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Abstract. The aim was to analyse the relationship between mutations of the
isocitrate dehydrogenase gene (IDH) and clinical characteristics of
chondrosarcoma of the jaw in order to provide new information on its molecular
pathology. Tissue samples were collected from 25 patients diagnosed with
chondrosarcoma of the jaw. IDH mutations were detected through polymerase
chain reaction and direct sequencing. Clinicopathological data were analysed
retrospectively. The study included 14 female and 11 male patients; the median
patient age was 38 years. Sixteen patients had lesions in the mandible, while nine
had lesions in the maxilla. The most common symptom reported was the
presence of a painless, slowly enlarging mass with swelling, with or without
numbness. Twenty-four patients received radical surgeries and one patient
received chemoradiotherapy. The recurrence rate was 21.7%. No IDH mutation
was found in any of the 25 samples. IDH mutation may not be a key event in the
occurrence and development of chondrosarcoma of the jaw. However, for
chondrosarcomas of a different nature and origin, the pathological significance
of IDH mutation needs to be studied further.
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Chondrosarcoma (CS) originates from
the mesenchymal tissue and is one of
the most common primary malignant
bone tumours, accounting for 10–20%
of bone sarcomas, mostly occurring in
the pelvis, sternum, ribs, and limb long
bones.1 Chondrosarcoma of the jaw
(CSJ) is extremely rare, accounting for
only 3–4% of all cases of CS. Its clinical
features, including nasal obstruction
and asymptomatic or painful swelling,
are non-specific and depend on the site
of origin. Although CS has a high rate
of malignancy and metastasis, which
contributes to its poor prognosis in

some cases, de Souza et al.2 reported
that 42.5% of patients with CSJ had
high-grade tumours but that distant
metastasis occurred in 12.9% (29/224)
of cases, and 56.8% of 169 patients
followed for a mean of 64 months were
alive with no evidence of disease. Fur-
ther, it is difficult to differentiate CSJ
from chondroblastic osteosarcoma be-
cause of their overlapping symptoms
and histopathology. The histogenesis of
CSJ is controversial. One theory is that
remnants of cartilage following failure
of ossification of the nasopalatine duct
may persist and cause anterior maxilla

CS. Another widely propagated theory
is that mesenchymal pluripotent cells
undergo malignant transformation and
differentiate into a chondrocytic phe-
notype.3

The principal diagnostic imaging
modalities are computed tomography
and magnetic resonance imaging. A
definite diagnosis can be established by
incisional biopsy and histopathological
examination. Well-differentiated tu-
mours resemble hyaline cartilage and
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show oval to polygonal cells within la-
cunar spaces surrounded by a cartila-
ginous matrix. The nuclei are small and
uniform, with round to oval outlines
and evenly distributed dense chro-
matin; binucleation and multi-
nucleation frequently occur. With
increasing tumour grade, the nucleoli
become discernible because the chro-
matin opens. Nuclear atypia, increased
cellularity, decreased cytoplasm vo-
lume, myxoid background, and mitoses
are associated with a high tumour
grade. High-grade lesions usually
show > 2 mitoses per 10 high-power
fields and marked cellular pleo-
morphism.

Recent evidence has shown that
mutations in the isocitrate dehy-
drogenase gene (IDH) play an im-
portant role in the pathogenesis of
CS4,5; however these mutations have
not been reported in CSJ. The isocitrate
dehydrogenases (IDH) are metabolic
enzymes involved in various cellular
processes, including mitochondrial
oxidative phosphorylation, glutamine
metabolism, lipogenesis, glucose sen-
sing, and cellular redox regulation.6

There are three isoforms of isocitrate
dehydrogenase in humans, namely
IDH1, IDH2, and IDH3.7 Among
these, IDH1 exists in the cytoplasm and
peroxisomes, whereas IDH2 and IDH3
exist in the mitochondria. IDH1 and
IDH2 are the main producers of re-
duced nicotinamide adenine dinucleo-
tide phosphate (NADPH) in vivo and
play important roles in energy genera-
tion and detoxification.8 Therefore, a
decrease or loss of IDH1 and IDH2
function in cells may negatively affect
the detoxification mechanisms of the
body, resulting in DNA damage and
genomic instability.

The IDH mutations that are asso-
ciated with tumours are mostly in the
IDH1 and IDH2 genes. In 2008,
Parsons et al.9 reported the presence
of IDH1 mutations in 12% of pa-
tients with glioblastoma. IDH1 or
IDH2 point mutations have been
found to be present in approximately
50% of patients with central CS.10

The most common point mutation in
CS is IDH1 R132C, accounting for
about 40% of CS mutations; this
mutation results in an increased level
of D-2-hydroxyglutarate.11 Other
common point mutations in CS are
IDH1 R132G, IDH1 R132H, IDH2
R172S, IDH1 R132L, and IDH1
R132S.12

In view of the high IDH1/2 muta-
tions in CS, the World Health
Organization has suggested that genetic
testing may be useful in excluding
chondroblastic osteosarcoma in the di-
agnosis of CSJ, particularly using core-
needle biopsy. Thus, it is essential to
reliably determine the IDH1/2mutation
status in CSJ.

In this study, 25 cases of CSJ diag-
nosed between 2000 and 2020 at
Peking University School of
Stomatology were investigated. The
clinicopathological, treatment, and
follow-up data of these cases were re-
viewed systematically, and mutations
in IHD1 R132, IHD2 R140, and IHD2
R172 were explored to further under-
stand the clinicopathological char-
acteristics and mechanisms of
occurrence and development of CSJ.

Materials and methods

Sample selection

Samples obtained from 25 patients with
CSJ diagnosed in the Department of
Oral Pathology, Peking University
School of Stomatology between January
2000 and August 2020 were collected.
All participants provided informed con-
sent for the genetic studies. This study
was approved by the Institutional
Review Board of Peking University
School of Stomatology (approval
number: PKUSSIRB-202161009).

All paraffin-embedded tissues were
examined by two senior oral patholo-
gists after haematoxylin and eosin
staining to ensure the accuracy of case
selection. Clinical data including pa-
tient age, sex, CS location, symptoms,
treatment strategy, and recurrence were
collected and analysed retrospectively.

DNA extraction

Genomic DNA was extracted from the
paraffin-embedded tissues using a
QIAamp DNA extraction kit (Qiagen,
Hilden, Germany), following the man-
ufacturer’s instructions. The purity and
concentration of DNA were quantified
using a NanoDrop ND-8000 ultraviolet
spectrophotometer (Thermo Scientific,
Waltham, MA, USA) to ensure that the
purity of DNA was not less than 1.6
and the concentration not less than
200 mg/l to meet the experimental re-
quirements. The DNA extract was then
amplified by polymerase chain reaction
(PCR) or sub-packaged and then
cryopreserved at −20°C.

Touchdown (TD) PCR

The mRNA sequence of IDH was ob-
tained from the National Center for
Biotechnology Information Basic Local
Alignment Search Tool (NCBI
BLAST, https://blast.ncbi.nlm.nih.gov/
Blast.cgi). Primers specific to three IDH
mutation sites were designed and syn-
thesized by Sangon Biotech (Shanghai,
China), with the following sequences:
IDH1 R132 forward sequence 5′-GCA
AAATCACATTATTGCCAAC-3′, re-
verse sequence 5′-CGGTCTTCAGAG
AAGCCATT-3′; IDH2 R140 forward
sequence 5′-CTAGGCGTGGGATGT
TTTTG-3′, reverse sequence 5′-TGTG
GAAAAGTCCCAATGGA-3′; and
IDH2 R172 forward sequence 5′-CTC
CACCCTGGCCTACCT-3′, reverse
sequence 5′-AGCCCATCATCTGCA
AAAAC-3′. The PCR was performed
in a 25-µl system containing 12.5 µl Ex
Taq enzyme (Takara, Shiga, Japan),
0.5 µl each of forward and reverse pri-
mers (approximately 10 pmol for each
primer), 10.5 µl of ribonuclease-free
water, and 100 ng DNA template.

Thermocycling conditions were op-
timized for each primer pair, and the
following conditions were used: initial
denaturation at 94°C for 5 min; 35 cy-
cles of denaturation at 94°C for 30 s,
annealing at TD 65–55°C (IDH1 R132
and IDH2 R140) or TD 67–57°C
(IDH2 R172) for 30 s, and elongation
at 72°C for 30 s; and final extension at
72°C for 10 min.

Genetic sequencing analyses

PCR products were purified and col-
lected using the PCR Product
Purification Kit (Sangon Biotech,
Shanghai, China). The purified pro-
ducts were subjected to sequencing by
Sangon Biotech using an Applied
Biosystems 3730xl DNA Analyzer
(Thermo Fisher Scientific, Foster city,
CA, USA). All mutations detected were
confirmed by using their reverse se-
quences in two independent PCR ex-
periments. The confirmed sequences
were spliced using SeqMan software
(DNASTAR, Madison, WI, USA).

Results

The age at admission of the 25 patients
with CSJ ranged from 15 to 69 years
(mean age 41.28 years, median age 38
years; Supplementary Material Table
S1). Fourteen of the patients were fe-
male (56%) and 11 were male (44%).
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Sixteen patients had lesions in the
mandible, while nine had lesions in the
maxilla. The lesions often exhibited
painless swelling and slow growth,
leading to facial asymmetry over time.

One patient was treated con-
servatively using chemoradiotherapy,
while the remaining 24 underwent ra-
dical surgery. The recurrence rate was
21.7% (excluding one case of loss to
follow-up and one case of biopsy). The
pathology grade (histological grading)

was reported for all 25 cases. Grade I
(low-grade) indicates a lobular growth
pattern and moderate cellularity, with
cells embedded in hyaline cartilaginous
matrix; nuclei show condensed chro-
matin, but mitoses are absent. Grade II
indicates increased cellularity with nu-
clei varying in size and cells embedded
within myxoid matrix. Grade III (high-
grade) indicates higher cellularity, with
increased mitoses and spindle cell
changes (Fig. 1). Concerning the tu-
mour grade, the most commonly diag-
nosed was grade I (n = 11, 44%),
followed by the intermediate grades
I–II, II, and III (each n = 4, 16%). The
least commonly diagnosed grades were
grade II–III and mesenchymal chon-
drosarcoma (each n = 1, 4%). The
clinical data of the patients are reported
in Table 1 and Supplementary Material
Table S1, and the imaging features of a
high-grade CSJ are shown in Fig. 2.

None of the 25 cases of CSJ carried
any IDH mutation (Fig. 3). Thus, for
the included cases, there was no sig-
nificant correlation of age, sex, CSJ
location, treatment, pathology grade,
or recurrence with IDH mutation.

Discussion

In the maxillofacial bones, tumours
with pure cartilaginous differentiation
are assumed to be chondrosarcoma
(CS) until proven otherwise, especially
in the jawbones. Chondrosarcoma of
the jaw (CSJ) is an extremely rare pri-
mary malignant bone tumour that ac-
counts for approximately 3–4% of
all CS.13

Studies have reported that CSJ is
slightly more predominant among
males.2 In contrast, 14 of the 25 pa-
tients (56%) with CSJ included in the
present study were female. The median
patient age was 38 years, which

corresponds with previous studies.14

The disease can occur in any max-
illofacial bone, but the maxilla and the
nasal septum seem to be more fre-
quently involved than the mandible.
However, in the present study, only
nine patients had maxillary lesions,
with the remaining 16 having man-
dibular lesions. The symptoms and
presentation include swelling, pain, and
numbness, but these are usually non-
specific.

In this study, 24 patients with CSJ
underwent an extended resection, seg-
mental or even total excision of the jaw.
These methods often result in jaw de-
fects, accompanied by the loss of teeth,
which seriously affect orofacial aes-
thetics and function. Moreover, the re-
currence rate of CSJ was 21.7%
(excluding one case of loss to follow-up
and one case of biopsy). The prognosis
of CSJ is closely related to factors such
as the location and size of the tumour,
the surgical approach, and the biolo-
gical characteristics of the tumour. In
addition to the pathological grading of
CSJ, whether the tumour is completely
resected is an extremely important
factor affecting the recurrence of the
tumour. While most of the study pa-
tients had radical resections, the type of
radical resection (extended resection,
segmental or even entire excision of the
jaw), whether the flap was fixed con-
currently, and the year in which the
operation was performed will all have
had an effect on the rate of recurrence.

The current operation is far more
comprehensive. Improvements in sur-
gical equipment (ultrasonic osteotome,
navigation technology) and techniques
(skin flap repair) have enabled more
complex procedures to be performed.
Excision as a surgical notion is more
easily achieved. Prior to the widespread
use of free flap reconstruction, surgeons
tended to prioritize jaw continuity

Table 1. Clinical features of the 25 studied
chondrosarcoma of the jaw cases.

Variables

Age at surgery
(years),
median
(range)

38 (15–69)

Cases Percentage
Sex
Female 14 56%
Male 11 44%
Location
Mandible 16 64%
Maxilla 9 36%
Margin
Clear 21 84%
Involved 3 12%
Not available 1 4%
Pathology grade
I 11 44%
I–II 4 16%
II 4 16%
II–III 1 4%
III 4 16%
Mesenchymal

type
1 4%

Recurrence
No recurrence 18 72%
Recurrence 5 20%
Lost to

follow-up
1 4%

Not available 1 4%
IDH mutations
Mutant 0 0%
Wild-type 25 100%

Fig. 1. (a) Grade I (low-grade) showing a lobular growth pattern, moderate cellularity, with cells embedded in hyaline cartilaginous
matrix. Nuclei show condensed chromatin, while mitoses are absent. (b) Grade II showing increased cellularity with nuclei varying in size
embedded within myxoid matrix. (c) Grade III (high-grade) showing higher cellularity, more mitoses and spindle cell changes.
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when conducting radical resections,
limiting the scope of expanded resec-
tion. Simultaneously, as a result of the
unavoidable tumour cell implantation
during the procedure, relapse occurred.
Therefore, CSJ cases should be treated
by a multidisciplinary team, and the
accuracy of the first diagnosis of CSJ
patients and the use of decisive radical
surgery based on a free flap during the
first treatment are particularly im-
portant to reduce postoperative recur-
rence. It is believed that with more
extensive research in this domain,
therapies will achieve significant out-
comes and become more effective in
improving the quality of life of patients
with CSJ.

To understand the pathogenesis of
CSJ, it is essential to study its genetic
profile. Research has indicated a close
relationship between IDH mutation
and CS formation and development.
IDH is a key enzyme of the tri-
carboxylic acid cycle that catalyses the
oxydecarboxylation of isocitrate to
form α-ketoglutarate, simultaneously
catalysing the reduction of nicotina-
mide adenine dinucleotide (NAD) and

nicotinamide adenine dinucleotide
phosphate (NADP+) into reduced
NADH and NADPH.13,15,16 NADPH,
an important electron donor of glu-
tathione, thioredoxin, and some tran-
scription factors including nuclear
factor-κB and activator factor protein-
1, plays an important role in regulating
the intracellular redox state. IDH mu-
tation leads to the increased consump-
tion of intracellular NADPH, which
makes cells increasingly vulnerable to
damage by reactive oxygen species.
Studies have found that IDH mutation
results in CS due to the destruction of
the chondrocyte growth plate structure,
inhibition of chondrocyte differentia-
tion, and promotion of chon-
drodysplasia and multiple endophytic
chondroma-like injuries,17 indicating
that IDH mutation has a unique effect
on chondrocyte differentiation and
chondroma formation. Moreover, after
IDH enzyme mutation, α-ketoglutarate
involved in the tricarboxylic acid cycle
decreases and 2-hydroxyglutarate in-
creases. 2-Hydroxyglutarate can di-
rectly inhibit the activities of several
important dioxygenases such as human

histone demethylase and DNA de-
methylase, resulting in DNA and his-
tone hypermethylation, abnormal
epigenetic regulation, and blocking of
cell differentiation.18,19

A brief overview of IDH mutation
rates in CS is presented in
Table 2.5,20–24 The results suggest that
CS has a very high rate of IDH muta-
tions. As a relatively rare subtype of
CS, the status and effect of IDH mu-
tation in CSJ are not clear. Tallegas
et al.20 found that 64.9% of craniofacial
CS featured IDH mutations, with a
high rate for skull base tumours
(85.7%). No IDH mutations were ob-
served in tumours of the facial skeleton,
including five in the maxillary bones;
no cases of CS in the mandible were
included in their study.

The results of the present study re-
vealed that none of the 25 CSJ cases
carried IDH gene mutations. Therefore,
the data indicate that the mutation
status of IDH1/2 cannot be used as the
basis for the diagnosis or differential
diagnosis of CSJ. The difference in
IDH mutation status between CSJ and
CS may be due to the unique histology

Fig. 2. (a) Three-dimensional reconstruction, and axial CT images of (b) bone and (c) soft tissue, showing an osteolytic and ill-defined
lesion (arrows) in the anterior maxilla. Signs of cortical thickening and destruction, bone expansion, and soft tissue extension are
observed in the images.

Fig. 3. (a) Wild‐type IDH1 R132 in chondrosarcoma of the jaw; (b) wild‐type IDH2 R140 in chondrosarcoma of the jaw; (c) wild‐type
IDH2 R172 in chondrosarcoma of the jaw.
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of the jaw. The facial bones are mainly
derived from the neural crest cells of
the first branchial arch, and the fron-
tonasal process shows both en-
dochondral and intramembranous
ossification. The maxilla undergoes an
exclusive intramembranous ossifica-
tion, whereas the mandible undergoes
concomitant intramembranous (body)
and endochondral ossification (condyle
and coronoid).

Although many studies have shown
that IDH inhibitors have a good ther-
apeutic effect on CS with IDH muta-
tion, this strategy does not seem to
significantly improve the clinical treat-
ment of CSJ.25 The pathogenesis of
CSJ based on mutational profiling,
gene expression, and DNA methyla-
tion, which activates the related carci-
nogenic signal pathway and finally
leads to tumour occurrence and pro-
gression, needs further interpretation.
New knowledge emerging from the
IDH wild-type CSJ may provide direc-
tion for future precision therapies, in-
cluding multi-omics, single cell
technologies, and computational ap-
proaches. Further research is needed to
identify the genes and signalling path-
ways relevant to CSJ, as this might
improve our understanding of the bio-
logical mechanisms underlying tu-
mourigenesis.
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