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Introduction: The clinical and histological presentations of the adult form of Pompe disease may be atypical. In such
cases, identifying histological signs that point to the diagnosis would be crucial to avoid a delay in care. The aim
of our study was to investigate the presence of rimmed vacuoles and acid phosphatase positivity in muscle biopsies
of patients with late-onset Pompe disease.

Material and methods: We retrospectively studied muscle biopsies of all cases of the adult form of Pompe disease
diagnosed at the University Hospital of Caen. Three of these four cases showed atypical clinical signs, and diagnosis
was established tardily based on family history or systematic analysis of acid maltase activity.

Results: All biopsies showed some rimmed vacuoles. The acid phosphatase reaction showed positive inclusions and
labelled vacuoles in biopsies of all patients.

Conclusions: The presence of rimmed vacuoles and acid phosphatase positivity in muscle biopsy should suggest

the diagnosis of the adult form of Pompe disease, this is decisive since effective therapy is available.
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Introduction

Pompe disease is an autosomal recessive glyco-
gen (glycogen storage disease type Il) that results
from a deficiency of alpha-glucosidase (GAA) or acid
maltase, a lysosomal enzyme. This enzymatic defi-
ciency generates an abnormal glycogen accumula-
tion mainly in muscle cells. Different phenotypes are
reported: infantile, juvenile and adult [3].

The adult form is classically characterized by
slowly progressive motor weakness that predom-

inantly affects the pelvic limb girdle and by respi-
ratory failure with diaphragmatic paralysis [5].
Since the disease progression can be slowed down
by a replacement enzyme therapy (Myozyme™)
[14], it is important to get an early diagnosis.
The clinical diagnosis is confirmed by an assay of
GAA enzyme activity in blood [1]. In some cases,
however, the clinical presentation is not obvious,
specific or misleading so examination of muscle
biopsy is required to raise the suspicion of Pompe
disease [13].
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Histological aspects of Pompe disease in striat-
ed muscle are usually cytoplasmic vacuoles, periodic
acid Schiff (PAS) positive and highly reactive to acid
phosphatase indicating their lysosomal nature [17].
The ultrastructural study confirms the glycogenic
nature of the vacuolar content [8]. Other lesions such
as segmented fibers, fibers in necrosis/regeneration
[15] or acid phosphatase positive inclusions are more
rarely observed [18]. An inflammatory lymphocytic
infiltrate or a type grouping can mimic chronic myo-
sitis or neurogenic damage [6,15]. Finally, the muscle
biopsy can be normal [13].

Surprisingly, we observed, on a late-onset Pompe
disease muscle biopsy, rimmed vacuoles in the cyto-
plasm of muscle fibers. This histologic appearance
is not specific and is conventionally a diagnostic
criterion of sporadic (s-IBM) or hereditary (h-IBM)
inclusion body myositis, oculopharyngeal muscular
dystrophy and few myofibrillar myopathies and dis-
tal myopathies [2,9].

The aim of our work has been to evaluate the
rimmed vacuoles and acid-phosphatase positivity
diagnostic interests as new diagnostic histological
markers in late-onset Pompe disease. These histolog-
ical elements have been sought on muscle biopsies
from our patients affected by this insidious disease.

Material and methods
Patients

Patient 1 was diagnosed at the age of 34 years
following a respiratory distress episode, initially
attributed to pulmonary emphysema with large bub-
bles for which he was operated. Pulmonary function
tests, however, put in evidence a restrictive respira-
tory secondary to a lordosis, a scoliosis and a dia-
phragmatic paralysis. In addition, clinical examina-
tion revealed severe motor deficit in the limb girdle
muscles that has evolved over the last twenty years,
and an axial deficit. The 10-meter walking test was
achieved in 9 seconds, and the Brooke and Vignos
scale was scored at 2. Creatine phosphokinase (CPK)
was increased to 2 times normal. The electromyo-
graphy (EMG) showed myogenic plots. The activity
of acid maltase was very low and genetic analysis
showed two different mutations in the GAA gene
(IVS1-13T>G and ¢.2182_2183delT). The patient was
treated by enzyme replacement therapy Myozyme™
for 4 years which improved and stabilized his mus-
cular capacity, including breathing.
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Patient 2, seen for consultation at the age of 62,
showed a typical picture of late-onset Pompe dis-
ease. He presented at the age of 38 years for spinal
pain secondary to an axial deficit responsible for
a hyperlordosis associated with limb girdle muscle
weakness, and a face deficit that gradually wors-
ened. At the age of 59, a respiratory failure, second-
ary to diaphragmatic paralysis, required respiratory
support. Creatine phosphokinase was increased
to 2 times normal. Functional respiratory tests con-
firmed diaphragmatic paralysis. The biopsy showed
typical lesions of Pompe disease such as numerous
vacuoles PAS positive. Unexpectedly, rimmed vac-
uoles were also found. Biochemical analyses indi-
cated a severe acid maltase deficiency (13%), and
genetic analysis revealed two compound heterozy-
gous pathogenic mutations in the GAA gene (IVS1-
13T>G; ¢.1447G>T). The patient died at the age of
65 before the initiation of treatment with Myo-
zyme™.

Patient 3 is a sister of patient 2, 14 years younger.
She was seen for the first time at the age of 45 for
a bilateral ptosis associated with proximal muscle
weakness of the lower limbs, which started around
the age of 40. Further assessment revealed an
increase in CPK to 2 times normal, and normal elec-
tromyography; inconspicuous inequality of fibers
size with some segmentations and rimmed vacu-
oles were found on muscle biopsy. In view of these
findings, a diagnosis of oculopharyngeal muscular
dystrophy was made. Unfortunately, PABPN1 gene
screening did not find any triplet expansion. She
then presented an acromegaly secondary to a pitu-
itary microadenoma, as her mother, and a type 2
diabetes. The evolution was marked by the appear-
ance of ophthalmoplegia, worsening of the limb gir-
dle deficit, and a respiratory failure secondary to
a diaphragmatic paralysis. The diagnosis of Pompe
disease was then made following that of her broth-
er made a year earlier. Acid maltase activity assessed
then was very low (12%), and genetic analysis showed
heterozygote mutations onthe GAA gene (IVS1-13T>G;
€.1447G>T) identical to those observed in her brother.
A pathogenic mutation in the LMNA gene (c.1930C>T)
was also found. She died at the age of 56 after 42
administrations of Myozyme™ over 21 months.

Patient 4, diabetic and hypertensive, was diag-
nosed at the age of 60 when she was seen for the
first time for walking and stair climbing difficulties
that began at the age of 38 years and evolved very
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slowly. Physical examination revealed mild proximal
weakness of all four limbs and severe axial deficit.
Creatine phosphokinase was high, at 4 times normal.
On the two muscle biopsies that were performed,
only rare rimmed vacuoles were found. The patient
did not show any respiratory signs, and respiratory
function tests were normal. Acid maltase deficiency
was discovered following her inclusion in a research
protocol in which patients with an atypical clinical
picture were all tested for putative Pompe disease
[7]. Diagnosis of Pompe disease was then confirmed
by the presence of two mutations in the GAA gene
(c.1-45T>Ginintron 1 and c.1655T>Cinexon 12). Once
the patient has begun the treatment with Myozyme™,
a dramatic improvement occurred over the next 18
months, followed by stabilization of the disease.

specific clinical and pathological features

Frozen sections

All muscle biopsies were frozen and stored at
—80°C. Cuts of 8 to 12 microns were formed in the
cryostat. The stains and enzymatic reactions carried
out were: haematoxylin-eosin, Gomori trichrome,
periodic acid-Schiff (PAS), acid phosphatase, ATPase,
and oxidative reactions.

Electron microscopy

The samples were successively fixed by glutar-
aldehyde, post-fixed with osmium tetroxide, dehy-
drated, and embedded in resin. Semi-thin and ultraf-
ine sections were then made.

Semi-thin sections were stained with toluidine
blue, and also with PAS in patient 2.

Table I. Muscle biopsies of patients affected by the adult form of Pompe disease — histology and electronic

microscopy
Patient 1 Patient 2 Patient 3 Patient 4 Patient 4
Left quadriceps Left quadriceps Left deltoid Right deltoid  Left quadriceps
Histology
Inequality of fiber size ++ + + +
Necrosis - - — _
Inflammatory infiltrate - - _ _
Internalized nuclei + ++ + — _
Segmentation + + - - Rare
Common vacuoles + 4 + + +
Rimmed vacuoles + ++ + + +
Eosinophilic inclusions - + + - —
PAS on frozen block - + On a limited - - -
sector
PAS on resin block Positivity of all
vacuoles

Predominance of one type of Type | - - - -
fiber
Acid phosphatase reaction Positive Positive Positive Positive Positive

vacuoles and vacuoles and vacuoles and vacuoles vacuoles

inclusions inclusions inclusions
Electronic microscopy

Free cytoplasmic glycogene +++ ++ + =+ ++
Autophagic vacuoles + +++ + ++ ++
Intralysosomial glycogene + ++ + + ++
accumulation
Anormal mitochondria - + - — _
Under sarcolemmal + ++ + + ++
accumulation of mitochondria
Myofibrilla alteration + ++ + + ++

Folia Neuropathologica 2016; 54/3

297



Claire Dolfus, Jean-Philippe Simon, Gérard Landemore, Francois Leroy, Frangoise Chapon

Results

Histological findings on muscle biopsies are
shown in Table I. Particularly relevant is the lack of
positive PAS vacuoles for 3 of the 4 patients, and
the presence of numerous vacuoles in patient 2 in
favour of glycogen excess (Fig. 1A), PAS positivi-
ty was observed only on semi-thin sections of this
patient. Biopsies of the other patients showed some
vacuoles, but they were PAS negative.

Furthermore, rimmed vacuoles were present on
all biopsies, obviously predominant in patient 2’s
biopsy (Table | and Fig. 1B-D). The acid phosphatase
reaction showed positive inclusions and labelled
vacuoles in biopsies of all patients (Fig. 2A-C).

In electronic microscopy, all biopsies included free
cytoplasmic glycogen, glycogen loaded lysosomes and
autophagic vacuoles (Fig. 3A-B). The lesions were more
marked on patient 2’s biopsy. Biopsy of case 1 was char-
acterized by a predominance of glycogen in free form.

Discussion

Our study shows acid phosphatase positive inclu-
sions and rimmed vacuoles in the biopsy of all four
patients.

Acid phosphatase positive inclusions or reduced
body-like inclusions, that appear as dense globules
to electrons in electronic microscopy, are described
in the adult form of Pompe disease [16,18]. Accord-
ing to Feeney et al,, these structures correspond to
lipofuscin inclusions [4]. The present study confirms
that the acid phosphatase positive inclusions can
be a useful diagnostic marker for Pompe disease in
cases without histological evidence, as previously
suggested by Tsuburaya et al. [18]. Rimmed vacu-
oles were present in biopsies of all our patients with
late-onset Pompe disease. The rimmed vacuoles
are small vacuoles highlighted by basophil grains
on hematoxylin-eosin and red grains on Gomori
trichrome [12]. According to Nishino et al. [10,12],

Fig. 1. Hematoxylin-eosin: A) Common vacuoles and vacuoles with a basophilic material on hematoxylin
and eosin (patient 2), B-D) Rimmed vacuoles (patient 4, 1 and 3).
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Fig. 2. Acid phosphatase: A) Acid phosphatase positive
vacuoles (patient 2), B) acid phosphatase positive or
negative vacuoles and an acid phosphatase positive
inclusion (patient 1), C) acid phosphatase positive
inclusions (patient 3).

Fig. 3. Electronic microscopy: A) lysosomal accumulation of glycogen (patient 2), B) extra-lysosomal accu-
mulation of glycogen on electronic microscopy (patient 4).
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rimmed vacuoles would be artifacts formed during
the coloring process: the rimmed vacuoles would
correspond to clusters of autophagic vacuoles com-
ing off the glass slide and regrouped in myofibrils
nearby.

Although Nishino reported that some histological
aspects observed in Pompe disease look like rimmed
vacuoles [11], he does not include this disease in
the list of numerous inherited diseases characterized
by this histological abnormality (hereditary inclusion
body myopathy, distal myopathy with rimmed vac-
uoles, limb-girdle muscular dystrophy 2G, inclusion
body myopathy 3, limb-girdle muscular dystrophy 1A,
oculopharyngeal muscular dystrophy, desmin myop-
athy, desmin-related myopathy, tibial muscular dys-
trophy) [12].

To our knowledge, Schoser et al. [15] are the only
ones to have previously reported aspects of “rimmed
vacuoles” in muscle biopsies of cases of the adult
form of Pompe disease; this was observed in rare
biopsies in their cohort of 38 patients.

In our study, biopsies of all patients with late-on-
set Pompe disease had genuine rimmed vacuoles
even when glycogen deposits were moderate or
minimal in electronic microscopy (patients 1, 2, 4).

Based on clinicopathological correlations (ptosis
and rimmed vacuoles), our case 2 was initially misdi-
agnosed with oculopharyngeal dystrophy. Our study
highlights that it is thus important for a pathologist
to include the Pompe disease in the list of diseases
characterized by rimmed vacuoles, especially since
effective treatment is available for this disease of
acid maltase deficiency.

Conclusions

The presence of both acid phosphatase positive
inclusions and rimmed vacuoles in muscle biopsies
should thus suggest a diagnosis of Pompe disease
in case of clinically atypical forms, and prompt the
clinician to make measurement of enzyme activity
and analysis in molecular biology to confirm the
diagnosis. These new diagnostic screening markers
of Pompe disease should, however, be validated on
a larger number of cases.
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