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Abstract

Data from exome sequencing show that a proportion of individuals in whom a genetic disorder is suspected turn out to have
not one, but two to four distinct ones. This may require an evolution in our diagnostic attitude towards individuals with com-
plex disorders. We report a patient with splenomegaly, pneumopathy, bone changes and fronto-temporal dementia (FTD).
“Sea-blue histiocytes” in his bone marrow pointed to a lysosomal storage disease. Homozygosity for a pathogenic mutation
in the SMPD1 gene confirmed Niemann—Pick disease type B (NPD-B). Mild cognitive impairment and abnormal brain FDG
PET were consistent with FTD. We initially tried to fit the skeletal and neurologic phenotype into the NPD-B diagnosis.
However, additional studies revealed a pathogenic mutation in the SOSTM 1 gene. Thus, our patient had two distinct diseases;
NPD-B, and Paget’s disease of bone with FTD. The subsequent finding of a mutation in SOSTM gene ended our struggle to
explain the combination of findings by a singular “unifying” diagnosis and allowed us to make specific therapeutic decisions.
SQOSTM I mutations have been reported in association with FTD, possibly because of defective autophagy. Bisphosphonates
may be beneficial for PDB, but since they are known to inhibit acid sphingomyelinase activity, we refrained from using them
in this patient. While the principle of looking for unifying diagnosis remains valid, physicians should consider the possibility
of co-existing multiple diagnoses when clinical features are difficult to explain by a single one. Accurate diagnostic work-up
can guide genetic counseling but also lead to better medical management.
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Introduction

Niemann-Pick disease type B (NPD-B, OMIM: 607616)
is an autosomal recessive hereditary lysosomal storage dis-
ease (LSD) due to acid sphingomyelinase (ASM) deficiency
which causes accumulation of sphingomyelin. The clinical
spectrum varies widely, with an age of onset ranging from
early childhood to adulthood. NPD-B is characterized by
hepatosplenomegaly with thrombopenia and progressive
deterioration of pulmonary function due to accumulation
of vacuolated lipid-filled macrophages, known as Nie-
mann-Pick cells [1]. The majority of reports concern infan-
tile forms; the adult-onset presentation is less described and
still poorly characterized. Treatment of NPD-B is mainly
supportive. Bone marrow transplantation has been under-
taken, but the associated morbidity and mortality limits its
use [2]. A multicenter, randomized phase 2/3 study with
recombinant human acid sphingomyelinase (Olipudase®,
Genzyme) is currently ongoing to evaluate efficacy and
safety [3].

Only few reports mention skeletal involvement in NPD-B
and all of them focus on osteoporotic changes and fracture
risk [4]. We describe an individual with mutation-proven
NPD-B, bone changes and fronto-temporal dementia (FTD;
OMIM: 616437), whom we found to have polyostotic Paget’s
disease of bone (PDB, OMIM: 167250) associated with an
heterozygous missense mutation in the SOSTM 1 gene. While
the majority of PDB cases are sporadic, familial cases are
well known; interestingly, SQSTM 1 mutations occur both in
familial and in sporadic cases [5]. We discuss the situation of
multiple genetic diagnosis in a single patient, which seems
to be more frequent than hitherto perceived, and challenges
our conservative diagnostic thinking.

Materials and methods
Patient description

A 51-year-old man of Portuguese origin was referred to
the Respiratory Medicine Division to investigate exertional
dyspnea of recent onset. His neonatal and pediatric his-
tory was unremarkable; at age 12 years splenomegaly was
observed, but its etiology remained unclear. At age 25 years,
elevated liver enzymes were found with normal liver func-
tion. At age 45 years, he developed liver steatosis and portal
hypertension. Family history was negative for similar obser-
vations and there was no known consanguinity.

Results

Physical examination revealed a 170 cm tall, 71 kg
weight man, with normal blood pressure and 92% blood
oxygen saturation, bibasilar crackles on lung ausculta-
tion, digital clubbing, and an enlarged spleen. There was
no jaundice. Neurological examination was normal. He
had no musculoskeletal complaints. Laboratory evalua-
tion showed thrombocytopenia 58,000 cells/mm?® (NV
150,000-350,000) and leucopenia 3900 cells/mm’® (NV
4000-10,000). Aminotransferases in plasma, as well as
calcium and phosphorus levels in blood and urine were in
the normal range. 250H-vitamin D was 19 ng/ml (optimal
status > 30). Lung function tests showed a mild restrictive
pattern with total lung capacity at 76% of predicted, and
a mild alteration of the carbon monoxide transfer factor
(DLCO) at 47% of predicted. Arterial blood gases analysis
showed hypoxemia (partial oxygen pressure 62 mmHg),
and no hypercapnia. Chest radiograph and high-resolu-
tion computed tomography (HRCT) scan demonstrated a
multifocal interstitial “crazy paving” pattern of the lung
parenchyma. Abdominal magnetic resonance revealed
increased liver and spleen size (25 cm at longest axis for
the latter) along with multiple splenic nodules (Fig. 1).
Heterogeneous lytic and sclerotic lesions with cortico-
medullary dedifferentiation, coarse trabeculation and cor-
tical thickening were noted in the HRCT scan at the right
iliac bone, right proximal femur, posterior skull and left
distal humerus. Tc99-bone scintigraphy showed increased
uptake in those sites (Fig. 2). Assessment of lumbar spine
(L1-L4) by DXA showed a BMD of 0.854 g/cm2 (T-score
—3.0 SD, osteoporotic range). Values at the proximal
femur were normal. In addition, lumbar column L1-L4
bone texture evaluated by means of the Trabecular Bone
Score (TBS) was low at 1.101 (NV > 1.310). A neurologi-
cal evaluation was performed due to memory complaints
and showed a mild cognitive impairment with a Montreal
Cognitive Assessment test at 24/30. The brain MRI was
normal, but the 18F-FDG positive emission tomography
revealed a hypoactivity in the central sulcus region. The
neuropsychological evaluation showed executive dysfunc-
tion, severe loss in verbal episodic memory, ideomotor
apraxia and troubles in facial recognition. These find-
ings were compatible with early signs of fronto-temporal
dementia (FTD).

The association of splenomegaly, hepatomegaly,
interstitial lung disease, bone involvement, and possible
beginning FTD raised the suspicion of a genetic multi-
system disorder, and more specifically, of a lysosomal
storage disease (LSD). Normal pB-glucocerebrosidase
activity as measured on peripheral leucocytes excluded
Gaucher disease [6]. A bone marrow aspiration revealed
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Fig. 1 Radiological finding in Niemann-Pick disease type B. a
HRCT of the chest showing multifocal areas of ground-glass opaci-
ties with mild smooth interlobular septal thickening and intralobu-
lar lines (crazy-paving pattern), predominantly located in the lower

B

Fig.2 Radiological finding of Paget’s disease of bone. a Standard
radiography and b Coronal CT scan of the pelvis showing heteroge-
neous lytic and sclerotic lesions with cortico-medullary dedifferentia-

foamy “sea-blue histiocytes”, strongly suggesting Nie-
mann-Pick disease (NPD) (Fig. 3). Residual acid sphingo-
myelinase (ASM) activity in cultured skin fibroblasts was
less than 10% of controls (5.3%), confirming NPD type
B [7]. Molecular analysis was done by next-generation
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lobes. b T2-weighted coronal magnetic resonance image show-
ing splenomegaly with hyperintense nodules of variable size [25].
HRCT high-resolution computed tomography

tion, coarse trabeculation, and cortical thickening of the right femur
and right iliac bones. ¢ Bone scan showing increased uptake in the
involved bones. CT computerized tomography

sequencing (NGS) on an Ion S5 system (Thermo Fisher
Scientific) using a gene panel for lysosomal diseases. This
revealed a homozygous 3 base pair deletion in the exon 6
of the SMPDI gene introducing a premature stop codon:
c.1829_1831delGCC, p. Arg610del [8].



Journal of Bone and Mineral Metabolism (2019) 37:378-383

381

Fig.3 Bone marrow aspiration finding in Niemann-Pick disease type
B. Foamy macrophage histology of Niemann-Pick disease type B

However, the distribution of bone lesions and their het-
erogeneous uptake was not considered typical for a storage
disease and more investigations were undertaken. Bone
turnover markers were elevated: bone ALP 176 pg/l (NV 5,
7-32,9); CTX1 828 ng/l (NV <704), and PINP 361 g/l
(NV 15-78). Based on this as well as on radiological and
scintigraphy studies, the diagnosis of PDB was consid-
ered. Molecular analysis of the patient was done by direct
PCR amplification of SQSTM1 exons from the proband’s
genomic DNA followed by direct bidirectional Sanger
sequencing. This revealed a heterozygous mutation in the
exon 8 at position ¢.1175 (c.1175C>T) in the SQSTM
gene which led to the change of Proline with Leucine in
codon 392 (p.Pro392Leu). This is a recurrent mutation
known to be associated with PDB. Both the SMPDI and
the SOSTM1 variants were confirmed by a novel Sanger
sequencing in the patient, and shown to be present in both
parents at the heterozygous state (SMPD1) or present in
maternal and absent in paternal DNA (SQSTM ). Comple-
tion of the family history was significant for the patient’s
mother reporting chronic bone pain but no fracture; radio-
graphs were not taken, but it seems likely that the mother
also has PDB.

In the absence of fractures or local pain, calcium and
vitamin D supplementation were prescribed to the patient,
without anti-resorptive treatment. Over the following 2
years, he developed progressive respiratory insufficiency
requiring supplemental oxygen. Pulmonary function testing
revealed decreased lung volume and DLCO (from 50 to 29%
of predicted). A therapeutic bronchoalveolar lavage failed
to improve his respiratory function. As the patient was not
eligible to join the Olipudase® study due to his low platelet
count and respiratory insufficiency, nor for lung transplanta-
tion, supportive treatment was maintained.

Discussion

In 2017, Posey et al. reported a retrospective analysis of
2076 patients who had been referred for genetic inves-
tigations by exome sequencing and in whom a molecu-
lar diagnosis had been obtained. Of these patients, 101
(4.9%) were found to have not a single, but rather two to
four distinct genetic diagnoses [9]. As discussed in the
accompanying editorial, this finding challenges the notion
that a genetic investigation is complete after a pathogenic
mutation has been identified [10]. Physicians are taught
to try and “unify” the diagnosis. For genetic conditions,
this means that when mutations in one gene are found, the
diagnostic procedure is considered successful and comes
to a halt. Even when clinical findings do not entirely match
those previously described for the genetic condition,
the patient may be thought to have an atypical presentation
of the disease. This is true in a large proportion of cases,
as exome sequencing has taught us that “atypical” presen-
tations are at least as common as textbook ones; however,
the other side of the coin, namely that of multiple genetic
diagnoses in a single patient, must also be considered.

In this patient, splenomegaly and sea-blue histiocytes
made the diagnosis of Niemann—Pick disease relatively
straightforward. Following the biochemical and molecu-
lar confirmation, we wondered whether Paget-like bone
lesions were a yet under-recognized bone manifestation
of adult-onset NPD-B. Bone involvement is frequently
observed in LSD due to direct substrate storage, inflam-
mation and other complex alterations of cartilage, bone
metabolism and homeostasis [4]. To date, two clinical case
reports describe skeletal involvement in NPD-B: a post-
menopausal woman with vertebral fractures [11] and a MR
low-intensity coarse pattern in the femur of a 62-year-old
Caucasian woman [12]. Most pediatric and adult NPD-B
patients are at risk for fractures, osteopenia and/or osteo-
porosis [4]. Finally, NPD-B patients complain of joint or
limb pain suggesting that skeletal involvement may be a
common feature of NPD-B [13]. However, none of the
reports on NPD-B showed Paget-like lesions like those
seen in our patient, and the identification of a separate
“PDB mutation” allowed us to terminate our struggle to
place all findings under a single unifying diagnosis.

PDB is a relatively common skeletal disorder charac-
terized by focal areas of increased and disorganized bone
turnover affecting one or more skeletal sites, and induc-
ing abnormal bony architecture, marrow fibrosis, and
increased vascularity of bone. Genetic predisposition to
PDB has been linked to genes involved in the control of
osteoclast differentiation and function, namely mutations
in the sequestosome 1 (SOQSTM1I) gene [14]. Although
PDB is probably genetically heterogeneous, in some
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familial cases of late onset PDB an autosomal dominant
pattern of inheritance has been reported [5]. Interestingly,
and dramatically, the finding of a known pathogenic muta-
tion in SOQSTM 1 not only explained Paget’s disease co-
existing with NPD-B, but lent further support to the sus-
pected diagnosis of beginning FTD. Indeed, mutations in
SQOSTM1 have been reported in association with FTD, pos-
sibly because of defective autophagy and protein aggrega-
tion [15, 16]. Dysfunctional autophagy receptors might
explain the inability to clear aggregates and their presence
in neurons of SQSTM I mutation carriers. Dysregulation of
autophagy is considered to be one of the pathogenic cas-
cades in PDB/FTD [14, 17] but also in several LSDs [18],
raising the hypothesis of a common pathogenic mecha-
nism affecting the formation and clearance of misfolded
proteins.

Could there be an interaction between the SQSTM 1 and
the SMPDI mutations? The protein encoded by SMPDI1 is
a lysosomal acid sphingomyelinase that converts sphingo-
myelin to ceramide, while SQSTM1 encodes for sequesto-
some-1, an autophagosome protein that binds other pro-
teins for selective autophagy. Evidence indicates that high
sphingomyelin levels such as found in ASM deficiency may
induce autophagy dysfunction by impairing autophago-
lysosomal degradation [19]. It is thus possible that co-
inheritance of PDB and NPD-B may aggravate the clinical
phenotype. In addition, sphingosine-1-phosphate (S1P),
a downstream metabolite of ASM activity pathway, is an
important mediator of bone metabolism and has a chemo-
tactic effect on osteoclast precursors, and dose-dependent
effects on osteoblasts proliferation and differentiation in
blood and bone marrow [20-22]. Further studies assessing
the level of S1P in samples of NPD-B patients and its impact
on autophagy and osteoclast functions could be of interest.

Identification of two different genetic conditions in our
patient influenced the choice of treatment. Treatment with
bisphosphonates is often considered in PDB patients as it
relieves symptoms and may reduce the risk of complications
[14]. However, molecules from the amino-bisphosphonates
family, although not those licensed, have been shown to
be potent inhibitors of ASM in vitro [23, 24]. Therefore,
using bisphosphonates in patients with NPD-B could poten-
tially accelerate the disease course. A single case report on
pamidronate treatment for severe osteoporosis in a NPD-B
patient has been published so far [11]; the reported clinical
course does not confirm nor invalidate this hypothesis. If
NPD-B and PDB are co-existing, bisphosphonates should
be used cautiously and under close follow-up, due to their
potential inhibition of residual ASM activity.

In conclusion, by reporting a patient with a multisys-
temic clinical phenotype caused by a co-occurrence of two
distinct genetic conditions, we would like to emphasize the
phenomenon of combined monogenic rare diseases in a
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single patient. While every genetic disease may have atypi-
cal presentations, physicians should consider the possibility
of an additional diagnosis if the phenotypic features are not
clearly explained by the initial monogenic diagnosis. Accu-
rate diagnostic work-up can guide genetic counseling but
also lead to better medical management.

Acknowledgements We would like to thank Valentin Basset and
Stephane Quarroz from the Service and Central Laboratory of Hema-
tology, University Hospital of Lausanne, Switzerland, for preparing
the histology illustrations. This research did not receive any specific
Grant from funding agencies in the public, commercial or not-for-profit
sectors.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Schuchman EH, Desnick RJ (2017) Types A and B Niemann—Pick
disease. Mol Genet Metab 120:27-33
2. Victor S, Coulter JB, Besley GT, Ellis I, Desnick RJ, Schuchman
EH, Vellodi A (2003) Niemann—Pick disease: sixteen-year follow-
up of allogeneic bone marrow transplantation in a type B variant.
J Inherit Metab Dis 26:775-785
3. Wasserstein MP, Jones SA, Soran H, Diaz GA, Lippa N, Thurberg
BL, Culm-Merdek K, Shamiyeh E, Inguilizian H, Cox GF, Puga
AC (2015) Successful within-patient dose escalation of olipu-
dase alfa in acid sphingomyelinase deficiency. Mol Genet Metab
116:88-97
4. Wasserstein M, Godbold J, McGovern MM (2013) Skeletal mani-
festations in pediatric and adult patients with Niemann Pick dis-
ease type B. J Inherit Metab Dis 36:123-127
5. Daroszewska A, Ralston SH (2005) Genetics of Paget’s disease
of bone. Clin Sci (Lond) 109:257-263
6. Wenstrup RJ, Roca-Espiau M, Weinreb NJ, Bembi B (2002) Skel-
etal aspects of Gaucher disease: a review. Br J Radiol 75:A2-12
7. van Diggelen OP, Voznyi YV, Keulemans JL, Schoonderwoerd K,
Ledvinova J, Mengel E, Zschiesche M, Santer R, Harzer K (2005)
A new fluorimetric enzyme assay for the diagnosis of Niemann—
Pick A/B, with specificity of natural sphingomyelinase substrate.
J Inherit Metab Dis 28:733-741
8. Levran O, Desnick RJ, Schuchman EH (1991) Niemann—Pick type
B disease. Identification of a single codon deletion in the acid
sphingomyelinase gene and genotype/phenotype correlations in
type A and B patients. J Clin Invest 8§8:806-810
9. Posey JE, Harel T, Liu P, Rosenfeld JA, James RA et al (2017)
Resolution of disease phenotypes resulting from multilocus
genomic variation. N Engl ] Med 376:21-31
10. Boycott KM, Innes AM (2017) When one diagnosis is not enough.
N Engl J Med 376:83-85
11. Volders P, Van Hove J, Lories RJ, Vandekerckhove P, Matthijs
G, De Vos R, Vanier MT, Vincent MF, Westhovens R, Luyten
FP (2002) Niemann—Pick disease type B: an unusual clinical
presentation with multiple vertebral fractures. Am J Med Genet
109:42-51
12. Muntaner L, Galmes A, Chabas A, Herrera M (1997) Imaging
features of type-B Niemann—Pick disease. Eur Radiol 7:361-364



Journal of Bone and Mineral Metabolism (2019) 37:378-383

383

13.

14.

15.

16.

17.

18.

19.

McGovern MM, Wasserstein MP, Giugliani R, Bembi B, Vanier
MT, Mengel E, Brodie SE, Mendelson D, Skloot G, Desnick RJ,
Kuriyama N, Cox GF (2008) A prospective, cross-sectional sur-
vey study of the natural history of Niemann—Pick disease type B.
Pediatrics 122:e341-e349

Vallet M, Ralston SH (2016) Biology and treatment of Paget’s
disease of bone. J Cell Biochem 117:289-299

Rea SL, Majcher V, Searle MS, Layfield R (2014) SQSTM1 muta-
tions—bridging Paget disease of bone and ALS/FTLD. Exp Cell
Res 325:27-37

Rubino E, Rainero I, Chio A, Rogaeva E, Galimberti D, Fenoglio
P, Grinberg Y, Isaia G, Calvo A, Gentile S, Bruni AC, St George-
Hyslop PH, Scarpini E, Gallone S, Pinessi L, T.S. Group (2012)
SQSTMI1 mutations in frontotemporal lobar degeneration and
amyotrophic lateral sclerosis. Neurology 79:1556-1562
Hocking LJ, Whitehouse C, Helfrich MH (2012) Autophagy:
a new player in skeletal maintenance? J Bone Miner Res
27:1439-1447

Lieberman AP, Puertollano R, Raben N, Slaugenhaupt S, Walkley
SU, Ballabio A (2012) Autophagy in lysosomal storage disorders.
Autophagy 8:719-730

Gabande-Rodriguez E, Boya P, Labrador V, Dotti CG, Ledesma
MD (2014) High sphingomyelin levels induce lysosomal damage

20.

21.

22.

23.

24.

25.

and autophagy dysfunction in Niemann Pick disease type A. Cell
Death Differ 21:864-875

Ishii M, Kikuta J (1831) Sphingosine-1-phosphate signaling con-
trolling osteoclasts and bone homeostasis. Biochim Biophys Acta
2013:223-227

Dziak R (2013) The role of sphingosine-1-phosphate (S1P) and
lysophosphatidic acid (LPA) in regulation of osteoclastic and
osteoblastic cells. Immunol Invest 42:510-518

Kim BJ, Shin KO, Kim H, Ahn SH, Lee SH, Seo CH, Byun SE,
Chang JS, Koh JM, Lee YM (2016) The effect of sphingosine-
1-phosphate on bone metabolism in humans depends on its
plasma/bone marrow gradient. ] Endocrinol Invest 39:297-303
Arenz C (2010) Small molecule inhibitors of acid sphingomyeli-
nase. Cell Physiol Biochem 26:1-8

Roth AG, Drescher D, Yang Y, Redmer S, Uhlig S, Arenz C
(2009) Potent and selective inhibition of acid sphingomyelinase
by bisphosphonates. Angew Chem Int Ed Engl 48:7560-7563
von Ranke FM, Pereira Freitas HM, Mancano AD, Rodrigues RS,
Hochhegger B, Escuissato D, Araujo Neto CA, da Silva TK, Mar-
chiori E (2016) Pulmonary involvement in Niemann—Pick disease:
a state-of-the-art review. Lung 194:511-518

@ Springer



	Hepatosplenomegaly, pneumopathy, bone changes and fronto-temporal dementia: Niemann–Pick type B and SQSTM1-associated Paget’s disease in the same individual
	Abstract
	Introduction
	Materials and methods
	Patient description

	Results
	Discussion
	Acknowledgements 
	References




