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The origin of teratomas has been a matter of dispute for nearlx- a
century. According to one theory, these tumors arise from germ cells, as
indicated by the fact that thev are most often located in the gonads. The
other theory asserts that they originate from multipotential embrxonic
nests that are displaced during ontogeny. Recent experimental data in-
dicate that teratomas could arise from both germ and embryonic cells,
thus unifying the two seemingly disparate theories of the histogenesis of
teratomas. The %vork on spontaneous and experimental teratoma has been
extensixelv reviex ed.1-5 and the reader is referred to these publications.

Biokogc Featres

Although spontaneous teratomas are relatix ely rare in animals, twXo
inbred strains of mice are well knox-n for a high incidence of testicular or
ovarian teratomas. Most of these spontaneous tumors have a self-limited
growth and are thus clinically- equi-alent to human benign teratomas. A
small percentage of spontaneous tumors are retransplantable and or grow
progressively. and these are equivalent to human teratocarcinomas.

Experimental teratomas or teratocarcinomas can be readily produced in
most (if not all) inbred strains of laboratorx mice bx- transplanting pre-
somitic embryos to extrauterine sites. The testis and the subcapsular space
betwxeen the kidney- capsule and parenchyma are favorable sites for the
grox-th of embryos and have been used extensixely for grafting. Tera-
tomas (sx non\-m. "embr-omas") can be produced from transplants of

Publication sponsored b\ the Registry of Comparati%e Pathologs of the Xrmed Forces Inistitute of
Pathologx and supported b% Public Health Service Grant RR 00:301 from the Dixison (of Research
Resources. L S Department of Health. Education and Welfare. unider the auispic-es (f tLnisersities
Xssociated for Research and Education in Pathologs. Inc

241



242 DAMJANOV AND SOLTER American Journal
of Pathology

Fiure 1-Mice with embryo-
derived teratoma (T) and ter-
atocarcinoma (TC); note the
difference in size of tumors.
Teratocarcinoma is accom-
panied by splenomegally.

I
embryos ranging in developmental age from zygotes and twvo-celled eggs
to preterm viable fetuses. Teratomas are composed of somatic tissues and
have a limited growth rate comparable to that of the host's tissues.

Teratocarcinomas can be obtained only from presomitic embryos, i.e.,
clea-ing eggs or egg-cylinders -ith tw^o to three germ layers. Approxi-
mately 30%- of egg-cylinder isografts in C3H, A, CBA, and some other
mouse strains wvill give rise to teratocarcinomas, most of which (if not all)
are retransplantable. Transplanted egg-cylinders of some other mouse
strains (C57BI) rarely give rise to teratocarcinomas, and retransplantable
tumor lines wvere not established in these. Teratocarcinomas cannot be
produced from grafted embryos in Fisher rats.
The capacity of mouse egg-cylinder cells to forn teratocarcinomas is

apparentlx lost during the eighth day of pregnancy, as it has not been
possible to obtain malignant teratocarcinomas from any grafted post-
gastrulation embryo, 8 days old or older, in any strain of mice tested so far.

Embryo-derived teratocarcinomas are morphologically indistinguish-
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able from spontaneous testicular or ovarian ones. They are composed
of various haphazardly arranged somatic tissues but also contain
foci of embryonal carcinoma which are the stem cells of the tumor.
Embrvonal carcinoma cells are undifferentiated embrvonic cells with a
capacity to proliferate and/or differentiate into somatic tissues. It is
noteworthy that these cells displav a substantial alkaline phosphatase
activity. Most stem cells in teratocarcinomas are pluripotential and can
differentiate into various somatic tissues. They usually retain their multi-
potentiality upon retransplantation and cultivation in vitro. In some in-
stances embr onal carcinoma cells lose their pluripotency during sequen-
tial retransplantation and subsequently give rise to only one type of
somatic tissue, most frequently, neuroectodermal derivatives.

Embryo-derived teratocarcinomas are usually rapidly growing tumors.
Two months after the egg-cylinder is transplanted under the kidney
capsule, the tumor can be as large as 5 to 6 cm in diameter and can weigh
up to 15 g. Although the tumor penetrates into the kidney and adheres to

Fue 2-Teratocarcinoma composed of various somatic tissues and foci of undifereniated
embryonic stem cells (arrows) (H&E, x 80).
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surrounding organs and the abdominal muscles, it usually does not me-
tastasize: instead it causes the demise of the host through emaciatioin.

It has been show-n biochemically that teratocarcinomas produce a-
fetoprotein. xvhile teratomas do not. Histochemically, it has been possible
to identify the entodermal structures in the tumor as the origin of the fetal
protein.

Comparison With Human Tunors

Teratomas and teratocarcinomas derived from mouse embryos grafted
to extrauterine sites are fairly good replicas of equivalent human tumors.
The spectrum of tissues found both in murine as wvell as in the human
tumors is comparable. Tumors in both species produce a-fetoprotein andl
their stem cells contain alkaline phosphatase. Ultrastructurally, the stem
cells of embryo-derived teratocarcinoma in mice are indistinguishable
from stem cells in human tumors or from embryonal carcinoma cells.

In man. teratocarcinomas frequently contain admixtures of yolk sac
carciinomas. choriocarcinomas. or d-sgerminoma. In mouse, only yolk sac
carcinoma ,was observed, and this was morphologically quite distinct from
the human yolk sac carcinoma.

Usefulness of This Modl
Since this model resembles the human tumor to a considerable extent, it

offers an opportunity to determine experimentally factors involved in the
development of human teratomas or teratocarcinomas. There are in-
dications that, in the mouse, the tumor outgrowth from the grafted
embryo depends on the immunologic interaction of embryonic cells with
the adult host. Nothing is kno-n about the interaction of teratomas aIld
their host in humans. In addition, teratocarcinomas are most useful mod-
els to study the relationship betwveen differentiation and proliferation.
both of embryonic and tumor cells.
Avaiabt

Teratomas and teratocarcinomas can be produced easily in most inbred
mouse strains.
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