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Fine structure of cell types
in an ameloblastoma
S. K. KIM' .C . E. NASJLETI'AND L. WHATHERBEE'

VA Medical Center. Ann Arbor, Michigan and Departments of Anatomy'. Oral Biology' and Pathology'. The
University of Michigan. U.S.A.

Abstracl. An unu.sually large and old ameloblastoma. which revealed a diverse histological
appearance, was studied by light and electron microscopy. In the tumor, the epithelial component
formed several patterns in the collagenous stroma. The epithelial islands, consisting of tall columnar
cells surrounding the inner core of stellate cells, mimicked the cells ofthe inner enamel epithelium and
stellate reticulum. respectively, of the normal enamel organ. The uUrastructural appearances of the
columnar cells, however, were only similar to those which are seen in undifferentiated preameloblasts.
Areas of .squaiiious metaplasia were present, and these squamous cells were structurally similar to the
cells at the base of the oral epithelium. Some epithelial cells containing numerous lipid granules and
mitochondria formed a network of cords. The connective tissue stroma was made up of fibroblast-like
cells which appear to be metabolically active. In addition, multinucleated giant cells were present in the
connective tissue stroma near the epithelial component.

Accepted for publicalioii 29 March 1979

The ameloblastoma is an epithelial
odontogenic neoplasm which resembles the
enamel organ of the tooth bud in its
histological appearances (Gorlin et al.
1961, Evatis 1968, Colby et al.
1971, Shafer et al. 1974). The tumor is not
usually associated with calcified tissues
and reveals diverse microscopic
appearances which are seen together
sometimes within the same tutnor (Evans
1968). Basically, the ameloblastoma
consists of epithelial elements and con-
nective tissue stroma (Gorlin et al. 1961,
Evans 1968). The epithelial elements in
simple or follicular ameloblastoma form
islands which resemble the enamel organ
of the tooth bud. The epithelial islands
consist of tall, ameloblast-like cells which

surround a loose central core. The central
core is made up of cells which resemble
the stellate reticulum of the normal enamel
organ. In other types of ameloblastoma,
the epithelial elements form irregular
masses or cords and sometimes reveal
areas of squamous metaplasia, especially
in old and large tumors.

Several previous studies have reported
the ultrastructure of the ameloblastoma
(Moe et al. 1961, Sujaku et al. 1968, Lee
et al. 1971, Csiba et al. 1970, Navarret &
Smith 1971, Mincer & McGinnis 1972,
Tandler & Rossi 1977). Some of these
studies (Moe et al. 1961. Sujaku et al.
1968, Lee et al. 1971, Mincer & McGinnis
1972) have dealt with the structure of tall
columnar epithelial cells in the tumor and
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are in agreement that there are some
structural similarities between the tumor
epithelium and the normal enamel
epithelium.

However, the fine structure of the
columnar cells has not been described in
detail, and it is unclear how closely these
cells resemble the ameloblasts or the pre-
cursors of these cells. Furthermore the fine
structural appearances of the cells in the
connective tissue stroma have not been
reported. The present study describes the
ultrastructural appearances of various cells
which are found in the epithelial and con-
nective tissue components of an unusually
large ameloblastoma. The tumor was made
up of diverse cell types, which permit studies
of many different kinds of cells. The study
reveals that the ameloblastoma contains the
full complement of cells normally found
during odontogenesis. However, these cells
resemble the dental organ at a very un-
differentiated stage in the fine structural
appearances.

Case Report

Specimens for this study were obtained
from an ameloblastoma which was
resected from the right mandible of a 51-
year-old white male. The patient had had the
lesion in the right face for over 20 years and,
during this time period, the lesion had been
locally excised twice. However, he had pre-
viously rejected surgery because of religious
reasons, and the tumor had been growing
steadily for the 8 years prior to surgery. The
patient had not been irradiated or treated
with chemotherapeutic agents prior to
surgery. The excised tumor mass was large
and measured 16 x 14 x 12 cm. The
remainder of physical examination at the
time of surgery was within normal limits and
his postoperative recovery was un-
remarkable.

Material and Methods

The tissues obtained from several different
regions of the tumor were sliced into
smaller pieces and prepared for light and
electron microscopy. The time lapse
between the removal of the tumor and
fixation was 10-15 min. For light
microscopy, the tumor tissues were fixed
in Bouin's solution, paraffin embedded,
sectioned and stained with hematoxylin
and eosin. For electron microscopy, tissues
were fixed for 2 -3 h in the aldehyde
fixative similar to that described by
Karnovsky (1965) with the concentration
of paraformaldehyde and glutaraldehyde
reduced to 1.5% and 2%, respectively.
Following fixation, the tissues were rinsed
several times in 0.1 M cacodylate buffer
and stored in the same buffer overnight in
the refrigerator. The aldehyde fixed tissues
were post-fixed in 1% OSO4 in 0.1 M
cacodylate bulTer and en bloc stained with
0.5% uranyl acetate solution as described
by Karnovsky (1967) prior to dehydration
and embedding in Epon.

The sections of en bloc stained tissues
were further stained briefly (about 20 min)
with I % uranyl acetate (aqueous) followed
by 10 min with lead citrate (Reynolds
1963). Sections were cut on a Porter-Blum
lVlT2b ultramicrotome and studied in an
Hitachi HU-llc-1 electron rnicroscope
operated at 75 kV.

Observations

Light Microscopy

The tumor consisted of epithelial elements
and connective tissue stroma. The
epithelium of the tumor presented diverse
microscopical appearances (Figs. 1—3).
The epithelial elements in many areas of



Fig. I. A portion of the tumour in iiematoxylin and eosin preparation. The epithelial component (EP) reveals
columnar to spindle shaped cells surrounding the loose inner core. Several multinucleated. giant cells (MN) are
located in tlie connective tissue stroma (CT) adjacent to the epithelium. \ 150.

Fig. 2. A portion of the tumor epithelium showing metaplastic squamous cells. (Hematoxylin and eosin) x 400.

Fig. 3. A portion of the tumor epithelium showing cells in the form of a network of cords. (H & E) x 200.
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the tumor formed islands which were made
up of densely packed peripheral cells sur-
rounding a loose inner core (Fig. f). Upon
close examination, a basement membrane
could be seen separating the epithelial
elements from the connective tissue stroma.
The peripheral cells of the epithelial islands
were columnar and surrounded the stellate
cells located in the interior (Fig. f.). In some
areas, the tumor epithelium consisted of
squamous cells (Fig.2). In other areas, the
epithelial cells formed a network of cords
which traversed irregularly in the connective
tissue stroma (Fig. 3). The cells of these
cords were somewhat cuboidal and did not
appear to be associated with stellate cells.

The connective tissue stroma of the
tumor (Fig. 1) consisted of a large number
of irregularly shaped cells located in an
eosinophilic matrix. Cellular elements of
the connective tissue appeared to be
mesenchymal cells or fibroblasts. In
addition, large, irregularly shaped cells with
multiple nuclei were present in the con-
nective tissue stroma and often localized
near the basement membrane (Fig. 1.) Fre-
quendy, these multi-nucleated giant cells
were found in the areas of hemorrhage and
in close proximity to the capillaries. The
cytoplasm of these cells had a foamy
appearance (Fig. 10a).

Electron Mieroscopy

A, The Epithelial Components:

The epithelial component of the tumor was
delineated from the connective tissue
stroma by the basal lamina which followed
the contour of the epithelial cell surfaces.
Upon examination at a higher magnifica-
tion, hemidesmosomes were noted in
places along the basal surface of the
epithelial cells (micrograph not included),
and no unusual feature was detected in

association with the basal lamina complex.
Various types of epithelial cells could be
recognized by the differences in their
location and /or shapes.

1. The columnar cells: Some columnar
cells were more elongated than others, but
these were generally tall cells with
similarly elongated nuclei (Fig. 4). The
nuclei revealed an irregular ouUine and
contained prominent nucleoli. Mitochon-
dria appeared to be somewhat swollen and
were found on both sides of the nucleus
near the poles. Bundles of tonofilaments
and clusters of ribosomes were scattered
throughout the cell and provided a dense
background for the cytoplasm. Only a few
arrays of rough endoplasmic reticulum
were detected in the cells but with no
particular pattern of orientation.

The Golgi complex stood out in the
epithelial cells due to the large number of
electron lucent vacuoles associated with this
organelle (Fig. 4 inset). These vacuoles
were spherical and of various sizes. In
addition to these vacuoles, a large number
of small vesicles were present around the
Golgi complex. However, the Golgi
complex of these cells revealed only a
small number of flattened cisternae
(generally two or three).

2, Stellate cells: The stellate cells
revealed numerous cytoplasmic processes
which were joined with those of the
adjacent cells by desmosomes. The cells
contained proportionately large nuclei
which were centrally located, irregularly
contoured and contained patches of
chromatin and nucleoli (Fig. 5). In the
cytoplasm, mitochondria, fragments of
rough surfaced endoplasmic reticulum,
some polyribosomes and bundles of tono-
filaments were scattered throughout the
cell. The stellate cells revealed a large
number of electron dense granules of
dilTerent sizes and shapes (Fig. 6). These



ff'/g.v. 4.-I0. Electron Micrographs except Cor Fig. 10a.)
Fig. 4. The columnar cells in llie tumor epithelium. Nuclei are also elongated and of an irregular contour. Golgi
complexes (GO) are prominent due to large numbers of electron lucent vacuoles. Some vacuoles are also present
in the intercellular space (Arrow). Other cytoplasmic organelles are scattered in the cytoplasm. Cells are held
together by desmosomes (inside the circles), x 12.000.
Insei. A higher magnification micrograph showing the Golgi complex of the columnar cells. It consists of electron
lucent vacuoles. vesicles and cislernae. x 90.000.
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l-'ig. 5. Stellate cells in the loose core of the epithelial component. Nuclei are large and occupy most ol' the cell
volume. Cells have many processes which are joined to the adjacent ones by demosomes as shown in Fig 6 x
10.000,

l-lg. 6. The cytoplasm of stellate cells showing a large number of dense, lysosome-like granules present in these
cells. Cells are held together by desmosomes (DS), x ,33,000,
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granules appeared to be lysosomal
structures. In the tumor tissue incubated
for the demonstration of acid phosphatase
activity, the reaction product occurred in
some of these dense granules (unpublished
observations).

3. Squamotis cells: The squamous cells
revealed large nuclei which occupied more
or less the center of densely packed
cytoplasm (Fig. 7a). The cytoplasmic
density appeared to be due to the presence
of numerous bundles of tonofilaments and
membrane-bound structures, some of
which were studded with ribosomes (Fig.
7b). In addition, there were larger amounts
of ribosomes, dense granules, and
vacuoles, as well as some microtubules.

4. Cuboidal cells: The cuboidal cells
which formed cords were characterized by
containing a large number of mitochondria
and some lipid granules (Fig. 8). Many of
these mitochondria appeared to be swollen
and damaged and revealed only the
remnant of cristae. These cells also
revealed some tonofilaments and numerous
electron lucent vacuoles similar to those
found in other types of epithelial cells in
the tumor. Some electron dense granules
were present in these cells and appeared to
be lysosomal structures.

B. The Connective Tissue Stroma:

The connective tissue stroma consisted of
mostly stellate cells and fibers (Fig. 9a),
except in the areas of hemorrhage where
red blood cells and multinucleated giant
cells were also found (Fig. 10a).

/. Cells of the connective tissue: The
cells of the connective tissue generally
revealed cytoplasmic processes (Fig. 9a).
The cytoplasm of the cells was filled with
arrays of rough-surfaced endoplasmic
reticulum (Fig. 9a), the cisternae of which
often revealed amorphous materials (Fig.

9b). In the Golgi regions, vesicles,
irregularly shaped cisternae and some
patches of amorphous dense material were
clustered. Segments of the cisternae of the
endoplasmic reticulum near the Golgi
complexes were devoid of ribosome
particles and appeared to be the
transitional elements.

2. Multinucleated giant cells: The
plasma membrane of the giant cells was
modified into numerous microvillus-like
projections (Fig. I Ob). These projections
and the peripheral cytoplasm exhibited an
organelle-free zone which contained an
amorphous, electron-dense material (Fig.
I Ob). More centrally, the cytoplasm
contained numerous patches of poly-
ribosomes and spherical vacuoles of vary-
ing sizes (Fig. 10b). Some of these
vacuoles were filled with an electron dense
material, while others seemed more
electron lucent. In the central area of the
cytoplasm where nuclei were clustered,
fragments of rough-surfaced endoplasmic
reticulum, polysomes, and Golgi complexes
(vacuoles, vesicles and cisternae) were
present. In addition, there were some
mitochondria which appeared to be
swollen, and the foamy appearance of the
cytoplasm in the light microscope (Fig.
10a) appeared to be due to the presence of
these mitochondria.

Discussion

The ameloblastoma observed in this study
consisted of epithelial component and con-
nective tissue stroma as described by
many previous studies of this tumor. The
epithelial component revealed diverse
microscopical appearances and formed
difTerent patterns in different regions of the
tumor. In this respect the ameloblastoma
appeared to be a conglomerate of several
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different subtypes of tumor, as pointed out
previously (Gorlin et al. 1961, Evans
1968). The epithelial islands consisting of
peripheral columnar cells and inner stellate
cells appeared to form patterns which
characterize the simple or foUieular
ameloblastoma. On the other hand, the
epithelial islands with metaplastic
squamous cells resembled the
acanthomatous ameloblastoma, while the
epithelial component which formed a
network of cords with no stellate cells
appeared to be comparable to plexiform
type ameloblastoma.

It is unknown whether or not the
different types of epithelial cells present in
the tumor were related in any way. It is
Possible that the epithelium consisting of
Columnar and stellate cells undergoes a
iietaplastic transformation leading to a
Squamous epithelium. On the other hand,
the presence of different types of epithelial
cells might reflect the differences in the
Origin of these epithelial tumor cells. The
Origin of tumor cells has been suggested to
°e in the lining of dentigerous cysts,
remnants of the dental lamina and of the
Enamel organ and the basal layer of the
Oral mucosa (Evans 1968, Shafer et al.
1974).

Many of the previous electron
•microscopic studies of the ameloblastoma
^ based on the observations of simple

foUicular types of ameloblastoma (Moe
al. 1961, Sujaku et al. 1968, Lee et al.

1, Mincer & McGinnis 1972). These

studies have reported that the fine
structural appearances of the tumor
epithelium resembled those of the inner
enamel epithelium. It has been suggested
that the different types of cells in the
tumor epithelium represented the dental
lamina cells at various stages of
differentiation (Moe et al. 1961). Others
(Lee et al. 1971, Mincer & McGinnis
1972) have implied that the epithelial cells
of the tumor were at a fairly high level of
differentiation.

The columnar cells and stellate cells in the
epithelial islands of the tumor mimicked the
inner enamel epithelium and stellate
reticulum, respectively, of the normal
enamel organ in the arrangement and
appearances of these cells. However, the
ultrastructural features of the columnar
cells, at best, resembled the ameloblasts at a
fairly undifferentiated stage.

As demonstrated by many previous
studies (Garant & Nalbandian 1968,
Kallenbach 1968, 1971, Warshawsky
1968, Reith 1968, Moe 1971, Weinstock
& Leblond 1971), the secretory
ameloblasts were tall columnar cells in
which the organelles were fairly well
segregated. Mitochondria were generally
clustered in the basal cytoplasm proximal to
the nucleus. The Golgi complex was
localized distal to the nucleus and extended a
fair distance, runnin^g longitudinally along
the cell axis. An abundant amount of rough
endoplasmic reticulum was localized at the
periphery of the Golgi complex. The distal

'S. 7ci. Cells of the metaplastic squamous epithelium. Bundles of tonofilameiUs form a shell around the centrally
'"cated nucleus in a cell, x 10.000.

'K. 7b. A liigh magnification view to the cytoplasm of a squamous cell. The cytoplasm is packed with bundles of
""olilaments and clusters of ribosomes. In addition, there is a large number of light and dense vesicular
'^'ructures. x 90.000.

'fr <V The cuboidal cells of tlie epithelial cords. The cells reveal numerous mitochondria (MT) which appear to be
n and damaged. Dense, lipid granules are clustered in the cytoplasm adjacent to the nucleus. Bundles of

*"ioUlanienls as well as lysosome-like granules can also be seen upon close examination ofthe cell. \ 8.000.
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eytoplasm above the terminal web was
characterized by the presence of Tome's
process.

In the columnar cells of the tumor,
however, the cytoplasmic organelles were
scattered throughout the cytoplasm and
showed no signs of being segregated.
Furthermore, these cells revealed many free
ribosomes instead of rough endoplasmic
reticulum. In this respect, the columnar cells
of the tumor resembled the cells of the inner

i enamel epithelium at an early stage of
differentiation.

Despite the undifferentiated appearance
of the columnar cells, the Golgi complexes

^ of these cells revealed a large number of
Vacuoles as the Golgi complexes of the
secretory ameloblasts (Garant & Nalban-
dian 1968, Reith 1968, Kallenbach 1971,
Moe 1971, Weinstock & Leblond 1971,
Katchburian & Holt 1972) and other cells
\vith an active secretory function. Unlike
the condensing vacuoles in other secretory
cells, however, the vacoules associated
^ith the Golgi complexes of the columnar
cells were electron lucent. Since these cells
^'d not seem to contain any secretory
granules, it is unclear what the content of

vacuoles was or what was the fate of
e material contained in them.
The stellate cells of the tumor epithelium

in many respects similar to the stellate
of the normal enamel organ. As

in the stellate reticulum of the enamel
organ in rats (Reith 1968), cells were joined
by desmosomes and the nucleus occupied
a central position within the cell. The
perinuclear cytoplasm contained the usual
organelles such as mitochondria, tono-
filaments, endoplasmic reticulum and dense
granules. The dense granules in the tumor
cells appeared to be lysosomes.

Lysosome-like granules were present in
the granular cell ameloblastoma (Navarret
& Smith 1971, Tandler & Rossi 1977).
Since it has been suggested that the
granular cells evolved from stellate and
other epithelial cells (Evans 1968), the
stellate cells of the tutnor rnight be com-
parable to the precursors of the granular
cell ameloblastoma. On the other hand,
lysosomes are known to be concerned
with the localized digestion of the intra-
cellular organelles (Novikoff & Essner
1962, deDuve 1963, Hruban et al. 1963,
Kim ct al. 1973), or the complete lysis of
cells (Hirsch et al. 1963, Brandes &
Bertini 1965), Then, the lysosomes in the
stellate cells of the tumor epithelium might
have been related to the lytic activity of the
cells, leading to the formation of microcysts
which are often observed in the
ameloblastoma (Evans 1968).

The squamous epithelial cells and
cuboidal cells of the cords bore no close
resemblance to the ameloblasts or the pre-

'

'8- 9a. A cell in the connective tissue stroma of the tumor. The cytoplasm is filled with highly developed cisternae
°'̂ 'h endoplasmic reticulum. The matrix is filled with collagen-like fibers, x 7,000,

9b. A small portion of a connective tissue cell in the stroma showing the arrays of rough surfaced
reticulum and Golgi complexes. The Golgi Complex consists of numerous cisternae and vesicles,

e vesicles are located at the periphery of amorphous masses (one indicated by arrow). The cisternae of the
ticulum contain some dense materials, x 82.000,

'S. lOa. A multinucleatcd giant cell of the cell of the tumor in I |j section. The cytoplasm appears foamy. Note
"s presence of a large number of red blood cells surrounding the cell, x 800,

'R, tOh. A portion of multinucleated giant cell showing the ruffled border (RB) consisting of microvillus-like pro-
jections touching upon the red blood cell (BC), Toward the interior of the cell, dense atid less dense vacuoles.
'"osomes and endoplasmic reticulum are seen near a nucleus (NU,) Some of the vacuole-like structures might be

l n mitochondria, x 15.000,
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cursors of these cells. The fine structural
features shown by the squamous epithelial
cells were similar to those which are
observed in basal cells and lower prickle
cells of the oral mucosa (Silverman 1971,
Squier 1971), especially in the epithelium
of the palatal mucosa (Silverman 1971).
The tumor epithelial cells were joined to the
adjacent ones by numerous desmosomes
and contained large amounts of tonofila-
ment bundles, free ribosomes and vesicular
structures. The tumor cells, however, did not
reveal membrane coating granules
(Martinez 1971, Hayward 1973) or any
characteristics of keratinizing epithelium
(Martinez 1971, Hayward etal. 1973).

The cuboidal cells, on the other hand,
were more difficult to characterize. These
cells contained only a moderate amount of
tonofilaments but contained lipid granules
and many mitochondria which appeared
swollen and damaged. The appearance of
mitochondria and the presence of lipid
granules in these cells suggested that the
cells might be aged and degenerating. The
increase in the number of pleomorphic
mitochondria, as in oncocytes (Tandler
1966, Kim et al. 1973), as well as the
increase in the amount of lipid in the form of
lipofuscin granules (Reichel 1968, Bogart
1970), are the changes frequently observed
in cells as a function of age.

The connective tissue stroma did not
reveal any signs of calcification. The
presence of a large amount of collagen-like
materials and the fine structural
appearances shown by the cells indicated
that the connective tissue cells were active in
collagen synthesis. The connective tissue
cells were stellate and resembled fibroblasts.
The endoplasmic reticulum was well
developed and Golgi complexes were
elaborate as in fibroblasts, secretory
odontoblasts (Reith 1968, Weinstock &
Leblond 1974) or other cells which actively
synthesize collagen.

The multinucleated giant cells in the con-
nective tissue stroma were often found sur-
rounded by elements of the blood. The
presence of giant cells could have been due
to inflammatory reactions to injury and
hemorrhage as in giant cell epulis (Robbins
1967). On the other hand, the fine structural
appearances of these giant cells also bore a
close resemblance to those ofthe osteoclasts
(Gonzalez & Karnovsky 1961, Scott 1967,
Cameron 1969).

The presence of these giant cells and
highly active fibroblast-like cells of con-
nective tissue, in addition to the epithelial
component resembling the enamel
epithelium, suggested that the
ameloblastoma contained the complement
of cells normally found during
odontogenesis. The tumor cells revealed a
varying degree of differentiation. However,
when viewing the epithelial and connective
tissue components as a whole, the tumor, at
best, resembled the dental organ at a very
early stage of development.
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