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Abstract 

We present a 29-year-old man with visual failure since childhood, muscle weakness, subtle heart muscle hypertrophy, and seizures who 
was initially considered to be affected by a mitochondrial encephalomyopathy because of the multiple unspecific involvement of brain, 
muscle and retinal tissues. Only the muscle biopsy findings correctly guided the genetic investigations and the identification of an autophagic 
vacuolar myopathy due to a homozygous mutation in CLN3 . We believe that information in autophagic muscle disorders should further alert 
clinicians to consider CLN3 in individuals with vacuolar myopathy, especially if they have visual and cardiac involvement. 
© 2018 Elsevier B.V. All rights reserved. 
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. Introduction 

The autophagic–lysosomal system is critically involved in
uscle homeostasis. Lysosomal dysfunction and autophagic 

athway defects result in several disorders including mus-
ular dystrophies and metabolic myopathies [1] . Autophagic
acuolar myopathies (AVMs) are heterogeneous muscular dis-
rders characterized by the presence, in the cytoplasm, of
utophagic vacuoles with sarcolemmal features and acetyl-
holinesterase activity on muscle biopsy [2] . Common forms
nclude Danon disease, X-linked myopathy with excessive au-
ophagy, and late-onset Pompe disease, associated with mu-
ations in LAMP2, VMA2 and GAA , respectively [2] . Muscle
bnormalities suggestive of AVM have been identified in pa-
ients with Batten disease, a common form of neuronal ceroid
ipofuscinosis (NCL) [3] . 

. Case report 

A 29-year-old Italian man presented, since childhood,
rogressive retinitis pigmentosa and cataracts. As a teen,
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e developed generalized tonic–clonic seizures and shortly
fterwards complained of easy fatigability and progressive
euromotor deterioration. The family history was unremark-
ble. From the age of 25 years, he has shown progressive
ognitive decline and subtle behavioral changes. The latest
eurological examination, at age 27, showed festinating gait
ith bradykinesia and resting tremor, muscular atrophy, and
yramidal tract signs. Brain MRI showed diffuse cerebral
ortical-subcortical and mild cerebellar atrophy ( Fig. 1 ).
phthalmological evaluation revealed optic atrophy, retinitis
igmentosa and cataracts, whereas echocardiography showed 

nitial signs of left ventricular hypertrophy. Metabolic work up
howed occasional raise of serum amino acids, and laboratory
nvestigations detected elevated serum CPK levels (2–3 times
ormal values) on several occasions. The clinical presentation
uggested a diagnosis of mitochondrial encephalomyopathy, 
nd an extensive targeted gene panel was analyzed (Mitochip,
ee supplementary Appendix) but we failed to show gene
ariants of possible or probable pathogenic significance. 

Histological analyses in skeletal muscle showed variation
n fiber size, the presence of both atrophic and hypertrophic
bers with increased central nuclei ( Fig. 2 a) but normal stains
or oxidative metabolism. A number of fibers with degener-
tive features and autophagic vacuoles were also observed
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Fig. 1. Brain MRI in autophagic vacuolar myopathy. 
Brain MRI in the proband when he was 27 years old. Axial FLAIR ( a ) and sagittal T1-weighted ( b ) images showing diffuse cerebral cortical-subcortical and 
mild cerebellar atrophy. 
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( Fig. 2 b,c). Spectrophotometric investigations of respiratory
chain enzyme complexes in muscle homogenate were also
normal. As expected (1), the autophagic vacuoles showed
a strong reaction for lysosomal acid phosphatase activity
( Fig. 2 d), whereas immunofluorescence with dystrophin anti-
bodies revealed positive binding at vacuolar membrane level
(data not shown). 

Taken together, the patient’s clinical features and muscle
biopsy findings suggested, as an alternative diagnosis, AVM
occurring in NCL. The CLN3 gene was duly analyzed and the
“common” homozygous deletion of 1.0 Kb detected. Both
parents and two healthy siblings carried the heterozygous
deletion. Informed consent was obtained from all individual
participants included in the study. 

3. Discussion 

Whilst cardiac symptoms and cardiac muscle hypertro-
phy are frequent (even as late, life-threatening manifesta-
tions), skeletal muscle involvement is rarely reported in Batten
disease. Nonetheless, muscle weakness, high CPK levels and
features of AVM have been described [5–7] . Supplementary
Table 1 compares the present case with the clinical features
reported in previous CLN3 patients presenting AVM. Visual
symptoms were the onset manifestations in these patients, fol-
lowed by epilepsy and progressive neuromotor deterioration.
The muscle weakness, affecting both proximal and distal mus-
cles, seems to be moderate, correlating well with the finding
of slightly increased serum CPK levels (range 220–600 IU/l),
owever, it is associated with severe muscular atrophy. Brain
RI in all the patients showed atrophy of cerebral and cere-

ellar regions associated with cognitive decline of varying
everity. Histological studies in muscle failed to distinguish
VMs associated with CLN3 mutations from other AVMs,
ith all the forms showing a strong reaction for lysosomal

cid phosphatase activity in the cytoplasm of all fibers. In-
ariably, the vacuoles displayed immunoreactivity for the sar-
olemmal protein dystrophin [5–7] .This further case of AVM
ssociated with a mutation in CLN3 was initially misdiag-
osed as a mitochondrial disorder because of the multiple
nspecific involvement of brain, muscle and retinal tissues.
wo tips are worth remarking. First, only the muscle biopsy
ndings correctly guided the genetic investigations stressing

he importance of this diagnostic procedure even now in the
ra of rapid gene testing. When clinical features appear to
uggest multi-tissue involvement–as in our case–, a correct
pproach would endorse muscle histology first, leaving gene
anel or even analysis of the exome for later analysis to re-
ne the diagnosis. Second, our results further corroborate the

mportant role of CLN3 protein in the pathomechanisms of
acuolar myopathy. Although the exact physiological function
f this lysosomal/endosomal transmembrane protein remains
nknown [1,3–4] , a recent report of successful pharmacolog-
cal modulation of the consequences of CLN3 mutation in

ice [8] might also offer new treatment perspectives and op-
ortunities in AVMs and other muscular disorders [1] . In our
pinion, CLN3 should be always considered in the diagnos-
ic workup of individuals with AVM, especially if they have
isual and cardiac involvement. 
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Fig. 2. Muscle histology in a CLN3 patient. 
Representative light microscopy images of muscle biopsy ( a ) Hematoxylin and eosin staining demonstrating mild variation in fiber size and the presence of 
vacuoles. ( b–c ) Gomori trichrome staining shows, in numerous muscle fibers, multiple vacuoles or microvacuoles, some of them with fuchsia rims. Arrows 
highlight the presence of vacuoles. ( d ) Lysosomal acid phosphatase activity was increased in the cytoplasm of all fibers and present in the vacuoles. 
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