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Background/aims: Pompe disease is a rare metabolic disorder caused
by deficiency of the lysosomal enzyme acid alpha-glycosidase (GAA).
The late onset form of the disease is characterized by muscle weakness
and respiratory involvement of variable severity. The aim of this short
communication is to highlight the clinical variability of Pompe disease
within siblings suffering from the disease.

Case reports: We report three pairs of siblings with late-onset Pompe
disease presentingwith different clinical phenotypeswithin the spectrum
of disease phenotypes.

Conclusion: Clinical manifestations in Pompe disease within the
same family can be very different. Clinicians should investigate
patients' siblings for symptoms throughout the entire spectrum of the
disease in order to avoid delays in the diagnosis and to pick-up mildly
affected persons as early as possible, when they can benefit the most
from enzyme replacement therapy.

© 2013 The Authors. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Pompe disease is a rare metabolic disorder caused by deficiency of the lysosomal enzyme acid
alpha-glycosidase (GAA) [1]. The late onset form of the disease has a variable age of onset and is characterized
by a spectrum of symptoms and phenotypes that largely comprise a slowly progressive myopathy and
respiratory muscle involvement [1,2]. Intrafamilial phenotypic variability has been reported in Pompe
he terms of the Creative Commons Attribution-NonCommercial-No Derivative
istribution, and reproduction in any medium, provided the original author and

rology, University of Athens, School of Medicine, Eginition Hospital, 74, Vas.

o.com (C. Papadopoulos).

. Published by Elsevier Inc. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgmr.2013.10.002&domain=pdf
http://dx.doi.org/10.1016/j.ymgmr.2013.10.002
mailto:constantinospapadopoulos@yahoo.com
http://dx.doi.org/10.1016/j.ymgmr.2013.10.002
http://www.sciencedirect.com/science/journal/22144269


3C. Papadopoulos et al. / Molecular Genetics and Metabolism Reports 1 (2014) 2–4
disease, as well as in other glycogen storage diseases even in siblings sharing a similar genetic background
[3–5].

With the intention to emphasize the phenotypic variability of Pompe disease within patients sharing
the same genetic background, we present three pairs of siblings diagnosed with the disease but presenting
with different clinical phenotypes.

2. Methods and results

Three pairs of siblings, that have been previously reported [6,7], are presented. With the exception of
the male sibling of pair 3 who was not followed in our center, and to whom clinical details were obtained
from his sister, all other patients were analyzed retrospectively. All patients were clinically examined and
muscle strength was measured by manual muscle testing according to the MRC (Medical Research
Council) scale. Pulmonary function was assessed by spirometry in supine and upright position. The
diagnosis of Pompe disease was confirmed by molecular testing.

2.1. Pair 1

The first pair of siblings refers to a woman and her brother diagnosed at the age of 45 and 43 years
respectively, harboring heterozygous mutations IVS1-13TNG in one allele and 1293del20 (GAA ex8) on the
other. The female patient presented with easy fatigability and difficulties rising from supine position.
Laboratory examination showed marginally elevated creatine phosphokinase (CPK) levels (up to 250 IU/lt).
Clinical examination revealed mild weakness (5- on MRC scale) of pelvic muscles. Respiratory system
evaluation was normal. Muscle biopsy showed a PAS positive vacuolar myopathy. The diagnosis of Pompe
disease was confirmed molecularly. Following diagnosis she revealed that her younger brother presented
difficulties in climbing stairs. He was examined on the framework of family study. Clinical examination
revealed a waddling gait, bilateral scapular winging and proximal weakness of lower and upper extremities
(4-/5- onMRC scale). Respiratory system evaluation showed respiratory insufficiency and severe diaphragmatic
weakness with a 50% FVC (Forced Vital Capacity) reduction from sitting to supine position. Molecular
investigation established the diagnosis of Pompe disease. Both patients over the last four years are on ERT
showing no deterioration of their clinical status.

2.2. Pair 2

The second pair refers to two sisters with Pompe disease homozygous for the IVS1-13TNG mutation.
The younger sister presented with proximal lower extremities weakness and a waddling gait since her
early adolescence. She underwent muscle biopsy that revealed a PAS positive vacuolar myopathy and was
diagnosed with Pompe disease at the age of 16. Since her early thirties she started using a walker due to an
increase frequency of falls and experienced a slowly progressive deterioration of her respiratory function
resulting to the use of mechanical ventilation at the age of 42, despite 58 months of ERT. The diagnosis of
the disease on the younger sister at the age of 16 led to the reassessment and diagnosis of her 19 year old
sister who was at the time on mechanical ventilation due to a yet unexplained acute respiratory failure
following a lower respiratory tract infection. The following years she developed a slowly progressive
myopathy of lower extremities that eventually rendered her wheelchair bound at the age of 30. The
patient suffered from recurrent respiratory infections and finally deceased at the age of 43 despite three
years of ERT.

2.3. Pair 3

The third pair of siblings refers to a 40 year old woman and her 39 year old brother, compound
heterozygotes for the IVS1-13TNG in one allele and the c.2066–2070dup on the other. The diagnosis of
Pompe disease to the female patient was set at the age of 31 by GAA phenotyping following the discovery
of elevated CPK levels on routing laboratory screening (up to 800 IU/lt). She referred to our center at the
age of 38. Clinical examination revealed a waddling gait and mild proximal weakness of lower extremities
(5- on MRC). Respiratory system evaluation revealed a 28% FVC drop from sitting to supine position.



4 C. Papadopoulos et al. / Molecular Genetics and Metabolism Reports 1 (2014) 2–4
Cardiac evaluation was unremarkable. The patient received ERT for a period of six months. Her 39 year old
brother who is not followed in our center was diagnosed with Pompe disease 6 years before his sister, at
the age of 25, and is on mechanical ventilation due to respiratory insufficiency since his late twenties.

3. Discussion

In order to illustrate intrafamilial phenotypic variability in Pompe disease, we report three pairs of siblings
with different presenting symptomswithin the spectrumof disease phenotypes. Awareness that Pompe disease
can present in different ways and follows a variable course even within the same family is essential in order to
diagnose siblings of affected persons. Diagnosis of the disease in the female patient in pair 1 and the family
framework that followed led to the diagnosis of her younger brother who, unlike his sister, already presented
with severe respiratory muscle involvement and proximal weakness that resulted in difficulties with everyday
activities. In the second pair the younger sister underwent a muscle biopsy in the context of the evaluation of a
proximalmyopathy. The diagnosis of Pompe disease led to the assessment under a different point of view of her
older sister's symptoms who suffered from severe respiratory insufficiency and no muscle weakness at that
time. This wasn't the case in the third pair of siblings where the diagnosis of Pompe disease in the brother, who
suffered from severe diaphragmatic weakness, did not resulted to the diagnosis of his asymptomatic at the time
sister. Elevated CPK levels on a routine examination 6 years later were required to set the diagnosis.

Intrafamilial variability in Pompe disease, as well as in other glycogen storage diseases, has already
been reported in the literature [4,5]. It is probable that additional genes as well as non-genetic factors such
as life-style, nutrition or still unknown environmental modifiers influence disease expression in siblings.
In the era of enzyme replacement therapy (ERT), delay in the diagnosis of Pompe disease could deprive
patients from ERT and its potential benefits which are most important in the early stages of the disease [1].
Presenting disease manifestations and disease course within the same family can be very different. It can
range from difficulties in every-day activities and mild hyperCKemia to severe respiratory failure and
proximal weakness as in pair 1, from acute respiratory insufficiency progressing to a proximal myopathy
in contrast to the typical course of proximal myopathy and late respiratory involvement as in pair 2 and
finally from isolated myopathy in contrast to isolated respiratory muscle involvement as in pair 3. We
propose that clinical evaluation and laboratory testing with CPK, ASAT and ALAT evaluation should be
recommended to siblings of patients diagnosed with Pompe disease. Clinicians should investigate siblings
of patients for symptoms throughout the entire spectrum of disease manifestations, comprising muscle
strength and pulmonary function evaluation. Moreover, a dried blood spot test, a reliable, rapid and
non-invasive test, sensitive to diagnose mildly symptomatic patients [8,9] should be offered in patients'
siblings, even if they are asymptomatic, in order to pick-up mildly affected persons early in the course of
the disease, where they can benefit the most from ERT [1], and to provide to reproductive-age individuals
with prenatal consultation and clinical genetic counseling such as carrier status of the partner in the
context of reproductive choices.

References

[1] A.T. van der Ploeg, A.J. Reuser, Pompe's disease, Lancet 372 (2008) 1342–1353.
[2] L.P.F. Winkel, M.L. Hagemans, P.A. van Doorn, M.C. Loonen, W.J. Hop, A.J. Reuser, A.T. van der Ploeg, The natural course of

non-classic Pompe disease; a review of 225 published cases, J. Neurol. 252 (2005) 875–884.
[3] A.K. Grzesiuk, S.M. Shinjo, R. da Silva, M. Machado, M.F. Galera, S.K. Marie, Homozygotic intronic GAA mutation in three siblings

with late-onset Pompe's disease, Arq. Neuropsiquiatr. 68 (2010) 194–197.
[4] M.G. Ausems, K. ten Berg, F.A. Beemer, J.H.Wokke, Phenotypic expression of late-onset glycogen storage disease type II: identification

of asymptomatic adults through family studies and review of reported families, Neuromuscul. Disord. 10 (2000) 467–471.
[5] J. Zlotogora, Intrafamiliar variability in lysosomal storage diseases, Am. J. Med. Genet. 27 (1987) 633–638.
[6] G.K. Papadimas, K. Spengos, A. Konstantinopoulou, S. Vassilopoulou, A. Vontzalidis, C. Papadopoulos, H. Michelakakis, P. Manta,

Adult Pompe disease: clinical manifestations and outcome of the first Greek patients receiving enzyme replacement therapy,
Clin. Neurol. Neurosurg. 113 (2011) 303–307.

[7] G. Papadimas, G. Terzis, C. Papadopoulos, A. Areovimata, K. Spengos, S. Kavouras, P. Manta, Bone density in patients with late
onset Pompe disease, Int. J. Endocrinol. Metab. 10 (2012) 599–603.

[8] J.L. Goldstein, S.P. Young, M. Changela, G.H. Dickerson, H. Zhang, J. Dai, D. Peterson, D.S. Millington, P.S. Kishnani, D.S. Bali, Screening for
Pompe disease using a rapid dried blood spot method: experience of a clinical diagnosticlaboratory, Muscle Nerve 40 (2009) 32–36.

[9] M. Wagner, A. Chaouch, J.S. Müller, T. Polvikoski, T.A. Willis, A. Sarkozy, M. Eagle, K. Bushby, V. Straub, H. Lochmüller,
Presymptomatic late-onset Pompe disease identified by the dried blood spot test, Neuromuscul. Disord. 23 (2013) 89–92.

http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0005
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0010
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0010
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0015
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0015
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0020
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0020
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0025
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0030
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0030
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0030
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0035
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0035
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0040
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0040
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0045
http://refhub.elsevier.com/S2214-4269(13)00004-9/rf0045

	Highlighting intrafamilial clinical heterogeneity in late-onset Pompe disease
	1. Introduction
	2. Methods and results
	2.1. Pair 1
	2.2. Pair 2
	2.3. Pair 3

	3. Discussion
	References


