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Adenomatoid odontogenic tumor: evidence for a mixed
odontogenic tumor
Kelcie Barnts,a Jian Q. Feng,b Chunlin Qin,b Hua Zhang,b and Yi-Shing Lisa Chengc
Objective. Adenomatoid odontogenic tumor (AOT) was classified by the World Health Organization as a mixed odontogenic
tumor in 1992 and reclassified without a clear rationale as an epithelium-only tumor in 2005. The purpose of this study was to
investigate if there was any evidence to suggest AOT might be a mixed odontogenic tumor.
Study Design. Immunohistochemical studies with nestin, dentin sialophosphoprotein (DSPP), cytokeratin, and vimentin were performed using 21 cases of AOT, and the staining results were analyzed according to the various morphologic patterns seen in AOT.
Sirius red stain was used to detect the presence of collagen types I and III in AOT products.
Results. Our results showed that 20 of 21 (95.23%), 0 of 21 (0%), 21 of 21 (100%), and 20 of 21 (95.23%) cases expressed nestin,
DSPP, cytokeratin, and vimentin, respectively. Some cells in rosette/duct-like structures (RDSs) expressed nestin, vimentin, or
both, without cytokeratin. Coexpression of vimentin and cytokeratin or of nestin, cytokeratin, and vimentin was noted in some
cells. Sirius red staining was positive in eosinophilic products in RDSs, double-layered spheres, and dentinoids.
Conclusion. Although most AOT cells appear epithelial, there is a small population of cells expressing mesenchymal proteins and
secreting collagen types I and III. This evidence suggests that AOT is a mixed odontogenic tumor. (Oral Surg Oral Med Oral Pathol
Oral Radiol 2022;133:675 683)

Adenomatoid odontogenic tumor (AOT) is a
benign odontogenic tumor, known as “the tumor of
two-thirds” because two-thirds of cases are found in
females, the maxilla, and patients in their second
decade of life.1,2 Although any tooth can be associated with AOT, maxillary canines are the most commonly affected.2,3 Histologically, AOT shows
multiple cell arrangements, including ductlike structures, double-layered spheres, and rosettes. Calcifications of AOT also show various appearances,
including dentinoid and Liesegang ringlike basophilic calcifications.
The classification of AOT by the World Health
Organization (WHO) changed between the 1992 and
the 2005 published versions. In 1992, AOT was categorized as a mixed tumor related to “odontogenic epithelium with odontogenic ectomesenchyme, with or
without dental hard tissue formation.”4 That classification appeared to represent the majority opinion of the
selected international panelists based on the knowledge
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at that time, as explained in the preface to that edition.
A reference section was intentionally omitted because
the authors viewed the classification “not intended to
serve as textbooks but rather to facilitate the adoption
of a uniform terminology that will facilitate and
improve communication among cancer workers.”
However, some of the description in the AOT section
seemed to justify a mixed odontogenic tumor classification, including description of the epithelial component, “varying amounts of acidophilic hyalinized
material,” and “hyaline material appears to be dysplastic dentin. . .and occasionally a tubular pattern is seen
in some areas.”4 In 2005, AOT was reclassified as an
epithelium-only tumor. The description in the histopathology section of AOT mentioned that “occurrence of
a hyaline, dysplastic material or calcified osteodentin
may be found in AOTs. It is likely the result of a metaplastic process, as odontogenic ectomesenchyme is not
present, and thus should not be interpreted as an induction phenomenon, although in very rare cases dentinlike material containing dentinal tubules may occur.”5
The WHO 2005 edition did not give a clear explanation
or provide any reference for the changing point of view
or the reclassification, although there was a reference
section in that edition.5 However, 3 years before

Statement of Clinical Relevance
The World Health Organization (WHO) classification, a guideline for practicing pathology, should be
based on solid scientific evidence. The supporting
evidence of reclassifying adenomatoid odontogenic
tumor from mixed to epithelium-only odontogenic
tumor in the WHO 2005 classification was weak.
Evidence from our study suggests differently.
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writing the 2005 WHO classification, one of the
authors published a paper titled “Revision of the 1992edition of the WHO histological typing of odontogenic
tumours. A suggestion,”6 that indicated why this
reclassification may have taken place. The authors recommended reclassification of several odontogenic
tumors, including AOT.6 In discussing the reclassification of AOT,6 a study by Gao et al.7 was the only report
cited. It stated:
"Gao et al. who studied immunohistochemically the
expression and distribution of bone morphogenetic
protein (BMP) in various odontogenic tumours.
Tumours characterized by epithelio-ectomesenchymal interactions, and producing dentin, enamel,
and/or cementum (like ameloblastic fibrodentinoma
and compound odontoma among others) were
BMP-positive, whereas ameloblastoma, AOT, and
calcifying epithelial odontogenic tumour [CEOT]
were BMP-negative. These findings have supported
the present authors in classifying the AOT under
group 1.1.1. rather than under group 1.1.2 as in the
WHO classification."6
To understand the reclassification, the publication by
Gao et al.7 was examined. Gao et al.7 investigated bone
morphogenetic protein (BMP) expression by immunohistochemistry (IHC) in 44 odontogenic tumors, which
included 2 AOTs. Gao et al.7 used a BMP antibody
(BMPMcAb), which was not clearly characterized.
Based on the information provided, the BMPMcAb
antibody most likely detected BMP-1 and BMP-3. Gao
et al.7 separated the 44 odontogenic tumors into 2
groups based on the IHC results: BMP-positive tumors
and BMP-negative tumors. Most of the BMP-positive
tumors formed dentin, cementum, or enamel.7 The
BMP-negative tumors were AOTs, ameloblastomas,
and calcifying epithelial odontogenic tumors
(CEOTs).7 The conclusion about AOT and CEOT (the
BMP-negative tumors that form calcifications) was
that “this indicates that the mechanism of calcification
in AOT and CEOT is possibly different from that in
BMP-positive odontogenic tumors.”7 No correlation
between BMP expression and odontogenic cell type of
origin was discussed. Furthermore, BMP-1 and BMP-3
can be expressed by both epithelial and mesenchymal
cells.8 Yet, Gao et al.’s study was the only citation
found in the Philipsen et al.6 publication to support the
reclassification of AOT. This means that AOT was
reclassified as an epithelium-only odontogenic tumor
based on 1 IHC study, using an antibody that was not
well characterized and in which the investigators tested
only 2 samples of AOT. The 2017 edition of the WHO
maintained the 2005 classification of AOT.9
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The various cell arrangements and presence of dentinoid calcifications warranted consideration that mesenchymal involvement in AOT was possible. The
purpose of this project, therefore, was to investigate
whether AOT was an epithelium-only or mixed odontogenic tumor by performing IHC using nestin, dentin
sialophosphoprotein (DSPP), cytokeratin, vimentin,
and the histochemical stain Sirius red. Nestin is an
intermediate filament expressed by some mesenchymal
progenitor cells (see Discussion). Among odontogenic
cells, nestin is expressed by secretory odontoblasts and
pulpal cells.10 DSPP, a critical protein in dentin mineralization, is mainly expressed by odontoblasts.11 Sirius
red identifies the mesenchymal cell products collagen
types I and III.12,13 Although basement membrane
material secreted by epithelial cells often presents as
eosinophilic material resembling “dentinoid” on histologic sections, both collagen types I and III are not
found in the basement membrane but are the major
organic proteins of dentin (see Discussion).14-17 A mesenchymal origin of AOT would be suggested by positive results with Sirius red, nestin, DSPP, or
vimentin.18

MATERIALS AND METHODS
The study was reviewed and approved by the Texas
A&M University Internal Review Board (20190749). Formalin-fixed, paraffin-embedded, archived
human biopsy tissue was retrieved from the database
of the Oral Pathology Division, Department of Diagnostic Sciences, Texas A&M University College of
Dentistry. Twenty-one cases diagnosed as AOT were
selected as the experimental group. The positive control tissues used for the IHC procedures were odontoma for nestin and DSPP, small intestine for
cytokeratin, and leiomyoma for vimentin. Slides
with 4-mm sections of the tissues were obtained,
deparaffinized by xylene, then rehydrated by serially
descending concentrations of alcohol and phosphatebuffered saline (PBS).
For nestin IHC investigation, antigen retrieval
was done using epitope retrieval citrate buffer (pH
6.0, RE7113; Leica Biosystems, Buffalo Grove, IL).
After endogenous peroxidase inhibition with 3%
hydrogen peroxide, the slides were incubated with
blocking reagent provided in the MOM system
(MOM [Mouse on Mouse]) Elite Peroxidase Kit,
PK-2200; Vector Laboratories, Burlingame, CA).
This system was used for blocking, dilution of primary antibody, and secondary antibody detection
according to the manufacturer’s recommendations.
Slides were then incubated with 1:100 diluted
mouse anti-human nestin antibody (clone 10C2,
MA1-110; Invitrogen Thermo Fisher Scientific) for
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30 minutes at room temperature followed by detection with the MOM system.
For DSPP, the antigen retrieval, endogenous peroxidase inhibition, and blocking were achieved by using
0.05% trypsin calcium chloride, 3% hydrogen peroxide, and 3% bovine serum albumin/10% goat serum in
0.3% Triton in PBS, respectively. Slides were then
incubated in 1:200 diluted rabbit anti-human DSPP
antibody for 1 hour at room temperature (clone LF151; Kerafast, Boston, MA), followed by detection
with the Vectastain Elite Avidin/Biotin (ABC) Kit
(PK-6100; Vector Laboratories) and DAB system (SK4100; Vector Laboratories) according to the manufacturer’s instructions.
Both cytokeratin and vimentin IHC were achieved
using an automated IHC slide stainer, the Ventana
BenchMark Ultra IHC staining module. Primary mouse
anti-human pan cytokeratin antibodies (AE1/AE3,
CM011C; Biocare Medical, Pacheco, CA) were used at
1:100 dilution. Mouse anti-human vimentin primary
antibody (clone V9, NCL-L-VIM-V9; Leica Biosystems) was used at 1:80 dilution. Slides were counterstained with hematoxylin.
The Picro Sirius Red Kit (ab150681; Abcam, Cambridge, MA) was used for detection of collagen types I
and III. Weigert’s hematoxylin parts A and B, provided
in the Picro Sirius Red kit, were mixed in equal parts.
The slides were incubated in this solution for 8
minutes, followed by staining with Picro Sirius Red for
71 minutes.
Results of the IHC markers and the Sirius red
stain were analyzed according to the cell arrangements and structures seen in AOT, because it was
possible that the cells forming different structures
might express proteins differently. The structures in
AOT named in this study were described and illustrated in Figure 1. A rosette structure was a central
droplet of product surrounded by a single layer of
cells (Figure 1A). A duct-like structure was a single
row of cuboidal to columnar cells around a central
lumen (Figure 1B). A double-layered sphere showed
2 layers of cuboidal or columnar cells with product
between the cell layers (Figure 1C). Anastomosing
cords were strands of interlacing cells (Figure 1D).
A stellate reticulum-like area was made of loosely
arranged cells (Figure 1E). Intermediate cells were
spindle-shaped cells found between other structures
(Figure 1F). Condensed collections of cells were
epithelial knots (Figure 1G). Two distinct types of
calcifications were defined (Figure 1H, I). Liesegang
ring-like calcifications were globular basophilic calcifications (Figure 1H). Eosinophilic calcifications
were round or irregularly shaped calcifications, previously called “dentinoid” (Figure 1I). There were
areas that showed these 2 calcification types
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integrated together, and this combination was called
a “mixed calcification.”

RESULTS
The IHC results were examined qualitatively by light
microscopy for localization in AOT and correlation
with histologic structures. Any positive staining found
in any AOT case was counted as a positive result.
Overall, 20 of 21 cases showed focal positivity for nestin and vimentin, whereas 21 of 21 cases showed diffuse positivity for cytokeratin in most AOT cells. Zero
cases showed DSPP positivity (valid controls used for
nestin and DSPP IHC, i.e., odontoma, are shown in
Supplemental Figure S1A C).
We found that the appearance of some AOT structures evolved through serial sections for different
immunohistochemical markers. This issue was then
analyzed by obtaining serial sections of an AOT. It
showed that small duct-like structures could evolve
into epithelial knots and rosettes (Supplemental
Figure S2A G). Therefore, it seemed appropriate to
relabel the rosette structures as rosette/duct-like
structures (RDSs). Some large ductlike structures
did not evolve into other structures, so the term
“large duct-like structures” was used. Additionally,
double-layered spheres could evolve into rosettes
(data not shown).
The RDS staining results showed some variations
among the 21 cases. Three different cases of RDS were
illustrated (Figure 2A, F, and K). Nestin expression
was seen in RDS cells, showing uniformly weak or
focally strong positivity (Figure 2B, G, and L). Cytokeratin was strongly and diffusely positive, with focal
areas of reduced or absent staining (Figure 2C, H, and
M). Vimentin expression ranged from negative to
focally or uniformly positive in different RDSs
(Figure 2D, I, and N). Some tumor products showed
positive results, whereas others were negative for Sirius red (Figure 2E, J, and O). Some RDS cells showed
nestin and cytokeratin coexpression (Figure 2B, C),
whereas other RDS cells showed coexpression of nestin and vimentin with reduced or lost cytokeratin
expression (Figure 2G-I). Some RDS cells simultaneously expressed nestin, cytokeratin, and vimentin
(Figure 2L N).
Large duct-like structures (Figure 3A) also showed
variations in the immunohistochemical results. Nestin,
DSPP, and vimentin were not expressed by cells of the
large duct-like structures (Figure 3B, C, and F, respectively). Cytokeratin expression was seen in cells of the
large duct-like structures in every case but one
(Figure 3D, E). Cytokeratin and vimentin, but not nestin
and DSPP, were expressed by intermediate cells
(Figure 3D, F, B, and C, respectively).
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Fig. 1. The illustration of various structures found in AOTs and analyzed in this study. (A) Rosette structure. (B) Ductlike structure. (C) Double-layered sphere. (D) Anastomosing cords. (E) Stellate reticulum-like area. (F) Intermediate cells (arrow). (G)
Epithelial knot (arrow). (H) Liesegang ring-like basophilic calcification. (I) Eosinophilic products or dentinoid.

Double-layered sphere cells (Figure 4A)
expressed nestin (Figure 4B, also shown in
Figure 3B) but not DSPP or vimentin (Figure 4C,
E). Cytokeratin positivity was seen in double-

layered sphere cells, but staining intensity was
reduced (Figure 4D). The product between the 2
layers of cells was highlighted with Sirius red
(Figure 4F). Cells of the stellate reticulum-like area

Fig. 2. Representative cases of the Sirius red staining and the IHC results for nestin, cytokeratin, and vimentin found in RDS.
(A E, F J, and K O) Three different cases. (A, F, and K) RDS seen in 3 cases of AOT (hematoxylin and eosin stain, original
magnification £ 280). (B, G, and L) Nestin-positive staining was found in most of the cells of the RDS (nestin immunohistochemical stain, original magnification £ 280). (C, H, and M) Cytokeratin-positive staining was found in nearly all the cells of
the RDS, except some focal areas, as in H (AE1/AE3 immunohistochemical stain, original magnification £ 280). (D, I, and N)
Vimentin expression in the RDS varied from no expression (D) to expression in scattered cells (I), to expression in most cells (N)
(vimentin immunohistochemical stain, original magnification £ 280). (E, J, and O) Sirius red staining showed positive (E and
blue arrow in J) in some products, and negative (black arrows in J and O) in other products of rosettes (Sirius red stain, original
magnification £ 280).
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Fig. 3. The immunohistochemical results of the large ductl-ike structures and intermediate cells showed variations in cytokeratin
expression. (A) Large ductl-ike structures and intermediate cells seen in AOT (hematoxylin and eosin stain, original
magnification £ 140). (B) Nestin expression was not seen in the cells of the large duct-like structures or the intermediate cells but
could be seen in the cells of the double-layered sphere (nestin immunohistochemical stain, original magnification £ 140). (C)
DSPP was not expressed in the cells of the large duct-like structures or in the intermediate cells (DSPP immunohistochemical
stain, original magnification £ 140). (D) Cytokeratin was strongly and diffusely expressed in the cells of the large ductlike structures and intermediate cells (AE1/AE3 immunohistochemical stain, original magnification £ 140). (E) Cytokeratin expression
was not seen in the cells of the large duct-like structures in one case, although faint expression of cytokeratin was seen in the intermediate cells (AE1/AE3 IHC stain, original magnification £ 280). (F) Vimentin was not expressed in the cells of the large ductlike structures but could be seen in the intermediate cells among the large ductlike structures (vimentin immunohistochemical
stain, original magnification £ 140).

did not express nestin, DSPP, or vimentin but
expressed cytokeratin (Figure 4B E).
Cells that constituted the anastomosing cords
expressed cytokeratin and vimentin but not nestin or
DSPP (Supplemental Figure S3A E).
Epithelial knots were seen to evolve into other structures within several serial sections, so they were not
specifically described in these immunohistochemical
results.
Whether the Liesegang ringlike calcifications and
eosinophilic products were isolated or found in mixed
calcifications, the large eosinophilic products consistently stained positively and the basophilic products
stained negatively for Sirius red (Figure 5A, F H).
Cytokeratin- and vimentin-positive staining was seen
in the intermediate cells adjacent to the mixed calcifications (Figure 5B E).

DISCUSSION
The research question to be answered was whether
AOT is an epithelium-only or a mixed epithelial and
mesenchymal tumor. We hypothesized that AOT had
epithelial and mesenchymal cell populations, and that

was reflected in their products. The IHC and Sirius red
findings appeared to support our hypothesis.
Our results showed that 95.23% of the 21 AOT cases
expressed nestin in the RDS and double-layered sphere
cells. Nestin is a type VI intermediate filament protein
found in stem or progenitor cells in the central nervous
system, pancreatic islets, skeletal muscle, hair follicle,
heart, bone marrow, and odontoblasts.10,19-25 Nestin is
expressed in early stages of central nervous system and
muscle development and is lost or downregulated in
mature tissue, except during injury and repair.19,26-28
Nestin expression is found in secretory odontoblasts,
specifically during odontogenesis, and in tooth repair
after tooth development.10 Nestin expression is found in
pulpal cells but not in ameloblasts. Nestin was used
because its expression would indicate a mesenchymal
origin, differentiating toward odontoblasts or pulpal
cells. Fujita et al.29 investigated nestin expression in several odontogenic tumors, reporting that 5 of 6 AOTs
expressed nestin in the “small nodular foci and rosette
patterns.” Our results appeared to be consistent with
their findings, which demonstrated that this was a reproducible finding among different research groups. However, Fujita et al.29 did not interpret their findings as an
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Fig. 4. The immunohistochemical results of double-layered spheres and stellate reticulum-like area. (A) A double-layered sphere
was seen with a stellate reticulum-like area in the center (arrow, hematoxylin and eosin stain, original magnification £ 140). (B)
Nestin was expressed in the cells that formed the double-layered sphere, but not in the cells of the stellate reticulum-like area
within or the intermediate cells outside of the double-layered sphere (nestin immunohistochemical stain, original
magnification £ 140). (C) No expression of DSPP was seen (DSPP immunohistochemical stain, original magnification £ 140).
(D) Cytokeratin-positive staining was seen in the cells that constituted this structure, but the intensity of the staining was reduced
compared with the intermediate cells around this structure or the stellate reticulum-like area in the center of the structure. There
was strong expression of cytokeratin in cells of the stellate reticulum-like area and the intermediate cells (AE1/AE3 immunohistochemical stain, original magnification £ 140). (E) Vimentin was not expressed in the cells that formed the double-layered sphere
or the stellate reticulum-like area but was positive in scattered intermediate cells (vimentin immunohistochemical stain, original
magnification £ 140). (F) Sirius red highlighted the products found between the two cell layers of the double-layered sphere (Sirius red stain, original magnification £ 140).

indication of a mesenchymal cell population but interpreted the cells that expressed nestin were “epithelium,”
which “has a different immunophenotype.” In the same
study, nestin expression was also found in several mixed
odontogenic tumors, such as odontoma, ameloblastic
fibroma, and ameloblastic fibro-odontoma, and it was
concluded that “nestin is a useful marker for the odontogenic mesenchyme and odontoblasts in odontogenic
tumours.” It would have been more consistent with
Fujita et al.’s own conclusion if the nestin-positive cells
in all odontogenic tumors, including AOT, were considered to have an ectomesenchymal origin or component.
Although DSPP expression was not seen in the 21
cases of AOT in our study, this negative result does not
completely exclude the possibility of DSPP expression
in AOT. There might be 2 possibilities if DSPP was
expressed in AOT but showed a negative result in our
study. First, the rabbit anti-human recombinant DSPP
antibody recognizes DSPP epitope T132 to D373 (on
DSP domain), according to the manufacturer’s
information.30,31 This particular epitope might be
altered or missing in DSPP expressed by the AOT cells.
Second, the amount of DSPP expressed by the AOT

mesenchymal cells might be small, and that trace
amount was below the sensitivity of IHC testing. It is
also possible that DSPP indeed is not expressed in
AOT cells. This also does not necessarily argue against
a mesenchymal component in AOT. Collagen type I is
the major organic component of dentin and constitutes
about 87%-89% of dentin matrix.16,17 Collagen types
III and V account for 1%-3% of dental matrix, and noncollagenous proteins, including small integrin-binding
ligand, N-linked glycoproteins (SIBLINGs), proteoglycans, and other proteins account for the rest of 10% or
less.16,17 DSPP is one of the SIBLING family members. Despite the fact that DSPP is not expressed in
AOT, the positive result of Sirius red in AOT eosinophilic products indicates the presence of collagen type
I and III, 2 of the most abundant proteins in dentin
matrix, and still supports a mesenchymal component in
AOT. In addition, DSPP is immediately cleaved into 3
proteins after secretion: dentin sialoprotein (DSP), dentin glycoprotein, and dentin phosphoprotein.11 DSPP
has been found in polarizing and functional odontoblasts and, to a lesser extent, transiently in presecretory
ameloblasts.32,33 It has been found that odontoblasts
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Fig. 5. Sirius red staining results in the mixed calcifications of adenomatoid odontogenic tumor and the immunohistochemical
results in the cells adjacent to the mixed calcifications. (A F) and (G and H) represented two different cases. (A, G) Mixed calcifications that showed eosinophilic products and basophilic calcifications adjacent to each other (hematoxylin and eosin stain, A:
original magnification £ 280, G: original magnification £ 70). (B) A few scattered cells adjacent to the mixed calcifications or
trapped in the calcifications showed nestin expression (nestin immunohistochemical stain, original magnification £ 280). (C)
DSPP was not seen in either the products or the adjacent cells (DSPP immunohistochemical stain, original magnification £ 280).
(D) The cells adjacent to the calcifications expressed cytokeratin (AE1/AE3 immunohistochemical stain, original
magnification £ 280). (E) Vimentin was expressed in the cells adjacent to the calcifications (vimentin immunohistochemical
stain, original magnification £ 280). (F, H) The eosinophilic products in the mixed calcifications stained positively, whereas the
areas that were basophilic stained negatively for Sirius red (Sirius red stain, F: original magnification £ 280, H: original
magnification £ 70).

expressed and secreted collagen type I before DSPP.34
Bronckers et al.34 reported that collagen type I expression occurred in mesenchymal odontogenic cells before
final differentiation into odontoblasts, whereas DSPP/
DSP expression was first detected in new odontoblasts.
Papagerakis et al.33 also found that DSPP protein was
detected in the cytoplasm of odontoblasts only when
they were fully polarized. Our results showed that
some RDS cells expressed nestin but not DSPP, and
they secreted small eosinophilic products containing
collagen types I and III, evidenced by Sirius red positivity. These findings also suggest that those RDS cells
may represent preodontoblasts or prepulpal cells.
The term “dentinoid” has been defined as “atypical
poorly mineralized dentine” without dentinal tubules in
the introduction section of the WHO 1992 classification4
and has often been used to describe the eosinophilic
products in AOT in the literature. Our results showed
that eosinophilic products (dentinoid), but not basophilic
products, stained positively with Sirius red. It indicated
that dentinoid, but not the basophilic products, in AOT
contained collagen types I and III.10,12,13 Collagen type I
is the major organic component of dentin, especially
intertubular dentin, which does not show dentinal
tubules.16,18 The presence of collagen types I and III in
the eosinophilic products suggested the products were
most likely aberrant dentin. This finding also justified

the usage of “dentinoid” biochemically. Sirius red also
stained positively in larger eosinophilic products found
in RDS (Figure 2E and J) and the linear products in the
double-layer spheres (Figure 4F). These findings also
supported that the cells surrounding those products were
most likely preodontoblasts. The basophilic products
that were Sirius red-negative could possibly be aberrant
enamel. The variations of biochemical properties in
AOT products reflected the cells producing them and
suggested a mixed cell population.
Our results showed that vimentin expression was
found in anastomosing cords, RDS, and/or intermediate
cells in 95.23% of cases. Although cells in the anastomosing cords and intermediate cells also expressed cytokeratin (discussed below), scattered RDS cells expressed
only vimentin (Figure 2H, I). Vimentin is an intermediate filament protein that has been used to identify mesenchymal cells.35 Previous studies also have reported
focal vimentin expression in AOT, although they did
not clearly describe the results according to different
AOT structures and cell patterns. Crivelini et al.36 found
vimentin expression in the “fusiform or ovoid cells close
to calcified bodies or darker eosinophilic materials in the
cytoplasmic pole near them.” Leon et al.37 described
vimentin expression “in the trabecular and cribriform
areas, and also in the cuboidal peripheral cells to the
nodules.” Sudhakara et al.38 described vimentin
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expression in cells “present periphery to Type A cells,
internodularly, cribriform pattern in some parts of the
tumor; usually spindled-shaped; darkly stained eosinophilic cytoplasm with hyperchromatic nuclei.” Tatemoto
et al.39 found vimentin expression in the “small and
compact cells at the periphery of the A cell-containing
focus.” Although different terminology was used in
these studies, it seemed their findings for vimentin overlapped with our results. Despite vimentin expression in
AOT being a reproducible finding, the interpretations in
the previous studies vary. Although not specifically
stated, Leon et al.37 suggested a possible mesenchymal
population in AOT. They interpreted that vimentin
expression “may indicate the existence of a variable
phenotype in certain areas of the tumour” and that
“AOT is a tumour with a variable degree of differentiation and structural characteristics.”37 Crivelini et al.’s36
conclusion was that “vimentin-positive cells of AOTs
have secretory functions.” Sudhakara et al.38 interpreted
that “the heterogenous variable expression of vimentin
in AOT suggests it to be a nonspecific marker, but its
partial role in histogenesis of mineralized component
cannot be negated.”
Vimentin and cytokeratin coexpression was seen
in the anastomosing cords, intermediate cells, and
some cells of the RDS. In 1989, Kasper et al.40 studied coexpression of vimentin and cytokeratin in
developing tooth germs and found transient coexpression of vimentin and cytokeratin in odontogenic
epithelial cells of the outer enamel epithelium and
stellate reticulum during the bell stage of odontogenesis. Kasper et al.40 presented 4 hypotheses to
explain this phenomenon. The first hypothesis was
that coexpression was a normal, transient phenomenon occurring during odontogenesis. The second
hypothesis was that coexpression indicated proliferating cells. Hypothesis 3 stated coexpression
occurred when cell-to-cell contacts were lost, as seen
in the loosely arranged stellate reticulum. The fourth
hypothesis was that vimentin and cytokeratin coexpression could indicate cells with secretory or
resorptive functions. The AOT cells that coexpressed
vimentin and cytokeratin may represent those cells
in that transient stage of odontogenesis. Other possibilities are that coexpression could indicate that
AOT cells are in a proliferative state or have secretory functions, such as those in the RDS.
Some cells of RDS showed coexpression of nestin
and cytokeratin (Figure 2B, C), or coexpression of nestin, cytokeratin, and vimentin (Figure 2L N). To the
best of our knowledge, coexpression of nestin and cytokeratin or of nestin, cytokeratin, and vimentin have not
been described during odontogenesis in the literature.
Whether these phenomena of AOT also occur in normal odontogenesis or if they represent pathologic
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processes caused by mutations, as in a benign neoplasm, remains unknown.
The strengths of our study include sample size
(n = 21), an analysis according to histologic structures,
and correlation with the AOT products. The limitation
of our study is that only 3 mesenchymal markers (nestin, DSPP, vimentin) were used in the IHC investigation. The results provide initial supporting evidence
but limited information on characteristics of those mesenchymal cells. Future studies using other proteins
expressed by odontogenic mesenchymal cells (odontoblasts, pulpal, or stem cells) and/or investigating
expression of these mesenchymal proteins and related
signal transduction proteins at the mRNA level may
provide further evidence and characterization of this
small population of mesenchymal cells in AOT. In this
regard, it is also worth noting that expression of some
odontoblast-related proteins, such as osteopontin,
osteonectin, and osteonectin, indeed have been
reported previously in AOT cells and/or products.41

CONCLUSION
We conclude that although AOT is predominantly
composed of epithelial cells, some cells of the RDS
show mesenchymal phenotypes. The eosinophilic products (dentinoid) of AOT contain collagen types I and
III, which are mesenchymal products. Our findings
suggest that AOT is a mixed odontogenic tumor.
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