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Abstract

Sporadic giant cell granulomas (GCGs) of the jaws and cherubism-associated giant cell lesions share histopatho-

logical features and microscopic diagnosis alone can be challenging. Additionally, GCG can morphologically

closely resemble other giant cell-rich lesions, including non-ossifying ûbroma (NOF), aneurysmal bone cyst

(ABC), giant cell tumour of bone (GCTB), and chondroblastoma. The epigenetic basis of these giant cell-rich

tumours is unclear and DNA methylation proûling has been shown to be clinically useful for the diagnosis of

other tumour types. Therefore, we aimed to assess the DNA methylation proûle of central and peripheral sporadic

GCG and cherubism to test whether DNA methylation patterns can help to distinguish them. Additionally, we

compared the DNA methylation proûle of these lesions with those of other giant cell-rich mimics to investigate

if the microscopic similarities extend to the epigenetic level. DNA methylation analysis was performed for central

(n = 10) and peripheral (n = 10) GCG, cherubism (n = 6), NOF (n = 10), ABC (n = 16), GCTB (n = 9), and

chondroblastoma (n = 10) using the Inûnium Human Methylation EPIC Chip. Central and peripheral sporadic

GCG and cherubism share a related DNA methylation pattern, with those of peripheral GCG and cherubism

appearing slightly distinct, while central GCG shows overlap with both of the former. NOF, ABC, GCTB, and

chondroblastoma, on the other hand, have distinct methylation patterns. The global and enhancer-associated

CpG DNA methylation values showed a similar distribution pattern among central and peripheral GCG and

cherubism, with cherubism showing the lowest and peripheral GCG having the highest median values. By con-

trast, promoter regions showed a different methylation distribution pattern, with cherubism showing the highest

median values. In conclusion, DNA methylation proûling is currently not capable of clearly distinguishing spo-

radic and cherubism-associated giant cell lesions. Conversely, it could discriminate sporadic GCG of the jaws from

their giant cell-rich mimics (NOF, ABC, GCTB, and chondroblastoma).
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Introduction

Giant cell granulomas (GCGs) of the jaws often occur
sporadically as localised central or peripheral lesions [1].
Less commonly, multifocal bone lesions microscopically
indistinguishable from solitary GCG may develop in
hyperparathyroidism or underlying syndromes, such
as cherubism, Noonan syndrome, neuroûbromatosis type 1,
osteoglophonic dysplasia, cardiofaciocutaneous syndrome,
oculoectodermal syndrome, and Jaffe–Campanacci
syndrome [1,2]. Notably, in oculoectodermal and
Jaffe–Campanacci syndromes, patients may develop multi-
ple GCG of the jaws and non-ossifying ûbromas (NOFs)
of bone [3]. Sporadic GCG may have an indolent behav-
iour, but sometimes they can follow an aggressive clinical
course and recur after conservative surgery [4]. Cherubism
lesions tend to increase in the ûrst years of life and regress
after puberty. The disease shows variable expressivity,
incomplete penetrance, and no clear genotype–phenotype
correlation [5]. GCG and cherubism show similar
microscopic features and are characterised by the prolifera-
tion of mononuclear cells and variable amounts of
osteoclast-like giant cells in a haemorrhagic ûbrovascular
background [4,6,7].

Advances in next-generation sequencing technologies,

as well as other gold-standard molecular techniques,

have allowed a better understanding of the genetic basis

of GCG [2]. We previously reported somatic, heterozy-

gous, gain-of-function mutations in KRAS, FGFR1, and

TRPV4 in 72% of GCG [8]. Despite microscopic over-

lap, cherubism is characterised by mutations in the

SH3BP2 gene in 80–90% of cases [5,9].

Other tumours sharing histological features with GCG

include NOF, aneurysmal bone cyst (ABC), giant cell

tumour of bone (GCTB), and chondroblastoma [10,11].

Interestingly, microscopic similarities between GCG and

NOF extend to a genetic level, since the same KRAS and

FGFR1 spectrum of mutations have been reported in

extra-gnathic NOF in 78% of cases [11]. On the other

hand, more than 90% of GCTB harbour H3F3A muta-

tions, which are not found in GCG [12,13]. Additionally,

chondroblastoma and ABC are characterised by H3F3B

mutations and USP6 rearrangements, respectively [12,14].

Although genetically characterised, the above-

mentioned microscopically similar tumours have been

poorly explored at the epigenetic level. DNA methyla-

tion is an epigenetic mechanism that plays an important

role in normal mammalian development and disease,

including cancer [15]. In translational terms, the study

of the epigenetic basis of tumours is promising since

DNA methylation is reversible and can be pharmaco-

logically modiûed [16]. Over the past few years, DNA

methylation proûling has been well established for the

diagnosis of central nervous system tumours [17].

Additionally, machine learning approaches based on

DNA methylation data have also been explored as

potential tools for sarcoma classiûcation [18,19].

Therefore, the present study aimed to assess DNA

methylation proûles of central and peripheral sporadic

GCG and cherubism to clarify if these lesions harbour

similarities and cluster together or if they show

completely distinct methylation proûles. We also com-

pared the DNA methylation proûles of other giant cell-

rich lesions, namely NOF, ABC, GCTB, and

chondroblastoma, to assess whether they share similari-

ties with GCG at the epigenetic level. In addition, we

performed copy number analysis for all above-mentioned

lesions.

Materials and methods

Patient sample selection

Ethics approval was granted by the Research Ethics

Committee of Universidade Federal de Minas Gerais

(protocol 44227021.4.0000.5149) and the study was

conducted in accordance with the Declaration of

Helsinki. Samples from giant cell lesions of the jaws

were obtained from the oral pathology services from

the authors’ institution. The GCG had been previously

assessed for genetic mutations [8]. Morphological

re-examination and correlation with clinical data

were conducted by oral pathologists to conûrm the

diagnosis. From the initial convenience sample of

30 archival formalin-ûxed parafûn-embedded (FFPE)

samples of giant cell lesions of the jaws (central = 10,

peripheral = 10, and cherubism = 10), 4 samples could

not be analysed due to limited genomic DNA (gDNA)

availability or quality control (QC) failure, leaving

26 samples from 26 patients for analysis. Therefore, the

ûnal cohort consisted of 10 central GCG, 10 peripheral

GCG, and 6 cherubism lesions (supplementary material,

Table S1). In addition to the identiûcation of mononu-

clear and osteoclast-like giant cells in a haemorrhagic

ûbrovascular background in H&E slides, the presence

of multiple osteolytic lesions on radiographs, symmetric

bone swelling since childhood, familial history of the

disease, and normal parathormone levels were required

for cherubism diagnosis [7].

Data from 45 samples of giant cell-rich histological

mimics of giant cell lesions of the jaws were included

for comparison: NOF (n = 10), ABC (n = 16), GCTB

(n = 9), and chondroblastoma (n = 10) (supplementary

material, Table S2). All the samples included in this

study followed WHO criteria for diagnosis [3,20].
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The methylation proûles of GCTB and chondroblastomas

had been previously analysed [18]. To include samples

processed in a single centre and under the same protocol,

NOF of bone and ABC samples were evaluated for the

ûrst time in this study. With respect to these giant cell-rich

lesions included for comparison with GCG and

cherubism, ABC is rare, with estimated annual incidence

of 0.15 per one million population [21], 1.5% of which

occur in the jaws [20]. Based on this rarity, a single ABC

case occurring in the mandible was included in the

analysis. Approximately two-thirds of chondroblastoma

involve the epiphyseal region of long bones, and occur-

rence in the craniofacial bones is exceptional [3].

Additionally, the authors did not have access to any case

that could be unequivocally classiûed as NOF or GCTB

occurring in the jaws. Notably, these tumours are not

included in the WHO Classiûcation of Head and Neck

Tumours [20]. Therefore, the samples for comparison

included NOF, GCTB, and chondroblastoma affecting the

appendicular skeleton, both lower and upper limbs, and

predominantly long bones. ABC samples included were

from both the appendicular and axial skeleton. Although

the brown tumour of hyperparathyroidism shares micro-

scopic features with the above-mentioned tumours, it was

not included in the analysis as it may easily be clinically

distinguished by biochemical investigation.

DNA extraction, bisulphite conversion, and DNA
methylation analysis

A representative region on an H&E section was identi-

ûed and followed by taking a 1.5-mm punch from the

corresponding site in the FFPE block for each sample.

Only samples with a tumour content of at least 70%

were included. gDNA was isolated from the FFPE sam-

ples using an automated Maxwell system and

corresponding kits (Promega, Fitchburg, MA, USA).

DNA quantiûcation was performed with the Qubit

dsDNA BR Assay Kit (Thermo Fisher Scientiûc,

Waltham, MA, USA). Approximately 200 ng of gDNA

from each sample was used for DNA bisulphite conver-

sion, achieved with the EZ DNA Methylation-Gold™

Kit (Zymo Research, Irvine, CA, USA). DNA methyla-

tion analysis was performed using the Inûnium Human

Methylation EPIC (850K) Chip (Illumina, San Diego,

CA, USA) to address 850,000 methylation sites across

the genome, according to protocols supplied by the man-

ufacturer. Subsequently, the chips were scanned with the

iScan platform (Illumina).

The computational analyses were performed in R

(http://www.R-project.org, R Development Core Team).

Copy number alterations were investigated by apply-

ing the ‘conumee’ R package in Bioconductor

(https://bioconductor.org/packages/release/bioc/html/

conumee.html). Raw signal intensities were obtained

from IDAT-ûles using the minû Bioconductor pack-

age version 1.24.0. The procedure for data

processing and downstream output after obtaining

raw data from the methylation panels has been

published elsewhere [17]. Summary copy number

plots were generated using an in-house R-script

(https://github.com/dstichel/CNsummaryplots).

Unsupervised analysis

Following QC, methylation data were analysed by

unsupervised non-linear dimension reduction method

Uniform Manifold Approximation and Projection

(UMAP). The following parameters were used: num-

ber of CpGs = 20,000; nearest neighbours = 15; mini-

mum distance between points = 0.25; spread of the

clusters = 2; output dimensions = 2.

Unsupervised hierarchical clustering was carried out

using the beta values of the 20,000 probes that show

the highest median absolute deviation. Samples were

hierarchically clustered using the Euclidean distance

and Ward’s linkage method. A heatmap shows the

methylation levels varying from unmethylated state

(blue colour) to methylated state (red colour).

Differential methylation of CpG sites and GO
enrichment analysis

Estimation of differentially methylated positions

(DMPs) analysis was done by using the functions from

the R-package ‘limma’ [22]. The tests were carried out

on the M values of the top 10,000 CpG positions

ranked by variability. Relevant CpGs were deûned

when adjusted p value was smaller than 0.01 and a

logfold-change larger than 2. Multiple testing correc-

tion was performed by using Benjamini Hochberg.

Box plots and Volcano plots were visualised using

the R-package ggplot2 [23]. The Illumina Inûnium

HumanMethylationEPIC manifest was used to anno-

tate CpGs of promoter and enhancer sites. CpGs in the

Volcano plots are distributed according to their

�log10 adjusted p values and logfold-change. Top

signiûcant methylated CpGs are depicted in red, while

the associated gene is shown for the top 100 DMPs.

Evaluation and visualisation of overlapping differential

methylated genes by Venn diagrams were done by

using the R-package ‘VennDiagramm’ [24].

Gene ontology (GO) enrichment for signiûcant

CpGs from differential methylation analysis was car-

ried out by using the gometh-function from the

R-package ‘missmethyl’ [25].
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Figure 1. Legend on next page.
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Results

Sample characterisation

The mean age of individuals with central GCG was

20.9 years (ranging from 7 to 53), while for the periph-

eral cases, it was 46.1 years (15–74) and for cherubism,

13.2 years. The male/female ratio was 2:3, 3:2, and 1:1,

respectively. The mandible was the most commonly

affected jawbone by peripheral GCG (8/10), cherubism

(4/6), and central GCG (6/10). Available clinical infor-

mation is shown in supplementary material, Table S1.

The mutational status for sporadic GCG of the jaws

previously assessed for genetic mutations [8] is listed in

supplementary material, Table S1. Microscopically, all

sporadic GCG and cherubism lesions had osteoclast-

type multinucleated cells intermingled with ovoid or

spindle-shaped mononuclear cells in a ûbrovascular

background with haemorrhage and hemosiderin deposi-

tion. Additionally, eosinophilic cuff-like perivascular

deposits were identiûed in cherubism cases.

Available clinical information of giant cell-rich

tumours included for comparison is shown in supple-

mentary material, Table S2.

DNA methylation proûling

Sporadic central (n = 10) and peripheral (n = 10)

GCG and cherubism (n = 6) cases generated DNA

methylation proûling. To investigate whether sporadic

GCG and cherubism share methylation common pat-

terns with their histological mimics, methylation pro-

ûles of giant cell-rich lesions (NOF, ABC, GCTB, and

chondroblastoma) were included, and DNA methyla-

tion data were analysed by UMAP and unsupervised

hierarchical clustering.

Using the dimensionality reduction method, there was

no unequivocal separation between sporadic GCG and

cherubism by their DNA methylation proûle (Figure 1).

However, both UMAP analysis and unsupervised hierar-

chical clustering suggest different methylation patterns

for peripheral GCG and cherubism, while central GCG

intermingle with both (Figure 1). Notably, NOF, ABC,

GCTB, and chondroblastoma revealed four distinct

and individualised clusters (Figure 1). A similar cluster-

ing pattern as seen in the UMAP analysis is observed in

t-distributed stochastic neighbour embedding (supple-

mentary material, Figure S1).

Differential methylation of CpG sites and gene
ontology enrichment analysis

Considering that central and peripheral sporadic GCG

and cherubism share a related DNA methylation pat-

tern, we evaluated the overall distribution of CpG

methylation in functional regions and performed dif-

ferential methylation analysis to assess DMP between

these groups.

The global and enhancer-associated beta values

showed a similar distribution pattern among the

groups, with cherubism showing the lowest median

CpG methylation values in these regions and periph-

eral GCG showing the highest. Conversely, the CpG

DNA methylation values of promoter regions showed

a different distribution pattern, with cherubism show-

ing increased median methylation at promoters com-

pared to both central and peripheral GCG (Figure 2A).

The differential methylation analysis revealed a sig-

niûcant number of differentially methylated genes only

when comparing peripheral GCG versus cherubism

(n = 2,394 genes) (Figure 2B). The most signiûcantly

differentially methylated genes between peripheral

GCG and cherubism are highlighted in blue on the

volcano plot (supplementary material, Figure S2).

Although several GO terms were observed in the

enrichment analysis, no term passed the false discov-

ery rate (supplementary material, Table S3).

Copy number analysis

None of the samples included in the study (GCG,

cherubism, NOF, ABC, GCTB, and chondroblastoma)

exhibited a consistent pattern regarding gains or losses

of chromosomal arms or segments (data not shown).

Figure 1. Unsupervised analysis of central giant cell granulomas of the jaws (CGCG), peripheral giant cell granulomas of the jaws
(PGCG), cherubism, and their histological mimics, according to DNA methylation proûle. (A) UMAP dimensionality reduction method and
(B) unsupervised hierarchical clustering suggest that CGCG (light blue), PGCG (orange), and cherubism (yellow) share related DNA
methylation patterns as they cluster together. However, PGCG of the jaws and cherubism seem slightly separated, indicating possible
different methylation patterns, while CGCG intermingles with both groups. Further analyses with a larger cohort might help to resolve
this. Interestingly, NOFs (dark blue) formed a distinct cluster from GCGs of the jaws, revealing that the genetic overlap does not extend
to the methylation level. ABC (dark red), GCTB (green), and chondroblastoma (purple) form three individual clusters. The dendrogram
depicts the results of unsupervised hierarchical clustering of methylation levels of the 20,000 probes that show the highest median
absolute deviation across the beta values. The clinical group is indicated by colour. The level of DNA methylation (beta value) is
represented with a colour scale varying from unmethylated state (blue colour) to methylated state (red colour).
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© 2023 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland and John Wiley & Sons Ltd.

J Pathol Clin Res 2023; 9: 464–474



Discussion

Recent development in epigenetic research has revealed

that machine learning approaches based on DNA methyl-

ation are highly reliable in classifying central nervous

system tumour diagnosis and to a lesser extent also bone

and soft tissue tumours [17–19]. In addition to aiding

diagnosis, epigenetic investigation has allowed the identi-

ûcation of novel tumour entities affecting the central

nervous system [17,26]. DNA methylation analyses were

also conducted to investigate if the epigenetic proûle

could be helpful to differentiate melanoma’s site of ori-

gin in metastasis [27]. Notably, melanomas from differ-

ent sites of origin (mucosal, conjunctival, and cutaneous

melanomas) shared a common global DNA methylation

proûle, showing that global DNA methylation testing is

not feasible to distinguish them. However, assessment at

a gene level indicated that the frequencies of promotor

Figure 2. Comparison of methylation proûles between cherubism and sporadic GCGs of the jaws. (A) Boxplots depicting overall DNA
methylation levels in giant cell-rich lesions of the jaws. Global, enhancer, and promoter-associated DNA methylation levels (beta values)
of central giant cell granulomas of the jaws (CGCG), cherubism, and peripheral giant granulomas of the jaws (PGCG). (B) Venn diagram
depicting the number of differentially methylated genes identiûed by differential methylation analysis across CGCG, PGCG, and
cherubism. Statistically signiûcant differentially methylated genes were observed between PGCG and cherubism.
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methylation at speciûc cancer-related genes differ

between primary melanoma sites [27]. Other than

neoplasms, DNA methylation proûling has also been

explored for classiûcation in different contexts, such as

malformations of the brain and reactive conditions

(mesothelial reactive lesions) [28,29].

Figure 3. Genetic alterations of giant cell-rich tumours grouped based on their DNA methylation patterns. Central giant cell granulomas
of the jaws (CGCG), peripheral giant granulomas of the jaws (PGCG), and cherubism are characterised by KRAS/FGFR1/TRPV4,
KRAS/FGFR1, and SH3BP2 mutations, respectively, and closely grouped in the methylation analysis (orange background). Although the
role of SH3BP2 in establishing cherubism phenotype has not yet been elucidated, the loss of recognition site by Tankyrases proteins as a
consequence of SH3BP2 cherubism mutations was shown to be responsible for SH3BP2 accumulation in the cytoplasm and increased
osteoclastogenesis [32,33]. Although PGCGs of the jaws and cherubism seem to cluster slightly separated, further analyses are needed to
make it clearer. NOF of bone is closely related to sporadic GCGs of the jaws at a genetic level as it is characterised by KRAS and FGFR1

mutations, in addition to NF1 in cases associated with neuroûbromatosis type I [11]. However, DNA methylation analysis separates NOF
(blue background) from sporadic GCGs of the jaws. Finally, ABC, GCTB, and chondroblastomas, which are known by USP6

rearrangements, H3F3A mutations, and H3F3B mutations, respectively, form three distinct and individualised clusters (red, green, and
purple backgrounds).
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Herein, we explored and compared the DNA

methylation patterns of osteoclast-like giant cell-rich

lesions affecting the jaws, either sporadic or

syndrome-associated, and their histological mimics.

Our data show that sporadic central GCG shares a

DNA methylation pattern with a fraction of their

peripheral counterpart and with cherubism, whereas

NOF, ABC, GCTB, and chondroblastoma have dis-

tinct patterns from GCG and cherubism.

DNA methylation plays a role in bone development

and osteoclast differentiation [30,31]. In vitro experiments

determined that DNA methylation (especially via de novo

Dnmt3a) has an important role in RANKL-induced

osteoclast differentiation from monocyte–macrophage

lineage [31]. As DNA methylation is important in osteo-

clast differentiation and bone resorption under homeo-

static conditions, it is plausible that epigenetic alterations

are relevant to bone tumour pathogenesis, although such

analysis is beyond the aim of this study. All tumours

included in the present analysis are characterised by a

variable amount of osteoclast-like multinucleate giant

cells [10,11]. However, so far, the great majority of

molecular investigations regarding these tumours have

focused on genetic alterations (Figure 3).

Sporadic GCG is characterised by somatic, hetero-

zygous, gain-of-function KRAS, FGFR1, and TRPV4

mutations, which were detected in 72% (42/58) of

cases [8]; speciûcally, KRAS p.G12D/A, p.G13D,

p.A146V/P, p.V14L, p.L19F, and p.G10E mutations,

FGFR1 p.N330I and p.C381R, and TRPV4 p.M713V/I

mutations, with the latter exclusively detected in cen-

tral lesions [8]. Such mutations are restricted to the

mononuclear cells of the lesions [34], and converge to

activation of MAPK/ERK signalling pathway [8]. No

other pathogenic recurrent mutation could be identiûed

in the remaining 30% of ‘triple wild-type’ cases [8].

Additionally, RNAseq revealed no fusions in

GCG [8]. Notably, central and peripheral cases clus-

tered together when DNA methylation proûle was

evaluated, irrespective of the genetic background

(either FGFR1, KRAS, or TRPV4 mutation-positive).

Despite microscopic similarities between the GCG

of the jaws and cherubism, they are genetically dis-

tinct. SH3BP2 exon 9 mutations are detected in

80–90% of cases of cherubism, affecting SH3BP2 pro-

tein residues 415, 418, 419, and 420 within a six-

amino acid sequence (RSPPDG) (NM_001122681.2)

[5,9]. Although SH3BP2 functions have not been

entirely elucidated, plausible interactions of this pro-

tein with MAPK/ERK pathway have been raised by

others [1], but such interactions remain untested. The

SH3BP2 gene contains C/G-rich regions and more

than 42 CpG islands which are targets for gene

regulation by DNA methylation, which likely makes it

susceptible to regulation by epigenetic mechanisms [35].

Interestingly, the DNA methylation analysis shows

that cherubism samples cluster together with central

GCG, highlighting that the similarities extend from

microscopic to the epigenetic level, despite genetic

differences. It is of interest to follow up with larger

cohorts to resolve the tendency of peripheral GCG to

form a separate cluster, with central GCG and

cherubism together forming another. Cherubism

showed the lowest global and enhancer median CpG

methylation values and the highest median CpG

methylation values at promoter compared to both

central and peripheral GCG. The biological signiû-

cance of this methylation distribution remains to be

further clariûed.

Differentially methylated genes were only observed

between peripheral GCG and cherubism, in line with

what was observed in the unsupervised analysis. GO

enrichment analysis was not able to identify signalling

pathways differently affected by CpG methylation

between these groups. Future studies, including larger

cohorts, might be beneûcial for differential methyla-

tion as well as GO enrichment analyses between these

sporadic and syndromic lesions and may further reûne

their molecular pathogenesis.

NOF of bone shares histological and genetic similar-

ities with sporadic GCG [2,11] but, herein, we demon-

strate that they harbour distinct DNA methylation

patterns. KRAS mutations (including the hot-spots

p.G12A/D/V and p.G13D, and other variants

p.K117N, p.A146P/T/V, p.Q61R/L, and p.A11Q) were

reported in 64% of NOF of bone [11]. The same

FGFR1 mutations reported in sporadic GCG were

detected in 14% of NOF [11]. Due to these

overlapping genetic features, among other similarities,

GCG and NOF of bone have previously been pro-

posed to be part of the same spectrum disorder

[2,36,37]. Remarkably, both UMAP analysis and

unsupervised clustering were able to separate them.

Notably, global DNA methylation analysis revealed

that NOF and ABC presented distinct DNA methyla-

tion patterns, the latter being characterised by USP6

rearrangements caused by chromosomal translocations

involving 17p13 locus [14]. No fusion genes, includ-

ing those involving USP6 rearrangements, have been

detected in sporadic GCG [8].

GCTB is characterised by H3F3A mutations, which

have been reported in >90% of cases, with p.G34W

being the most common mutation [12,38]. These

mutations were conûned to the ‘stromal’ mononuclear

cell population rather than osteoclasts or their

precursors [12]. Although H3.3 p.G34W mutation
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affects a residue that does not undergo direct

post-translational modiûcation by histone methylation, it

indirectly affects H3K36 and H3K27 methylation, lead-

ing to genome-wide epigenetic remodelling, crosstalk

with DNA methylation, and GCTB tumourigenesis [39].

H3F3A mutations and other 15 H3 histone variant gene

mutations have not been detected in sporadic GCG

[8,13]. Unsupervised clustering of DNA methylation pro-

ûles revealed that GCTB is distinct from primary malig-

nant p.G34 H3.3-mutated bone tumours [40].

Additionally, differential methylation analysis identiûed

hypermethylation of CCND1 promoter as speciûc for

GCTB [40]. These results highlight the usefulness of

DNA methylation analysis to predict aggressiveness in

challenging diagnostic GCTB cases and its promising

utility to identify epigenetic markers. In line with the

discrepant clinical behaviour between GCTB and GCG,

these tumours also have discrepant DNA methylation

patterns.

GCTB and chondroblastomas form distinct DNA

methylation clusters [40] (Figure 1). Similar to GCTB,

chondroblastoma harbours histone H3.3 alterations

[12,38]. However, H3F3B p.K36M is the most com-

mon mutation in chondroblastomas, detected in �90%

of cases, while H3F3A p.K36M occurs in �10% of

mutation-positive cases [12,38]. One may speculate

that as there is crosstalk between DNA methylation

and histone modiûcation [41], and the speciûc muta-

tions affecting glycine 34 or lysine 36 in histone H3.3

may be the reason for clear discrimination between

GCTB and chondroblastoma by DNA methylation

analysis. Additionally, the fact that mutations in genes

encoding for histone H3.3 lead to genome-wide epige-

netic alterations may also be the explanation for the

dissociation of GCTB and chondroblastoma from

the other bone tumours that do not harbour histone

mutations.

One limiting factor in this study is that we compared

GCG of the jaws and cherubism with other bone

tumours occurring at different sites, including axial or

appendicular skeleton. Such limitation, however, is

inherent to the tumour types investigated. Many dis-

coveries of new diagnostic markers derive from stud-

ies comparing the expression of RNA or proteins from

samples from different locations. New studies adding

samples of tumours occurring at the same location

might further validate our results.

In conclusion, our results reveal that sporadic GCG

of the jaws and cherubism-associated giant cell lesions

share a related DNA methylation proûle. Based on

current morphological and molecular classiûcation,

DNA methylation testing does not contribute to sepa-

ration of these entities, although peripheral GCG and

cherubism appear to form different subgroups.

Conversely, DNA methylation analysis could discrimi-

nate sporadic GCG from their giant cell-rich mimics,

including NOF, ABC, GCTB, and chondroblastoma.
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© 2023 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland and John Wiley & Sons Ltd.

J Pathol Clin Res 2023; 9: 464–474



Cancer; 2022 [Accessed 15 Aug 2022]. Available from: https://

tumourclassiûcation.iarc.who.int/chapters/52
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