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Objective: This systematic review aims to identify the molecular aspects of
odontogenic keratocysts that have been elucidated to date.

Methods: The odontogenic keratocyst (OKC) stands out as one of the most
prevalent odontogenic tumors. Since its initial description, numerous
studies have delved into various aspects of this lesion, aiming to unravel
its distinctive biological behavior.

Results: Recent investigations have specifically focused on the molecular
aspects of OKC, shedding light on its biological characteristics. Substantial

differences at the molecular level between OKC and other odontogenic
cystic lesions indicate a distinct biological origin. Genetic and molecular
research in the realm of odontogenic tumors, particularly OKC, has
contributed significantly to the growing knowledge and understanding
of their physiopathological pathways.

Conclusion: The molecular findings may open non-surgical, pharmaceuti-
cal options for treatment.
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Introduction

Odontogenic cysts and tumors comprise a diverse
range of lesions derived from components of the
tooth-forming apparatus and their residual struc-
tures. As per the 2017 World Health Organization
Classification of Head and Neck Tumors, odonto-
genic tumors are categorized into epithelial,
mixed, and mesenchymal tumors, while odonto-
genic cysts are divided into inflammatory or
developmental cysts. The predominant nature of
odontogenic tumors is benign, and malignancies
may either stem from a benign precursor or
emerge spontaneously.’->°

Odontogenic lesions encompass a varie-
ty of conditions with potential shared origins but
necessitate distinct treatment approaches. Denti-
gerous cysts (DCs) originate from the crown of
teeth that are compressed, embedded, or unerupt-
ed. As the most prevalent type of odontogenic
cyst, DCs result from the accumulation of fluid
between the reduced enamel epithelium and the
crown portion of the tooth. Ameloblastoma (AB)
represents another rare odontogenic lesion.
Despite its benign nature and slow growth rate,
AB can invade local tissues such as the mandible
and maxilla. Odontogenic keratocysts (OKC)
constitute another category of odontogenic
lesions. Notably, OKC and DC exhibit the highest
propensity for malignant transformation among
odontogenic cysts.242°

The term "odontogenic keratocyst
(OKC)" was officially coined by Philipsen in 1956.
An odontogenic keratocyst is a benign intra-osse-
ous lesion originating from odontogenic tissues,

primarily affecting the posterior mandible in male
patients aged between the second and fourth
decades of life.'s The majority, around 65% to
75%, of such cyst cases are observed in the mandi-
ble, with a specific predilection for the molar/ra-
mus area.” These lesions can be incidentally
identified through routine radiological examina-
tions or during consultations prompted by
functional and/or aesthetic concerns.®

The cyst has the potential to cause
destruction of the jaw bones, impede the normal
eruption of teeth, and result in the expansion of
the typical jaw contour. In rare instances, a patho-
logic fracture and secondary osteomyelitis may
manifest as presenting clinical signs associated
with the cyst.>?

The primary clinical approach for
treating odontogenic keratocysts (OKCs) is
predominantly surgical, involving procedures
such as removal, decompression, application of
Carnoy's solution, peripheral bone resection, and
excision. However, non-surgical treatment strate-
gies are becoming more prominent in recommen-
dations due to the elevated recurrence rates
associated with OKCs. This shift in focus
acknowledges the challenges posed by the tenden-
cy of these lesions to recur and suggests the explo-
ration of alternative non-surgical interventions to
address this clinical concern.’

OKC may manifest sporadically or be
associated with nevoid basal cell carcinoma
syndrome (NBCCS)/Gorlin-Goltz syndrome.'*

Gorlin-Goltz syndrome (GGS), also
known as Nevoid Basal Cell Carcinoma
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syndrome, is an autosomal dominant inherited
disorder associated with a germline mutation of
the PTCHI1 gene. This gene functions as a
tumor-suppressor and is located on chromosome
9q22.3. Mutations in this gene can trigger a
carcinogenic process by disrupting the normal cell
cycle and cellular proliferation. GGS is character-
ized by the presence of multiple developmental
anomalies and an increased predisposition to
various tumor formations.” The presence of
multiple odontogenic keratocysts (OKCs) in the
jaw is a frequent manifestation of Nevoid Basal
Cell Carcinoma Syndrome (NBCCS), observed in
approximately 65% to 90% of affected patients.’

The classification of keratocystic odonto-
genic tumors (KCOTs) as OKC has been a topic of
debate. The World Health Organization (WHO)
had initially reclassified OKC from a benign cyst
to a neoplastic lesion (KCOT) in 2005.

In the 2017 classification, there was a
decision to reclassify KCOTs back into the cyst
category as OKC. This decision was based on
evidence suggesting aggressive growth, high
recurrence after treatment, and mutations in the
PTCH gene. This remains its current classifica-
tion.?

Authors may categorize odontogenic
keratocysts (OKCs) as tumors due to their
relatively frequent mitotic activity in the epitheli-
um, association with chromosomal aberration
syndromes, mutations of the PTCH tumor
suppressor gene, and their connection with
Gorlin-Goltz syndrome.®

Recent studies have focused on the
molecular aspects of OKC to further elucidate its
biological characteristics. Mutations in the PTCH
gene, particularly associated with Nevoid Basal
Cell Carcinoma Syndrome (NBCCS), play a
significant role. PTCH1 serves as a negative
regulator of the Hedgehog (HH) pathway and is
detected in approximately 40% to 85% of NBCCS
patients. Alterations in the PTCHI gene are also
observed in sporadic odontogenic keratocysts
(OKCs), often involving a single copy of the gene,
leading to haploinsufficiency and reduced expres-
sion of the PTCH protein at the cell surface,
ultimately activating the HH pathway. PTCH gene
alterations may occur through somatic mutation,
loss of heterozygosity (LOH), or gene silencing via
DNA methylation.!

In the context of odontogenic kerato-
cysts (OKCs), the majority of molecular studies
focusing on non-syndromic single cysts or multi-
ple syndromic cysts have been confined to the
examination of the PTCH (patched) gene and a

limited number of selected genes within the
Hedgehog (HH) pathway. This suggests that the
current understanding of the molecular basis of
OKCs primarily revolves around the investigation
of these specific genetic elements."

As of now, the predominant clinical
treatment for odontogenic keratocysts (OKCs) is
primarily surgical, involving procedures such as
removal, decompression, application of Carnoy's
solution, peripheral bone resection, and excision.
However, due to the high recurrence rates associ-
ated with surgical approaches, there is a growing
trend toward recommending non-surgical
treatment strategies. These alternative approaches
aim to address the challenges of recurrence and
may include various adjunctive therapies or medi-
cal interventions to manage and control OKCs.*

The molecular findings may open non-
surgical, pharmaceutical options for treatment of
OKCs, mainly large, destructive cysts, both
sporadic and syndromic.¢

The aim of this literature review is to
identify which molecular aspects of odontogenic
keratocysts have been identified to date.

Materials and Methods

The present review was conducted according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews (PRIS-
MA-ScR) guidelines. The research question was about
the molecular pathways of development of odontogenic
keratocysts. A literature search was conducted in four
electronic ~ databases (Medline/PubMed, Scopus,
Embase, and Web of Science) using the combination of
the terms “odontogenic keratocyst” OR “keratocystic
odontogenic tumor” and “molecular” OR “pathogene-
sis” OR “pathways” Articles not in English language were
excluded. PICO inclusion and exclusion criteria were
adopted.

Results

A total of 23 articles resulted eligible table 1. The most
relevant molecular change that has been reported is the
presence of PTCHI mutations, and this data was report-
ed in 17 articles.

Discussion

The Odontogenic keratocyst (OKC) is a cystic lesion that
originates from the dental lamina epithelium and is
commonly located in the mandible or maxilla. This
lesion has the potential to display aggressive behavior and
derves attention due to frequent recurrence and specific
histopatological features. Additionally, these tumors may
manifest sporadically or be associated with the nevoid
basal cell carcinoma (Gorlin) syndrome.'*?*
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Gorlin syndrome is an autosomal dominant
disorder predisposing affected individuals to the
development of multiple OKCs, and studies on patients
with Gorlin syndrome have initially shown a pivotal role
for the sonic hedgehog (SHH) pathway in OKC develop-
ment. Alterations, either inherited or sporadic, in the
SHH signaling pathway genes might cause a number of
developmental defects. Aberrant activation of the SHH
signaling pathway during adult life has been shown to be
related to tumor formation. The SHH signaling pathway
in the development of OKC is not well known, although
activation of this pathway may be related to the clinical
behavior and outcome of OKC.'*?

The neoplastic characterization of odontogen-
ic keratocysts (OKC) finds substantial support in molec-
ular investigations, particularly those revealing loss of
heterozygosity. Evidence of allelic loss has been promi-
nently observed in tumor-suppression gene linked to
different form of neoplasia: p16, p53, PTCH, MCC,
TSLC1, LTAS2, and FHIT genes. The collective findings
lend considerable credence to elucidating the inherently
aggressive nature exhibited by OKCs, further substantiat-
ing their neoplastic potential.'*

The assessment of the p53, PTCH, SHH, and
GLI1 genes in odontogenic keratocyst samples is
common, indicating that these genes and their signaling
pathways play a significant role in the mesenchymal
epithelium, as well as in cell interactions and proliferation
during odontogenic tumor growth and dental develop-
ment.” Among the mutation cited, PTCH and P53 and
are the mostly assessed genes in OKC samples described
in the articles analyzed.

Most of the reviewed articles describe
mutations of PTCHI gene (patched). In its normal
function, PTCHI acts to suppress the activities of the
signaling effector Smoothened (SMO). When Hedge-
hog (HH) binds to the PTCH1-SMO comple, it releases
SMO, initiating the activation of target genes through the
GLI family of transcription factors.

A mutation in the PTCHI gene results in the
continuous activation of the Sonic Hedgehog (Shh)
pathway, representing a significant mechanism underly-
ing the tumorigenesis of odontogenic keratocysts
(OKC). PTCH1 mutations has been found both in
sporadic and sindromic OKC."*

The p53 protein, encoded by the tumor
protein p53 (Ip53) gene, serves as a tumor suppressor
and is expressed during the G1 phase of the cell cycle. Its
primary role is to facilitate the repair of damaged DNA in
cells, preventing them from entering the synthesis (S)
phase until the repairs are completed. Indeed, p53 is a
tumor suppressor gene that plays a critical role in regulat-
ing cell growth. Its functions include inducing growth
arrest, initiating DNA repair processes, and triggering
apoptosis if the DNA damage is irreparable. The expres-
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sion of the p53 protein in the cystic epithelium of
odontogenic keratocysts has not been precisely defined.
However, the aggressive behavior and high recurrence
rate observed in OKCs could be linked to the immuno-
expression of p53. If p53 is overexpressed or mutated, it
may disrupt the normal regulatory functions of the
protein, potentially contributing to uncontrolled cell
growth and resistance to apoptosis.'®

GLII functions as a transcriptional activator
downstream of the SHH signaling pathway, modulating
cellular activities by either activating or inhibiting the
expression of target genes.!!

Studies on the proliferative activity in odonto-
genic keratocysts (OKCs) have been conducted by
various investigators, comparing them to other odonto-
genic cysts and tumors. The majority of researchers have
reported elevated immunohistochemical expression of
proliferation markers such as Ki67 and PCNA in OKCs
when compared to other odontogenic lesions. This
heightened expression of proliferation markers suggests
increased cellular activity and may contribute to the
aggressive behavior and higher recurrence rates often
observed in OKCs.*®

Matrix metalloproteinases (MMPs) are
pivotal enzymes that wield significant influence in the
orchestration of the extracellular matrix, governing both
its integrity and composition. MMPs have been associat-
ed with risk of odontogenic disorders. The intricate
involvement of MMP-8 extends beyond its conventional
role, as it has been elucidated to exhibit a noteworthy
association with compromised bone repair mechanisms
and an elevated susceptibility to the development of
malignant tumors.»*

The molecular interplay between RANK
(Receptor Activator of Nuclear Factor kB) and RANKL
(Receptor Activator of Nuclear Factor kB Ligand) has
been implicated in heightened osteolytic activity, acting
as a stimulant for bone resorption. Notably; the pinnacle
of immunoexpression for RANKL has been discerned in
odontogenic keratocysts (OKC). This finding aligns
seamlessly with existing literature, reinforcing the notion
that OKC is characterized as a more aggressive lesion
when juxtaposed with other odontogenic cysts.*

DNA methylation involves the addition of a
methyl group to cytosines within CpG islands, facilitated
by enzymes known as DNA methyltransferases. This
process serves to remodel chromatin, either activating or
inactivating genes. PTCHI methylation has been
proposed as an alternative mechanism for PTCHI
inactivation in tumors linked to the Nevoid Basal Cell
Carcinoma Syndrome (NBCCS), including medullo-
blastomas and basal cell carcinomas. However, studies
examining PTCH1 methylation in basal cell carcinomas
and medulloblastomas have generally indicated either no
or very low levels of PTCH1 methylation. Importantly,
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Table 1. Number of Articles regarding the  hypermethylation at the promoter region of PTCH1 was
different genetic and epigenetic mutations |, jetected in sporadic or syndromic cases of Odonto-

of OKCs. genic Keratocysts. This suggests that, at least in the
Gene N° of Article context of OKCs, PTCH1 inactivation may occur
PTHC 17 through mechanisms other than DNA methylation. As
Ple 2 of now, the methylation status of PTCH in odontogenic
P53 7 keratocysts lacking PTCH mutations is not yet under-
McC 2 stood or identified."*'*
TSLCL 2 Currently, the main therapies for odontogenic
LTAS2 2 keratocysts include conservative methods, such as simple
FHIT 3 enucleation with primary closure, enucleation with open
SHH 5 packing, decompression, or marsupialization. More
CDKN2A 1 aggressive techniques involve cryosurgery using liquid
TP53 1 nitrogen, chemical destruction through the application
CADHERIN 2 of Carnoy’s solution. Radical surgical techniques may
GLI1 3 also be employed, including bone resection.®
LOXL4 1 Apart from conventional surgical interven-
TCTA 1 tions, it is crucial to explore non-surgical treatment
LARP6 1 modalities, including molecular-targeted therapy. A
CALRETININ 1 deeper comprehension of odontogenic keratocyst
MYC 1 (OKC) biology has the potential to facilitate less aggres-
PCNA 2 sive interventions, especially for patients with large,
KI-67 2 recurrent, or multiple lesions. Research is now focusing
BCL-2 3 on small molecule selective inhibitors for SHH-related
GLUT1 1 targets.>'>'> Among the articles reviewed, 7 articles cited
P63 3 the inibition of SHH as a possible molecular therapy.
COX-2 2 Other molecularly targeted therapy suggested are the
RANKL 2 inibition of COX-2 and the MiRNAs, epigenetic-target-
INOS 1 ed drugs.
MDM2 1
MCM3 1 .
EGER 5 Conclu5|.on . o
TGE-ALFA 1 Odontogenic keratocysts, despite their intrinsic
VEGE 1 benignity, manifest an intriguing propensity for
MMP-s 3 local invasiveness and a notable frequency rate, even
SURVIVIN 1 in the context of aggressive surgical interventions.
P73 1 The molecular characterization of these cysts serves
CASPASES 3 1 a dual purpose—enabling prognostication and
V60OE ) guiding nuanced surgical decision-making and
CATK ) subsequent follow-up. Consequently, pharmacolog-
SMO 3 ical interventions have been explored to enhance
P21 2 the efficacy of surgical outcomes. While this avenue
RB1 2 holds promise, the imperative for additional clinical
. trials is evident, underscoring the need for compre-
miR15a/16-1 1 ; o -
LTBR 1 hensive research to solidify evidence and refine
BCLAF1 1 therapeutic strategies.
P27 1
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