Calcified Tissue International (2019) 105:215-221
https://doi.org/10.1007/500223-019-00565-6

ORIGINAL RESEARCH q

Check for
updates

Melorheostosis and Osteopoikilosis Clinical and Molecular Description
of an Italian Case Series

Maria Gnoli'® . Eric Lodewijk Staals® - Laura Campanacci’ - Maria Francesca Bedeschi® - Flavio Faletra® -
Salvatore Gallone® - Agostino Gaudio® - Teresa Mattina’ - Fiorella Gurrieri® - Antonio Percesepe? - Iria Neri'® -
Annalucia Virdi'® - Morena Tremosini' - Annamaria Milanesi' - Evelise Brizola' - Elena Pedrini' - Luca Sangiorgi'’

Received: 18 March 2019 / Accepted: 16 May 2019 / Published online: 25 May 2019
© The Author(s) 2019

Abstract

Melorheostosis (MEL) is an uncommon, sclerosing disease, characterised by hyperostosis of long bones, resembling the
flowing of candle wax. The disease is sporadic and the pathogenesis is still poorly understood. Occasionally, the same family
can include individuals with MEL and Osteopoikilosis (OPK), a disease characterised by multiple round foci of increased
bone density. LEMD3 gene mutations are related to OPK and Buschke—Ollendorff Syndrome, a genetic condition in which
an association between MEL, OPK and skin lesions is observed. In rare cases, LEMD3 mutations and recently mosaic
MAP2K]1 gene mutations have been correlated to MEL suggesting that somatic mosaicism could be causative of the disease.
In this study, we described the clinical, radiological and molecular findings of 19 individuals with MEL and 8 with OPK
and compared the results to the medical literature. The molecular analyses of this case series corroborate the available data
in the medical literature, indicating that LEMD3 germline mutations are not a major cause of isolated MEL and reporting
five further cases of OPK caused by LEMD3 germline mutations.
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Introduction is usually unilateral and asymmetric or corresponds to a par-
ticular sclerotome [1, 2].
Melorheostosis (MEL, OMIM #155950) [1] is an uncom- According to the literature, no gender prevalence is

mon sclerosing bone disease characterised by “flowing  observed and the disease might be diagnosed at all ages
hyperostosis”, resembling the dripping of candle wax on  [3]. However, most cases are diagnosed around the age of
the surface of the long bones. The distribution of the lesions 20 years (50% of cases) [3]. In childhood or adolescence,
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the progression of the bone lesions is variable and may
lead to late diagnosis in adulthood [3]. There is a wide
spectrum of clinical presentations, from asymptomatic
cases to patients with chronic pain, joint stiffness, bone
deformity, sometimes subcutaneous and soft tissues
alterations [3-5].

The most frequently involved site is the appendicular
skeleton (lower and upper limbs, hands and feet), with
monostotic or polyostotic (or, rarely, bilateral) patterns [6].
Isolated MEL is usually a sporadic disease with no Men-
delian pattern of inheritance or defined pathogenesis. The
available medical literature includes mainly case reports or
small case series, describing clinical aspects and surgical
approaches, but the majority of those studies do not report
any molecular investigation [3, 6, 7].

Osteopoikilosis (OPK, OMIM #166700) is an inherited
disorder, with autosomal dominant pattern of transmission,
characterised by dense bony island appearing as bright
lesions on radiographs. It has an estimated incidence of
1:50,000 [8] and no gender differences. Since it is usually
asymptomatic and only up to 20% of patients refers joint
pain, the diagnosis of OPK is often an incidental finding
on imaging studies performed for other health reasons [9,
10].

OPK lesions can be either isolated, associated to MEL
or part of Buschke—Ollendorff Syndrome (BOS, OMIM
#166700). BOS is an autosomal dominant connective tissue
disorder characterised by skin and bone manifestations [1].
In the literature, one study describes individuals with OPK
and other with MEL in the same family [11].

LEMD?3 protein (MAN antigen 1 MAN1) acts as antago-
nist of TGF-B signalling, and loss of function by LEMD3
mutation can accelerate bone formation (OMIM *607844)
[1, 2]. Germline mutations in LEMD3 gene have been related
to a variable phenotypic spectrum, including isolated OPK,
MEL with OPK and BOS [1, 2]. Due to the presence of
LEMD3 mutations in familial cases of MEL with OPK, the
role of the gene in the pathogenesis of isolated MEL has
been postulated [5, 11]. Despite this, no germline mutations
have been detected, and mosaic mutations were identified
only in a few cases [12]. A recent study found no LEMD3
mutations with whole exome sequencing of 15 patients,
instead mosaic mutations in MAP2K] gene were identified
[13]. The importance of the MEK1-ERK1-2 in bone cell
biology and in the disorder [13], as a role of somatic muta-
tions of KRAS gene, was advocated in the pathogenesis of
the disease [2]. All these findings reinforce the hypothesis
of mosaic mutation(s) as causative of MEL; nevertheless,
further investigations are needed to confirm this.

In this study, we present a case series of 27 patients, 19
with MEL and 8 with OPK. This is the largest Italian study
describing clinical and radiological findings with a LEMD3
molecular characterisation.
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Materials and Methods
Patients and Clinical Information

All cases included in the study were selected according to
clinical and radiological features of MEL or OPK. Patients of
both gender and all ages were included. A study for clinical
and molecular characterisation of skeletal rare diseases was
approved by the Ethical Committee. Informed signed consent
was obtained from all individual participants (or the parents
in case of minors).

Molecular Analysis

Genomic DNA of all subjects was extracted from periph-
eral blood by using an automated workstation (Biomek NX,
Beckman Coulter with Agencourt Genfind DNA isolation kit).
DNA quality was checked with a NanoQuant Infinite M200
instrument (Tecan Group Ltd, Ménnedorf, Switzerland) before
analyses.

In 3 MEL patients, LEMD3 genetic screening has been also
performed on DNA from cultured fibroblasts (one) or from
soft and bone tissue around the lesions obtained in surgical
intervention for reduction of calcifications (2), extracted using
QIAamp DNA Mini kit(QIAGEN GmbH, Hilden, Germany).

For each DNA sample, screening of all coding exons and
flanking exon—intron junctions of LEMD3 was performed by
Sanger sequencing. All regions were PCR-amplified using
Veriti 96-well thermal cycler by Thermo Fisher Scientific in
a 30-pl volume. The results of amplification and the presence
of right-sized PCR reaction products were confirmed by aga-
rose gel electrophoresis. Amplification products were then
sequenced in both forward and reverse direction using Big-
Dye Terminator chemistry version 3.1 and ABI Prism 3130XL
automated DNA sequencer (Thermo Fisher Scientific). The
reference LEMD3 sequence was obtained from GenBank
accession numbers NM_014319.3.

All samples without any LEMD3 point mutation were ana-
lysed with the use of Real-Time PCR technique for the occur-
rence of exon, multiexon deletions and duplications. Q-PCR
was performed on a Corbett Rotor Gene 6000 instrument
using SYBR Green Dye I chemistry (RT2 Real-Time SYBR
Green PCR Mix, SABiosciences, Frederick, MD, USA).
Human b-actin (NC_000007.12) was used as endogenous
control; DNA from healthy individuals was used as calibrator
(DDCt=1; DDCt for deleted exons =0.5; DDCt for duplicated
exons=2).
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Results
Our series included 19 patients with diagnosis of MEL and 8

patients with diagnosis of OPK. Clinical data of MEL cases
are described in Table 1.

Isolated MEL Group

This group included 19 patients and the diagnosis was per-
formed based on of the presence of candle wax hyperostosis

at the radiological examination (Fig. 1). The majority of
the patients were females (13/19 patients) and the age at
the moment of data collection was between 6 and 62 years
(mean: 33 years), ranging from 14 to 62 years (mean:
35 years) in females and from 6 to 60 years in males (mean:
29 years).

Data about the first clinical manifestations were avail-
able for 15 individuals and are shown in Fig. 2a and b.
Recurrent pain at the site of hyperostosis was reported as
first clinical manifestation in eight patients (six females
and two males). The presence of deformities was referred

Table 1 Clinical findings results

. . Clinical and radiological findings in MEL cases Number of patients Smith et al.
and comparison to literature n (%) n (%)
Age at the first investigation/clinical manifestation All cases (18) All cases (23)
0 to 18 years 5(28%)
> 18 years 3(72%)
Gender All cases (19)
Female 13 (68.4) 5(79.2)
Male 6 (31.6) 19 (20.8)
Affected site All cases (19)
Head 0 2(8.3)
Spine 0 4 (16.6)
Arm 2 (10.5) 8(33.3)
Hand or wrist 4 (21) 7(29.1)
Leg 11 (57.9) 16 (66.7)
Ankle or foot 5(26.3) 9 (37.5)
Single limb 18 (94.7) 20 (83)
Upper limb* 1(5.3)
Lower limb® 10 (52.6)
Only hand 4 (21
Only foot 3(15.8)
Both lower + upper limbs 1(5.3)
Upper limb +hand 5(26.3)
Lower limb + foot 13 (68.4)
Both lower and upper limb +hand and foot 1(5.3)
Cause leading to the first investigation All cases (15)
Pain 8 (53) 20 (83.3)
Deformity 2(13.3) 13 (54.2)
Functional limitation/stiffness 3 (20) 11 (45.8)
Incidental diagnosis 2(13.3)
Age at the moment of the evaluation
Mean 32 36.5
Median 32 41.5
Range 6-62 3-68
Clinical findings at the moment of the evaluation All cases (17)
Pain 15 (88)
Deformity 6(35.2)
Functional limitation/stiffness 8 (47)

4Cases with hand only involvement excluded

PCases with foot only involvement excluded
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Fig. 1 Radiological image of a femur with candle wax hyperostosis

in two females, whereas a female and two males had
limitations of joint motion or stiffness. Only two cases (a
male and a female) (13%) had an incidental diagnosis after
X-rays were performed for different clinical indications.
Considering the age of the first clinical manifestations,
only two male patients had the first disease investigation
already during childhood, while 13/18 patients (11 females

(a) Firstclinical manifestationin >18 y
patients

5

Number of patients

2 2
r 1 1 3 1 1
- Hoeum I-°-

all patients males females

m pain W deformity m stiffness/limitation mincidental

and 2 males) were adults; only three patients, all females,
had the first manifestations in adolescence.

At the time of our evaluation, pain was the most fre-
quently reported clinical manifestation, referred by 15 (11
females and 4 males) patients. Limitation of joint movement
and/or stiffness was reported in 8 cases. Only 6 cases (5
females and a male) had some grade of deformity related
to hyperostosis.

Figure 3 shows the limb involvement by hyperostosis in
19 MEL patients. In the majority of cases, (13 patients, 5
males and 8 females), the hyperostosis affected the lower
limbs. This included one female with hyperostosis areas
limited to the foot. In one case, the pelvic bones were also
involved, and in another one both pelvis and lower limbs,
including feet, were involved. Upper limbs, including wrists
or hands, were affected in 5 patients. The hand is the second
most frequently involved site (4/19 patients, all females);
only one male patient had hyperostosis in the upper limb but
not in the hands. Only one patient had hyperostosis in both
upper and lower limbs.

Skin manifestations were observed in two females. Both
of them had skin thickness; in particular, one patient had cal-
cifications above the area of the skeletal lesion and the other
one had a dyschromia. In this last case, molecular analysis
was also performed on DNA from both cultured fibroblasts
and bone tissue without detecting any LEMD3 mutation.

Connective tissue nevus or true sclerodermic phenotypes
were not observed in our series.

No germline mutations in LEMD3 gene have been identi-
fied in this group of patients. In 3 cases, molecular analy-
sis was performed also from tissue samples and no somatic
mutations of LEMD3 have been found in these samples.

Osteopoikilosis Group

Eight patients (six males and two females) had a radiological
diagnosis of OPK (Fig. 4), four of them characterised by a
positive family history for OPK. In this group, the mean age
at our evaluation was 39 years (ranging from 16 to 53 years).

In one case, the onset of the disease was during child-
hood (about 10-year-old boy), in four patients during

(b) Firstclinical manifestationin <18 y
patients
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Fig. 2 a First clinical manifestation in patients aged > 18 years. b First clinical manifestation in patients aged < 18 years

@ Springer



Melorheostosis and Osteopoikilosis Clinical and Molecular Description of an Italian Case... 219

Site of Hyperostosis distribution in 19 MEL patients
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Fig.3 Site of hyperostosis distribution in MEL cases

Fig.4 X-ray showing hyperostotic spots on the lower limb of a
patient with OPK

adulthood (three males and a female with an age ranging
from 41 to 53 years) and 3 during puberty (two males and
a female 14 to 16 years old).

In five patients (three males and two females), the
first investigations were performed for recurrent pain, in
two cases (both males) the diagnosis was incidental. In
one asymptomatic case, the diagnosis was performed by
molecular analysis for a positive family history.

At the moment of data collecting, hyperostotic areas were
in both lower and upper limbs in four patients, in lower limbs
in two patients and in the pelvis in three cases. At the time
of clinical evaluation, four patients reported pain; bone
deformities or joint limitations were present in one case,
and stiffness in two patients.

LEMD3 molecular analysis identified a germline path-
ologic mutation in five among eight patients affected by
OPK, belonging to seven different families. In particular,
we detected a heterozygous deletion of the whole gene in a
patient, a splice site mutation (c.1628-2A > G) in a second
one, a non-sense mutation (c.2032C >T; p.Arg678*) in a
third one. The last two patients are relatives and carry a
duplication (c.1754dup, p.Asn585Lysfs*15).

The patient carrying the whole gene deletion was an adult
male with skin lesions; the clinical diagnosis was suspected
during childhood after radiological investigation performed
for lower limbs pain.

The splice site mutation c.1628-2A > G was not previ-
ously described in the medical literature and we identified
this mutation in a woman diagnosed for OPK in adult age
after clinical investigations requested for lower limb joint
pain. She presented OPK areas around the left knee.

The ¢.2032C > T variant (p.Arg678*) has been previously
described by Couto et al. [11] in two families. In our study,
in the patient carrying the ¢.2032C > T mutation, the diag-
nosis was performed in adult age after evaluations for lower
limbs pain. The radiographs showed hyperostotic spots typi-
cal of OPK in the lower limb (Fig. 4).

The last identified variant [c.1754dup mutation
(p-Asn585Lysfs*15)] was not reported in main mutational
databases (LOVD, Clinvar) to date and we found this muta-
tion in two Italian patients (father and son) affected by OPK
in the lower limb; the disease was accidentally identified
during X-rays performed for a suspected traumatic fracture.
In both cases, further investigations showed typical hyper-
ostotic areas in hands, feet and pelvis.

Discussion

MEL and OPK are hyperostotic bone diseases, with clinical
expression ranging from asymptomatic to recurrent pain,
bone deformity or joint limitation. While the genetic basis
of OPK has been defined, MEL pathogenesis is to this date
largely unknown.

In this study, which includes the largest series of MEL
patients in Italy evaluated for the presence of LEMD3 variant
until now, we did not detect any LEMD3 germline mutation
in the isolated MEL group.

The imaging appearance of both MEL and OPK is quite
typical. Our results are consistent with literature, confirm-
ing that LEMD3 mutations do not seem to play a role in
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isolated MEL. On the other hand, we identified a LEMD3
pathological variant in 5 of 8 OPK patients. Thus, the radio-
logical diagnosis of OPK seems to be consistently associated
with LEMD3 mutations and autosomal dominant form of
the disease.

Isolated MEL is a sporadic disease, but because few fami-
lies with recurrence of MEL and/or OPK exist and the diag-
nosis can be incidental for the absence of clinical manifesta-
tion, molecular analysis can be the only tool to exclude an
autosomal dominant form of the disease, even if this seems
very rare.

Between our MEL cases, female gender was more preva-
lent (nearly 70%), and similar to the ratio of 4:1 female to
male found by Smith et al. [6]. As highlighted by Smith
et al., this finding contrasts the mosaicism hypothesis that
would have no impact on gender, since both genders can be
equally affected without predilection, unless the candidate
genes are located on chromosome X.

The clinical expression of MEL was quite variable in our
case series. According to literature data, MEL can be diag-
nosed at any age, but approximately 50% of the diagnoses
are made around the age of 20 years. We observed that the
first clinical suspicion occurred for most cases during adult-
hood (70%), and only about 30% of patients received the
diagnosis before the adult age. A difference in the age of
onset appears between the male and female groups: one-
third of the MEL patients had the first clinical manifestation
in adolescence and they are all females. Furthermore, it is
known that the diagnosis of MEL or OPK is often incidental
but in this series few cases of MEL (about 13%) received
the diagnosis after X-rays performed for other indications:
pain, bone deformities or joint limitations were the reasons
to medical investigations in most of the patients.

The main clinical manifestation observed was recurrent
pain, which is consistent with literature. Lower limbs were
the most common site involved, confirming the data from
the series reported by Smith et al. [6]; no skull involvement
was found. The disorder is nearly always monomelic; in a
previous report, more than 80% of the cases had a single
limb involvement, as this series, where only one case showed
the disease in both lower and upper limbs. In particular,
the bilateral distribution of the lesions in one case and the
involvement of the upper and lower right limb in another one
were in contrast with the sclerotomal hypothesis.

Jha et al. observed the same pattern of distribution in
MEL by CT analysis in only a minority of the cases, stress-
ing the need for further studies to understand both aetiology
and the causes for clinical variability in MEL [14].

In the eight patients with radiological diagnosis of OPK,
we found a LEMD3 pathological variant in four patients and
a whole gene deletion in one (more than 60% of detection
rate). No evident genotype—phenotype correlation could be
performed. The ¢.2032C > T(p.Arg678*) LEMD3 mutation
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has been previously described in two families with OPK and
related to the disease; one is a third-generation family of
Azorean origin (three members) and the other one is a small
family of two members from Ireland [12]. As in the case we
described, the molecular diagnosis was performed in adult
age for the first family. The second family’s proband had the
molecular diagnosis when she was 12 years old and showed
OPK with MEL. From historical information and analysis
of haplotype, the authors speculated a common founder in
these two families.

The ethnic origin of the case reported here carrying the
p-Arg678* mutation is in line with the origins of the popu-
lation in Azores, that is composed by different populations
[15]. OPK involved a lower limb and the diagnosis was per-
formed after evaluation for lower limbs pain. X-ray showed
hyperostosis spots in the lower limb, but not the typical can-
dle wax appearance of MEL.

In addition, a mutation that was not previously reported in
main mutational databases, c.1754dup (p. Asn585Lysfs*15),
was identified in two related patients, a father and a son.
Interestingly, both of them had an almost asymptomatic dis-
ease and had similar unilateral distribution of the lesions, in
both upper and lower limbs.

In the medical literature, a smaller stature has been
reported in adults with OPK. In our series, even if we do
not know the parental target, patients affected by OPK had a
height below 50° percentile; in particular, three of them are
around the 3° percentile of the Italian population, according
to literature data [16]. For the best of our knowledge, none
of our OPK patients underwent evaluation of developmental
delay, which previously has been reported in as high percent-
age as 50% of patients with LEMD3 mutation [16].

A collecting bias should be considered in this study, since
our department is part of a surgical orthopaedic institute. If
the first manifestation is mild and related to skin involve-
ment around the skeletal lesions—as described in medical
literature, especially in OPK—this rare condition could not
be suspected at the beginning of the clinical presentation and
the diagnosis can be missed. This would lead to a diagnostic
delay at a specialised centre for rare skeletal diseases; in
particular, the patient may not remember when the first clini-
cal signs began before the diagnosis of bone hyperostosis.

In conclusion, our clinical findings in the MEL and OPK
series were in line with the medical literature, except for
the low percentage of incidental diagnosis of MEL, that we
found in only 10% of cases. A LEMD3 gene mutation has
been found in more than 60% of OPK patients in our series.
Instead, no alteration was identified in isolated MEL, con-
firming that other genes and mechanisms had to be involved
in pathogenesis and variability of the disease. Thus, further
investigations will be needed to clarify these aspects, that
potentially will shed light into bone biology and therapies
for other diseases affecting bone mass.
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