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ABSTRACT

The Gorlin syndrome, also known as Nevoid Basal Cell Carcinoma Syndrome (NBCCS)
or Gorlin-Goltz Syndrome (OMIM #109400), is an autosomal dominant genetic disorder
primarily associated with mutations in the PTCH1 gene. Nevoid basal cell carcinoma
syndrome is characterized by numerous basal cell tumors and epidermal cysts of the skin,
calcified falx cerebri, keratocysts of the jaws, palmar and plantar pits, ovarian fibromas,
medulloblastomas, mesenteric lymph node cysts, fetal rhabdomyoma, rib and vertebral

malformations, cleft lip or palate, and cortical defects of the bones.
OBJECTIVE

The main objective of this thesis will be to conduct an updated and comprehensive
literature review of the multiple clinical manifestations of Gorlin Syndrome, which
extend far beyond basal cell carcinomas, including systemic, dermatological, skeletal,
ophthalmological, and neurological features. Particular emphasis will be placed on oral
and dental characteristics associated with Gorlin Syndrome, highlighting the importance
of'its diagnosis, particularly odontogenic keratocysts, dental and oral anomalies, and cleft

palates.

Because specialized and differentiated dental care is necessary and crucial for individuals
affected by this syndrome, research will be conducted on the latest studies considering
different follow-up strategies for monitoring these patients. The importance of a
specialized multidisciplinary approach will be emphasized, with the dentist playing a

significant role in contributing to a better prognosis and well-being of these patients.

In our narrative review of Gorlin Syndrome, we conducted a comprehensive literature
search using the terms "Gorlin syndrome etiology," "Oral-facial Gorlin syndrome

malformations," and "Nevoid Basal Cell Carcinoma Syndrome."

We use authoritative databases such as "PubMed," "Mendeley," "Orphanet," and
"OMIM," focusing on articles published from October 2020 to February 2024. We
extracted relevant information from selected articles covering genetic markers, clinical
features, oral manifestations, and treatment approaches and synthesized these findings to

offer a comprehensive narrative overview.



Keywords: Nevoid Basal Cell Carcinoma Syndrome (NBCCS), Hedgehog signaling
pathway, PTCH1 mutation, odontogenic keratocyst.



RESUMO

A Sindrome de Gorlin, também conhecida como Sindrome do Carcinoma Nevoide
Basocelular (NBCCS) ou - Gorlin Goltz Sindrome (OMIM # 109400) ¢ uma doenga
genética autossémica dominante, principalmente associada a mutagdes no gene PTCHI.
A sindrome do nevo baso celular (SNBC) ¢ caracterizada por numerosos tumores
basocelulares e quistos epidérmicos da pele, pregas calcificadas, queratocistos dos
maxilares, fossetas palmares e plantares, fibromas dos ovarios, meduloblastomas, quistos
linfo mesentéricos, rabdomiomas fetais, malformagdes das costelas e vertebrais, 1abio

leporino ou fenda palatina e defeitos corticais dos 0ssos.
OBJETIVO

Este trabalho teve como objetivo efetuar uma revisdo bibliografica atualizada e
abrangente das multiplas manifestagdes clinicas da Sindrome de Gorlin, que vao muito
além dos carcinomas basocelulares, incluindo caracteristicas sistémicas, dermatoldgicas,

esqueléticas, oftalmoldgicas e neurologicas.

Foi dada particular enfase as caracteristicas orais e dentarias que tém vindo a ser
associadas a Sindrome de Gorlin, destacando a importancia do seu diagnostico,
nomeadamente os queratocitos odontogénicos, anomalias dentarias e orais e¢ fendas

palatinas .

Porque € necessario e crucial um cuidado dentario especializado e diferenciado as pessoas
afetadas com esta Sindrome, foi feita a pesquisa dos trabalhos mais recentes tendo em
conta as diferentes estratégias de follow-up para o seguimento destes pacientes. E
enfatizada a importancia de uma abordagem multidisciplinar especializada, onde o
médico dentista desempenha um papel relevante, contribuindo, também, para um melhor

prognostico e bem-estar desses pacientes.

Foi efetuada uma pesquisa abrangente da literatura utilizando os termos: "etiologia da
sindrome de Gorlin", "malformacdes orofaciais da sindrome de Gorlin" ¢ "Sindrome do
Carcinoma Basocelular Nevoide", em bases de dados competentes como "PubMed",
"Mendeley", "Orphanet", e "OMIM", com foco em artigos publicados de outubro de 2020
a fevereiro de 2024. Extraimos informagdes relevantes de artigos selecionados que

abordam marcadores genéticos, caracteristicas clinicas, manifestagdes orais e abordagens



de tratamento e sintetizamos esses achados para oferecer uma visdo geral narrativa

abrangente.

Palavras-Chave: Sindrome de Carcinoma Basocelular Nevoide (NBCCS), via de

sinalizacdo Hedgehog, mutagdo PTCHI1, queratocisto odontogénico
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Introduction

I. Introduction

Like many other syndromes, nevoid basal cell carcinoma syndrome (NBCCS); OMIM
#109400) was initially identified in 1864 through clinical observation. It has been known
by various names, such as multiple basal cell carcinoma syndrome, basal cell nevus
syndrome (BCNS), jaw cyst-basal cell tumor-skeletal anomaly syndrome, and fifth

phacomatosis.

During the 1960s, Dr. Goltz recognized and designated it as a separate condition, naming
it nevoid basal cell carcinoma syndrome . Over time, many case reports have improved
the diagnostic criteria for this disease. Furthermore, scientists have deepened our
comprehension of the condition's basic pathophysiology and the genetic changes
responsible for its occurrence. Initially, only odontogenic keratocysts (OKC), multiple
basal cell nevi, and specific skeletal abnormalities were identified as clinical
manifestations. Nevertheless, the range of symptoms associated with the syndrome has
expanded to include presentations related to endocrine, neurological, genital, and

ophthalmological manifestations.

For most patients, the burden of nevoid basal cell carcinoma on quality of life initially
centers on treating recurrent odontogenic keratocysts and basal cell carcinomas(BCC).
Our work aims to comprehend how this essentially molecular and genetic syndrome arises
and present the clinical criteria in general, particularly on the bucco-facial level. We
provide the findings of an updated and thorough bibliographic inquiry into the various

clinical presentations of Gorlin Syndrome (GS).
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Development

I1. Development

1. Historical

Robert James Gorlin was a geneticist and oral surgeon born on January 11, 1923, in
Hudson, New York. He died in the Minnesota city of Minneapolis on August 29, 2006,
at the age of 83, from cancer. (Figure 1) Gorlin joined the military during the Second
World War and subsequently pursued a dental education at the University of Washington.
He completed his studies in 1947 and obtained a master's degree in chemistry from the
State University in lowa. Following his tenure in several academic roles, he assumed the
position of professor and director of the Division of Oral Pathology at the University of

Minnesota in 1956, where he remained until his final days.

Gorlin's career significantly changed in 1940 when he discovered work on acanthosis
nigricans by dermatologist Helen Curth. This dermatosis primarily causes thickened and
pigmented skin in the armpits, neck, and genital-crural regions. Gorlin was fascinated by
the potential for systemic disorders to exhibit oral signs. He gained renown for his
research on the oral symptoms of various syndromes. He named about 100 syndromes
with his colleagues and characterized the genes responsible for nearly half. Gorlin's name
became synonymous with genetics and medicine, and many doctors considered him a

pioneer in dermatology, genetics, and pathology.

Figure 1: Robert James Gorlin
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Robert J. Gorlin was an exceptionally prolific writer. He wrote around 600 articles and
about 60 book chapters and co-authored or edited 20 volumes. His works have been

published in several languages, including Japanese, Spanish, and Russian.

Gorlin is primarily known for his contributions to understanding NBCCS, also known as
GS. In 1960, he was the first to describe the relationship between multiple BCC
manifesting on the body, encompassing eye defects and tumors, non-exposed regions,
bone lesions, and rib deformities. These abnormalities are now known as Gorlin
syndrome, and Gorlin helped to identify the responsible gene, the PTCH gene (NCBI
Reference Sequence NM_000264.3). OMIM # 601309

Thanks to his extensive knowledge, Gorlin taught various classes at Minnesota
University, such as dermatology, pathology, otolaryngology, pediatrics, gynecology, and

obstetrics.

He also presided over several prestigious organizations, including the American
Academy of Oral Pathology, the International Society of Craniofacial Biology, and the

International Association for Dental Research.

Gorlin received several prestigious awards for his remarkable contributions to science,
medicine, and society.Currently, the standards for diagnosing Gorlin syndrome are purely
clinical, but genetic testing remains the only definitive diagnosis (Akbari et al., 2018;
Robert J. Gorlin and Robert W. Goltz, 1960). If one parent is affected by the condition, it

1s advisable to do genetic testing on siblings for early identification.
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2. Gorlin syndrome: The diagnostic challenge

2.1. Diagnostic criteria

NBCCS, or Gorlin syndrome, is an autosomal dominant disorder inherited and
characterized by numerous maxillary keratocysts, cerebral calcifications, and BCCs.
(John & Schwartz, 2016) The estimated prevalence of NBCCS is roughly one in 50,000
to 256,000 persons (Lo Muzio, 2008).

Aside from BCCs, other major criteria consist of jaw keratocysts, the calcification of the
cerebral falx, affected first-degree relatives, and palmar or plantar skin pits, or the two
(Verkouteren et al., 2022). Minor diagnostic criteria include Lympho-mesenteric or
pleural cysts, childhood medulloblastoma, cleft lip/palate (CLP), macrocephaly, preaxial
or postaxial polydactyly, vertebral/rib anomalies, ocular abnormalities, and
ovarian/cardiac fibromas (Evans et al., 1993; Kimonis et al., 1997). The diagnostic criteria
for NBCCS were initially established by Evans et al (Evans et al., 1993) and later
amended by Kimonis et al (Kimonis et al., 1997). Moreover, Bree et al. revised the

information above in 2011 (Bree & Shah, 2011).

NBCCS results from a heterozygous germline mutation in the Patched one gene (PTCH1)
located on chromosome 9q22 (Hahn et al., 1996; Johnson et al., 1996). PTCH1 codes for
the transmembrane receptor, patched homolog 1, responsible for binding to the hedgehog

(Hh) pathway (Fuse et al., 1999).

PTCHI1 functions as a gene that suppresses tumor growth. It has been shown that the
second allele of PTCHI1 is inactivated in jaw keratocysts, medulloblastoma, and BCCs
(Aszterbaum et al., 1998; Johnson et al.,, 1996). Furthermore, there is limited
documentation of hereditary mutations in other individuals involved in the Hedgehog
pathway, such as SUFU (Suppressor of fused homolog) and PTCH2 (Fan et al., 2008;
Smith et al., 2014).

Individuals with a hereditary alteration in the SUFU gene have a marginally elevated
possibility of developing medulloblastoma during childhood (Betancourt et al., 2022;
Evans et al., 2017).

GS is a potential diagnosis if a patient presents with one major criterion and genetic

confirmation, two major criteria, or one major and two minor criteria (Tables 1 and 2).
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Table 1: The diagnostic criteria for NBCCS published by Kimonis et al. A diagnosis requires the presence

of either one major criterion and two minor or two major criteria. Adapted from (Kimonis et al., 1997).

Major Criteria:

1. More than two BCCs or one under the age of 20 years.
OkC of the jaw, confirmed by histology.

Three or more plantar or palmar pits.

Bilamellar calcification of the falx cerebri.

Bifid, splayed, or fused ribs.

AN

First-degree relative with GS syndrome.

Minor Criteria (Any One of the Following Features):

1. Macrocephaly determined after adjustment for height.

2. Congenital malformations: CLP, frontal bossing, “coarse face,” moderate or severe
hypertelorism.

3. Other skeletal abnormalities: Sprengel deformity, marked pectus deformity, marked
syndactyly of the digits.

4. Radiological abnormalities: bridging of the sella turcica, vertebral anomalies such
as hemivertebrae, fusion or elongation of the vertebral bodies, modeling defects of
the hands and feet, or flame-shaped lucencies of the hands or feet.

5. Ovarian fibroma.

6. Medulloblastoma

18
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Table 2: Diagnostic criteria for Nevoid Basal Cell Carcinoma Syndrome. Diagnosis necessitates the
satisfaction of two major criteria, two minor criteria, and one major criterion, or one major criterion, along

with genetic validation. Adapted from (Bree & Shah, 2011).

Major Criteria :

1. One BCC or multiple BCCs in a person younger than 20 years
2. Odontogenic keratocysts

3. Plantar or palmar pits

4. Lamellar calcification of the falx cerebri

5. Medulloblastoma in early childhood

6. First-degree relative with NBCCS

Minor Criteria (Any One of the Following Features) :

1. Bifid, splayed or fused ribs

2. Other specific radiologic and skeletal abnormalities (pectus excavatum, i.e.,
hemivertebrae, scoliosis, syndactyly of digits, Sprengel deformity, flame-
shaped lucencies of phalanges bony bridging of the Sella turcica)

3. Macrocephaly

4. CLP

5. Cardiac, ovarian or fibroma

If the clinical symptoms are unclear, genetic testing can be employed to detect a

heterozygous mutation in PTCH1 or SUFU in the germline (Evans et al., 2002).

Some studies suggest that NBCCS is underdiagnosed. In response, the Department of
Maxillofacial and Oral Surgery at the University of Rio Grande do Sul located in Brazil
implemented an updated procedure: all patients diagnosed with odontogenic keratocysts
(OKC) are now required to undergo a skull radiograph, posteroanterior and lateral cranial

tomography, chest radiograph, and hand radiograph (Visioli et al., 2010).
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Radiographic imaging is essential in confirming a diagnosis, continuing illness care, and
surveillance. The recommended initial radiographic imaging consists of brain magnetic
resonance imaging, panoramic jaw X-ray, pelvic ultrasound for female patients,
echocardiography, and X-rays of the spine, chest, skull, hands, and long bones (John &
Schwartz, 2016).

The same university has also studied the appropriate age for genetic testing in children.
According to them, specific clinical manifestations would lead us to the right time for the
test (Akbari et al., 2018).However, since this syndrome has a familial origin, it is possible

to detect it much earlier. Let us cite in this sense:

2.2. Prenatal diagnosis

Prenatal diagnosis offers significant benefits in preventing and managing potential
complications associated with genetic disorders. It enables the detection of genetic
mutations responsible for the fetus's disease. Prenatal diagnosis is an invaluable tool for
the early detection of Gorlin syndrome, enabling optimal patient care from birth and
offering appropriate genetic counseling for afflicted families (Evans et al., 2024). Here

are the key points to consider:

o A significant majority, approximately 70% to 80%, of NBCCS cases stem from
an affected parent, while around 20% to 30% result from a spontaneous
pathogenic mutation. Offspring of those affected carry a 50% chance of inheriting
NBCCS. Detection of a deleterious mutation in the genes PTCH1 or SUFU within
an affected family member allows for prenatal testing in high-risk pregnancies

(Evans et al., 2024).

o Ultrasound scans (US) during pregnancy can objectify early developmental
anomalies such as an enlarged cranial diameter, a palatine cleft, or even a cardiac
fibroma, although rare. Fetuses affected by NBCCS may have a cranial diameter
above average and thus need assistance during childbirth, namely forceps or

possibly a cesarean section (Mak & Leung, 2019).
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Amniocentesis and chorionic villus sampling (CVS) are suggestive means for
early in-utero detection of NBCCS. Any patient with a confirmed genetic
alteration in the PTCH1 gene should be informed of the need for prenatal
diagnosis and possible preimplantation genetic diagnosis (Lo Muzio, 2008), a
confirmed technique that practically eliminates the transmission of many genetic
diseases from parents to children. This technique is utilized during an in vitro
fertilization procedure to identify any abnormalities in the embryo prior to its

transfer into the woman's uterus (Zimmerman et al., 2016).

Prenatal diagnosis requires detailed phenotyping, which relies on fetal imaging
techniques like magnetic resonance imaging (MRI) and ultrasound (US) as

illustrated in figure. 2.

However, prenatal diagnostics and fetal pathology have been -effectively

addressed using next-generation sequencing (NGS) (Rinaldi et al., 2022).

Since its inception, NGS has markedly enhanced the effectiveness of diagnosing
rare disorders within healthcare. Widely adopted as a standard procedure for
analyzing monogenic conditions across numerous countries, NGS provides a
favorable equilibrium between affordability, procedural demands, and diagnostic
effectiveness. In the realm of diagnosis, NGS attains a molecular diagnosis
through meticulous scrutiny of possible harmful variants, familial medical history,
and correlation of clinical manifestations with observed phenotypes. Irrespective
of the methodology employed, a comprehensive clinical phenotype remains

indispensable for precise diagnostic outcomes (Tatsi et al., 2020).
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Figure 2: The CT scan reveals the facial
appearance of 1st fetusin C, A, and B, as
well as the facial appearance of the 2nd fetus
in F, E, and D. There are noticeable
anomalies in the ribs on both sides in (C) and
(F). Adapted from (Rinaldi et al., 2022).

2.3. Genetic counseling

Gorlin syndrome is a genetic disorder inherited in an autosomal dominant manner. It is
highly likely expressed in individuals who carry the gene, but the severity of the
symptoms might vary.

Genetic counseling is crucial for families that are impacted, as it allows for the
differentiation between hereditary abnormalities and newly occurring mutations, as well
as the evaluation of the heightened risk of cancer. Preferably, conversations on genetic

risk and prenatal testing should occur before conception. It is essential for young adults
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who are impacted or in danger to also undergo counseling in order to make well-informed

choices (Evans et al., 2024).

Given the significant occurrence of PTCH1 mutations in NBCCS, prenatal diagnostics,
and genetic counseling are especially advantageous. Hence, it is imperative to provide
comprehensive genetic counseling to all individuals diagnosed with NBCCS, utilizing
established criteria. This information will help individuals effectively manage their

disease and make well-informed health and family planning decisions (Pan et al., 2010).

2.4. Postnatal diagnosis

When considering familial backgrounds, examination at birth or shortly after that should
entail scrutiny for an enlarged cranial circumference, frontal or temporal bossing, cleft
palate, ocular abnormalities, bifid ribs, or vertebral anomalies (Peris et al., 2023). From
birth, it is advisable to undergo neurological testing every six months for the early
detection of medulloblastoma. Assessments can be conducted annually from three until
the child reaches seven years old. At this point, the likelihood of developing
medulloblastoma is improbable. An electrocardiogram can also be performed to detect

cardiac fibroma (Bouyssi-Kobar et al., 2019).

Furthermore, it is advised to conduct orthopantomograms (OPGs) of the maxillae
between the ages of 4 and 8, continuing until age 40, to facilitate early detection of OKCs.
Specifically, individuals with a heterozygous PTCH1 mutation should undergo OPG
screening every two years (Wilke et al., 2023).

Following the initial diagnosis of an OKC, annual OPG follow-ups are recommended.
Even after age 22, dental monitoring should persist, with additional OPGs performed as
needed in unexplained tooth displacement or pain (Verkouteren et al., 2022). One may
detect manifestations of maxillary underdevelopment, and varying degrees of mandibular
prognathism with hyperplasia may be observed. Additionally, infrequent skeletal
abnormalities such as dental crowding and malocclusion may arise due to the presence of
keratocysts, leading to eruption failure, root resorption, and dental displacement (Spadari

et al., 2022).

A complete dermatological examination should also be performed at least once a year

from puberty, but this should be requested more quickly if nevi begins to appear
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(Verkouteren, 2023). Ultrasound can detect Ovarian fibroma in the first or second decade

(Lee et al., 2024).

Thus, the diagnosis of Gorlin syndrome proves to be a real challenge revealed before or
after birth based on clinical criteria or genetic tests. All means would be suitable for an

early and, above all, correct diagnosis (Yamada et al., 2020).

2.5. Differential diagnosis

NBCCS has a limited number of oral manifestations. Nonetheless, because OKCs are
very common and arise early in this condition, the finding of a histologically proven OKC

should prompt further investigation to exclude NBCCS (Fazel, 2019).

The list of potential differential diagnoses encompasses rare dermatologic conditions
characterized by an increased susceptibility to early-onset skin cancer development.
These conditions include, but are not limited to, xeroderma pigmentosum, Bazex—Dupré—

Christol syndrome, and Rombo syndrome (Bresler et al., 2016).

When there is macrocephaly and different problems in newborns, it is essential to
investigate the possibility of Beckwith-Wiedemann syndrome, Sotos syndrome, and
megalencephaly or isolated hydrocephalus (Spadari et al., 2022). Arsenic exposure can

also serve as a distinguishing factor (Srinivas et al., 2019).

3.  Genetic basis of the syndrome

3.1. Role of the Hedgehog signaling pathway

The sonic hedgehog signaling (SHH) pathway, which controls a variety of processes in
both vertebrates and invertebrates, including cellular proliferation, the epithelial-
mesenchymal transition, embryogenesis, and numerous pathological variants, is the
primary cause of the development of NBCCS (Gonzalez & Medici, 2014; Ingham, 2022;
M. G. Reinders et al., 2018).

This pathway is crucial in maintaining homeostasis in numerous tissues, including stem
cells in the digestive system and musculoskeletal tissue (Briscoe & Thérond, 2013).
Scientific research has demonstrated that aberrant HH (Hedgehog) signaling plays a vital

role in promoting the development of tumors and the growth of cancerous cells.
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The Hedgehog signaling pathway begins with Hedgehog ligand processing in secretory
cells, which involves forming a polypeptide from the cleaved precursor protein that is

dual-lipid modified at the amino terminus (Chen et al., 2011).

The signal-receiving process occurs through preserved receptors on the cell's membrane,
consisting of two essential transmembrane proteins, PTCHI1 and Smoothened (SMO).
PTCHI is a transmembrane protein with 12 membrane-spanning segments, whereas SMO
is a transmembrane protein with seven membrane-spanning segments. The binding of the

hedgehog ligand to PTCHI1 lifts the inhibition of SMO as illustrated in Fig. 3.

The activation of the hedgehog signaling pathway in mammals stimulates a
transcriptional response in the nucleus of the receiving cell, which is facilitated by
glioma-associated oncogene homolog (GII) (Nguyen & Cho, 2022). The GII proteins
consist of different parts, including an amino-terminal domain that represses
transcription, a DNA binding domain made of zinc finger, and a transcriptional activation

domain located at the carboxy-terminus.

When the GLI is inactive, it undergoes protein hydrolysis, producing a shortened
carboxy-terminal activation domain. The GII variant in question functions as a repressor,
impeding the transcription of the target genes (Spadari et al., 2022). SUFU, a negative
regulator of the GII protein, is essential for activating the pathway in mammals (Svérd et

al., 2006).
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Figure 3: An elementary diagram illustrating the Hedgehog (HH) signaling pathway. Adapted from
(Epstein, 2008).
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3.2. PTCHI1 gene mutations

The molecular underpinnings of GS have been understood since 1996 when the condition

was linked to specific genetic mutations in the PTCH1 gene (Shimkets et al., 1996).

Two separate heterozygous mutations affecting the PTCH1 gene were found in two

individuals diagnosed with NBCCS (Evans et al., 1993).

It has been determined that a germline mutation in the PTCH1 gene is present in as many
as 85% of patients with NBCCS (John & Schwartz, 2016). Segmental or unilateral
NBCCS, induced by postzygotic mosaicism, was either documented (Torrelo et al., 2013;
Verkouteren et al., 2022).

PTCHI1, a human version of the Drosophila patched gene, is a gene that suppresses tumor
growth and is associated with both sporadic OKC and NBCCS, which are in q22.3—q31
region (M. G. Reinders et al., 2018).

The gene comprises 24 exons, initiating transcription from exon one and concluding at
exon 23. PTCHI1 codes for a transmembrane glycoprotein consisting of 1447 amino acids

shown in figure 4. This protein is a component of the Hh pathway (Evans et al., 2024).

Typically, PTCH1 combines with SMO to create a receptor complex that interacts with
the SHH ligand. The binding of SHH to PTCHI1 hinders the transmission of growth
signals, similar to how PTCHI binds to SMO.

RS S AL

Figure 4: PTCH protein's projected structure in humans. Adapted from (Ong, K. R., & Farndon, 2019).
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3.3. Molecular basis of the syndrome

3.3.1. Drosophila studies

PTCH encodes the receptor for the diffusible morphogenic protein SHH, which is a
protein possessing 12 transmembrane domains, two loops located outside the cell
membrane, and an intracellular domain, the human ortholog of Hedgehog (HH) identified
in Drosophila, and is essential for segment polarization during embryonic development

(Mizuochi et al., 2015).

In the absence of its ligand, PATCH represses signaling activation by inhibiting a
transmembrane protein called SMO. On the other hand, in target cells, binding of SHH
to its receptor activates the SMO-dependent pathway, which in turn activates the SHH-
dependent pathway and leads to the transcription of genes whose products are involved

in controlling the balance between differentiation and proliferation as seen in figure 5.

The numerous Drosophila mutants and rare human pathologies due to the loss of integrity
of the SHH pathway underline its essential involvement in the control of tissue
interactions, notably in Gorlin syndrome, holoprosencephaly 1 (mutations in SHH), Greig
and Pallister-Hall syndromes 2 (mutations in the GLI3 transcription factor), constitute a

family of genetic, developmental diseases called "hedgehogopathies." (Hahn et al., 1996).
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Figure 5: Hedgehog signaling in Drosophila. Adapted from (Hooper & Scott, 2005).
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3.3.2. PTC/SHH signaling pathway in vertebrates

In the absence of its ligand, PATCH represses activation of the Homologs of several
members of this pathway that have been identified in vertebrates, where it appears to
function similarly to that in Drosophila, albeit with a higher level of complexity (Martinez
et al., 2019; Ponti et al., 2013). two PTC homologs, PTCHI1 and PTCH2, have been
described as both able to interact with HH and SMO (Nguyen & Cho, 2022).

However, although PTCHI1, whose locus gene is located on chromosome 9, is well
characterized, little is known about the role of PTCH2. Additionally, three homologs of
HH have been discovered: Desert (DHH), Indian (IHH), and Sonic (SHH) Hedgehog.

Only one SMO homolog has been identified, and three zinc-finger transcription factors

named GLI3, GLI1, and GLI2 (Martinez et al., 2019).

GLI1 acts primarily as an activator and is the central transcriptional effector of this
pathway. At the same time, GLI2 and GLI3 possess transcriptional activator and repressor

domains (Niewiadomski et al., 2019).

There is still much debate about how GLI proteins transduce the SHH signal, and most
studies suggest a complex balance between divergent functions. Only one cytoplasmic
protein acting upstream of GLI, the negative regulator of hedgehog signaling (SUFU)
homolog, has been identified in humans (Ruel & Thérond, 2009).

3.3.3. PTC/SHH signaling pathway and cell proliferation

Although the mechanisms underlying the functioning of the PTC/SHH remain poorly

understood, its activation appears primarily in increased proliferation.

The high degree of conservation of this pathway in Drosophila and vertebrates suggests
that activation of proliferation involves members of the transforming growth factor beta
(TGFB) and Wingless-related integration site (WNT) families, the latter possessing a
broad spectrum of functions (Gonzalez & Medici, 2014).

Moreover, studies have established a direct link between activation by HH and increased
transcription of cyclins D and E, proteins directly involved in cell cycle activation

(Kenney & Rowitch, 2000).
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Finally, transfection of rat kidney cells with the Glil gene leads to changes in the gene
profile compatible with increased proliferation via various pathways such as increased

cell division, reduced cell adhesion, and apoptosis.

Recognition sites for the Glil protein in the promoter of at least four modulated genes
(cyclin D2, IGFBP- 6, osteopontin, and plakoglobin) have been recognized (Javelaud et
al., 2012; Longhitano et al., 2021).

3.4. Cancer development in Gorlin syndrome

3.4.1. PTC/SHH signaling pathway and cancer

The contribution of the PTCH gene to cancer development was first observed in basal
cell carcinoma (BCC) (Bale & Yu, 2001), with mutations in both sporadic and familial

forms of the disease.

PTCH markers located in the 9q area exhibit loss of heterozygosity. Overexpression of
GLII and mutations in the SHH or SMO genes have also been linked to basal cell
carcinoma, indicating that any anomaly leading to GLI1 overexpression in basal layer

skin cells can result in carcinoma (Bale & Yu, 2001).

GLII oncogenic nature has been validated by its ability to transform cells when working
with the adenovirus E1A gene. Mutations in the PTCH1 and SMO genes have also been
discovered in primary neuroectodermal tumors and medulloblastomas. Finally, mice with

an inactivated PTCH gene allele frequently develop rhabdomyosarcomas (Kimonis et al.,

1997; Tostar et al., 2006).

3.4.2. Double event theory

The typical features of NBCCS arise from haploinsufficiency (Wicking et al., 1997), and
the development of NBCCS tumors follows the two-hit hypothesis proposed by Pan and
Knudson (2001) Sun, Li, & Dong (2010). In the second scenario, there are two
possibilities: either both gene alleles have a mutation, or the deletion of the wild allele

accompanies one mutated allele.

Knudson’s Two-Hit Model of Tumor Suppressor Genes: Tumor suppressor genes play a

critical role in preventing cancer by regulating cell growth, division, and apoptosis. One
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well-known model explaining their function is the two-hit hypothesis, first proposed by

geneticist Alfred Knudson in 1971.
Background:

Tumor suppressor genes act as “brakes” to prevent cells from becoming cancerous. When

these genes are inactivated, cells can bypass normal growth control mechanisms.

Unlike oncogenes (which promote cell growth), tumor suppressor genes are recessive in
nature. This means that both alleles (copies) of a tumor suppressor gene must be mutated

for cancer to develop.
The Two-Hit Hypothesis:

According to Knudson’s model, a cell needs two hits (mutations) in its tumor suppressor

genes to become cancerous:

First Hit: A germline mutation (present in all cells) occurs in one allele of the tumor

suppressor gene. This, alone, is not sufficient for cancer development.

Second Hit: A somatic mutation (specific to the affected tissue) or deletion inactivates
the remaining wild-type allele. Both alleles are mutated, leading to uncontrolled cell

growth and tumor formation.

Knudson initially studied retinoblastoma, a childhood eye cancer. In retinoblastoma,
retinoblasts (cells in the developing eye) fail to differentiate, leading to tumor formation

if both RB1 tumor suppressor gene alleles are mutated]1.
Application to Nevoid Basal Cell Carcinoma Syndrome (NBCCS):

NBCCS, also known as Gorlin-Goltz syndrome, is an inherited disorder characterized by
multiple basal cell carcinomas (BCCs), jaw cysts (such as keratocystic odontogenic

tumors or KCOTs), and other tumors.

In NBCCS, the first hit is a germline mutation in the PTCH1 gene (a key player in the
Hedgehog signaling pathway).

The second hit occurs somatically, leading to KCOT development. KCOTs are aggressive

jaw cystic tumors with a high recurrence rate.

Interestingly, isolated defects similar to KCOTs can occasionally occur in the general

population due to homozygous PTCHI gene inactivation in early progenitor cells2.
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Distinct Non-Clock-Like Signatures:

Recent research has shown that BCCs (including KCOTs) in NBCCS exhibit distinct
genomic alterations, mainly clustered into non-clock-like mutational signatures related to

ultraviolet exposure and certain alkylating agents 3.

These findings highlight the complexity of tumor development and the interplay between

genetic factors and environmental influences.

In summary, Knudson’s two-hit model provides valuable insights into the genetic basis
of cancer, including conditions like NBCCS, where KCOTs play a significant role.
Understanding these mechanisms, helps guide diagnosis and treatment strategies for

affected individuals.

Studies on mouse models suggest that rhabdomyosarcoma and medulloblastoma may
occur due to haploinsufficiency of PTCH1, which may be linked to a condition called

haploinsufficiency of PTCH1 (Pan et al., 2010).

That suggests that these types of cancer may not necessarily follow the traditional two-
hit concept (Calzada Wack et al., 2002; Zurawel, Allen, Wechsler-Reya, Scott, & Raffel,
2000). Individuals with typical NBCCS findings have a 50-85% mutation detection
frequency of the PTCHI1 gene through DNA sequencing analysis (Lam, Ou, &
Billingsley, 2013). Mosaic manifestations of NBCCS can occur (M. G. Reinders et al.,
2018; Torrelo et al., 2013).

3.5. The different genetic tests

The GS genetic test is highly accurate, with 100% sensitivity and specificity. It requires

clinicians to provide blood samples for analysis by an external laboratory.

Identifying genetic alterations requires skilled professionals and a significant amount of
time. Molecular genetic testing for GS is crucial for disease prognosis, clinical diagnosis,

genetic counseling, and treatment family counseling.

The test should encompass a comprehensive sequencing of the PTCH1 all exons gene and
their adjacent introns and several Polymerase chain reaction (PCR) techniques, like
quantitative multiplex fluorescence PCR or MLPA (multiplex ligation-dependent probe

amplification).
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3.6. Importance of genetic testing

Most Gorlin syndrome diagnoses rely on clinical presentations and established criteria,

such as the Kimonis diagnostic criteria, which typically do not mandate genetic testing.
Genetic testing can be necessary when there is suspicion of Gorlin syndrome.

Genetic testing is recommended for specific people who are believed to have Gorlin

syndrome. Prenatal testing is conducted when there is a reported hereditary mutation:

Diagnosis verification should be performed on patients who exhibit specific clinical
indications but do not fit the criteria. This approach would enable enhanced monitoring

and lead to better patient treatment results.

Predictive tests are when individuals have family members who present a risk but do not

match the condition's clinical criteria (Huq et al., 2018).

Methods for molecular testing involve sequential testing of a solitary gene (PTCHI,

SUFU), utilizing a multigene panel, or more extensive genomic testing.

molecular testing for Gorlin Syndrome, there are several approaches available. Let’s

explore them:
1. Sequential Testing of Solitary Genes:

o This method involves testing individual genes one by one. For instance, if
there’s a suspicion of a specific gene mutation (such as PTCH1 or SUFU),

it can be directly assessed.

o While straightforward, this approach can be time-consuming and costly if

multiple genes need evaluation.
2. Multigene Panel Testing:

o Multigene panels simultaneously analyze several genes associated with

Gorlin Syndrome.

o These panels are efficient because they cover a broader range of genes,

allowing for comprehensive testing.

o However, they may still miss rare mutations not included in the panel.
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3. Comprehensive Genomic Testing:

o This approach involves whole-genome or whole-exome sequencing,

providing a comprehensive view of an individual’s genetic makeup.

o It identifies mutations across the entire genome, including known and

novel variants.

o While powerful, it can be expensive and yield incidental findings

unrelated to the initial clinical question.

In summary, the choice of method depends on clinical context, available resources, and
the specific genetic aberrations being investigated. Researchers continue to refine these

methods to enhance accuracy and cost-effectiveness (Spadari et al., 2022).

The current advancements in NGS technology are pretty impressive. By employing Next-
Generation Sequencing (NGS), there is the potential to develop a genetic diagnosis panel,
and the process could become more streamlined, rapid, and cost-effective. Undoubtedly,

such advancements would be indispensable for diagnosing GS (Tatsi et al., 2020).

An in-depth analysis of the relationship between clinical symptoms and GS mutant
characteristics may progressively uncover a connection between clinical symptoms and
the specific location of missense mutations. Studies have shown that biallelic mutation in

PTCHI is responsible for 80% of sporadic KCOT cases (Stojanov et al., 2020).

Genetic testing is a crucial diagnostic tool for families affected by certain conditions,
especially when clinical criteria are inconclusive. Despite its relatively high cost, in some
cases, it becomes essential to assist clinicians in providing genetic advice to the affected
families, such as avoiding ultraviolet or X-rays from the moment of diagnosis (Martinez

etal., 2019).
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3.7. The SUFU gene mutation

A radiological and clinical investigation was conducted on individuals from the same
family with desmoplastic medulloblastoma to evaluate the potential genetic susceptibility
to GS. The study identified a SUFU germline mutation, which suggested genetic
heterogeneity in the syndrome. It is noteworthy that members of this family suffering

from the syndrome did not manifest basal cell carcinomas.

There might be two potential reasons for this absence. Firstly, it is possible that neither
the parent nor the child showed signs of BCC by chance, as Gorlin syndrome is known

to have a wide range of clinical presentations.

Furthermore, it is plausible that GS caused by SUFU mutations has unique clinical

characteristics and does not present with basal cell carcinomas (Ng et al., 2005).

Other studies on individuals with a SUFU mutation and suffering from Gorlin syndrome

have shown that Odontogenic keratocysts are absent in these patients.

That implies that a mutation in this gene mainly leads to medulloblastoma in most cases
(Pennisi et al., 2017). Patients with SUFU germline mutation have a marginally elevated

likelihood of developing medulloblastoma throughout childhood (Evans et al., 2017).

4. General manifestations of the syndrome

In the case of Gorlin syndrome, two types of diagnosis are indicated: clinical diagnosis,
the criteria for which are numerous in the literature and which we will discuss in the
following two chapters, and molecular diagnosis, which is mainly indicated for

confirmation or when the clinical criteria are inconclusive.

4.1. General diagnosis criteria

In general, Gorlin-Goltz syndrome is diagnosed when two major criteria occur: one major

criterion and two minor criteria (Table 3).
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Table 3: General diagnosis criteria of NBCCS

Major criteria: (35)

Minor criteria:

e  Multiple basal cell carcinoma
e Familial basal cell carcinoma
e  Odontogenic keratocysts

e  Palmar or plantar pits

e  Cerebral calcification

o Familial nature of the disease

e CUTANEOUS:
» Dermoid cysts; Epidermal cysts Lipoma
e HEAD AND NECK
» Macrocephaly
» Frontal and biparietal humps; Mandibular
prognathism
» Lateral displacement of medial canthus;
Hypertelorism
» Ogival Palace; Cleft lip or palate
»  Cysts of the ocular conjunctiva; Congenital
cataract
» Coloboma of the iris Glaucoma
»  Strabismus
» Ameloblastoma
e CARDIOVASCULAR
» Cardiac fibroma
e PULMONARY
» Congenital lung cyst
e GASTROINTESTINAL
» Mesenteric cysts, often calcified
» Hamarthomatous polyps of the stomach
e GENITOURINARY
»  Ovarian fibroma; Carcinoma of ovary
» Cryptorchidism; Hypospadias;
Gynecomastia
SQUELETTIQUES
»  Skeletal deformities; Cyphoscoliosis;
Abnormal cervical vertebra; Hypoplastic
ribs; Bifid ribs Polydactyly; Syndactyly;

Brachydactyly
» 4th metacarpal short
» Gigantism
e  Pectus excavatum; Marfanoid appearance

NEUROLOGICAL

» Mental retardation; Epilepsy; Spina bifida
» Medulloblastoma, Meningioma

These same diagnostic criteria were initially defined by Evans et al. in 1993, then changed

by Kimonis et al. in 1997 and Bree et al. in 2011 (Bree & Shah, 2011; Kimonis et al.,

1997).
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4.2. Cutaneous and mucosal signs

The two main cutaneous and mucosal signs considered major criteria are nevi and
BCCs. Due to their preferential location on the face, we will discuss them further in the

chapter on oral-facial manifestations.

4.2.1. Palmoplantar pits

The specific pits observed on the soles and palms of the feet are highly characteristic and
serve as a significant diagnostic criterion for the condition as seen in figure 6. (Smith et

al., 2014).

Figure 6: Palmoplantar pits in Gorlin Syndrome. Adapted from (Torrelo et al., 2013).

4.2.2. Epidermoid cysts

Epidermoid cysts are non-cancerous growths that typically measure between one and two
centimeters in size. In more than 50% of cases, several epidermoid cysts resembling OKC

are found on the trunk, limbs, and surrounding the knee as shown in figure 7.

If they cause discomfort or inconvenience, they are usually removed through surgical

excision (Ong, K. R., & Farndon, 2019).
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Figure 7: Several epidermal cysts in GS. Adapted from (John & Schwartz, 2016).

4.3. Neurological manifestation

Neurological examination of Gorlin syndrome can reveal many destabilizing features,
some of which are inconsistent, such as intellectual disability with below-normal Initial
Quality Survey (IQs), motor dysfunctions such as the inability to swim or clap, and

sphincter incontinence (Lo Muzio, 2008).

Calcification of the cerebral falx, observed inside a brain, is a significant diagnostic
indicator. It can manifest at an early age, become more noticeable during the latter years

of childhood, and increase in severity with time as seen in figure 8 (Spadari et al., 2022).

Figure 8: Computed tomograms of patient Illustrating calcified falx cerebri. Adapted from (Carlson et al.,
2015).
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Brain tumors have been associated with Gorlin syndrome, including astrocytoma, which
is another type of infiltrating brain tumor related to astrocytic cells. A study published in
the Danish Medical Journal reported a GS patient whose ancestor died from this tumor at

the age of 47 (Kristine Larsen et al., 2014).

Patients treated with radiotherapy may subsequently develop infiltrating tumors such as
BCC and secondarily infiltrating tumors such as intracranial and sinus tumors (Kristine

Larsen et al., 2014).

4.3.1. Medulloblastoma

According to certain experts, a small percentage 3 to 5 % of patients with GS are
diagnosed with medulloblastoma, typically occurring at an average age of 2 years. In

contrast to the general population, the average age of medulloblastoma onset is 6.5 years.

The predominant histological subtype of medulloblastoma linked to GS is desmoplastic.
Some authors believe that desmoplastic medulloblastoma diagnosed before age two is
indicative of GS, and all children under five with this type of tumor should undergo PTCH
gene testing (Massimino et al., 2016).

Late development of medulloblastoma is possible, emphasizing the importance of early

Gorlin syndrome diagnosis.
o Circumstances of Diagnosis

A biannual neurological survey can identify a deficiency that suggests the presence of a
medulloblastoma. Regular computerized tomography (CT) scanning or exaggerated X-
ray exposure should be avoided due to the potential risk of causing skin cancers.
(Conclusion from research in a specific study has revealed that scanning should be

targeted on children who have a SUFU mutation ) (Smith et al., 2014).

Clinical tests can be conducted annually from three until the child reaches seven years

old. Beyond that age, the occurrence of medulloblastoma is quite improbable.

Despite the limited accuracy of these tests, a parent should seek medical attention from a

specialized department if any concerning symptoms arise.
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It has been recommended that magnetic resonance imaging be performed yearly until the
child reaches eight (Evans & Farndon, 2018). However, due to the potential need for
general anesthesia, it is not advisable to do this procedure in young patients having

PTCHI1-related GS, as the associated risk is approximately 2% (Evans et al., 2024).
It is advisable to undergo a basic ophthalmological exploration and participate in regular
programs that monitor developmental progress, hearing, and vision.

4.4. Skeletal abnormalities

4.4.1. Ribs anomalies

Although considered a minor diagnostic criterion, including bifid, fused, or spaced ribs,
Kimnosis et al. highlighted them as a major criterion due to their high prevalence (42%
of patients) and early detection, especially in the pediatric population, which generally

does not present major criteria as shown in figure 9. (Singh Dhull et al., 2013).

Figure 9: A posteroanterior (PA) view of a chest X-ray reveals a distortion in the vertebral rib in the
cervicodorsal area. Adapted from (Singh Dhull et al., 2013).

Gorlin syndrome is associated with the presence of pectus excavatum, a deformity of the
chest wall. In pediatric instances of Gorlin syndrome, this characteristic occurs with an

approximate frequency of 20% as shown in figure 10.
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This contributes to the variety of physical symptoms linked to the syndrome, which
encompasses a range of skin, bone, and other bodily abnormalities (Ong, K. R., &

Farndon, 2019).

The prevalence of pectus excavatum as a relatively frequent characteristic highlights the
significance of thorough clinical assessment in affected children to guarantee prompt

detection and suitable treatment of the different symptoms of Gorlin syndrome.

Figure 10: Pectus excavatum. Adapted from (Singh Dhull et al., 2013).

4.4.2. Spinal abnormalities

Approximately 49% of individuals with this condition exhibit diagnostic indicators such
as abnormalities in the cervical or thoracic spine as seen in figure 11. The spinous
processes of the C7, C6, T2, and T1 vertebrae are commonly affected (Ong, K. R., &
Farndon, 2019).
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Figure 11: Thoracic radiograph displaying abnormalities in the upper vertebrae. Adapted from (Ong, K.
R., & Farndon, 2019).

o Scoliosis

Individuals with Gorlin syndrome tend to have scoliosis more frequently than the average
population, although the difference is insignificant. However, many affected individuals
have more severe scoliosis due to developmental anomalies such as hemivertebrae or
fused vertebral bodies. On the other hand, spina bifida is not frequently observed in the

Gorlin syndrome population compared to unaffected individuals (Figueira et al., 2018).

4.4.3. Polydactyly

These manifestations are rare in patients with Gorlin 3% syndrome and may be localized
to a single hand or foot in most cases or to both as shown in figure 12 (Singh Dhull et al.,

2013).

GS exhibits a greater prevalence of polydactyly in the postaxial form than in the preaxial
form, occurring in approximately 0.08% to 1.4% of every 1000 live births (Bubshait,
2022).
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Figure 12: Polydactyly in both feet. Adapted from (Singh Dhull et al., 2013).

4.4.4. Sprengel’s deformity

Approximately 11% of those diagnosed with NBCCS exhibit a Sprengel deformity or
congenital elevation of the scapula. This anomaly is characterized by the upward and
medial displacement of one or both scapulae, resulting in distortion and, occasionally, the
immobilization of the misplaced bone to the spine as shown in figure 13. The elevation
results from the bone's incapacity to descend into its usual position during fetal

development (Kimonis et al., 2004).

Figure 13: Sprengel's deformity. Adapted from (Ong, K. R., & Farndon, 2019).
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4.4.5 Craniofacial anomalies

o Frontal bossing

Patients with NBCCS have skull-shape anomalies. While these defects may be considered
minor criteria for the condition, they are of significant diagnostic importance due to their

visibility from birth.

Around 66% of individuals diagnosed with NBCCS have distinct facial characteristics
like coarse facial features, hypertelorism, frontal bossing as seen in figure 14, and

macrocephaly (Jones et al., 2011).

According to the study conducted by Kimonis (Kimonis et al., 1997). In 105 patients
diagnosed with Gorlin syndrome, it has been found that macrocephaly occurs more
frequently (in 50% of cases) compared to the general population. Hypertelorism exhibits

the same characteristic.

Figure 14: Frontal bossing. Adapted from (Carlson et al., 2015).

4.5. Sexual anomalies

4.5.1 Ovarian Fibroma

Ovarian fibromas are present in approximately 13 to 60% of female individuals diagnosed

with NBCCS, typically occurring between the ages of 16 to 45 (Lo Muzio, 2008). Ovarian
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fibromas in individuals with NBCCS commonly exhibit -calcification, bilateral
occurrence, and a development pattern characterized by several foci or nodules
as seen in figure 15 (DeLair & Soslow, 2016). Typically, they do not show any symptoms

and do not have an impact on fertility.

Ovarian torsion is an infrequent event that can happen in the presence of ovarian fibromas
(Scalia et al., 2018). If there are no gynecologic symptoms present, it is not advisable to
undergo surgery since it could potentially lead to decreased fertility, which involves an
earlier onset of menopause due to the reduction of ovarian tissue (Khodaverdi et al., 2018;

Morse et al., 2011).

Patients who require surgery and wish to protect their fertility should be advised about
the least invasive alternatives to safeguard their reproductive options (Khodaverdi et al.,

2018; Morse et al., 2011).

Figure 15: Multiple uterine and ovarian fibromas in a patient with NBCCS. Adapted from (Scalia et al.,
2018).

4.5.2. Hypogonadism

Approximately 5-10% of males may exhibit symptoms of hypogonadism, including
cryptorchidism, limited body or facial hair, female pubic hair, gynecomastia, and
anosmia. Gorlin provided a multitude of examples. According to Shanley et al.'s survey,

10% of cases were found to have anosmia (Ossama et al., 2017).
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4.6. Gastroenteric system anomalies

Lymphomesenteric cysts are a diagnostic criterion of minimal importance, and their
particular frequency is currently unknown. Single or multiple lymphomesenteric cysts

have been documented.

The cyst has a diameter ranging from two to 14 cm, is asymptomatic, and is frequently
detected incidentally. The contents are chylous but may also be hemorrhagic (Lo Muzio,
2008). CT scans, MRI, and Ultrasound can detect the cysts; however, a histological

analysis is required to establish a definitive diagnosis (Verkouteren, 2023).

4.7. Cardiovascular anomalies

Cardiac fibroma has been described in 3 to 5% of people with the syndrome. It is well-
circumscribed, non-encapsulated, 3 to 4 cm in diameter, and may contain calcifications
(MacDonald, 2015). The anomaly is primarily in the left anterior ventricle wall; extending

into the cardiac cavities could cause hemodynamic balance problems.

Conduction problems (e.g., arrhythmia) could also occur if it spreads to the

interventricular septum (Lo Muzio, 2008).

5. Oral and facial manifestations

5.1. Ocular manifestation

Patients with NBCCS may experience a range of ocular issues at a higher rate than the
total population (Lo Muzio, 2008). The following conditions are associated with NBCCS:
strabismus, Hypertelorism as seen in figure 16, congenital cataract, cysts on the eyelids,
coloboma of the iris, choroid and/or optic nerve, nystagmus, congenital glaucoma,
subconjunctival epidermoid cysts, iris transillumination defects, microphthalmia,
epiretinal membranes, myelinated nerve fibers, retinal hamartomas and macular hole (Jen

& Nallasamy, 2016; Moramarco et al., 2019).

Prompt identification and intervention are crucial to prevent impaired visual system
development and visual impairment resulting from frequently occurring ocular symptoms

(Verkouteren, 2023).
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Figure 16: Hypertelorism. Adapted from (Moramarco et al., 2019).

5.2. Cutaneous and mucosal signs

5.2.1. Nevus cell nevi

Nevi impacts 53% of individuals aged below 20, and this percentage increases to 74% for
those aged 20 and above. Common nevus cell nevi are congenital and are found in
approximately 4% of individuals unaffected by the condition. Nevertheless, impacted
family members state that the nevi tend to emerge in clusters, progressively multiplying
in quantity as time progresses as shown in figure 17. Individual nevi can also manifest as

lesions; a patient may exhibit no nevi, a small number, or a large number of hundreds.

The nevi can have a complexion that ranges from flesh-colored to reddish-brown, or they
may have a pearly appearance. Some nevi undergo rapid growth for a period ranging from
a couple of days to a few weeks, but the majority stay unchanged (Ong, K. R., & Farndon,
2019).

Figure 17: Naevi. Some individuals have a skin-colored, reddish-brown, or translucent appearance.
Adapted from (Ong, K. R., & Farndon, 2019).
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5.2.2. Basal cell carcinoma (BCC)

NBCCS is a hereditary condition that makes persons more susceptible to a high risk of
developing BCC. BCC primarily affects individuals with fair skin, accounting for 90 %
of cases (Flowers et al., 2023).

These lesions commonly appear as nodular or superficial growths, predominantly on the
thorax and cervicofacial region, including the periorbital area, eyelids, nose, malar
eminences, and upper lip as shown in figure 18. Although sun exposure, particularly
ultraviolet B (UVB) radiation, is likely to exacerbate BCC, it is unnecessary. This is
evidenced by BCC's frequent occurrence in non-photoexposed areas, such as the trunk.
Exposure to radiation therapy is also a risk factor for BCC development (Lo Muzio,
2008).

GS poses a significant concern in the development of BCC. The number of BCCs in

affected individuals varies greatly, ranging from a few to several hundred.

The clinical presentation can encompass a spectrum from clear to dark papules with a
stiff texture and plane surface to pigmented and ulcerated plaques in different sizes
(Bresler et al., 2016; John & Schwartz, 2016).

Research has documented that BCC generally occurs between puberty and age 35.
However, cases of BCC occurring in early childhood, between the ages of two and four

and ranging up to 65 years old (Jones et al., 2011).

Figure 18: Basal cell carcinoma located on the right cheek. Adapted from

(M. G. H. C. Reinders, 2019).
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5.3. Odontogenic keratocysts

5.3.1. Introduction

OKC, an epidermoid cyst, arises from the dental laminal epithelium and results from
dysregulated signal transduction, growth factors, cell cycle, and cytokines (Nilius et al.,

2019).

OKC accounts for 14.3% of the total cases of odontogenic tumors and is ranked third in
frequency in the category of cystic lesions by the WHO (World Health Organization) (P.
Chen et al., 2022). It predominantly affects males between the ages of 40 and 50 and is
located in 70% of cases in the area of the ramus and angle of the mandible (Geletu et al.,

2023).

OKC is a characteristic feature of NBCCS or GS. Sporadic cases occur mainly between
the ages of 20 and 30, with a discrete male preponderance (Geletu et al., 2023). NBCCS
is a syndrome characterized by multiple OKs that can be detected early in life. Diagnosing
OKCs early is vital as they are the most common initial manifestation of NBCCS, and the

primary treatment typically revolves around them (Unsal et al., 2023).

5.3.2. Keratocyst reclassification

WHO classified this pathology as a neoplastic lesion due to its locally aggressive
behavior, high proliferation index with supra-basal expression of P53 (Tumor protein 53),
and the frequency of alterations in the PTCHI found in 80% of cases, whether sporadic

or syndromic (Doll et al., 2018).

Since these genetic abnormalities were found in other congenital cysts in 2017, WHO
changed the odontogenic keratocystic tumor back to the odontogenic keratocyst (OKC);
this fact reflects the extensive and continuous investigation of this disease that has been

carried on (Chen et al., 2022).

5.3.3. Radiological signs

OKC can be detected in any region of the jaws, but they tend to occur more frequently in

the ramus and angle of the mandible. These cysts typically have well-defined, hardened
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borders. They can be mistaken for ameloblastoma or dentigerous cysts associated with an

unerupted tooth.

From a radiographic perspective, over 80% of them appear unilocular but can have
several locations as seen in figure 19 (Bresler et al., 2016). The presence of multiple
lesions is typically linked to NBCCS as shown in figure 20. (Boffano et al., 2021; Geletu
etal., 2023).

Figure 20: Multilocular OKCs. Adapted from (Geletu et al., 2023).
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5.3.4. Histological description

OKC is lined by a 5- to 10-layer Malpighian epithelium with parakeratotic hyperkeratosis
and an undulating surface as shown in figure 21, unlike other odontogenic, which have
the characteristic of being ortho-keratinized and have a low risk of recurrence (Bresler et
al., 2016).

The nuclei of the basal layer have a characteristic palisading appearance, and normal

mitoses are possible.

Keratin debris fills the lumen. Satellite cysts are present in the wall. The proliferation
index is not negligible, and P63 (Tumor protein 63) and P53 are expressed by the
suprabasal cells (Chen et al., 2022).

Reclassified as a congenital cyst by the WHO in 2017, OKC is the third most common

odontogenic cyst after inflammatory cysts (50%) and dentigerous cysts (20%) (Woo,
2024).

Figure 21 : Histological image displays Malpighian epithelium parakeratotic hyperkeratosis and
undulating surfaces (H-E 10%). Adapted from (Borghesi et al., 2018).

5.3.5. Immunohistochemistry

To rule out other cystic lesions, primarily dentigerous cyst or radicular cyst,
Immunohistochemistry (IHC) highlights specific indicators of OKC, namely the
expression of cytokeratins 17 and 19 and elevated expression of Proliferating cell nuclear
antigen (PCNA) and Antigen Kiel 67 (Ki-67), which indicate the aggressive and recurrent
nature of OKC (Bresler et al., 2016).
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5.3.6. Epidemiology

OKC represents 11% of jaw lesions of the same nature and is commonly linked to GS in

individuals aged 10 to 20 (Giovacchini et al., 2020).

Indeed, this manifestation is present in 44-92% of patients affected by this syndrome, and
most often, the cysts in question are numerous; their frequency varies from a single one
to around thirty, with an average of 5 OKC (Lo Muzio, 2008; Verkouteren, 2023).

Research indicates that the occurrence of OKCs decreases after the age of 30

(Verkouteren, 2023).

The most affected regions are the mandibular regions (77%) and the maxilla regions

(23%) (Boftano et al., 2021).

The molar-ramus region is the most frequently affected site in the mandible, accounting
for 44% of cases. The incisor-canine region is the second most common site, with a
prevalence of 18%. On the other hand, the incisive-canine region (15%) is the most
impacted area in the maxilla, followed by 13% for the tuberosity molar region, with only

a few cases reported for localization in the premolar region (Lo Muzio, 2008).

5.3.7. Origin

Most OKCs (60%) arise from the dental laminal epithelium, categorizing them as
odontogenic keratocysts of primordial origin. OKCs are classified as dentigerous-origin
because they arise from the reduced enamel epithelium of the dental follicle, accounting

for forty percent of cases. (Figure 22(a)) (Belmehdi et al., 2016).

The clinical distinction is important because recurrences are more frequently observed

after treating the primordial-origin keratocyst (Shuster et al., 2012).
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(a) (b)

Figure 22: The origin of odontogenic keratocysts: (a) Primordial; (b) Dentigerous origin. Adapted from
(Belmehdi et al., 2016).

5.3.8. Clinical evolution

The majority of keratocysts do not cause any symptoms. Pain, inflammation, spontaneous
fistulation, or discomfort are possible. In the more aggressive forms, vestibular and
lingual table expansion occurs late with this lesion (unlike ameloblastoma), as it mainly

tends to invade the cancellous bone (Ruhin-Poncet et al., 2011).

However, this causes some vestibular or lingual cortex expansion and may result in

rupture. Involvement of the inferior alveolar nerve occurs late (Oginni et al., 2023)

OKC grow within the medullary cavity of the bone in an anteroposterior direction,

resulting in noticeable expansion of the bone (Belmehdi et al., 2016).

5.3.9. OKC and ameloblastoma

It is important to distinguish between OKCs and ameloblastomas, as both conditions can
appear as unilocular or multilocular and can lead to bone expansion (Geletu et al., 2023).
OKC rarely causes resorption of adjacent tooth roots unlike other lesions of dental origin

such as ameloblastomas (Borghesi et al., 2018).

Moreover, both conditions manifest in the same age group and prefer the posterior part
of the mandible, often recurring frequently. Conventional radiographs and CT cannot
distinguish between ameloblastoma and OKC. Consequently, histological evaluation,
supplemented by MRI, is the primary method for determining this differential diagnosis.
(Oginni et al., 2023).
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5.3.10. Differential Diagnosis

OKC that is linked to an impacted tooth has the potential to imitate a dentigerous cyst.
A multilocular OKC located in the posterior part of the mandible or ramus may resemble

an ameloblastoma.

Moreover, if an OKC is located near the apex of a tooth or affects an area where teeth are
missing, it could be mistakenly identified as a radicular cyst. Ameloblastoma, radicular
cysts, and dentigerous cysts are the most frequently encountered odontogenic lesions

when distinguishing an OKC from other conditions (Borghesi et al., 2018).

5.4. Cleft lips and palate

Orofacial clefts are the most congenital malformations in humans, with over 371
associated disorders. Cleft lip has been distinguished from cleft palate, with a ratio of

1:800 for cleft lip alone or with cleft palate and 1:2500 for isolated cleft palate.

These malformations are believed to be primarily caused by genetic and environmental

factors (Lambrecht & Kreusch, 1997).

The presence of an evident association with Gorlin syndrome has been estimated at 5%
in the literature, indicating the apparent involvement of this syndrome in these

malformations (Ong, K. R., & Farndon, 2019).

5.5. Paresthesias

Paresthesias are associated with the growth of OKC and arise when the cyst grows to a
size that is large enough to put pressure on or move a nerve element, resulting in
paresthesia.lt can also occur as a post-operative consequence following removing a

sizable cyst close to a nerve (Geletu et al., 2023).

5.6. Dental anomalies

NBCCS presents other dental anomalies, encompassing impacted teeth, malocclusions,
dental ectopia/heterotopia, and tooth agenesis as seen in figure 23. Furthermore, deformed

teeth and missing teeth (present in 30% of cases) are present. In addition, persons affected
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with GS are more prone to caries than their family members not impacted (Ong, K. R., &

Farndon, 2019).

Figure 23: (a) Xray view of the mandibular KOT. (b) Maxillary KOT. (¢) An intraoral examination
reveals misalignment of the teeth inside the affected area. (d) Surgical resection fragment. Adapted from
(Garcia De Marcos et al., 2009).

6. Management of Gorlin syndrome

6.1. Role of the Dentist

In patients with GS, odontogenic keratocysts manifest much earlier than in individuals
without the syndrome. They often serve as the initial indication of Gorlin syndrome in
78% of cases and can be identified in patients under the age of ten. Unlike other conditions

where OKCs typically occur between 20 and 30, they arise much younger in GS.
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The role of dentists is crucial in recognizing these early signs, enabling prompt diagnosis,
and facilitating a multidisciplinary approach to managing the condition effectively

(Mehta et al., 2014).

6.2. Treatment of keratocysts

While the objective is clear - eliminating the cyst, there is ongoing controversy regarding
the surgical approach for odontogenic cysts. This controversy stems not from a lack of
available techniques but the diversity of methods used over the decades. There is no

consensus on a specific surgical protocol for cyst treatment (Moellmann et al., 2024).

When deciding on a treatment, it is essential to consider different factors related to the
patient and the nature of the lesion. These factors include the treatment history, patient's
age, involvement of soft tissue, size and location of the lesion, ability to follow up with
the patient, perforations in the cortical bone if there is an associated syndrome such as

NBCCS, and whether the lesion is primary or secondary.

It is also important to consider the histological characteristics of the lesion (Oginni et al.,
2023). The primary goal of treatment is to reduce the recurrence rate, minimize morbidity,

and, above all, eliminate the cyst (Ribeiro Junior et al., 2012).

Some authors favor an approach based on the size of the cyst, recommending excision for
cysts less than 3 cm in diameter, with an expectation of bone regeneration. For cysts larger
than 3 cm, treatment is less protocolized and often includes decompression followed by

excision due to the high risk of postoperative infection (Oginni et al., 2023).

Surgical treatments for odontogenic cysts are generally classified into two categories:
conservative treatments, such as marsupialization and decompression, aim to preserve
bone architecture while eliminating the lesion, and aggressive treatments, such as
enucleation with peripheral ostectomy, the use of chemical solutions, or bloc / segmental
resection, involve a more invasive intervention to remove the cyst (Borras-Ferreres et al.,

2020).

There is a growing interest in developing a surgical protocol to mitigate the likelihood of
recurrence. Resection, while typically having the lowest recurrence rate, is associated

with risks of morbidity, such as postoperative severe complications.
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Therefore, it is essential to evaluate the advantages and disadvantages of each treatment,
as well as their indications and prognosis, paying particular attention to long-term

outcomes (Spadari et al., 2022).

6.2.1. Surgical treatment

6.2.1.1 Marsupialization

The marsupialization technique was initially documented by Partsch in 1882 as a
treatment for cystic lesions. It is a conservative treatment method commonly used for
managing keratocystic lesions as seen in figure 24. Its principle consists of exposing the
cyst to the oral cavity, which helps to decrease the cyst pressure and facilitate the healing
process (Spadari et al., 2022).

This technique has two main indications:
e In cases where surgical enucleation poses high operative risks.
e For follicular cysts containing significant dental elements.

The advantages of marsupialization include its simplicity of execution, reduction of
intraoperative complication risks, and preservation of adjacent structures. (neurovascular
bundles, dental elements, maxillary sinus), Reduces the fracture's likelihood and makes

removing lesions easier during enucleation (Menon, 2015).

However, this method also has drawbacks, such as slow lesion resolution and the

necessity of close patient collaboration for postoperative care.

Histological examinations have revealed no evidence of remaining epithelial tissue from
the cyst or its offspring in the biopsy sample obtained from the healed area of the surgical

incision after the lesion has resolved (Spadari et al., 2022).
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Figure 24: Radiological and clinical follow-up. A. 3 months after marsupialization. B. 6 months after
marsupialization. C. 6 months after the enucleation of the cyst. Adapted from (Borras-Ferreres et al.,
2020).

6.2.1.2. Decompression

Decompression and marsupialization are sometimes mistakenly thought to be the same
treatment but involve different techniques. Decompression entails creating a tiny cut in

the cystic lesion and introducing a catheter to ensure continuous drainage.

This technique is designed to decrease the internal pressure of the cyst, usually followed
by cystectomy after the size of the lesion decreases. By doing so, subsequent surgical
steps can be undertaken without risking damage to vital anatomical structures like the

inferior alveolar nerve or teeth, reducing the likelihood of a fracture.

The purposes of decompression and marsupialization are similar: exposing the cyst to the
oral cavity to achieve healing. They find their interest in OKCs in young patients and
large, widespread OKCs. They offer minimal invasiveness, and the procedure can be
performed under local anesthesia; in case of resection, it reduces the risk of facial

deformation.

Despite being considered adequate, both decompression and marsupialization may

experience relapse cases during long-term follow-up (Oginni et al., 2023).
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6.2.1.3. Enucleation

The approach is the total excision of the cyst during one surgical procedure. The
remaining bone heals spontaneously, facilitated by bone regeneration through the

inherent mechanism of blood clotting after surgery.

This approach offers the advantage of accelerated resolution of the pathology, which
reduces the recovery duration. Nevertheless, when dealing with more complex keratotic
tumors that have already invaded the bone and caused complications, complete excision
may be challenging due to adhesions to surrounding tissues. Preserving surrounding
tissues, such as teeth and nerves, can also present challenges, especially in hard-to-reach

arcas.

If there is a breach in the periosteal capsule, it is crucial to carefully remove the mucosa
covering the cyst, as it is a potential source of recurrence as shown in figure 25. Different
treatment options must be considered to avoid complications, such as extraction or

endodontic treatment if the cyst is close to the teeth (Oginni et al., 2023).
There are several methods of enucleation:

o Simple enucleation involves complete extraction of the OKC from within

the bone, ensuring that no visible remains are left behind.

o Enucleation using Carnoy's solution involves the application of a mixture
including chloroform, ethanol, ferric chloride, and glacial acetic acid after
removing the lesion. This solution cauterizes the bone walls and eliminates

epithelial residues as shown in figure 27.

o Enucleation followed by peripheral ostectomy: After the enucleation
procedure, a peripheral ostectomy excises any remaining bone and

completely eradicates the lining epithelium as seen in figure 26.

o Enucleation followed by peripheral ostectomy and the utilization of
Carnoy's solution or Modified Carnoy's solution: This technique involves
the combination of enucleation followed by a peripheral ostectomy and
the use of Carnoy's solution to guarantee the thorough elimination of

epithelial remnants and cysts (Spadari et al., 2022).
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o Enucleation is followed by applying a cryo-probe that uses nitric oxide.
Set at approximately -20°C on the bone defects and the surrounding tissues

if the lesion is extensive (Kaczmarzyk et al., 2012).

o Enucleation and 5-fluorouracil (5-FU) topical application for recurrent
OKC leads to normal bone healing and regeneration without adverse local

or systemic effects (Barua et al., 2023).

The ease of availability and technical simplicity of applying 5-FU may
make it a preferred choice over other supplementary treatments. Simply
coating it onto ribbon gauze, 5% 5-FU can be placed into the bone cavity,

allowing easy removal 24 hours after surgery.

On the other hand, using Carnoy's solution considerably extends the length

of the procedure due to the precautions required to prevent damage to

surrounding tissues (Barua et al., 2023).

Figure 25: Enucleation. Adapted from (Ribeiro-Junior et al., 2017).
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Figure 27: The application of Carnoy’s solution. Adapted from (Ribeiro-Junior et al., 2017).

6.2.1.4. Resection

Resection is a technique that refers to the total removal of a specific portion of the
mandibular or maxillary bone without preserving its connection to the surrounding bone.
Although this method shows no reappearance of keratocysts during postoperative
examinations, it is associated with substantial morbidity, such as bone deformities and

discontinuity in the face and mandible. Marginal resection provides a favorable option by
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surgically excising lesions while keeping an undamaged bone margin to ensure integrity

(Geletu et al., 2023).

This treatment is generally not warranted for asymptomatic lesions, mainly if there is no
perforation, expansion, or erosion of the cortical part of the bone. Resection should be
considered only if it is extensive beyond the cortical bone, particularly recurrent tumors.
Lesions confined to the medullary portion of the bone generally warrant a less aggressive
approach. Lesions confined to the medullary part of the bone generally warrant a more

conservative approach.

Rapid reconstruction using free flaps of the iliac wing, the fibula, or autologous bone
grafts is recommended in cases where mandibular resection is necessary. For extensive,
multilocular lesions, those in high-risk sites, or those prone to recurrence or malignant
degeneration, a resection might be needed to prevent recurrence and expansion of the

lesion (Spadari et al., 2022).

6.2.2. Surgical treatment and GS

There is a clear differentiation between OKCs linked to NBCCS and those not. OKCs of
non-NBCCS origin are typically solitary and are frequently observed in adult and old
individuals, primarily in the posterior mandible. They exhibit dense layers of cells

covering their surface and experience a recurrence rate of approximately 61%.

In contrast, NBCCS-associated OKC is often multiple, occurs in younger patients, and is
distributed equally across the jawbones. Their lining epithelium is reduced in thickness,

and they experience a greater recurrence rate of about 82% (Spadari et al., 2022).

The rates of recurrence of OKCs display considerable diversity. The rates of success for

different surgical procedures are as follows:

e 32-339% for marsupialization

e 30% for enucleation

e 18% for enucleation with peripheral ostectomy

e 14.5-38% for enucleation combined with cryotherapy

e 13-14.6% for decompression and cystectomy

e 9-17% for enucleation and rinsing using Carnoy's solution

e (-8.4% for surgical resection.
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Keratocysts reappear more frequently in individuals with NBCCS, often manifesting at a
young age. These cysts typically show parakeratinization and can occasionally undergo
neoplastic changes, potentially leading to conditions such as ameloblastomas and

squamous cell carcinomas.

Therefore, it is essential to opt for surgical intervention and maintain vigilant monitoring
to mitigate risks associated with recurrence and potential malignant transformations

(Bresler et al., 2016).

The current method suggests targeted surgical protocols based on developmental aspects,

histological type, and location of the lesion:

o For unilocular lesions arising within the mandible and contained within
the bone without extending into surrounding soft tissues, initial treatment
typically involves excising the lesion and thorough bone curettage using
manual and rotating instruments. Additionally, cytotoxic substances may

be applied to ensure comprehensive removal.

o The previously mentioned treatment approach can still be considered for
multilocular lesions within the mandible. Nevertheless, this approach is
linked to an increased likelihood of OKC reappearance, and a more

aggressive treatment strategy will likely be necessary.

o Traditional removal and curettage methods often fail to completely
eradicate multilocular lesions arising in the mandible and penetrating the
bone cortical. A more aggressive approach may be necessary in such
scenarios, involving the resection of the lesion with ample security
margins.That may be complemented by quick or delayed restoration of the
removed tissue section to restore functional and aesthetic integrity.
Although locally aggressive, benign lesions in the maxilla require a more
radical treatment approach than those in the mandible, even when they
have the same morphology, histological type, and extension. This
phenomenon is caused by the specific characteristics of the anatomy,
which leads to faster growth and makes treatment more difficult in case of

a relapse (Spadari et al., 2022).

Oginni et al. have established a treatment protocol for OKC that considers the size and

number of cysts, as summarized in the figure below (Table 4).
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Table 4: Decision treatment of OKCs. Adapted from (Oginni et al., 2023).

Primary OKC is confirmed with clinical, radiographic (MRI,

OPG or CT) and histologic tests.
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lesions >3cm
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the overlying oral mucosa

e Histopathologic evaluation of the removed
attached mucosa specimen

e Regular clinical and radiographic monitoring
will occur every 2 months for a duration of 1
year or until additional therapy is initiated.

e Performing cystic cavity irrigations twice
daily using the inserted tube.

Complete removal of cysts with
enucleation

Extraction of affected teeth or
tooth in dentate patients
Selective therapy of the bone
cavity with Carnoy’s solution
(with or without chloroform) or
5-Fluorouracil, or liquid nitrogen
Ostectomy of the periphery
utilizing surgical burs
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6.3. Treatment of BCCs

Managing BCCs can be difficult because every lesion needs to be treated separately.
Generally, the care of BCC involves removal, curettage, and elimination. Nevertheless,
the complications during the procedure can be very burdensome, particularly for patients

with a high number of tumors at a young age who have NBCCS (Fisher et al., 2020).

Although metastases from BCCs are rare, they can cause significant damage to tissues
and potentially invade nearby organs. That poses a higher risk for people with NBCCS

because of the size and number of their tumors (Flowers et al., 2023).

Several non-invasive treatment methods can be used, such as 5-fluorouracil 5% in
conjunction with or without a cream containing tretinoin 0.1%, topical imiquimod
accompanied or not with curettage, photodynamic therapy, oral retinoids, topical

solasodine, laser, glycoalkaloids or topical tazarotene (Fisher et al., 2020).

VISMODEGIB was approved by the FDA in 2013 as the first drug to specifically target the
Hedgehog pathway and directly block signaling components involved in the proliferation

of BCC in patients with NBCCS (Bresler et al., 2016).

Although this therapy has had encouraging outcomes in adults, it is linked to permanent
fusion of the growth plate in children. The therapeutic objectives for children are centered
around attaining effective cancer management while reducing any suffering or scarring

(Fisher et al., 2020).

Treatment strategies for individuals with NBCCS entail regular dermatologic exams and
implementing steps to avoid BCC, including safeguarding the skin against UV radiation
and phototherapy, vitamin D, and retinoids (Fisher et al., 2020; John & Schwartz, 2016).
Radiotherapy is not recommended for patients with NBCCS (Bresler et al., 2016).

6.4. Treatment of cleft lip and cleft palate

A cleft can manifest as labial, labio-maxillary, uni/bilateral labio-maxillo-palatal, or
isolated palatal. A multidisciplinary team brings together several specialists and enables

comprehensive care for patients born with a cleft.

This team follows the child at each stage of development and establishes an optimal

treatment plan that avoids unnecessary burdens on the family. Depending on the type of
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cleft and the child's age, issues related to feeding, speech, ENT (Ear, Nose, and Throat),
dental, orthodontic, aesthetic, and even psychological problems may need to be
addressed. This care begins at diagnosis, pre or postnatally, and continues until the end
of growth. It requires a multidisciplinary team that collaborates with obstetricians and

geneticists.

In the following table, we will present the intervention chronology for unilateral or
bilateral labial or palatal clefts as presented by the Lausanne multidisciplinary team

(Hohlfeld et al., 2009).
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Table 5: Timeline of the management of CLP patients by the interdisciplinary team at Lausanne. Adapted

from (Hohlfeld et al., 2009).

Genetic counseling

WHEN WHAT WHO
Antenatal Information Pediatric surgeon
Psychological help, if necessary Psychologist
Birth Information Pediatric surgeon
Dietary support Orthodontist
Feeding plate
3 months Soft palate closure Pediatric surgeon
Lip closure
5-6 months Closure of hard palate and lip for complete Pediatric surgeon
cleft
8months ' ) Pediatric surgeon
Lip closure on the other side
18 months- Routine check Pediatric surgeon
3 years Guidance workshop each therapy
3 years First multidisciplinary conference
Speech therapy assessment Complete team
Psychological assessment
3-9 years Checkups every 2-3 years
Complete team
Speech therapy follow-up
Pediatric surgeon
Orthodontic follow-up
ENT
Early secondary surgery
9 years
Orthodontic and maxillofacial assessment Complete team
9-10 years Maxillofacial
Alveolar bone graft surgeon
Orthodontist
12-18 years
Checkups every 2-3 years Complete team
old
18-20 Final Assessment:

Complete team
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6.5. Inhibition of the hedgehog pathway and the introduction of Vismodegib

The FDA approved the medication Vismodegib in January 2013. The effectiveness of the
treatment has been proven in patients with GS, as it dramatically reduces the quantity and

dimensions of surgically curable BCC compared to placebo medicine (Verkouteren,

2023).
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Figure 28: Basal cell carcinomas that can be treated with surgery were found in 36 patients on
Vismodegib therapy. Adapted from (Tang et al., 2012).

Additionally, it has been observed that patients undergoing this treatment experience a
disappearance of palmar and plantar pits, considered major diagnostic criteria for the

disease (Bichakjian et al., 2018).

Histologically, this treatment reduces Hedgehog pathway signaling by 90%, and it has
shown a marked decrease in the tumorigenic nature of the disease as shown in figure 28.
That suggests it may act on various symptoms, including odontogenic keratocysts,

potentially reducing their number and incidence (Tang et al., 2012).
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Conclusion

I11. Conclusion

Nevoid Basal Cell Carcinoma Syndrome is an autosomal dominant genetic anomaly

known as Gorlin-Goltz syndrome.

The estimated prevalence in the general population varies from 1 in 50,000 to 1 in 150000
individuals, varying by race but not by gender. Numerous studies have focused on the
origin of this syndrome, revealing it to be a genetic disorder. The main interest is an
accurate diagnosis and, more recently, a research tool for treatment. The major challenge

for healthcare specialists remains the diagnosis of this syndrome.

Indeed, specialists should have a minimum level of knowledge about the various
manifestations of the syndrome to make a correct diagnosis and thus prevent
complications. These complications can be diverse (dermatological, ocular, skeletal,
neurological, and dental) but are often asynchronous and typically diagnosed late,

exposing patients to a risk of tumorigenesis.

Dentists are mainly, if not most, concerned by this challenge due to the frequency of
odontogenic keratocysts and other oral-facial manifestations, which include CLP, dental
malposition, BCC, and nevi. The onset of these manifestations is often early, as confirmed
by literature data and our series of clinical cases. To facilitate early diagnosis, we must
learn to work closely with other healthcare specialists, particularly neurologists,
radiologists, and dermatologists. Management also depends on our skills, but it remains

symptomatic and often leads to recurrences.

We must remember that the significant severity associated with NBCCS 1is carcinogenic
transformation; this highlights the criticality of promptly identifying our patient's

condition and regular follow-up.
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