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SUMMARY

Several theories have been put forward concerning the origin of the neoplastic epithelium in ameloblas-
toma. Because of the doubt on the possible origin of ameloblastomas from cells with odontogenic potentiality,
the aim of the present was to observe  the development and growth pattern of odontogenic epithelium and
tooth germs in tissue culture.  Fourteen molar tooth germs consisting enamel organ and  dental papilla  of
fourteen days old mouse embryos  were cultured in a medium on millipore filters. THWP 0.45 µ  porosity and
25 ± 5 µ  thin. Cultivation was terminated at 21st  day. Explants were embedded in cellulose-paraffin for
histology. After 2 days cultivation, the epithelial outgrowth of enamel organ was observed, and 2 days later
was visible structure resembled the pattern of the dental lamina often seen in ameloblastomas. Histological
sections of  specimens showed that the outer epithelium has differentiated into a lamellar-like structure and the
enamel organ has similar pattern of the ameloblastoma. Formation of microcysts and continued formation of
epithelial buds was observed. Tissue culture studies of mouse embryo tooth germs and enamel organ
demostrated epithelial proliferation from the borders of odontogenic epithelium and the formation of lamellar-
like structure observed in ameloblastomas. This study offers additional experimental evidence that
ameloblastomas orginate from epithelium with odontogenic potentiality.

Key-words: Enamel organ, tissue culture, ameloblastomatous potentiality

1Department of Maxillofacial Surgery, Tartu University Hospital, Tartu
, Estonia
2Department of Pathomorphology, Estonian University of Agricul-
ture, Tartu, Estonia

Edvitar Leibur - MD, PhD, Dr.med SC., Dr.h.c., professor and head
of the Department of Stomatology, University of Tartu, professor
emeritus and consultant at the Department of Maxillofacial Surgery,
Tartu University Hospital.
Tiia Tamme - MD, department of maxillofacial surgery of Tartu
University Hospital.
Elbi Lepp - VetD,  Dr. med. Vet., Docent at the Department of Patho-
morphology, Faculty of Veterinary.

Address correspondence to: Prof. Edvitar Leibur, Office: Tartu Uni-
versity Hospital, Department of Maxillofacial Surgery, 8 L.Puusepa
Str., 51014 Tartu, Estonia. E-mail: Edvitar.Leibur@kliinikum.ee

The Ameloblastous Potentiality of Odontogenous
Epithelium Demonstrated in Tissue Culture

Edvitar Leibur1, Tiia Tamme1, Elbi Lepp2

 SCIENTIFIC ARTICLES
Stomatologija, Baltic Dental and Maxillofacial Journal, 6:73-6, 2004

INTRODUCTION

Ameloblastomas are rare epithelial tumors of odonto-
genic origin, accounting for 1% of all tumors and cysts in the
head and neck region and 11% of all odontogenic tumors
(1,2). Ameloblastoma is justly considered the most unexplain-
able of odontogenic tumors, because of its clinical and his-
tological features, intriguingly contradictory, paradoxal and
incongruent, if its benign histological ascept and its inva-
sive and destructive clinical behavior are considered.  Histo-
logically ameloblastoma epithelium resembles that of the
enamel organ of the developing  tooth. The peripherally lo-
cated columnar cells in the tumor follicles resemble develop-
ing ameloblasts of the tooth germ and the centrally located
cells those of stellate reticulum (3). Furthermore, some
ameloblastomas share features with basal or squamous cell
carcinomas, squamous odontogenic tumors, adamantinomas
of the long bones or craniopharyngiomas of the central ner-
vous system (4,5,6,7).

Several theories have been put forward concerning the
origin of the neoplastic epithelium in ameloblastoma. It has
been suggested to arise directly from the enamel organ of
developing tooth, the remnants of odontogenic epithelium,
the lining of odontogenic cyst or the basal cell layer of oral
mucosa or epidermis (8, 9).

The epithelial dental lamina signales to the mesenchyme
during tooth initiation, and thereafter the mesenchymic cells
regulate epithelial morphogenesis. Shape development is
regulated by signals from the epithelial enamel knot and the
dental papilla mesenchyme. The signal molecules (many of
them are called growth factors) belong to several families
and four of them have been particulary intensley studied
during recent years: the hedgehodges (hh), the bone mor-
phogenic protein, the fibroblast growth factors and the Wnt-
family signaling molecules (10, 11, 12, 13).

Heikinheimo et al. 1989 studied the expression of
cytokeratins and vimetin in various histological types of
ameloblastoma and in human fetal tooth germ. Cytokeratins
nos 8 and 19 were expressed in all epithelial elements of
ameloblastomas and tooth germs. A similar coexpression
was detected in the stellate reticulum cells of developing
tooth. Ameloblastoma and human tooth germ epithelial share
pattern of cytokeratin polypetides together  with
coexpression of vimetin. These results strongly support
the theory that ameloblastomas are of odontogenic origin
and not direct derivates of basal cells of oral epithelium or
epidermis (14).  It is accepted that defects in the craniofacial
hard tissues, also in enamel and dentin in many cases re-
sults from disturbances in the extracellulare matrix molecules,
such as collagens and enamel proteins (15, 16). The use of
BMP in the stimulation of bone development is already be-
ing tested in clinical trial. Tooth development proceeded
until cap stage when they were cultured in the presence of
BMP.

This rescue was based on the observation that one
function of the MSX I gene in the tooth buds is to stimulate
the production of BMP (17).

The uncertain histogenesis of ameloblastoma has
promped speculations about the possible relationship be-
tween the surface epithelium and ameloblastoma (18). It is
known, that some additional stimulus is essential to initiate
amelogenesis. The inner enamel epithelium ordinarily gives
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rise to ameloblasts, which are enamel-forming cells. How-
ever, the ameloblastomas arises from the preameloblasts
before their becoming ameloblasts in the sytage of dental
proliferation (morphodifferentiation, Bell stage). This occurs
early in life, although no clinical activity may become mani-
fest until many years later (19). However, the coexpression
of cytokeratins and vimetin and the expression of
cytokeratins Nos 8 and 19 in most of the ameloblastomas
studied speak against their gingival or epidermal origin (20).

Because of the doubt on the possible origin of
ameloblastomas from cells with odontogenic potentiality,
the aim of the present study was to observe the develop-
ment and growth pattern of odontogenic epithelium and
tooth germs in tissue culture.

MATERIAL AND METHODS

Fourteen molar tooth germs of 14 days old mice em-
bryos were removed in aseptical  conditions in a Hank´s
solution. The explant consisted only of the enamel organ

and the dental papilla. A stainless grid 20x20x30mm was
placed in a Petri dish with the medium consisting of 80%
medium 199, 15% horse serum , 4 mg/ml glucose, 0.07 mg/ml
ascorbic acid, 100 u per ml penicillin and streptomycin were
added. The pieces of millipore filters 0.6 cm2 with tooth germs
were placed on the platform of the grid. The specimens were
placed on the surface of millipore filter resting on a metal
screen so that the medium filled the culture vessel to the
surface of the screen. The filter membrane used were millipore
membranes THWP 0.45µ  porosity and 25 ± 5 µ thick. All the
explants were gassed briefly with a mixture of 50% O2 + CO2gas phase in an air-tight containers and 50% N2 and incu-
bated at 37 o C and 100% humidity. The medium was changed
after 48-72 hours. The pH was maintained at 7.6.  Cultivation
of the tooth germs was terminated up to 21 days. Micro-
scopic observations were made daily on the living cultures.
Bouin´s solution was used as a fixative. Tissue were embed-
ded in  cellulose-paraffin, serially sectioned at  8-10 µ and
stained with hematoxylin-eosin.

Figure 1. Initiation of the epithelial out-
growth of the mouse molar tooth
enamel organ along the millipore
filter after 2 days of cultivation.
Note small epithelial cells, cyano-
philic and polyhedral or spindle
shaped. H&E x 200.

Figure 2. Mouse molar tooth germ explant
cultured in vitro for 4 days con-
tinuation of more intensive epithe-
lial outgrowth of the outer layer of
enamel organ along the millipore
filter. H&E x 200.

Figure 3. Mouse molar tooth germ explant
after 9 days cultivation showing
epithelium bud outgrowth from
outer epithelial layer of enamel or-
gan. H&E x 200.

Figure 4 . Mouse molar tooth germ explant
after 9 days cultivation from which
the epithelium of the outer layer of
the enamel organ exhibited later-
ally disposed outgrowth bud. H&E
x 400.

Figure 5 . Mouse molar tooth explant after
12 days cultivation. Formation of
microcysts in stellate reticulum.
H&E x 200.

Figure 6 . Mouse molar tooth germ explant
after 12 days cultivation. Outer
epithelium of the enamel organ has
differentiated into a lamellar-like
structure like the pattern of amelo-
blastoma. H&E x 200.

Figurre 7. Mouse molar tooth explant after
15 days cultivation. The cuboidal
to columnar cells resembled inter-
nal dental epithelium and the poly-
hedral or spindle shape cells re-
sembled the stellate reticulum of the
enamel organ. H& x 200.

Figure 8 . Mouse molar tooth germ explant
after 21 days cultivation.
Microcysts and penetration of epi-
thelial sheets are noted. H&E x 200.

Figure 9 . Mouse molar tooth germ explant
after 21 days cultivation. Polyhe-
dral or round cells with cyanophilic
cytoplasm  and lamellar growth and
microcyst formation is seen. H&E
x 200.
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RESULTS

After 2 days of cultivation, initiation of  the epithelial
outgrowth of the mouse molar tooth germ enamel organ was
observed (Fig.1).  After 4 days of cultivation continuation
of epithelial outgrowth of the enamel organ along the
millipore filter was observed. Their structure resembled the
pattern of the dental lamina often seen in ameloblastomas of
the jaws of primitive type.  The nuclei were round or oval
with some distinct nucleoli and uniformly distributed fine
granular chromatins (Fig.2). After 9 days of in vitro cultiva-
tion of a tooth germ, from which the epithelium of the outer
layer of the enamel organ exhibited laterally disposed out-
growth  buds (Fig.3; 4). A 12-day cultivation of the mouse
tooth germ growth with the formation of microcysts in stel-
late reticulum continued. Areas which at first present the
stellate reticulum-like apperance (Fig.5)  later become
microcysts (Fig.6). The reduced dental epithelium is sur-
rounded by a capsular connective tissue, the follicular sac,
which contains remanants  of the dental lamina. A histologic
section of a 15-day specimen showed that the outer epithe-
lium of the enamel oragan has differentiated into a lamella-
like structure like the pattern of the ameloblastoma.  Forma-
tion of microcysts and continued formation of epithelial buds
was observed. A layer of cuboidal to columnar cells formed
the outline of the parenchyma. Inside this layer, polychedral
or spindle cells were observed and in some cases metapla-
sia was seen. The cuboidal to columnar cells resembled in-
ternal dental epithelium (preameloblasts) and the polyhe-
dral or spindle shape cells resembled the stellate reticulum
of the enamel organ (Fig.7.). After 21 days formation of
microcysts and penetration of epithelial sheets continued
(Fig.8.).  Welldefined polygonal or round squamous cells
with cyanophilic cytoplasm and lamellar growth and micro-
cyst formation were seen (Fig.9).

Observation of the growth pattern of enamel organ in
tissue culture establishes the potentiality of this tissue to
form ameloblastomas. It is evident from the study that nor-
mal odontogenic epithelium in vitro has a  potentiality to
proliferate and differentiate in a manner similar to that seen
the static histologic section of ameloblastoma.

DISCUSSION

It is accepted, that the growth pattern of odontogenic
epithelium in tissue culture is determined by the nutritional
medium (21). However, the nutritional medium which has
proved successful for normal growth and development for
tooth germs in tissue culture offers verification of the con-
cept that ameloblastomas arise from epithelium possessing
the potentiality for enamel formation. Our previous studies
also have shown that tooth germs continued the develop-
ment in tissue culture with formation of dental tissues (22).

In this study observation of the growth pattern of
enamel organ cultured in vitro establishes the potentiality
of tissue to form ameloblastomas.  The rapid advancement
of gene technology  during the last 10 years, has affected
research in developmental biology in a particularly dramatic
way. Increasingly sophisticated methods allow manipula-
tion of cells and tissues (23, 24, 25).

Microscopically, in ameloblastoma, one sees prolifer-
ating epithelial islands and strands, a mature collagenous
stroma, and an invasive pattern of growth. The tumor cells
exhibit both palisading (alignment of the cell nuclei at one
level in the cells) and polarization (migration of the nuclei to
one end of the cell). Of great importance, also is the nature
of the polarization; in ameloblasts, secretion of matrix oc-
curs toward the connective tissue, with the nuclei polarized
away from the connective tissue, an orientation that is al-

most unique to this cell type. Little or no inductive effect
occurs in ameloblastoma, so we see no mesenchymal differ-
entiation and no matrix production by the tumor cells. In
normal tooth formation , we do not speak of “ameloblast”
until actual enamel matrix formation is initiated; columnar
cells with palisaded, polarized nuclei that are not yet pro-
ducing matrix are most properly called “preameloblast” (6).

However, if these neoplastic cells are similar to differ-
entiated ameloblasts, why are they unable to form a recog-
nizable enamel matrix ? They lack some detail which trans-
forms them in histologically active ameloblasts. This func-
tional detail is probably the absence of a stratum intermedium
adjacent to the ameloblastic layer. In normal odontogenesis,
when polarization of the nuclei occurs and the epithelium
passes from the inductive to the secretory phase, differenti-
ating into active ameloblasts, profound modifications in the
stellate reticulum and in the outer epithelium of the enamel
organ occur. The stellate reticulum atrophies driving the
outer epithelium to approximate the stratum intermedium,
forming the reduced epithelium of the enamel organ. At the
same time, the outer epithelium acquires a meshed aspect,
becoming permeable to nutrive elements from the blood cap-
illaries of the dental sac, which are then more conspicuous
close to the reduced epithelium. protruding to the stellate
reticulum. This all facilitates the arrival of nutritional ele-
ments to the stratum intermedium where they will be pre-
metabolized, passing later to the ameloblasts (26).

In ameloblastoma although forming an ameloblastic
layer in ameloblastoma, it is not able to elaborate enamel
matrix, probably because it lacks the stratum intermedium.
Perhaps, the explanation for the lack of stratum intermedium
is in the absence of outer epithelium in the neoplastic is-
lands, which could hinder the formation of reduced epithe-
lium. There is no simultaneous occurrence of the cellular
layers which could recall the inner and outer epithelia oc-
curring at same neoplastic, or formation of the reduced epi-
thelium of the enamel organ.

The stellate reticulum with the nests and cords of co-
lumnar epithelium tends to undergo degeneration, forming
microscopic cysts. The microcysts then expand to form large
cystic spaces  within the tumor and give the ameloblastoma
its multi-cystic gross and radiologic apperance. This central
degeneration could have been caused by the polarization of
the nuclei at the cellular end facing the stellate reticulum.
This probably causes the cellular islands and not from the
connective tissue facing the outher cellular extremity. This
nutritive competition can cause metabolic deficiencies for
the cells of the stellate reticulum, which can explain the de-
generation of central cells of the island and the consequent
formation of cystic cavities in its interior.

While these studies demonstrate the
ameloblastomatous potentiality of odontogenic epithelium,
they do not preclude the origin of ameloblastomatous from
the basal cells of oral mucosa, the epithelium remnants of
the dental lamina or sheath of Hertwigs rests as well as
directly from enamel organ epithelium.

CONCLUSIONS

1. Tissue culture studies of mouse embryo tooth
germs and enamel organ demostrated epithelial
proliferation from the borders of odontogenic epi-
thelium and the formation of lamellar-like structure
observed in ameloblastomas.

2. This study offers additional experimental evidence
that ameloblastomas originate from epithelium with
odontogenic potentiality.
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