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Abstract
Metaphyseal chondromatosis with D-2-hydroxyglutaric aciduria (MC-HGA) (OMIM 614875) is a severe chondrodysplasia
combined with a urinary excretion of D-2-hydroxyglutaric acid. Here, we reported the tenth case of this disease. A 15-year-
old boy had symmetric radiolulencies in the metaphyses of the long bones suggesting enchondromatosis and platyspondyly.
Remarkably, he manifested widespread cavernous hemangiomas including scalp, lips, tongue, larynx, and prepuce, with the
onset of 3 years of age. Hemangiomas at the larynx had caused dyspnea and those in the oral cavity led to recurrent bleeding,
requiring several surgical removals. These multiple and debilitating hemangiomas have never been previously reported in
patients with MC-HGA. Mutation analyses including Sanger sequencing of genes involving in enchondromatosis and the
metabolic pathway of D-2-hydroxyglutarate including PTHR1,D2HGDH,HOT, and IDH1, as well as whole-exome sequencing
for proband-parent trio analysis and paired blood versus hemangioma studies showed no pathogenic variants. In summary, we
reported the tenth patient withMC-HGAwhomanifested widespread and debilitating hemangiomas in several organs, expanding
the clinical spectrum of MC-HGA.
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Introduction

Metaphyseal chondromatosis with D-2-hydroxyglutaric
aciduria (MC-HGA) (OMIM 614875) is a rare disease with
severe chondrodysplasia and a urinary excretion of D-2-
hydroxy-glutaric acid [1]. Until now, nine patients have been
reported [1–5]. In 2011, Vissers et al. performed exome se-
quencing of blood DNA in four unrelated patients, and two of

themwere found to be somatic mosaic for mutations p.R132H
and p.R132S in IDH1 [1].

Case report

The patient was a Thai boy presented to King Chulalongkorn
Memorial Hospital for the first time at 16 months of age be-
cause of an abnormal gait. He was the first child of non-
consanguineous parents and there was no family history of
this disease. Physical examination revealed normal height
and weight, but enlarged wrists, broadening and shortening
of fingers (Fig. 1), and a malformed right ankle. At 2 years
of age, he developed knock knees, pectus carinatum, scoliosis
and enlarged shoulders, elbows, wrists, and all proximal and
distal interphalangeal joints. He had strabismus of the right
eye when he was four.

The X-ray of his chest and extremities at the age of
16 months showed multiple calcified expanding radiolucent
lesions at the ends of long bones. At the age of 7 years (Figs. 2,
3, and 4), the posteroanterior chest radiograph revealed bul-
bous, expansive costovertebral junctions at several levels to-
gether with stippled calcification in the area of noncalcified
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costal cartilages. Both proximal humeri also showed splaying
columns of lucencies and streaks through the metaphyses as-
sociated with punctate calcifications in the area of deficient
ossification. On the anteroposterior radiograph of the abdo-
men and pelvis, the levoconvex scoliosis of the thoracolumbar
region was observed. There were mild platyspondyly, mild
irregularities of the endplates, and speckled calcification.
The presence of multiple enchondromas with platyspondyly
is known as spondyloenchondrodysplasia [6]. There were
multiple columnar lucencies at bilateral iliac crests with dot-
like calcifications at nonossified iliac apophyses. The shallow
and irregular acetabuli without narrowed sciatic notches were
noted. The epiphyses of bilateral femora appeared normal.
The radiographs of left arm, right wrist, both hands, both legs,
left ankle, and left foot exhibited the same abnormalities,
which were uneven, bulbous expansive metaphyses of long
bones as well as irregular lucencies of metaphyses inter-
spersed with stippled calcification. Some fingers revealed bul-
bous enlargement and streaks of lucencies through the
metaphyses. Shortening of metacarpal and metatarsal bones
was also observed.

At the age of 3 years, multiple dark purple masses (the
estimated size 0.5 × 0.5 cm to 1 × 1 cm) appeared at the tip
of prepuce, the right popliteal fossa, and the back of the left
thigh. At that time, these masses were asymptomatic and con-
servative treatment was initiated. Subsequently, a biopsy of
the masses was performed and the histopathology revealed
hemangiomas. Their number and sizes increase with age. At
6 years old, hemangiomas spread through all of the patient’s

body, back, neck, arms, legs, and scrota (Fig. 1). When he was
12 years old, he had obstructive sleep apnea and hoarseness.
Bronchoscopy revealed laryngeal hemangiomas, which orig-
inated from the right true vocal cord and anterior commissure
and extended to the subglottic area. Four surgical removals
were required during the ages of 12 and 14 years. At 13 years
of age, hemangiomas had been increasing in size and number
including those at bilateral alar nasi, left columella, oral com-
missure, arms, and legs (Fig. 1b, c, e). These masses became
more painful. As a result, surgical excision of the masses was
performed without complications. The histopathological ex-
amination revealed hemangiomas. At his last follow-up visit,
at 15 years of age, he was 127 cm tall (P < 3rd centile).

His cognitive development was normal. At 15 years of age,
he could read books, speak normally, and do proper mathe-
matics. He was the second child of non-consanguineous par-
ents. No other family members had similar manifestations.

MRI of the brain at the age of 13 years showed expan-
sive clivus and lesions at bilateral posterior clinoid pro-
cesses associated with heterogeneous enhancing soft tis-
sue masses with cystic components, corresponding with
enchondroma causing pressure to adjacent structures.
Echocardiography and ultrasonography of the kidneys
performed at the ages of 7 and 12 years, respectively,
were unremarkable.

Urine organic acid analysis of the patient showed an ele-
vated excretion of D-2-hydroxyglutaric acid (1848 mmol/mol
creatinine; normal range, 2.8–17). L-2-hydroxyglutaric acid
excretion was within the normal range. His parents had

Fig. 1 Clinical manifestations. a
At age 6 years, he showed pectus
carinatum, deformed limbs, and
short stature. b Multiple
hemangiomas were seen at
perioral area and ala nasi. c The
patient’s hands showed
broadening and shortening of
fingers
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normal excretions of both compounds. Karyotyping at a res-
olution of 400 bands showed normal 46, XY.

After informed consent was obtained, genomic DNA and
RNA were isolated from peripheral leukocytes according to
standard protocols. We sequenced genes related to isolated
enchondromatosis and isolated D-2-hydroxyglutaric aciduria
by Sanger sequencing. These included the p.R150C mutation
of PTHR1, the coding regions of D2HGDH, HOT [7], and
IDH1. No causative variants were identified; we then did
whole-exome sequencing (WES) of the patient using DNA
from his leukocytes and a hemangioma, and his parents. The
samples were sent to Macrogen, Inc. (Seoul, Korea). Four μg
of DNA samples were enriched by SureSelect Target
Enrichment System and were sequenced onto Illumina
Hiseq 4000. The raw data per exome were mapped to the
human reference genome hg19 using Burrows–Wheeler
alignment. Variants calling were detected with GATK. A total
yield of 5.7–7.5 Gb per exome was achieved. The percent of

on-target reads is 75.8–77.2 and the mean depth of target
regions is 62.8–81.7X per exome. For trio-exome analysis,
we explored de novo variants in the coding regions using
InteractiVenn [8] and Golden Helix Genome Browse™.
However, no likely pathogenic variants were found. For
WES of a hemangioma and leukocytes of the patient, we
searched for different variants or zygosity. No likely patho-
genic variants were identified.

Discussion

We reported the tenth case of MC-HGA, confirmed by radio-
graphs, demonstrating metaphyseal enchondromatosis and
spondyloenchondromatosis as well as elevated concentrations
of urine 2-hydroxyglutaric acid [1–5]. Our patient was found
to have enchondromatosis and D-2-hydroxyglutaric aciduria
at 16 months of age. At about 3 years of age, hemangiomas

Fig. 2 Plain radiographs of the patient at 7 years of age. a The
posteroanterior chest radiograph revealed bulbous, expansive
costovertebral junctions at several levels together with stippled
calcification in the area of noncalcified costal cartilages. Bilateral
proximal humeri also showed splaying columns of lucencies and
streaks through the metaphyses associated with punctate calcifications
in the area of deficient ossification. b-c The radiographs of the spine
and pelvis showed levoconvex scoliosis of the thoracolumbar region

with mild platyspondyly, mild irregularities of the endplates, and
speckled calcification, i.e., spondyloenchondromatosis, which was more
pronounced at the lumbar spine. There were multiple columnar lucencies
at bilateral iliac crests with dot-like calcifications at nonossified iliac
apophyses. Shallow and irregular acetabuli without narrow sciatic
notches were observed. The speckled calcification (arrows) is cartilage
calcification in a typical Brings and arcs^ pattern. Vertical streaks of
lucencies represent columns of cartilages
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developed and progressed. If the patient was considered to
have enchondromatosis with D-2-hydroxyglutaric aciduria, he
would be the tenth of such cases and the first with widespread
hemangiomas. If hewas considered to haveMaffucci syndrome
(hemangiomatosis with multiple enchondromatosis), he would
be the first having such a syndrome with D-2-hydroxyglutaric
aciduria. Whether other patients with Maffucci syndrome do
not have D-2-hydroxyglutaric aciduria or they did not undergo
the test to determine the presence of D-2-hydroxyglutaric acid
awaits further studies. In any case, our patient is the first who
has all the three main features of enchondromatosis, D-2-
hydroxyglutaric aciduria, and widespread hemangiomas.

All reported patients with enchondromatosis and D-2-
hydroxyglutaric aciduria presented with limb shortening,
bulbous metaphyses, short metacarpals/metatarsals, short
phalanges, hand anomalies, and difficulty in walking.
Most patients developed short stature and genu valgum/
varum. Developmental delay, visceral abnormalities, CNS
abnormalities, scoliosis, platyspondyly/irregular endplates,
and narrow sciatic notches have been found in about half
of the patients (Table 1).

The radiographic findings of our case are similar to
the two prior well-described imaging studies [3, 5].
These abnormalit ies include bulbous, expansive
costovertebral junctions and metaphyses of long bones
with stippled calcification in the area of noncalcified car-
tilages. Splaying columns of lucencies and streaks
through the metaphyses of long bones and bilateral iliac
crests associated with punctate calcifications in the area
of deficient ossification are observed. There are also
levoconvex scoliosis of the thoracolumbar region with
mild platyspondyly, mild irregularities of the endplates,
and speckled calcifications. Shallow and irregular
acetabuli, but normal sciatic notches and normal epiphy-
ses of bilateral femora, are included.

Fig. 3 Radiographs of the upper extremities. The radiographs of a left
arm, b right wrist, and c both hands exhibited bulbous expansive
metaphyses of long bones as well as irregular lucencies of metaphyses
interspersed with stippled calcification. Some fingers revealed bulbous
enlargement and streaks of lucencies through the metaphyses. Again
noted, the speckled calcification (arrows) is cartilage calcification in a
typical Brings and arcs^ pattern. Vertical streaks of lucencies represent
columns of cartilages

Fig. 4 Radiographs of the lower extremities. The radiographs of a both
legs, b left ankle, and c left foot revealed splaying and enlargement of the
metaphyses of the fibulae and metatarsal bones with irregular

radiolucencies and stippled calcification, which were cartilage
calcification (arrows). There was also scattering spot calcification in
non-calcified cartilage of tarsal bones (arrows)
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Of these ten reported cases, our patient is the only one with
hemangiomas in several organs. A previous study reported
hemangiomas on hands [3]. These widespread lesions are pro-
gressive and laryngeal hemangiomas could lead to obstructive
sleep apnea and hoarseness while those in the oral cavity
could cause recurrent bleeding. However, the presence ofmul-
tiple enchondromas combined with multiple hemangiomas is
known as Maffucci syndrome [6].

Previous reports showed that most patients had normal
cognitive function, similar to our patient [1–3, 5] (Table 1).
The only patient with microcephaly and intellectual disability
was reported by Vissers et al. [1].

We did Sanger sequencing for genes related to isolated
enchondromatosis and isolated D-2-hydroxyglutaric aciduria.
These included a hotspot mutation p.R150C, of PTHR1 found
in two of six individuals with Ollier enchondromatosis [9]; all
coding regions of D2HGDH, a causative gene of D-2-
hydroxyglutaric aciduria [10]; all coding regions of HOT, a
gene encoding hydroxyacid-oxoacid transhydrogenase in-
volved in the formation of D-2-hydroxyglutarate and metab-
olism of 4-hydroxybutyrate [7]; and all coding regions of
IDH1, a gene encoding isocitrate dehydrogenase 1 (NADP+
) catalyzing D-isocitrate to alpha-ketoglutarate [1]. Two of
four patients with MC-HGA were previously found to have
mutations in the IDH1 gene [1]. However, no pathogenic mu-
tations were identified in our patient.

We subsequently performed WES using DNA extracted
from leukocytes of the patient and his parents. De novo vari-
ants were looked for but no likely pathogenic variants were

detected. We also did WES using DNA extracted from the
patient’s hemangioma. Variants with different zygosity, espe-
cially those with loss of heterozygosity, and different variants
between the leukocytes and the hemangioma suggesting a
somatic mutation, were sought after. Unfortunately, no likely
pathogenic variants were found.

In conclusion, we reported the tenth patient with MC-HGA
who manifested widespread and debilitating hemangiomas in
several organs, expanding the clinical spectrum of MC-HGA.
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