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In 2008, Parsons et al. first reported a mutation in the 
isocitrate dehydrogenase 1 (IDH1) gene in glioblasto-
mas and showed that it was associated with a favor-

able prognosis.17 This mutation, along with a rare mutation 
in the isocitrate dehydrogenase 2 (IDH2) gene, turned out 
to be a hallmark of grade II and III gliomas and second-
ary glioblastomas.11,23,24 Subsequent studies revealed that 
IDH1/2 mutations were also found in several other types 
of tumors.24

Among them, cartilaginous tumors are known to have 
a high frequency of IDH1/2 mutations, comparable to that 
of gliomas. They involve the rare nonhereditary congeni-
tal diseases Maffucci syndrome (MS) and Ollier disease 

(OD), which are characterized by enchondromatosis often 
with asymmetrical distribution.1,19 MS is distinguished 
from OD by the appearance of soft-tissue vascular le-
sions, which accompany MS but not OD. Recent large-
scale genetic analyses have shown that 77%–93% of tu-
mors in these diseases have IDH1/2 mutations, implicating 
IDH somatic mosaic mutations, which occur at the early 
postzygotic period, as the major factors in the pathogen-
esis of these diseases.2,16

While most tumors in MS and OD affect mesodermal 
tissues, they are sometimes accompanied by lesions in the 
neuroendocrine system. Several cases with central ner-
vous system (CNS) tumors have been reported, including 
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Maffucci syndrome (MS) and Ollier disease (OD) are nonhereditary congenital diseases characterized by multiple 
enchondromas and/or chondrosarcomas. Recent studies have implicated somatic mosaic mutations of isocitrate 
dehydrogenase 1 or 2 (IDH1/2) as contributing to the pathogenesis of MS and OD. Occasionally, patients with these 
disorders may also present with central nervous system (CNS) tumors; however, detailed genetic analyses are limited. 
In this article, the authors report on a male patient with MS, harboring three CNS tumors that share a common genetic 
alteration. Over a 9-year period, three separate tumor resections were conducted for sellar, intraparenchymal brainstem, 
and osseous clival tumors. The histopathological diagnoses were pituitary adenoma, diffuse astrocytoma, and chondro-
sarcoma, respectively. Sanger sequencing revealed a common IDH1 R132C mutation among all three CNS tumors but 
not in blood DNA. Administering chemotherapy (nimustine) and subsequent radiation therapy to the brainstem glioma 
and the residual lesion in the clivus have kept the patient progression free for 18 months. This is the first report demon-
strating an IDH1 mutation shared among three different CNS tumors in a single patient with MS. The findings support the 
hypothesis that in MS and OD, a single common IDH1 mutation triggers tumorigenesis in cells of different origins and 
locations in a somatic mosaic fashion.
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glioma, pituitary adenoma, olfactory neuroblastoma, spin-
dle cell hemangioendothelioma, and chondrosarcoma.19 
However, detailed genetic analysis on these CNS tumors 
in MS and OD is still very limited.8

Here, we report a case of MS complicated by three dif-
ferent CNS tumors in which common genetic alterations 
were noted. We further discuss IDH-related tumorigenesis 
with a review of the literature.

Case Report
Tumor 1: Sellar Tumor

A 31-year-old man with diplopia was referred to our 
hospital. He had been diagnosed with MS at 3 years of 
age given multiple enchondromas and a subcutaneous 
hemangioma on his right upper and lower extremities, for 
which he had undergone orthotopic tumor resections for a 
total of eight times. Physical examination revealed abdu-
cens nerve palsy on the right side; functions of the other 
cranial nerves were normal. No abnormal findings were 
seen on serum laboratory testing for pituitary hormones 
and related peptides. Magnetic resonance imaging showed 
a 31-mm mass located in the sellar region with homoge-
neous enhancement after gadolinium administration on 
T1-weighted imaging (Fig. 1A and B). Subtotal resection 
of the enhancing lesion was performed via a transsylvian 
approach given the predominantly suprasellar location of 
the tumor and the differential diagnoses such as chondro-
sarcoma or meningioma (Fig. 1C). Thereafter, the patient’s 
symptoms gradually improved.

Histologically, the tumor consisted of small, mono-
morphous round cells arranged in a papillary and cord-
like manner (Fig. 1D). On immunohistochemistry, tumor 
cells were strongly immunoreactive for synaptophysin and 
chromogranin A (Fig. 1E); the Ki-67 labeling index was 
1% (Fig. 1F). Based on these findings, a diagnosis of non-
functioning pituitary adenoma was made.

While a tiny amount of residual tumor was present on 
postoperative MRI, considering the benign diagnosis, a 
wait-and-see strategy was chosen.

Tumor 2: Brainstem Tumor
The patient underwent an annual imaging checkup af-

ter his first CNS surgery because an intraparenchymal, 
T2-hyperintense, nonenhancing lesion in the pons had 
been pointed out during his first visit (Fig. 2A). After 7 
years from the previous CNS surgery, marked longitudinal 
enlargement of the lesion, as well as formation of another 
tumor in the petroclival area, was noted (Fig. 2B). The le-
sion remained nonenhancing with gadolinium administra-
tion (not shown). Because the clinical course was indolent 
and seemed atypical for diffuse midline glioma, a stereo-
tactic biopsy through the right cerebellar hemisphere was 
performed for diagnostic purposes.

Histologically, the tumor consisted of mildly atypical 
glial cells with naked nuclei and little cytoplasm where 
normal structure interposed (Fig. 2C). The density of the 
atypical cells was relatively low. Mitosis, necrosis, or micro-
vascular proliferation was not observed. The Ki-67 labeling 
index was less than 3%. Owing to histopathological exami-
nation and genetic analysis detailed in Genetic Analysis be-
low (Figs. 2D and E and 4B), we finally made the diagnosis 
of diffuse astrocytoma, IDH mutant, WHO grade II.

Given the diagnosis, treatment with nimustine alone 
was chosen, and radiotherapy was postponed at that time 
because of the possible necessity for subsequent irradia-
tion to the clival lesion. The lesion gradually diminished 
on T2-weighted MRI after eight cycles of nimustine treat-
ment (Fig. 2F).

Tumor 3: Skull Base Osseous Tumor
When the patient was 40 years of age, 21 months after 

the second CNS surgery, his right abducens nerve palsy 
worsened again. MRI demonstrated that the known dor-

FIG. 1. Tumor 1. Sagittal (A) and coronal (B) T1-weighted MR images with gadolinium demonstrate a homogeneously enhancing 
lesion arising from the sella turcica and extending posterosuperiorly. A postoperative image (C) reveals a small amount of residual 
tumor around the stalk, indicating subtotal resection. An H & E–stained section (D) shows tumor cells with monomorphous round 
nuclei in a papillary and cord-like arrangement. Tumor cell staining was strongly positive for the neuroendocrine marker chromo-
granin A (E). The Ki-67 labeling index was 1% (F). Bar = 25 μm (D–E) or 100 μm (F). Figure is available in color online only.
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sal petroclival osseous tumor had grown and expanded 
posteriorly (Fig. 3A and B). Endoscopic transnasal tumor 
resection was performed,9,20 and near-total resection of the 
enhancing lesion was achieved (Fig. 3C).

Histologically, the tumor consisted of atypical cells 
with circular hyperchromatic nuclei and eosinophilic cy-
toplasm in a chondromyxoid background (Fig. 3D). Binu-
cleation was rarely seen and mitosis was not observed. On 
immunohistochemistry, tumor cells stained negative for 
epithelial membrane antigen (EMA). The Ki-67 labeling 
index was approximately 1%. Collectively, the diagnosis of 
chondrosarcoma, WHO grade II was made. Subsequently, 
the patient received radiation at 54 Gy in 27 fractions to 
the brainstem glioma and the residual lesion in the clivus. 
He was stable without any worsening neurological symp-
toms and remained progression free at 18 months after the 
last surgery.

Tumor Material
Tumor samples and paired blood samples were ob-

tained and analyzed according to the institutional guide-
lines for the study of human tissues. Clinical data were 
retrieved from electronic medical records. This study was 
approved by the research ethics committee of The Univer-
sity of Tokyo. The patient provided written informed con-
sent for the genetic analysis. Histological diagnoses were 
made by senior neuropathologists (M.I., T.U., and J.S.) for 
all three tumors according to the WHO classification.

Immunohistochemistry
Sections from formalin-fixed, paraffin-embedded tis-

sue blocks were subjected to H & E staining for histopath-
ological diagnosis and to immunohistochemical analysis, 
using a Ventana BenchMark XT automated immunostain-

er (Roche). We used 3-mm-thick sections according to the 
departmental standard protocol. The following antibod-
ies were applied: synaptophysin (monoclonal, MRQ-40, 
Roche), chromogranin A (polyclonal, 1:500, DAKO), Ki-
67 (monoclonal, MIB-1, DAKO), IDH1 R132H (monoclo-
nal, clone H09, 1:20, dianova), histone H3 K27M (poly-
clonal, 1:200, Merck Millipore), a-thalassemia/mental 

FIG. 3. Tumor 3. Axial (A) and sagittal (B) T1-weighted MR images with 
gadolinium reveal a heterogeneously enhancing lesion protruding into 
the anterior surface of the brainstem. A postoperative axial image (C) 
indicates near-total resection of the contrast-enhancing lesion. An H & 
E–stained section (D) shows atypical cells with circular hyperchromatic 
nuclei and eosinophilic cytoplasm in the chondromyxoid background. 
Binucleation was rarely seen and no mitosis was observed. Bar = 50 μm 
(D). Figure is available in color online only.

FIG. 2. Tumor 2. Axial T2-weighted MR images taken at the patient’s initial visit (A) and 7 years later (B), revealing enlargement of 
the hyperintense lesion in the pons. An H & E–stained section (C) obtained through stereotactic biopsy shows that the tumor con-
sisted of mildly atypical glial cells with naked nuclei and little cytoplasm where normal structure interposed. No obvious high-grade 
features were seen. On immunohistochemistry, tumor cells stained negative for IDH1 R132H (D). ATRX (a-thalassemia/mental 
retardation syndrome x-linked) expression was lost in tumor cells but retained in the endothelium and other normal cells (E). On 
MRI performed after eight courses of chemotherapy, shrinkage of the lesion was observed (F). Magnetic resonance images (B and 
F) indicated that another tumor (tumor 3) had developed in the dorsal petroclivus on the right side. Bar = 25 μm (C–E). Figure is 
available in color online only.
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retardation syndrome x-linked (ATRX; polyclonal, 1:500, 
Sigma-Aldrich), and EMA (monoclonal, E29, Roche).

Genetic Analysis
The QIAamp DNA Mini Kit (Qiagen) was used to 

extract genomic DNA from fresh-frozen tumor samples 
(tumors 1–3) and from a blood sample, according to the 
manufacturer’s protocols. The presence of hotspot muta-
tions in IDH1 (R132), IDH2 (R172), and the telomerase 
reverse transcriptase (TERT) gene promoter (C228 and 
C250) was assessed on each sample using Sanger se-
quencing. An aliquot of genomic DNA was amplified by 
polymerase chain reaction using previously reported oligo 
primers.3,15 Sequencing was performed by FASMAC Co. 
Ltd., who used the Applied Biosystems 3730xl or 3130xl 
DNA analyzer (Thermo Fisher Scientific). Loss of hetero-
zygosity on chromosomes 1p and 19q was examined for 
the second tumor (tumor 2) using microsatellite analysis, 
as described previously.22

Sanger sequencing for IDH1/2 demonstrated that the 
missense mutation IDH1 R132C (c.394 C > T) was shared 

among all three tumors (Fig. 4A–C). No IDH2 mutations 
were detected. Both IDH1 and IDH2 were wild type in 
blood DNA (Fig. 4D), supporting the hypothesis that the 
major pathogenesis of MS is IDH somatic mosaic muta-
tion.

Along with IDH1 mutation and ATRX loss (Fig. 2E) 
and negative staining of histone H3 K27M on immuno-
histochemistry, retention of chromosome 1p and 19q in 
microsatellite analysis confirmed the diagnosis of diffuse 
astrocytoma, IDH mutant in tumor 2. By contrast, ATRX 
expression was retained in the other two tumors (not 
shown). In these two ATRX-intact tumors, TERT promot-
er mutation status was also explored and judged as wild 
type in both samples (Table 1). MGMT promoter meth-
ylation status was not examined, even for the brainstem 
glioma, owing to the lack of sufficient tissue to perform 
the assessment.

Discussion
To our knowledge, this is the first report of MS compli-

cated by three different CNS tumors that shared the IDH1 
R132C mutation. While MS and OD cases can involve 
multiple CNS tumors, previous reports have lacked evi-
dence of genetic commonality among tumors.18,19 The cur-
rent case may help us to gain new insight into IDH-related 
tumorigenesis in these diseases.

Compared with glioma and chondrosarcoma, little 
is known about the role that IDH mutation plays in the 
pathogenesis of pituitary adenoma. Several investigators 
have failed to demonstrate IDH mutations in pituitary 
adenomas using immunohistochemistry and/or genetic 
analyses,5,6,13 suggesting that IDH mutations play a limited 
role in the pathogenesis of sporadic pituitary adenomas. 
Hao et al. recently illustrated an MS case accompanied by 
an intracranial chondrosarcoma and a pituitary adenoma, 
both of which harbored the common IDH1 R132C muta-
tion.8 Prior to the present case, to the best of our knowl-
edge, theirs was the only report on pituitary adenoma in 
which the IDH1 mutation was genetically demonstrated. 
Additionally, they reviewed twelve previously reported 
MS cases with pituitary adenoma, but all lacked genetic 
exploration. However, the clear evidence of IDH1 muta-
tion in pituitary adenomas in those two cases, the high 
incidence of this tumor in MS and OD, and the proposed 
model that IDH1/2 somatic mosaic mutation is the main 

TABLE 1. Pathological and molecular characteristics of the three tumors

Variable Tumor 1 Tumor 2 Tumor 3 Normal (blood)

Histological diagnosis Pituitary adenoma Diffuse astrocytoma, IDH mutant, grade II Chondrosarcoma, grade II
IDH1 R132H (IHC) NA Negative NA
IDH1 (Sanger) R132C (c.394C > T) R132C (c.394C > T) R132C (c.394C > T) Wild type
IDH2 (Sanger) Wild type NA Wild type Wild type
ATRX (IHC) Retained Lost Retained
1p19q (microsatellite analysis) NA Intact NA
TERT promoter (Sanger) Wild type NA Wild type

IHC = immunohistochemistry; NA = not available.

FIG. 4. Sanger sequencing for IDH1 on the three tumors (pituitary 
adenoma, A; brainstem diffuse astrocytoma, B; skull base chondrosar-
coma, C) and normal DNA (D). IDH1 c.394C > T (R132C) alteration was 
consistently demonstrated on all three tumors. On the other hand, IDH1 
codon 132 sequence in the DNA from peripheral blood sample was con-
firmed to be wild type (D). Figure is available in color online only.
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cause of these diseases collectively suggest that IDH mu-
tation contributes to the pathogenesis of pituitary adeno-
mas, at least under such particular circumstances.

However, subsequent genetic events of IDH mutation in 
tumorigenesis in MS and OD remain unclear. In gliomas, 
mutations in TP53 and ATRX are supposed to be very 
early events following IDH mutation in tumorigenesis in 
grade II–III IDH-mutant astrocytomas.21 Indeed, ATRX 
loss on immunohistochemistry was observed in tumor 2 in 
the current case. This observation is in contrast to ATRX 
retention in tumors 1 and 3. Considering the mutual ex-
clusivity with ATRX mutation, we then looked for TERT 
promoter hotspot mutations (C228 and C250) in tumors 1 
and 3 but identified both as wild type. Similarly, Moriya 
et al. described an MS case with enchondromas, cutane-
ous hemangioma, and anaplastic astrocytoma, in which 
the IDH2 R172S mutation was shared among those tu-
mor samples, but a TP53 missense mutation was detected 
exclusively in the astrocytoma.14 These findings indicate 
that genetic events subsequent to IDH1/2 mutation are not 
shared between gliomas and other types of tumors in MS 
and OD.

Epigenetic changes may precede genetic ones as events 
leading to tumorigenesis in IDH-mutant tumors. The 
IDH1/2 mutant enzymes convert a-ketoglutarate (aKG) 
into D-2-hydroxyglutarate (D2HG), which is considered 
an oncometabolite and competitively inhibits the enzy-
matic activity of many aKG-dependent dioxygenases: 1) 
inhibition of KDM6A and JmjC domain-containing de-
methylases leads to histone dysregulation; 2) inhibition 
of TET2 brings genome-wide DNA hypermethylation; 
and 3) inhibition of prolyl hydroxylase domain (PHD) 
triggers aberrant angiogenesis through upregulation of 
hypoxia-inducible factor 1-alpha (HIF-1a).4,7,12,24 Amary 
et al. reported that among 40 individuals with MS or OD, 
IDH-mutant chondrosarcomas contained significantly 
higher levels of D2HG compared to their IDH wild-type 
counterparts, implicating it as an oncometabolite in these 
tumors.2 At the same time, Pansuriya et al., using Illu-
mina HumanMethylation27 BeadChip analysis, showed 
that seven of eight IDH-mutant enchondromas in MS and 
OD cases were comparable to the CpG island methylator 
phenotype (CIMP).16 They argued that genome-wide hy-
permethylation and downregulated expression of several 
genes induced by mutant IDH and elevated 2HG play a 
crucial role in tumorigenesis in MS and OD. In addition, 
Hirata et al. argued that IDH1 mutation or elevated D2HG 
was sufficient to develop enchondroma-like lesions by up-
regulation of hedgehog signaling pathways in their IDH1 
conditional knock-in mouse model.10 Comprehensive ge-
netic and epigenetic analyses on those different tumors of 
MS and OD will yield important insight into IDH-related 
tumorigenesis, raising hope for the development of mo-
lecular targeted agents in the treatment of MS and OD.

Conclusions
In summary, for the first time, we have demonstrated a 

shared IDH1 R132C mutation among three different CNS 
tumors in a single MS case. Our findings support the hy-
pothesis that the single common IDH1 mutation triggers 

tumorigenesis in cells of different origin at different lo-
cations in a somatic mosaic fashion in MS and OD. Be-
cause no subsequent shared genetic events were identified 
among the three tumors from our limited analyses, further 
comprehensive investigation is warranted to uncover IDH-
associated tumorigenesis.
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