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Summary

An autopsy and microscopic analyses of a 74-year-old female with a clinical history of cardiac
hypertrophy and hypertension disclosed a pronounced distension of lysosomal compartment with
signs of excessive autophagocytosis, predominantly in cardiomyocytes, hepatocytes and smooth
muscle cells of the small intestine. The histological storage pattern did not correspond to the usual
changes seen in defined lysosomal storage disorders. The amount of age-related lipopigment was
low in all tissues. Confocal microscopy of liver tissue samples documented a progressive loss of
mitochondrial epitopes in the distended lysosomal compartment along the porto-central axis of
hepatic lobules. The possibility to detect subunit ¢ of mitochondrial ATP synthase (SCMAS)
indicated extensive intra-lysosomal degradation of mitochondria, both in hepatocytes and smooth
muscle cells. The SCMAS epitope can thus be considered a valuable immunohistochemical marker
of autophagocytic mitochondrial degradation. The distended lysosomes also displayed tissue
specific ubiquitination. Absence of immuno-detectable p62 protein excluded aggresome formation.
An inherent dysfunction of the late endosomal/lysosomal LAMP2 protein (Danon disease), was
excluded on the basis of LAMP2 gene sequence analysis and LAMP2 protein levels. Whether the
observed process reflects a primary dysregulation of the constitution of the autophagosomal
membrane or was induced by defects in other cellular components, remains unanswered. Whatever
mechanism involved, the findings should be considered relevant in differential diagnostics, despite
their low clinical penetrance, should be registered and thus rendered available for future
definition.
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Souhrn
Pripad excesivni autofagocytézy s multiorganovym postizenim a nizkou
klinickou penetranci

Pitva a nasledné histologické vySetieni u 74leté zemielé s klinickou anamnézou hypertrofie srdeéni
a hypertenze odhalily vyznamnou distenzi lysosomalniho kompartmentu s rysy excesivni
autofagocytozy. Zmény byly nejvice vyjadieny v kardiomyocytech, hepatocytech a hladkych svalovych
burikach tenkého stireva. Histologické zmény nemély povahu jakéhokoliv z popsanych lysosomalnich
stifadacich onemocnéni a také mnozstvi lipofuscinu nebylo zvysené v Zzadné z vySetienych tkani.
Vicedetna imunofluorescenéni barveni a konfokalni mikroskopie vzorka jaterniho parenchymu
odhalily progresivni degradaci mitochondrialnich epitopt v postupné distendujicim lysosomalnim
kompartmentu s porto-centralnim gradientem. Imunohistochemicka detekce podjednotky C
mitochondrialni ATP syntazy potvrdila intralysosomalni degradaci mitochondrii jak v hepatocytech
tak i v hladkych svalovych buiikach tenkého stieva. S ohledem na tento nalez 1ze imunohistochemicky
prukaz podjednotky c¢ mitochondrialni ATP syntazy povaZovat za metodu vhodnou pro detekci
autofagocytarni degradace mitochondrii. Distendovany lysosomalni kompartment vykazoval tkarové
specifickou ubikvitinaci, ktera vsak na zakladé detekce p62 proteinu nevykazovala ,,aggresomalni“
charakteristiky. Inherentni porucha pozdné endosomalniho/lysosomalniho LAMP2 proteinu
(Danonova choroba) byla vylouéena na urovni DNA i proteinové exprese. Zda se v tomto konkrétnim
pripadé jedna o primarni poruchu konstituce autofagosomalni membrany, éi zda p¥i¢ina tkvi v jiném
bunééném kompartmentu, zustava nezodpovézeno. Pres neznalost molekularni podstaty a relativné
malou Kklinickou penetranci by mély byt tyto stavy zohlediiovany v diferencialni diagnostice,
registrovany a tim pripravovany ke koneénému objasnéni.

Kliéova slova: autofagocytoéza - kardiomyopatie - hepatopatie - lysosomy - podjednotka C
mitochondrialni ATP syntazy
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Autophagocytosis represents one of the two
main “bulk” degradation pathways in eukaryotic
cells and is an essential part in programmed cell
death (PCD) type II (4). Autophagocytosis has
been repeatedly documented as a key mechanism
involved in the pathogenesis of a variety of
human pathological conditions, such as tumor
genesis (28), neurodegeneration (17) and host-to-
pathogen responses (7). Severe myopathies with
autophagic features have been repeatedly descri-
bed after administration of certain pharmacologi-
cal agents, especially of statins (2) and colchici-
nes (3, 14). There is a growing number of reports
regarding primary vacuolar autophagocytosis
related disorders (reviewed by Nishino (26)) inhe-
rited as monogenic Mendelian traits. Of these,
the best defined are Danon disease (MIM
300257), an X linked dominant disorder caused
by pathogenic variations in the LAMP2 (lysoso-
mal associated membrane protein 2) gene, domi-
nated by skeletal and cardiac muscle affection
(32), and two allelic disorders (hereditary inclusi-
on body myopathy and distal myopathy with rim-
med vacuoles) resulting from pathogenic variati-
ons in the GNE (UDP-N-acetylglucosamine
2-epimerase/N-acetylmannosamine kinase) gene
(MIM 600737, 605820) (27).

Other autophagocytosis — related pathological
entities, with prevailing skeletal muscle
involvement, have only been defined at the
clinical phenotype level: X-linked myopathy with
excessive autophagocytosis (XMEA) associated
with the accumulation of complement C5b-9
membrane attack complex (MAC) (16), infantile
autophagocytic vacuolar myopathy (33), and
a recently reported autophagocytic vacuolar
disorder described in a pair of twin siblings (15).

In addition, there are two reports by Kaneda et
al. (19) and Saijo et al. (31) describing an
autophagocytic disorder with a late onset,
multiorgan involvement, cardiomyopathy and
elevated plasma levels of brain natriuretic
peptide in one of them.

In this report we present an additional case of
a 74-year-old female patient suffering from
a slowly progressing multiorgan disorder,
dominated by excessive autophagocytosis. The
presented case belongs, in our opinion, to the
group of enhanced autophagocytosis- related
disorders with low clinical penetrance, and is, in
many aspects, substantially different from the
reports mentioned above. The results from this
case also point to certain new aspects of the
autophagocytosis process and ubiquitin related
lysosomal degradation.

Case report

The clinical status of the patient, a 74-year-old
female, while considerable, was in most aspects
unremarkable and included presumed ischemic

heart disease with bilateral cardiac hypertrophy,
hypertension, an AV block requiring permanent
cardiac stimulation, chronic bronchitis with
decreased ventilation parameters, dyslipidemia
(Simvacard 20 mg/day for several months prior to
death), corticoid-dependent rheumatoid arthritis
(Prednisone 5 mg/day for 5 years), and diabetes
mellitus type II (treated by diet only). Other sig-
nificant clinical conditions, except for a period of
unexplained dyspepsia, were absent. The patient
succumbed to progressive cardio-respiratory fai-
lure at the age of 74 years. Laboratory findings
from the 5 year period prior to death revealed
that blood glucose, urea and creatinine were
slightly elevated, total blood cholesterol, HDL
and LDL cholesterol, triacylglycerols and ApoB
were within normal ranges (see above Simvacard
treatment), while aminotransferases (ALT, AST),
g-glutamyltransferase and creatine phosphoki-
nase levels were slightly elevated during the
three months prior to death. Other biochemical
values, as well as blood count were within normal
ranges.

Family history revealed that the patient’s
father died of a myocardial infarction at the age
of 61 years and her mother died of pulmonary
embolism at the age of 75 years. The patient’s
sister is without clinical problems. Only one of
the sons agreed to undergo a detailed clinical
examination, including cardiac sonography, the
results of which failed to disclose any
abnormalities.

Materials and methods

The autopsy did not reveal any gross
macroscopic changes other than bilateral cardiac
hypertrophy (540 g), signs of chronic heart
failure, and multiple erosions of the gastric
mucosa with terminal hemorrhage (500 ml). The
spleen (210 g) showed signs of chronic venous
congestion. Atherosclerosis was minimal.
Standard histopathological examination
disclosed abnormal vacuolar cardiomyopathy,
and because of this, the case was referred to the
Institute of Inherited Metabolic Disorders. Tissue
samples (lung, liver, stomach, small intestine,
myocardium and basal ganglia) were available as
either formaldehyde fixed samples or
formaldehyde fixed paraffin embedded (FFPE)
tissue samples.

The primary antibodies that were used for
immunohistochemistry are listed in Table 1. The
appropriate DAKO Envision kits or rabbit anti-
guinea pig HRP labeled antibody (DAKO,
Copenhagen, Denmark) were used for the
secondary detections.

The FFPE tissue samples of the patient’s liver,
left ventricular myocardium, and small intestine,
together with age and sex matched as well as
juvenile controls were processed for multiple

94

Cesko-slovenska patologie



Table 1. Antibodies used for imunohistochemistry

Antigen (Antibody clone)

Dilution

Source
IH

IF

LAMP 1 (rabbit polyclonal)

kindly provided by Dr.S.Carlsson (University
of Umea, Sweden)

LAMP 2 (rabbit polyclonal)

kindly provided by Dr.S.Carlsson

cathepsin D (rabbit polyclonal)

DAKO, Copenhagen, Denmark

ubiquitin (rabbit polyclonal)

DAKO, Copenhagen, Denmark

ubiquitin (FPM1)

Novocastra, Newcastle upon Tyne, United
Kingdom

prohibitin (II-14-10)

Lab Vision, Westinghouse, CA, USA

60 kD antigen of human mitochondria (113-1)

Biogenex, San Ramon, CA, USA

subunit ¢ of mitochondrial ATP synthase
(SCMAS)

kindly provided by prof. E.Kominami
(Juntendo University, Tokyo, Japan)

p62 component of aggresome (guinea pig
polyclonal)

Progen, Heidelberg, Germany

cytochrome oxidase (COX) subunit I (1ID6E1AS8)

Mitosciences, Eugene, Oregon, USA

cytochrome oxidase (COX) subunit IV
(10G8D12C12)

Mitosciences, Eugene, Oregon, USA

protein disulfide isomerase (PDI) (1D3)

Stressgen, Victoria, Canada

LC3 (rabbit polyclonal)

immunofluorescence labeling. The staining
protocols generally followed the accepted
protocols for double immunolabeling.

The primary antibodies used for
immunofluorescence labeling are listed in Table
1. Secondary detections were performed using
donkey anti-mouse IgG Alexa Fluor 555 antibody
and goat anti-rabbit IgG Alexa Fluor 633
antibody (Invitrogen - Molecular Probes,
Carlsbad, CA, USA) diluted 1:500. Liver sections
were stained with anti-LAMP2 antibody in
combination with the following: anti-60 kD
mitochondrial antigen, anti-prohibitin, anti-COX
I, anti-COX IV and anti-PDI antibodies, and anti-
SCMAS which was combined with anti-60 kD
mitochondrial antigen or anti-cathepsin D
antibodies. Myocardial and small intestine tissue
sections were stained with anti-LAMP2 antibody
in combination with: anti-60 kD mitochondrial
antigen and anti-PDI antibodies, and anti-
SCMAS combined with anti-60 kD mitochondrial
antigen antibody. Images were acquired using
a Nikon Eclipse E800/TE 2000 microscope
equipped with a C1/C1 si spectral confocal head.
The images were restored based on deconvolution
using a measured point spread function (PSF)
and the classical maximum likelihood estimate
algorithm (Huygens Professional software, SVI,
Hilversum, The Netherlands). Co-localization
maps (Fig. 3) using single pixel overlap
coefficient values (in the range of 0-1) (23) were
calculated using Huygens Professional Software.

MBL, Naka-ku Nagoya, Japan

Formaldehyde fixed samples were post-fixed
with buffered 1% OsO, for 2 h, dehydrated and
embedded in an Araldite-Epon mixture. Thin
sections were double contrasted using uranyl
acetate and lead nitrate. Muscularis externa
samples, from the formalin fixed small intestine
samples, were manually dissected using an
Olympus SD30 stereomicroscope.  The
immunolabeling protocol of the 70 nm thick
sections followed the protocol of Griffiths et al.
(12). The primary anti-SCMAS antibody was
diluted 1:40; the secondary goat anti-rabbit IgG
antibody (Jackson ImmunoResearch, West Grove,
PA, USA) was conjugated with colloidal gold (12
nm) and was diluted 1:30. Samples were
observed and photographs taken using TESLA
500 electron microscope.

Genomic DNA was isolated from lung and
myocardium FFPE tissue samples using heat
deparaffinization, proteinase K digestion and
phenol chloroform extraction. The entire coding
region of the LAMP2 gene (GenBank reference
sequence NC_000023, ), including the 5’ and 3’
untranslated regions and the intron/exon
boundaries, was amplified in ten PCR products
(including both variants of the alternatively
spliced exon 9) and both strands of the PCR
products were directly sequenced. The PCR
product sizes, primers, PCR and sequencing
reactions conditions, as well as all tissue staining
protocols, are available on request.

Cesko-slovenska patologie

95



Results

Besides the centroacinar venous congestion in
the liver, there was discrete but distinct
peribiliary vacuolization of zone 1 hepatocytes,
which progressively increased toward zone 3, at
which point, the hepatocyte cords became
atrophic (Fig. 1a, b). Zone 1 hepatocytes were

Fig. 1. Selected H&E stained tissues.
(a, b) show peribiliary vacuolization of hepatocytes
in zone 1 and 3, respectively. Compare the lysoso-
mal distension with Fig. 3. (c) hypertrophic cardio-
myocytes with prominent perinuclear vacuolizati-
on. (d) vacuolar distension of smooth muscle cells
of the small intestinal muscularis externa. (e)
atrophic smooth muscle cells of the muscularis
externa of the stomach without substantial nume-
ric reduction. Scale bar (a-d) 50 um, scale bar (e) 200
um

slightly enlarged and characterized by fine
granular cytoplasm. Autofluorescent lipopigment
granules were sparse and small in size and were
often in the form of minivacuoles clustered
within zone 3 hepatocytes. The sinusoidal CD68
positive cells showed no increase in number and
showed variable, but modest, degree of
cytoplasmic distension and contained small
amounts of ceroid pigment.
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Fig. 2. Immuhistochemical detection of late endosomal/lysosomal markers and ubiquitin.
Liver sections showing distended lysosomal compartment stained for cathepsin-D (a) and LAMP2 (b). Same stai-
ning performed in myocardium, cathepsin-D (c) and LAMP2 (d). Variable extent of ubiquitin staining positivity in
the liver (e), myocardium (f), atrophic gastric SMCs (g) and small intestinal SMCs (h). The ubiquitin positivity cor-
responds well with the distended lysosomal compartment (for comparison refer to Fig. 1). Scale bar (a-f, h) 50 um,
(g) 100 um

Cesko-slovenska patologie o7



N ]
o 1ot 10 1o 1

Fig. 3. Immunofluorescence and confocal laser scanning microscopy.

Zone 1 (a-c) and zone 3 (d-f) hepatocytes double labeled with LAMP 2 (b, e) antibody for late endosomal/lysosomal
membranes and 60 kD mitochondrial antigen (a, d) antibody for mitochondria. Note the expansion of the late
endosomal/lysosomal compartment and the parallel reduction of mitochondrial signal towards zone 3 (best docu-
mented on the merged images c, f).

(g) Shows 60 kD mitochondrial antigen antibody labeled mitochondria together with SCMAS detection (h), (i) is
the merged image showing the virtual exclusion of the two signals (g, h). (k) corresponds to cathepsin D signal co-
labeled with SCMAS (1), merged image (m) shows extent of co-localization of these two signals.

Panels (j, n) represent co-localization maps employing single pixel values of overlap coefficient of dual channel
merged images (i, m) which were scaled with the shown LUT (beneath the panel). For the construction of the co-
localization map refer to Materials and Methods. Co-localization map employing single pixel overlap coefficient
values is in many ways superior to a simple RGB merge, compare (i, m) with (j, n) for the extent of the discernib-
le signal overlap.

Scale bars (f, n) represent 10 um
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Fig. 4. Ultrastructure of the expanded lysosomal system

(a) hepatocyte lysosomes close to the centrolobular zone (zone 3), with mostly degraded content. (b) hepatocyte
lysosomes close to peripheral zone (zone 1), loaded with pleomorphic content and structures strongly resembling
degraded mitochondria. (c¢) cardiomyocyte with numerous autophagolysosomes containing degraded mitochond-
ria. (d) smooth muscle in the small intestine, with lysosomes containing pleiomorphic material and curvilinear-
like deposits shown in detail on (e). (f) immunoelectron microscopical detection of SCMAS showing a dense con-
centration of the epitope in curvilinear-like deposits. Magnification (a) 12 000x, (b, ¢) 16 000x, (d) 8 000x, (e, f)

9000x, scale bar in (f) represents 200nm.

Standard histology of the myocardium showed
cardiomyocyte hypertrophy with vacuolizations
of various sizes and shapes, concentrated in the
perinuclear zone and containing variable
amounts of autofluorescent lipofuscin (Fig. 1c).
The myocardial stroma showed dispersed
myofibrosis and contained a small number of
CD68 positive macrophages, which exhibited
variable cytoplasmic  distension. Intra-

myocardial vessels revealed only minor
abnormalities in the muscularis layer, which
resembled the changes seen in the intestinal
muscularis externa (see below).

The mucosa and submucosal glands of the
small intestine were histologically normal.
Intestinal smooth muscle cells (SMC) showed
a significant degree of granulovacuolar
cytoplasmic distension (Fig. 1d), with numerous,
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discrete, autofluorescent granules. Peripheral
autonomic neurons, in both the small intestine
and stomach, were finely granular; infrequent,
large axonal spheroids were observed in the
intestinal mucosa and submucosa.

The ventricular mucosa had been partially
altered by autolysis, but did not display any
significant abnormalities. The SMCs of the
intestinal muscularis externa were markedly
condensed and showed signs of atrophy, but
without any discernible numeric reduction (Fig.
le).

The lung samples did not reveal any significant
abnormalities; we noted scattered alveolar
macrophages. The SMCs of the blood vessels and
the bronchial tree did not show any significant
changes.

The sample of the basal ganglia was
histologically unremarkable. Neurons showed an
accumulation of age related lipopigment of
typical ultrastructural appearance. Axonal
spheroids were present but sparse.

There was a negligible amount of birefringent
liquid lipid crystals in the lysosomal
compartment of any of the evaluated tissues.

With the exception of the atrophied gastric
SMCs, the cytoplasmic vacuoles of all examined
tissues stained intensively for the late
endosomal/lysosomal membrane markers
LAMP1 and 2 and with a variable intensity for
the luminal lysosomal marker cathepsin D (Fig. 2
a-d).

A striking feature of the distended lysosomal
compartment was its variable immunostaining
positivity for ubiquitin. The lysosomal compart-
ment of cardiomyocytes and small intestine
SMCs displayed the most intensive staining with
anti-ubiquitin antibody. In comparison, the
distended lysosomal compartment of hepatocy-
tes, and gastric SMCs were nearly free of ubiqui-
tin signal (Fig. 2e-h). There was no evidence of
p62 aggresomal protein accumulation in any of
the ubiquitin positive tissues (myocardium, small
intestine).

Staining for subunit ¢ of mitochondrial ATP
synthase (SCMAS) showed strong positivity in
the lysosomes of cardiomyocytes and small intes-
tine SMCs. The autofluorescent signal was virtu-
ally quenched after SCMAS immunohistochemi-
cal detection. This suggests that the
autofluorescence originated from SCMAS depo-
sits (data not shown). The correlation between
SCMAS and lysosomal markers is discussed
below.

Unfortunately, the antibody against the LC3
autophagosomal membrane component in the
FFEP samples generated ambiguous results,
partly because of the lack of reference samples;
these results are not included in this study.

Prior to immunofluorescence labeling and laser
scanning confocal imaging, the overall
autofluorescence levels of the tissue sections
were evaluated including the presence of age-

related autofluorescent pigments. Liver samples
from the patient and controls showed only
a small amount of autofluorescent pigment in the
peribiliary regions of zone 3 hepatocytes.
Unfortunately, the prerequisites for spectral
contamination could not be fulfilled in the
myocardial and small intestine tissue sections.

Several criteria were evaluated in the liver
tissue sections relative to the controls: (1)
changes of the late endosomal/ lysosomal
compartment spatially related to mitochondrial
(Fig. 3 a-f) and endoplasmic reticulum (ER, data
not shown) compartments in the hepatic lobule ;
(2) intra-lysosomal localization of selected
mitochondrial epitopes (60 kD mitochondrial
antigen, prohibitin, COX I and IV) and (3) the
distribution of the SCMAS signal within the
tissue relative to lysosomal markers and other
mitochondrial markers (Fig. 3 g-n).

LAMP 2 signal showed considerable late
endosomal/lysosomal distension along the porto-
central axis compared to controls. All the
visualized mitochondrial epitopes showed
a relatively similar staining pattern, i.e. gradual
reduction of the signal towards the center of the
hepatic lobule, which corresponded to late
endosomal/lysosomal distension (Fig. 3 a-f). The
reduction of the endoplasmic reticulum (PDI)
signal towards zone 3 followed the pattern of
mitochondrial epitopes (data not shown).

The confocal images were inspected for luminal
entrapment of mitochondrial epitopes inside
LAMP 2 positive compartment. We were not able
to reliably document any of these phenomena,
despite the use of deconvolution algorithms. The
subresolution size of these events might be one
explanation; another, and more likely, reason was
the advanced state of intra-lysosomal
mitochondrial epitope degradation.

To further address the issue of mitochondrial
degradation, we used an antibody against
SCMAS. Its detection can be considered
a hallmark of mitochondrial damage or subunit ¢
storage process, as has been shown in neuronal
ceroid lipofuscinoses (NCLs) (13, 29). The
presence of SCMAS signal in the peribiliary
regions of hepatocytes was pronounced and
again, it increased towards the center of the
hepatic lobule (Fig. 3 g-n). Co-labeling with other
mitochondrial markers (60 kD mitochondrial
antigen) showed a virtual exclusion of the two
signals, indicating the diversity of the
mitochondrial population in hepatocytes; SCMAS
negative/60 kD mitochondrial antigen positive
(intact mitochondria) while SCMAS positive/60
kD mitochondrial antigen slightly positive or
negative indicates partly or completely degraded
mitochondria (Fig. 3 g-j). SCMAS epitope further
resided in cathepsin D positive compartment of
hepatocytes (Fig. 3 k-n), providing direct evidence
of the autophagocytosis process on the optical
microscopy level. Similar findings were absent in
the controls samples, regardless of the labeling

100

Cesko-slovenska patologie



combination and can hardly be assigned, as well
as other described changes, to post-mortem

autolysis.

Electron microscopy disclosed a wide range of
changes with variable membranous
ultrastructure, which often resembled the

remnants of organelles, especially mitochondria,
sometimes endowed with a limiting double
membrane, which was highly suggestive of
autophagocytic origin (Fig. 4). In hepatocytes,
there was a gradual increase in electron lucent
vacuoles toward the central part of the lobule
(Fig. 4a), which corresponded well with optical
microscopy results. Small intestinal neurons
displayed an increase in mitochondria and had
variable amounts of lipofuscin, as well as discrete
lysosomes with a low density, amorphous content
mixed with membranous structures (Fig. 4d).
Small intestinal SMC deposits were highly
pleiomorphic and frequentely contained a blend
of curvilinear-like deposits (Fig. 4e).

Immunoelectron microscopic detection of
SCMAS showed intensive staining of the
curvilinear-like deposits with specific antibody
(Fig. 4f).

Direct sequencing of the whole coding region of
the LAMP2 gene, did not detect any previously
described or novel, potentially pathogenic
sequence variations. We consider the extent of
the analyzed genomic region of the LAMP2 gene
to be sufficient to exclude sequence alterations
with respect to the published spectrum of
sequence variations (predominance of single base
substitutions or small insertions/deletions in
exons or in close vicinity to exon/intron
boundaries) (The Human Gene Mutation
Database, http:/www.hgmd.cf.ac.uk/ac). The
potential effects of formaldehyde induced
sequence analyses artifacts were minimized by
independent PCR product pooling and repetitive
independent PCR product sequencing.

Discussion

The presented case represents a late onset
multiorgan disorder which manifested with
features of enhanced autophagocytosis with
prominent lysosomal distension in a variety of
cell types, but without any signs of specific
lysosomal substrate storage. The changes were
most obvious in the myocardial tissue, liver
tissue and SMCs of gastrointestinal tract.
Unfortunately, the absence of any myopathic
clinical symptoms resulted in the lack of any
skeletal muscle samples for analyses. As a result,
data on skeletal myopathy are limited. Optical
and electron microscopy findings provided the
accepted morphological hallmarks of pronounced
autophagocytosis including intra-lysosomal
degradation of organellar epitopes (confocal
microscopy and immunoelectron microscopy).

The striking discrepancy between the intensity
of the cellular pathology and its restricted
clinical presentation suggests a low intensity of
progression and/or the contribution of efficient
compensatory mechanisms, such as hyper-
regeneration (liver) or reactive compensation
(cardiomyocyte hypertrophy). The nature of the
disease (sporadic or hereditary) is unclear, family
data does not directly support either of these
possibilities, especially in light of the late age of
onset, potential incomplete penetrance or
possible recessive inheritance. Additional cases
thus should not be ignored and care should be
taken about the proper sample fixation and
storage, in order to facilitate molecular analyses.

We can only speculate about the nature of the
molecular mechanisms involved in the genesis of
this disorder. The dominance of the
autophagocytosis related changes might point to
a defect in the autophagosomal/lysosomal
membrane constitution machinery, associated
with enhanced degradation of ubiquitin tagged
moieties in autophagolysosomal compartment.
However, the observed extent of ubiquitination,
regardless of reason, might trigger the
autophagocytic process itself, making it
a secondary change (see below) (21). The
presented observations of ubiquitination
associated with the lysosomal compartment
provide additional insight into this recently
opened topic (5, 6, 24).

The autophagocytosis related disorders
mentioned in the introduction, share
myopathological changes in common. Most
diagnostic approaches are based on descriptive
microscopic methods, only LAMP-2 deficiency
(Danon disease) and GNE deficiency are specified
on the molecular level. We were able to narrow
the differential diagnostic considerations in the
described case to two potential causes: (i) LAMP2
deficiency and (ii) secondary toxic etiology
related to drug administration.

(i) The wultimate argument against the
diagnosis of LAMP-2 deficiency was the absence
of any pathogenic sequence variation in the
LAMP-2 gene. Other criteria for LAMP-2
deficiency were reported to be less specific in
comparison to LAMP-2 gene DNA analysis (1,
10).

(ii) Regarding potential toxic effects, the low
doses of Simvacard (simvastatin, 20 mg/day)
taken by the patient do not seem to explain
findings, especially since myogenic symptoms
were not clinically overt. Doses of 40 mg of
simvastatin per day were not able to alter
ubiquinone concentrations and myopathic
changes only appeared in 0.05% of patients
receiving double the dose taken by our patient (2,
30). No other medications known to cause
comparable adverse effects (e.g. colchicine) were
present in the patient’s clinical history.

The two reports on late onset multiorgan
disorders with autophagocytic features (19, 31)
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seem, by far, to have the most in common with
the presented case, even though the clinical
presentation was centered around skeletal and
cardiac muscle, respectively.

We would like to make a brief comment about
the possibilities of autophagocytosis detection in
FFPE tissues. So far, the standard method for the
detection of autophagocytosis has been the
electron microscopy. While there are other
methods, which are based on biochemical and
dynamic cellular assays(25), these are
fundamentally unsuitable for FFPE material,
similarly as immunohistochemical detection of
the specific marker of autophagolysosomal
membrane (LC3 protein) (22). We therefore
considered and demonstrated the usefulness of
the antibody against subunit ¢ of mitochondrial
ATP synthase (SCMAS). SCMAS has been
previously shown to accumulate, predominantly,
in neuronal ceroid lipofuscinoses (13, 29) or in
chloroquine intoxication (11). The genesis of
SCMAS deposits in NCL has not, so far, been
explained completely, but autophagocytosis has
been proposed as one of the mechanisms involved
in their formation (20). It is worth mentioning,
that the curvilinear-like aggregates described in
this case, resemble the SCMAS rich lysosomal
deposits seen in many types of NCL (8, 9). The
organellar selectivity of the degradative process
(5, 20) can only be assessed to a limited extent.

We are convinced that conditions similar to the
presented case may be under- diagnosed in
routine autopsies. Even though the number of
reports describing similar conditions in advanced
age is still low, they should not be ignored in
differential diagnostics. Careful analysis of
a larger spectrum of postmortem samples
including those properly fixed and stored for
biochemical and molecular examination is
essential to increase our knowledge of the
molecular basis of these entities and of the
underlying processes at the cell pathology level.
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Pleomorfni epiteloidni a svétlobunéény maligni
tumor délohy s myoidni a melanocytarni
diferenciaci - leiomyosarkom nebo PECom?
Kazuistika a pirehled literatury

Kinkor Z.1, Hes 0.2
1I§ioptické laboratof, s.r.o., Plzen
2Siklav dstav patologie, LF UK, Plzeni

Souhrn

Popisovan je pripad tiicetileté Zeny operované pro nahlou piihodu b#isni s obrazem krvaceni
do malé panve. Nalezen byl solitarni, 3 cm veliky, rozpadajici se, prokrvaceny tumor v déloznim
rohu infiltrujici myometrium a nesouvisejici s endometriem. Histologicky se jednalo o solidné
usporadany nador tvoieny velkymi epiteloidnimi elementy s hojnou oxyfilni, jemné zrnitou
cytoplazmou s loZziskovou vyraznou svétlobunéénou pireménou. Nadorové buiiky se vyznacovaly
zjevnymi jadernymi nepravidelnostmi, bohatou atypickou mitotickou aktivitou a disperzné byly
rozptyleny obrovské pleomorfni elementy s hyperchromnimi, monstréznimi jadry. Komplexni
imunohistochemicky profil zahrnoval difizni a homogenni expresi vimentinu, hladkosvalového
aktinu, desminu, HMB45, Melan A, CD10 a EMA. U nemocné nebyla zjisténa stigmata tuberoézni
sklerézy a po prodélané chemoterapii je 5 mésici bez znamek progrese onemocnéni. Léze byla

s neurcitosti

interpretovana jako pleomorfni

leiomyosarkom délohy s alternativnim

pojmenovanim maligni PECom. Vyjadieny jsou rozpaky nad oznaéenim tumora se smiSenym
myoidnim a melanocytarnim fenotypem umisténych v déloze. Predkladan je piehled literatury

a diskutovana diferencialni diagnostika.

Kliéova slova: déloha - melanocytarni diferenciace - epiteloidni/pleomorfni leiomyosarkom -

angiomyolipom - PECom
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