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Abstract

Background: Familial gigantiform cementoma (FGC) is a rare tumor character-
ized by the early onset of multi-quadrant fibro-osseous lesions in the jaws, caus-
ing severe maxillofacial deformities. Its clinicopathological features overlap with
those of other benign fibro-osseous lesions. FGC eventually exhibits progressively
rapid growth, but no suspected causative gene has been identified.

Methods: In this study, three patients with FGC were recruited, and genomic
DNA from the tumor tissue and peripheral blood was extracted for whole-exome
sequencing.

Results: Results showed that all three patients harbored the heterozygous mu-
tation ¢.1067G>A (p.Cys356Tyr) in the ANO5 gene. Furthermore, autosomal
dominant mutations in ANO5 at this locus have been identified in patients
with gnathodiaphyseal dysplasia (GDD) and are considered a potential causa-
tive agent, suggesting a genetic association between FGC and GDD. In addition,
multifocal fibrous bone lesions with similar clinical presentations were detected,
including five cases of florid cemento-osseous dysplasia, five cases of polyostotic
fibrous dysplasia, and eight cases of juvenile ossifying fibromas; however, none of
them harbored mutations in the ANO5 gene.

Conclusion: Our findings indicate that FGC may be an atypical variant of GDD,
providing evidence for the feasibility of ANOS5 gene testing as an auxiliary diag-

nostic method for complex cases with multiple quadrants.
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1 | INTRODUCTION

Familial gigantiform cementoma (FGC), a rare benign
tumor often located in the jaw, is characterized by its
presence in multiple quadrants, as well as its expansile
but well-defined radiolucent-radiopaque mixed masses
in the mandible and maxilla, which can cause severe
maxillofacial deformity (Young et al., 1989). FGC gen-
erally occurs in the first two decades of life, and tumor
growth can be clinically characterized by three distinctive
growth phases: initial onset at 11-13years of age, rapid
expansion between 14 and 16years of age, and growth
suppression around 18-20years of age (Wang et al., 2015).
Histopathologically, it is highly similar to cemento-
ossifying fibroma; cementum-like calcified deposits are
scattered within a fibroblastic stroma, and the proportion
of cellular components, size, and the number of calcified
deposits are variable (Abdelsayed et al., 2001). Some FGC
cases are accompanied by increased bone fragility in the
lower extremities and frequent diaphyseal fractures (Ma
et al., 2016; Moshref et al., 2008; Rossbach et al., 2005).
FCG is a familial autosomal dominant disease; however,
some sporadic cases without known heritable features
have been described (Eversole et al., 2008). Owing to its
rarity, the etiology and molecular pathogenesis of FGC re-
main unclear.

Gnathodiaphyseal dysplasia (GDD) is a rare bone syn-
drome characterized by fibrous bone lesions of the jaw,
bowing, cortical thickening of long bones, and bone fra-
gility. The syndrome was initially referred to as hered-
itary gnathodiaphyseal sclerosis. Riminucci et al. have
described the histopathological features of jaw lesions,
including cementum-ossifying fibroma, psammomatoid
bodies, and abundant mineralization in the vessel wall,
and refined the name of this disease entity to gnathodi-
aphyseal dysplasia, as osteosclerosis is not a feature of
the jaw lesions in this syndrome (Riminucci et al., 2001).
There is no consensus on the definition of the jaw lesions
in GDD, and several different descriptions with different
tendencies have been reported; namely, the clinical man-
ifestations of the jaw lesions are similar to those of florid
cemento-osseous dysplasia (FCOD) (Duong et al., 2016),
cemento-ossifying fibromas (Andreeva et al., 2016), or
FGC. Therefore, clinical differentiation of GDD from sim-
ilar diseases requires further research. Based on existing
pediatric morbidity analysis, GDD follows an autosomal
inheritance pattern. Tsutsumi et al. have indicated that
the missense mutation of the ANO5 gene (also known as
TMEM16E) may be a pathogenic mutation of GDD (Tsut-
sumi et al., 2004).

There has been considerable controversy regarding the
nosology of benign fibro-osseous lesions. FGC was consid-
ered a variant of FCOD by the third edition of the World

Health Organization (WHO) Classification of Head and
Neck Tumors (Barnes et al., 2005) and was stratified as
a separate disease entity by the fourth edition (El-Naggar
etal., 2017). Although both FGC and FCOD exhibit micro-
scopic features analogous to those of cemento-ossifying fi-
broma, FGC presents with diffuse expansion in multiple
quadrants, resulting in remarkable facial disfigurement,
whereas FCOD exhibits multi-quadrant localized areas
of expansion involving the apices of the vital teeth. Fur-
thermore, it has been suggested that cemento-ossifying
fibroma may be a part of GDD, and genetic analysis has
revealed ANO5 mutations in some familial FCOD cases
(Lv et al., 2019). To date, only a few isolated case reports
of FGC and some genetic studies have been published. In
the present study, we examined three new cases of FGC
using whole-exome sequencing (WES) and Sanger se-
quencing and analyzed the related fibro-osseous lesions
to better understand this rare disease and its relationship
with FCOD and GDD. Moreover, this study also included
a literature review on the limited knowledge of the genetic
alterations and clinical features of FGC, GDD, and FCOD.

2 | MATERIALS AND METHODS

2.1 | Patients and specimens

A total of 21 cases were analyzed in the present study;
three patients with gigantiform cementoma and five pa-
tients diagnosed with FCOD with a clinical presentation
as that of FGC were enrolled at the Peking University
School of Stomatology from 2015 to 2021, and five patients
with polyostotic fibrous dysplasia and eight patients with
juvenile ossifying fibromas were selected as controls. Age,
sex, symptoms, radiological examinations, and other clini-
cal information were obtained from medical records and
reviewed retrospectively in detail. Hematoxylin—-eosin-
stained sections of formalin-fixed, paraffin-embedded
(FFPE) tissues were reviewed and evaluated for histo-
pathological findings by three experienced pathologists.
This study was approved by the Ethical Review Commit-
tee of Peking University School and Hospital of Stoma-
tology. All patients provided informed consent prior to
participation.

2.2 | DNA extraction

Genomic DNA was extracted from FFPE tissues obtained
from all 21 cases using the QIAamp DNA Blood & Tis-
sue Kit (Qiagen, Valencia, CA), according to the manufac-
turer's instructions. For the three gigantiform cementoma
cases, both FFPE tissues and peripheral blood were used
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for genomic DNA extraction, whereas only FFPE tis-
sues were used for the other 18 cases. A NanoDrop8000
(Thermo Fisher Scientific, Waltham, MA, USA) and
Qubit2.0 fluorometer (Thermo Fisher Scientific) was used
to detect the quality and quantity of genomic DNA.

2.3 | ANOS5 mutation analysis

All 21 patients were evaluated for potentially patho-
genic mutations in exons 7, 11, and 15 of ANO5 (NCBI
gene ID: 203859; NCBI gene reference: NC_000011.9/
NM_213599.3). Genomic DNA was amplified in a
standard PCR mixture using GoTaq Green Master Mix
(Promega, Madison, WI), and Sanger sequencing was per-
formed. The primer sequences and PCR procedure used
in this step are shown in detail in Supporting Information
Table S1.

2.4 | WES and bioinformatic analysis
DNA for WES was obtained from the peripheral blood
sample and formalin-fixed gigantiform cementoma tissue
of patient #1 before decalcification. For patients #2 and
#3, WES was performed on qualified DNA from periph-
eral blood but not on the DNA extracted from FFPE tis-
sues, owing to its substandard quality.

Genomic DNA was randomly sheared into fragments
with an average size of 180-280bp, and the Agilent Sure-
Select Human All Exon V5/V6 kit (Agilent Technology,
Palo Alto, CA, USA) was used for library preparation.
After quality control, the DNA libraries were sequenced
on an Illumina HiSeq PE150 platform (Novogene Co,
Beijing, China) to obtain paired-end 150-bp reads. The
raw data obtained by sequencing were subjected to qual-
ity control, and qualified clean sequencing reads were
aligned to the reference genome (human_B37) using BWA
(Li & Durbin, 2009) and Samblaster (Faust & Hall, 2014).
SAMtools (Li et al., 2009) was used to perform variant call-
ing and to identify single-nucleotide variants (SNVs) and
insertions/deletions (InDels). Peripheral blood and tumor
data were compared using MuTect (Cibulskis et al., 2013)
and Strelka (Saunders et al., 2012) to identify somatic
SNVs and InDels. Functional annotation of the encoded
amino acids for somatic mutations was performed using
ANNOVAR software (Wang et al., 2010). Pathway enrich-
ment was completed using the Metascape website (https://
metascape.org/) (Zhou et al., 2019). Protein—protein inter-
action network analysis was conducted using the STRING
database (https://cn.string-db.org/). Protein three-
dimensional structure prediction was performed using Al-
phaFold 2 TIB server (Tunyasuvunakool et al., 2021).
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The parameter ‘Priority’ was designed to evaluate the
harmfulness of the SNPs and InDels. A mutation was
designated as High Priority if it met the following crite-
ria: location in an exonic or splicing region instead of a
repeat genome region (no annotation in the genomicSu-
perDups and Repeat databases) and a mutation frequency
of less than 0.01 according to the 1000 genome database,
with no less than one software program (SIFT <0.05, Poly-
phen2_HVAR >0.909, Polythen2_HDIV >0.957, Mutation-
Taster_pred as ‘D’, and/or CADD_pred >15) predicting
the mutation as harmful.

3 | RESULTS
3.1 | Basic conditions and clinical
characteristics of patients

The clinical information of the three patients with gigan-
tiform cementoma in this study and previously reported
cases is presented in Table 1.

Patient #1 was a 12-year-old male. He was referred to
our hospital with facial swelling and deformity, mainly in
the mandible, which had progressed over 2years. Curet-
tage and osteoplasty were performed; however, the neo-
plasm recurred shortly after surgery. Tumor resection was
performed two years after the first treatment; however,
the tumor continued to grow, and facial deformation was
still evident after the second surgery. Panoramic radiogra-
phy revealed irregular high-density masses in the tooth-
bearing areas of the maxilla and mandible. The lesion was
composed of radiolucencies and radiopacities in the front
of the mandible containing two impacted teeth, and the
dentition was displaced owing to pressure. The patient
had a history of bone fractures and suffered from a fracture
in the left femur while running during adolescence. No
pathological bowing of the long bones was noted through-
out the body, and computed tomography (CT) showed no
cortical thickening of the long bones (Figure 1). There
was a slight increase in alkaline phosphatase levels in the
blood before the last surgery. None of the other family
members had similar symptoms.

Patient #2 was a 3-year-old boy who presented with
swelling in the mandible and maxilla. The chief concern
was facial deformity caused by an expansive tumor-like
lesion at 6 months of age. A grain-sized white protuber-
ant particle appeared on the posterior mandible during
the early stage, and a gradual enlargement involving four
quadrants resulted in obvious facial disfigurement. Curet-
tage was initially attempted; however, the tumor recurred
with an accelerated growth rate, accompanied by tooth
compression and displacement. Mandibular segmental
osteotomy and implantation of the reconstruction plate


https://metascape.org/
https://metascape.org/
https://cn.string-db.org/

4of11 Wl LEy_Molecular Genetics & Genomic Me.zi ZHOU ET AL.
TABLE 1 The clinical information of three patients and a summary of FGC case reports.
Familial
Patients Age Sex Recurrence Fracture history Long bone bowing Reference
1# 10 M 2 2;left femur No No This study
2# 1 M 1 1;left femur  Yes No This study
3t 28 F 1 No Yes No This study
The present case reports
1 6 F No, but continued No Yes, 16 No Young et al (1989).
members
2 12 F Yes No No NM Abdelsayed et al. (2001)
3 9 I8 Yes, 2 No NM NM
4 10 18 NM No Yes NM
5 12 F NM Yes Yes, 4 members  No, but cortical Ma et al. (2016)
thickening
6 17 F No Yes Yes NM
7 8 F NM Yes Yes No, but cortical
thickening
8 6 M NM No Yes No
9 24 M No Yes Yes No Moshref et al. (2008)
10 25 M No Yes Yes No
11 25 M No Yes Yes No
12 20 M No No Yes No
13 12 M No No No No Kumar et al. (2012).
14 6 F No No No No Noffke et al. (2012)
15 15months F Yes No Yes No Shah et al. (2012)
16 2nd M Yes No Yes NM
decades
17 34 M No No Yes No Sakar (2015)
18 38 18 No No Yes No
19 11 M No Yes Yes No Wang et al. (2015)
20 15 F NM NM NM NM Ray (2019)
21 7 M No NM Yes No Prasad et al. (2022)

Abbreviation: NM, not mentioned.

were performed two years after the first surgery. Radio-
graphic examination revealed a multi-quadrant and ex-
pansile lesion on both sides of the maxilla and mandible,
and the main lesion in the posterior mandible was com-
posed of radiolucent and radiopaque masses (Figure 2).
He experienced bone fractures twice in the left and right
femurs; however, no other pathological findings of the
long bone were observed. He was the son of patient #3.
Patient #3 was a 28-year-old woman who was the
mother of patient #2. She was referred to our hospital with
a complaint of swelling and pain on the left side of her face
after exertion. Panoramic radiography displayed multiple
radiopaque irregular masses in the tooth-bearing area of
the bilateral upper and lower jaws with space infection.
In this patient, most of the maxilla lost its normal trabec-
ular structure, the mandibular cortex was compressed and

thinned, and the dentition was compressed and displaced
(Figure 3). Her alkaline phosphatase and creatine kinase
levels were normal, and there was no history of fracture.
None of the other family members had symptoms similar
to those of patients #2 and #3.

3.2 | ANOS5 mutation and
bioinformatics analysis

DNA was extracted from the tumor samples of all 21 pa-
tients after surgery, and mutations in exons 11 and 15
of ANOS5 were detected. The ¢.1067 G>T (p.Cys356Tyr)
heterozygous missense mutation was detected using
genomic DNA from both tumor samples and peripheral
blood samples of patients #1, #2, and #3 with gigantiform
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FIGURE 1 Radiographic and microscopic features of the FGC lesion in Patient #1. (a-c) Panoramic radiographs and computed

tomography (CT) images reveal irregular high-density masses in the tooth-bearing areas of the maxilla and mandible, composed of

radiolucencies and radiopacities in the front of the jaws. (d, ) CT image shows no cortical thickening of the long bones with no curvature

on the tibia. (f, g) Histological features of the lesion in a low-power view (f: 40x) and a high-power view (g: 200x) show small bones and

cement-like calcified deposits lying within a fibroblastic stroma.

cementoma (Figure 4a-d). C356 was found to be highly
conserved across species (Supporting Information
Figure S1), and no other mutations were present in ANOS.
In addition, this mutation in ANO5 was confirmed to be
absent in the control group, including five patients with
FCOD, five patients with polyostotic fibrous dysplasia,
and eight patients with juvenile ossifying fibromas.

We predicted the type of the detected mutation using
several software programs: SIFT predicted it to be “del-
eterious, with a score of 0”; polythen2 HVAR and poly-
then2_HDIV predicted it to be “probably damaging,” with
scores of 0.989 and 1, respectively; and MutationTaster
predicted it to be “Disease_causing,” with a score of 1,
indicating that the results are reliable. The CADD score
was 28, indicating that the mutation pathogenicity was ap-
proximately 0.1% in the top SNVs, and the pathogenicity
was significant.

To further predict the effects of this mutation on the
structure and function of the ANO5 protein, we con-
structed molecular models of the wild-type and p.Cy-
s356Tyr mutant ANO5 protein using the AlphaFold 2 TIB
server. The published crystal structures of the fungal ho-
mologs ANO1 and ANO6 revealed 8-10 transmembrane

domains, and the predicted structure of wild-type ANO5
was consistent with the putative structure of the anoct-
amin family members. Based on AlphaFold 2 analysis, the
structure of the ANOS5 C356Y mutant did not markedly
deviate from the wild-type structure (RMSD: 0.256); how-
ever, these deviations were evident in the region around
the location of the mutated residue. Residues Lys847,
Phe848, and Leu849 were estimated to form a helix in the
wild-type, whereas they were predicted to create a loop in
the mutant p.Cys356Tyr ANOS protein, which may affect
its structure and function (Figure 5a-d). The ANO5 mu-
tation loci and types reported to date for GDD and their
related lesions are detailed in Supporting Information
Table S2.

3.3 | SNVsand InDels revealed by WES

The fixation, storage, and decalcification processes of
FFPE tissues may damage DNA, resulting in a decrease
in DNA library quality. For the DNA extracted from
FFPE tumor tissue, only that from patient #1 met the
WES requirements; therefore, genomic DNA from both
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FIGURE 2 Radiographic and microscopic features of the FGC lesion in Patient #2. (a-c) Panoramic radiographs and computed
tomography (CT) images show irregular masses composed of radiolucencies and radiopacities in multi-quadrants. (d) CT image shows the
severe expansion of the mandible resulting in difficulty for the patient in closing the mouth. (e, f) Histological features of the lesion in a low-
power view (e: 40x) and a high-power view (f: 200x) show small bones and cement-like calcified deposits lying within a fibroblastic stroma.

peripheral blood samples and tumor tissue of patient #1
was available for WES analysis; however, for patients #2
and #3, only the genomic DNA from the peripheral blood
samples was subjected to WES.

In total, 643, 614, and 595 high-priority SNVs and 154,
127, and 121 high-priority InDels were detected in the
tissues of patients #1, #2, and #3, respectively. Detailed
information on these SNVs and InDels is listed in Support-
ing Information Tables S3 and S4, respectively. By count-
ing both the SNPs and InDels of a gene as alterations,
we found that 103 genes were simultaneously altered in
the three patients. Pathway enrichment analysis was per-
formed on this group of genes ranked according to their
significance from high to low, and the results showed
that the phosphatidylinositol signaling system, choliner-
gic synapse, homologous chromosome pairing at meiosis,
microtubule-based movement, and the positive regulation
of protein catabolic process were enriched in the top GO
terms, as shown in Figure 6a. The results of the protein—
protein interaction analysis are shown in Figure 6b.

4 | DISCUSSION

In the present study, detailed clinical manifestations, as
well as pathologic and radiographic data, were retrieved
from three patients with FGC. According to the literature,

not all patients with FGC have a family history, and
some cases are sporadic (Abdelsayed et al., 2001; Kumar
et al., 2012; Noffke et al., 2012). In the present study, one
patient (patient #1) was sporadic, whereas the other two
patients were from the same family (patient #3 was the
mother of patient #2). The age of onset ranges from 1
to 38years, and it is most common during adolescence,
followed by early childhood (Prasad et al., 2022; Sakar
et al., 2015; Shah et al., 2012; Wang et al., 2015), with no
sex tendency. Owing to its nature, the recurrence rate of
FGC is high, and incomplete resection or conservative
curettage often leads to more rapid progression of the re-
maining portion, which does not recur after complete re-
section (Wang et al., 2017). In the present study, the three
cases were consistent with FGC in terms of age, the sever-
ity of jaw expansion, site of onset, concomitant symptoms,
treatment strategy, and recurrence, with no other bones
affected. Therefore, FGC was diagnosed, although one
case had no family history.

FGC is a rare fibro-osseous lesion that is not well defined.
Owing to its rarity, only a few isolated cases have been re-
ported, and genetic studies are currently unavailable. GDD,
an autosomal dominant generalized skeletal syndrome, is
characterized by fibro-osseous lesions of the jaw, combined
with bowing and fragility of the long bones (Riminucci
et al.,, 2001). The gnathic lesions in GDD have been variably
described, and some cases exhibited a typical FGC phenotype
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FIGURE 3 Radiographic and microscopic features of the FGC lesion in Patient #3. (a-c) Panoramic radiographs and computed
tomography (CT) images show irregular high-density masses in the tooth-bearing area of the maxilla and mandible. (d, e) Histological
features of the lesion in a low-power view (d: 40x) and a high-power view (e: 200x) show small, round, and disconnected bones lying within

a fibroblastic stroma.
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FIGURE 4 ANO5 Mutational analysis. (a) The wild-type
sequence of ANO5 at the Cys356 codon. (b-d) The missense
mutation at the Cys356 codon.

and analogous pathologic features in jaw lesions. Further-
more, the treatment and prognosis of jaw lesions in GDD are
analogous to those described for FGC (Andreeva et al., 2016;

FIGURE 5 Three-dimensional structural prediction of the

ANOS gene. (2) 3D structure of the wild-type ANOS5 protein simulated
through the AlphaFold 2 TIB server. (b) 3D structure of the p. C356Y-
mutant ANOS5 protein simulated under an RMSD value of 0.256 with
the wild-type ANOS5 protein. (c) Wild-type and C356Y-mutant ANO5
proteins aligned with fungal homologs ANO1 and ANOG6. (d) Residues
Lys847, Phe848, and Leu 849 in ANOS5 (C356Y) created a loop, whereas
the equivalent residues in the wild-type ANO5 formed a helix structure.

Duong et al., 2016), which is characterized by multiple, rapid
local recurrences after surgery. However, whether FGC and
GDD are genetically related remains unclear.
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G0:0010256: endomembrane system organization
R-HSA-114508: Effects of PIP2 hydrolysis

hsa04725: Cholinergic synapse

G0:0007129: homologous chromosome pairing at meiosis
G0:0007018: microtubule-based movement

G0:0045732: positive regulation of protein catabolic process
R-HSA-5576891: Cardiac conduction

FIGURE 6 Gene-enrichment and
protein-protein interaction analyses. (a)
The enrichment pathways of ‘H’ priority-
mutated genes and (b) protein-protein
interactions among ‘H’ priority genes.
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Recently, a missense mutation in ANO5 (also known as
TMEMI16E) was identified in GDD and was considered a
suspected causative mutation for GDD (Duong et al., 2016;
Jin et al., 2017; Marconi et al., 2013; Mizuta et al., 2007;
Otaify et al., 2018; Tsutsumi et al., 2004; Zeng et al., 2019).
In the present study, we identified a heterozygous mis-
sense mutation, ¢.1067 G>T(p.Cys356Tyr), in ANO5 in all
three patients with FGC based on WES and confirmed it
by Sanger sequencing. No patients in the control group,
including five patients with FCOD, five patients with poly-
ostotic fibrous dysplasia, and eight patients with juvenile
ossifying fibromas, carried mutated ANO5, suggesting
that this type of mutation is uncommon in multifocal/
multiquadrant fibro-osseous lesions. To the best of our
knowledge, this is the first genetic study on FGC, and this
specific mutation at the same locus has been identified
as a causative mutation in patients with GDD, indicating
that FGC is genetically correlated with GDD. Owing to
the similarities in the clinicopathological features and ge-
netic alterations between GDD and FGC, we suggest that
FGC may be an atypical subtype of GDD, which may have
no systemic symptoms, classic long bone curvature, and
cortical thickening, with fibro-osseous lesions of the jaw-
bone as the only obvious symptoms. Other studies have
also reported atypical cases of GDD where the patient's
age of onset, the extent of expansion, and pathological and

\

imaging manifestations also overlap with those of FGC
(Andreeva et al., 2016; Zeng et al., 2019).

ANOS5 is also referred to as TMEM16E or GDDI.
Mutations at other ANO5 loci can cause muscle dis-
eases, such as proximal limb-girdle muscular dystrophy
and distal non-dysferlin Miyoshi myopathy (Bolduc
et al., 2010; Shaibani et al., 2021). However, there is no
overlap between mutant loci for bone and muscle dis-
eases; mutations that cause bone lesions do not cause
muscle lesions in patients, and vice versa (Marconi
et al., 2013). The pathogenic mechanism of ANOS site-
specific mutations has not yet been clearly explained,
and some gene-edited animal disease models have suc-
cessfully replicated GDD syndrome-like manifestations,
including long bone bowing, thickened bone cortex, jaw
masses, and increased bone fragility (Li et al., 2021;
Wang et al., 2019). However, in mouse models, micro-
scopic analysis revealed increased bone mineralization
in the jaw lesions but not the microscopic features of
fibrous-osseous lesions generally detected in patients
with GDD. Previous in vitro experiments have reported
that mutations in ANO5 may play a role in osteoblast
differentiation (Kim et al., 2019). However, whether
fibrous-osseous lesions in patients with GDD require
additional causative factors other than ANOS5 mutations
should be validated in further studies.
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As both SNVs and InDels may have deleterious effects
on the physiological functions of genes, we considered
a gene as potentially pathogenic when it had a high pri-
ority for SNVs and InDels. Based on WES analysis, we
extracted 103 potentially pathogenic genes, including
ANO?5, that were present in all three patients. These genes
were enriched in pathways that regulate a wide range of
physiological processes, such as endomembrane system
organization and positive regulation of protein catabolic
process. In the potential pathogenic gene set, we extracted
the genes simultaneously predicted to be deleterious by
SIFT, Polythen2, and MutationTaster. Among these genes,
PED4FIP and MUC20 were noted as frequently mutated
in malignant tumors and play a role in tissue damage re-
pair and tumor growth through activation of the HGF-
MET pathway, and some evidence suggests that their
mutation and expression levels correlate with prognosis
(Chen et al., 2013, 2016). Furthermore, MET-sustained
activation in tumors is a late event that maintains the
malignancy of transformed cells by conveying prolifer-
ative, pro-migratory, and anti-apoptosis signals (Chen
et al., 2018; Trusolino et al., 2010). CACNA1B, a gene with
similar effects to those of the ANOs family, functions as a
voltage-sensitive calcium channel (Williams et al., 1992).
Both its mutation and the ANO3 mutation are associ-
ated with myoclonus-dystonia (Domingo et al., 2016).
Although both ITPR3 and CACNA1B act on cytoplasmic
calcium ion concentration, the specific effects of these
mutations have not been confirmed in vivo, warranting
further study.

There is considerable controversy regarding the nosol-
ogy of benign fibro-osseous lesions. FGC was once referred
to as a variant of FCOD (Melrose et al., 1976; Waldron
et al., 1975; Wolf et al., 1989) and has also been suggested
to be a variant of ossifying fibroma, as the progressive
growth of FGC suggests a neoplastic process. Familial
FCOD (FFCOD) is the fourth subtype introduced in the
2022 WHO classification (Vered & Wright, 2022), which
raises a more challenging differential diagnosis with FGC.
Compared with conventional FCOD, FFCOD presents
an earlier onset, usually tends to cause considerable jaw-
bone expansion, and does not favor a specific sex or ethnic
group. Moreover, a missense mutation (p.C356W) in the
ANOS gene has been identified in one family with FFCOD
(Lv et al., 2019), whereas our genetic analysis revealed
a missense mutation (p.C356Y) in the ANOS5 gene in all
three patients with FGC. Therefore, more cases and fur-
ther studies are required to identify whether FFCOD and
FGC represent different spectrums of disease progression.

In summary, benign fibro-osseous lesions are a group
of diseases with overlapping clinicopathological features,
and it is difficult to obtain a correct diagnosis in some so-
phisticated cases. This study demonstrated the feasibility
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of ANO5 gene testing as an auxiliary diagnostic method
for complex cases with multiple quadrants. Our findings
suggest that FGC may be an atypical variant of GDD based
on genetic association. Patients with early onset should be
alerted of the possibility of rapid growth and undergo a
timely complete resection of the mass.
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