ORIGINAL RESEARCH
Oral Pathology

Vildeman Rodrigues de ALMEIDA
JUNIOR®

Eder Gerardo Santos LEITE

Marcus Vinicius ALMEIDA®

Jurema Freire Lisboa de
CASTRO®

Roseana de Almeida FREITAS®

Flavia Calé Aquino XAVIER®

Andreia Leal FIGUEIREDO®)

Jean Nunes SANTOS®

Aguida Cristina Gomes
HENRIQUES®

@Universidade Federal da Bahia — UFBA,
Graduate Program in Dentistry and Health,
Salvador, BA, Brazil.

BUniversidade Federal do Pernambuco —
UFPE, Department of Dentistry, Graduate

Program in Oral Pathology, Recife, PE, Brazil.

©Universidade Federal do Rio Grande do
Norte — UFRN, Department of Dentistry,
Graduate Program in Oral Pathology,
Natal, RN, Brazil.

Declaration of Interests: The authors
certify that they have no commercial or
associative interest that represents a conflict

of interest in connection with the manuscript.

Corresponding Author:
Aguida Cristina Gomes Henriques
E-mail: aguidacgh@gmail.com

https://doi.org/10.1590/1807-3107bor-2022.v0l36.0072

Submitted: March 13, 2021
Accepted for publication: September 9, 2021
Last revision: October 29, 2021

Differential protein expression of
osteoclastogenic factors in odontogenic
cysts and tumors

Abstract: The osteolytic activity of odontogenic cysts and tumors
is directly associated with their growth and aggressiveness. The
influence of proteins expressed by epithelial and mesenchymal cells on
this biological event differs between indolent cystic lesions, aggressive
cystic lesions, and odontogenic tumors. The objective of this study
was to compare the immunohistochemical expression of factors that
stimulate (receptor activator of nuclear factor kappa-B ligand - RANKL,
cathepsin K - CatK and matrix metallopeptidase 8 - MMP-8) and inhibit
(osteoprotegerin - OPG) osteoclastogenesis between dentigerous
cyst (DC), glandular odontogenic cyst (GOC), odontogenic keratocyst
(OKC), and ameloblastoma (AB). Paraffin-embedded sections of nine
DCs, nine GOCs, 20 OKCs, 21 ABs, and four dental follicles (DFs) were
subjected to immunohistochemistry. Immunoreactivity was analyzed
semiquantitatively and quantitatively in epithelium and connective
tissue, respectively. The proteins were immunoexpressed in epithelial
and mesenchymal cells of all lesions studied. The expression of
RANKL and CatK was higher in OKC, AB, and GOC (p<0.005). Higher
expression of OPG was found in DF and DC compared to the other
markers (p<0.005). MMP-8 expression was high in GOC and OKC. This
study demonstrated the differential expression of factors that inhibit
and stimulate bone resorption during the development of DC, GOC,
OKC, and AB. Higher expression of RANKL and CatK was observed
in more aggressive lesions. OPG appears to be one of the molecules
responsible for the slower growth of DC.

Keywords: Bone Resorption; Bone Cysts; Ameloblastoma; Biomarkers;
Immunohistochemistry.

Introduction

The development, progression, and variable biological behavior of
odontogenic lesions are related to their osteolytic activity.! The altered
expression of proteins that stimulate or inhibit osteoclastogenesis, together
with the activity of extracellular matrix metalloproteinases (MMPs), may
influence the behavior of these lesions.>** Bone resorption is the main
biological event responsible for the progression and aggressiveness of
odontogenic lesions, which depends on the formation and activation of
osteoclasts. Several protein factors have been shown to participate in
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Differential protein expression of osteoclastogenic factors in odontogenic cysts and tumors

the regulation of bone metabolism.>*” These factors
activate or inhibit osteoblasts and osteoclasts.

The identification of the triad consisting of
receptor activator of nuclear factor kappa B (RANK),
its ligand (RANKL), and osteoprotegerin (OPG) has
significantly contributed to the understanding of
the biology of bone remodeling. Other molecules
also participate in the degradation of the organic
and inorganic matrix of bone tissue, favoring
osteoclastogenesis.®” RANK and RANKL have been
linked to higher osteolytic activity and have been
suggested to stimulate bone resorption.® On the other
hand, OPG exerts the opposite effect and is known
as an inhibitor of osteoclastogenesis. Changes in the
RANK/RANKL/OPG ratio have been associated
with the development of odontogenic lesions.!
Cathepsin K (CatK) and MMP-8 are important
proteases that participate in the degradation of bone
matrix protein components, especially collagen I.
The role of CatK and MMP-8 in the development
of odontogenic lesions has been poorly studied
and the activity of these enzymes associated with
the RANK/RANKL/OPG triad can potentiate
bone resorption and contribute to the growth of
odontogenic lesions.?*1%11

Inasmuch as the factors that stimulate and inhibit
osteoclastogenesis are likely responsible for differences
in the growth of odontogenic cysts and tumors, the
present study compared the protein expression of
RANKIL, CatK, MMP-8, and OPG between indolent
odontogenic cystic lesions (dentigerous cyst - DC),
aggressive odontogenic cystic lesions (glandular
odontogenic cyst - GOC, odontogenic keratocyst -
OKC), and odontogenic tumors (ameloblastoma -
AB) in order to determine whether the expression of
osteoclastogenic factors in OKC and GOC is similar
to that seen in AB or DC.

Methodology

The sample consisted of 63 paraffin-embedded
tissue specimens, including nine DCs, nine GOCs
(seven multilocular and two unilocular cysts),
20 non-syndromic OKCs (seven multilocular and seven
unilocular cysts, and six cysts with their classification
not informed), and 21 ABs diagnosed according
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to the criteria proposed by WHO."? Four dental
follicles (DFs) served as controls. Only specimens
with a mild inflammatory infiltrate or without an
infiltrate were included. For AB, only the conventional
clinical-radiographic type was selected. The study
was approved by the local Research Ethics Committee
(process no. 1.091.779).

Immunohistochemistry

For immunohistochemistry, 3-um thick sections
mounted on glass slides previously prepared with
organosilane adhesive (Sigma, Munich, Germany)
were deparaffinized and rehydrated. Endogenous
peroxidase was blocked by incubating the sections
with 3% hydrogen peroxide in phosphate-buffered
saline (PBS) for 45 min. For antigen retrieval, the
sections were incubated with citrate buffer, pH
6.0, for 20 min in a water bath at 95°C and cooled
for 20 min at room temperature. The sections were
treated with 4% milk and incubated with Protein
Block Serum-Free (Dako, Copenhagen, Denmark)
for 10 min to block nonspecific reactions. Next, the
sections were incubated with primary antibodies
diluted in antibody diluents with background reducing
components (Dako) for 18 h (overnight) at 4°C (RANKL:
N19, Santa Cruz, 1:150; OPG: N22, Santa Cruz, 1:150;
CatK: 2F1, Abcam, 1:750; MMP-8: MMO0023-7, Santa
Cruz, 1:50). The LSAB+System-HRP (Dako) was used
for the detection of RANKL, OPG, and CatK, and
the ADVANCE™ HRP system (Dako) was employed
for the detection of MMP-8. The reactions were
developed with 0.03% diaminobenzidine (Dako) as
chromogen and the slides were counterstained with
Mayer’s hematoxylin for 2 min. Central giant cell
lesions were used as positive control for RANKL,
OPG, and CatK, and radicular cysts (RC) as positive
control for MMP-8. Sections incubated with serum
diluent replacing the primary antibodies served as
negative control.

The presence or absence of immunoreactivity
in epithelium and connective tissue was analyzed,
as well as the type of positive mesenchymal cell
(fibroblast or endothelial cell). Immunoexpression
in the epithelium was analyzed semiquantitatively
throughout the entire slide. Two observers scored
immunoexpression at 100x final magnification as
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follows.**!: 0 or no staining (< 10% positive cells),
1 (11-25% positive cells), 2 (26-50% positive cells),
3 (51-75% positive cells), and 4 (> 75% positive cells).
In connective tissue, the analysis was quantitative.
The number of positive cells was counted in five
representative histological fields corresponding
to the hotspot areas for each marker at 400x final
magnification, and the mean number was calculated
for each case.*"*"* Areas containing inflammatory cells
were avoided in the selection of the five histological
fields. The image of each field was captured with a
Nikon E200 photomicroscope. Immunostained cells
were counted using the Cell Counter tool of the Image
J for Windows software (version 3.0). In addition to cell
counting, this tool marks positive and negative cells
in different colors. The median number of positive
cells was calculated for each lesion according to the
protein analyzed.

Statistical analysis

Epithelial staining and mesenchymal staining
were compared by the X? and the Kruskal-Wallis
tests, respectively. The level of significance was set
at 5% (p < 0.05).

Results

In general, positive staining was observed in the
cytoplasm of epithelial and connective tissue cells.
The cell types that expressed the proteins studied in
connective tissue were fibroblasts and endothelial cells.

Comparison of epithelial expression of the
proteins studied among lesions (Table 1) revealed
a significant difference for RANKL (p < 0.001). The
highest immunostaining for this protein was found
in OKC (75% of cases classified as score 4) and AB
(61.9% of cases classified as score 4). The expression
of CatK also differed significantly (p < 0.001), with
the highest expression in OKC (50% of cases classified
as score 3 and 40% of cases classified as score 4),
followed by GOC and AB. The highest expression of
MMP-8 was found in GOC (77.8% of cases classified as
score 4), followed by OKC (p < 0.001). Dental follicles
exhibited the highest expression of OPG (100% of
cases classified as score 4), followed by DC (88.9%
as score 4) (p = 0.002).

Comparison of immunohistochemical expression
of the different proteins in connective tissue among
lesions (Table 2) revealed higher expression of RANKL
and CatK in OKC (medians: 85.0 and 53.5, respectively)
and AB (medians: 80.0 and 29.0) (p < 0.001). MMP-8 was
expressed at higher levels in OKC (median: 78.5), DC
(median: 63.0), and GOC (median: 46.0) (p < 0.001).
The highest expression of OPG was detected in
OKC (median: 52.0), DF (median: 48.0), and DC
(median: 27.0) (p < 0.001).

Figures 1 and 2 illustrate RANKL, CatK, MMP-8,
and OPG immunostaining in the epithelial and
mesenchymal components of DC, GOC, OKC, AB,
and DF.

Discussion

Odontogenic lesions arise from the activation of
epithelial (cysts and tumors) and/or ectomesenchymal
(tumors) remnants of odontogenesis that persist
in the bone. These remnants can be stimulated
by proteins that activate biological events that are
essential for the growth and progression of the
lesion. One important event is osteoclastogenesis,
which is directly linked to the onset of intraosseous
lesions. The molecular events involved in bone
resorption and growth of odontogenic lesions are
not fully understood, but studies have shown some
proteins seem to influence the osteolytic activity and
expansion of these lesions."*** The present study
suggests differential expression of RANKL, CatK,
MMP-8, and OPG during the development of DC,
GOC, OKC, and AB.

The expression of osteoclastogenic factors
was evaluated in the epithelial and mesenchymal
components in order to determine whether the two
cell types influence the osteolytic activity of the
lesions. Previous studies have demonstrated positive
expression of RANKL, CatK, MMP-8, and OPG by
epithelial and mesenchymal cells.®" Areas in the
lesions with positive expression of these molecules
most likely represent active bone remodeling sites,
whereas downregulation of these factors would
indicate quiescent areas. ™ In the present study, the
expression of osteolytic factors was similar in epithelial
and mesenchymal cells, suggesting these cells play an
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Table 1. Comparison of epithelial expression of the proteins studied in dentigerous cyst, glandular odontogenic cyst, odontogenic

keratocyst, ameloblastoma, and dental follicle.

Score
Protein 0 ] 2 3 4
(< 10%) (11% to 25%) (26% to 50%) (51% to 75%) (> 75%) p-value
n (%) n (%) n (%) n (%) n (%)
Rankl
DC 0 (0) 1(11.1) 3(33.3) 3(33.3) 2 (22.2)
GOC 0(0) 1(11.1) 3(33.3) 3(33.3) 2(22.2) < 0.001
OKC 0 (0) 0 (0) 1(5) 4 (20) 15 (75)
AB 0 (0) 0(0) 0(0) 8 (38.1) 13 (61.9)
DF 3 (75) 1(25) 0 (0) 0 (0) 0 (0)
CatK
DC 2 (22.2) 3(33.3) 2 (22.2) 1(11.1) 1(11.1)
GOC 1(11.1) 1(11.1) 0(0) 4 (44.4) 3(33.3) < 0.001
OKC 0 (0) 0 (0) 2 (10) 10 (50) 8 (40)
AB 6 (28.6) 1(4.8) 8 (38.1) 2 (9.5) 4019
DF 4 (100) 0 (0) 0 (0) 0 (0) 0 (0)
MMP8
DC 0(0) 1(11.1) 1(11.1) 5 (55.6) 2 (22.2)
GOC 0(0) 0 (0) 0(0) 2 (22.2) 7 (77.8) < 0.001
OKC 0 (0) 0 (0) 3 (15) 10 (50) 7 (35)
AB 7 (33,3) 5 (23.8) 5(23.8) 3(14.3) 1(4.8)
DF 4 (100) 0 (0) 0(0) 0 (0) 0(0)
OPG
DC 0 (0) 0 (0) 1(11.1) 0 (0) 8 (88.9)
GOC 1(11.1) 2 (22.2) 4 (44.4) 2 (22.2) 0 (0) 0.002
OKC 0 (0) 0 (0) 2 (10) 5 (25) 13 (65)
AB 0 (0) 8(38.1) 8 (38.1) 5 (25) 0(0)
DF 0 (0) 0 (0) 0 (0) 0 (0) 4 (100)

DC: Dentigerous cyst; GOC: Glandular odontogenic cyst; OKC: Odontogenic keratocyst; AB Ameloblastoma; DF: Dental follicle.

equally important role in bone resorption, which is
essential for the onset, development, and progression
of the intraosseous lesions studied. Moraes et al.*
evaluated the participation of RANK, RANKL, and
OPG in the expansion of DC and RC. Similar to the
present study, immunohistochemical expression was
evaluated in the epithelium and connective tissue.
The results suggested the ratio between RANKL and
OPG in capsular cyst was associated with different
stages of lesion progression. On the other hand,
the concentration of OPG was increased in the
epithelium compared to RANKL. The function of OPG
would be to create a barrier against cystic expansion.
The differential distribution of osteoclastogenesis
stimulating and inhibitory factors in the epithelial
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and mesenchymal components is believed to favor
higher or lower bone resorption and consequently
mediate the progression of the lesion.

Analysis of the immunoexpression of
osteoclastogenic factors in DC demonstrated high
expression of OPG. However, significant expression
of MMP-8 was also observed in this cyst. Marked
expression of OPG in DC is expected because of
the indolent nature of the lesion. OPG inhibits the
proliferation and differentiation of osteoclasts and
competes with RANKL by preventing its binding
to RANK, thus inhibiting osteolytic activity.”'s
Suojanen et al.” found higher expression of OPG in
DC when compared to OKC and AB, in agreement
with our results.
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Table 2. Comparison of immunohistochemical expression
of the studied proteins in connective tissue in dentigerous
cyst, glandular odontogenic cyst, odontogenic keratocyst,
ameloblastoma, and dental follicle.

Protein Median Q,5.Qy5 p-value
Rankl
DC 40.0 20.5-58.5 < 0.001
GOC 25.0 1.5-48.5
OKC 85.0 40.25-92.0
AB 80.0 74.5-87.5
DF 0 0.0-3.0
Catk
DC 4.0 0.5-6.0 < 0.001
GOC 8.0 74.5-87.5
OKC 53.5 33.25-69.0
AB 29.0 0.0-70.0
DF 0 0,0-0,0
MMP8
DC 63.0 27.5-92.0 < 0.001
GOC 46.0 31.0-64.0
OKC 78.5 66.75-84.25
AB 17.0 10.0-33.0
DF 16.0 10.75-43.0
OPG
DC 27.0 17.0-59.5 < 0.001
GOC 3.0 0.0-13.0
OKC 52.0 33.5-57.75
AB 13.0 1.5-20.0
DF 48.0 39.75-58.5

DC: Dentigerous cyst; GOC: Glandular odontogenic cyst; OKC:
Odontogenic keratocyst; AB: Ameloblastoma; DF: Dental follicle.

Studies investigating the expression of MMP-8 in
odontogenic lesions are scarce in the literature and there
is only one study on DC.* Our findings are consistent
with the results of Suojanen et al.® who also found
high immunoexpression of MMP-8 in DC. MMP-8 is
one of the most important endopeptidases that mainly
degrades collagen 1.2 By acting together with other
factors that stimulate osteolytic activity, this protease
would contribute to the growth and progression of
intraosseous lesions. We believe the expression of
MMP-8 in DC evaluated in the present study was
important for the onset of the lesion. However, the
predominance of OPG is responsible for the indolent
behavior of DC. With respect to CatK, low expression
of this protein was detected in DC. CatK participates
in the degradation of bone matrix protein components,

especially collagen I, the most abundant collagen in
bone. However, the low expression of CatK in DC
suggests a minor role of this protein in the development
of this lesion. There are no studies evaluating the
immunoexpression of CatK in DC.

InGOC, MMP-8, RANKL, and CatK were expressed
at higher levels than OPG. This finding may partly
explain the aggressive nature of this cyst given that
it exhibits higher expression of molecules that favor
bone resorption.

The highest immunoexpression of RANKL was
observed in OKC. This result is consistent with the
literature in that OKC is considered a more aggressive
lesion compared to other odontogenic cysts*>* and is
associated with higher bone resorption.** Matos etal.!
Tekkesin, Mutlu and Oglac," and Siar et al.”® also
found high immunoexpression of RANKL in OKC.
Furthermore, our results showed significant expression
of OPG in the capsule of OKC. This result raises the
possibility that, although considered an aggressive
lesion, OKC normally possesses slower growth
than a tumor lesion such as AB. Similar results have
been reported by Tekkesin, Mutlu and Oglac,"! who
evaluated the levels of RANKL/OPG in OKC and
found higher expression of OPG in 62.4% of the cases
studied. By contrast, in our sample, OPG had a lower
expression than RANKL, CatK, and MMP-8 in the
capsule of OKC. The different ratios of stimulating
and inhibiting factors are believed to favor higher
or lower bone resorption.

Significant staining for CatK was observed in
OKC, suggesting this protein is important for the
development of this lesion. The immunohistochemical
expression of MMP-8 in OKC was more significant in
the capsule. There are no studies on the expression of
CatK or MMP-8 in OKC. Some authors, however, have
demonstrated a relationship of CatK with higher bone
resorption in the progression of rheumatoid arthritis
and periodontitis,” and of MMP-8 with reduced
bone repair and an increased risk of developing
malignant tumors.>*!

High levels of RANKL were detected in the
parenchyma and stroma of the AB cases studied, a
finding compatible with an aggressive lesion. Low
expression of OPG was also observed in AB, which is
consistent with the fact that this protein is an inhibitor
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Figure 1. Immunoexpression of RANKL, Catk, MMP8 and OPG in dental follicle (DF), dentigerous cyst (DC), and positive control
(A, D and J: central giant cell lesion, G: radicular cyst). Note the absence of expression of RANKL (B) and CatK (E) in DF and weak
expression in the cystic epithelium and capsule of DC (C and F). Expression of OPG is more evident in the cytoplasm and nucleus of
epithelial and mesenchymal cells of DF (K) and DC (L). MMP8 present in the cytoplasm and nucleus of mesenchymal cells of DF (I).

of osteoclastogenesis. These results corroborate several
studies in the literature.'"**? Kumamoto et al.* found
higher expression of RANKL compared with OPG in
the parenchyma of AB. Tekkesin, Mutlu and Oglac™
detected higher expression of RANKL in the stroma
of AB when compared to OPG.
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In the present study, significant CatK staining was
observed in the parenchyma and in the stroma of AB.
Cathepsin Kis a biological marker of osteoclastogenesis
whose expression, together with RANKL, may explain
the bone resorption and expansion potential of this
lesion. Kim et al.” observed important expression of
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Figure 2. Immunoexpression of RANKL, CatK, MMP8 and OPG in glandular odontogenic cyst (GOC), odontogenic keratocyst
(OKC), and ameloblastoma (AB). Note the high expression of RANKL (C) and CatK (F) in the parenchyma and stroma of AB. High
expression levels are seen in the cystic epithelium and capsule of OKC (B and E) and lower expression levels in GOC (A and D).
Expression of MMP8 is evident in the cytoplasm and nucleus of epithelial and mesenchymal cells of GOC (G, OKC (H) and AB ().
OPG is less evident in GOC (J), OKC (K) and AB (L).

CatK in peripheral AB. There are no previous studies of AB. However, other MMPs have been explored and
evaluating the expression of CatK in intraosseous AB. an important role in the development, bone resorption,
The immunohistochemical expression of MMP-8 in AB and growth of this tumor has been demonstrated.>*

was not significant. The studies published so far did not Comparison of the immunohistochemical
investigate the participation of MMP-8 in the pathogenesis expression of the proteins among the lesions studied
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revealed an apparently greater participation of RANKL
and CatK in the pathogenesis of OKC, AB, and GOC
than in that of DC. This result might be important
to explain the greater bone resorption, growth, and
aggressiveness of AB, OKC, and GOC.>"! Tekkesin,
Mutlu and Oglac" evaluated the immunohistochemical
expression of RANK, RANKL, and OPG in OKC, AB,
and RC. In their study, the expression of RANKL
was high and similar in AB and OKC, but low in RC.
RANK expression was higher in OKC, whereas OPG
expression was low, without differences between
lesions. Brito et al.* evaluated the expression of the
RANK/RANKL/OPG triad in unicystic AB, OKC, and
DC. Higher expression of RANKL was observed in
unicystic AB, followed by OKC. The latter exhibited
higher expression of OPG when compared to the other
lesions studied. Higher expression of RANK and lower
expression of RANKL were found in DC. The present
study also compared the immunohistochemical
expression of RANKL and OPG in DC, AB, and
OKC. Higher expression of RANKL was observed in
OKG, followed by AB. Taken together, these results
suggest considerable osteolytic activity in AB and
OKGC, as indicated by the high expression of factors
that stimulate osteoclastogenesis.

Higher immunoexpression of OPG was observed
in DC and DF. This finding might explain the lower
osteolytic activity associated with these processes.
Likewise, Tekkesin, Mutlu and Oglac" found high
immunopositivity for OPG in 70% of DF cases
when compared to AB, OKC, and DC. According to
Moraes et al.* and Siar et al.’*, higher expression of OPG
is expected in more indolent lesions because of the
inhibitory activity of this protein on osteoclastogenesis.

This study provides a better understanding of the
osteoclastogenic activity involved in the development
of aggressive and indolent cysts compared with
conventional AB, which is considered the most
aggressive lesion with the greatest osteolytic activity
in the sample, especially when OKC is considered,
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