-
pause [233]. The tumors diagnosed after the 
menopause probably had their origin during 
reproductive age [130]. Bilaterality occurred in 
10.8  %; in seven cases, the dermoid cyst was 
associated with a malignant or benign epithelial 
surface tumor. Upon long-term follow-up, 
Anteby et  al. [133] found 18 bilateral cases 
among 99 patients; multiple dermoid cysts in a 
single ovary were found in 9/18 bilateral cases as 
opposed to 1/81 unilateral cases. The mean age 
was similar for uni- and bilateral cases: 32.4 and 
34.6 years, respectively. However, the age distri-
bution was significantly different: 18/19 cases 
(95 %) were between 20 and 40 years old in uni-
lateral compared to 61/80 (76  %) in bilateral 
cases, implying that overall bilateral cases are 
diagnosed at a younger age. Bilateral cases had a 
significantly higher risk of developing a recur-
ring dermoid cyst. In familial cases where later-
ality was stated, 11/28 (39 %) were bilateral, and 
among the patients who were twins or triplets, 
9/12 (75 %) were bilateral [134, 135]. One of the 
identical twins [533] had over the years seven 
dermoid cysts removed from her left and one 
from her right ovary. The age of diagnosis of the 
first tumor in the familial bilateral cases was 
known in ten patients; all presented between age 
7 and 26, with a median age of 22.5, substan-
tially younger than in nonfamilial bilateral cases 
[133]. These case histories strongly suggest a 
genetic predisposition for bilaterality and famil-
ial occurrence of type IV GCT of the ovary, 
which may also confer an increased risk for type 
II GCT, in view of two families with clustering 
of bilateral dermoid cysts with testicular semi-
noma [524, 531].

3.8.3	 �Anatomical Distribution

Dermoid cysts occur exclusively in the ovaries; on 
rare occasions, they may become detached from the 
ovary and reimplanted in either omentum [665], fal-
lopian tube [666], or Douglas’ pouch [667]. In four 
of the 31 omental and one of the 29 tubal cases, 
there was also a dermoid cyst in one of the ovaries.

Tumors in the testis and extragonadal sites 
resembling dermoid cysts have been discussed 
earlier as type I GCT beyond infancy, with a 
developmental potential in between that of type I 
and type IV GCT, probably explained by the 
arrest of PGC in the prophase of meiosis I at all 
anatomical sites, except within the seminiferous 
tubule [58, 59]. As discussed above, GCT with an 
intermediate phenotype between type I and IV 
occur also in the ovary.

3.8.4	 �(Cyto)Genetics

In the study by Surti et al. [668], 93 % of dermoid 
cysts were diploid, and the remaining 7  % had 
chromosomal abnormalities including trisomy for 
chromosomes 7, 8, 12, 15, and X; one case was 
tetraploid in mosaic form; there were no recurring 
structural aberrations. Trisomy for chromosomes 8, 
12, and X is shared with immature teratomas [668]. 
Somatic-type malignancies developing in dermoid 
cysts have the same genetic profiles as the adjacent 
dermoid cysts, confirming their origin in the tera-
toma [669]. In general, the somatic-type malignan-
cies have the same genetic changes as their somatic 
counterparts. For example, malignant struma ovarii 
has the same BRAF point mutations as papillary 
carcinomas of the thyroid [670, 671].

Most significantly, the genomic profile and 
pattern of imprinting of dermoid cysts reflects 
the stage of meiosis of the oocytes from which 
they are derived, as will be discussed in the fol-
lowing paragraphs.

3.8.5	 �Epigenetics Including GI

The process of erasure of biallelic imprinting in 
the germ lineage and the establishment of the 
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maternal imprint during oogenesis has bearing on 
the pathogenesis of type IV GCT, the dermoid 
cysts of the ovary [16, 86]. Pronuclear transplan-
tation experiments [3–5] have demonstrated that 
gynogenotes, with two haploid sets of maternally 
imprinted chromosomes, have a relatively good 
development of the embryo proper but very poor 
development of trophoblast, particularly the pla-
centa. In contrast, androgenotes with two haploid 
sets of paternally imprinted chromosomes have a 
relatively normal development of the placenta but 
a very poor development of embryonic tissues 
(Fig. 3.31). The strong preference of the mouse 
gynogenote for developing somatic tissues is 
mirrored by the dermoid cyst, which is typically 
only composed of highly organized mature 
somatic tissues. Like in the gynogenote, the chro-
mosomes of dermoid cysts lack paternal imprint-
ing but share the maternal imprinting pattern of 
the oocytes from which they are derived [672]. 
The further the stage of meiosis of the oocyte, the 
better the maternal imprinting pattern is estab-
lished in the derived dermoid cyst, suggesting 
that GI is a progressive process throughout 
oogenesis [672].

3.8.6	 �Pathogenesis and Animal 
Models

Ever since Linder [673] discovered the parthe-
nogenetic origin of dermoid cysts by looking at 
allelic loss of isozymes, this mechanism has 
been reinvestigated with state-of-the-art tech-
nology, including study of chromosomal poly-
morphic markers and various DNA 
polymorphisms [668, 672, 674–680]. For vari-
ous reasons, such as inadequate sample prepa-
ration, selective growth of host fibroblasts in 
tissue culture, and a poor noise to signal ratio in 
the applied assays, contaminating host cells 
have been interpreted as tumor cells along with 
genuine neoplastic cells. Therefore, the 
genomic profile of premeiotic oogonia and host 
cells being the same, a proportion of dermoid 
cysts have been misclassified as derived from 
premeiotic oogonia [657], e.g., in 12  % by 
Ohama [680] and 25  % by Deka et  al. [681]. 

Kaku et al. [657] have addressed this problem 
by careful sample preparation and quantitative 
measurement of the signals from tumor cells 
and contaminating host cells, enabling them to 
demonstrate allelic conversions (from hetero- 
to homozygous and vice versa) even in the 
presence of somatic cell contamination. They 
found allelic conversion in all samples taken 
from Rokitansky’s protuberance; therefore, 
none of the 64 analyzed dermoid cysts could 
have been derived from a premeiotic oogonium, 
33 stemmed from primary oocytes, 16 from 
secondary oocytes, and 15 from ova (with 
endoreduplication) (Fig. 3.32). Apart from the 
absence of oogonium-derived dermoid cysts, 
the distribution over the stages of oogenesis 
was similar as in previous studies [668, 678–
680]. The equivalence of numbers of dermoid 
cysts derived from primary oocytes, secondary 
oocytes, and ova is unexpected, considering 
that nearly 300,000 primary oocytes exist 
through adolescence [682] and only about 20 
primary follicles begin to form secondary fol-
licles during the menstrual cycle, in which sub-
sequently secondary oocytes and ova develop. 
In view of these numbers, one would expect 
that almost all teratomas would be derived from 
primary oocytes. This obviously not being the 
case, Kaku et  al. [657] propose that dermoid 
cysts are not derived from functional oocytes 
but from primary oocytes that have escaped 
meiotic arrest and start uncontrolled meiosis. 
This could explain the lack of premeiotic tera-
tomas and the almost even distribution over the 
later stages of oogenesis (Fig. 3.33). As meiotic 
arrest is hormonally regulated [683], this mech-
anism also clarifies why dermoid cysts occur 
during reproductive age [233]. Moreover, it is 
conceivable that the assumed genetic factor 
underlying proneness for bilaterality and famil-
ial occurrence of type IV GCT is also involved 
in the regulation of meiotic arrest. Thus, it 
seems probable that, as in other GCT, the origin 
of type IV GCT is mainly determined by devel-
opmental factors, with a minor role for genetic 
events.

The rare but well-established phenomenon of 
ovarian teratomas developing as a fetiform 
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structure (homunculus) [684–686] attests to the 
close to omnipotent developmental potential 
(2C state) of some of the precursor cells of ovar-
ian mature teratomas, except for the ability to 
form trophoblastic tissue. In fact, the principal 
difference with a type 0 GCT, a parasitic or 
included twin, is the absence of extraembryonic 
structures, in agreement with the absence of a 
paternal imprint. It is conceivable that homun-
culi develop from precursor cells with the most 
complete maternal imprinting, closely resem-
bling a zygote. The usual dermoid cysts, mainly 
composed of tissues from the rostral part of the 
embryo, with the skin turned inside, might 
develop from precursor cells with incomplete 

maternal imprinting. These observations on 
type IV GCT lead to the speculation that the 
spatial-temporal organization of embryonic 
development is somehow related to the progres-
sion of maternal imprinting and that a complete 
maternal imprint is required for developing the 
entire embryo proper.

At the other end of the spectrum are the poorly 
developed dermoid cysts, prone to rupture and 
combined with immature teratoma [130], in the 
gray zone between type I and type IV GCT, 
which are probably derived from the least mature 
primary oocytes next to premeiotic oogonia. The 
latter cells are the precursors of type I immature 
teratomas of the ovary as discussed.

a b c

Fig. 3.31  Compare development of control embryo (a) 
with that obtained from eggs with two maternal genomes 
(b) in which a small but well-advanced 25-somite embryo 
was the maximum development but with poor extraem-

bryonic tissues. The eggs with two paternal nuclei devel-
oped maximally to about the 6- to 8-somite stage but with 
extensive trophoblast development (c). YS yolk sac, TB 
trophoblast. Scale bar, 1 mm [5]
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3.9	 �Type V GCT

3.9.1	 �Developmental Potential

Complete hydatidiform moles, type V GCT, con-
sist of placental tissue only, lacking somatic tis-
sues of the embryo proper. A comprehensive 
discussion of these abnormal growths of the 
placenta is beyond the scope of this chapter (for 
review [687–689]). They are briefly mentioned 

here to show that complete hydatidiform moles 
are in the opposite side of the spectrum of devel-
opmental potential from dermoid cysts, which 
are composed of somatic tissues and lack tropho-
blastic tissue.

Grossly, a complete hydatidiform mole resem-
bles a bunch of grapes, whereby the individual 
grapes represent enlarged placental villi covered by 
hyperplastic trophoblast with cyto-nuclear atypia 
and thus to be considered as dysplastic. The 

1st Polar bodyMeiotic division

Meiosis I

Oogonium

No meiosis

Type-IV Type-I Type-II Type-III

Origin of tertomas

Type-V

Meiosis I error Meiosis II error Endoreduplication Fusion of two ova

Secondary
oocyte

Primary
oocyte

Ovum Ovum

Meiosis II

2nd Polar body

Fig. 3.32  Graphical representation of the origins of 
mature ovarian cystic teratomas and the relevance of mei-
otic division. The origins of mature cystic teratomas are 
conceptually classified into five types. Type I teratomas 
result from a meiosis I error, in which the segregation of 
sister chromatids occurs without a preceding mono-
oriented separation of bivalent chromosomes, generating 
biparental diploid cells with homologous DNA recombi-
nation. Type II teratomas result from meiosis II errors, in 

which the nondisjunction of all sister chromatids gives 
rise to diploid cells with homologous DNA recombina-
tion. Type III teratomas occur via endoreduplication of a 
haploid ovum, which is entirely mono-allelic. Type IV 
teratomas arise from oogonia. The constitution of chro-
mosomes from type IV teratomas is identical to those 
from somatic cells. Type V teratomas involve a fusion of 
two normal haploid ova [657]
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increased size is due to accumulation of fluid, prob-
ably caused by defective vasculogenesis and apop-
totic degeneration of villous stromal components 
[690, 691]. Rarely, molar tissue metastasizes to the 
vagina or lungs. In agreement with its dysplastic 
nature, it may progress to choriocarcinoma in 
2–3 % of cases [692]. Malignant transformation is 
possibly driven by hypomethylation-associated 
genomic instability [693], as trophoblast and pla-
centa are hypomethylated compared to somatic tis-
sues (for review) [694]. More specifically, promoter 
hypermethylation of p16 alone or combined with 
E-cadherin is associated with progression of hyda-
tidiform mole to choriocarcinoma [695]. In fact, 
50 % of all gestational choriocarcinomas originate 
from complete hydatidiform moles [696].

3.9.2	 �Epidemiology/Risk Factors

The incidence of gestational trophoblastic dis-
ease, mostly complete hydatidiform moles, is 1 in 
120 pregnancies in some parts of Asia and South 
America, more than tenfold higher than in Western 
societies. Risk factors are pregnancy at young or 
old age, prior gestational trophoblastic disease, 
Asian ethnicity, and possibly dietary deficiencies 
and low socioeconomic status (for review [689]).

A pathogenetically informative genetic risk 
factor is the presence of maternal mutations of 
NALP7/NLRP7 on 19q13.4; the protein NALP is a 
member of the CATERPILLER protein family 
involved in inflammation and apoptosis. The 
mutation causes abnormal imprinting with overex-

Physiological folliculogenesis

Meiosis I

Meiosis II

Ovulation

Uncontrolled
meiosis

Meiotic arrest escape

PGC

Teratoma formation

Type-II
Type-III

Type-I

Secondary oocyte

Granurosa cells

Primary oocyte

Fig. 3.33  The postulated mechanism of human ovarian 
teratoma formation. The source cells are proposed to be 
primary oocytes that escaped from meiotic arrest. 

Subsequent uncontrolled meiotic division could produce 
ovarian teratomas. PGC primordial germ cell [657]
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pression of the paternal genome, resulting in 
recurrent familial biparental complete hydatidi-
form moles and reproductive wastage [697].

3.9.3	 �Anatomical Distribution

Complete hydatidiform moles develop where 
pregnancies occur, virtually always in the uterus 
and occasionally in the fallopian tube as an ecto-
pic pregnancy [698].

3.9.4	 �(Cyto)Genetics/Epigenetics 
Including GI

Complete hydatidiform moles are generally dip-
loid with a 46,XX (90  %) or 46,XY (10  %) 
karyotype [699, 700]; rare cases are tetraploid 
with four haploid sets of paternal chromosomes 
[701]. As a consequence of this chromosomal 
constitution, the genome of these lesions has an 
exclusively paternal GI, as will be further dis-
cussed in the following section.

3.9.5	 �Pathogenesis and Animal 
Models

Complete hydatidiform moles are caused by so-
called androgenesis with two haploid sets of 
chromosomes from the father and none from the 
mother [702]. 46,XX complete hydatidiform 
moles arise from fertilization of an anuclear 
empty ovum by one 23,X sperm that replicates its 
chromosomes; when a 23,Y sperm is involved, 
this event results in a nonviable zygote. Complete 
hydatidiform moles with a 46,XY karyotype are 
the result of fertilization of an empty ovum by 
two sperm, respectively, with a Y and an X chro-
mosome. Both mechanisms create a zygote with 
an exclusively paternal imprint, which gives rise 
to placental tissue only and no somatic tissues of 
the embryo proper, similar to experimentally pro-
duced mouse androgenotes [3, 4].

A partial mole constitutes an intermediate 
phenotype between a complete mole and a nor-
mal pregnancy; it arises when a normal ovum is 

fertilized by two sperm (69,XXY in 70  %; 
69,XXX in 27 %; 69,XYY in 3 %) [703, 704]. 
Partial moles have enlarged hydropic placental 
villi in addition to normal villi combined with 
some development of tissues of the embryo 
proper [705].

The partial mole and maternal mutations of 
NALP7/NLRP7 demonstrate the critical impor-
tance of the dose of paternally and maternally 
imprinted genes. Apparently, an overdose of 
paternally imprinted genes favors placental and 
severely impairs embryonic development. The 
apoptosis of stromal cells and the defective ves-
sels (both derived from the embryo proper) 
observed in very early complete hydatidiform 
moles [691] and the poorly developed fetal tis-
sues in a partial mole suggest that somatic tissues 
may be formed but degenerate in an embryo with 
an exclusively or predominantly paternally 
imprinted genome.

The precursor cell of the hydatidiform mole 
has the 2C-state developmental potential, except 
for the ability to form/maintain somatic tissues of 
the embryo proper.

3.10	 �Type VI GCT

3.10.1	 �Definition

Type VI GCT are defined as neoplasms derived 
from mature somatic cells or committed stem 
cells, which resemble GCT as to their develop-
mental potential.

The observation that genetically engineered 
iPSC may form tumors with the developmental 
potential of GCT is experimental support for this 
concept.

3.10.2	 �Developmental Potential 
of Genetically 
Engineered iPSC

The first human iPSC derived from somatic cells 
[70] and NSC [72] when grafted in mice report-
edly produced teratomas with mature somatic 
derivatives from the three germ layers. In the 
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meantime, it has become clear that iPSC also may 
give rise to other tumor types such as EC, imma-
ture teratoma (often primitive neuroectodermal 
tissues), YST, and somatic-type malignancies. The 
composition of the tumors depends on the induced 
cell type (with varying numbers of somatic muta-
tions) and the genes combined in the transducing 
vectors (vectors including MYC carry a significant 
risk of developing malignant GCT) (for review 
[706, 707, 321, 625]). Each of the consecutive 
steps in the procedure of induction of pluripotency 
may contribute to carcinogenesis: integration of 
gene delivery vectors and transgenes into genomes 
of the host cells; chromosomal damage during 
reprogramming; clonal selection for transformed 
colonies during iPSC expansion; incomplete 
reprogramming; failure to silence pluripotent net-
works in differentiated progeny; DNA damage 
accumulated during cell culture, so-called culture 
adaptation; and aberrant regulation of the imprint-
ing process [321]. Culture adaptation involves 
gain of (parts of) chromosomes in particular the 
chromosomes 12 (12p) [708, 709], 17 (17q) [708–
710], 20 (20q11.21) [710–713], and X [708, 714]. 
In fact, the gains are remarkably similar to those 
seen in type II GCT [303].

Notably, premature termination of reprogram-
ming in  vivo was shown to cause the develop-
ment of a pediatric cancer (Wilms’ tumor) 
through altered epigenetic regulation [715]. Also 
the recipient tissue for the graft is an important 
factor: human ESC transplanted into mice gave 
teratomas; however, when transplanted into 
human fetal tissue grafts in mice, they gave rise 
to pure EC [716]. The developmental potential of 
human iPSC with an intact genome is similar to 
that of human ESC, matching with the primed 
state of mouse ESC derived from the primitive 
ectoderm [706] and thus with type I GCT. Genetic 
aberrations and epigenetic modifications acquired 
in the derivation of iPSC may result in a higher 
capacity of self-renewal of the stem cells and 
thus the development of tumors containing EC or 
consisting of pure EC [321, 706, 717]. The devel-
opmental potential of these iPSC acquires fea-
tures of the naïve state with totipotent 
developmental potential corresponding with 
human erased PGC, mouse ESC derived from the 

ICM, and the non-seminomatous variants of type 
II GCT.  Seminoma, pure or as part of a mixed 
tumor, has not been reported. In fact, human 
iPSC often have a developmental potential some-
where in between that of type I GCT and type II 
non-seminomas and may be accompanied with 
somatic-type malignancies, such as can occur in 
both types of GCT. MYC with its central role in 
core pluripotency networks, involving NANOG, 
OCT4, and SOX2, and at the same time being an 
oncogene [321] is probably crucial for both the 
change in developmental potential of the iPSC 
and the causation of somatic malignancies.

3.10.3	 �Developmental Potential 
of Spontaneous Type VI GCT

It is well established that in humans there are 
somatic malignant tumors, apparently not derived 
from germ cell precursors, in which GCT compo-
nents develop. Examples are sinonasal teratocar-
cinosarcomas (for review [220, 718]), cancer of 
the stomach [719], urothelial cancer [720], and 
endometrioid adenocarcinomas [721]. GCT aris-
ing in association with endometriosis and epithe-
lial cancers of the ovary are comprehensively 
discussed in Chap. 6. So is gliomatosis peritonei, 
a rare condition often associated with immature 
teratoma of the ovary, characterized by the pres-
ence of mature glial tissue in the peritoneum, 
considered implants from the teratoma [661, 
722]. It has been suggested that gliomatosis 
might in rare cases develop directly from perito-
neal cells, in particular when associated with 
endometriosis [661, 723]. Possibly in support of 
a broad developmental capacity of mesothelial 
cells, ovarian surface epithelium, scraped from 
the ovary of postmenopausal women, reportedly 
expressed early embryonic developmental mark-
ers such as stage-specific embryonic antigen-4 
(SSEA-4), OCT4, NANOG, and SOX2. When 
grown in culture, they were claimed to form 
oocyte-like cells, expressing markers of oocytes, 
as well as blastocyst-like structures expressing 
OCT4, SOX2, and NANOG; however when 
grafted in SCID mice, the ultimate test for pluri-
potency, no teratomas were formed [724, 725].
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There are scattered reports in the literature of 
highly malignant GCT [726] sometimes in com-
bination with somatic malignancies [727] that for 
various reasons do not readily fit into the types 0 
to V of GCT. They lack the treatment sensitivity 
of GCT, occur usually at a much higher age than 
GCT, or at sites that are not compatible with par-
asitic twinning or mismigration of PGC, such as 
the foot [728] and the upper arm [729].

The developmental potential of these tumors 
is not unambiguously that of a type I or II GCT 
and resembles the potential of tumors produced 
upon grafting of iPSC.  GCT arising in ovarian 
cancer, for example, may contain EC cells 
(expressing OCT4 and SOX2 and inconsistently 
CD30) in addition to polyembryoma, somatic 
lineages, YST, and choriocarcinoma [730] (Chap. 
6). Indeed, strongly suggesting that these GCT 
components result from induction of pluripo-
tency in somatic (cancer) cells, as will be dis-
cussed hereafter.

3.10.4	 �Epidemiology/Risk Factors

There are no epidemiological studies, as type VI 
GCT is emerging; the numbers of cases are small, 
and the patient material is heterogeneous. What 
the patients have in common is their high age 
(median 50–60), much higher than usual for 
GCT, apart from type III, spermatocytic tumor. 
This is true for the GCT associated with ovarian 
cancer (Chap. 6), the sinonasal teratocarcinosar-
comas [718], and the GCT described by Van 
Echten et al. [726] and Noguera et al. [727].

3.10.5	 �Anatomical Distribution

The anatomical distribution is in accordance with 
the various types of cancer in which development 
of GCT components occurs, like cancer of the 
ovary and stomach as mentioned. The sinonasal 
teratocarcinosarcomas are virtually always 
located in the nasal cavity and/or ethmoid sinus 
with occasionally extension into the maxillary 
sinus or orbit [220]. The location of the tumors 
described by Van Echten et al. and Noguera et al. 

was atypical for primary GCT, certainly consid-
ering the old age of the patients and included ret-
roperitoneum, posterior mediastinum, and inside 
the sacrum.

Scotting and colleagues [139, 168] have pro-
posed that GCT of the brain are derived from 
NSC, induced to pluripotency by activation of 
OCT4, like the iPSC produced by Kim et al. [72]. 
However, in terms of developmental potential, 
epidemiology, anatomical localization, and (cyto)
genetics, they fit into the overall pattern of type I 
and II GCT.  Moreover mis-migrated PGC, the 
most likely precursor cells of these tumors, have 
been demonstrated in the brain of human embryos 
[52]. In fact, there are no convincing arguments 
to assume another cell of origin for GCT of the 
brain, than the current hypothesis that they are 
derived from PGC.

3.10.6	 �(Cyto)Genetics

Little is known on the genetics of GCT originated in 
somatic cancers. There was no gain of 12p in three 
sinonasal teratocarcinosarcomas [731]. Thomas 
et al. [732] demonstrated by ISH an extra copy of 
12p13 (a feature of type I GCT) in a subpopulation 
of cells in a nasal teratocarcinosarcoma.

The three atypical GCT described by Van 
Echten et al. [726] and Noguera et al. [727] were 
karyotyped and showed complex balanced trans-
locations, with 6p21 being a common breakpoint 
in each of them; chromosome 12 was not involved 
in these cases. The two cases described by Van 
Echten shared two chromosomal fusions: 
6p21::11q13 and 6p22::6q23. Despite consider-
able efforts, the breakpoints were never fully 
characterized at the molecular level [733]. The 
nasal immature teratoma described by Houri 
et al. [221] was diploid with a balanced translo-
cation t(1;11)(q12;p15).

3.10.7	 �Epigenetics Including GI

There are no specific data on the epigenetics of 
type VI GCT; however, in view of the often high 
age of the patients, it may be assumed that 
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gradual loss of DNA methylation may have 
resulted in aberrant gene activation [734]. This 
applies even more to advanced cancers, where 
epigenetic changes may disrupt the stem cell pro-
gram [735]. Moreover, mis-regulation of 
imprinted genes, so-called loss of imprinting, is a 
frequent and early phenomenon in a large variety 
of human tumors [736]. In particular, the imprint-
ing of H19 and IGF-II is often lost, e.g., in 
colorectal cancer [737] and in the normal mucosa 
of the affected individuals [738] due to hypo-
methylation. The same genes are also frequently 
hypomethylated in epithelial cancers of the ovary 
[739], suggesting that development of a GCT 
component in epithelial cancers of the ovary 
might be due to derepression of pluripotency 
genes, such as OCT4 and SOX2, as has been 
demonstrated immunohistochemically in these 
tumors (see Chap. 6) (Fig. 3.34).

3.10.8	 �Pathogenesis and Animal 
Models

For GCT developing in somatic cancers, various 
combinations of genetic and epigenetic changes 
could result in activation of repressed pluripo-
tency genes. This could be a random event; how-
ever, it could also specifically target cancer cells 
with particular mutations or stem cell character-
istics. The latter mechanism might apply to nasal 
teratocarcinosarcoma suggested to originate from 
transformed stem cells of the sinonasal mucosa 
[732]. Similarly, the low efficiency of induction 
of pluripotency in normal somatic cells has been 
explained as either due to slow stochastic accu-
mulation of events in random cells or due to the 
targeting of rare (“elite”) cells, probably stem 
cells [707]. MYC could play a crucial role, since 
it is a central player in oncogenesis and pluripo-
tency; indeed, more aggressive cancers express 
both the core pluripotency genes (OCT4, 
NANOG, SOX2, and KLF4) and MYC-centered 
networks [740, 741].

The few cytogenetically characterized atypi-
cal GCT [221, 726, 727] suggest that breakpoints 
in certain chromosomal regions might activate 

the pluripotency program. Most conspicuously, 
the breakpoint in 6p21–22 in these tumors could 
involve OCT4 [36]. A breakpoint in 11p15, pos-
sibly involving IGF2, was demonstrated in a 
nasal immature teratoma [221]. Of note, 6p22 
was also involved in an atypical teratoid/rhabdoid 
tumor, a pediatric cancer of the brain. In this 
tumor, a breakpoint was found in 11p15 as well, 
likely involving IGF2 implicated in various 
childhood cancers (Wilms’ tumor, hepatoblas-
toma, and rhabdomyosarcoma) [742–744]. The 
overrepresentation of 12p13 in a sinonasal terato-
carcinosarcoma [732] might lead to overexpres-
sion of the pluripotency cluster NANOG, 
STELLAR, and GDF3 [38, 745].

The localization of these tumors and the over-
lap of their chromosomal rearrangements with 
those of pediatric cancers suggest that committed 
stem cells in which pluripotency genes are acti-
vated due to chromosomal aberrations could be 
the originating cells.

In terms of morphology and cytogenetics, 
there is also an overlap with bona fide type I 
GCT raising the question whether the atypical 
GCT described here as type VI GCT could be 
exceptional manifestations of type I GCT.  In 
two sacral type I teratomas where balanced 
translocations, t(12;15)(q13;q25), were dem-
onstrated, these were constitutional [154, 155]. 
These are cases relevant for this discussion 
because they demonstrate that balanced trans-
locations per se can very probably give origin 
to neoplasms with GCT morphology. The 
translocation t(8;22)(p21;q12) in an intratho-
racic mature teratoma, described by Jin et  al. 
[156], concerned a girl aged 15 and could thus 
be best considered a type I GCT beyond 
infancy. It cannot be excluded that balanced 
translocations are more frequent in these GCT 
than thus far documented, because they are 
only detected with dedicated approaches. 
Further research into this category of tumors 
will clarify what is now a gray zone between 
type I GCT beyond infancy and the atypical 
GCT in the category of type VI GCT, in whose 
pathogenesis balanced chromosomal translo-
cations seem to play an important role.
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Summarizing, type VI GCT are neoplasms 
that share morphological features with GCT but 
do not originate from germ cell precursors. They 
may develop from somatic cells, most often in 
aggressive cancers, in which by various epigene-
tic and genetic changes, among others transloca-

tions, pluripotency is induced. They come in 
three variants: GCT as part of somatic neoplasia, 
de novo by induction of pluripotency in nonneo-
plastic somatic cells, and most likely in the future 
as a complication of therapeutic application of 
human iPSC.

a b

c d

e f

Fig. 3.34  Histology of GCT originated in clear cell carcinoma of ovary showing EC and teratoma (a, c) and extraem-
bryonic tissue surrounding an embryoid structure (e); EC cells expressing OCT4 (b, d, and f) (From Nogales and 
Schuldt Chap. 6)
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3.11	 �Integrated View 
and Summary

3.11.1	 �GCT, States of Developmental 
Potential, and Precursor Cells 
Matched

Type 0 GCT, parasitic and included twins, 
approach the developmental potential of the 
zygote and, therefore, must be derived from 
omnipotent precursor cells in the 2C state, prob-
ably blastomeres or ESC similar to mouse ESC 
from the ICM that happened to be in the 2C state. 
Familial clustering with twinning supports the 
hypothesis that these growths are derived from 
blastomeres that have escaped the organizing 
influence of the developing embryo or rather the 
molecular mechanisms that check the omnipo-
tency of these cells.

Type I GCT consist of teratomas with somatic 
tissues at various levels of maturation represent-
ing the three germ layers. YST only develops by 
way of tumor progression in aneuploid cells that 
have lost their ability to contribute to somatic lin-
eages of the embryo proper. Tumor stem cells are 
rarely encountered in these tumors: only in imma-
ture components occasional OCT4-positive cells 
are found, which do not express SOX2. OCT4 is 
probably driven from the distal enhancer. Germ 
cell differentiation has not been demonstrated. 
This developmental potential, the poor self-
renewing capacity of the stem cells, which show 
reduced expression of pluripotency proteins and 
the germline incompetence of these tumors, is in 
accordance with a pluripotent precursor cell in the 
primed state, corresponding to mouse ESC 
derived from the primitive ectoderm.

In view of the anatomical distribution of the 
extragonadal type I GCT along the midline of the 
body, their most likely precursor is a migrating 
diploid PGC in an early, methylated, pre-erased 
stage, which has escaped apoptosis because it 
was reprogrammed to an EGC that acquired the 
primed state in accordance with its epigenetic 
status. Neoplastic growth starts during fetal 
development in keeping with clinical presenta-
tion of these tumors at birth or in early infancy, 
usually before age six. Type I GCT of the gonads, 
likewise, are derived from methylated, pre- or 

partially erased, diploid, premeiotic PGC via 
EGC reprogrammed to ESC in the primed state.

Type II GCT have the broadest developmental 
potential of human GCT comprising both semi-
nomas, composed of neoplastic, hypomethylated 
(including both X chromosomes in females), par-
tially to completely erased, premeiotic PGC/
gonocytes, as well as non-seminomas, which are 
caricatures of early embryonic development. The 
latter develop when the developmental potential 
of a neoplastic gonocyte is unleashed by repro-
gramming to an EC cell, the totipotent stem cell 
of non-seminoma, which may give rise to YST 
and choriocarcinoma representing the extraem-
bryonic tissues, and also somatic tissues from the 
three germ layers, from immature to fully mature, 
and occasionally early germ cell differentiation. 
EC cells have a high capacity of self-renewal and 
express many pluripotency markers, such as 
OCT4, SOX2, NANOG, and LIN28. OCT4 is 
likely expressed from the proximal enhancer. 
These characteristics are compatible with the 
developmental potential of the totipotent or naïve 
state corresponding to mouse ESC derived from 
the ICM and preimplantation epiblast.

The precursor cells are more mature PGC 
(hypomethylated, partially to completely erased, 
and premeiotic), which can only survive in suit-
able niches in the gonads, thymus, and midline of 
the brain. Outside these niches, such cells die 
apoptotically, explaining the absence of type II 
GCT at other anatomical sites. When in the 
gonads the niche functions properly, the gono-
cytes will differentiate into germ cells. This will 
not happen in the extragonadal niches, which are 
incapable of sustaining germ cell development 
beyond the prophase of meiosis I.  A disturbed 
niche, whether gonadal or extragonadal, may 
result in delayed maturation of the gonocytes cre-
ating, when GBY is present, a window for co-
expression of OCT4 and TSPY and accumulation 
of chromosomal rearrangements, particularly 
gain of 12p, which maintain the PGC/gonocyte 
phenotype and totipotent developmental potential 
of the precursor cells of type II GCT. The crucial 
role of GBY/TSPY explains the overwhelming 
male preponderance of type II GCT.

Type III GCT, so-called spermatocytic 
tumors, which occur only in the testis, have a 
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developmental potential that is limited to post-
pubertal, premeiotic, spermatogenic cells: 
A-dark and A-pale spermatogonia, B spermato-
gonia, and leptotene spermatocytes. The most 
likely precursor cell is a postpubertal, paternally 
imprinted spermatogonial cell.

Type IV GCT, dermoid cysts, which occur only 
in the ovary, are composed of mature somatic tis-
sues mainly from the rostral part of the embryo, 
often containing teeth; occasional solid variants 
may resemble a complete fetus; extraembryonic 
tissues are typically absent. This developmental 
potential is consistent with a parthenogenetically 
activated oocyte or ovum with an exclusively 
maternal genomic imprint as precursor cell that is 
incapable to support the development of extraem-
bryonic tissues: the “maternal half” of the 2C state.

Type V GCT, hydatidiform moles, are hyper-
plastic, dysplastic growths composed of placental 
tissue only. The precursor cell is an empty zygote, 
fertilized by one sperm, followed by endoreduplica-
tion or by two sperm, resulting in a genome that has 
an exclusively paternal imprint, incapable of sus-
taining the development of somatic tissues of the 
embryo proper: the “paternal half” of the 2C state.

Type VI GCT are derived from spontaneous or 
genetically engineered iPSC that may form 
somatic tissues with varying degrees of matura-
tion, EC, YST, and occasionally choriocarci-
noma. The stem cells of tumors derived from 
spontaneously induced somatic cells in humans 
resemble those of type I GCT, with reduced 
expression of pluripotency genes and limited 
self-renewal capacity, as in the primed state. 
Human somatic cells induced to pluripotency 
in vitro, when assayed in the proper context, may 
contain large amounts of EC, up to 100 %, in par-
ticular if MYC was included in the inducing cock-
tail. The stem cells of these tumors share 
characteristics with the naïve-state stem cells of 
type II GCT; however, PGC or seminoma-like 
components have never been reported.

3.11.2	 �Intermediate Phenotypes

Consistent with the plasticity of the developmen-
tal states of embryonic stem cells, there are, 
between the different defined types of GCT, 

intermediate phenotypes, which will be briefly 
summarized here.

There is continuum between multiple preg-
nancies, conjoined twins, parasitic twins, and 
type I GCT, with intermediate types between 
type 0 and type I GCT, which could arbitrarily be 
classified in either type.

Type I GCT and type II GCT have gradual 
transitions, in particular among prepubertal GCT 
of the mediastinum in Klinefelter’s and among 
GCT of the brain in patients with Down’s syn-
drome, with tumors that are genotypically type II 
but phenotypically resemble type I, suggesting 
that the genomic changes typical for type II, par-
ticularly gain of 12p, have occurred in a PGC that 
is still too heavily methylated to allow the full 
spectrum of the naïve-state developmental poten-
tial of a type II GCT.

Type I and type IV GCT may cluster in the same 
families with an increased risk of bilaterality and 
multiplicity. The occurrence of tumors composed 
of immature teratoma with dermoid cysts embed-
ded in the immature teratoma component likely 
represent a transition form between type I and type 
IV GCT. It may be hypothesized that such tumors 
are derived from a precursor cell somewhere in 
between an oogonium and a type I oocyte, in which 
maternal GI is not yet completed.

There is at least one published case of a sper-
matocytic tumor [634] that is intermediate 
between a type II and a type III GCT, in terms of 
morphology, chromosomal composition, and 
behavior: a seminomatous morphology, lacking 
lymphocytes, gain of 12p and chromosome 9, 
and metastasis.

The partial mole has an intermediate pheno-
type between a complete mole (Type V GCT) 
and a normal pregnancy due to an overdose of 
paternally imprinted genes in the presence of 
maternal imprinting.

Type VI tumors have developmental charac-
teristics with features of type I and type II GCT.

�Conclusion

GCT should be related to a developmental 
state rather than a specific cell of origin, as a 
particular originating cell may assume differ-
ent developmental states, and different cell 
types may have the same developmental 
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potential in agreement with the plasticity of 
developmental states. PGC are a good exam-
ple: they give rise to type I and type II GCT, 
respectively from the primed/pluripotent and 
the naïve/totipotent developmental state, as 
apparent from the increased risk in 
Klinefelter’s and Down’s syndrome for both 
type I and II GCT. As yet, it cannot be excluded 
that some type I GCT originate from ESC in 
the primed state. It would not make any differ-
ence as to the developmental potential of the 
tumor. This principle justifies the inclusion of 
neoplasms, such as those derived from iPSC, 
in the classification of GCT, even when they 
are not derived from germ cells, because they 
share the developmental state of genuine GCT.

The intermediate phenotypes between 
some of the defined types of GCT attest to the 
plasticity of the different developmental states 
from which they had their origin.
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