
 

Pathobiology of germ cell tumors - applying the gossip test!
LEENDERT H. J. LOOIJENGA and J. WOLTER OOSTERHUIS*

Department of Pathology, Erasmus MC-University Medical Center Rotterdam, Rotterdam, The Netherlands

ABSTRACT  Residual mature teratoma, a frequent finding in clinical pathology since the introduction 
of cisplatin-based chemotherapy, put Wolter Oosterhuis on the track of germ cell tumors (GCTs). 
These neoplasms in the borderland between developmental biology and oncology have fascinated 
him ever since. He tells the story on how GCTs brought him in contact with leading investigators in 
the field like Ivan Damjanov, Peter Andrews, and Niels Skakkebaek. His fruitful line of research was 
made possible through a longstanding collaboration with Bauke de Jong and, to this day, Leendert 
Looijenga who joined his group as a student in 1988. Probably their most important contribution 
to the field of GCTs is an integrated approach to GCTs, combining epidemiology, pathology, (cyto)
genetics and molecular biology, that has resulted in a pathobiology-based classification of GCTs in 
five types. It has clinical relevance and stimulates further research on these intriguing neoplasms 
and their corresponding animal models.
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Some experiences really shape your life. As a young student 
at the University in Groningen, I [L.L.] was in 1988 looking for a 
final traineeship position related to cancer research to finalize my 
studies in Medical Cell Biology. After some informative, although 
not that exciting, interviews, I was immediately intrigued by one 
potential supervisor: Prof. Dr. J.W. Oosterhuis, although he hardly 
had time to meet. He was one of the most active pathologists 
within the Department of Pathology, with an appreciated and im-
pressive status of knowledge in pathology and beyond. He was 
constantly occupied because of the continuous phone calls (at 
two machines!), meetings and people lining up in front of his door. 
However, this was in fact, retrospectively, a supportive parameter 
in our developing collaboration; we could communicate with limited 
numbers of words and possibly even more important, limited time. 
Our interests matched and amplified each other, focusing on the 
elucidation of the patho-biology of germ cell tumors, in a clinical 
context, from a developmental point of view. Soon Prof. Dr. J.W. 
Oosterhuis became “Wolter” for me, and we started our journey. 
During near 25 years we had an intense interaction, in harmony, 
characterized by inspiration, motivation, and not being afraid of 
new experiences and many great challenges. I still remember our 
intense symposium visits where we always shared a hotel room, 
and enjoyed good, especially Asian food and a (single) beer, while 
discussing potential new ideas and especially, project proposals. 
Wolter proved himself as a highly dedicated, inspiring individual, 
interested in many different fields. His drive and discipline (in a 
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positive sense) is absolutely a part of his success, although not 
always easy to combine with other (social) responsibilities. His 
exceptional skills in reading histological slides is a treasure source 
for creative and relevant hypotheses, to be tested in a laboratory 
setting. Never forget to ask the view of a bright, dedicated and ex-
perienced pathologist! Our common interests and Wolter’s overview 
of more and particularly less related topics to the specific field of 
study allowed unexpected models and ideas to be generated and 
tested. I am happy that we made the journey, and that it is continu-
ing. We are still enjoying our common interests in the combinatory 
study of developmental biology and cancer. In conclusion, I am 
more than happy that we met and did what we did. That’s a fact.

What is your professional training?
I got my MD at the University of Groningen in 1972. A couple of 

weeks after my graduation I began to work at the Department of 
Pathology of the University Hospital in Groningen. The idea was 
to spend half a year in pathology during the waiting time before I 
could start my residency in surgery. That explains my Ph.D.-thesis-
research, which I did with my friend the late René Verschueren, 
one of the Belgians whom I was grateful to have had as a teacher. 
I compared iatrogenic spread of cancer cells when cutting through 
a malignant tumor with a scalpel and the laser beam. With tritium-
labeled Cloudman melanomas I could indeed demonstrate that 
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the laser caused less spread of tumor cells, more precisely radio-
activity, than a scalpel (Oosterhuis, 1978). Here is where my career 
in surgery ended. I got so fascinated by pathology that I applied 
for a residency. I never regretted that decision, and enjoyed every 
minute in pathology.

Where and how did your career in germ cell tumors (GCTs) 
start?

My thesis-research brought me very much in touch with sur-
geons, and later surgical pathology. At the time there was a very 

ambitious group of surgical oncologists, headed by Jan Oldhoff. He 
and Heimen Schraffordt Koops, also in the department of Surgical 
Oncology, were the ones who treated testicular and extra-gonadal 
germ cell tumors in Groningen. Not the urologists, by the way. 
They collaborated with an equally ambitious and talented group of 
medical oncologists: Nanno Mulder, Dirk Sleijfer and Liesbeth de 
Vries. (Fig. 1) They were among the first to confirm the spectacular 
results of cisplatin-based chemotherapy of metastasized testicular 
cancer published by Einhorn in 1977 (Einhorn and Donohue, 1977) 
(Stoter et al., 1979). That is why I was one of the first pathologists 
in the Netherlands who had the chance to study residual mature 
teratoma (RMT). I was intrigued by the question how they came 
about: induction of differentiation by the chemotherapy, as many 
people liked to believe or selection of cancer cells with an inher-
ent capacity of somatic differentiation. By simply comparing the 
histology of primary testicular non-seminomas with the histology of 
their metastases, I could demonstrate that RMT was almost exclu-
sively seen in metastases derived from primaries with a teratoma 
component, favoring selection as the mechanism causing residual 
mature teratoma. (Oosterhuis et al., 1983)

Thanks to my boss, the late professor Flip Hoedemaeker, I got 
the opportunity to have a sabbatical year in 1980/81 (Fig. 2). I used 
it to further explore the causation of RMT in mouse models in Ivan 
Damjanov’s lab at Hahnemann Medical College, Philadelphia, and 
in vitro using the very first embryonal carcinoma (EC-) cell lines, 
characterized by Peter Andrews, at that time at the Wistar Institute 
in Philadelphia. Indeed, nullipotent mouse embryonal carcinoma 
could not be induced to form RMT. These occurred only when 
treating pluripotent teratocarcinoma, composed of EC cells and 
differentiated somatic tissues (Oosterhuis and Damjanov, 1983). 
In Peter’s lab I was the first to demonstrate that human EC cells 
in vitro are more sensitive for cisplatin than somatic cancer cells 
by a factor two to four (Oosterhuis et al., 1984).

What do you consider as your most important contribution 
to the field?

Back in the Netherlands, I taught second-year medical students 
general oncology. This forced me to read among others the classi-

Fig. 1. Dirk Sleijfer (right) and Heimen Schraffordt Koops, driving forces 
behind the germ cell tumor program, in front of the Pathology Building 
(Groningen, 1986).

Fig. 2. Other aspects of Oosterhuis’s 
life. (A) Many firsts during Wolter 
Oosterhuis’ sabbatical in Philadelphia. 
His wife, Tine and their three boys, at 
that time, Gerrit, Pim (blowing) and 
Ekke, enjoying their first barbeque 
ever at Ivan Damjanov’s place in Ard-
more (PA), May 1981. (B) Ivan Dam-
janov and Wolter Oosterhuis, sailing 
from Dubrovnic to Cavtat. This was 
entertainment during a symposium 
on developmental biology, held in 
Dubrovnic (Kroatia), where Oosterhuis 
had the honor of presenting a poster 
on the Sex of Teratomas (Dubrovnic, 
October 1986). 

BA
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cal papers on clonal evolution by Peter Nowell and metastasis by 
Jos Fidler. It made me think that the highly differentiated somatic 
tissues in RMT might be produced by relatively early clones of 
tumor cells that had not yet lost the capacity to differentiate into 
somatic tissues. Our first approach was the study the ploidy of 
testicular germ cell tumors. We (Fig. 3A) found that testicular 
seminomas are on average hypertriploid and nonseminomas 
hypotriploid (Oosterhuis et al., 1989), and that CIS has the same 
ploidy as seminoma (de Graaff et al., 1992). To our disappointment 
the ploidy of primary testicular non-seminomas and RMT was the 
same (Oosterhuis et al., 1986), so we had to resort to karyotyping 
of testicular cancer and RMT to look for more subtle differences 
at the chromosomal level. This led to a longstanding collaboration 
with my friend Bauke de Jong (Fig. 3B). Supported by the Dutch 
Cancer Foundation we spent six weeks in Avery Sandberg’s lab at 
Roswell Park in Buffalo: Bauke to learn karyotyping and I to learn 
short term culture of solid tumors. It was just after the publication 
by Atkin and Baker that testicular germ cell tumors are character-
ized by an isochromosome 12p (Atkin and Baker, 1983). Back in 
Groningen we were very lucky to get in touch with Sergio Castedo, 
a cytogeneticist from Porto. The three of us managed to karyotype 
many testicular germ cell tumors in a relatively short period of time: 
seminomas (Castedo et al., 1989c), non-seminomas (Castedo et 
al., 1989b), and RMTs (Castedo et al., 1989a). Often the primary 
tumors and RMTs were from the same patient. The answer was 
clear-cut: RMTs had the same karyotype as the primaries from 

which they were derived. Thus it appeared that RMT originates from 
tumor cells that are karyotypically as ugly as the rest. The lesson 
to be learned here was that karyotypically highly abnormal cells 
are capable of beautiful differentiation, as for example in the RMT, 
where the microscopic anatomy of colon was faithfully recapitulated 
(Fig. 4). However disappointing in view of our hypothesis, the result 
helped us to convince clinicians that RMT, no matter how highly 
differentiated, remains cancer, and should be surgically removed 
to avoid its progression to secondary non-germ cell malignancies 
(Gelderman et al., 1986; Oosterhuis et al., 2013).

Because of our continuous effort karyotyping germ cell tumors, 
we stumbled upon the finding that some germ cell tumors did 
have an isochromosome 12p and others did not (Castedo et al., 
1989c). Those which did not were divided in tumors that were yet 
near triploid and had other chromosomal aberrations involving the 
short arm of chromosome 12. And there were germ cell tumors, 
for example of the testis of infants, and dermoid cysts of the ovary, 
which were diploid and lacked abnormalities of chromosome 12 
(Oosterhuis et al., 1990).

Scrutinizing Gonzalez Crussi’s fascicle on extra-gonadal germ 
cell tumors in the second series of AFIP atlases (Gonzalez-Crussi, 
1982), it struck me that there are two types of germ cell tumors. 
Those that do have a seminoma-component and those that do not. 
The former occur only in the gonads, the anterior mediastinum and 
the midline of the brain. My prediction was that those tumors were 
the ones that would have an i(12p) regardless of the anatomical 

Fig. 3. Academic aspects of the life of Wolter Oosterhuis. (A) The 
Germ Cell Tumor Group at the Pathology Department, Groningen, (1986). 
Standing, from left to right: David Brekhoff, Anke Dam, Janneke Buist, 
Thea Uiterwijk, Ineke Molenaar, Wolter Oosterhuis; sitting, from left to 
right: Siep Wouda and Trijnie Dijkhuizen. (B) Bauke de Jong addressing 
Oosterhuis at his farewell party in Groningen, April 1990, on the occa-
sion of his moving to Rotterdam, where he had accepted the position of 
Scientific Director of the Daniel den Hoed Cancer Center. (C) In October 
1988 Leendert Looijenga joined the Oosterhuis group as a graduate 
student; bottom row, far right. Leendert joined Oosterhuis when he 
went to Rotterdam to take the position of Scientific Director of the 
Daniel den Hoed Cancer Center. They have worked together ever since. 
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localization. I was therefore a bit jealous, but not surprised when 
Paula Dal Cin published the karyotype of a germ cell tumor of the 
anterior mediastinum with an i(12p) (Dal Cin et al., 1989), which 
she showed at a symposium on germ cell tumors in Groningen in 
1989 that I had organized as a satellite of the meeting of develop-
mental biologists in Utrecht, The Netherlands. It was very gratifying 
that Bauke and I got involved in the publication of germ cell tumor 
of the brain, diagnosed at the University Hospital in Utrecht, and 
karyotyped in Amsterdam by Rosalyn Slater, which had an i(12p) 
(de Bruin et al., 1994). 

This is a long, and somewhat meandering introduction to my 
answer to your question on what I consider as my most important 
contribution to the field. Our (Bauke de Jong, you and me) studies 
of the chromosomal constitution and genomic imprinting of germ 
cell tumors (van Gurp et al., 1994) led us to propose a compre-
hensive classification of germ cell tumors in 1997 in the issue of 
Cancer Genetics and Cytogenetics, in celebration of Dr. Avery A. 
Sandberg’s 75th birthday (Oosterhuis et al., 1997). In our invited 
review in Nature Reviews Cancer in 2005 (Oosterhuis and Looi-
jenga, 2005) we elaborated on this classification (Table 1), which 
is now gaining wider acceptance. The strength of this classification 
is that it includes epidemiology and biology of germ cell tumors, in 
addition to morphology. Our work has also provided clues as to the 
molecular mechanisms causing germ cell tumors. Spermatocytic 
seminoma which we had earlier shown to be negative for PLAP as 
opposed to seminoma (Dekker et al., 1992) is a beautiful example. 
Karyotyping these rare tumors we found an extra chromosome 9 
as the only chromosomal characteristic (Rosenberg et al., 1998). 
Your studies clarified that DMRT1, in a small amplified region 
on chromosome 9, plays a crucial role in the causation of these 
tumors. DMRT1 proved to be useful in the differential diagonosis 
of seminoma and spermatocytic seminoma, since it is specifically 
expressed in spermatocytic seminoma, both in humans (Looijenga 
et al., 2006) and in dogs.

This brings me to an important spin off from our need for fresh 
tumor tissue for karyotyping. It forced us to collect tumor tissue 
at the operation theatres, first in the three Northern provinces of 
the Netherlands, and from the time you and I moved together to 
the Daniel den Hoed Cancer Center in 1990 (Fig. 3C and 5A), 
in Rotterdam and the South-Western part of the Netherlands. It 
has resulted in one of the finest collections of freshly frozen germ 
cell tumors. It is a gold mine, not only for us, also for scientists 
and clinicians all over the world with whom we have had fruitful 
collaborations, using this tumor-bank. It was thanks to the con-
tinuous support of clinicians and their patients that we were able 
to create this bank. 

What is your most preferred model for the pathogenesis of 
GCTs?

It does not come as a surprise to you: there is not one model for 
the pathogenesis of GCTs. Each of the five Types we distinguish 
has its own pathogenesis. Although there is still a lot to be learned, 
we know quite a bit about the pathogenesis of Types II through V. 
Our contribution to the understanding of spermatocytic seminoma 
(Type III tumors) I have already mentioned. 

As for Type II tumors of the testis, Niels Skakkebæk (Fig. 5B) 
and his group have established the crucial role of carcinoma in 
situ (CIS, synonym: IGCNU or TIN) in the pathogenesis of Type II 
tumors of the testis, and its origin during the embryonic develop-
ment of the patient (Skakkebaek et al., 1987). Our contribution 
recently has been through the study of germ cell tumors originating 
in dysgenetic gonads, which we have dubbed the “earliest acces-
sible stage” in the development of these tumors. Indeed, study of 
tumors originating in dysgenetic gonads has shown the importance 
of delayed maturation of primordial germ cells/gonocytes, because 
of the window it creates for co-expression of OCT3/4, TSPY and 
SCF (also known as KITLG) in the transformation of delayed 
gonocytes into pre-CIS, and CIS cells. (Kersemaekers et al., 2005) 

Fig. 4. Ugly karyotype, yet organoid differentiation. Residual teratoma after cisplatin-based 
chemotherapy showing microscopical anatomy of colon: tunica muscularis (two layers), submucosa, 
muscularis mucosae, lamina propia and colonic mucosal epithelium. Inset: highly abnormal, near 
triploid karyotype with characteristic 12p isochromosome (Castedo et al., 1989a). 

(Cools et al., 2011) (Oosterhuis et al., 2011) 
We have also made the case that (low level) 
amplification of the short arm of chromosome 
12 appears in CIS-cells only when they become 
independent from their feeder cells, the Sertoli 
cells in the seminiferous tubules (Rosenberg 
et al., 2000). Obvious as it may seem, we had 
to convince our colleagues that the default 
pathway in the development of Type II germ 
cell tumors is seminoma (unique to humans, 
by the way), and that non-seminomas are the 
result of reprogramming of a seminomatous 
precursor cell, be it a CIS cell or a seminoma 
cell (in a primary tumor or a metastasis) to a 
pluripotent EC cell (Oosterhuis and Looijenga, 
1993). In my opinion, and we have published 
data supporting this contention, most non-
seminomas originate within seminiferous 
tubules as intra-tubular non-seminoma. Pe-
culiarly intra-tubular non-seminoma is almost 
exclusively composed of EC (Oosterhuis et 
al., 2003). This raises the question about the 
factors which inhibit differentiation within the 
tubules, and conversely, those which stimulate 
differentiation upon exposure of infiltrating 
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EC-cells to the extra-tubular micro-environment (Fig. 6) We know 
very little about how the Type I tumors originate. Even the cell 
of origin of these tumors is a matter of debate. Because of their 
retained bi-parental or partly erased genomic imprinting, we have 
favored the view that they are derived from a precursor cell, which 
is developmentally somewhere between an embryonic stem (ES) 

Fig. 5. Academic achievements. (A) Growing older: Leendert and Wolter at the party on the occasion of Wolter’s retirement (still compulsory at age 
65 in the Netherlands); Wolter was being appointed Officier in de Orde van Oranje Nassau, hence the colourful decoration. Since his retirement, he 
has joined Leenderts group at the Department of Pathology in the Josephine Nefkens Institute, part of the Erasmus University Medical Center in Rot-
terdam (March 31, 2011). (B) Niels Skakkebæk, one of the speakers at Wolter’s farewell symposium, splendidly organized by Leendert (March 31, 2011). 

BA

cell and a primordial germ cell/gonocyte (Oosterhuis et al., 2007). 
Recent insight into the genes that can reprogram somatic cells 
to pluripotency, and in particular the observation that OCT3/4 
by itself is capable of doing that (Kim et al., 2009), forces one to 
rethink existing concepts on the origin of extragonadal germ cell 
tumors. It is conceivable, as suggested by Scotting, that primi-

Type Anatomical Phenotype Age Originating Genomic Genotype Animal
ledomgnitnirpmillecetis

I Testis/ovary/ (Immature) Neonates and Early PGC/ Biparental, Diploid (teratoma). Mouse
sacral region/ teratoma/ children gonocyte partially erased Aneuploid (yolk-sac teratoma
r fo niag :)ruomutruomut cas-kloy/muenotireporte
mediastinum/ 1q, 12(p13) and 20q,
neck/midline and loss of 1p,4 
brain/other rare and 6q
sites

II Testis Seminoma/ >15 years PGC/gonocyte Erased Aneuploid Not available
:)diolpirt –/+(ega naidem(amonimes-non

 p21 ,8 ,7 ,X fo niag)sraey 52 dna 53
and 21; and loss of
Y, 1p, 11, 13 and 18

Ovary Dysgerminoma/ >4 years PGC/gonocyte Erased Aneuploid Not available
non-seminoma

Dysgenetic gonad Dysgerminoma/ Congenital PGC/gonocyte Erased Diploid/tetraploid Not available
non-seminoma

Anterior Seminoma/ Adolescents PGC/gonocyte Erased Diploid/tri-tetraploid Not available
mediastinum non-seminoma
(thymus) 

Midline brain Germinoma/ Children (median PGC/gonocyte Erased Diploid/tri-tetraploid Not available
(pineal gland/ non-seminoma age 13 years)
hypothalamus)

III Testis Spermatocytic >50 years Spermatogonium/ Partially complete Aneuploid: gain of 9 Canine
amonimeslanretapetycotamrepsamonimes

IV Ovary Dermoid cyst Children/adults Oogonia/oocyte Partially complete (Near) diploid, Mouse
maternal diploid/tetraploid, gynogenote

peritriploid (gain of X, 7, 
12 and 15)

V Placenta/uterus Hydatidiform mole Fertile period Empty ovum/ Completely Diploid (XX and XY) Mouse
etonegordnalanretapaozotamreps

PGC, primordial germ cell.

TABLE 1

THE FIVE TYPES OF GERM CELL TUMORS (OOSTERHUIS AND LOOIJENGA, 2005)

PGC, primordial germ cell. Modified with permission from Oosterhuis and Looijenga (2005).
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tive cells reactivate OCT3/4, and thereby give rise to germ cell 
tumors (Tan and Scotting, 2013). The finding that human ES 
cells can in vitro differentiate into the germ cell lineage (Clark et 
al., 2004), and our observation that also in non-seminomas early 
differentiation into the germ lineage can occur (Honecker et al., 
2006) suggests that via this mechanism not only Type I, but also 
Type II tumors might develop. This discussion has the danger 
of becoming semantic, of course. The tumors that develop are 
in the end germ cell tumors. The question to be resolved is: do 
they originate from germ cells displaced during embryogenesis, 
or from germ cells that via activation of pluripotency are produced 
in various extra-gonadal localizations?

What do you consider important lessons from animal models?
The most fascinating lesson I have learned is that Type II 

germ cell tumors are unique for humans. I mean the germ cell 
tumors composed of neoplastic primordial germ cells/gonocytes 
(seminoma/dysgerminoma/germinoma) and the pluripotent tumors 
derived from them through reprogramming of the transformed 
primordial germ cell: nonseminoma, which is in fact a neoplastic 
caricature of embryonic development. To the best of my knowledge 
these tumors do not exist in animals neither spontaneously, nor 
induced. The various murine teratoma/teratocarcinoma models, 
extensively studied by Roy Stevens, Barry Pierce, Ivan Dam-
janov and Davor Solter (Damjanov and Solter, 1974) (Solter, 
2006) are not models of Type II germ cell tumors of humans, as 
they do not develop via a “seminomatous precursor-stage”. CIS 
as precursor of nonseminoma of the human testis is, just as an 
example, nicely illustrated in figure 1e of Davor Solter’s review 
(Solter, 2006) with carcinoma in situ in the seminiferous tubules 

take alive, with the vague idea that I could use them one way 
or another. To my surprise virtually all these mice developed big 
tumors after several months to a year. These appeared to be 
parietal yolk sac tumors (van Berlo et al., 1990). Thus mimicking 
in the mouse the clinical observation that Type I tumors of the 
sacral area may recur as yolk sac tumor if they are incompletely 
removed (Oosterhuis et al., 1993). The so-called seminomas in 
animals are more similar to human spermatocytic seminomas, 
the Type III tumors. We have studied them in dogs (Looijenga et 
al., 1994) and found that they express DMRT1 like the human 
spermatocytic seminomas, as I mentioned earlier. We propose 
that dermoid cysts of the ovary (Type IV tumors) are mimicked by 
gynogenotes, which develop somatic tissues mainly, with severe 
impairment of the placental development, and the hydatiform 
moles (Type V tumors) by androgenotes, in which virtually only 
placenta is developed and hardly somatic tissues (McGrath and 
Solter, 1983b) (McGrath and Solter, 1983a) (Surani et al., 1986). 
Quite anecdotic, my interest in the role of genomic imprinting in 
the developmental potential of germ cell tumors was triggered 
by the nuclear transfer experiments by Jim McGrath and Davor 
Solter. It is funny that these experiments were under way in the 
Wistar Institute in Philadelphia when I was there with Peter An-
drews trying to kill embryonal carcinoma cells with cisplatin. At 
the time I was unaware of the ground-breaking work being done 
one floor up (Fig. 7.)

What is in your opinion the most relevant question to be 
answered related to GCTs?

As I mentioned earlier, the cell of origin of extra-gonadal 
germ cell tumors is an intriguing question. The initiating events 

adjacent to the nonseminoma composed of embryonal 
carcinoma. The murine teratomas/teratocarcinomas are 
probably derived from either ES cells or primitive germ 
cells that are immediately reprogrammed to pluripotency 
(Walt et al., 1993). Not surprisingly tumors resulting from 
ectopic transplantation of murine or human ES or PGC 
cells have the same morphology as the aforementioned 
murine models (Evans and Kaufman, 1981) (Matsui et 
al., 1992) (Thomson et al., 1998). Rather these murine 
tumors are models for human Type I tumors, which 
occur both in the gonads and in extra-gonadal localiza-
tions, but at a much younger age, generally speaking 
under age 6 (Stang et al., 2012), and in a much wider 
distribution than the extra-gonadal Type II germ cell 
tumors, which are confined to the anterior mediastinum/
thymus and the midline of the brain. There are many 
arguments for questioning the generally accepted view 
that these mouse tumors are models for Type II tumors. 
We have summarized them in our review in Nature 
Reviews Cancer  (Oosterhuis and Looijenga, 2005). 
An accidental finding in the lab provided one of those 
arguments. During my sabbatical in Ivan Damjanov’s 
lab he taught me how to produce embryo-derived tera-
tomas/teratocarcinomas. Back in Groningen I produced 
many of them for several purposes. My take rate was 
sometimes on the low side. The protocol prescribed 
that the transplanted mice had to be sacrificed after 
six weeks, regardless of take. I just could not do it, 
and violated the protocol by leaving the mice without 

Fig. 6. Intratubular nonseminoma does not differentiate. Left panel shows haema-
toxylin and eosin stain of intratubular nonseminoma solely composed of embryonal 
carcinoma, the undifferentiated stem cell population of nonseminoma, and neoplastic 
counterpart of embryonic stem cells (left lower corner). The surrounding invasive tumor 
shows extensive differentiation with somatic, yolk sac and trophoblastic elements. In 
the right upper panel a similar picture, with partly necrotic, pure embryonal carcinoma 
within seminiferous tubules in the middle of the photograph, and differentiating invasive 
embryonal carcinoma on both sides. In the right lower panel the embryonal carcinoma 
cells can be easily recognized from their nuclear expression of OCT3/4.



L. Looijenga and J.W. Oosterhuis Dialogue    295 

of Type II germ cell tumors are only partly understood. Genome 
wide association studies in particular raise new questions about 
the interplay between constitutional variants of the genome that 
condition the microenvironment in the developing gonads and 
influence susceptibility to early initiating events in primordial 
germ cells (Kanetsky et al., 2009) (Rapley et al., 2009). Despite 
substantial efforts by us and others, we still don’t know which 
genes on 12p favor progression of Type II germ cells tumors. 

Our work has also contributed to insight into the treatment 
resistance of these tumors (Mayer et al., 2003) (Mayer et al., 
2011), but frankly, we still don’t know the molecular basis of the 

exquisite sensitivity of Type II tumor for cisplatin, and why the 
reprogramming of a seminomatous cell makes it resistant to 
radiation therapy.

Do you think that the newest high throughput methods will 
contribute to understanding the pathogenesis of GCTs?

I have no doubt that high throughput analyses will make impor-
tant contributions. Work by Mike Stratton for example has shown 
that Type II germ cell tumors have very few mutations (Bignell 
et al., 2006). We were not surprised, but now we know for sure. 
One of the most frequent mutations he found, by the way, is in 

Fig. 7. Human germ cell tumors Type I – V, side by side with their 
animal models, apart from Type II, which is unique to humans. 
Type I, teratomas/yolk sac tumors in humans typically below the age of 
six (Stang et al., 2012). Upper row left: sacral teratoma of newborn as 
an example of a Type I tumor (Oosterhuis et al., 1993) first described 
by fetoscopists in ancient Egypt as “foot in the middle” that brings 
prosperity to the land (Wheerler, 1983) (inset: recurrence as yolk 
sac tumor). Upper row right: embryo-derived teratocarcinoma (inset: 
late appearing parietal yolk sac tumor, here with rare trophoblastic 
elements as well) (van Berlo et al., 1990). Type II, the seminomas/
dysgerminomas/germinomas and nonseminomas of adults, unique 
for humans. Shown as an example in the second row, early stages 
of a testicular nonseminoma: four photographs from left to right, H 
and E, OCT3/4, SOX17 and SOX2. The four photographs show the 
distinguishing phenomenon of reprogramming of the neoplastic 
primordial germ cells/gonocytes of carcinoma in situ (CIS) (upper 
tubule) into intratubular embryonal carcinoma (lower tubule, ex-
tended by the tumor). CIS cells co-express OCT3/4 and SOX17; EC 
cells co-express OCT3/4 and SOX2 (de Jong et al., 2008b). Type III, 
spermatocytic seminoma, exclusively occurring in the testis. Third 
row left: human spermatocytic seminoma (inset: nuclear staining for 
DMRT1) (Looijenga et al., 2006); third row right: so-called seminoma 
of a dog, which is DMRT1-positive (inset), consistent with it being 
a model for human spermatocytic seminoma, rather than human 
seminoma (Looijenga et al., 1994). Type IV, fourth row left: dermoid 
cyst of the ovary, solely composed of fully differentiatied somatic 
tissues such as hair and skin, characterized by a bimaternal genomic 
imprinting pattern; fourth row right: gynogenote with bimaternal ge-
nomic imprinting, developing somatic tissue of the embryo proper, 
but no throphoblast (frame) (Surani et al., 1986). Type V, bottom row 
left: uterus with complete mole, solely composed of trophoblastic 
tissue, resembling a bunch of grapes, characterized by a bipaternal 
genomic imprinting pattern; bottom row right: androgenote with 
bipaternal genomic imprinting pattern, developing placenta, but no 
somatic tissue of the embryo proper (frame) (Surani et al., 1986).

cKIT, and that one, we knew already, as it was found through 
hypothesis-driven research (Looijenga et al., 2003a; Bier-
mann et al., 2007). Similarly, we and others did expression 
analysis of seminoma and embryonal carcinoma and found 
that one the most expressed genes was OCT3/4 (Cheng et 
al., 2007; Gillis et al., 2011), which we had already discov-
ered through hypothesis-driven investigation (Looijenga et 
al., 2003b). Genome-wide Association Studies (GWAS) on 
the other hand, showing variants of SCF (KITLG) increasing 
the risk of Type II germ cell tumors, produce results which 
could hardly be obtained otherwise (Kanetsky et al., 2009) 
(Rapley et al., 2009). Next generation sequencing might be 
the tool to unravel what is happening on 12p, and finally give 
us a handle on which genes drive the progression of Type 
II germ cell tumors. I have high hopes that your work on 
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miRNA profiling of germ cell tumors will give us new insights into 
the complex biology of these tumors, and perhaps new markers 
for early diagnosis and clinical management (Gillis et al., 2007).

It is often said that high throughput approaches are fishing 
expeditions, or with an elegant euphemism, hypothesis generating 
efforts. My view is that careful morphology is the most powerful 
hypothesis generating tool. Examples in our field are the studies 
on CIS by Niels Skakkebæk (Skakkebaek, 1972) and our own work 
exploring the initiation of Type II germ cell tumors in dysgenetic 
gonads mentioned earlier.

How do you think will the (likely) close interaction between 
Genes and Environment related to GCT development be 
elucidated to your opinion?

This is rather a question for you to answer. However, as far as I 
can see, it involves meticulous epidemiological studies in different 
ethnic groups. These should be combined with high throughput 
genetic analysis of these populations, and of their tumors. Last 
but not least, it takes thorough pathology of the involved tumors. 
In short: meticulous genotyping and phenotyping.

The testicular dysgenesis hypothesis proposed by Skakkebæk 
and co-workers is a nice example of such meticulous multidisci-
plinary research. To be honest I am a believer in testicular dys-
genesis syndrome (TDS), and the role of hormone disruptors in 
the causation of Type II tumors of the testis (Skakkebaek et al., 
2003). We are beginning to understand some of the interactions 
of genes and environment, or in your favorite term: genvironment.

What do you think will be the role of a pathologist in the 
(future) diagnosis and treatment of GCTs?

Proper pathological typing and staging of primary tumors and 
metastatic lesions still is, and will remain essential for clinicians 
to decide on proper therapy of their patients. Angio-invasiveness 
for example is a morphologic feature that predicts retroperitoneal 
metastases in stage I tumors. We have found that this feature is 
not so easy to detect on H & E slides, and that staining for CD31 
and D2-40 makes the scoring of angio-invasion more reproduc-
ible. It is quite conceivable that targeted expression analysis for 
markers predicting angio-invasion, will be superior even to im-
munohistochemistry. In that case the pathologist has to use this 
molecular approach as an adjunct to morphology. Similarly there 
will be molecular tests, e.g. for BRAF-mutations and microsatel-
lite instability, that will predict chemotherapy resistance. Also, 
pathologists can help people in the lab to select the proper cells 
and tissues for micro-dissection for high throughput approaches. 

How is according to you the most optimal facility organized 
to elucidate the pathogenesis of GCTs?

In a multidisciplinary fashion, with pathology, (cyto)genetics, 
molecular biology and cell biology as corner stones, in close inter-
action with clinicians. Don’t forget the importance of a high quality 
tumor bank. And then there is the need for suitable cell lines and 
proper animal models. Thus far we have only one seminoma cell 
line TCam2 (de Jong et al., 2008a), which is unusual because it 
has a BRAF-mutation and it is more methylated than a decent 
seminoma cell should be. We definitely need more seminoma 
cell lines to study the radio-sensitivity of seminoma and to learn 
more about the phenomenon of reprogramming seminoma cells 
to pluripotent EC cells.

What would you advice young scientists and clinicians re-
garding their career?

Your question brings to my mind memories of the evening of 
August 17, 1989. I had invited Ivan Damjanov as one of the speak-
ers at this satellite symposium in Groningen, which I mentioned 
before. I collected him at his hotel to bring him to the meeting 
venue. He gave me the mouse teratocarcinoma cell lines which he 
had brought from Philadelphia, and also the book that he had been 
reading that night. I have to exhaust myself before I can sleep, he 
apologized. It was the autobiography of Francis Crick “What Mad 
Pursuit”. Indeed, a most enjoyable book, in which Francis Crick 
explains how he decided to study the structure of DNA. He went by 
his “gossip test”. He found out that he was gossiping with friends 
and colleagues about what excited him most. The “gossip test” 
tells you what really intrigues you, and what you should pursue. 
Follow Francis Crick’s example: apply the gossip test!
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