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Objective: To elucidate the genetic aetiology of basal cell nevus syndrome (BCNS) within a 
Chinese cohort featuring an affected family. 
Methods:
throughput exon sequencing. Tools such as Mutation Taster2 and SIFT were used to predict 
mutation harmfulness and obtain the most suspected pathogenic mutation. GeneMANIA was 
employed to construct the protein interaction network between the gene and Hedgehog path

Results:

Hedgehog pathway and lead to the occurrence of the disease. The diagnosis and treatment 

Conclusion:

signalling pathway and is expected to be a new potential therapeutic target.
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Basal cell nevus syndrome (BCNS, OMIM #109400), also 
known as naevoid basal cell carcinoma syndrome or 
Gorlin syndrome, is a rare autosomal dominant multi-
system disorder initially delineated by Gorlin and Goltz 
in 1960.1 It is characterised by developmental anomalies 
and a predisposition to various neoplasms, most not-
ably basal cell carcinomas (BCCs). The condition affects 
both sexes with an approximately equal distribution 
(1:1.3) across all racial and ethnic groups,2 though a 
higher prevalence has been reported among individu-
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als of White European descent, with an incidence of 
1/30,000 in the UK3 and 1/235,000 in the Japanese popu-
lation.4 However, due to phenotypic heterogeneity and 
potential underdiagnosis, especially in individuals pre-
senting with subtle or atypical manifestations, the true 
prevalence is likely underestimated.5,6 The syndrome 
typically presents with a spectrum of craniofacial and 
skeletal anomalies, including keratocystic odontogenic 
tumours (KCOTs), falx cerebri calcification, macro-
cephaly, hypertelorism, hydrocephalus and cleft lip/
palate.4 Over the past six decades, diagnostic criteria 
have evolved significantly.1,7-9 The currently accepted 
clinical diagnostic criteria require either the presence 
of two major criteria or one major and two minor cri-
teria.10 The major criteria include multiple (> 2) BCCs 
or a single BCC occurring before the age of 20, histo-
logically confirmed odontogenic keratocysts of the jaw, 
palmar or plantar pitting, bilamellar calcification of the 
falx cerebri, rib anomalies and familial history of BCNS. 
Minor criteria include medulloblastoma, macrocepha-
ly, congenital malformations (e.g., frontal bossing, cleft 
lip/palate, hypertelorism), skeletal anomalies (such as 
Sprengel deformity, pectus deformity, syndactyly), radi-
ological abnormalities (e.g., bridging of the sella turcica, 
vertebral anomalies) and ovarian and cardiac fibromas.

BCNS is an autosomal dominant inherited disorder 
primarily linked to 9q22.3-q31 and is most commonly 
caused by heterozygous mutations in PTC, the human 
counterpart of the Drosophila patched gene.9 Under 
physiological conditions, PTCH1 acts as a negative 
regulator of the Hedgehog (Hh) signalling pathway by 
suppressing the activity of Smoothened (SMO), thereby 
maintaining proper control of cell proliferation and 
differentiation. Inactivation or mutation of PTCH1 
results in constitutive activation of SMO, leading to 
dysregulated Hh signalling and the development of 
congenital malformations and neoplasms.11 The mo-
lecular pathogenesis of BCNS is classically explained 
by the two-hit hypothesis: affected individuals inherit a 
germline mutation in a tumour suppressor gene (e.g., 
PTCH1) and a somatic “second hit”, often induced by 
environmental factors such as ultraviolet radiation or 
ionising radiation, triggers disease manifestation.12 
Approximately 85% of BCNS cases are attributed to 
heterozygous germline mutations in PTCH1 located 
in chromosome 9q22.3.2,12 Recently, mutations in the 
SUFU gene on chromosome 10q13 and PTCH2 on 
chromo some 1p5,14 have been identified in Gorlin syn-
drome patients, with SUFU mutations being associated 
with an increased medulloblastoma risk but a lower 
risk of BCC development compared to PTCH1 muta-
tions.13,15

Moreover, genetic variability has been observed 
across ethnic populations. For example, in Han Chinese 
families, mutations in PTCH2 have been reported. Li 
et al16 identified a pathogenic locus on chromosome 
1p32.3 in a Han Chinese family, implicating PTCH2 
as the probable disease-causing gene in that pedi-
gree. Although PTCHD3 is a member of the patched 
gene family and encodes proteins containing Patched 
and sterol-sensing domains, possibly participating in 
Hedgehog signalling,17 it has not been previously as-
sociated with BCNS. Notably, Ghahramani Seno et al18 
demonstrated that individuals harbouring homozygous 
PTCHD3 deletions, or a compound genotype of deletion 
and single nucleotide mutation, did not exhibit overt 
abnormal phenotypes, leading to the assumption that 
PTCHD3 may be non-essential in humans.

In this study, the present authors investigated the 
genetic aetiology of BCNS in a multigenerational Chinese 
family using whole-exome sequencing (WES) and the 
phenotype-driven gene prioritisation tool Phenolyzer. 
The high-throughput RNA sequencing (RNA-seq) and 
transcriptome analysis were performed by LC-BIO Bio-
tech (Hangzhou, China).  They systematically screened 
known BCNS-associated genes (PTCH1, SUFU and 
PTCH2) and identified a novel variant in PTCHD3. The 
present findings aim to expand the current spectrum of 
pathogenic mutations involved in BCNS and contribute 
to a more nuanced understanding of genotype–pheno-
type correlations in this rare disorder.

Materials and methods

A BCNS family was recruited from the First Affiliated 
Hospital of Zhejiang University School of Medicine. 
Comprehensive clinical data were collected, including 
detailed personal and family medical history, maxillofa-
cial and intraoral photographs and radiographic images. 
Written informed consent was obtained from all partici-
pating individuals in accordance with the Declaration 
of Helsinki. This study was approved by the Clinical 
Research Ethics Committee of the First Affiliated Hos-
pital of Zhejiang University School of Medicine (ethics 
approval no. 2023-0549-Quick). 

Peripheral blood samples were collected in EDTA-
coated tubes, and genomic DNA was extracted using a 
DNeasy Blood & Tissue Kit (QIAGEN, Hilden, Germany), 
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rity and potential degradation were assessed by 1% 
agarose electrophoresis. Sample purity was evaluated 
using a NanoPhotometer Spectrophotometer (IMPLEN, 
Munich, Germany), and DNA concentration was quanti-
fied using a Qubit 3.0 Flurometer (Life Technologies, 
Carlsbad, CA, USA).

WES was performed in accordance with standard oper-
ating protocols. Initially, the AgilentV6 Exon targeted 
sequence enrichment system was used to capture 
human exon sequences. Library construction involved 
hybridisation-based enrichment using the SureSelectXT 
target enrichment system, followed by real-time PCR 
amplification of target fragments. Upon completion of 
library preparation, preliminary quantification was car-
ried out using the Qubit 3.0 fluorometer, and libraries 
were subsequently diluted to a concentration of 1 ng/ul. 
Library fragment size was evaluated using an Agilent 
2100 Bioanalyzer (Agilent Technologies, Santa Clara, 
CA, USA) to confirm that insert sizes met quality stand-
ards. Quantitative PCR (Q-PCR) was then performed 
using the Bio-Rad CFX 96 real-time system and the iQ 
SYBR Green kit (both Bio-Rad, Hercules, CA, USA) to 
accurately determine library concentration. Libraries 
with an effective concentration greater than 10 nM were 
considered qualified for sequencing. Finally, qualified 
DNA libraries were sequenced on the HiSeq sequencing 
platform.

Harmful mutations were predicted by several tools, 
such as Mutation Taster2, Sorting Intolerant From Toler-
ant (SIFT), Polymorphism Phenotyping v2 (PolyPhen2), 
Combined Annotation-Dependent Depletion (CADD) 
and Functional Analysis Through Hidden Markov Mod-
els (FATHMM). MutationTaster2 includes all publicly 
available single-nucleotide polymorphisms (SNPs) and 
indels from the 1000 Genomes Project as well as known 
disease variants from ClinVar and HGMD Public.19 It 
is designed to predict the functional consequences of 
not only amino acid substitutions but also intronic and 
synonymous alterations, short insertion and/or deletion 
(indel) mutations and variants spanning intron-exon 
borders. SIFT is a program that predicts whether an 
amino acid substitution affects protein function and can 
distinguish between functionally neutral and deleter-
ious amino acid changes in mutagenesis studies and on 
human polymorphisms.20 The SIFT score ranges from 

0 to 1. If the score is less than 0.05, it is deleterious (D), 
and if it is more than 0.05, it is tolerated (T). PolyPhen2 
is based on evolutionary conservatism and the 3D struc-
ture of proteins, using a Bayesian classifier to calculate 
a posterior probability to predict the pathogenicity of 
mutations and employing existing protein annotation 
databases to identify the importance of replacement 
positions for scoring matrix scoring. Polyphen2_HVAR, 
based on the HumanVar, is commonly used for mono-
genic inherited disease. Polyphen2_ HDIV, based on the 
HumanDiv database, is commonly used for complex dis-
eases. D means probably damaging, P means possibly 
damaging and B means benign. CADD is an integrative 
annotation built from more than 60 genomic features 
and can score human single nucleotide variants and 
short insertion and deletions anywhere in the reference 
assembly.21 FATHMM predicts the functional effects of 
protein missense mutations by combining hidden Mark-
ov models (HMMs) with sequence conservation, and its 
prediction results represent the impact of the mutation 
on protein sequences. D means deleterious, whereas T 
means tolerated.

Candidate gene function prediction

GeneMANIA (http://genemania.org/) was used to query 
genomic, proteomic and gene function data. Hundreds 
of data sets and hundreds of millions of interactions 
were collected from GEO, BioGRID, IRefIndex and I2D, 
as well as organism-specific functional genomics data 
sets. The present authors also employed GeneMANIA to 
predict and construct an interaction network between 
candidate genes and key genes, including protein-pro-
tein, protein-DNA interactions, pathways, physiologi-
cal and biochemical reactions, co-expression and co-
localisation. If two gene products were found to interact 
in protein-protein interaction studies, they were linked 
with a pink line. Most of these data were collected from 
primary studies found in a protein interaction data-
base, including BioGRID and PathwayCommons. Two 
genes were linked with a purple line if their expression 
levels were similar across conditions in gene expres-
sion research. Most of these data came from the Gene 
Expression Compilation (GEO). An orange line repre-
sents predicted functional relationships between two 
genes, often protein interactions. One major source of 
predicted data was mapping known functional relation-
ships from another organism through orthology. Two 
gene products were linked with a blue line if they par-
ticipated in the same reaction in a pathway. These data 
were collected from various source databases, such as 
Reactome and BioCycle, via PathwayCommons.
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The SWISS-MODEL web server (https://swissmodel.
expasy.org) was used to predict the tertiary structure of 
the mutant protein based on homology modelling. This 
approach infers unknown protein structures by aligning 
the target sequence to known templates derived from 
experimentally resolved natural protein structures. 
Template selection and model reliability were primarily 
assessed based on sequence identity. A sequence iden-
tity above 40% indicates a high likelihood that the tar-
get and template proteins belong to the same structural 
family, allowing for reliable homology-based structural 
prediction. Structural quality was evaluated using Glob-
al Model Quality Estimation (GMQE) and Qualitative 
Model Energy Analysis (QMEAN) scores. GMQE values 
range from 0 to 1, with values approaching 1 indicating 

to 0, where values closer to 0 denote greater congruence 
between predicted and reference structures.

Molecular docking

To investigate the potential impact of PTCHD3 mutations 
on protein–protein interactions, molecular docking was 
performed using the HDOCK server (http://hdock.phys.
hust.edu.cn/). This tool simulates biophysical interac-
tions, including electrostatic, hydrogen bonding, hydro-
phobic, van der Waals and hydrophobic forces, between 
two molecules.22 Binding affinity and interaction modes 
between wild-type or mutant PTCHD3 and its candidate 
partner protein CCDC57 were calculated and scored, 
providing insight into structural perturbations caused 
by the mutation.

Total RNA was extracted using TRIzol reagent (Life 
Technologies), and cDNA was synthesised using the 
PrimeScript RT Reagent kit (Takara Bio, Dalian, China) 

-
tive real-time PCR (qRT-PCR) was performed using SYBR 
Green Master Mix (Thermo Fisher Scientific, Waltham, 
MA, USA) in a final volume of 10 μl. Gene expression 
levels were normalised to GAPDH and calculated using 
the 2  method. The primer sequences are shown in 
Table S1 (provided on request). 

Statistical analysis

Statistical comparisons were performed using a Student 
t test in GraphPad Prism 8 software (GraphPad Software, 

La Jolla, CA, USA). Data were presented as mean ± stand-
ard deviation (SD).  < 0.05 was considered statistically 
significant.

Results 

Clinical features of a BCNS family

A Chinese family presenting with BCNS was identi-
fied. The proband was a 17-year-old girl who exhibited 
multiple odontogenic keratocysts (OKCs) in both the 
maxilla and mandible (Fig 1a). Clinical examination 
revealed multiple facial pigmented nevi, notably two 
larger lesions (diameter ~ 0.3 cm) adjacent to the nasal 
bridge on the left cheek (Fig 1b). Craniofacial anoma-
lies included increased interorbital distance and fron-

a documented history of recurrent jaw cysts, while her 
mother was phenotypically normal, consistent with 
autosomal dominant inheritance (Fig 1d).

Peripheral blood samples were collected from the 
proband and her parents for WES. Variant analysis 
revealed predominantly transition-type single nucleo-
tide variants (Fig S1, provided on request). SNP difference 
analysis identified 17,279 SNPs shared by the patient and 
the father, but absent in the mother (Fig 1a), consistent 
with autosomal dominant (AD) inheritable disease trans-
mission requiring a “second hit” mutation. Moreover, 
dominant homozygous mutation sites are generally het-
erozygous in parents, but heterozygous or homozygous 
mutation sites in diseased individuals, and are different 
from the genotypes of normal brothers and sisters (nor-
mal brothers and sisters are homozygous sites). Based 
on inheritance models and variant distribution, 14,357 
candidate heterozygous SNPs were selected, from which 
534 rare exonic or splice-site SNPs were retained after 
excluding variants present in the 1000 Genomes data-
base and synonymous mutations (Fig 2a and b). GO and 
KEGG pathway analyses were performed on 534 SNPs, 
which conformed to dominant genetic characteristics. 
GO analysis revealed enrichment in cellular processes 
and protein binding. In the cellular component, the dif-
ferentially expressed genes were enriched in the mem-
brane and membrane part (Fig S2, provided on request). 
The KEGG pathway analysis revealed significant enrich-
ment in cancer-related signalling pathways (Fig S2). GO 
and KEGG pathway analysis results were highly consist-
ent with the classical pathogenic pathway HH-PTCH-
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SMO-Gli in BCNS. However, no PTCH1, PTCH2 or SUFU 
mutations were found in this BCNS family. The present 
authors used the base database and mutation frequency 
database to screen for low-frequency variants and nov-
el variants. They then employed SIFT and PolyPhen2 
HVAR, as well as other tools such as Mutation Taster2 
and FATHMM to screen pathogenic and deleterious 
mutations (Fig 2c), along with phenotype databases (Fig 
S3, Table S2, provided on request). Finally, the present 
authors found a PTCHD3 mutation, adenine mutating 
into cytosine at chr10:27700847, which was most likely 
pathogenic with the same structural domain as PTCH1 
(Fig 2d). They further explored the pathogenic mechan-
ism of PTCHD3 mutation.

Functional analysis and expression profiles

PTCHD3 has Ptc and Sterol-Sensing domains (SSD), indi-
cating that PTCHD3 may play a role in the HH pathway. 
The present authors employed GeneMANIA to construct 
the network of PTCHD3 and HH pathway interactive 
proteins based on physical interactions, co-expression, 
predicted, co-localisation, pathway, genetic interac-
tions and shared protein domains. They found that 
CCDC57, which co-expressed with IHH, might interact 

with PTCHD3 (Fig 3a) and, based on the relationships in 
the network, guessed that PTCHD3 could competitively 
bind to the CCDC57 complex. However, once PTCHD3 
mutated, its binding force with CCDC57 decreased, acti-
vating the HH pathway, release Gli activator (GliA). GliA 
entered the nucleus to activate the expression of the 
target gene (Fig S4, provided on request). Using SWISS-
MODEL, the PTCHD3 structure was predicted. The 
mutation caused premature termination and structural 
disruption (Fig S5, provided on request). Then, HDOCK 
server was employed to redock and score the bond of 
PTCHD3 mutations and CDCC57 compared to before. 
Comparing the binding scores of PTCHD3 and CDCC57 
before and after mutation, the present authors found 
that the binding force between PTCHD3 and CDCC57 
after mutation was significantly reduced (Fig 3b). The 
results suggest that the mutation of PTCHD3 reduced 
the binding force with CCDC57, which might activate the 
HH pathway and lead to disease. BCNS-associated OKC 
myofibroblasts are known to exhibit enhanced prolifer-
ative and osteoclastogenic potential compared to spor-
adic OKCs.23 Furthermore, BCNS-associated OKCs show 
more aggressive tissue infiltration and a higher recur-
rence rate than sporadic OKCs.24 To assess the osteoclast 
differentiation-inducing capacity of fibroblasts derived 

Fig 1a to d  Patient med-
ical history and examin-
ation findings. Panoramic 
radiograph showing mul-
tiple OCKs in both the 
maxilla and mandible, with 
several embedded teeth. 
The left mandibular lesion 
involved almost the entire 
mandibular ramus, angle 
and part of the body (a). 
Multiple pigmented nevi 
were observed on the fa-
cial skin, including two 
prominent nevi (~ 0.3ʓ cm 
in diameter) located on 
the left cheek adjacent to 
the nasal bridge (b). Fa-
cial examination revealed 
hypertelorism (left panel) 
and frontal-parietal bone 
protrusion (right panel) (c). 
Pedigree chart indicating 
autosomal dominant inher-
itance of BCNS in this fam-
ily. The arrow denotes the 
proband (d).
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from PTCHD3-mutated and sporadic OKCs, the present 
authors measured the mRNA expression of interleukin 

-
gerin (OPG). While RANKL levels were similar between 

4.29-fold higher, respectively, in PTCHD3-mutated than 
sporadic OKC fibroblasts (Fig 4a). The RANKL/OPG ratio 
was 1.44-fold higher in PTCHD3-mutated than sporadic 
OKC fibroblasts (Fig 4b). To evaluate proliferation and 
stemness of fibroblasts derived from PTCHD3-mutat-
ed and sporadic OKC, Ki67 and SOX2 expression was 
quantified. Ki67 and SOX2 transcripts were elevated 
3.13-fold and 2.5-fold, respectively, in PTCHD3-mutated 
compared to sporadic OKC fibroblasts (Fig 4c). MMPs 
are known to remodel the ECM in OKCs.25-29 In addition, 

caldesmon) contribute to ECM remodelling.30 In Fig 4d, 
it showed MMP-7, MMP-9, ACTA2 and CALD-1 transcript 
levels were significantly increased in PTCHD3 mutated 
OKCs when compared to sporadic OKCs (  < 0.0001). 

Discussion

BCNS is a rare hereditary multisystem disorder caused 
by germline mutations, primarily in the PTCH1 gene.31 

The syndrome was first described in 1894 by Jarisch31 
and White,32, with a more comprehensive delin eation 
provided later by Gorlin and Goltz.1 The PTCH1 gene 
encodes receptors for Hedgehog ligands (SHH, DHH and 
IHH). Ligand binding to the PTCH1 receptor relieves 
the suppression of the Smoothened (SMO) protein from 
PTCH1-mediated inhibition, allowing it to translocate 
to the primary cilia. This translocation facili tates the 
release of GLI transcription factors (GLI1, GLI2 and 
GLI3) from SUFU-mediated inhibition, leading to the 
transcription of downstream target genes involved 
in cell proliferation.33 Loss-of-function mutations in 
PTCH1 result in aberrant activation of the Hedgehog sig-
nalling pathway. In this study, the present authors iden-
tified a previously unreported pathogenic mutation in 
the PTCHD3 gene within a Chinese BCNS family. Unlike 
known mutations in PTCH1, PTCH2 or SUFU, this novel 
PTCHD3 variant has not been documented in the context 
of BCNS. Although PTCHD3 is broadly expressed in 
adult tissues (including the pancreas, placenta, salivary 
gland, skin, spleen, thymus, thyroid, trachea, bone mar-
row, brain, colon, heart, kidneys, lungs, lymph nodes, 
tongue, testicles, ovaries and spinal cord) and foetal 
sources (encompassing the brain, bladder, kidney, lung, 
spleen and stomach), and its notably elevated presence 

Fig 2a to d  Screening of pathogenic gene mutations. Venn plot of SNP distribution between samples. A total of 17,279 SNPs were 
shared between the patient and her father but not her mother, serving as the initial screening pool (a). Stepwise filtering for candi-
date pathogenic mutations: from 14,357 dominant mutations, 3,107 exonic/splice region mutations were selected. After excluding 
SNPs with > 1% frequency in the 1000 Genomes database, 798 remained. Synonymous variants were removed, yielding 534 rare, 
non-synonymous mutations (b). Pathogenicity prediction of SNPs using SIFT (score ≤ 0.05) and PolyPhen2_ HVAR (score ≥ 0.909). 
Grey lines indicate harmful thresholds of SIFT or POLYPHEN, and red dots represent SNPs predicted deleterious by both tools. Upper 
and lower plots represent the patient and her father, respectively (c). PTCHD3 mutated at Chr10:27700847 from A to C leading to a 
stop-loss variant. This mutation was predicted to be disease-causing by Mutation Taster (score 0.9709) and deleterious by FATHMM 
(−1.94), but benign by PolyPhen2 and tolerated by SIFT (d).
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in adult lymph nodes, the testes and the tongue, it has 
conventionally been classified as non-essential or even a 
pseudogene.18 Nevertheless, recent studies have begun 
to challenge this notion. Notably, in a feature selection 
study using gene expression data in TCGA, underpinned 
by robust fuzzy rules,34 the PTCHD3 gene emerged as a 
discriminative factor within three of six cancers (PRAD, 
HNSC and KIRP) encompassed by the analysis (BRCA, 
PRAD, LIHC, HNSC, KIRP and THCA). This observation 
suggests a potential significance of PTCHD3 in cancer 
susceptibility, warranting thorough investigation. The 
present authors used in silico prediction tools (SIFT, 
PolyPhen2 HVAR, Mutation Taster2 and FATHMM) to 
evaluate the pathogenicity of 534 SNPs identified via 
WES and identified a suspected deleterious mutation 
in PTCHD3. However, these computational predictions 
have inherent limitations. Their accuracy is depend-
ent on the quality of existing sequence alignments and 
protein function annotations, and their ability to pre-
dict effects in poorly characterised or novel genes is 
limited. Moreover, they often reduce complex biological 
phenomena into binary classifications, such as “dele-
terious” vs “benign”, which may oversimplify the true 
impact of a given mutation. To better understand the 
functional relevance of PTCHD3 in the Hedgehog path-

way, the present authors propose further experimental 
validation. Specifically, they will evaluate the activation 
status of Hedgehog signalling and the expression levels 
of its downstream targets (GLI1, PTCH1) upon overex-
pression or knockdown of PTCHD3, using qPCR and 
RNA-Seq. Co-immunoprecipitation (Co-IP) assays will 
be employed to determine whether PTCHD3 interacts 
with key pathway components such as SMO or SUFU.

BCNS presents significant therapeutic challenges, 
primarily due to the multiplicity and recurrent nature 
of associated lesions. Current treatment paradigms for 
BCCs in BCNS mirror those employed in sporadic cases, 
as no syndrome-specific management guidelines exist.2 
Modalities include surgical, nonsurgical and combin-
atory approaches tailored to lesion burden and anatom-
ical considerations. OKC are among the most common 
maxillofacial manifestations of BCNS, occuring in 75% 
to 89% of patients and often serving as the first clinical 
symptom.35 Compared with sporadic OKCs, which peak 
between the second and third decades and are usually 
solitary, syndrome-associated OKCs tend to appear 
earlier, are frequently multiple and have a higher 
recurrence rate following surgical resection.36 Notably, 
up to 85% of BCNS-related OKCs involve mutations in 
PTCH1,37 whereas SUFU mutations are associated with 

Fig 3a and b  Functional 
prediction of PTCHD3 muta-
tion. GeneMANIA analysis 
revealed a potential interac-
tion between PTCHD3 and 
CCDC57, a gene involved 
in the Hedgehog signal-
ling pathways (a). HDOCK 
simulations showed that 
electrostatic, hydrogen 
bonding, hydrophobic and 
van der Waals interactions 
between PTCHD3 and 
CCDC57 were significantly 
weakened after mutation 
(****P < 0.0001) (b).
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a lower risk of OKC development.35

identification of a PTCHD3 mutation in a BCNS patient 
suggests it may act in a manner similar to PTCH1 and 
serve as a novel homolog of PTCH1, meriting further in-
vestigation. OKCs are mainly treated with enucleation, 
marsupialisation, decompression or hybrid techniques. 
Enucleation, though commonly employed, is associ-
ated with procedural trauma, incomplete cyst removal, 
increased risk of adverse outcomes such as patho-
logical fractures, impaired wound healing and high 
recurrence rates. In cases involving large lesions or 
those encroaching on critical anatomical structures like 
the mandibular condyle, marsupialisation and decom-
pression offer advantages including less trauma, fast 
recovery, reduced bone defects and prevention of post-
operative deformities. Optimal care for BCNS patients 
necessitates a multidisciplinary approach, integrating 
expertise from maxillofacial surgery, dermatology, 
genetics and oncology. Recent advances in understand-
ing the molecular pathogenesis of OKCs, particularly 
the Sonic Hedgehog (SHH) signalling axis, have paved 
the way for targeted therapies. Vismodegib (GDC-
0449), the first FDA-approved SHH pathway inhibitor, 
received approval in 2012 for the treatment of advanced 
BCC.38 A case report has shown partial regression of 
concomitant OKC lesions in BCNS patients undergoing 

GDC-0449 therapy.39 Notably, its efficacy appears to 
be influenced by specific mutational profiles, such as 
truncating mutations in PTCH1, while resistance may 
arise from variants like SMO c.2081C>G (p.P694R).40 In 
such scenarios, alternative inhibitors targeting down-
stream effectors, such as GANT61, which acts at the 
level of GLI transcription factors, may prove beneficial.

-
genic mutation in PTCHD3 introduces a compelling 
new dimension to the therapeutic landscape. PTCHD3, 
a relatively understudied homolog within the Patched 
family, shares structural similarity with PTCH1 and 
PTCH2, yet its functional roles remain poorly defined. 
Emerging evidence implicates PTCHD3 as a potential 
modulator of the Hedgehog pathway, suggesting it may 
influence pathway activation in developmental dis-
orders, malignancies and fibrotic diseases. Strategies 
to therapeutically manipulate PTCHD3 could include 
the development of small molecules or monoclonal 
antibodies designed to enhance its inhibitory function 
or disrupt pathological interactions with key signalling 
components. Currently available SHH-targeted drugs, 
such as Vismodegib and GANT61, primarily act on 
SMO or downstream effectors. Agents that modulate 
PTCHD3 could complement existing therapeutics by 
enhancing Hedgehog pathway suppression, particularly 

Fig 4a to d  Comparison 
of biological function be-
tween PTCHD3-mutated 
and sporadic OKC fibro-
blasts. RT-PCR analysis of 
osteoclast differentiation-
related genes in PTCHD3-
mutated or sporadic OKC 
fibroblasts (n = 4, ****P 
< 0.0001) (a). RANKL/
OPG mRNA expression 
ratio calculated to assess 
osteoclastogenic potential 
(b). Relative mRNA expres-
sion of Ki67 and SOX2 in 
PTCHD3-mutated or spo-
radic OKC fibroblasts deter-
mined by RT-PCR (n = 4, 
****P < 0.0001) (c). Expres-
sion of invasion-related 
genes assessed via RT-PCR 
(n = 4, ****P < 0.0001) (d).
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in tumours resistant to SMO inhibitors. A combination 
approach integrating GLI inhibitors may yield more 
robust inhibition of the signalling cascade, potentially 
translating to improved clinical outcomes. To support 
clinical decision making, the present authors propose a 
diagnostic and therapeutic algorithm for OKC detection 
and management (Fig S6, provided on request). Given 
the importance of early diagnosis and surveillance, 
genetic testing remains the gold standard for BCNS con-
firmation. Based on current guidelines and the present 
findings, the authors recommend initiating annual 
dental assessments from the age of 2 and taking a pano-
ramic radiograph every 12 to 18 months starting at age 
8. If no cysts are detected, the imaging interval may be 
extended to once every 2 years, and subsequently once 
every 3 years after age 30.41 In paediatric patients, par-
ticularly those under 10 years old, presenting with mul-
tiple OKCs, clinicians should maintain high suspicion 
of BCNS.41 For lesions of limited extent, enucleation 
remains the preferred intervention. Larger or multi-
locular cysts may benefit from initial marsupialisation 
or decompression, followed by delayed enucleation to 
reduce recurrence.42 Adjunctive measures to minim-
ise recurrence include peripheral ostectomy, mucosal 

solution.43 In cases of recurrence, genetic testing is 
recommended to assess for PTCH or SMO mutations.41 
If such mutations are identified, targeted SHH pathway 
inhibitors (e.g., GDC-0449, GANT61) may be considered 
as adjunctive or primary therapeutic options.40 Given 
its emerging role in Hedgehog signalling, PTCHD3 
represents a novel and promising, yet underexplored, 
therapeutic target. Its potential utility, either as a 
monotherapy target or in combination with SMO/GLI 
inhibitors, warrants extensive investigation. However, 
confirmation of its pathogenic role in BCNS will re-
quire larger multicentre studies and in-depth molecu-
lar characterisation. Elucidating its biological function 
and developing tailored therapeutic strategies remain 
crucial next steps. Should conservative therapies fail 
to control disease progression, segmental or marginal 
arch resection may be considered as a final-line surgi-
cal intervention.44

Conclusion

Through WES and pathogenicity analysis, the present 
authors identified a novel pathogenic mutation in the 
PTCHD3 gene in a Chinese family with BCNS, which 
had not been previously reported. Although PTCHD3 
was previously considered a non-essential gene in stud-
ies on autism spectrum disorder, structural modelling 

using SWISS-MODEL and molecular docking via HDOCK 
suggest that PTCHD3 contains a Patched (Ptc) domain. 
This indicates its potential involvement in biological 
processes mediated by the Hedgehog signalling path-
way. These findings provide new insights into the mo-
lecular pathogenesis of BCNS and highlight PTCHD3 as 
a candidate gene for further investigation.
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