Calcifying odontogenic cyst: a detailed international multicentric study
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Abstract

Objective: To elucidate the histopathological, immunohistochemical, and ultrastructural
characteristics of a large series of calcifying odontogenic cysts (COCs).

Study design: This was a multicenter cross-sectional retrospective study of seven oral
pathology department laboratories from four countries. Clinical, demographic, and
radiographic data of the patients were collected. Histopathological, immunohistochemical, and
microstructural analyses were based on formalin-fixed, paraffin-embedded tissues. All
variables were described, and associations were analyzed using Pearson's chi-square and
Fisher's exact tests.

Results: A total of 146 cases of COC were analyzed, including 141 central and 5 peripheral
cases. Male patients were most involved, with a mean age of 27.8 years. The main clinical
presentation was an asymptomatic swelling in the anterior maxilla. Radiographically, most
cases appeared as a single well-defined unilocular radiolucency. Forty cases of COC were
associated with other odontogenic lesions, including odontoma, ameloblastic fibroma, and
odontogenic keratocyst. Immunohistochemical study showed cytoplasmic positivity for CK
AE1/AE3, CK14, CK19, and Bcl-2 protein. Nuclear expression of -catenin was observed in
most cases.

Conclusions: COC mainly affects adult males between the second and third decades of life.
Asymptomatic maxillary swellings with diverse radiographic and histopathological
presentations were noted. Moreover, COC may present associations with other odontogenic
lesions, particularly odontomas in younger patients.

Statement of Clinical Relevance

This study provided data from one of the largest international and most detailed series of
COCs including clinical, radiographical, histopathological, immunohistochemical, and
microstructural aspects of this uncommon lesion.

Calcifying odontogenic cyst (COC) accounts for approximately 1% of all odontogenic cysts,
usually affecting the anterior region of gnathic bones of young adults aged between 30 and 40
years, with no sex predilection.!> COCs commonly appear as asymptomatic swellings that lead
to significant cortical bone expansion; however, some cases can be detected as radiographic
finding during routine examinations. Associated pain is an uncommon finding with COCs.>*
Beyond the typical radiographic appearance of COC as a radiolucent or mixed image, due to
the presence of radiopaque foci. Mostly, it presents as a well-defined, expansile unilocular
radiolucency, some cases may exhibit multiloculations or contain radiopaque foci.
Furthermore, COCs can be associated with unerupted teeth and may lead to divergence or
resorption of the roots of adjacent teeth.?> Although it is predominantly an intraosseous lesion,
there are few reports of peripheral COCs, presenting as sessile or pedunculated nodules on the
gingiva or alveolar mucosa. These cases tend to occur in the incisive/canine region of the lower
gingiva of older patients, particularly in the sixth and eighth decades of life.5’

Microscopically, COC presents a cavity lined by an ameloblastomatous epithelium, with
palisading columnar basal cells with nuclear reverse polarity and loosely arranged superficial
cells. Ghost cells may be observed in both the epithelium and the cyst capsule, which often



undergo calcification. Moreover, dentinoid deposition may also be observed.® COC has been
found in association with other odontogenic lesions being the most frequent odontomas, but
also adenomatoid odontogenic tumor, ameloblastic fibroma, odontogenic myxoma,
ameloblastoma.” 1% 1. 12. 13 Most cases are treated conservatively by surgical enucleation and
curettage, after which recurrences are rare.?

Although COCs exhibit a range of intriguing histopathological features, few
clinicopathological and immunohistochemical studies have been published that thoroughly
characterize this uncommon lesion."'4!31¢  Given this diversity, a comprehensive
understanding of all aspects of COC:s is essential for accurate diagnosis and effective treatment
for patients. This study aims to analyze the clinicopathological, immunohistochemical,
microstructural, and imaging features of COCs through an international collaborative
retrospective analysis.

MATERIAL AND METHODS

This is a retrospective, cross-sectional international collaborative study that analyzed
clinicopathological, radiographic, immunohistochemical, and ultrastructural data from a large
sample of COC cases. The cases were collected from seven different international services of
oral and maxillofacial pathology: four services from Brazil [Piracicaba Dental School,
University of Campinas (FOP/UNICAMP), Federal University of Pernambuco (UFPE),
Federal University of Rio de Janeiro (UFRJ), and Sao Paulo State University - Sdo José dos
Campos (UNESP)], one from South Africa [University of Pretoria (UP)], one from Mexico
[Universidad Autéonoma Metropolitana Xochimilco (UNAM)], and one from Chile
[Universidad de Chile (UChile)]. This study was submitted and approved by institutional
Research Ethics Committees (UNICAMP, UFRJ, UNESP, UNAM: 66717123.6.0000.5418;
UFPE: 66717123.6.3002.5208; UP: 271/2024; UChile: 47). It was conducted according to the
standards relating to research ethics involving human beings and the Declaration of Helsinki.

All COC cases were microscopically reviewed by an experienced oral and maxillofacial
pathologist at each institution to confirm the diagnosis based on the criteria set by the World
Health Organization (WHO) Classification for Head and Neck Tumors (2022).!7 Cases were
de-identified and assigned randomized case numbers to ensure patient anonymity and
confidentiality. Data were obtained from clinical charts, pathology reports, histological slides,
and formalin-fixed tissues embedded in paraffin blocks. Cases lacking relevant clinical-
demographic information and/or sufficient material for histological review were excluded from
the study.

Patient information, including clinical and demographic data, was retrieved from clinical
charts. This included sex, age, lesion size, clinical presentation, location, duration,
symptomatology, clinical diagnosis, and type of biopsy (incisional or excisional). Imaging
characteristics were assessed from radiographs and computed tomography scans, focusing on
density (radiolucent or mixed), loculation (unilocular or multilocular), demarcation (well-
defined or poorly defined), and effects on adjacent teeth (root resorption, tooth displacement,
bone cortical expansion, mandibular canal displacement, maxillary sinus involvement).
Morphological features were described based on histological slides containing 5 um sections
stained with hematoxylin and eosin (H&E) and analyzed using a light microscope. The
histopathological characteristics analyzed included a cystic cavity lined by ameloblastomatous
epithelium, the presence of ghost cells within the cystic lining and/or capsule, dentinoid
material, dystrophic calcification, ameloblastoma-like proliferations in the cystic capsule,



foreign body reaction to ghost cells in the capsule, cholesterol crystals, pulse/hyaline ring
granulomas, Rushton bodies, melanotic pigmentation, clear cells, pseudo-ducts, foamy
macrophages, islands and strands of inactive odontogenic epithelium, odontogenic epithelium
surrounded by a dentinoid ring, isolated multinucleated giant cells (not associated with
cholesterol crystals, ghost cells, or pulse granuloma), hemorrhage and hemosiderin deposits,
as well as the presence of other lesions in associated with COC.

Immunohistochemical staining was conducted on organosilane-coated slides containing 3 um
tissue sections to analyze the immunohistochemical profile of COCs. Primary monoclonal
antibodies were used, including pan-cytokeratin AE1/AE3 (clone AE1/AE3, dilution 1:300,
Dako), CK 14 (clone LL002, dilution 1:200, Novocastra), CK19 (clone RCK 108, dilution 1:50,
Dako), Bcl-2 (clone 124, ready-to-use, Dako), and B-catenin (clone B-catenin-1, ready-to-use,
Dako). The histological slides were dewaxed and hydrated prior to heat-induced antigen
retrieval using citrate or Tris/EDTA in an electric pressure cooker for 15 minutes, following
the manufacturer's recommendation. Endogenous peroxidase activity was blocked with 6%
hydrogen peroxide for 15 minutes. The slides were then incubated with the primary antibody
for 2 hours in a humid chamber at room temperature. The detection system used was Envision-
Dual Link System-HRP (Dako, Carpinteria, CA), following the manufacturer protocol and
staining with chromogenic substrate 3,3’-diaminobenzidine (Dako, Carpinteria, CA) for 5
minutes. Counterstaining was performed with Carazzi hematoxylin. Positive and negative
controls were included in all analyses. Immunohistochemical analysis was conducted by
assessing cytoplasmic or nuclear staining for all markers.

Scanning electron microscopy (SEM) was performed on two representative cases to obtain
high-resolution images of ghost cells and dentinoid material. SEM imaging utilized 7 pm tissue
sections that were dewaxed with xylene, dehydrated with absolute ethanol, mounted on a stub
and coated with gold. Specimens were imaged using a JSM-5600LV Scanning Electron
Microscope (JEOL, Peabody) at 15 kV, with magnifications ranging from 330x to 1,500x.

Data obtained were analyzed using the Statistical Package for the Social Sciences (SPSS)
software version 24.0 (IBM Inc.). The analysis included descriptive statistics expressed in
relative and absolute numbers, as well as analytical statistics. Pearson's chi-squared test and
Fisher's Exact test were employed to assess pairwise associations between variables with P <
.05 considered statistically significant.



RESULTS

Clinicopathological data are summarized in Table I. A total of 146 cases of COC were
retrieved. The international sample included 77 cases from Brazil, 48 from Mexico, 10 from
South Africa, and 11 from Chile. Most cases were classified as central COC (n = 141; 96.6%),
while 5 cases (n =5; 3.4%) were peripheral. Males accounted for most of the sample (n = 74;
50.7%), and females were 71 (48.6%), with a male-to-female ratio of 1.04:1. The mean age of
the patients was 27.9, with a range from 6 to 81 years. Intraosseous lesions predominantly
occurred in the maxilla (n = 66; 45.2%), followed by the mandible (n = 58; 39.7%),
particularly in the anterior region. Peripheral cases (n =5; 3.4%) presented as nodular lesions
in the upper anterior gingiva (n = 3/5; 60), lower anterior gingiva (n = 1/5; 20%), and lower
anterior alveolar mucosa (n = 1/5; 20%). All clinicopathological data of peripheral cases are
presented in Table II. The most common clinical sign was swelling (n = 69; 47.3%), followed
by liquid drainage (n = 7; 4.8%), nodules - particularly in peripheral cases - (n = 4; 2.7%),
tooth displacement (n = 1; 0.7%), and cases with no clinical presentation (n = 8; 5.5%).
Clinical presentations are illustrated in Figure 1. The mean size of the lesions was 3.2 cm, with
a size range of 0.3 to 10 cm. Most cases were asymptomatic (n = 48; 32.9%), while 21 were
symptomatic (n = 14.4%). The duration of lesions varied from 0.5 to 120 months, with a mean
of 14.9 months. Excisional biopsy was the primary diagnostic procedure (n = 61; 41.8%),
followed by incisional biopsy (n = 33; 22.6%). Most clinical diagnostic hypotheses did not
align with the final histopathological diagnosis (n = 106; 72.6%). Gross examination revealed
predominantly soft tissue specimens with small foci of calcification.

Regarding the imaging characteristics based on the available data, COC primarily presented as
radiolucent lesions (n = 49; 33.6%), followed by mixed presentation (radiolucency with
radiopaque foci) (n = 39; 26.7%). Most cases were unilocular (n = 68; 46.6%), while 9 cases
(6.2%) were multilocular. Well-defined lesions accounted for 69 (47.3%), and poorly-defined
lesions for 4 cases (2.7%). Root resorption was noted in 28 cases (19.2%), and tooth
displacement in 29 cases (19.9%) (Table III). Maxillary lesions were more likely to present as
mixed, whereas mandibular lesions predominantly appeared as radiolucent (P =.03). A variety
of radiographic appearances is illustrated in Figure 2.



Table II. Cases of peripheral calcifying odontogenic cysts (n = 5)

Age, Sex Location

10, F
62, M
25, M
73, M
39, M

Upper anterior gingiva
Lower anterior gingiva
Upper anterior gingiva
Lower alveolar mucosa
Anterior upper gingiva

Clinical presentation = Symptoms

Submucosal nodule
Nodule

Nodule

NR

Nodule

Asymptomatic
Asymptomatic
Asymptomatic
NR
NR

Size
NR
0.5cm
0.4 cm
1 cm
0.7 cm

Time of evolution
12 months

10 months

12 months

NR

NR

Clinical diagnostic hypothesis
Neuroma/neurofibroma
Fibroma

NR

Peripheral giant cell lesion
Peripheral giant cell lesion

Type of biopsy
Excisional
Excisional
Excisional

NR

NR



Fig. 1. Clinical presentations of COC. Clinical presentations of intraosseous COC. (A) Swelling in the anterior mandible. (B) Expansive lesion in the mandibular
body of a young patient presenting tooth retention, diagnosed as an odontoma-associated COC. (C) Swelling in the anterior and posterior mandible of an
edentulous patient. (D) Maxillary lesion causing loss of the vestibule. (E, F) Bone expansion and intra-oral swellings in the anterior mandible (E) and maxilla

(F).



Fig. 2. Imaging features. (A) Radiolucent unilocular COC involving the anterior and posterior maxilla, causing tooth divergence and upper displacement of the
canine. (B) Radiolucent unilocular well-defined lesion in the anterior and posterior mandible, with scalloping margins, causing root resorption. (C) Radiolucent
unilocular well-defined lesion in the mandibular body of an edentulous region. (D) Pericoronal unilocular well-defined radiolucent image the maxilla. (E)
Multilocular mandibular COC. (F) Unilocular mixed image (hypodense with small hyperdense foci) in an odontoma-associated COC.



Table I. Summarized clinicopathological data

Variable
Age
Sex
Male
Female
NR
Size
Up to 3.0 cm
More than 3.0 cm
NR
Location
Intraosseous
Maxilla
Anterior
Posterior
Anterior and posterior
Not Specified
Mandible
Anterior
Posterior
Anterior and posterior
Not specified
Peripheral
Upper anterior gingiva
Lower anterior gingiva
Lower alveolar mucosa
NR
Time of evolution
Clinical presentation
Swelling
None
Liquid drainage
Nodule
Tooth displacement
NR
Symptomatology
Asymptomatic
Symptomatic
NR
Type of biopsy
Excisional
Incisional
NR

Number of cases (%), mean = SD

279y +19.1

74 (50.7)

71 (48.6)
1(0.7)
32ecm+2.0
42 (28.8)

25 (17.1)

79 (54.1)

66 (45.2)
34/66 (51.5)
13/66 (19.7)
4/66 (6.1)
15/66 (22.7)
58 (39.7)
26/58 (44.8)
22/58 (37.9)
7/58 (12.1)
3/58 (5.2)

3(2.0)
1(0.7)

1(0.7)

17 (11.6)

14.8 mo + 19.7

69 (47.3)
8(5.5)
7(4.8)
4(2.7)
1(0.7)
57 (39.0)

48 (32.9)
21 (14.4)
69 (47.3)

61 (41.8)
33 (22.6)
52 (35.6)



Table III. Radiographical aspects of COC

Radiographic findings Number of cases (%)

Aspect

Radiolucent 49 (33.6)
Mixed 39 (26.7)
NR 58 (39.7)
Loculation

Unilocular 68 (46.6)
Multilocular 9(6.2)
NR 69 (47.3)
Definition

Well-defined 69 (47.3)
Poorly-defined 4 (2.7)
NR 73 (50.0)
Root resorption

Yes 28 (19.2)
No 5@3.4)
Edentulous area 534
NR 108 (74.0)
Tooth displacement

Yes 29 (19.9)
No 9(6.2)
Edentulous area 53.4)
NR 103 (70.5)

NR, not reported.

Histopathological findings were evaluated in 128 cases. All cases (n = 128; 100%) exhibited
a cystic cavity lined by ameloblastomatous epithelium, characterized by columnar palisaded
basal cells and loosely dispersed suprabasal cells. Ghost cells were present in the epithelial
lining of all cases (100%), and in the cystic wall of 95 cases (74.8%). Dentinoid was observed
in the fibrous capsule or juxtaposed between the epithelial lining and connective tissue in 111
cases (86.7%), while dystrophic calcifications were found in 121 (94.5%). Ameloblastoma-like
proliferations were noted in the cystic wall of 38 cases (29.7%). Foreign body reaction to ghost
cells were present in 59 cases (46.1%), with cholesterol crystals noted in 27 cases (21.1%), and
foamy macrophages in 21 cases (16.4%). Cholesterol clefts were more frequently observed in
larger lesions. Rushton bodies were identified in 17 cases (13.3%), and pulse/hyaline ring
granulomas were present in 4 cases (3.1%). Hemorrhage and hemosiderin deposits were
commonly observed in 108 (84.4%) and 40 cases (31.3%), respectively. Strands and islands of
inactive-appearing odontogenic epithelium in the fibrous capsule were present in 74 cases
(57.8%), while 12 cases (9.4%) exhibited islands of odontogenic epithelium surrounded by a
dentinoid ring. Additionally, 19 cases (14.8%) demonstrated occasional melanin pigmentation
in the lining epithelium. Clear cells were present in 34.4% (n = 44) of cases, and pseudo-ducts
were noted in 14.8% (n = 19). Isolated multinucleated giant cells were observed within the
cystic wall, unassociated with ghost cells, negative images of cholesterol crystals, or pulse
granulomas (n = 21; 16.4%). Interestingly, some COCs displayed areas of association with
other odontogenic lesions within the same specimen (n =40; 27.4%). Odontoma was the most
frequently associated lesion with COC (n = 36/40; 90.0%), followed by ameloblastic fibroma
(n =3/40; 7.5%), and odontogenic keratocyst (n = 1/40; 2.5%). One of the peripheral cases
was an odontoma-associated COC. Odontomas associated with COC was significantly more

10



Fig. 3. Histopathological aspects. (A) Classical features of COC, including a cystic capsule lined by an ameloblastomatous epithelium with the columnar cells
of the basal layer arranged in palisade and suprabasal cells loosely dispersed as the stellate reticulum of the enamel organ, and presenting numerous ghost cells
(H&E, 200x). (B) Odontoma associated-COC - compound odontoma area (200x); and complex odontoma area (C, 200x). (D, E) Ameloblastic fibroma-
associated COC - areas of ameloblastic fibroma (200x). (F) Peripheral COC showing a soft tissue fragment covered by an intact oral overlying mucosa and a
cystic cavity lined by an ameloblastomatous epithelium with ghost cells in the connective tissue. (HE, 50x).
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Fig. 4. Histopathological details of the COC. (A, B) Dentinoid and ghost cells separated (A) and intermingled (B) in the fibrous capsule (H&E, 200x). (C)
Dentinoid ring deposited by odontogenic epithelial cells (H&E, 200x). (D) Ameloblastoma-like proliferations in the fibrous capsule (H&E, 200x). (E) Foreign
body reaction to the ghost cells in the cystic capsule (H&E, 400x). (F) Masses of fused and calcified ghost cells (H&E, 200x). (G) Pulse/hyaline ring granuloma
(H&E, 400x). (H) Isolated multinucleated giant cells. (H&E, 400x). (I) Rushton bodies (H&E, 200x). (J) Melanin pigmentation in the lining epithelium (H&E,
400x). (K) Clear cells (H&E, 4200x). (L) Pseudoducts (H&E, 400x).
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prevalent in younger patients (P <.001). Microscopic findings are illustrated in Figures 3 and
4.

Immunohistochemical results demonstrated cytoplasmic positivity for cytokeratin AE1/AE3 (n
=107/107; 100%) in the basal and suprabasal epithelial cells and ghost cells, and for CK19 (n
= 106/107; 99.0%) and CK14 (n = 107/107; 100%) in the cytoplasm of the basal and
suprabasal lining epithelial cells, except for ghost cells. The Bcl-2 protein was expressed in the
cytoplasm of the basal and suprabasal epithelial cells in 103 out of 109 cases (94.5%). B-catenin
expression was observed in both the cytoplasm and nucleus of epithelial cells in 76 out of 108
cases (70.4%), particularly in areas of cellular condensation (morules), while only cytoplasmic
expression was noted in 32 out of 108 cases (29.6%). B-catenin accumulation in the nuclear
compartment was more frequent in dentinoid-producing COCs. Immunostaining results are
illustrated in Figure 5.

Analysis of the dentinoid material by scanning electron microscopy (SEM) revealed a
mineralized matrix circumscribing rounded spaces, exhibiting predominantly tubular
morphology (Figures 6A-C). Additionally, ghost cells were analyzed, displaying borders filled
with fibrillar material and a central blank space where the nucleus was absent (Figures 6D-F).

DISCUSSION

Most retrospective studies on COCs focus on specific data from single populations.?!*!%1 This
study provides one of the largest series of COCs, encompassing data from seven different
services across various countries, including both intraosseous and peripheral cases, and
highlighting associations with other odontogenic lesions. Clinical, radiographic, microscopic,
immunohistochemical, and microstructural findings were comprehensively described to
enhance the understanding of this lesion. Given the uncommon presentation and distinctive
features of this odontogenic cyst, detailed characterization is crucial for improved recognition
and comprehension.

This lesion has been described under different terminology over time, reflecting advancements
in understanding of its nature and histopathology. Initially introduced by Gorlin et al. in 1962
as COC, it has also been referred to as its eponym “Gorlin cyst”. In addition, calcifying ghost
cell odontogenic tumor and odontogenic ghost cell tumor (OGCT) was also used. Changes in
its classification, particularly by the WHO, have shifted its designation from a cystic to a
neoplastic lesion, named calcifying cystic odontogenic tumor, and back to a cyst, highlighting
its complexity.!”

COC typically affect adults, particularly in the second and third decades of life, with a nearly
equal distribution between males and females. The data from the present study align closely
with these findings, as COCs demonstrated peaks of prevalence during these two decades, with
a male-to-female ratio of 1.04.1, 2, 31820 Notably, a difference in the prevalence of odontoma-
associated COC was observed, with a significant preference for younger patients (P <.001).
Clinically, COC presents as asymptomatic swellings of variable duration, although symptoms
may arise in larger lesions.!* The present series showed a mean size of 3.2 ¢cm, consistent with
previous studies.?

Peripheral cases were most commonly observed as submucosal asymptomatic nodules in the

anterior gingiva, predominantly affecting adult males of diverse age groups, in the exception
of one case involving a 10-year-old girl with an odontoma-associated peripheral COC. A
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Fig. 5. Immunohistochemical findings. (A, B) Nuclear and cytoplasmic expression of -catenin expression in epithelium around ghost cells and in the morules
(200x). (C) Bcl-2 cytoplasmic staining in the epithelial lining of COC (200x). (D) Diffuse cytoplasmic expression of CK19 (200x), AE1/AE3 (E, 200x), and
CK14 (F, 200x).
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Fig. 6. Scanning electron microscopy. (A, B, C) Dentinoid material showing a predominantly tubular morphology. (D, E, F) Ghost cells with evident contours
and filled with fibrils in the cytoplasm. An empty central space corresponds to the lost nucleus.
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systematic review of peripheral COCs showed an almost equal prevalence in males and
females, with a higher incidence noted in patients in their 20s, 60s, and 80s.” However,
peripheral COC appears to occur in women at older ages compared to men.” In the present
series, the cases predominantly affected male patients in almost all decades of life. Peripheral
odontoma-associated COCs are rare, and our findings are consistent with previous reports.?!

In this study, the anterior maxilla was the most involved region by COC, with the majority of
odontoma-associated COCs also occurring in this area.?? Our radiographic findings align with
recent literature, indicating that most COC present as well-defined unilocular radiolucent or
mixed images. Rarely, some may appear multilocular, and present loss of demarcation.!®23
Root resorption, tooth displacement, and tooth impaction are also typical features.'® However,
COCs in edentulous regions accounted for 3.4% of this sample, while a previous radiological
review reported that 14.8% (n = 4/27) of COCs occurred in edentulous areas.'®

Not only is COC an uncommon lesion, but its diverse radiographic presentations also
contribute to a wide range of clinical-radiographic diagnostic hypotheses, which are often not
very assertive. As observed in this study, patients with COC had signs and symptoms similar
to those of other benign odontogenic and nonodontogenic lesions, resulting in variable
radiological features. Consequently, the diagnostic hypothesis based on clinical and
radiographic presentations did not align with the final diagnosis in 74.1% of the cases in this
study, as also previously reported for odontogenic keratocysts.?*

Conservative surgical treatment is recommended for COC, involving enucleation and/or
curettage, and recurrence is not expected. In the present study, the majority of cases were
managed through conservative surgical procedures for diagnosis. Referred to as excisional
biopsy. However, due to the retrospective nature of this study, information on treatment for the
cases diagnosed by incisional biopsy and details regarding recurrence are not available.

Despite its abundance of details, histopathological findings are rarely reported for COC,25, 26,
27 which may lead to inaccurate knowledge about noteworthy findings that may be
encountered in this lesion. Some classic histopathological aspects are well-known in the
literature, such as a cystic cavity presenting an ameloblastoma-like epithelial lining containing
ghost cells. Ghost cells typically exhibit pale, amorphous, eosinophilic cytoplasm with
distinctive outlines and central empty spaces where the nucleus is lost. Clusters of fused ghost
cells may also be observed.?® According to the WHO Classification for Head and Neck Tumors
(2022),'7 numerous ghost cells are essential for diagnostic criteria; however, they are not
exclusive to COC. In this study, ghost cells were observed in the epithelial lining, intermingled
into the dentinoid matrix, and within the fibrous capsule, where they elicited a foreign body
reaction. SEM images revealed that ghost cells appeared well-defined, with clear borders and
fibrils surrounding a central empty area that once housed the nucleus. These findings are
consistent with those reported in previous ultrastructural studies of ghost cells in COC?® and
complex odontomas.?® Dentinoid, defined as eosinophilic collagenous material resembling
dentin, is often found closely associated or entrapped with odontogenic epithelial cells.?’-?
Furthermore, odontogenic epithelial cells can be arranged in small islands that induce the
formation of dentinoid material in a ring shape around them (n = 12; 9.4%). SEM analysis of
dentinoid showed a tubular morphology similar to normal dentin,* though the tubules were
fewer, poorly formed, and sometimes lacked the parallel deposition characteristic of normal
dentin. Some authors have referred to this as dysplastic dentin, and such tubular architecture
may not be seen under light microscopy.?’*! Ghost cells and dentinoid may become calcified
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as a result of dystrophic calcifications, which were frequently observed in most of the sample
cases in the present study.

In some lesions, the ameloblastic epithelium of the COC formed islands in the fibrous capsule,
as ameloblastoma-like proliferations. This finding should be carefully observed, since some
authors have misinterpreted it as a definitive indication of ameloblastoma.’>* However,
previous descriptions have already noted this characteristic in some conventional COCs
without any difference in their biological behavior.?>3* Inactive odontogenic epithelium was
also noted (57.8%) in the fibrous capsule with a basaloid or squamoid appearance as remnants
of dental lamina or epithelial remnants of Malassez.?® It is suggested that these islands of
inactive odontogenic epithelium in COC may become activated and may be responsible
developing satellite cysts or solid areas in the capsule or developing into other odontogenic
cysts and tumors.?

Occasionally, odontogenic cysts may show melanin pigmentation.>> Melanin-productor cells
were reported in the mouth and dental lamina or tooth buds.’® However, the pathogenesis of
melanin pigmentation in odontogenic cysts remains unclear. As odontogenesis involves
signaling pathways involving the oral epithelium and neural crest from ectomesenchymal
tissues, and melanocytes are also derived from the neural crest, their presence in dental lamina
and odontogenic lesions is expected.’’” Previous studies have shown that COC is the
odontogenic cyst most frequently associated with pigmentation.®® The present study
demonstrated cytoplasmic melanin pigmentation in the cells of the lining epithelium of COC
in 14.8% of the cases. This feature appears not to influence biological behavior or prognosis.*

Clear cells have a pale or clear cytoplasm due to artifacts caused by the accumulation of
glycogen, mucopolysaccharides, lipids, mucins, intermediate filaments, immature zymogen
granules, hydropic degeneration of organelles and a scarcity of organelles in the cytoplasmic
compartment.*’ In odontogenic lesions, they are reported as remaining dental lamina, immature
odontogenic epithelial cells or presecretory ameloblasts.*!*#? Islands of clear cells have been
reported in COC.* Duct-like structures and cribriform patterns resulting in an adenoid
morphology resembling adenomatoid odontogenic tumor and adenoid ameloblastoma have
been described in COC.* Previous studies have investigated the histological diversity and
overlapping features among WNT-altered lesions, including COCs.** In the present study,
pseudo-ductal/duct-like spaces and clear cells, commonly seen in adenoid ameloblastoma (AA)
and dentinogenic ghost cell tumor (DGCT), respectively, were observed in 14.8% and 34.4%
of COCs. Similar results for clear cells were recently observed, in contrast to the pseudo-ductal
areas, which represented 72.7% of their cases.** However, the significant difference in sample
size may influence this divergence. COC, DGCT and A A tumor share similar histopathological
features behind the spectrum of lesions Wnt/B-catenin signaling pathway encoding mutations
in the CTNNB1 gene.?® Further investigation is needed to explore the relationship among this
group of lesions, including a comprehensive molecular characterization of the underlying
driver events. Given their overlapping histopathological features, a better definition of the
diagnostic criteria for these lesions is needed. Clinicopathological correlation is also essential.

Rushton bodies, negative images of cholesterol crystals, and foamy macrophages were seen in
13.3%, 21.1%, and 16.4% of the COCs, respectively. These findings are usually seen in
inflammatory cysts and have no diagnostic relevance, but their possible presentation in COC
should be known to avoid misinterpretation. The presence of negative images of cholesterol
crystals is related to persistent inflammation and lesion growth,* consistent with this study
since cholesterol clefts were more frequent with increased size. Pulse/hyaline ring/vegetable
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granuloma are terms used to describe a group of granuloma-inducing vegetable materials.*¢
Oral vegetable granulomas are most frequently observed in posterior mandibular edentulous
regions and may be noted in the capsule of odontogenic cysts and tumors.*’ Such particles may
be introduced into the cystic capsule by traumatic events through tooth extraction sockets, deep
periodontal pockets, severely decayed teeth with root canal exposure, and destruction of
cortical bone, leading to the entry of vegetal matter into the cyst, particularly in lesions that
communicate with the oral cavity.*6

Multinucleated giant cells have been reported in some odontogenic lesions, such as
odontogenic fibroma, DGCT, ameloblastoma, and AA.2%*4 Multinucleated giant cells
unrelated to foreign-body responses to ghost cells, cholesterol clefts or vegetable particles were
found in the fibrous capsule, intermingled with the components of COC, in 16.4% of the cases.
The presence of multinucleated giant cells is very rare in odontogenic cysts and neoplasms.
Periodontal stem cells may differentiate into osteoclast-like multinucleated giant cells, which
can favor bone resorption and expansion.*®** Considering this, the presence of multinucleated
giant cells in the wall of COC may represent a reactive process or be related to osteoclastic
activity rather than a separate central giant cell granuloma. To the best of our knowledge, this
finding has not been previously described in COCs.

Over time, COC has been associated with other odontogenic lesions. Previous reports include
associations with odontoma, ameloblastic fibroma, dentigerous cyst, adenomatoid odontogenic
tumor, ameloblastoma, ameloblastic fibro-odontoma, odontogenic keratocyst, and
orthokeratinized odontogenic cyst.!”! The most common association seems to be with
odontoma and ameloblastic fibroma, which is in accordance with our findings. Previous studies
have suggested that over a period of quiescence, the odontogenic epithelium can proliferate
and develop into an ameloblastic epithelium, squamoid, keratin-productive, ghost, sebaceous,
mucous and ciliated cells in pathological conditions.52, 53, 54 However, further studies are
needed to investigate whether COC may present occasional overlapping histological features
with other odontogenic lesions or if they are truly hybrid tumors.

Immunohistochemical staining for COC is not a diagnostic procedure in routine oral pathology.
However, these findings play a role in understanding histogenesis, in addition to elucidating
the possible molecular events involved. In this sense, this study analyzed the expression of
AE1/AE3, CK14, CK19, Bcl-2 and B-catenin in COC. Entirely positivity for AE1/AE3
confirmed the epithelial nature of the COC. CK14 is expressed in the reduced enamel
epithelium, cells of the enamel organ and dental lamina~>> %37 and CK19 is expressed in the
odontogenic epithelium of developing tooth germ.>> These cytokeratins were also positive as
cytoplasmic staining in the COC epithelium. Bcl-2 is a proto-oncogene that produces an anti-
apoptotic protein.’® Antibodies directed against the Bcl-2 protein have been described as a
cytoplasmic positivity in the lining epithelial cells of COC, as observed in this study,
suggesting that this protein may be involved in the survival of these epithelial cells in COC.!4-3

Molecularly, COC is part of the WNT pathway-altered benign odontogenic lesions, presenting
a high proportion of CTNNBI1 hotspot mutations encoding nuclear accumulation of f-
catenin.>>%° In the present study, 29.6% of the cases showed only cytoplasmic staining for beta-
catenin and both nuclear and cytoplasmic staining in 70.4%. Nuclear staining was observed
mainly in epithelial cells surrounding ghost cells and in areas of condensation of clustered
epithelial cells, known as whorls or morules. Previous data have confirmed that the activation
of the WNT signaling pathway and nuclear accumulation of B-catenin is involved in tooth
development and dentin formation. Therefore, it is expected that lesions with production of a
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dentin-like material (dentinoid) also express this feature.®! In our sample, dentinoid-producing
COC were most common in cases with nuclear accumulation of B-catenin by IHC.

Although this study presents important findings in a large COC series, there are some
limitations commonly observed in retrospective studies, such as lack of some demographic,
clinical and imaging features on some cases. Moreover, histopathological features may be
underestimated since specimens from incisional biopsies may limit detailed histological and
immunohistochemical analyses of the whole specimen.

This study provided data from one of the largest and most detailed series of COCs, notably
including cases from different countries with detailed histopathological evaluation. A similar
proportion of COCs were found in males and females, with a slight predilection for males. The
most common clinical presentation was as an asymptomatic swelling, mainly in the anterior
maxilla. Peripheral COCs and association of COC with other odontogenic lesions may occur.
Despite its emblematic histopathological features, COC may share common features with other
inflammatory and developmental odontogenic cysts. Therefore, careful attention should be
paid to analyzing small incisional biopsies.
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