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Abstract

Ameloblastoma, a tumor located in the jaw, grows slowly but locally invasive.
Ameloblastoma expands in the jaw based on a mechanism resorbing the surrounding
bone. To date, the bone resorption mechanisms of ameloblastoma are associated with the
expression of receptor activator of nuclear factor (NF)-kB (RANK) ligand (RANKL), matrix
metalloproteinases (MMPs), and tumor necrosis factor (TNF)-a. RANKL plays an important
role in generating osteoclastogenesis. MMPs degrade the extracellular matrix. TNF-a
can induce the formation of osteoclast and modulate the MMPs. In this review the bone
resorption mechanism of ameloblastoma as well its signaling pathway will be disclosed.
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INTRODUCTION

One of the most common benign epithelial
odontogenic tumors of the jaw is ameloblastoma.
Ameloblastoma has the characteristics of slow
growth and locally invasive. The peak incidence
of ameloblastoma is in the third and fourth decades
of life, but ameloblastoma can occur at all ages,
equal in gender distribution. In Caucasians, most
ameloblastomas occur in the molar-ramus region,
with over 50% prevalence. Most ameloblastomas
occur in the mandibular symphysis in the Asian
Indian and Nigerian population (Petrovic, et al.,
2018). Ameloblastoma usually occurs in a unilateral
form (95%). Overall, ameloblastomas arise mostly
in the mandible (80-93%) (Singh, et al., 2015). In
Indonesia, multicystic follicular ameloblastoma
was the most common type (57%), followed by
unicystic (25%) and unspecified multicystic (18%)
(Ruslin, et al., 2018). In Southeast Myanmar and
Lower Northern Thailand, ameloblastoma was

shown multilocular radiolucency in 70% cases and
unilocular radiolucency in 30% cases. Unicystic
ameloblastoma (20%), conventional solid/mul-
ticystic ameloblastoma (70%), and desmoplastic
ameloblastoma (10%) were diagnosed in Lower
Northern Thailand, Southeast Myanmar, and Thai-
land regions. The most common histologic pattern
was the plexiform type (57.2%), followed by the
follicular type (23.8%) (Intapa, 2017).

A 40-year epidemiologic study in Iran
showed the most frequent location of the tumor
was the mandibles (93.2%) (Saghravanian, et al.,
2016). Ameloblastoma is mainly located in the third
molar region; 20% of ameloblastoma arises in the
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maxilla, particularly in the posterior region. Des-
moplastic ameloblastoma, a rare subtype (2% of
all ameloblastomas), arises most frequently in the
premolar and anterior regions of the mandible
and the maxilla (Kreppel and Zoller, 2018). As
the development of odontogenic tumors was asso-
ciated with remnants of the migrating epithelium at
the cervical loop of the enamel organ, it was not
surprising that the development of ameloblastoma
was also linked to the enamel organ remnants of
odontogenic epithelium and lining of odontogenic
cyst. This odontogenic etiological origin was fur-
ther supported by the similarities in the expression
profiles of cytokeratin and vimentin between the
developing tooth germ and ameloblastoma (Ef-
fiom, et al., 2018). The molecular pathogenesis of
ameloblastoma is now attributed to dysregulation
of the mitogen-activated protein kinase (MAPK)
pathway based on studies using ameloblastoma
tissues, cell lines, and transgenic mice (Brown, ef
al., 2015).

Various risk factors have been associated
and studied which might be involved in triggering
development and progression of ameloblastoma
such as chronic inflammatory responses, viral in-
fection (human papillomavirus), malnutrition,
deficiency of either vitamins/proteins/minerals,
improper dental health, individual's genetic poly-
morphism (Toprani, 2020), chemical exposure (ar-
senic, lead, drugs, occupational-related exposures),
radiation, and pollution (air, water, and foodborne)
(Sun, et al., 2020).

Interaction between ameloblastoma cells
and bone marrow stromal cells (BMSCs) increased
the secretion of interleukin (IL)-8 and activin A
by BMSCs. Tumor-derived tumor necrosis fac-
tor (TNF)-a modulated the expression of IL-8 in
BMSCs. IL-8 could stimulate receptor activa-
tor of nuclear factor (NF)-kB (RANK) ligand (L)
in contributing to osteoclast formation. In BMSCs
culture, ameloblastoma cells stimulate the secre-
tion of Activin A. The mechanism via cell-to-cell-
mediated activation of c-Jun N-terminal kinase
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activation. Osteoclast formation and function were
induced by Activin A as a cofactor of RANKL (Liu,
et al., 2019). RANKL binding will trigger the acti-
vation of the osteoclast. Besides RANKL, the pro-
gression also involved matrix metalloproteinases
(MMPs). MMP-1, MMP-2, and MMP-9 were re-
leased by ameloblastoma (Yoshimoto, ef al., 2016).
A study confirmed the bone-resorption mechanism
of ameloblastoma by observing the role of RANK
and MMP-9. On the other hand, osteoprotegerin
was found to act as a bone resorption inhibitory fac-
tor (Qian and Huang, 2010).

CLINICAL, RADIOGRAPHIC, AND HISTO-
LOGICAL FEATURES OF AMELOBLASTOMA

Clinical Appearance

In general unicystic, multicystic, dermo-
plastic, and plexiform ameloblastomas have the
same clinical appearances, which are extra and
intraoral swelling with the absence of pain
(Figueiredo, et al., 2014; Kamboj, et al., 2015). The
swelling was the most common symptom (38%)
(Kim and Jang, 2001). The reported initial chief
complaint was the swelling of the lower jaw and/
or face, for a period ranging from 1 to 4 months,
usually asymptomatic (Figueiredo, et al., 2014).
Other rare symptoms experienced by ameloblas-
toma patients such as local discomfort (11.3%),
purulent discharge (4.2%), pain and paresthesia
(1.4%), tooth mobility (1.4%), swelling, and puru-
lent discharge (2.8%) (Kim and Jang, 2001). Some-
times the pain will occur due to hemorrhage in the
adjacent soft tissue (Kreppel and Zoller, 2018).

Recurrences have been reported to occur
between 2 and 5 years for more than 50% of the
cases. The rest can occur sporadically 20, 30, and
even 45 years later. Usually, recurrent lesions were
smaller than the primary lesion, and thus, segmen-
tal resection may be more limited (Parmar, ef al.,
2016).

Maxillary ameloblastomas were not
commonly found, and approximately about 15% of
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all ameloblastoma cases. Maxillary ameloblastomas
are often be associated with an aggressive course.
The surgery challenges are different on maxillary
ameloblastoma compare to mandible ameloblas-
toma. Complication into adjacent spaces such
as the maxillary antrum is often detected at later
stages of maxillary ameloblastoma (Yang, et al.,
2017). If orbital is involved in maxillary ameloblas-
toma, usually related to high mortality, morbidity,
and recurrence. Only 23 well-documented cases
and 3 publications in ophthalmic were reported.
This indicated the maxillary ameloblastoma was
extremely rare. The clinical presentation of
recurrent maxillary ameloblastoma such as
nasal discharge with blood, swelling, nasal obstruc-
tion, pushed-down hard palate, and eye proptosis
(Qahtani, et al., 2019).

Radiographic Feature

Multilocular and unilocular ameloblas-
tomas had the same radiographic features.
Well-defined margin, corticated thick, adjacent
root resorption may present or absent, buccal/
lingual/inferior border of mandible cortical expan-
sion, and usually found at posterior or anterior of
the mandible. Radiographic features of unilocular
and multilocular ameloblastomas can be differen-
tiated. The unilocular usually has a smooth shape
of margin, absent of septae, and internal structure
radiolucent (Figueiredo, et al., 2014). Meanwhile,
the multilocular can appears with scalloped mar-
gin, thin curved or coarse curved septae, and mix
or soap bubble internal radiolucent structure. Radi-
olucency cyst-like appearance referred to unicystic
type ameloblastoma. However, unlike cyst, unicys-
tic ameloblastoma may show trabeculae within the
lumen and had a discontinuity in the peripheral cor-
tex. Another radiolucency appearance to be seen is
a large radiolucent area with scalloped borders, and
it is referred to as one most common appearances of
spider-web patterns. From the center of the lumen,
coarse strands of trabeculae radiate peripherally,
giving rise to a gross caricature of a spider. Multilo-
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cular radiolucency is seen as a soap bubble pattern.
This pattern had a varying size, multi-chambered,
or multicystic “bunch of grapes” appearance
giving rise to the soap-bubble. The last pattern seen
in radiolucency was honeycomb appearance, also
known as solid or beehive pattern. The honeycomb
appearance arose from multiple small radiolucen-
cies that are seen surrounded by hexagonal or po-
lygonal thick-walled bony cortices (More, et al.,
2012).

Histological Findings

In the WHO classification for odonto-
genic tumors, types of ameloblastomas are solid/
multicystic, plexiform, and follicular. Other types
of ameloblastomas are unicystic, extraosseous-
peripheral, and desmoplastic (Arora, 2015).
Microscopic patterns of ameloblastomas can be
uniform or mixed and divided into the follicular,
plexiform, acanthomatous, spindle, basal cell-like,
desmoplastic, and granular cell. The most common
type was the solid or multicystic type with 91%
prevalence of ameloblastoma followed by unicys-
tic, extraosseous, and desmoplastic type with 6%,
2%, and 1%, respectively. Benign ameloblastoma
is a unicystic type and divided into intraluminal and
intramural subtypes. On the other hand, if the inva-
sion of supporting connective tissue was the intra-
mural subtype. The appearance which is centered
within the marrow space and encapsulated by bone
was dermoplastic ameloblastoma. The peripheral
ameloblastomas are extra-osseous and do not in-
volve the underlying bone (McClary, et al., 2016).

The classical histological pattern of
ameloblastoma described by Vickers and Gorlin is
characterized by a peripheral layer of tall columnar
cells with hyperchromasia, reversely polarized nu-
clei and sub-nuclear vacuole formation (Masthan,
et al., 2015). Follicular type is composed of many
small islands of the peripheral layer of cuboidal or
columnar cells with a reversely polarized nucleus.
The term plexiform refers to the appearance of
anastomosing islands of odontogenic epithelium,
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with double rows of columnar cells in a back-to-
back arrangement. In acanthomatous type, the cells
occupying the position of stellate reticulum undergo
squamous metaplasia, with keratin pearl formation
in the center of tumor islands. In granular cell
ameloblastoma, the cytoplasm of stellate reticu-
lum-like cells appears coarse granular and eosino-
philic. Basal cell type, the epithelial tumor cells are
less columnar and arranged in sheets. The desmo-
plastic variant is composed of the dense collagen
stroma, which appears hypocellular and hyalinised
(Rajendran, 2012).

A cyto-histological study investigated the
ameloblastoma expression of B-cell lymphoma
(Bcl)-2 related proteins. BI-2 and Bel-x were found
more in the outer layer cells of the tumor island. On
the other hand, Bcl-2-associated X-protein (Bax)
and Bcl2-antagonist/killer (Bak) were found more
in the inner layer. This finding indicating the outer
layer cell had apoptotic inhibition. Meanwhile, the
inner layer cell was experienced more apoptosis
(Sandra, et al., 2001). Due to the active proliferating
state, Proliferating Cell Nuclear Antigen (PCNA)
and Ki-67 of ameloblastoma were investigated.
The cytological pattern of ameloblastoma showed
PCNA and Ki-67 were expressed in the outer layer.
Higher expression of PCNA and Ki-67 suggested
the ameloblastoma had a higher proliferation
activity in the outer layer (Sandra, ef al., 2001).

OSTEOCLASTIC MECHANISM AND ITS UN-
DERLYING PATHWAYS IN AMELOBLAS-
TOMA

Bone resorption is a complex process ini-
tiated by the proliferation of immature osteoclasts.
Osteoclastic differentiation is principally regulated
by RANK/RANKL/OPG system. The interaction
between RANK and RANKL plays a critical role
in promoting osteoclast differentiation and activa-
tion, thus leading to bone resorption. RANKL binds
to RANK on the surface of preosteoclasts and
stimulates the development and activation of osteo-
clasts. OPG is a soluble decoy receptor for RANKL
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that blocks osteoclast formation by inhibiting
RANKL binding to RANK. The enhanced RANKL
expression or decreased OPG levels play an im-
portant role in tumor-associated bone destruction
(Tekkesin, et al., 2011; Al-Rawi, et al., 2018).

The current concept of bone resorption
caused by ameloblastoma occurs as a result of
activities by peritumoral osteoclasts. It is believed
activation of peritumoral osteoclasts by RANKL
is released from the ameloblastoma (Yoshimoto, et
al., 2016). RANKL-induced NF-kB activation for
osteoclast differentiation and function. Activated
T cells produce the RANKL that directly controls
bone remodeling and osteoclastogenesis. RANKL
was expressed in all types of ameloblastomas, and
it could be the regulating factor of bone metabolism
(Tekkesin, et al., 2011; Sandra, et al., 2005).

Several cytokines such as IL-1, IL-6, IL-8,
IL-11, and IL-17 were bone-resorbing factors and
have been reported to trigger RANKL expression in
BMSCs. Upregulating IL-8 and activin A triggered
osteoclastogenesis from the interactions between
ameloblastoma cells and BMSCs. Ameloblas-
toma-derived TNF-a will enhance the production of
IL-8 in BMSCs, further induced osteoclast forma-
tion directly or by upregulating RANKL expression
in BMSCs. The activation of the JNK pathway in
the presence of ameloblastoma cells induced stimu-
lation of Activin A secretion in BMSCs. Osteoclast
formation and function stimulated by RANKL and
activin A acted as a co-factor of RANKL. Over-
expression of IL-8 not only correlates with tumor
growth, angiogenesis, and metastasis but also
serves a critical role in osteoclast formation. Mul-
tiple signals, including IL-1a, IL-1f, and TNF-q,
are correlated with the production of IL-8. A study
suggested RANKL expression through IL-8-de-
pendent pathway from the interaction between the
ameloblastoma cells and BMSCs (Fuchigami, et
al., 2014; Liu, et al., 2019). (Figure 1)

Expressions of IL-la and IL-6 con-
tribute to the tumor size of ameloblastoma.
IL-1o and IL-6 are known to be the major
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cytokines for osteolysis. Based on the result, the
author suggested IL-1a and IL-6 mediating bone
lysis play a vital role in ameloblastoma expansion
in the jawbone (Senguyen, et al., 2011).

Besides RANKL, osteoclastogenesis
stimulation by TNF-o has been confirmed. Tar-
trate-resistant acid phosphatase-positive multinu-
cleated cells formation directly induced by TNF-a.
This mechanism will produce resorption pits on
the bone (Sandra, et al., 2005; Feng, et al., 2019).
Besides, matrix metalloproteinases (MMPs) and
Cathepsin K are involved in the degradation of
the organic matrix in bone, mainly type I collagen
(Qian, et al., 2010).

Regulation of IL-6 and MMP-9 can be
modulated by TNF-a in ameloblastoma cells,
which implicated the ameloblastoma pathological
behavior, such as bone resorption. TNF-a secreted
from the tumor directly modulates osteoclasts and
may also act on osteoclastogenesis by intro-
ducing IL-6 and MMP-9 via autocrine mechanisms
in ameloblastoma. TGF-B and interferon-y (IFN-y)
have also been reported to be essential regulators of
osteoclastogenesis. TGF-J is an essential element,
as it functions as a cofactor of RANKL. IFN-y has
also been shown to induce activation and secre-
tion of the osteoclastogenesis factors. TGF-$ and
IFN-y could increase the levels of TNF-a-induced
IL-6 and MMP-9. TGF-f and IFN-y cooperate
to regulate TNF-o mediation of genes related to
bone resorption in ameloblastoma cells and may
influence ameloblastoma tumor growth and in-
vasiveness. TNF-a was shown to increase NF-kB
activation via inhibitor of kB (IxB)a phosphoryla-
tion to induce IL-6 and MMP-9, while the NF-xB
inhibitor dramatically decreased TNF-a-mediated
IL-6 and MMP-9 expressions. A study revealed that
TNF-a-induced NF-kB signaling plays a vital role
in pathological behavior, such as bone resorption in
ameloblastoma cases. On the opposite, NF-kB in-
hibitor blocked TNF-a-mediated synergistic induc-
tion of MMP-9 and IL-6 in the presence of IFN-y or
TGF-B. Thus, for NF-kB activation, TNF-a is ini-
tially triggered, followed by other signal pathways
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stimulated by IFN-y or TGF-f cross-talk (Ohta, et
al.,2017). (Figure 1)

MMPs may contribute to ameloblastoma
behavior, which can transduce the Extracellular Re-
lated Kinase (ERK) 12 pathway. In ameloblastoma,
MMPs mediate bone resorption. The tissue inhibi-
tors of metalloproteinases (TIMPs), Transforming
Growth Factor (TGF)-a, and Epidermal Growth
Factor (EGF) cooperate to regulate ameloblastoma
proliferation. Distinct signaling pathways have been
implicated in TIMP growth-promoting activity, in-
cluding ERK 12. ERK 12 signals are generated
by growth factors and tissue inhibitors of MMPs
(Siqueira, et al., 2010). Besides MMPs, The TN-
F-o induction for ameloblastoma was transduced
by Phosphoinositide 3-Kinases (PI3K), Akt, and
Mitogen-activated Protein Kinase (MAPK). This
induction will impact ameloblastoma proliferation
activity and survival (Hendarmin, et al., 2005).

RANKL and MMP-9 were found to be
immunohistochemically expressed in ameloblas-
toma. MMP-9 (gelatinase B, a 92 kDa type IV
collagenases) is involved in the process of tumor
invasion by mediating degradation of basement
membrane and remodelling of extracellular matrix
(ECM), and one of the most important proteinases
involved in bone resorption. MMP-9 is not only
contributed to bone matrix degradation but also as
a regulator in the initial bone resorption process.
MMP-9 presents in ameloblastoma to digest bone
matrix and release mitogens, which could increase
tumor proliferation (Qian, et al., 2010; Anne, et al.,
2014; Pinheiro, et al., 2004).

MMPs and RANKL play important roles
in cell proliferation, invasion, and bone resorp-
tion. Wnt/B-catenin signaling, which is involved
in the progression of ameloblastoma, can regulate
MMP and RANKL expression. B-catenin is a key
factor in the Wnt signaling pathway, acting as a
transcriptional activator. Activation of the Wnt/B-
catenin pathway inhibits glycogen synthase ki-
nase-3 (GSK-3p) enzymatic activity within the
destruction complex by phosphorylating GSK-
3B (Yang, et al., 2018). Wnt/B-catenin signaling,
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through GSK-3f inactivation, can also affect osteo-
clast differentiation. Several mechanisms related
to B-catenin signaling are suggested to modulate
RANK-RANKL-OPG signaling in osteoclasts
(Amirhosseini, et al., 2018). (Figure 1)

Osteoclast differentiation is completed by
the expression of a large number of related marker
genes, such as MMP-9, Nuclear Factor of Activated
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T Cells 1 (NFATc1), TRAP, C-Src, and cathep-
sin K. Most of which are target genes of NFATcI.
NFATc1 is a well-known master regulator of os-
teoclastogenesis and function (Sandra, et al., 2005).
This osteoclastogenesis provides the space for the
ameloblastoma to expand in the bone (Gomes, et
al., 2010).

Ameloblastoma
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Wnt/ B-catenin IL-1, IL-6, IL-8, TGF-B and IFN-y
IL-11 and IL 17
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Osteoclastogenesis

Osteoclastogenesis

Bone resorption

Figure 1. Bone resorption mechanism of ameloblastoma.

MANAGEMENT OF AMELOBLASTOMA AND
RECURRENT PREVENTION

Lesion elimination should always be
the main focus for the best treatment choice. The
treatment method will influence on the life and
rehabilitation of the patients. Treatment options
ranging from conservative to radical bone resec-
tions (Maia and Sandrini, 2017).
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MMP-2 and MMP-9 are proteolytic
enzymes and target genes of Wnt pathways. Both
MMPs mediate tumor growth and invasion by
regulating events like neoangiogenesis, anti-
apoptosis, invasion, and metastasis. The elevated
neovascularization or angiogenesis indicated the
tumor prone to recurrence. Each type of ameloblas-
toma had the variant expression of the MMPs. High
expression of MMPs was reported to be correlated
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with the high proliferative ameloblastoma with
elevated neoangiogenesis. Therefore, adequate
treatment with more extensive resection should be
considered. In contrast, lower expression of these
markers suggests the treatment could be done with
the conservative procedure (Kibe, ef al., 2013; Sah,
etal., 2013). (Figure 2)

MMPs role of action is mainly the degra-
dation of ECM. While RANKL is involved in the
mechanism of how the tumor expands in the bone,
RANKL is required for osteoclast development.
Therefore, target therapy on these markers could
be potential (Al-Rawi, et al., 2018). Invasion by
ameloblastoma cells expressing RANKL, marked
by a larger tumor volume, needs more invasive
procedures, such as segmental resection with the
discontinuity of the bone piece, even removing the
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periosteum, and overlying soft tissue (Dissanayake
etal., 2011). (Figure 2)

Conservative methods such as enucleation
and curettage require less operation time, but these
methods are assumed to be associated with high
recurrence rates and re-resection (Hendra, et al.,
2019). Recurrence rates of solid and unicys-
tic ameloblastomas revealed a lower risk of
recurrence after radicalization compared to conser-
vative treatment (Antonoglou and Sandor, 2015).
Recurrence rates were 3% for radical treatment and
21% for conservative treatment. The solid or mul-
ticystic ameloblastoma may  behave more
aggressively than the unicystic ameloblastoma
based on the recurrence rates (Hendra, et al.,
2019). Despite the surgery, another important as-
pect is the awareness of the patients since they will

MMPs

RANKL

/\/

Bone resorption

Neoangiogenesis } {
Prone to recurrent } [

Larger volume }

l\.&

v

¥

[ Radical Procedure

] [ Conservative Procedure ]

Figure 2. Procedure selection for ameloblastoma based on bone expansion and recurrent prevention.
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need more rigorous attention and care regarding
their oral health, including specific diet, follow-up,
and periodical examinations. (Franga, et al., 2012).

CONCLUSION

Bone resorption in ameloblastoma occurs
as a result of peritumoral osteoclasts activities. Os-
teoclastic induction of ameloblastoma cells is asso-
ciated with RANKL, TNF-a, and MMPs. RANKL
expression will induce osteoclast differentiation and
function. TNF-a induces osteoclast formation and
modulates the regulation of MMPs. While MMPs,
despite mediating degradation of the basement
membrane, also play a role in and neovasculariza-
tion event. By understanding the osteoclastogene-
sis in ameloblastoma cases, together with surgery
and other target therapies, the RANKL, TNF-a, and
MMPs should be targeted so that the growth and
recurrence of ameloblastoma can be managed.
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