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ABSTRACT
Autosomal‐dominant myopathic disorder associated with diaphyseal medullary stenosis with malignant fibrous
his ocytoma (DMS‐MFH) is characterized by myopathy, bone fragility, and osteosarcoma. DMS‐MFH was recently
associated with muta ons in the methylthioadenosine phosphorylase gene (MTAP). MTAP is a ubiquitously expressed
enzyme crucial for polyamine biosynthesis. Two disease‐causing muta ons have been iden fied in MTAP: c.813‐2A>G
and c.885A>G, both of which result in dysregulated alterna ve splicing of MTAP isoforms. Here, we report on
myopathy in two cousins with the c.813‐2A>G muta on. Both developed a progressive limb‐girdle type myopathy at
age 30 years. To our knowledge, we are the first group to characterize the myopathy associated with DMS‐MFH,
discovering varied muscle fiber size, degenera on, and increased centralized nuclei. In this report, expression levels of
transac ve response DNA‐binding protein (TDP)‐43, light chain (LC)3‐I/II, and p62/sequestome 1 (SQSTM1) in the
muscle fibers were increased, sugges ng a possible dysregula on of autophagy. Elucida on of the pathologic
mechanism(s) in DMS‐MFH oﬀers the poten al to uncover key molecular signaling pathways and the promise of novel
future treatments.
INTRODUCTION
Diaphyseal medullary stenosis with malignant fibrous
his ocytoma (DMS‐MFH) (MIM 112250) is an autosomal‐
dominant syndrome characterized by myopathy, bone
fragility, and osteosarcoma.1–5 Pa ents with this disorder
experience limb‐girdle myopathy, fractures, defec ve
healing of long bones, cor cal growth abnormali es,
presenile cataracts, poten al coronary artery disease,
and osteosarcoma.1–8 The bone pathology begins in
childhood and aﬀects ~90% of DMS‐MFH individuals.7,8 It
has a unique bone‐dysplasia phenotype and is
characterized by cor cal growth abnormali es, including
diﬀuse diaphyseal medullary stenosis with overlying
endosteal cor cal thickening and metaphyseal stria ons,
and sca ered bone infarc ons.8 Osteosarcomas/
malignant fibrous his ocytomas develop in ~35% of
individuals with DMS.1,3–5 Progressive muscle weakness
aﬀects ~70% of members of families with DMS‐MFH,
with onset in the 20s or 30s.7,8 The myopathic phenotype
aﬀects a significant por on of the DMS‐MFH popula on
and is characterized in this report.
The cause of this disorder was mapped, by Mar gne et
al1 in 1999, to chromosomal region 9p21–22, establishing
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a disease gene 2.9‐Mb cri cal region between markers
D9S736 and D9S171.3 A number of DMS‐MFH candidate
genes were originally screened, including the
methylthioadenosine phosphorylase gene (MTAP; MIM
156540). Ini ally, MTAP had been thought to consist of
eight exons and seven introns9; however, Camacho‐
Vanegas et al in 2012 iden fied muta ons in the
previously unknown terminal exons of the MTAP gene.10
They found that all aﬀected members of five unrelated
DMS‐MFH families possessed one of two synonymous
muta ons, one located within exon 9, c.885A>G, and the
other upstream of exon 9 in the intron splicing boundary,
c.813‐2A>G. These muta ons result in exon skipping and
subsequent loss of exon 9 in alterna vely spliced,
biologically ac ve isoforms.10 MTAP is a ubiquitously
expressed enzyme that plays a crucial role in the salvage
pathway for adenine and methionine in all ssues.11,12
This dysregulated expression of the MTAP splice variants
has an eﬀect on overall MTAP enzyma c ac vity because
increased levels of MTA have been found in the serum of
aﬀected DMS‐MFH pa ents10; however, how this
dysregula on aﬀects the pathophysiology remains
unclear. In this report, we examine myopathy, MTAP
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splice variant expression, and pathologic mechanism(s) in
two cousins with a c.813‐2A>G muta on aﬀected by limb
‐girdle myopathy caused by DMS‐MFH.

coordina on. His crea ne phosphokinase concentra on
was 498 U/L (normal, 20–220 U/L), and nerve conduc on
studies were normal.

CASE REPORT

Also at 31 years, needle electrode examina on in several
muscle groups revealed fibrilla on poten als and short‐
dura on small‐amplitude polyphasic motor unit
poten als in the biceps and brachioradialis on the le
side. Subtle changes were noted in the triceps and
deltoid, consistent with a myopathic process. These
findings are not sugges ve of amyotrophic lateral
sclerosis or any neurogenic process, and nerve
conduc on studies were normal bilaterally. A muscle
biopsy specimen showed no abnormal muscle fiber type
grouping, atrophy, regenera ng, or "ragged" red fibers.
No increase in fat or connec ve ssue and no structural
abnormality of the fibers were seen. Staining for
glycogen, periodic acid Schiﬀ (PAS), desmin, nico namide
adenine dinucleo de + hydrogen (NADH), adenosine
triphosphatase (ATPase), and Gomori trichrome were all
normal. However, myopathy was confirmed on
electromyography and clinical examina on despite the

Clinical History: Case A, V:7
We report a 45‐year‐old white man with a deteriora ng
course of muscle strength, bone fragility, and
osteosarcoma, leading to early death (Figure 1, individual
V:7). The pa ent had had 22 fractures throughout his life,
including in the bia, fibula , wrists, hands, shoulder, and
femur. He experienced chronic pain disorder largely due
to these fractures. At the age of 31 years, he was found
to have myopathy, with weakness and atrophy in his
biceps, brachioradialis, wrist extensors, and facial
muscles. His motor strength, as graded using the Medical
Research Council (MRC) scale, was 4 or 4+/5 in most
muscle groups: neck flexors, deltoids, triceps, wrist
extensors, hip flexors, knee extensors, and ankle
dorsiflexors. His reflexes were graded as 1 to 2+ in the
knees and upper extremi es, and he had normal

Figure 1. Pedigree of a diaphyseal medullary stenosis with malignant fibrous his ocytoma (DMS‐MFH)‐aﬀected
family. A DMS‐MFH–aﬀected family with hereditary bone dysplasia/osteosarcoma and limb girdle muscular dystro‐
phy. All aﬀected family members have muta on c.813‐2A>G located in the intron region on a splicing boundary re‐
gion resul ng in the dysregula on of methylthioadenosine phosphorylase (MTAP) splice variants. The muta on
analysis was performed, with informed consent from all pa ents and unaﬀected family members, at the laboratory
at Icahn School of Medicine at Mount Sinai, New York, New York.
Journal of Rare Disorders Vol. 2, Issue 1, 2014

9

The Journal of

Rare

DISORDERS

muscle biopsy specimen showing no pathology. It is likely
that the biopsy specimen was taken too early in the onset
of myopathy. The myopathy was concluded to have been
most likely facioscapulohumeral dystrophy, or limb‐girdle
muscular dystrophy.
At the age of 44 years, the pa ent's MRC scale grades of
strength of his neck flexors were 4/5; deltoids were
graded at 4–/5; he had very li le strength in his biceps,
which were graded at 2/5; and his triceps were graded at
4+/5. His cardiovascular examina ons by chocardiography
and electrocardiography were normal. Also at age 44
years, the pa ent developed acute pain in his right bia,
which was incorrectly a ributed to his fractures;
magne c resonance imaging revealed a large lesion
present in his right proximal bia that measured 11 cm by
up to 6 cm (Figure 2A). A biopsy revealed a high‐grade
Stage III osteosarcoma. The pa ent underwent three
cycles of chemotherapy with cispla n and doxorubucin.
The osteosarcomal mass in the proximal right bia,
however,
progressed
despite
chemotherapy.
Subsequently, follow‐up imaging showed a new lesion on
the thoracic spine at T8. The pa ent’s right leg was
amputated just above the knee, and a biopsy specimen of
the T8 lesion revealed that it was a metasta c
osteosarcoma. The pa ent died a year later, at the age of
45 years, from complica ons due to the metastasis of this
osteosarcoma.
Clinical History: Case B, V:1
We report a 53‐year‐old white female pa ent (Figure 1,
individual V:1), the cousin of case A with the familial
disease. As a child, she had had bruising but seemed to
have no problems with the healing of superficial cuts. At
age 18 years, inves ga on of her bruising led to a
diagnosis of type 1 von Willebrand disease, based on a
low von Willebrand an gen level of 0.26 U (normal, >0.50
U). By age 30 years, the pa ent had developed graying
hair and was experiencing proximal muscle weakness,
back pain, and numbness in her hands. At age 35 years,
she found climbing stairs to be diﬃcult from the muscle
weakness. A physical examina on demonstrated bilateral
muscle weakness in her legs; however, she demonstrated
no weakness in her shoulder girdle or arms. She had
asymmetric weakness in the hip flexors, with an MRC
grade of 2 on the right and 4 on the le , and most of the
other muscle groups demonstrated an MRC grade of 4– or
4. Her reflexes were all normal. The pa ent's crea ne
phosphokinase concentra on was 75 U/L (normal, 20–
220 U/L).
Journal of Rare Disorders Vol. 2, Issue 1, 2014

At this me, the pa ent was also diagnosed with type 2
diabetes mellitus. Due to the con nued muscle weakness,
at age 36 years, the pa ent had a muscle biopsy specimen
obtained from her right quadriceps, and histology
revealed normal variability in muscle fiber size and shape,
with no muscle fiber type grouping, atrophy, or ragged
red fibers seen, and normal staining for glycogen, ATPase,
and Gomori trichrome. There was prominent lipid staining
in many muscle fibers, which was dismissed as possibly
related to the diabetes. Immunohistochemical studies for
dystrophin showed normal sarcolemmal localiza on of
the three dystrophin domains.
At age 40 years, the pa ent con nued to experience
progressive muscle weakness and had stopped all
exercise ac vi es. At the age of 44 years, a second muscle
biopsy specimen obtained from the right quadriceps
revealed extensive areas of fat replacement of muscle
and groups of atrophic fibers. Staining for glycogen, PAS,
desmin, NADH, ATPase, and Gomori trichrome were all
normal. At age 47 years, the pa ent had developed
chronic osteomyeli s of the right femur due to methicillin
‐sensi ve Staphylococcus aureus infec on. Her
progressive muscle weakness was exacerbated by her
inac vity related to the fracture. At this point, she was at
40% weight‐bearing with a walker and crutches. At age 51
years, she experienced another subtrochanteric fracture
of her right femur, and during surgery a muscle biopsy
specimen from her right quadriceps was obtained (Figure
2).
Characteriza on of Muscle Pathology
In case B, muscle pathology was characterized by
histopathology, and in case A, by biochemical analysis
(western blot). The muscle biopsy was obtained from the
right quadriceps in case B at age 51 years, at the me of
the right subtrochanteric fracture. H&E staining of the
muscle demonstrated fiber size variability, increased
centrally located nuclei, degenera on and regenera on of
muscle fibers, large‐scale atrophy, and extensive areas of
fat replacement. No areas of inflamma on were observed
(Figure 2, B and C). Trichrome staining analysis did not
reveal any evidence of ragged red fibers (data not shown).
A muscle biopsy specimen revealed normal glycogen
staining, normal checkerboard‐type distribu on with
ATPase
staining,
and
normal
sarcolemmal
immunolocaliza on of the three dystrophin domains
(data not shown). To further explore disease mechanisms,
we examined the ubiqui n proteasome and autophagy
pathways, as these pathways have been shown to be
10
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Figure 2. Analysis of quadriceps and osteosarcoma ssues in two diaphyseal medullary stenosis with malignant fi‐
brous his ocytoma (DMS‐MFH)‐aﬀected cousins. A, Magne c resonance image of a large (11 × 6‐cm) osteosar‐
coma (arrow) in the right proximal bia (case A). B and C, Quadriceps muscles from case B (V:1), stained with H&E.
Scale bars = 250 µm (B) and 100 µm (C). Control and case B (V:1) were stained with autophagy markers an ‐p62/
sequestome 1 (SQSTM1) (D), transac ve response DNA‐binding protein (TDP)‐43 (E), and light chain (LC)3‐I/II‐
specific an bodies (F). Scale bar = 10 µm. G, Upper panel, Densitometry confirming Western blot levels in case A
(V:7); lower panel , western blot analysis of p62/SQSTM1, TDP‐43, and LC3‐I/II in case A (V:7) were increased com‐
pared with those in the healthy control. H, MTAP splice variant expression of MTAP, MTAP_v2, MTAP_v3, and
MTAP_v4 in quadriceps and osteosarcoma ssues from case A (V:7). Data are mean (SE). *P < 0.05; **P < 0.005.
dysregulated in valosin‐containing protein–associated
diseases (eg, inclusion body myopathy associated with
Paget disease of bone and frontotemporal demen a
[IBMPFD]) with several similari es to DMS‐MFH.10,11
Immunohistochemistry of the quadriceps muscles in case
B revealed increased autophagy marker expression levels
of p62/SQSTM1, TDP‐43, and LC3‐I/II compared with
those in healthy control muscle (Figure 2, D–F). This was
also shown in case A by western blot analysis and was
confirmed by densitometry (Figure 2G).
Disrup on of MTAP Splice Variants in Two Cousins with
DMS‐MFH
To analyze the expression pa erns of the MTAP splice
Journal of Rare Disorders Vol. 2, Issue 1, 2014

variants in these two DMS‐MFH–aﬀected cousins, we
quan fied the mRNA levels in muscle and tumor ssue
samples. ANOVA revealed the muscle ssue sample from
case A with unaﬀected levels of wild‐type MTAP, whereas
MTAP_v2 was significantly downregulated in both muscle
(P = 0.002) and osteosarcoma (P = 0.001), and MTAP_v3
was significantly upregulated in the muscle sample (P =
0.012); however, MTAP_v3 was not upregulated in the
osteosarcoma (Figure 2H). The diﬀerence in MTAP_v3
levels in case A quadriceps and osteosarcoma could
possibly be explained by a loss of heterozygosity, with the
MTAP gene being deleted in one allele in the
osteosarcoma—a common occurrence with tumor
suppressor genes in several types of malignant tumors.
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DISCUSSION

myopathy, bone dysplasia, and osteosarcoma.

DMS‐MFH is an autosomal‐dominant syndrome
characterized by myopathy, bone fragility, and
osteosarcoma, caused by muta ons in the MTAP gene.
Aﬀected family members were first clinically described
by Henry et al2 in 1958 as having histologic evidence of
an irregular osteopetro c process with coarse
trabecula on with osteosarcoma, a rare complica on of
Paget disease of bone. The human MTAP locus on
chromosome 9p21 is one of the most frequently soma c,
hypermethylated, translocated, and/or deleted regions in
human cancer. Several types of human tumors are
deficient soma cally in MTAP, including non–small‐cell
lung cancers13; hepatocellular carcinomas14; and, highly
relevant to this disease, osteosarcomas.15,16

CONCLUSIONS

In this case study, we inves gated the expression of the
MTAP splice variants within this family with the c.813‐
2A>G muta on and found upregula on of MTAP_v3. We
did not find a diﬀerence in expression with MTAP_v6, as
was previously reported in a family with the c.885A>G
muta on.10 We characterized the myopathy of DMS‐
MFH, finding variability in fiber size, increased centrally
located nuclei, degenera on of muscle fibers, and fa y
replacement of muscle.
Due to the crucial role of MTAP in cancer suppression,
the rela onship between cancer growth and autophagy
inhibi on,17 and the pathologic similari es between DMS
‐MFH and IBMPFD,10 we decided to inves gate the
autophagy pathway in DMS‐MFH. We discovered
increased expression of several autophagy markers in the
two aﬀected individuals in this case study, making it
plausible that the autophagy cascade is crucial in the
pathophysiology of ssue damage seen in this disease.
Several papers have been published demonstra ng that
there were changes in levels of polyamines and amino
acids, which may influence autophagy in normal cells,
and that a disrup on in the autophagy cascade may
cause damage to these cells.18–20 Autophagy has been
postulated as a pathogenic event in several muscle
disorders.21–25 Poten al therapies for pa ents with MTAP
related disease may also include carbamazepine,
tamoxifen, and rapamycin compounds, which have been
demonstrated to influence autophagy in experimental
systems.26–28 Future transla onal metabolomics studies
using in vitro disease modeling of DMS‐MFH disease and
inves ga on of the genomic regula on of the splice
variants of MTAP will determine their associa on with
Journal of Rare Disorders Vol. 2, Issue 1, 2014

Autosomal‐dominant myopathic disorder associated with
DMS‐MFH is characterized by myopathy, bone fragility,
and osteosarcoma associated with muta ons in the
MTAP gene. Here, we report on the myopathy in two
cousins with DMS‐MFH. They developed a progressive
limb‐girdle type myopathy at age 30 years. We
characterized the myopathy associated with DMS‐MFH,
discovering varied muscle fiber size, degenera on, and
increased centralized nuclei. The expression levels of LC3
‐I/II and p62/SQSTM1 in the muscle fibers were
increased, sugges ng a possible dysregula on of
autophagy. Elucida on of the pathologic mechanism(s) of
DMS‐MFH oﬀers the poten al to uncover key molecular
signaling pathways and the promise of novel future
treatments.
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