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SUMMARY Embryonic in situ development is strictly regulated within the
specific microenvironment of developing tissues. However, for regenerative
medicine purposes (supplementation of damaged tissues/organs),
transplantation to ectopic sites has been considered. To investigate
developmental potential of fetal epiglottic epithelia at an ectopic site, fetal
epiglottis was transplanted under the kidney capsule and its development
compared to fetal and adult epiglottis. Seventeen-day-old Fischer rat
epiglottides were microsurgically isolated under a dissecting microscope
and transplanted under the kidney capsule of adult males. After 14 days,
classic histology and immunohistochemical detection of the Proliferating
Cell Nuclear Antigen (PCNA) were done in isolated and accordingly
fixed transplants. The 17-day-old fetal epiglottis and adult epiglottis
were processed in the same way. The 17-day-old fetal epiglottides
were covered with immature epithelium expressing PCNA in almost all
cells. Adult epiglottis was covered with two types of epithelia (stratified
squamous epithelium and ciliated pseudostratified epithelium). In the
stratified squamous epithelium PCNA was abundantly expressed in the
basal cell layer and absent from more superficial and more differentiated
cells. Transplants survived well during the experimental period. On their
surface ciliated pseudostratified epithelium could be easily recognized, but
squamous epithelium was almost absent. PCNA was expressed in basal
cells of the ciliated pseudostratified epithelium and was absent from the
more differentiated superficial cells. It seems that at this ectopic site further
differentiation of the epiglottic epithelia can proceed but differentiation of
squamous epithelium seems not to be favored. It seems that this ectopic
site is optimal for further differentiation of the epiglottic epithelium towards
ciliated pseudostratified epithelium.
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INTRODUCTION
For regenerative medicine purposes (supple- sidered or already used (1). Regenerative medi-
mentation of damaged tissues/organs), a variety cine also deals with immature organisms as a
of different cells and organs have been either con- source for material used in therapy (2). Because
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embryonic in situ development is strictly regulated
within the specific microenvironment of develop-
ing tissues, it is important to fully understand the
developmental potential of undifferentiated tissues
to avoid all kinds of possible side effects at the site
of transplantation (3-5).

Adult epiglottis has already been used for au-
tologous transplantation to reconstruct the eyelid
(6), and it has been shown that mammalian fetal
epiglottis can survive for 14 days in ectopic trans-
plants preserving its typical shape (7).

To investigate the development of fetal epiglot-
tic epithelia at an ectopic site in the adult, fetal epi-
glottis was transplanted under the kidney capsule
and after a period of two weeks compared with the
epithelia from the initially isolated fetal epiglottis
and adult epiglottis.

MATERIAL AND METHODS

Concerning ethical issues, animal experiments
were done accordingly to Croatian legislation.
Fischer rats were mated overnight and embryos
were designated as 0-day-old in the morning find-
ing of the sperm in vaginal smear. Microsurgical
isolation of epiglottis from 17-day-old fetus was
performed under a dissecting microscope by fine
watchmaker’s forceps, Graefe’s knives and tung-
sten needles.

Figure 1. 17-day-old fetal epiglottis in a transplant.
KC = kidney capsule; K = kidney; E = epiglottis;
— ciliated psudostratified epithelium with goblet
cells. (Masson trichrome, X40)

Adult Fischer males were anesthetized and
the skin and muscle cut to approach the kidney.
A small “pocket” was made under the kidney cap-
sule to place the transplant, where it was left for 14
days. Transplants were fixed in St Marie’s solution
(1% acetic acid in 96% ethanol, +4 °C), dehydrat-
ed and embedded in paraffin. Uninterrupted serial
sections (5 um) or semi-thin sections (1 um) were
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used for histological analysis and stained by HE,
Masson trichrome stain, Verhoeff's iron hematoxy-
lin or toluidine blue.

Figure 2. 17-day-old fetal epiglottis in a transplant.
Cross-section; — ciliated psudostratified epitheli-
um with goblet cells. (Toluidine blue, X100)

For immunohistochemical analysis, mild fixation
during 24 hours with St Marie’s solution (1% acetic
acid in 96% ethanol, +4 °C) was used. Explants
were dehydrated and embedded in paraffin at
56 °C. Serial sections (5 um) were put on silanized
slides (S3003; DAKO, Glostrup, Denmark) and air-
dried for 24 hours at room temperature. Sections
were deparaffinized in xylene (2x5 min), treated
with absolute ethanol and 96% ethanol (2x3 min)
and H,0O (30 seconds). Sections were placed in re-
trieval solution (S2031, DAKO) in a plastic covered
jar, heated in a microwave oven for 5 minutes at
700 W and cooled in the buffer for 1 minute at room
temperature. This procedure was repeated three
times. Finally, sections were cooled for 30 minutes
and transferred to PBS for 5 minutes. Monoclo-
nal mouse anti-Proliferating Cell Nuclear Antigen

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)
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Figure 4. 17-day-old fetal epiglottis in a transplant.
— Proliferating Cell Nuclear Antigen (PCNA).
(DAB, X200)

(PCNA), Clone PC 10 (M0879, DAKO), was di-
luted to 1:100. Negative controls were treated with
an unspecific antibody (DAKO, V1617). Primary
antibodies were labeled with a modified biotinyl-
ated anti-mouse immunoglobulin. The Peroxidase
Block was applied for 5 minutes and biotin labeled
primary antibodies for 15 minutes. Streptavidin-
peroxidase complex was applied for 15 minutes,
followed by DAB or Fast Red and chromogen sub-
strate complex for visualization of primary anti-
bodies (DAKO Animal Research kit, peroxidase K
3954). Hematoxylin counterstaining and mounting
in 50% glycerol:PBS (1:1) was done.

RESULTS

Twenty two 17-day-old fetal epiglottides were
transplanted under the kidney capsule. After 14
days under the kidney capsule, all transplants sur-
vived and retained their shape (Fig. 1). On both
oral and laryngeal surface, ciliated pseudostrati-
fied epithelium could be easily recognized (Figs.
1, 2 and 3). However, squamous epithelium was
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Figure 5. 17-day-old fetal epiglottis. — Prolifer-
ating Cell Nuclear Antigen (PCNA). (Fast Red,
X200)
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almost absent. PCNA was expressed in basal
cells of the ciliated pseudostratified epithelium and
was absent from the more superficial cells (Fig. 4).
In the 17-day-old fetal epiglottis, epithelium was
immature pseudostratified without cilia and goblet
cells. PCNA was expressed in almost all cells (Fig.
5). In the adult epiglottis, stratified squamous epi-
thelium covered the oral and laryngeal surface of
the epiglottis and ciliated pseudostratified epithe-
lium was only present at the basis of the laryngeal
surface. PCNA was expressed in the cells of the
basal layer (Fig. 6).
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Figure 6. Adult epiglottis. — Proliferating Cell Nu-
clear Antigen (PCNA). (DAB, X400)

DISCUSSION

Our results first showed that fetal rat epiglottis
survived well for 14 days under the kidney cap-
sule, which was in concordance with our previous
results (3) and once again showed that the ecto-
pic subcapsular kidney space was a well chosen
ectopic site for the experiments dealing with the
investigation of developmental potential of various
immature tissues and organs (8,9).

So far, epiglottis was investigated mainly con-
sidering the development of the supportive tissue
(10,11) and little is known about the morphology
and distribution of epithelia in mammalian fetal
epiglottis. It is known that during the organogeny
of the respiratory system in the mouse epiglottis
swellings first appears at 11.5 days of the develop-
ment. At 13 days, the epiglottis grows separately
from the lower larynx. By day 16 epiglottis projects
into the nasopharyngeal meatus and by day 17 it
remains as a nasopharyngeal duct. At day 19, just
before birth, the mouse epiglottis is covered by the
soft palate, the nares are open, so the air passage
to the lung is now complete and the lungs can be-
come inflated with air (12). Epiglottis is probably
about to close the entrance to the respiratory sys-
tem, which is its main role in the adult. In adult
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mammals, stratified squamous epithelium covers
the oral and laryngeal surface of the epiglottis and
ciliated pseudostratified epithelium is only present
at the basis of the laryngeal surface (13), which is
in concordance with our findings on the adult rat
epiglottis.

The stage of development of the 17-day-old
rat fetal epiglottis, used in this study, can be com-
pared to the 15-day mouse developmental stage
(12). This was the earliest stage to easily isolate it
and use it for transplantation. In the 17-day-old rat
fetal epiglottis extensive proliferation shown by the
wide expression of the proliferating marker PCNA
was expected in the morphologically undifferenti-
ated epithelium found. It is known that prolifera-
tion is restricted to actively cycling compartments
of the tissues and is absent from the terminally dif-
ferentiated cells (8,14).

In two-week old transplants of the 17-day-old
fetal epiglottis ciliated pseudostratified epithelium
with nuclear proliferation marker expressed only
in basal cells was found, which is in concordance
with the above mentioned tissue distribution of
PCNA.

In the human embryo (7-week-old) it seems
that epiglottis is covered by a two-layered epitheli-
um and at birth ciliated pseudostratified epithelium
is dominating over the stratified squamous epithe-
lium (our unpublished results). The reason for this
could be the lack of airflow, which should stimu-
late change to stratified squamous epithelium. It
is possible that in the subcapsular kidney space of
the adult rat, the lack of airflow is responsible for
the predominance of the ciliated pseudostratified
epithelium too.

CONCLUSIONS

We can conclude that our experimental system
under the kidney capsule was sufficient for the de-
velopment of the ciliated pseudostratified epithe-
lium from the immature fetal epithelium. However,
it was not optimal for differentiation of the stratified
squamous epithelium, which is covering the major
part of adult epiglottis.
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Learn how to sunbathe properly! Before sunbathing use Nivea cream or Nivea oil; year 1935.
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