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1. ABSTRACT 
 

Fetal rat epiglottis and its developmental potential 
in ectopic transplants under the influence of the epigenetic 
drug was investigated. Epiglottises from 17-days-old rat 
embryos were transplanted under kidney capsules of adult 
rats for 14 days. 5-azacytidine (5mg/kg) was injected 
intraperitoneally during first three days and controls were 
sham treated. TEM, immunohistochemical detection and 
quantitative stereological analysis of the Proliferating Cell 
Nuclear Antigen (PCNA) expression (numerical density 
Nv) were performed. Typical chondroblasts with long 
surface processes and sparse lipid droplets were found in 
fetal epiglottis and chondrocytes with shorter processes, 
numerous lipid droplets and elastic fibers in adult. PCNA 
was expressed in almost all cells of the fetal epiglottis 
while in the adult it was expressed in minority of cells. In 
transplants, differentiation progressed towards the 
differentiation found in the adult. Application of 5-
azacytidine increased the capacity for proliferation (Nv 

PCNA) in comparison to controls but no difference in 
differentiation was observed. Data about the developmental 
potential and induction of proliferation in mammalian 
epiglottis by epigenetic modulation is of importance for 
regenerative medicine. 

 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Almost two decades ago, human epiglottis was 
used as an autologous composite graft in eyelid 
reconstruction (1) and agenesis of the epiglottis was 
described in the adult without the history of dysphagia, 
stridor and respiratory infections (2).  

 
Data about structure and development of 

epiglottis are scarce and mostly limited to the adult human 
(2,3), adult rat (4,5) and fetal and adult cat (6). Epiglottic 
cartilage of the adult is covered by mucosa consisting of 
epithelium and lamina propria with blood vessels, lymph 
vessels and tubuloacinar glands. At its oral surface and the 
majority of laryngeal surface epiglottis is covered by 
stratified squamous epithelium and at the bottom of the 
laryngeal surface with ciliated pseudostratified epithelium. 
Interestingly, before and at birth ciliated pseudostratified 
epithelium dominates over the stratified squamous 
epithelium in humans (7). In transplants of embryonic rat 
epiglottis growing under the kidney capsule epithelial 
differentiation was restricted to ciliated pseudostratified 
epithelium. Therefore it seems that the contact with air is 
necessary for differentiation of the stratified squamous 
epithelium (8). 
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The purpose of this study was to investigate the 
morphology and ultrastructure of rat embryonic epiglottal 
cartilage and its potential for the development of the elastic 
cartilage in ectopic in vivo transplants under the kidney 
capsule (9). Additionally, the epigenetic drug and DNA 
demethylating agent 5-azacytidine (5-azaC) known to 
change various developmental parameters through changes 
of gene expression was applied (10,11) in order to improve 
development of the epiglottis in transplants. Our studies are 
important for strategies considered in regenerative 
medicine (12,13).  
 
3. MATERIALS AND METHODS 
 
3.1. Animals 

All animal experiments in this study were done 
with the permission of the Ethical Committee of the School 
of Medicine University of Zagreb. 
 
3.2. Isolation and transplantation of epiglottises  
 Fisher strain rats were mated overnight and the 
finding of the sperm in the vaginal smear designated the 
day 0 of pregnancy. Females were killed in ether and 17-
days-old fetuses were isolated. Epiglottises from fetuses or 
adult animals (three months old) were isolated under the 
dissecting microscope using two pairs of watchmaker’s 
forceps and tungsten needles and rinsed in Phosphate 
Buffered Saline (PBS). 
 
 Fetal epiglottises were transplanted to an ectopic 
site in adult male Fisher rats. Rats were anaesthetized and 
kidney was approached through a paravertebral incision 
through skin and muscle. A small pocket was formed under 
the kidney capsule to place the explant.  The wound was 
closed by 16 mm Michel’s clumps. Transplants were grown 
in vivo for 14 days. 5-azacytidine (50mg/kg) was dissolved 
in PBS and applied by an i.p. injection for three 
consecutive days (13 animals) while sham controls (22 
animals) were treated by PBS, only.   
 
3.3. Histology 

15 epiglottal explants and 35 transplants were 
fixed by St. Marie solution (1% acetic acid in 96% ethanol, 
+40C), embedded in paraffin, processed for routine 
histology and stained by haematoxylin-eosin, resorcin-
fuxin, Verhoeff’s iron haematoxylin or toluidine blue.   
 
3.4. Immunohistochemistry 
  For immunohistochemical analysis mild 
fixation during 24 hours with St Marie's solution was used. 
Explants were dehydrated and embedded in paraffin at 560 

C. Serial sections (5 µm) were put on silanized slides 
(S3003; DAKO, Glostrup, Denmark) and air-dried for 24 
hours at room temperature. Sections were deparaffinized in 
xylene (2x 5 min), treated with absolute ethanol and 96% 
ethanol (2x 3min) and H2O (30 seconds).  
 

Monoclonal Mouse Anti-Proliferating Cell 
Nuclear Antigen (PCNA), Clone PC 10, (DAKO, M0879), 
was diluted to 1:100 and applied for one hour. Negative 
controls were treated with an unspecific antibody (No. V 
1617 mouse IgG1, DAKO). Labeled streptavidin-biotin kit 

(DAKO LSAB® 2 Kit, HRP) for usage on rat tissue was 
used according to manufacturer’s instructions. Sections 
were briefly counterstained with hematoxylin, washed first 
with distilled water, then for 20 min in tap water and again 
for 3 min in distilled water, and covered with 50% glycerol 
in PBS. 
 
3.5. Transmission electron microscopy 
 For analysis by transmission electron microscopy, 
isolated transplants were immediately transferred from 
culture to 4% glutaraldehyde fixative where they were kept 
for two hours and then postfixed in 1% OsO4 during two 
hours. They were washed three times for 10 min in 0,1M 
phosphate buffer, dehydrated in ascending concentrations 
of ethanol and finally transferred to ethanol and acetone (1: 
1) for 30 min and 100% acetone for 30 minutes. They were 
kept in Durcopan (Balzers, Lichtenstein) diluted in acetone 
(1: 1) for two hours, embedded in Durcopan and kept at 560 

C for 3 days. Serial semi-thin sections (0.9µm) were cut 
and stained with 1% toluidine blue.  Ultrathin sections (70 
nm) tissue were made, mounted on copper grids and 
contrasted with lead citrate and uranyl acetate. A Zeiss 
902A transmission microscope was used for ultrastructural 
analysis (Centre for Electron Microscopy, Medical Faculty 
University of Zagreb). 
 
3.6. Stereology 

Randomly selected paraffin blocks were used for 
stereological analysis of PCNA-positive cells as described 
previously (11). Five consecutive sections were taken in a 
random fashion from each series. Quantitative stereological 
analysis of numerical density (Nv) was performed by 
Nikon Alphaphot binocular light microscope (Nikon, 
Vienna, Austria) using Weibel’s multipurpose test system 
with 42 points (M 42) at magnification of 400x. The area 
tested (At) was 0.0837 mm2. For each investigated group 
the orientation/pilot stereological measurement was carried 
out in order to define the number of fields to be tested. The 
numerical density of PCNA-positive cells was determined 
by the point counting method. Numerical density (Nv) was 
calculated by formula: Nv = N/At x D, where N was the 
number of PCNA-positive cells on tested area. The mean 
tangential diameter (D) was calculated by light microscopy 
at magnification of 400x and for 100 cells was 0.031mm. 
Differences in numerical densities (Nv) of PCNA-positive 
cells in investigated groups were analyzed by Student t-test. 
 
4. RESULTS 
 
 
4.1. Progress in development between fetal and adult rat 
epiglottis in situ 

By light histology it was discovered that the 17-
days–old fetal rat epiglottis consists of an immature 
cartilage covered by the immature epithelium (Figure 1. A, 
B). The proliferation marker PCNA was expressed in 
majority of cells forming the cartilage and epithelium 
(Figure 1. C, D). On the other hand, the adult epiglottis 
consisted of the mature elastic cartilage. One or more 
chondrocytes were situated in a single lacuna and between 
lacunae a dense dark network of elastic fibers was typically 
stained by Verhoeff's iron haematoxylin (Figure 1. E, F). 
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Figure 1. Comparative histology of the 17-days-old rat 
fetal and adult epiglottis. A) Immature fetal cartilage and 
epithelium. Haematoxylin-eosin, x 100. B) Immature fetal 
cartilage (C). Resorcin-fuxin, x 100. C) PCNA expression 
in the immature tissues: epithelium, connective tissue and 
cartilage of the fetal epiglottis. E–epithelium, LP–lamina 
propria, C–immature cartilage. DAB, counterstained with 
haematoxylin, x 200. D) PCNA expression in fetal 
chondroblasts (arrows). DAB, counterstained with 
haematoxylin, x 200. E) Adult epiglottis. C–elastic 
cartilage, stratified squamous epithelium (arrow), LP–
lamina propria. Haematoxylin-eosin, x 40. F) Adult 
epiglottis composed of the elastic cartilage with typical 
elastic fibers in the perichondrium (arrows) and in the 
lamina propria (arrowheads). Resorcin-fuxin, x 100. G) 
Adult epiglottis. EC–elastic cartilage, chondrocytes in 
lacunae (arrow), elastic fibers in the perichondrium (double 
arrows) and in the lamina propria (arrowheads). Verhoeff's 
iron haematoxylin, x 100. H) PCNA expression in basal 
cells of the stratified squamous epithelium (arrows) of the 
adult epiglottis. DAB, counterstained with haematoxylin, x 
100. 
 

Expression of the cell proliferation marker PCNA 
was detected in only several chondrocytes and in the basal 
cell layer of the surface epithelium (Figure 1G, H).  

 
TEM analysis at the ultrastuctural level revealed 

more precisely that 17-days –old rat epiglottal cartilage 
really consisted only of chondroblasts. They were scattered 
through future cartilage (Figure 2. A). At their surface long 
cytoplasmic processes typical for immature cells were 
present. Within the cytoplasm abundant rough cytoplasmic 

reticulum with numerous ribosomes, numerous Golgi 
apparatuses and mitochondria typical for metabolically 
very active immature cells were also present. Lipid droplets 
were present only sporadically (Figure 2. B, C, D). In the 
adult elastic cartilage of the rat chondrocytes typically lying 
in lacunae surrounded by a territorial ring were observed. 
The cells were either solitary or nests of several cells were 
found (Figure 3. A). Cytoplasmic processes at the surface 
of mature chondrocytes were shorter than in chondroblasts 
and in intercellular space elastic fibers forming wide 
coherent bands or smaller separated clumps were present  
(Figure 3. B). Numerous lipid droplets characteristic for the 
adult elastic cartilage of the rat epiglottis were present 
surrounded by densely packed parallel filaments (Figure 3. 
C).   
 
4.2. Maturation of fetal epiglottis in transplants 

To analyze the impact of 5-azacytidine on 
developmental potential of the rat fetal epiglottal cartilage 
17-days old epiglottises were transplanted under the kidney 
capsule and animals were treated by 5-azacytidine 
immediately and for two more consecutive days (50µg/kg) 
together with sham treated controls.  

 
Classical histological analysis by light 

microscopy revealed that in transplants cartilage developed 
further, was enveloped in perichondrium while whole 
epiglottis was covered by mucosa. Differentiated 
chondrocytes were situated within lacunae and the 
perichondrium surrounded the epiglottal cartilage (Figure 
4). No difference between cartilage in transplants treated by 
5-azaC or controls could be found upon classical 
histological examination. However, a higher degree of 
cartilage differentiation was discovered in transplants than 
in initial explants of 17-days-old fetal epiglottises which 
contained an immature cartilage without a perichondrium 
(Figure 2).      

 
At the ultrastructural level again no differences 

were observed between 5-azaC-treated and controls. TEM 
analysis discovered differentiated chondrocytes with 
several lipid droplets in the cytoplasm (Figure 5. A) and 
numerous short processes on the cell surface (Figure 5 A, 
B; Figure 6. A, B, C). In chondrocytes rough endoplasmic 
reticulum was abundant and pinocytotic vesicles were 
present (Figure 6. D). In the intercellular space small dense 
granules were present. Among numerous fibers, thicker 
branching fibers could be distinguished from thinner fibers 
(Figure 6. E). At higher magnification cytoplasmic lipid 
droplets were seen either being connected with each other 
or separated from each other by thin cytoplasmic septa. The 
rest of the cytoplasm was characterized by cisterns of rough 
endoplasmic reticulum and numerous mitochondria. Thin 
fibers with granules and thick fibers were found within the 
intercellular space (Figure 6.  F). 

 
4.3. 5-azacytidine enhances the expression of the 
Proliferating Cell Nuclear Antigen (PCNA) in 
transplants 
 The marker of proliferating cells (PCNA) was 
expressed in cells of both cartilage and mucosa (epithelium 
and lamina propria) which differentiated in the transplants.
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Figure 2. Ultrastructure of the 17-days-old rat fetal 
epiglottis. A) CHB–chondroblast, cytoplasmic processes 
(arrows). TEM, x 3000. B) Detail of A. A chondroblast. N–
nucleus, MI–mitochondrion, RER–rough endoplasmic 
reticulum, cytoplasmic processes (arrows).TEM, x7000. C) 
A chondroblast. G–Golgi apparatus, MI– mitochondrion, 
RER–rough endoplasmic reticulum, ribosomes (double 
arrow). TEM, x 20 000. D) A chondroblast. Nuclear 
envelope (arrowhead), MI–mitochondrion, RER–rough 
endoplasmic reticulum, ribosomes (double arrow), 
cytoplasmic processus (arrow). TEM, x 7000. 
 
It was present in basally situated nuclei of the 
pseudostratified epithelium with goblet cells and absent 
from nuclei situated closer to the epithelial surface. The 
difference was observed between its expression in sham 
treated controls and transplants treated with 5-
azacytidine (Figure 7) only after stereological 
quantification. Numerical density (Nv) was significantly 
higher (p<0,05) in transplants treated for the first three 
days by 5-azaC (Figure 8).  
 
5. DISCUSSION 
 

In this study histology and ultrastructure of the 
17-days-old embryonic epiglottal cartilage was 
described for the first time in the rat. At this stage of 
development, immaturity of the cartilage was 
represented by ultrastructural features typical for all 
chondroblasts regardless of the nature of their future 
cartilage type (14).  

 
The Nuclear Proliferating Cell Antigen 

(PCNA) is a cofactor for the DNA polymerase and an 
endogenous marker of proliferating cells (15,16). 
Expression of PCNA detected by the 
immunohistochemistry at the single cell level has been 
used in developmental studies to discern between 
cycling cells (e.g. proliferating cells surrounding the 
third brain ventricle) and terminally differentiated cells 
(e.g. ganglionic cells) within a certain tissue type (17). 
Almost ubiquitous presence of the PCNA that has been 
found now in the 17-days-old embryonic epiglottis was 
also typical for immature cells that are still confined to 
the cycling cell tissue compartment.  Keeping in mind 

that the transition to the G0 phase leading to terminal 
differentiation is characterized by the absence of the 
PCNA, its absence can be correlated to the transition of 
chondroblasts to chondrocytes. Indeed, in the adult 
epiglottis, where presence of typical differentiated 
chondrocytes was confirmed by TEM analysis, PCNA 
expression was restricted to a minority of cartilage cells.  

 
During two weeks after transplantation, 

differentiation of embryonic cartilage progressed and 
epiglottal cartilage became enveloped by perichondrium. 
Numerous processuses necessary for metabolic 
exchange across a larger cell surface area with the 
extracellular space were present. This feature is 
important for nutrition of chondrocytes distant from the 
blood vessels contained within the perichondrium. Well 
developed ER found in chondrocytes was typical for 
mature cells secreting tissue-specific proteins. In the cat 
embryonic epiglottis chondrocytes appeared during the 
8th and elastic fibers during the 12th week of 
intrauterine development (6). Multiple lipid droplets 
surrounded by densely packed parallel filaments found 
in transplants are characteristic for adult elastic 
chondrocytes of the rat epiglottis (5) as well as for the 
auricular cartilage. In the sparse intercellular space 
thinner fibers with granules as well as thicker, irregular, 
partly discontinuous, branched structures which run 
approximately in the middle of the intercellular space 
which have been found in transplanted epiglottis 
correspond to the ultrastructure of elastic cartilage in the 
rat external ear (18). 

 
The classical ectopic in vivo transplantation 

model used here (9), confirmed its value for this 
particular developmental study dealing with embryonic 
epiglottis, because 17-days-old epiglottis survived well 
and its differentiation proceeded towards the mature 
elastic cartilage.  Subcapsular kidney space has been 
exploited extensively before for investigation of 
developmental potential of a number of embryonic 
tissues such as the embryonic shield (19), single germ 
layers (20), retina (21), lacrimal gland (22), mandible 
(23) and lensectomized eyes (24,25). Results obtained 
with epiglottis are in concordance with those studies 
because development always progressed and tissues 
could exert at least a part of their full developmental 
potential even if pre-cultivated in poor metabolic 
conditions such as chemically defined media without 
any proteins. The reason for this lies probably in the 
optimal vascularization of the kidney capsule that 
provides an optimal microenvironment (19).   

 

Autologous elastic auricular cartilage 
transplants are used for facial reconstruction in human 
medicine but among problems of such procedures is the 
difficulty in obtaining a sufficient amount of 
reconstructive material and a risk of cartilage absorption 
after grafting (12). Recently, a successful two-stage 
implantation method was devised were cultured 
auricular chondrocytes were injection-implanted at an 
ectopic site into the lower abdomen of the patient where 
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Figure 3. Ultrastructure of the adult epiglottis. A) Two chondrocytes in a lacuna of the adult epiglottal cartilage. N–nucleus, L–
lipid droplets, cytoplasmic processes (arrow), lacuna (double arrow) . EM, x3000. B) Detail of A. Microvillus processes on the 
surface of the chondrocyte (arrow), elastic fibers in the intercellular space (arrowheads). TEM, x 7000; C) Detail of A. Lipid 
droplets in the cytoplasm of a chondrocyte. Between lipid droplets numerous filaments are present (asterix). TEM, x 20 000. 

 
the cells grow into a large, newly generated cartilage with 
neoperichondrium in 6 months (13).  

 
Epigenetic drug 5-azacytidine is a synthetic drug, 

the analogue of cytosine. It has recently been approved for 
the therapy of human myelodysplastic syndrome (26,27). 
Higher doses of 5-azaC seem to cause cytotoxic effect 

while lower doses can cause genome hypomethylation (10) 
either of which is the probable cause of its teratogenic 
influence discovered during pregnancy of the rat (11,17). In 
this investigation stereological quantification of the PCNA 
expression showed that 5-azaC increased the ability for 
proliferation of epiglottal cells similarly as was shown for 
the placenta in rats treated by 5-azaC during pregnancy 



5-azac enhances PCNA expression 

586 

 
 

Figure 4. Histology of the 17-days-old rat fetal epiglottis in transplants.  A) Control transplant without 5-azaC treatment after 14 
days. C–cartilage, ciliated pseudostratified epithelium with goblet cells (arrows), K–kidney parenchyma, Kc–kidney capsule. 
Haematoxylin-eosin, x 100. B) Semi-thin section of a control transplant without treatment with 5-azaC after 14 days. C–cartilage, 
ciliated pseudostratified epithelium with goblet cells (arrows), LP–lamina propria. Toluidine blue, x 100. C) Transplant treated 
with 5-azacytidine after 14 days. C–cartilage, ciliated pseudostratified epithelium with goblet cells (arrows), K–kidney 
parenchyma, Kc–kidney capsule. Haematoxylin-eosin, x 40. D) Semi-thin section of a transplant treated with 5-azacytidine after 
14 days. C–cartilage, ciliated pseudostratified epithelium with goblet cells (arrows), LP–lamina propria. Toluidine blue, x 100.  
 
 
 
 
 
 

 
 
Figure 5. Ultrastructure of transplanted fetal epiglottis (sham treated control).  A) Cartilage in a control transplant. CH–
chondrocytes, L–lipid droplet. TEM, x 3000; B) Detail of A. L–lipid droplet, MI–mitochondrion, RER–rough endoplasmic 
reticulum, cytoplasmic  processes (arrows), fibrils of the extracellular matrix (arrowheads).  TEM, x 20 000.  
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Figure 6. Ultrastructure of transplanted fetal epiglottis treated with 5-azacytidine. A) CH–chondrocytes, La–lacuna. TEM, x 
3000. B) Detail of A. A chondrocyte in a lacuna. N– nucleus, RER–rough endoplasmic reticulum, L–lipid droplet, lacuna 
(asterix), fibrils in a lacuna (arrow), fibrils of the extracellular matrix (arrowheads). TEM, x 7000. C) CH–chondrocytes, 
extracellular matrix (arrowheads). D) Detail of C. N–nucleus, RER–rough endoplasmic reticulum,   pinocytotic vesicles (double 
arrow), cytoplasmic processes of a chondrocyte (arrow). TEM, x 7000. E) CH-chondrocyte, ECM-intercellular matrix. TEM, x 
3000. F) Detail of E. N–nucleus, MI–mitochondrion, RER–rough endoplasmic reticulum, cytoplasmic processus (arrows), L-lipid 
droplets, fibrils in the lacuna (arrowheads). TEM, x 7000.  
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Figure 7. PCNA expression in transplants. A) PCNA expression in mucosa (epithelium and lamina propria) and cartilage of the 
treated transplant (arrows). C–cartilage, goblet cells in ciliated pseudostratified epithelium (arrows), LP–lamina propria, Kc–
kidney capsule. Fast red, counterstained with haematoxylin, x 400. B) PCNA expression in the epithelium and cartilage of the 
treated transplant (arrows). C–cartilage, goblet cells in ciliated pseudostratified epithelium (arrows), LP–lamina propria,  Kc– 
kidney capsule. DAB, counterstained with haematoxylin, x 200. C) PCNA expression in the epithelium and cartilage of the 
treated transplant (arrows). C–cartilage, goblet cells in ciliated pseudostratified epithelium (arrows), LP–lamina propria, Kc–
kidney capsule. Fast red, counterstained with haematoxylin, x 200. D) Negative control of Figure 3. A. C–cartilage, ciliated 
pseudostratified epithelium with goblet cells (arrows), LP–lamina propria, Kc– kidney capsule. Fast red, counterstained with 
haematoxylin, x 200. E) PCNA expression in the epithelium and cartilage of the sham treated control transplant. C–cartilage, 
goblet cells in ciliated pseudostratified epithelium (arrows), LP–lamina propria. DAB, counterstained with haematoxylin, x 400. 
F) Negative control. C-cartilage, goblet cells in ciliated pseudostratified epithelium (arrows), LP–lamina propria, Kc–kidney 
capsule. DAB, counterstained with haematoxylin, x 200.  
 
(11).  So it seems that selective modulation of DNA 
methylation may have important clinical implications not 
only for the prevention and treatment of cancer (28) but 
also in increasing  proliferative potential of tissues such as 

epiglottis that have been considered for reconstructive 
tissue therapy within the scope of regenerative medicine 
(1).
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Figure 8. Numerical density of the PCNA positive nuclei. 
Note that Nv was significantly higher in 5-azacytidine 
treated transplants. 
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