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SUMMARY Investigation of developmental potential of various 
embryonal tissues is important for design of new approaches to 
regenerative medicine aimed at supplementing tissues damaged by 
trauma or disease. Rodent embryos have been extensively used in 
experiments designed for investigation of developmental potential to 
give rise to various types of epithelia such as superficial epithelia, 
neuroepithelium and sometimes even malignantly transformed 
epithelium in teratoma-like structures. These experiments have been 
done in vitro, in transplants in vivo and by combined in vitro-in vivo 
methods. 
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INTRODUCTION
Considering that there is a shortage of organ 

donors, the aim of tissue engineering is to develop 
substitutes for the replacement of wounded or dis-
eased tissues. For the production of such substi-
tutes, it is essential to control the culture condi-
tions and histological organization and functional-
ity of reconstructed tissues which must approach 
those of native organs. It is important to preserve 
stem cells during in vitro expansion and control 
cell differentiation as well as tissue organization 
to ensure quality and functionality of tissue-engi-
neered organs such as skin (1).  

Experimental teratomas grown in vitro

An original method appropriate also for inves-
tigation of development of different kinds of epi-
thelia has been established at Department of Biol-
ogy, School of Medicine, University of Zagreb, and 
used extensively in basic research for several de-
cades. Rodent embryos are explanted at the time 
of gastrulation and grown at the air-liquid interface 
in vitro for two weeks. During this period, germ-
layers (ectoderm, mesoderm and endoderm) are 
able to give rise to various tissues in a teratoma-
like structure (2). 
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Figure 3. 17-day-old fetal epiglottis in a transplant. 
E = epiglottis; cilia of the psudostratified epithelium 
with goblet cells; KC = kidney capsule. (Verhoeff’s 
iron hematoxylin, X100)

Epithelia that develop in a disorganized mix-
ture of tissues are epidermis (Fig. 1), gut epithe-
lium, respiratory epithelium and neuroectoderm. It 
has been found that epidermis is a tissue most fre-
quently found even without the usual serum-sup-
plementation to the simple chemically defined me-
dium during the first or second week only or during 
two weeks (3). This means that differentiation of the 
epidermis is a process independent of the addition 
of classic polypeptide growth factors. The addition 
of retinoic acid to such a defined medium without 
any protein supplements leads to suppression of 
this differentiation and an endoderm-like gut epi-
thelium is found in almost all explants instead (4). 
On the other hand, gut epithelium is more prone to 
respond to the lack of growth factors. Cultivation 
of embryos in a simple defined medium without 
proteins impairs columnar gut epithelium differen-
tiation in a two-week serum-free culture in such a 
deficient medium. In this system differentiation of 
ectodermal derivatives such as neuroblasts is se-
verely impaired (3). However, transferrin applied 
to the serum-free medium induced differentiation 
of neural tissue and even transdifferentiation of 
the neural epithelium to the typical cells of ocular 
lens elongated in lens fibers (Fig. 2) (5,6). 

In a similar in vitro culture system, epithelium 
such as the undifferentiated neural retina was able 
to survive and differentiate further on its typical 
photoreceptors to full extent (7-9).

Experimental teratomas grown in vivo
Rodent embryos or their parts are able to give 

rise to various epithelia after in vivo transplanta-
tion under the kidney capsule. In such a nutrition-
ally rich microenvironment, epidermis has usually 
differentiated together with its appendages (hair 
and skin glands) (Fig. 3). The pseudostratified 

ciliated columnar epithelium with goblet cells is 
usually associated with the hyaline cartilage as in 
the respiratory tube in situ, and epithelium of the 
digestive tract is surrounded by smooth muscle 
cells (10,11). In the mouse, pluripotent embryonal 
carcinoma (EC) cells can be found in experimen-
tal teratomas, meaning that the differentiation of 
all ectodermal cells was not completed. These tu-
mors are called teratocarcinomas and are malig-
nant although differentiated epithelia can also be 
found (12). Transplantation of the rat fetal epiglot-
tis revealed that the immature epithelium differen-
tiates mainly towards ciliated pseudostratified epi-
thelium with goblet cells and stratified squamous 
epithelium is hardly differentiating at all, which 
leads to a conclusion that epiglottal epithelia can-
not reach the ratio found in the adult (dominance 
of stratified squamous epithelium) (13).

In some experiments rat fetal eyeballs were 
lensectomized and transplanted under the kidney 
capsule of adult rats for 5 to 66 days. Transdiffer-
entiation of the neuroepithelium to the lens cells 

Figure 1. Stratified squamous epithelium in an 
embryo cultivated in vitro. (HE, X500)

Figure 2. Lens fibers in an explant cultivated with 
50 µg/mL transferrin. B=brain-like tissue, LF=lens 
fibers, RE=retinal epithelium. (HE, X570)

Figure 3. Differentiation of epidermis and skin ap-
pendages in a transplant under the kidney cap-
sule. (HE, X300)
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was detected and documented (Fig. 4) in these 
experiments (14-16).

Experimental teratomas in vivo derived 
from in vitro cultivated embryos

A series of experiments was done with subse-
quent transplantation of in vitro cultivated gastru-
lating embryos. It was discovered that regardless 
of the medium used in vitro and even after spend-
ing two-weeks in the simple protein-free medium, 
the embryos retained the developmental potential 
for differentiation of skin and its appendages (hair 
and sebaceous glands). On the other hand, these 
experiments revealed that the restriction of differ-
entiation discovered in simple defined media with-
out proteins was similar for the neuroectodermal 
derivatives. Although brain-like tissue had differ-
entiated well, its incidence was significantly lower 
than in controls cultivated with serum or transfer-
rin. This was also true for neural crest derivatives 
because the differentiation of peripheral ganglia 
was impaired in transplants precultivated in a pro-
tein-free medium (17-19). This all means that su-
perficial epithelia seem to be more independent 

in their development than neural ectodermal and 
neural crest derivatives.

CONCLUSION
In experimental embryonic teratomas it is pos-

sible to investigate the development of epithelia of 
different kinds. In the defined in vitro system the 
main types of epithelia differentiate readily and 
are easily recognized. Extraneously added sub-
stances (e.g., proteins, RA) are able to exert their 
specific influence upon development, to modulate 
or even drastically change the course of differen-
tiation, as in case of RA. Although differentiation 
is richer in the in vivo environment because or-
ganotypic structures are developing and epithelia 
are found in relationships typical for the adult or-
ganism (e.g., epidermis with its appendages), the 
sensitivity of neuroectodermal derivatives to the in 
vitro manipulation remains obvious in transplants.
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