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Testicular germ cell tumors and related research
from a historical point of view
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ABSTRACT In this brief overview of the history of testicular germ cell tumors, we touch upon the
key events and personalities that have contributed to our current understanding of germ cell tumors
in general, and those of the testis in particular.The intricacies of human germ cell tumor pathology
and histogenesis have been elucidated in part by contributions in the field of experimental pathol-
ogy and developmental biology. Correlation between clinical oncologic findings, pathology and
experimental studies of germ cell tumors and related topics ushered the era of cellular and genetic
engineering that have revolutionized contemporary cell and molecular biology.
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Germ cell tumors originate most frequently in the testis and the
ovaries, but they can also occur in extragonadal sites. The history
of ourunderstanding of ovarian tumors and extragonadal teratomas
has been comprehensively reviewed by Pantoja and his associ-
ates (Pantoja et al., 1975; Pantoja and Rodriguez-Ilbanez,1976;
Pantoja et al., 1976). The history of testicular teratomas and
related germ cell tumors has been reviewed in the early twentiest
century by Ewing (1911), and is mentioned in various chapters in
several monogragraphs dealing with human tumors in general, or
testicular tumors and teratomas in particular (Dixon and Moore,
1952; Masson, 1956; Pugh, 1976; Mostofi and Price,1973; Teilum,
1976; Damjanov etal.,1983; Hedinger and Dhom, 1991;0o0sterhuis
etal., 1991).

Origin of testicular tumors

Over 90 percent of testicular tumors are of germ cell origin.
This “well-known” fact, taught as a given in all medical schools
worldwide was, however, not intuitively obvious to our predeces-
sors, who wrote lengthy dissertations and polemics about the true
origin and histogenesis of these tumors. James Ewing summarized
the state of confusion in his 1911 paper and discussed the seven
most popular theories on the origin testicular teratomas and re-
lated tumors, which we today classify as germ cell tumors. These
theories can be summarized as follows:

Theory of metaplasia
Conceived by Rudolf Virchow, this theory invoked metaplasia

of the germinal cells and the stroma, postulating that the epithelial
components of teratoid tumors are formed through the metaplasia
of germ cells, whereas the stroma originates from the testicular
stromal cells. This dual theory survived apparently only due to the
enormous reputation of its originator origin.

Theory of fetal inclusions

Ewing traces this theory to Saint Donat who was the first to
describe in 1696 a teratoid tumor of the testis, considering it as a
“foetal monstruosity” rather than a tumor. This theory was given
some credence by experimentalist s who have produced teratoid
tumors of the testis in mice by transplanting embryos and embryonic
parts into the testes (Stevens, 1970; Damjanov and Solter, 1974)

Theory of partial hermaphroditism

Ewing credits Waldayer who suggested that the tumor of the
testis are analogous to those in the ovary and that they originate
from oocytes which have been misplaced into the testis during
development.

Theory of fertilization of the polar body

Like the previous theory this one postulates ahomology between
the testis and the ovary, even though it is hard to understand how
could polar bodies (normally formed during meiotic division of
oocytes in the ovary) form in the testis.

Theory of isolated blastomeres
This theory Ewing (1911) credits to Marchand and Bonnet who
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have hypothesized that the tumors originate from the blastomeres
segregated into the testis during embryonic development. Although
it is difficult to envision a selective translocation of blastomeres
into the testis, it is worth mentioning that Stevens (1970) managed
to experimentally produce teratomas and teratocarcinomas from
embryos transplanted into the testes of adult mice. Hence, the
theory of Marchand and Bonnet has been atleast partially validated.

Theory of Wolffian and Mullerian duct origin

According to Ewing (1911) this theory was championed by
Cavazanni. Adenocarcinomas resembling ovarian tumors of ml-
lerian origin have been described in the testis (Young and Scully,
1986), indicating that even this theory could be applied to some
testicular tumors.

Adrenal rest theory

Thistheory is based on the well known presence of adrenal rests
in the scrotum (Dahl and Bahn, 1962). Some adrenal rest tumors
occur inthe testes, but mosttumors are not related to adrenal rests.

The modern view of the histogenesis of testicular tumors can be
traced to the systematic studies of Friedmann and Moore (1946)
performed on testicular neoplasms during the World War Il. That
study established beyond any doubt that over 95% of all testicular
tumors in young men of military age are of germ cell origin. Ex-
perimental data obtained on mice confirmed the theory that germ
cells, namely the primordial germ cells and/or gonocytes, are the
cell of origin of benign and malignant teratomas (Stevens, 1967).
Subsequent discovery of carcinoma in situ (Skakkebaek,1978),
which is currently recognized as the precursor lesion of most
germ cell tumors of the testis, proved beyond any doubt that most
testicular tumors are of germ cell origin.

Classification of testicular germ cell tumors

The firstmodern classification of testicular germ cell tumors was
formulated by Friedmann and Moore (1946), who proposed that
96% of all testicular tumors can be classified into four categories:
Seminoma (germinoma), embryonal carcinoma with the subgroup
of choriocarcinoma, teratoma and teratocarcinoma. This classifica-
tion was refined in a slightly modified form by Dixon and Moore
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Fig. 1. Histogenesis of germ cell tumors (courtesy of G. Barry Pierce).

(1952), who published their classification in the first Armed Forces
Institute of Pathology / American Registry of Pathology (AFIP)
series of tumor atlases. In the AFIP atlas the germ cell tumors
were divided into five groups as follows: I.seminoma, Il. embryonal
carcinoma, lll. teratoma, IV. teratoma with embryonal carcinoma,
choriocarcinoma, carcinoma or sarcoma, and V. choriocarcinoma.

The basic scientific tenet of this classification, as reviewed by
Pierce and Abell (1970), holds that the neoplastic germ cells may
develop into tumors along two pathways (Fig. 1): one involving
abortive spermatogenesis leading to the formation of seminoma;
andthe second representing a caricature of embryonic development
andresultingintumors of totipotent cells, known as embryonal carci-
noma cells. Embryonal carcinoma cells may form tumors composed
exclusively of these cells. However embryonal carcinoma cells
may also differentiate into embryonic and extraembryonic tissues
thus giving rise to complex mixed tumors that contain elements of
teratomas, choricarcinoma or yolk sac carcinoma.

The histogenetic classification of Dixon and Moore (1952) had
some deficiencies but to a great extent it has been supported by
experimental data in mice (Pierce and Abell, 1970).Nevertheless, it
was considered to be too complex and was notreceived favorably by
the andrologists and oncologists. Accordingly, the experts of World
Health Organization (WHO) were charged to simplify and modify
it. The team of WHO experts, led by Mostofi and Serov, proposed
a morphologic classification in which they divide testicular germ
cell tumors into two main categories: tumors composed of a single
cell type and those composed of more than one cell type (Mostofi
and Sobin 1977). At the same time a competing classification was
proposed by the Testicular Tumour Panel and Registry of Great
Britain (TTPR) (Pugh 1976). According to the TTPR classifica-
tion the germ cell tumors were to be divided into three groups:
Seminoma (comprising classical seminoma and spermatocytic
seminoma), teratoma, and a mixed seminoma-teratoma group.
The teratoma group comprised several subcategories, including
teratoma differentiated (TD), malignantteratomaintermediate (MTI),
malignant teratoma undifferentiated (MTU), malignant teratoma
trophoblastic (MTT).

The current WHO classification of testicular germ cell tumors
has basically retained the morphologic approach advocated by the
experts of the 1977 classification (Eble et al.,2004). To facilitate
comparison and avoid confusion, the WHO manual (Eble et al.,
2004) provides the synonyms for various tumors and also refers
to the TTRP classification, which is still used in parts of the world.

In clinical praxis in the USA it has become customary to divide
the common germ cell tumors of adult testes into two main groups:
seminoma and nonseminomatous germ cell tumor (NSGCT)(Fig.
2). The group of NSGCT includes embryonal carcinoma, with or
without teratomatous elements, yolk sac carcinoma, and chorio-
carcinoma. It is of note that the term teratocarcinoma, denoting a
malignant teratoma containing embryonal carcinoma cells as its
malignant stem cells has been deleted from the official classifica-
tions and is today rarely used in human pathology. Nevertheless,
it remains widely used in animal pathology and experimental
laboratories (Solter, 2006).

Experimental testicular germ cell tumors

The systematic study of testicular tumors in mice began with the
discovery of spontaneous testicular tumors in 129 mice(Stevens



Fig. 2.Testicular germ cell tumors. (A) The seminoma has a uniform, slightly lobulated grayish-
yellow appearance on cross section. (B) It is composed of a single cell type. Tumor cells have a
clear cytoplasm, large nuclei with prominent nucleoli, and a well defined cellmembranes. Groups
of cells are surrounded by fibrous septa infiltrated with lymphocytes. (C) The non-seminomatous
germ cell tumor (NSGCT) appears on cross section as a partially microcystic and micronodular
tumor. (D) NSGCT is histologically composed of several cell types. The malignant stem cells of
NSGCTs are called embryonal carcinoma cells (arrows).

and Little, 1954). Approximately 1% of all strain 129 mice males
developed teratomas, some of which turned out to be malignant
and were classified as teratocarcinomas. Stevens discovered
that he could increase the genetic predisposition of his mice by
introducing certain genes into the original strain and developed
a subline 129/ter Sv mice, which had an incidence of testicular
teratomas of over 30% (Stevens, 1974). Stevens also discovered
that he could produce experimentally teratomas from fetal gonadal
ridges transplanted into the testis of adult mice (Stevens, 1967).
Teratocarcinomas of 129 mice could be transplanted into other
syngeneic animals and if injected into the abdominal cavity could
produce an ascites form of the tumor (Pierce,1967). Fromthe ascites
form of retransplantable teratocarcinoma one could isolate single
embryonal carcinoma cells (ECC) and that finally led to the in vitro
culture of these cells (Kahan and Ephrussi, 1970). The work of
Stevens and Pierce clearly demonstrated that the malignant stem
cells of murine teratocarcinomas are developmentally pluripotent
and can differentiate into various mature somatic tissues. Ultimately,
it has been shown that the ECC can be injected into the mouse
blastocyst whereupon they lost their malignancy, assumed the
features of normal embryonic cells, and were incorporated into
chimeric mice (Brinster, 1973).

Experimental studies of testicular germ cell tumors in mice were
expanded in the 1970 to include other tumor models, most notably
embryo-derived teratomas and teratocarcinoma as reviewed by
Damjanov and Solter (1974). Fromthese studies itbecame apparent
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that embryonal carcinoma cells, the malignant
stem cells of testicular teratocarcinomas, have
many features incommon with normal embryonic
cells from early stages of murine development. It
has been also shown that normal embryonic cells
may transform into embryonal carcinoma cells,
and that the malignant embryonal carcinoma
cells can lose their malignancy and assume a
normal phenotype in the proper embryonic en-
vironment (like the blastocyst) which can control
their malignancy (Solter, 2006). Ultimately, all
these lines of research converged and led to the
development of murine embryonic stem cells,
chimeric and transgenic mice (Solter, 2006).

Experimental germ celltumors have taughtus
a lot about normal development and neoplasia
(Damjanov, 1993). What is however even more
important, experimental equivalents of sponta-
neous testicular germ cell tumors opened new
vistas and ways to study normal as wellabnormal
biology, health and diseases at the same time.
It was hard to believe that the study of testicular
germ cells tumors will ultimately revolutionize not
only our concepts of cancer and developmental
biology but also usher new approaches to ex-
perimental biology involving gene manipulations
and genetic engineering. Nevertheless, to the
surprise of even the most enthusiastic propo-
nents, the road from teratocarcinoma to human
embryonic stem cells was covered through its
entire length over arelatively short period of less
than 50 years during the second half of the 20th
century, as recounted at the recent symposium
in Cardiff in 2011 (Barbaric and Harrison, 2012).
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