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1 Introduction 

 

Basophilic degeneration (BD) of the myocardium is a common finding in the 

human heart. It is characterized by pale blue areas stained with hematoxylin and 

eosin (Geipel 1906; Haumeder 1935). So far, BD is not considered to be a form of 

cardiomyopathy but an aging process due to an age-related increase of advanced 

glycosylation end products (Iwaki et al. 1996). Cardiomyopathies are a group of 

heart disorders with varying classification systems. Cardiomyopathies with 

intracellular inclusions are a distinct subset of cardiomyopathies. Major forms are 

the desmin-related myopathy in skeletal and heart muscle (Sugawara et al. 2000) 

or the myocardial affection in inclusion body myopathy with early-onset Paget 

disease of the bone with or without frontotemporal dementia (IBMPFD) (Hübbers 

et al. 2007). Inclusion body formation, also an important step in the genesis of 

neurodegenerative disorders, is caused by the accumulation of misfolded proteins. 

This is related to a malfunction in the degradation systems of the cell, the 

ubiquitin-proteasome system and the lysosome. Because p62-bound proteins 

represent substrates ready to be degraded by the proteasome, for example, 

detection and characterization of such p62-bound proteins are important methods 

to identify such inclusion bodies.  

The Amyloid β protein (Aβ) is important for the formation of amyloid plaques in 

Alzheimer’s disease, a well known neurodegenerative disorder. Aβ is thereby 

released after cleavage of the amyloid precursor protein (APP) (Haass et al. 

2012). APP is cleaved by different secretases, releasing a variety of molecules 

with several functions (Caldwell et al. 2013). 

In the following introductory sections, I would like to introduce BD, the different 

forms of cardiomyopathies with special regard to the forms with myocardial 

inclusion body formation, the degradation systems of the cell and their involvement 

in the generation of inclusion bodies and the role of APP in neurodegenerative 

disorders and in general. Based upon the current concepts of BD, 

cardiomyopathies and degradation of protein aggregates, I am finally going to 

outline the aims of this study and the questions to be addressed in this thesis.  
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1.1 Basophilic degeneration 

 

BD, also known as mucoid or mucinous degeneration or cardiac colloids, is a 

common finding in human cardiomyocytes (Spencer 1950; Scotti 1955; Haust et 

al. 1962). In hematoxylin and eosin stain it is localized in the center of the 

cytoplasm of the heart muscle cell, oval or round, and it is stained in different 

shades of pale blue. BD also stains for periodic acid Schiff reaction (PAS) and is 

resistant to diastase treatment. Immunohistochemically, a reactivity with antibodies 

against polyglucosan has been described. In different studies BD is present in 

most of the samples excluding infant samples with an increase in elderly 

individuals (Hewitt 1910; Haumeder 1935; Tamura et al. 1995). It is proposed that 

an age-related increase of advanced glycosylation end products is involved in the 

formation of  BD of the myocardium. In this context, these end products could also 

be seen in corpora amylacea of astroglia cells (Iwaki et al. 1996). It is 

controversially discussed whether the inclusions in BD are associated with distinct 

conditions or disorders. Some authors describe an association with 

hypothyroidism (Fisher 1943), while others do not see such an association but 

argue in favor of general wasting states (Umeda 1940). BD has not yet been 

described at the site of necrosis or scar formation of the myocardium and almost 

no relation to heart disease was found so far. Immunohistochemical, histochemical 

and ultrastructural studies revealed a similarity between the inclusions in BD, 

Lafora´s disease and storage materials in type IV glycogenosis. A glucose polymer 

is found to be the reactive material in all 3 diseases, possibly suggesting an 

abnormality in glucose metabolism (Tamura et al. 1995). The term cardiomyopathy 

is not used very often in connection with BD. It is reported that some patients 

suffering from idiopathic cardiomyopathy have increased levels of BD found in 

cardiomyocytes (Rosai u. Lascano 1970). But it is not yet clear if it is just a non-

related finding or if it plays a role in the pathogenesis of idiopathic 

cardiomyopathies. 
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1.2 Cardiomyopathies 

 

To understand the role of BD in cardiomyopathies it is important to know that there 

are different forms of cardiomyopathies. Cardiomyopathies are an important and 

heterogeneous group of heart diseases, that are divided into a number of 

morphological and functional phenotypes. Many classification systems were 

proposed so far. Mostly, 4 subtypes of cardiomyopathies are subdivided as 

defined by the WHO in 1996: dilated, hypertrophic, restrictive and arrhythmogenic 

right ventricular cardiomyopathy  (Richardson et al. 1996). The American Heart 

Association (AHA), as well as a few years later the European Society of 

Cardiology (ESC), renewed this system by paying more attention to the genetic 

origins of cardiomyopathies  (Elliott et al. 2008; Maron et al. 2006). Advances in 

molecular genetics were accomplished concerning different forms of 

cardiomyopathies (Danieli u. Rampazzo 2002; Seidman u. Seidman 2001; 

Watkins 2003). Cardiomyopathies with intracellular inclusion body formation are a 

distinct subgroup of cardiomyopathies, which are especially important for my 

study. BD represents an alteration of the heart muscle with inclusion body 

formation as well. In the following section, I would like to introduce the two major 

forms of this group of cardiomyopathies in the human heart. 

 

 

1.2.1 Cardiomyopathies with intracellular inclusions  

 

Cardiomyopathies with intracellular inclusions are well known in cases with familial 

cardiomyopathies related to distinct mutations. As known so far, two relevant 

forms are the myofibrillar myopathies in the skeletal as well as in the heart muscle 

(Sugawara et al. 2000) and cardiac affection in inclusion body myopathy with 

early-onset Paget disease with or without frontotemporal dementia (IBMPFD) 

(Hübbers et al. 2007). 

Myofibrillar myopathies are characterized by disturbances and aggregation of 

myofibrillar proteins such as desmin. Desmin is a muscle specific intermediate 

filament that exists in smooth, skeletal and heart muscle (Chou et al. 1997; 

Lazarides 1980). As a Type III intermediate filament it is mainly located in the Z- 

discs and essential for the structural integrity and the function of the muscle 
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(Capetanaki et al. 2007; Fuchs u. Weber 1994). Desmin-related myopathy is 

characterized by desmin-positive cytoplasmic protein aggregates (Osborn u. 

Goebel 1983; Goebel 1997; Selcen 2008). Myofibrillar myopathies are caused by 

mutations in the desmin (DES), α-B-crystalline (CRYAB), myotilin (MYOT), filamin 

C (FLNC), Z-band alternatively spliced PDZ-containing protein (ZASP) or Bcl-2- 

associated athanogene-3 (BAG3) genes (Selcen 2008). Desmin-related myopathy 

in particular is caused by mutations in the desmin (Goldfarb et al. 1998; Dalakas et 

al. 2000; Munoz-Marmol et al. 1998) and α-B-crystalline gen (Vicart et al. 1998). 

Nearly 70 different mutations of DES are described leading to a heart 

manifestation in more than 70% of the individuals suffering from desmin-related 

myopathy (Capetanaki et al. 2015). A loss of function of the mutant desmin 

probably determines the inability to form functional filaments and provides the 

formation of aggregates (McLendon u. Robbins 2011). Clinically, desmin-related 

myopathy is mainly characterized by a progressive skeletal muscle weakness, 

including respiratory muscle weakness, and a cardiomyopathy as well as a cardiac 

conduction disease (van Spaendonck-Zwarts et al. 2011). 

 

Valosin-containing protein (VCP/p97) is an ubiquitously expressed member of the 

AAA-ATPase family that is involved in a wide range of cellular processes. The 

structure consists of two ATP hydrolyzing D1 and D2 domains, and a N-terminal 

ubiquitin-binding domain (DeLaBarre u. Brunger 2003). VCP is involved in 

envelope reformation, Golgi reassembly, DNA damage repair, cell cycle 

progression and protein degradation via the ubiquitin-proteasome system 

(Rabinovich et al. 2002; Kondo et al. 1997; Uchiyama u. Kondo 2005; Rabouille et 

al. 1998). Autosomal dominant missense mutations in the gene coding for VCP on 

chromosome 9p13.3, mainly clustering in the N-terminal domain, are the reason 

for a disease characterized by inclusion body myopathy associated with Paget 

disease of the bone and frontotemporal dementia called IBMPFD (Watts et al. 

2004; Haubenberger et al. 2005). Studies also suggest that mainly the disruption 

of autophagy leads to IBMPFD formation (Ju u. Weihl 2010). IBMPFD is 

characterized by VCP-positive protein aggregates in the cytoplasm of skeletal 

muscle and in the nucleus of central nervous system neurons (Watts et al. 2004; 

Schröder et al. 2005). Furthermore, VCP protein aggregates are also observed in 

amyotrophic lateral sclerosis, Parkinson´s disease, Lewy body disease and 
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Huntington´s disease (Hirabayashi et al. 2001). Hübbers et al. first reported a new 

form of dilated cardiomyopathy with inclusion bodies caused by a VCP mutation 

(Hübbers et al. 2007). These ubiquitin-positive cytoplasmic and single nuclear 

deposits lead to left ventricular dilatation and thickening of the left ventricular wall. 

This could possibly be the reason for cardiac failure and dilated cardiomyopathy in 

later stages. Hübbers et al. presented a patient suffering from these cardiac 

inclusions, diagnosed with a heterozygous VCP-mutation in exon 5 (R155C). For 

other VCP mutations this cardiac pathology has not yet been shown (Hübbers et 

al. 2007).  

 

1.3 The ubiquitin-proteasome system, autophagy and the role of p62 

 

As mentioned in the chapter about cardiomyopathies, the aggregates found in 

cardiomyopathies are often detectable with markers against distinct proteins. The 

ubiquitin system is involved in the metabolism of these proteins that aggregate in 

inclusion bodies. As such, it is important to know more about the degradation 

systems of the cell and how their malfunction leads to inclusion body formation.  

Two important protein degradation systems in eukaryotic cells are known, the 

ubiquitin-proteasome system and lysosome-associated autophagy (Wang et al. 

2013b). p62, also known as SQSTM1, is an ubiquitin-binding protein that acts as a 

shuttle for transportation of polyubiquitinated proteins for degradation in the 

proteasome as well as in the lysosome (Bjørkøy et al. 2006; Seibenhener et al. 

2004). It is able to mediate crosstalk between both systems, but it is also involved 

in inclusion body formation initiated by the accumulation of ubiquitin-positive 

multiprotein aggregates containing misfolded proteins (Pankiv et al. 2007; 

Zatloukal et al. 2002; Komatsu et al. 2007). 

The ubiquitin-proteasome pathway uses ubiquitination as a signal for degradation 

of short-lived proteins. Ubiquitin is linked to the target protein by three complexes, 

E1, E2 and E3, an ubiquitin-activating enzyme, a conjugating enzyme and a 

protein ligase. It is possible that either these steps are repeated several times 

building a poly-ubiquitin chain or that ubiquitin is removed by deubiquitination. The 

26S proteasome recognizes the poly-ubiquitin chain. Ubiquitin is recycled after 
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proteolysis from the proteins which are than degraded to oligo-peptides 

(Ciechanover 1998; Hochstrasser 1996; Varshavsky 1997) (Fig.1). 

 

The lysosome degrades long-lived proteins and damaged organelles delivered by 

autophagy. Depending on the manner in which cytoplasmic material or organelles 

are delivered to the lysosomal lumen for degradation, three categories of 

lysosomal degradation are distinguished: Macroautophagy, chaperon-mediated 

autophagy and microautophagy. Macroautophagy is regarded to be the major 

degradation pathway (Eskelinen u. Saftig 2009). It is used as a response to stress, 

for example oxidative stress or starvation, and is thought to be mainly non-

selective. Induced by a signal sequence a cytoplasmic area or a specific organelle 

gets sequestered by a double-membrane cistern forming an autophagosome. This 

autophagosome undergoes fusion processes with endosomes or lysosomes 

forming amphisomes or autolysosomes. Degradation products are transported 

back to the cytoplasm to be reused (Eskelinen u. Saftig 2009; Pankiv et al. 2007). 

During long-term starvation macroautophagy decreases and chaperon-mediated 

autophagy increases. It is characterized by transportation of proteins with a 

specific signal sequence through the lysosomal membrane to the lysosomal lumen 

(Cuervo u. Dice 1996). In microautophagy a portion of cytoplasm is sequestered 

by the lysosomal membrane itself without the help of an autophagosome (Ahlberg 

et al. 1982).  
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Figure 1: The Ubiquitin-proteasome pathway. After conjugation of ubiquitin to a target molecule 
by an ubiquitin activating enzyme, an ubiquitin conjugating-enzyme and an ubiquitin ligase, the 
tagged substrate is presented to the proteasome by p62. After the substrate is degraded to 
oligopeptides by the proteasome ubiquitin is recycled. The aggregates consisting of p62, the 
polyubiquitin-chain and the substrate are important for the formation of inclusion bodies for 
example in neurodegenerative diseases. (S substrate, UB ubiquitin, E1 Ubiquitin activating 
enzyme, E2 Ubiquitin conjugating enzyme, E3 Ubiquitin ligase, P proteasome, O oligopeptides); 
Krämer, Ulm, 2015 

 

Both degradation pathways interact with the ubiquitin-proteasome system affecting 

autophagy and vice versa (Fig.1). Autophagy complements the proteasome-

system for degradation of polyubiquitinated proteins (Pankiv et al. 2007). In 

addition, pharmacologically induced proteasome inhibition activates autophagy in 

cardiomyocytes (Zheng et al. 2011b). Reversely, proteasomes are activated in 

response to pharmacological inhibition of autophagy (Wang et al. 2013a; Tian et 

al. 2014).  

In case of malfunction, both systems lead to pathological changes in human 

tissues. Especially in connection with p62, inclusion bodies can be formed. p62 is 
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a common component of ubiquitinated multiprotein inclusions such as Mallory 

bodies in hepatocytes in alcoholic and non-alcoholic steatohepatitis, neuro- 

fibrillary tangles in Alzheimer’s disease, Lewy bodies in Parkinson’s disease and 

the inclusions of sporadic inclusion body myositis (Nogalska et al. 2009; Zatloukal 

et al. 2002). p62-linked proteins also aggregate in IBMPFD (Hübbers et al. 2007). 

These ubiquitin and p62-positive aggregates are part of the defense against 

misfolded proteins and protection against proteotoxic stress, when autophagy is 

inhibited (Zatloukal et al. 2002; Zheng et al. 2011a; Su u. Wang 2011). Genetic 

ablation of p62 suppresses the appearance of ubiquitin positive protein aggregates 

for example in hepatocytes (Komatsu et al. 2007). 

 

1.4 The amyloid precursor protein (APP) 

 

An important protein that is involved in the aggregate formation in Alzheimer´s 

disease (AD) and which is also expressed in the heart muscle is the amyloid 

precursor protein (APP). AD is one of the most important neurodegenerative 

disorders. It is characterized by inclusion body and aggregate formation in the 

brain, involving the degradation systems of the cell as mentioned in the chapter 

1.3.  

APP is a 770 amino acid type I transmembrane protein with an extracellular amino 

terminus and an intracellular carboxyl terminus (Dyrks et al. 1988). It is known to 

be the precursor protein of the AD related 37-43 amino acid amyloid β (Aβ) (Kang 

et al. 1987), but the biological function of APP is still not fully clear. Furthermore, 

the APP family includes the two APP-like proteins APLP1 and APLP2 (Wasco et 

al. 1993; Wasco et al. 1992). APP is capable of various functions and protein 

interactions, for example as a surface receptor, an adhesion molecule, a regulator 

of neuronal processes like synaptogenesis, neuronal stem cell division or neurite 

outgrowth, as a signaling molecule and even as a regulator of cell survival or 

death  (Reinhard et al. 2005; Müller u. Zheng 2012; Caldwell et al. 2013). APLP1 

and 2 are homologue proteins lacking the Aβ region (Shariati et al. 2013; Shariati 

u. De Strooper 2013; Jacobsen u. Iverfeldt 2009).  
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Two major pathways of APP processing have been described: (1) the 

amyloidogenic pathway, which is important for the generation of Aβ in AD, and (2) 

the non-amyloidogenic pathway, that prevents the generation of Aβ. Within the 

amyloidogenic pathway, β-secretase cleavage releases APPsβ and a carboxy-

terminal βCTF (C99) fragment. γ-secretase cleavage subsequently occurs in the 

intramembranous space, releasing Aβ and the APP intracellular domain (AICD). α-

secretase cleavage is the first step of the non-amyloidogenic pathway, leading to 

APPsα and αCTF (83) lacking the amino-terminal portion of the Aβ domain. Then 

intramembranous γ-secretase cleavage releases AICD and p3, which is not 

relevant for AD associated pathology (Haass et al. 2012). The deposition of Aβ, 

released via the amyloidogenic pathway, is an important histopathological 

hallmark in the development of AD (Masters et al. 1985) (Fig.2).  

 

 

 

 

 

Figure 2: Schematic representation of APP cleavage by α-, β-, γ-, δ- and η-secretase and 
generation of sAPPδ and sAPPη; unpublished, reproduced with the permission of Prof. Dr. Dietmar 
Thal, Ulm, 2015 
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Recently, further pathways of physiological APP-processing have been discovered 

(Fig.2). η-secretase cleavage of APP has been described cutting APP N-terminal 

to the β-secretase cleavage site releasing CTFη, respectively, and a N-terminal 

fragment called sAPPη. In a second cleavage step, CTFη is cut either by α-

secretase into Aη-α and CTFα or by β-secretase into Aη-β and CTFβ. The 

proteolytic fragments are capable of inhibiting neuronal activity within the 

hippocampus. This pathway of APP processing occurs under physiological 

conditions but is altered in the case of AD pathogenesis (Willem et al. 2015). δ-

secretase, an asparagine endopeptidase (AEP) also cuts APP N-terminal to the β-

secretase cleavage site at the amino acid position 373 as well as at position 585 

releasing CTFδ and sAPPδ. δ-secretase is activated in an age-dependent manner  

in human AD brains and is contributing to pathogenic mechanisms in AD (Zhang 

et al. 2015). 

To draw a connection between APP and the degradation systems of the cell, APP 

is linked to ubiquitin in degenerating and regenerating neurites, for example in 

neuronal lesions or in neuritic plaques. 

It is described that APP epitopes aminoterminal to the α-secretase site are also 

detectable in lesions of myofibrillar myopathies (DeBleecker et al. 1996). Detailed 

information about myofibrillar myopathies and their role in the human heart is 

given in chapter 1.2.1. For my thesis I wanted to know more about the occurrence 

of APP in the human heart muscle and its role in BD. It is known that APP and its 

homologue APLP2 are expressed in the heart (Slunt et al. 1994).  

 

Since BD is a common inclusion body pathology in human cardiomyocytes, there 

is great interest in the role that BD plays in human cardiomyopathies. APP is an 

important protein that plays a major role in inclusion body formation not only in 

neurodegenerative disorders, such as AD, but also in myofibrillar myopathies, 

which can affect the human heart. Accordingly the question arises, whether 

accumulation of APP or its cleavage products also plays a role in the formation of 

inclusions in BD.  
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1.5 Aims of the study  

 

The overall aim of this study is to clarify the role of protein inclusions and their 

relation to proteasomal degradation and autophagy in the human cardiac muscle 

with a specific interest in BD. 

 

The following objectives provide the distinct steps that will permit to address this 

aim. 

Objective 1: I want to characterize the content, morphological type of myocardial 

protein inclusions identified by p62, ubiquitin and APP immunohistochemistry as 

well as their relationship to BD in a cohort of elderly autopsy cases. 

Objective 2: I want to determine the overall distribution of these inclusions in the 

human heart and in the skeletal muscle. 

Objective 3: I want to correlate the presence of distinct cardiomuscular inclusion 

bodies with distinct cardiovascular disorders and with inclusions seen in 

neurodegenerative brain disorders.   

 

  



Material and Methods   12 

2 Material and Methods 

 

Table 1: Reagents and buffers for IHC and stains 

Reagents Location 

4% Formalin 
Otto Fischar GmbH, Saarbrücken, 

Germany 

Acetic acid Merck, Darmstadt, Germany 

Alcohol Sigma-Aldrich, Steinheim, Germany 

Avid biotin complex (ABC kit) 
ABC, Vectastain, Vector Laboratories, 

Burlingame, CA, USA 

Biotin-anti-mouse-antibody  BIO RAD, Hercules, CA, USA 

Biotin-anti-rabbit-antibody  BIO RAD, Hercules, CA, USA 

Carbocyanin 2 and 3  Dianova, Hamburg, Germany 

DAKO-Real alkaline phosphatase/RED 

substrate kit 
DAKO, Glostrup, Denmark  

Diaminobenzidine  Merck, Darmstadt, Germany 

Distilled water Millipore GmbH, Schwalbach, Germany 

Eosin Waldeck, Münster, Germany 

Epon Fluka-Sigma, Taufkirchen, Germany 

Eukitt 
Kindler/ ORSAtec GmbH, Bobingen, 

Germany 

Fast green Sigma-Aldrich, Steinheim, Germany 

Formic acid Applichem, Darmstadt, Germany 

H2O2 Sigma, Taufkirchen, Germany 

Hematoxylin Waldeck, Münster, Germany 

Methanol Hedinger, Stuttgart, Germany 

PAS-Kit  
VWR International GmbH, Darmstadt, 

Germany 

Propanol Sigma-Aldrich, Steinheim, Germany 

Synthetic resin  
Thermo Fisher Scientific, Waltham, MA, 

USA 

Uranyl acetate  Merck, Darmstadt, Germany  

Weigert H.( Solution A+B) Merck, Darmstadt, Germany 

Xylene Carl Roth GmbH, Karlsruhe, Germany 
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A Clarifier 1 for HE-stain and PAS-stain 

Components  
Concentration/ 

Amount  
Company  

2-propanol 3325ml BKH pharmacy, Günzburg, Germany 

Acetic acid 250ml BKH pharmacy, Günzburg, Germany 

Aqua ad injectum 1425ml BKH pharmacy, Günzburg, Germany 

 

 

B APS Fuchsin for Masson´s trichrome stain 

Components  Concentration/Amount  Company  

0.5% Azophloxin solution 10ml Waldeck, Münster, Germany 

1% Panceau-de-Xylidine 

solution 
70ml Waldeck, Münster, Germany 

1% acid fuchsin 20ml 
Applichem, Darmstadt, 

Germany 

Acetic acid 0.3ml Merck, Darmstadt, Germany 

 

 

C Phosphotungstic acid-Orange G for Masson´s trichrome stain 

Components  Concentration/Amount  Company  

Phosphotungstic acid 4g 
Sigma-Aldrich, Steinheim, 

Germany 

Orange G 2g Waldeck, Münster, Germany 

Distilled water 100ml 
Millipore GmbH, Schwalbach, 

Germany 

 

 

D Tris-Buffer Saline (TBS), pH7.4 

Components  Concentration/Amount  Company  

Tris-HCl  20 mM  Merck, Darmstadt, Germany  

NaCl  150 mM  Merck, Darmstadt, Germany  
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Distilled water  To 1 liter  
Millipore GmbH, Schwalbach, 

Germany  

 

E Phosphat buffer saline (PBS), pH 7.6 

Components  Concentration/Amount  Company  

KCl  2.7 mM  Merck, Darmstadt, Germany  

KH2PO4  1.46 mM  Merck, Darmstadt, Germany  

NaCl  137 mM  Merck, Darmstadt, Germany  

Na2HPO4.2H2O  8.1 mM  Merck, Darmstadt, Germany  

Distilled water  To 1 liter  
Millipore GmbH, Schwalbach, 

Germany  

Tween (for WB)  0.05 %  Bio-Rad, Hercules, CA, USA  

 

 

F Blocking solutuion (IHC) 

Components  Concentration/Amount  Company  

DL-Lysine  0.1 M  Sigma, Taufkirchen, Germany  

Triton-X  0.25%  Sigma, Taufkirchen, Germany  

in BSA  10%  Sigma, Taufkirchen, Germany  

 

 

G Reducing solution (IHC) 

Components  Concentration/Amount  Company  

Methanol  10%  Merck, Darmstadt, Germany  

H2O2  30%  Sigma, Taufkirchen, Germany  

in TBS, pH 7.6  0.05 M  See Table 1 D 
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Table 2: List of antibodies used for IHC 

 Antigen Antibody Species 
Dilution 

(IHC) 

Pre-

treatm

ent 

(IHC) 

Source of primary 

antibody 

3 p62 
Clone 3/p62 

LCK ligand 

Monoclonal 

(mouse) 

 

1:500  

BD Transduction 

Laboratories, 

Mountain View, CA, 

USA 

2 Ubiquilin 
Anti- 

UBQLN 

Polyclonal 

(rabbit) 
1:100 

Micro 

wave 

Acris Antibodies, 

San Diego, CA, 

USA 

3 Ubiquitin Ubiquitin 
Polyclonal 

(rabbit) 
1:100  

DAKO, Glostrup, 

Denmark 

4 TDP-43 
Clone 2E2-

D3 

Monoclonal 

(mouse) 
1:2000 

Formic 

acid + 

micro 

wave 

Novus Biologicals, 

Littleton, CO, USA 

5 pTDP-43 
pS409/410-

2 

Polyclonal 

(rabbit) 
1:10000 

Micro 

wave 

Cosmo Bio Co. Ltd, 

Tokyo, Japan 

6 α-synuclein 
Clone 

KM51 

Monoclonal 

(mouse) 
1:40 

Formic 

acid 

Leica Biosystems- 

Novocastra, 

Newcastle, UK 

7 
abnormal τ-

protein 
Clone AT-8 

Monoclonal 

(mouse) 
1:1000  

Thermo- Scientific- 

Pierce 

Biotechnology, 

Rockford, IL, USA 

8 Aβ1-17 Clone 6E10 
Monoclonal 

(mouse) 
1:1000 

Formic 

acid 

Covance, Dedham, 

USA 

9 Aβ17-24 Clone 4G8 
Monoclonal 

(mouse) 
1:5000 

Formic 

acid 

Convance, Dedham, 

USA 

10 APLP2  
Polyclonal 

(rabbit) 
1:200 

Micro 

wave 

Thermo Scientific, 

Rockford, USA 
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11 
APP-D-

Epitope 

9478D, 

9480D 

Polyclonal 

(rabbit) 
1:50 

Micro 

wave 

Gift of M. Willem, 

Munich 

(Willem et al. 2015) 

12 
APP-M-

Epitope 

9475M, 

9476M 

Polyclonal 

(rabbit) 
1:50 

Micro 

wave 

Gift of M. Willem, 

Munich  

(Willem et al. 2015) 

13 

Smooth 

muscle 

actin 

Clone 1A4 
Monoclonal 

(mouse) 
1:200 

Micro 

wave 

DAKO, Glostrup, 

Denmark 

14 
Myosin (fast 

twitch) 

Clone MY-

32 

Monoclonal 

(mouse) 
1:50 

Micro 

wave 

Bio- Genex, The 

Hague, Netherlands 

15 CD-56 
Clone 

BC56C04 

Monoclonal 

(mouse) 
1:50 

Micro 

wave 

Biocare, Concord, 

CA, USA 

16 Desmin Clone D33 
Monoclonal 

(mouse) 
1:100  

Linaris, 

Dossenheim, 

Germany 

17 

APP-N-

terminus 

(22C11) 

Clone 

22C11 

Monoclonal 

(mouse) 
1/75 

Micro 

wave 

Millipore GmbH, 

Schwalbach, 

Germany 

18 

APP-N-

terminus 

(9023) 

Clone 9023 
Polyclonal 

(rabbit) 
1/100 

Micro 

wave  

ThermoScientific, 

Fremont, USA 

 

 

Table 3: List of Equipment used 

Instruments Name Location 

Vibratome  Leica VT 1000S  Leica, Bersheim, Germany  

Microm HMS760X Robot 

stainer 
Microm international 

MICROM international 

GmbH, Walldorf, Germany 

Light microscope Olympus BX40 
Olympus Deutschland 

GmbH, Hamburg, Germany 

 Leica DML B100 S Leica, Bersheim, Germany 

Light microscope camera Leica DFC 296 Leica, Bersheim, Germany 

 Leica DFC 290 Leica, Bersheim, Germany 

Electron microscope JEM-1400 JEOL, Tokyo, Japan 

Microtome Leica RM 225 Leica, Bersheim, Germany 
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Table 4: List of software used 

Software Location 

ImageJ, Imaging, Processing and 

Analysis Software 
NIH, Bethesda, MD, USA 

Microsoft Excel 10 Microsoft, CA, USA 

Microsoft Word 10 Microsoft, CA, USA 

OpenOffice Apache software foundation, Delaware, USA 

RefWorks-COS ProQuest LLC, Ann Arbor, Michigan, USA 

Soft Imaging System Analysis, Münster, Germany 

SPSS Statistics 21 IBM, Chicago, IL, USA 

 

 

2.1 Study cohort 

 

Heart samples from 62 autopsy cases from the Ulm University Brain bank at the 

Institute of Pathology were analyzed (Appendix). Consent of autopsy was 

available for all patients and the study was performed in compliance with university 

ethics committee guidelines and German law governing human tissue usage 

(Decision No. 378/13). The study cohort includes both sexes. The age-range of 

the sample was 0-85 years. Autopsy cases were not selected under special 

criteria or sorted out by exclusionary criteria. In doing so, cases with and without 

heart and brain disorders were included.  

 

 

2.2 Pathology 

 

Heart samples from 62 anonymized autopsy cases from the Ulm University Brain 

Bank at the Institute of Pathology were studied. For all cases left ventricular 

cardiac tissue and brain samples were taken to perform all relevant stains and 

immunohistochemistry treatments. Quadriceps femoris muscle and diaphragm 

muscle were available in 30 of these cases. For 8 cases in addition to the left 

ventricular samples also large section tissues from the left and right ventricle, both 

atria and the interventricular septum were analyzed to assess the distribution of 

inclusions in different areas of the heart. All samples were cross sections of the 
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entire level of the respective area of the myocardium. All samples were fixed in 4% 

formaldehyde. Thereafter they were dehydrated with increasing concentrations of 

alcohol and xylene and than embedded in paraffin. The paraffin blocks were 

microtome cut at 5µm thickness. The paraffin sections were placed on glass 

slides. Different histological and immunohistochemical stains as described in the 

following paragraphes were used to analyze the tissue.  

 

 

2.3 Hematoxylin-Eosin stain 

 

The hematoxylin-eosin staining technique was used for the standard pathological 

analysis of the heart. After staining the cell nuclei appear blue, the cytoplasm red. 

The collagen fibers are red as well and the elastic fibers are uncolored or red. 

Staining of cardiac tissue was conducted by Microm HMS760X-autostainer. After 

dewaxing the samples with Xylene two times (4 minutes each time), the sections 

were hydrated three times with alcohol in decreasing concentrations from 100 % to 

75% to 50% in 5-minutes intervals each. After rinsing for 30 seconds with water, 

sections were stained with Hematoxylin for 5 minutes, followed by repeated rinsing 

and a 30 second treatment with clarifier 1, consisting of 2-propanol, acetic acid 

and deionized water. This was followed by 2 incubation steps with alcohol with 

concentrations of 75% and 96% (20 seconds each) and staining with Eosin for 90 

seconds. After incubation with 96% and 100% alcohol (30 seconds each), staining 

was terminated by 2 steps for dehydrogenation with Xylene for 1 minute each 

time. The sections were mounted with Eukitt. 

 

 

2.4 Masson-Goldner stain 

 

This stain was used to detect collagen fibers, specially for fibrotic areas in the 

heart muscle. In this stain cell nucleoli are brown-black, the cytoplasm is red, red 

blood cells are orange-red, muscles are light red, elastic fibers are light green and 

collagen fibers are green or blue.  
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Staining of cardiac tissue was performed with a Microm HMS760X-autostainer. 

After dewaxing with Xylene two times (6 minutes each time) the sections were 

hydrated two times with alcohol in decreasing concentrations from 100 % to 75% 

for 4 minutes each. After staining with Weigert´s Hematoxylin solution for 8 

minutes and rinsing for 5 minutes, sections were treated with Azophloxin- 

Panceau-acid fuchsin, consisting of 0.5% Azophloxin solution, 1% Panceau-de-

Xylidine solution, 1% acid fuchsin and acetic acid, for 5 minutes and 

phosphotungstic acid plus Orange G, consisting of phosphotungstic acid, Orange 

G and distilled water, for 1 minute, followed by a 20 seconds 1% acetic acid 

treatment. This was followed by a fast green treatment for 3 minutes and a second 

3 minutes 1% acetic acid incubation. In the end dehydrogenation with alcohol with 

a concentration of 96% and 100% and Xylene was performed for all in all 4 

minutes. The sections were mounted with Eukitt. 

 

 

2.5 Periodic acid Schiff stain 

 

PAS-stain was used to show carbohydrate-containing components, like glycogen, 

mucin, glycoprotein or glycosylated fragments with the periodic acid Schiff 

reaction. 

Staining of cardiac tissue, diaphragm muscle and quadriceps femoris muscle was 

performed with a Microm HMS760X-autostainer. After dewaxing with Xylene two 

times (6 minutes each time) the sections were hydrated two times with alcohol in 

decreasing concentrations from 100 % to 75% for 4 and 3 minutes. After rinsing 

for 3 minutes, samples were treated with period acid for 5 minutes, followed by 

second time rinsing and a treatment with distilled water. For the next steps, 

sections were treated with Schiff’s reagent for 15 minutes and stained with 

hematoxylin for 2 minutes always followed by two rinsing steps. In the end all 

samples were clarified with clarifier 1 for 1 minute, consisting of 2-propanol, acetic 

acid and aqua ad injectum, and dehydrated with increasing concentrations of 

alcohol from 75 to 100% and Xylene for 5 minutes. The sections were mounted 

with Eukitt. 
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2.6 Immunohistochemistry  

 

Immunohistochemistry was performed with all antibodies listed in Tab. 2. 

First, all samples were dewaxed with Xylene and decreasing concentrations of 

alcohol from 100 to 70% for 5 minutes each time. After rinsing they were treated 

with a mixture of 200 ml deionized water and 6ml H2O2 and 25ml methanol to 

inhibit endogenous peroxidase activity, followed by two times of rinsing again. For 

antigen retrieval different pretreatments were performed. A heat retrieval method 

in a microwave oven for 15 min in 10 mM sodium citrate buffer at pH 6.0, followed 

by incubation and rinsing with Tris-Buffer or a pretreatment with 100% formic acid 

for 3 minutes, depending on the antibody. Blocking with a mixture of 10g bovine 

serum albumin, 100ml Tris, 0,25g Triton X and 1,82g DL-Lysin was performed to 

prevent non-specific binding. Tissue samples were incubated for 90 minutes, 

followed by rinsing with Tris-Buffer. Each set was incubated for 18 h at 20 °C using 

one of the primary antibodies mentioned above (Tab. 2).  

For visualization primary antibodies were either detected with Carbocyanin 2 or 

Carbocyanin 3-labled secondary antibodies or with biotin- labeled secondary 

antibodies, avidin-biotin complex and diaminobenzidine-HCl or the DAKO-Real 

alkaline phosphatase /RED substrate kit. Finally, all samples were dehydrated with 

increasing concentrations of alcohol from 70 to 100% and a two times treatment 

with Xylene. The sections were mounted with Eukitt. 

 

 

2.7 Light and electron microscopy 

 

For light microscopy different 5µm sections, as mentioned above, were viewed 

with a Olympus BX40 microscope and a Leica DMLB100S microscope, and digital 

photograph were taken with a Leica DFC 296 and a Leica DFC 290.  

For electron microscopy formalin fixed tissue of case No. 8 (Appendix) was 

dehydrated and embedded in Epon after 2% OsO4 in 0.1M cacodylate buffer and 

0.5% uranyl acetat staining. Semi- and ultrathin sections were cut. Semi-thin 

sections were stained with methylene blue and mounted in Eukitt. Ultrathin 

sections were placed on formalin-coated grids. The grids were block stained with 

lead citrate. Electron microscopy was performed with a JEM-1400 electron 



Material and Methods   21 

microscope to get ultrastructural features. Pictures of the inclusion bodies were 

taken to characterize them. 

 

 

2.8 Assessment of clinical and pathology data 

2.8.1 Assessment of clinical and autopsy data 

 

Clinical data were analyzed retrospectively. Information about age and gender, 

diabetes mellitus, insulin dependency, arterial hypertension, hyperlipoproteinemia, 

coronary heart disease, body mass index, obesity, atrial fibrillation, myocardial 

infarction and cerebral infarction were obtained from clinical protocols and autopsy 

reports. If available, electrocardiograms, cardiac catheter examinations and heart 

ultrasound reports were screened to assess the PQ-time and the QRS-width. 

These data were available only in a subset of cases.  

The heart weight, as well as the tricuspid, aortic, pulmonary and mitral valve 

perimeter, was obtained at autopsy kindly provided by the institute of pathology. 

All of this data had been added to the files prior to anonymization and use for 

research. 

 

 

2.8.2 Assessment of heart associated pathology data 

 

Tissue of the heart was embedded in paraffin. Left ventricle samples of all hearts 

were stained. 5 µm thick sections were cut and stained with the hematoxylin & 

eosin, Masson-Goldner, and periodic-acid Schiff (PAS) staining techniques, as 

well as with anti-p62 immunohistochemistry. For all cases, p62-positive inclusion 

bodies were counted. The frequency of these aggregates per 1mm2 and 10mm2 

was calculated. Inclusion bodies were defined as sharply delineated, 

intracytoplasmic structures within cardiomyocytes (Fig. 3). As mentioned before 

for 8 cases the p62 inclusion bodies were analyzed for their distribution in different 

parts of the heart in large sections. 

Masson-Goldner stained sections were analyzed under the light microscope to 

assess the degree of fibrosis. The degree of cardiac fibrosis was graded in 4 
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levels (0-3): 0= no fibrosis detectable, 1= mild fibrosis i.e. small solitary areas of 

fibrosis (no more than 3 areas of fibrosis in the size of no more than 3 muscle fiber 

diameters), 2= moderate fibrosis i.e. diffuse or multiple areas of fibrosis (> 3 per 

section, covering less than or 20% of the sample area), and 3= severe fibrosis i.e. 

general diffuse fibrosis (an area of more than 20% of the section was covered by 

fibrosis).  

 

 

2.8.3 Assessment of brain associated pathology data 

 

Neuropathologically, the degree of Alzheimer´s disease pathology, the phase of 

Aβ deposition in the medial temporal lobe, the stage of neurofibrillary tangle 

pathology, the score of neuritic plaque pathology, the expansion of atherosclerosis 

in the Circle of Willis, the stage of cerebral small vessel disease and the grade of 

cerebral amyloid angiopathy (CAA)-related vessel wall destruction had been 

determined in conformity with other studies. 

The degree of Alzheimer´s disease pathology was determined by considering the 

National Institute on Aging-Alzheimer´s Association (NIA-AA) guidelines for the 

neuropathologic assessment of Alzheimer´s disease. Changes are ranked along 3 

characteristic parameters in the “ABC” staging protocol, the Aβ plaque phase, the 

Braak NFT stage and the neuritic plaque score (Hyman et al. 2012).  

To differentiate the phases of Aβ deposition in the human medial temporal lobe 

immunohistochemistry against Aβ17-24 was used to determine the phases of the 

distribution of Aβ plaques in the medial temporal lobe, as described previously: 0= 

no Aβ deposition detectable, 1= deposits in the temporal neocortex, 2=additional 

deposits in the entorhinal layers and the subicular region, 3= additional deposits in 

the presubiculum and the fascia dentata, and 4= additional deposits in CA4 (Thal 

et al. 2000). 

The stages of neurofibrillary tangle pathology were determined using the Gallyas 

silver staining method:  0= no NFT-pathology detectable, I/ II= mild to severe NFT-

pathology in the transentorhinal region (I) and the entorhinal cortex (II), III/IV= 

additionally involvement of the Ammon´s horn (III) and expansion into the 

parahippocampal gyrus (IV), and V/VI= further expansion in the isocortical parts 
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of the brain with primary cortical areas being affected only in stage VI (Braak u. 

Braak 1991).  

The score of neuritic plaque pathology was assessed as recommended by the 

Consortium to establish a registry for Alzheimer´s disease (= CERAD-score) on 

the basis of sections stained with the Gallyas silver method of anti-abnormal tau 

immunohistochemistry of the frontal, temporal or parietal cortex: 0= no neuritic 

plaques, 1 = sparse frequency of neuritic plaques, 2= moderate frequency of 

neuritic plaques, and 3= high frequency of neuritic plaques (Mirra et al. 1991). 

For the assessment of the expansion of atherosclerosis in the Circle of Willis, the 

extent of atherosclerosis was calculated as the percentage of vessels in the Circle 

of Willis exhibiting atherosclerosis plaques  (Larionov et al. 2006). 

The grade of CAA-related vessel wall destruction was rated according to Vonsattel 

et al.: 0= no CAA, 1= mild CAA, 2= moderate CAA, and 3= severe CAA (Vonsattel 

et al. 1991). In a final step, the stage of cerebral small vessel disease distribution 

was assessed according to criteria published previously (Thal et al. 2003). 

 

 

2.9 Statistical analysis 

 

SPSS statistics 21 software was used to calculate statistical tests. Descriptive 

statistics were performed for assessing ranges, mean and median values. 

Nonparametric correlation, partial correlation and linear regression analysis were 

used to analyze the relationship between the number of p62 inclusion bodies and 

clinical and pathological data. 
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3 Results 

 

p62-immunopositive inclusion bodies were found in a large number of cases within 

the cytoplasm of cardiomyocytes (Fig.3). Inclusion bodies were seen in 53 of the 

62 cases with a range of 0 to 8.04 inclusion bodies per 10mm2 (mean value ±SD; 

0.828 ±0.139 inclusion bodies /10mm2).  

In the available samples of the quadriceps femoris muscle and the diaphragm 

(n=30) no p62-immunopositive inclusions were observed. 

 

 

 

  

  

Figure 3: A-B: p62-immunohistochemistry showed p62-positive cytoplasmic inclusion bodies in 
cardiomyocytes (arrow). The aggregates exhibited an amorphous structure and were sharply 
delineated from the sarcoplasm. 
Calibration bar in B is also valid for A: 250µm; Krämer/Thal, Ulm, 2015 
 

 

 

 

3.1 Histochemical and immunohistochemical characterization of the 

cardiomyocyte inclusion bodies 

 

In addition to p62, the presence of other proteins was studied histochemically and 

immunohistochemically to characterize these inclusions. Also the PAS technique 

was used to detect glycosylation of the inclusion body material. 

The p62-positive cytoplasmic protein aggregates in cardiomyocytes were also 

immunopositive for antibodies against ubiquitin, ubiquilin and the APP-N-terminus 

detectable with the antibodies 22C11 and 9023. The APP-antibodies 22C11 and 

A B
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9023 detect the N-terminal fragment of APP, N-terminal to the Aβ region. 

Antibodies against the M- and D-epitope at the η-secretase cleavage site, as well 

as antibodies against Aβ1-17 and Aβ17-24 fragments, did not detect the p62-positive 

inclusions (Fig.2). An antibody against APLP2 did not stain the inclusion bodies as 

demonstrated by double label immunohistochemistry. Smooth muscle actin, 

desmin, filamin, myosin (fast twitch), abnormal τ-protein, pTDP43, TDP43, α-

synuclein and CD-56 were not detected in the p62-positive aggregates (Fig.4). 

As detected by the periodic acid Schiff reaction, the inclusions contain 

glycosylated material. Skeletal muscle sections from lateral vastus muscle and 

diaphragm were also stained with the PAS technique. In contrast, PAS-positive 

inclusion bodies were not shown here, indicating that this pathology was restricted 

to cardiac tissue.  

Taking these findings together, the p62-positive cytoplasmic inclusion bodies in 

cardiomyocytes consist of sAPPη or shorter N-terminal fragments of APP, which 

are glycosylated as indicated by the PAS-reaction. They are also ubiquitinated, 

ubiquilin-modified and bound to p62.  
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Figure 4: A-D: The p62-immunopositive inclusion bodies were also stained with the PAS 
technique with diastase pretreatment for the demonstration of glycosylated material (A: arrow), 
and with antibodies against ubiquitin (B: arrow), ubiquilin (C: arrow), and a N-terminal epitope of 
APP (APP-NT (22C11)) (D: arrow). E-F The APP-M-epitope C-terminal to the η-secretase 
cleavage site (E: arrow), Aβ/APP stained with an antibody raised against Aβ17-24 (F) were not 
detected in the aggregates. G-I: Double label immunofluorescence with the 9023 anti-APP-N-
terminus antibody (anti-APP-NT) (G) and anti-p62 (H) showed co-staining of p62-positive 
cardiomyocyte inclusions (arrows in G-I). J-L: No such co-staining was observed for APLP2 
(arrowhead in J) in p62-positive cardiomyocyte inclusions (arrowheads in K, L). 
Calibration bar in F valid for: A,E,F: 40µm, D: 35 µm, B: 20 µm, C, G-L: 30 µm; Krämer/Thal, 
Ulm, 2015 

A B C

D E F

G H I
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3.2 Structural analysis by electron microscopy 

 

After characterizing the prevalence and content of myocardial inclusion bodies, 

structural analysis of the cardiomyocyte inclusions by electron microscopy was 

performed. Electron microscopy revealed cytoplasmic aggregates of fibrillar and 

protofibrillar material (Fig.5). This material was not coated by a membrane and 

sharply bordered from adjacent myofibrils. Only few myofibrils and organelles were 

seen occasionally between the fibrillar/protofibrillar aggregates. These 

ultrastructural pattern together with our light microscopic and 

immunohistochemical findings are in line with the diagnosis of BD in the heart. 
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Figure 5: A: Structural analysis of cytoplasmic inclusions. The inclusion body (arrow) is located 
intracellular in the sarcoplasm of a cardiomyocyte. Cardiomyocytes are surrounded by cardiac 
fibrosis consisting of collagen fiber tissue. B: Enlarged section of A. The inclusion body is 
sharply delimited (arrows) and contains aggregates of fibrillar and protofibrillar material. The 
boxed area indicates the part of the cardiomyocyte depicted in C at the ultrastructural level. C, D: 
The cytoplasmic inclusions were also analyzed with electron microscopy. The 
fibrillar/protofibrillar aggregates are not membrane-coated and sharply demarcated from 
surrounding myofibrils (C: arrows). Between the aggregates only few myofibrils (C: mf) and no 
preserved cell organelles (D) are seen. The cell membrane of the cardiomyocyte is intact (D: 
arrow heads) and surrounded by cardiac fibrosis. 
Calibration bar in B valid for: A: 30µm, B: 20µm; Calibration bar in C = 5µm; Calibration bar in D 
500nm; Krämer/Thal, Ulm, 2015 
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3.3 Distribution of p62-positive inclusion bodies in the heart 

 

One of the main objectives of this study was to determine the overall distribution of 

myocardial inclusions in the human heart. For 8 autopsy cases, histological 

sections of different areas of the heart were prepared. Under the light microscope 

inclusion bodies were counted separately for each section applying the criteria 

mentioned above (Fig.3), to determine the distribution of these inclusion bodies in 

all areas of the heart. Cross-sections through the entire heart apex, both ventricles 

including the interventricular septum and the atria were examined on the basis of 

large sections. In these 8 hearts, the highest number of affected cardiomyocytes 

was found in samples of the atria (mean value ± SD; 1.757± 1.765 inclusion 

bodies/10mm2), followed by the right ventricle of the heart (mean value± SD; 

0.608± 0.68 inclusion bodies/10mm2), the left ventricle (mean value± SD; 0.506± 

0.703 inclusion bodies/10mm²) and the interventricular septum (mean value± SD; 

0.355± 0.258 inclusion bodies/10mm²) (Fig.6). 
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Figure 6: Ubiquitinated and glycosylated p62-immunopositive inclusions in different anatomical 
districts of the heart. The inclusions are located intracellular in the sarcoplasm of cardiomyocytes, 
surrounded by structurally normal heart tissue. p62-immunohistochemistry showed cytoplasmic 
inclusion in the right ventricle (A), left ventricle (B), interventricular septum (C) as well as in the 
atrium (D). E: p62-positive-inclusions were observed in all myocardial districts with the highest 
amount of inclusions in the atria and the lowest in the interventricular septum. The boxplot 
diagram shows the distribution of inclusions per 10mm2 in the right and left ventricle, the 
interventricular septum and the atria (° /+ = statistical outliers, * = significant at the 0.05 level 
(single sided)). 
Calibration in D valid for: A, B, C, D: 85µm; Krämer/Thal, Ulm, 2015 

A B

C D
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3.4 Association of p62-positive inclusions with cardiac fibrosis 

 

To observe a connection between inclusion bodies and other pathological changes 

in the myocardium the presence and extent of fibrotic changes were observed. 

Consecutive sections of the left ventricles that were immunostained for anti-p62 

were stained with the Masson-Goldner technique to show collagenous structures, 

highlighting cardiac fibrosis. The amount of cardiac fibrosis was semiquantitatively 

assessed at different levels. Cardiac fibrosis was graded in levels from 0 to 3. No 

fibrosis was seen in 14 cases, mild fibrosis of the left ventricle in 3 cases, 

moderate fibrosis in 41 cases and severe fibrosis in 4 cases. Areas of myocardial 

infarction were not covered by the tissue samples used for this analysis.  

Heart tissue of the same area of the myocardium showed an association between 

areas of cardiac fibrosis and the number of p62-immunopositive inclusion bodies. 

In areas with no visible cardiac fibrosis inclusion bodies were either not observed 

or in a lower number than in association with cardiac fibrosis. 
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Figure 7: These pictures show areas of the same cardiac tissue, on the one hand labeled with a 
p62-immunohistochemistry (A+B) and on the other hand stained with Masson-Goldner technique 
(B+D)  A- p62-immunohistochemistry with no visible inclusion bodies. B- The same section as 
shown in A with Masson-Goldner technique. No cardiac fibrosis was detected here. C- p62-
immunohistochemistry with visible inclusion bodies (black arrows). D- The same section as shown 
in C with Masson-Goldner stain, a lot of blue colored cardiac fibrosis (black stars)  is shown. 
Calibration bar in D valid also for A, B and C: 250µm; Krämer/Thal, Ulm, 2015 

 

 

 

3.5 Association of cardiac p62-positive inclusions with age 

 

After characterizing the content, the distribution and presence of myocardial 

fibrosis, an association between myocardial inclusions and the age of the 

individuals in this cohort was analyzed. p62-positive inclusion bodies in 

cardiomyocytes were observed in left ventricle samples of individuals ranging from 

35-85 years of age (mean value± SD; 57.42± 2.53). All cases younger than 35 

years (n=4) did not exhibit any inclusion bodies. Five out of 58 cases between 35 

to 78 years of age did not exhibit p62-positive inclusions. The frequency of 

inclusion per 10mm2 increased with age determined by partial correlation analysis 

A B

C D
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controlled for gender (r=0.297, p=0.022) and linear regression analysis controlled 

for gender (β=0.293, p=0.023). 

 

Figure 8: The amount of p62-immunopositive inclusions per 10mm2 of the left ventricular 
myocardium was compared to age. The frequency of inclusions increased in correlation with the 
age (Partial correlation controlled for gender: r = 0.297, p = 0.022). (black line = regression line); 
Krämer/Thal, Ulm, 2015 

 

 

 

3.6 Association of cardiac p62-positive inclusions with cardiac fibrosis 

and arterial hypertension 

 

The number of p62-immunopositive inclusions per 10mm2 was also associated 

with the degree of myocardial fibrosis and the clinical diagnosis of arterial 

hypertension as determined by analyzing partial correlation controlled for gender 

and linear regression analysis controlled for gender (partial correlation controlled 

for gender: myocardial fibrosis (r=0.266, p=0.038, n=62); arterial hypertension 

(r=0.273, p=0.034, n=62); linear regression controlled for gender: myocardial 

fibrosis (β=0.266, p=0.038); arterial hypertension (β=0.275, p=0.034)). 
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Figure 9: The amount of p62-immunopositive inclusions per 10mm2 of the left ventricular 
myocardium was compared to the degree of cardiac fibrosis (A) and arterial hypertension (B).  
A: An association of p62-positive inclusions with the degree of cardiac fibrosis was observed, 
shown in this scatter plot (Linear regression analysis controlled for gender-myocardial fibrosis: β = 
0.274, p = 0.035) B: The boxplot diagram shows the correlation between inclusions and the 
presence of arterial hypertension (Linear regression analysis controlled for gender-arterial 
hypertension: β = 0.395, p = 0.019). ( + = statistical outliers; **= significant at the 0,01 level ( 2-
tailed)); Krämer/Thal, Ulm, 2015 

A

B
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Additionally, an increase of pulmonary valve size was associated with the 

frequency of p62-inclusions (r=0.337, p=0.014, n=53). With partial correlation 

analysis controlled for gender and linear regression analysis controlled for gender 

an association with the amount of inclusions was observed (partial correlation 

controlled for gender- r=0.331, p=0.016; linear regression controlled for gender: 

β=0.333, p=0.016; n=52). 

No association was found between p62-positive inclusion bodies per 10mm2 and 

the heart weight (p=0.127; n=62), obesity (p=0.481; n=34) the presence of 

myocardial infarction (p=0.176; n=62) or cerebral infarction (p=0.306; n=62), the 

presence of atrial fibrillation (p=0.25; n=51), the absence of cardiac sinus rhythm 

(p=0.533; n=29), diabetes mellitus (p= 0.867; n=62) or insulin dependency (p= 

0.211; n=57), the tricuspid valve perimeter (p=0.138; n=55), the mitral valve 

perimeter (p= 0.08; n=54), the percentage of vessels of the circle of Willis being 

macroscopically affected by atherosclerosis (p=0.150; n=61) and the stage of SVD 

(p=0.204, n=60). 

Clinical and pathology data were not available for all cases. Detailed information 

on the cases analyzed for each of the parameters are given in the appendix. 

 

 

3.7 Association of cardiac p62-positive inclusions with Alzheimer’s 

disease pathology 

 

Since APP and its metabolites play a major role in AD I wanted to know whether 

there is a connection between the accumulation of APP fragments in 

cardiomyocytes and the deposition of Aβ in AD and CAA. To clarify whether p62-

positive inclusions exhibiting N-terminal fragments of APP are related to 

Alzheimer’s disease pathology, partial correlation analysis controlled for gender 

was calculated for the frequency of p62-positive cardiomyocytes and the phases of 

Aβ plaque pathology in the medial temporal lobe, the Braak neurofibrillary tangle 

stages, the Consortium to establish a registry for Alzheimer’s disease (CERAD) 

scores for neuritic plaque frequency, the degree of AD pathology according to 

National Institute of Aging-Alzheimer’s Association recommendation and the 

severity grade of CAA. Partial correlation analyses showed an association 
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between the severity grade of CAA and myocardial inclusions (r=0.328, p=0.016, 

n=56). For all other variables, no association with the number of p62 positive 

inclusions was found (p≥0.133; detailed statistical analysis see appendix).  
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4 Discussion 

 

In this thesis, I present new insights in a common finding in human hearts known 

as BD.  

With my results I was able to address the main objectives of this study as follows: 

1. I was able to characterize the content and morphological type of myocardial 

inclusions.  

2. I was able to determine the overall distribution of inclusion bodies in the 

human heart and in the skeletal muscle. 

3. I was able to outline the connection between myocardial inclusion bodies, 

neurodegenerative brain disorders and distinct heart disorders. 

In contrast to the formerly well known basophilic color in hematoxylin and eosin 

stain, I was able to identify distinct cleavage fragments of APP as a major 

component of these inclusions. These myocardial inclusion bodies, mainly located 

in the atria, were immunopositive for antibodies against the N-terminal part of 

APP. They were also ubiquitinated, glycosylated and linked to p62. 

Ultrastructurally, they consist of amorphous material with fibrillar and protofibrillar 

protein aggregates, that are sharply delineated from neighboring myofibrils. In 

skeletal muscle no such inclusion bodies were found. Morphologically, these 

inclusions were predominately found near areas of fibrotic cardiomyocytes. 

Statistical correlation and regression analysis showed an association between 

p62-positive BD-inclusions and age, arterial hypertension, cardiac fibrosis and 

pulmonary valve size.  

In the following, I would like to discuss my results with regard to previous findings 

in the field of BD. Furthermore, I am going to discuss the question if it is possible 

to describe these findings as an age and hypertension related form of a 

cardiomyopathy. 

 

 

4.1 Light and electron microscopic features of inclusion bodies  

 

First, the light and electron microscopic features of the myocardial inclusion bodies 

should be compared with previous findings in literature to be sure they represent 

BD. The inclusions in human cardiomyocytes that I have seen being marked with 
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anti-APP and anti-p62 antibodies were sharply delineated and intracellularly 

placed in the sarcoplasm of cardiomyocytes. The size and shape varied from more 

round inclusions to more elongated forms. This pattern is in agreement with that of 

BD, that was first described by Geipel in 1905 in a patient with rheumatic heart 

disease as pale blue areas in hematoxylin eosin stain inside the cell (Geipel 1905). 

Later Hewitt described it more detailed as small, round or oval, pale blue areas 

inside a single cardiac muscle cell (Hewitt 1910).  

The electron microscopy pattern of the cytoplasmic aggregates was in line with 

that seen by Gregory et al. describing BD-aggregates with amorphous material 

and irregular shaped structures (Gregory et al. 1982).  

Thus, the inclusions that we have seen to be stained with anti-APP- and anti-p62- 

antibodies very likely represent BD. 

 

 

4.2 Immunohistochemical classification of inclusion body content 

 

After discussing the microscopic nature of the p62-positive myocardial inclusion 

bodies representing BD a more detailed characterization of the inclusion body 

content and the role of APP in BD will be given. Protein aggregates in BD-lesions 

were immunopositive for antibodies against p62, ubiquitin and ubiquilin. To further 

classify these inclusions, antibodies against the Aβ fragment of APP as well as 

against the D- and M-epitopes of APP were tested. The δ-secretase can, thereby, 

cut at the amino acid position 373 as well as at position 585. As such, δ-secretase 

cleavage can produce a longer N-terminal fragment that is detectable with 

antibodies against the D- and M-epitope sAPPδ585 and fragments that do not 

contain these epitopes, i.e. sAPPδ373 (Fig.1). These D- and M-epitopes were not 

detected in BD by immunohistochemical analysis. Only the 22C11 and the 9023 

APP antibodies, both detecting the N-terminus of APP stained the BD inclusions. 

sAPPδ373 and sAPPη can demonstrate such a staining pattern (Fig.2). All other 

antibodies against APP and APLP2 fragments remained negative. Therefore, it is 

tempting to conclude that the BD inclusions consist of aggregated sAPPδ/η 

fragments. sAPPδ/η contain glycosylation sites explaining the detection of its 

glycosylated form as identified by the PAS-staining. The antibodies used for APP-

staining do not permit to differentiate between sAPPδ373, sAPPη and shorter N-
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terminal fragments of APP. A confirmation of the histopathological findings by 

western blotting or mass spectrometry would be helpful in the future but requires 

sufficient concentration of the target proteins in comparison to other APP forms 

detected with the same antibodies. 

These N-terminal fragments of APP become ubiquitinated, glycosylated and 

bound to p62, and appear to represent sAPPη, sAPPδ373, or another N-terminal 

APP fragment with its C-terminus N-terminal to the η-secretase cleavage site 

(Willem et al. 2015; Zhang et al. 2015). Smooth muscle actin, desmin, filamin, 

myosin (fast twitch), abnormal τ-protein, pTDP43, TDP43, α-synuclein and CD-56 

were not detected in BD inclusions. 

Although APP and APLP2 were detected physiologically in the heart muscle cell 

(Slunt et al. 1994), sAPPδ/η fragments have not been reported in the human heart 

before, especially not as component of BD. 

In former studies, BD was also already reported to be PAS-positive and resistant 

to digestion with diastase (Tamura et al. 1995), indicating glycosylated material 

different from glycogen storage products seen in glycogenosis, because glycogen 

would be digested by diastase treatment. Here we supplement these findings by 

comparing cardiac tissue with skeletal muscle sections from lateral vastus muscle 

and diaphragm. No PAS-positive inclusion bodies were seen in skeletal muscle 

tissue, supporting the presumption that BD is restricted to cardiomyocytes.  

Immunohistochemically, BD was reported to be immunopositive for antibodies 

against polyglucosan and advanced glycosylation end products, whereas it was 

not reactive to antibodies against light chains, IgG, IgM or IgA (Tamura et al. 1995; 

Iwaki et al. 1996).  

In summary, BD of cardiomyocytes is characterized by cytoplasmic inclusion 

bodies in cardiomyocytes consisting of sAPPη or shorter N-terminal fragments of 

APP, which are glycosylated as indicated by the PAS-reaction, ubiquitinated, 

ubiquilin-modified and bound to p62 indicating a degradation process.  
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4.3 Distribution of inclusion bodies in the heart 

 

One of the main objectives of this study was to determine the overall distribution of 

BD-related inclusion bodies in the human heart. For 8 cases I analyzed cross-

sections through the entire heart apex, both ventricles including the interventricular 

septum and the atria. The majority of the inclusions in cardiomyocytes were 

located in the atria. However, these myocardial lesions were distributed in all parts 

of the heart but without specific affection of the conduction system. Tamura et al. 

1995 and Scotti 1955 showed an occurrence of BD most frequently in the left 

ventricles, followed by the interventricular septum, the atria and finally the right 

ventricles. In contrast to these authors the highest amount of BD-lesions in my 

study was found in the atria, followed by the right ventricle, left ventricle and in the 

end by the interventricular septum. In my sample the difference between the three 

ventricular areas was less prominent in comparison to the high content of BD in 

the atria. Tamura et al. 1995 and Scotti 1955 analyzed together 175 cases with the 

HE and the PAS staining technique. These staining techniques are not specific for 

the detection of BD and it is more difficult to judge the lesion properly, than with 

the modern p62-immunohistochemistry method, which was used in my study. 

Moreover, Tamura as well as Scotti took “representative” biopsies from the atria 

and ventricles. I used large format sections, that allowed to analyze cross sections 

through the ventricles and atria. In so doing, due to the use of modern 

histopathological techniques it is tempting to speculate that my findings better 

represent the distribution of BD especially in the atria. One should also take into 

consideration that in the last years large steps in the field of medicine were taken. 

Especially in the therapeutic field of cardiovascular diseases substantial progress 

was made. This could also help to explain the differences to the former studies in 

particular the ones carried out more than 50 years ago by a better survival and 

later autopsy of individuals with heart disease. 
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4.4 Association of p62-immunopositive inclusions in cardiomyocytes with 

age and arterial hypertension  

 

After characterizing morphological features, content and distribution of BD, 

relationship between the BD-related p62-positive myocardial inclusions, age, heart 

disorders and other clinical data was observed. Inclusions were found in 85.5% of 

the studied individuals. In former studies the frequency varied from 33 to 100% 

(Haumeder 1935; Scotti 1955; Umeda 1940; Rosai u. Lascano 1970; Tamura et al. 

1995).  A strong association with the age of the individuals was found. In people 

under the age of 35 no inclusions were detected, in older people the number of 

inclusion increased with their age. Rosai and Lascano found no sign of BD in 

individuals younger than 11. Tamura et al. showed an increase of inclusions with 

the age especially over the age of 60 (Rosai u. Lascano 1970; Tamura et al. 

1995), which I can confirm in my sample. 

Besides a strong association with the age the frequency of BD-inclusion bodies in 

the left ventricle was associated with arterial hypertension and the perimeter of the 

pulmonary valve. The pulmonary valve size was enlarged with increasing numbers 

of BD-inclusions exhibiting sAPPδ/η-related epitopes. Because of the association 

between the frequency of BD-inclusions and arterial hypertension it is more likely 

to expect an alteration of the left heart valves, like the aortic or the mitral valve, but 

this was not the case. An association with the heart weight could not be seen, 

which could otherwise exhibit a correlation to the arterial hypertension and a 

resulting heart hypertrophy. Previously, no relation between myocardial inclusions 

and arterial hypertension or an enlargement of the pulmonary valve was reported. 

No significant relationship between BD and another heart disease had been 

observed so far (Tamura et al. 1995). However, Scotti 1955 showed a higher 

prevalence of cardiovascular, cerebrovascular and renal disease in general in 

individuals with BD, but no specific disease was mentioned. Haumeder 1935 also 

showed a high frequency of BD in cases died with heart disease. My findings, 

indicating an association between BD and arterial hypertension, are a first sign 

that BD might be more important for heart pathology than previously thought. 

However, more extensive studies on this relationship are required to clarify a 

potential role of BD in arterial hypertension, because the sample size in my study 

was quite small. 
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A specific affection of the heart conduction system was not seen by other authors. 

This fits with my finding that there was no association of myocardial inclusions and 

the presence or absence of sinus rhythm in the ECG or the occurrence of 

tachyarrhythmia absoluta. However, clinical information about sinus rhythm and 

tachyarrhythmia were not provided for all cases and for the studies with a larger 

sample size will be required to confirm my findings. 

 

 

 

4.5 Association of p62-immunopositive inclusions in cardiomyocytes with 

cardiac fibrosis 

 

Myocardial fibrosis as a special form of cardial pathology was observed in relation 

to inclusion bodies in BD. The degree of myocardial fibrosis increased with higher 

amounts of cardiomyocytes containing inclusions. Morphologically, areas of 

fibrosis could focally be found next to sAPPδ/η-related immunopositive inclusions, 

but no association to myocardial infarction was seen. However, BD was also found 

in heart muscle areas without fibrosis as described by Scotti 1955. Although 

inclusion pathology in desmin-related myopathy of skeletal and heart muscle was 

associated with fibrosis (Mavroidis u. Capetanaki 2002), it is not clear whether 

sAPPη inclusion body pathology is pathogenetically relevant for myocardial 

fibrosis or if the presence of fibrosis induces the occurrence of inclusion bodies in 

the human heart. Earlier BD was not found to be associated with myocardial 

infarction, myocardial scars, necrosis or inflammatory cell infiltration (Tamura et al. 

1995, Scotti 1955). But I used a different methodological approach. I carried out a 

semiquantitative assessment of the degree of fibrosis and quantified the frequency 

of BD-affected cardiomyocytes. Moreover, Tamura et al. focused on larger fibrotic 

lesions and performed no specific staining technique. In contrast, I analyzed all 

cases with the Masson-Goldner staining technique, to find also small areas of 

fibrosis. Moreover, I analyzed the presence of myocardial infarction at autopsy as 

a separate variable. Regarding the impact of BD in the heart as suggested by my 

results the autopsy series published by Haumeder 1935, Scotti 1955 and Tamura 

et al 1995 indicate that cardiovascular and cerebrovascular lesions were often 
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found in cases with BD. These historic data do therefore not contradict the results 

of my analysis.  

The affection of the ventricles and the association with ventricular fibrosis 

indicated that the damage of cardiomyocytes due to these aggregates might also 

be related to the degree of the individual cardiomyocyte workload. The absence of 

an association with coronary heart disease or myocardial infarction shows that 

ischemic heart muscle cell damage may not play a major role for this pathology 

and its damage of the heart muscle. However, in-vitro and in-vivo studies are 

required to model BD-pathology and its effects on cardiomyocytes. 

 

 

 

4.6 Association of p62-immunopositive inclusions with Alzheimer’s 

disease-related pathology 

 

Because of the involvement of APP and its cleavage product Aß in the 

pathogenesis of AD and CAA, I analyzed possible correlations between the cardial 

sAPPδ/η-inclusion body pathology in BD with AD and CAA. There was a positive 

correlation between the amount of BD-inclusions and the severity grade of CAA. 

The severity grade of CAA describes the vessel wall damage caused by CAA 

considering the degree of smooth muscle cell degeneration of the affected arteries 

and veins (Vonsattel et al. 1991). Accordingly, one can speculate that APP 

processing by α-, β-, δ- and η-secretase may have impact on muscle cell 

degeneration. It is known that there is a relationship between CAA and AD as well 

as between CAA and SVD (small vessel disease) (Esiri et al. 2015). In this study, 

no relationship between cardiac BD-inclusion bodies and AD related Aβ-plaques, 

neurofibrillary tangles, the CERAD score for neuritic plaque pathology, or the 

stage of cerebral small vessel disease was observed. Thus, it is tempting to 

speculate that the cardiac BD-related deposits of N-terminal fragments of APP are 

independent from cerebral AD-related pathology. The correlation with CAA 

severity may reflect the involvement of muscle cells in both pathologies but 

requires further clarification. 
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4.7 Differentiation of p62-positive basophilic degeneration from known 

cardiomyopathies with inclusion bodies or glycogen-storage 

disorders 

 

BD is until today not considered to be a specific form of cardiomyopathy so far. 

Compared to other known cardiomyopathies with cellular inclusions, there are 

some differences. sAPPη inclusions in human heart muscle cells were seen in a 

majority of elderly people. Inclusions in desmin-related myopathy or inclusion 

bodies in inclusion body myopathy with early onset Paget disease of the bone and 

frontotemporal dementia (IBMPFD) contain mutant proteins such as desmin or 

valosin-containing protein and have been described only in a small number of 

individuals with one of these mutations. In the diaphragm and the quadriceps 

femoris muscle no sAPPδ/η- containing BD-inclusions were found. In desmin-

related myopathy and IBMPFD, on the other hand, nuclear and similar cytoplasmic 

aggregates can be seen in the  skeletal as well as in the cardial muscle (Hübbers 

et al. 2007; Osborn u. Goebel 1983; Capetanaki et al. 2015). Nuclear inclusions in 

cardial and skeletal muscle have been reported in IBMPFD (Hübbers et al. 2007). 

However, we did not find BD-like aggregates in the skeletal muscle arguing that 

BD does not represent a myopathy of the striated muscle but appears to be 

restricted to the heart. 

Myocardial inclusions were also PAS-positive which indicates glycosylation of the 

inclusion body content. The PAS-staining in BD was diastase resistant and the 

lesions occurred without any clinical association with glycogenosis. Thus, it 

appears unlikely that these deposits are related to a glycogen storage disorder, 

especially because of the high amount of individuals exhibiting such inclusions. 

Tamura et al. suggested that the inclusions of BD of the myocardium have the 

same immunological antigenicity as the accumulated storage material in type 4 

glycogenosis (Andersen´s disease) (Tamura et al. 1995). Because of a lack of 

individuals with type 4 glycogenosis in my study cohort, it was not possible to 

study the relationship between type 4 glycogenosis and these myocardial 

inclusions myself. However, other authors showed that diastase-resistant 

abnormal glycogen is stored in the inclusions. Because of the high prevalence and 

the lacking clinical association with a manifest glycogen storage disorder, BD-

inclusions were, on my opinion, most likely not related to a known glycogen 
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storage disorder. Another argument against a glycogen storage disorder is the 

finding of N-terminal APP-fragments representing a major component of BD-

inclusions. These inclusions argue in my opinion more in favor of an inclusion 

body-related cardiomuscular pathology. Correlation analysis for the amount of 

p62-positive inclusions in the left ventricular tissue showed, furthermore, no 

association with diabetes mellitus, obesity and hyperlipoproteinemia. Thus, there 

is no evidence so far that a metabolic syndrome has impact on BD of 

cardiomyocytes.  

 

 

 

4.8 Conclusion 

 

In this study, I have shown new insights in BD of the human myocardium.  

I could show that BD-inclusions consist of N-terminal fragments of APP. Further 

characterization showed that these APP-fragments presumably represent 

glycosylated δ- and η-secretase cleaved N-terminal APP fragments. This 

pathology was different from other cardiomyopathies and known metabolic 

disorders. In my cohort, BD was associated with myocardial fibrosis and arterial 

hypertension supporting the point of view that BD has impact on cardiac 

degeneration and cardiomyopathies. A link to AD which is another APP-related 

degenerative disorder was not observed in my sample of cases. Taken together, 

my findings suggest that BD is a pathological lesion of the heart consisting of N-

terminal APPδ/η –fragments. My results point to a potential link of this pathology to 

arterial hypertension and cardiomyopathies but further studies are required to 

confirm or discard the correlation seen in this sample.  

I was able to address the aim of my study to clarify the impact of protein 

aggregates in the human cardiac muscle. I was able to characterize the content of 

myocardial protein inclusions, the overall distribution in the human heart and an 

association with known cardiovascular diseases. 

 

  



Summary   46 

5 Summary 

 

Basophilic degeneration (BD) of the myocardium is a common finding in the 

human heart. It is described as an aging process due to an age-related increase of 

advanced glycosylation end products. Currently, it is not considered as a specific 

form of cardiomyopathy with intracellular inclusions. Familial cardiomyopathies 

with inclusion bodies known so far are for example the desmin-related myopathy in 

skeletal and heart muscle and the cardial affection in inclusion body myopathy with 

early onset Paget disease of the bone with or without frontotemporal dementia 

(IMBPFD).  

The amyloid precursor protein (APP) is the precursor protein of amyloid β-protein 

(Aβ). Aβ is generated by APP cleavage performed by β- and γ-secretase. 

Moreover, δ- and η-secretase cleavage of APP releases sAPPδ and sAPPη. APP-

like proteins, APLP1 and 2, are homologue proteins lacking the Aβ-region.  

In this study, I present new insights about BD. The myocardial inclusion bodies 

characteristic for this pathology exhibited p62-positive, N-terminal fragments of 

APP presumably related to the δ- or η-secretase N-terminal cleavage product of 

APP for example sAPPδ/η or shorter fragments of sAPPη. These inclusions were 

glycosylated and also immunopositive with antibodies directed against ubiquitin 

and ubiquilin and consisted of sharply delineated fibrillar and protofibrillar protein 

material at the electron microscopic level.  

Comparing different samples of the human heart, inclusion bodies were observed 

in all areas of the heart with the highest number of affected cardiomyocytes in the 

atria and the lowest number in the interventricular septum. A specific affection of 

the heart conduction system was not seen. Morphologically, inclusions were found 

near areas of fibrosis. In skeletal muscle no inclusions were found. 

The frequency of inclusions was strongly associated with age, arterial 

hypertension and the degree of myocardial fibrosis in the left ventricle. A strong 

association with neurodegenerative disorders was not observed.  

These findings give a more detailed characterization of BD and demonstrate, that 

N-terminal fragments of APP may represent a key protein in these aggregates. 

The question whether BD represents an age- or hypertension-related inclusion 

body cardiomyopathy rather than a pure age-related finding is raised on the basis 

of my data showing an association of BD with hypertension and fibrosis of the 
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heart. The high amount of individuals with these inclusions and the strong 

association with a higher age may argue against a form of cardiomyopathy but for 

an age-related finding. In contrast, N-terminal fragments of APP as a specific 

protein that aggregates in these inclusions appears a pathological event that could 

argue for a novel form of cardiomyopathy. Its association with cardial fibrosis may 

support this argumentation. The assumption that these inclusions are the cardiac 

manifestation of a neurodegenerative disorder can not be supported by my results. 

In conclusion, my findings about BD of the heart indicate that BD represents an 

inclusion body pathology with inclusions of N-terminal APP fragments. I also found 

a correlation that suggests that BD might be related to a higher age and 

hypertensive heart disease possibly pointing to a clinical relevance of BD. 
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7 Appendix 

 

A p62-inclusion bodies per 10 mm2 in different areas of the heart in 8 autopsy cases 

Krämer/Thal, Ulm, 2015 

 

Area of the 

heart 
1 2 3 4 5 6 7 8 Average 

Left ventricle 0.209 1.253 0.196 0.035 0.088 0.638 0.47 1.976 0.608 

Right ventricle  0.617 0.538 0.056 0.292 0.166 0.099 0.113 2.167 0.506 

Interventricular 

septum 
0.247 0.323 0.226 0.177 0.173 0.458 0.281 0.951 0.355 

Atria 1.533 2.416 0.281 3.045 0.101 0.082 1.406 5.194 1.757 

 

B Proteins observed for their presence in p62-inclusion bodies in cardiomyocytes 

Krämer/Thal, Ulm, 2015 

 

 Proteins Inclusion bodies 

1 p62 + 

2 Ubiquilin + 

3 Ubiquitin + 

4 APP-N-terminus (22C11) + 

5 APP-N-terminus (9023) + 

6 TDP-43 - 

7 pTDP-43 - 

8 α-synuclein - 

9 abnormal τ-protein - 

10 Aβ1-17 - 

11 Aβ17-24 - 

12 APLP2 - 

13 APP-D-Epitope - 

14 APP-M-Epitope - 

15 Smooth muscle actin - 

16 Myosin (fast twitch) - 

17 CD-56 - 

18 Desmin - 
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C Descriptive statistics for data presenting nominal scales  

 

(ECG electrocardiogram), Krämer/Thal, Ulm, 2015 

 

 Yes No Missing values 

Hypertension 25 37 0 

Diabetes mellitus 9 53 0 

Insulin dependency 2 55 5 

Hyperlipoproteinemia 10 27 25 

Atrial fibrillation 7 42 13 

Coronary heart disease 7 30 25 

Obesity 13 21 28 

Myocardial infarction 10 52 0 

Sinus rhythm in ECG 23 6 33 

 

D Descriptive statistics for date presenting ratio scales  

 

(ECG electrocardiogram, SD standard deviation, kg kilogram, m2 square meter, ms millisecond), 

Krämer/Thal, Ulm, 2015 

 

 Range Mean ± SD Missing values 

Age 

 
0-85 57.48 ±19.32 0 

Body mass index 

 

19.4- 34.6kg/ 

m2 
25.45 ±4.01kg/ m2 38 

PQ-time in the ECG 0-200ms 116.48 ±64.64ms 33 

QRS-width in the ECG 60-174ms 93.52 ± 22.51ms 33 

 

E Descriptive statistics for date presenting ration scales  

 

(SD standard deviation, mm millimeter, g gram, mm2 square millimeter), Krämer/Thal, Ulm, 2015 

 

 Range Mean ± SD Missing values 

p62 inclusion bodies per 10mm2 0-8.04 0.84 ±1.38 0 

Pulmonary valve perimeter 17-115mm 82.34 ±16.41mm 9 

Aortic valve perimeter 16-112mm 77.6 ±16.57mm 9 

Mitral valve perimeter 28-145mm 104.8 ±21.1mm 8 

Tricuspid valve perimeter 11-165mm 120.42 ±28.41mm 7 

Heart weight 8-850g 409 ±167.03g 0 

Percentage of cardiac fibrosis 0-35 5.5 ±7.11 0 

Degree of cardiac fibrosis  0-3 1.56 ±0.92 0 

Percentage of atherosclerosis in 0-100 31.82 ±29.91 1 
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the Circle of Willis 

Braak NFT-stages 0-4 1.23 ±1.08 6 

Aβ-phase in the medial 

temporal lobe 
0-4 0.69 ±1.2 7 

Stage of small vessel disease 0-3 1.04 ±0.8 5 

Severity grade of cerebral 

amyloid angiopathy 
0-2 0.25 ±0.62 7 

CERAD score 0-2 0.15 ±0.45 7 

NIA-AA stage of Alzheimer´s 

disease 
0-2 0.4 ±0.63 7 

 

 

 

F Analyzed cases  

 

(s.a. state after, m male, f female, CHD coronary heart disease, ALS amyotrophic lateral sclerosis, 

EBV Ebstein Barr virus, AML acute myeloid leukemia, CLL chronic lymphoid leukemia, CML 

chronic myeloid leukemia, BPH benign prostatic hyperplasia, MND motor neuron disease, pAOD 

Peripheral arterial occlusive disease, CMV Cytomegalovirus, MS Multiple sclerosis, ARDS acute 

respiratory distress syndrome, GBS Guillain- Barré syndrome), Krämer/Thal, Ulm, 2015 

 

Case 

number 
Age Sex Clinical Diagnosis Pathological diagnosis 

Causes of 

death 

1 55 m s.a. media ischemia, epilepsy 
Ruptured infrarenal aortic 

aneurysm, atherosclerosis 

Vascular 

failure 

2 76 m 

Tachyarrhytmia absoluta, 

cardiac insufficiency, CHD, 

emphysema 

Atherosclerosis, CHD, 

emphysema 

Respiratory 

failure 

3 80 m 

Thoracic pressure sensation and 

loss of consciousness while 

orthopaedic rehabilitation 

Atherosclerosis, aortic 

stenosis, CHD, acute heart 

failure with coronary 

insufficiency 

Heart failure 

4 85 f 

Arterial hypertension, diabetes 

mellitus type 2, COPD, chronic 

renal insufficiency, duodenal 

perforation, sepsis, pneumonia 

Atherosclerosis, CHD, old 

myocardial stroke, 

decompensated left heart 

failure 

Heart failure 

5 72 f 

Dementia, arterial hypertension, 

obesity, pulmonal carcinoma 

with pleuritic carcinosis 

Thalamus infarction, dementia, 

carcinoma metastasis, 

microangiopathy 

 

Heart failure 

6 63 m 
s.a. atrial ablation, multiple 

cerebral ischemia 

CHD, myocardial hypertrophy, 

fresh posterior wall infarction, 

acute left heart insufficiency 

Heart failure 

7 68 m 
ALS, prostate carcinoma, 

arterial hypertension 
ALS 

Respiratory 

failure 

8 74 m ALS, CHD ALS, respiratory insufficiency 
Respiratory 

failure 

9 64 f 

Spinocerebellar syndrome, 

sepsis associated 

encephalopathy, arterial 

hypertension, polyarthrosis, 

CML, septic multiorgan failure Sepsis 
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vertigo attacks, suspected CML 

10 57 m 

Unclear infection, suspected 

CHD, haematological underlying 

conditions 

Myocardial stroke, 

emphysema, mitral valve 

vegetations, atherosclerosis, 

BPH 

Heart failure 

11 73 m 
Status epilepticus, suspected 

cerebral  metastases 

Multiple carcinomas + 

pancreatic carcinoma 

Central 

dysregulation 

12 45 m 

IgA-nephritis with terminal renal 

insufficiency, legionella 

pneumonia, suspected 

pulmonary tuberculosis, pAOD 

IgA-nephritis, s.a. kidney 

transplantation, recurring 

pulmonary embolism, 

bronchopneumonia 

Heart failure 

13 84 m 

MND, dementia, 

polyneuropathy, chronic abuse 

of alcohol 

Chronic heart insufficiency, 

CHD 
Heart failure 

14 73 f 

Obesity, arterial hypertension, 

kidney carcinoma, ulcus 

ventriculi, decompensated left 

heart failure 

Obesity, arterial hypertension, 

kidney carcinoma, ulcus 

ventriculi, decompensated left 

heart failure 

Heart failure 

15 61 m ALS, pneumonia ALS, respiratory insufficiency 
Respiratory 

failure 

16 57 m Arterial hypertension, ALS ALS 
Respiratory 

failure 

17 75 m 

Arrhytmia absoluta, intracerebral 

hemorrhage and thalamus 

stroke, cystic pancreatic 

process, bronchopneumonia 

CHD, pneumonia, chronic 

pancreatitis, pancreatic 

carcinoma, diabetes mellitus, 

renal insufficiency 

Central 

dysregulation 

18 69 m 
ALS, paralysis of respiratory 

muscles 

Respiratory insufficiency 

caused by ALS 

Respiratory 

failure 

19 63 m 
Aortic stenosis, IgA-

nephropathy, CMV 

Atherosclerosis, heart 

insufficiency, pulmonary 

hypertension, liver cirrhosis, 

renal insufficiency, aortic valve 

stenosis, mitral and tricuspid 

valve insufficiency, pulmonary 

oedema 

Heart failure 

20 75 m ALS ALS 
Respiratory 

failure 

21 76 f 

Asthma bronchiale, 

emphysema, ALS, arterial 

hypertension 

Emphysema, atherosclerosis, 

ALS 

Respiratory 

failure 

22 47 f 

MS, cramping seizure, fall, 

hemiplegia, suspected stroke, 

lyses with consecutive 

hemorrhage,obesity, 

hyperuricemia, nicotine abuse 

Pulmonary embolism, renal 

athero- and arteriolosclerosis 

with moderate 

glomerulosclerosis 

Heart failure 

23 53 m ARDS, pneumonia Pneumonia 
Respiratory 

failure 

24 61 f 

ALS, aterial fibrillation with 

arrhytmia absoluta, arterial 

hypertension, central respiratory 

paralysis 

ALS, respiratory insufficiency 
Respiratory 

failure 

25 51 m 
MS, bladder carcinoma, 

diabetes mellitus, pneumonia 
Pneumonia 

Respiratory 

failure 

26 74 m 
COPD, cramping seizure, 

confusiom, myocardial stroke 

Myocardial stroke, 

adenocarcinoma of the lung 
Heart failure 

27 35 m 

Paraneoplastic encephalitis with 

gastrointestinal stroma tumor 

and endocrine carcinoma of the 

colon, Factor V Leiden-mutation 

Gastrointestinal stroma tumor, 

endocrine carcinoma of the 

colon, dilated cardiomyopathy 

Cancer 
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28 45 m Myocardial stroke, CHD Myocardial stroke, CHD Heart failure 

29 60 m Chorea Huntington, pneumonia 
Chorea Huntington, 

pneumonia 

Respiratory 

failure 

30 73 f 

Loss of weight, tumors of 

unknown origin, cachexie, 

osteolysis 

Plasmozytom Cancer 

31 62 m 
Abuse of alcohol, liver cirrhosis, 

carcinoma of unknown origin 
Carcinoma Cancer 

32 78 f 

Subcortical vaskular 

encephalopathy, dementia 

suspected inflammation 

Circulatory failure, old 

myocardial stroke, emphysema 
Heart failure 

33 54 m 

CLL, stem cell transplantation 

and GVH-reaktion, GBS, arterial 

hypertension, muscular atrophy 

CLL, muscular hypertrophy, 

pneumonia 

Respiratory 

failure 

34 56 m CML CML Cancer 

35 49 m 

Mitral valve disease, cerebral 

and leg highlightes ischaemia, 

lysis, ventricular fibrillation 

Mitral valve endocarditis Heart failure 

36 74 f 

Artificial hip surgery, partial 

seizures, sedation, repiratory 

insufficiency 

Atherosclerosis, 

decompensated left heart 

insufficiency 

Heart failure 

37 46 m 
Right heart failure with tricuspid 

valve insufficiency 

Pulmonary hypertrophy, 

tricuspid valve insufficiency, 

biventricular hypertrophy 

Heart failure 

38 43 m 
Crohn´s disease, acute 

myocardial stroke 
Sudden cardiac death Heart failure 

39 60 f 

PNP with detection of antibodies 

against neurone nuclei, arterial 

hypertension, hyperlipidaemia, 

hypothyreodism 

CHD, emphysema 
Central 

dysregulation 

40 53 m 
CHD, myocardial stroke, 

hepatopathy 
CHD, myocardial stroke Heart failure 

41 59 m 

Pneumococcal sepsis with 

meningitis, s.a. stroke, s.a. 

thrombosis, arterial 

hypertension, diabetes mellitus 

Meningitis with beginning 

Encephalitis, pneumococcal 

sepsis 

Central 

dysregulation 

42 83 m 

CHD, myocardial stroke, chronic 

renal insufficiency, syncope with 

fall, atrial fibrillation 

Arterial hypertension, 

bivernticular heart 

insufficiency, atherosclerosis, 

CHD 

Heart failure 

43 75 f 
AML, s.a. breast cancer, renal 

insufficiency 

AML with thrombocytopenia 

and hemorrhagic diatheses, 

subdural hematoma 

Central 

dysregulation 

44 52 m 

Wound healing disturbance after 

sigmoid diverticulitis surgery, 

glomerulonephritis, organic brain 

syndrome, pneumonia, 

gastrointestinal hemorrhage, 

nephrotic syndrome 

Multiorgan failure 
Multiorgan 

dysfunction 

45 51 m 

Bladder carcinoma, 

inflammatory characteristics, 

disorientation, suspected 

enzephalitis 

Bladder carcinoma, acute 

pancreatitis, CHD, lung arterial 

embolism 

Heart failure 

46 51 m 

Malignant melanoma, 

esophagus carcinoma, limbic 

enzephalitis, pneumonia 

s.a. melanoma surgery, 

esophagus carcinoma, 

pneumonia 

Respiratory 

failure 

47 46 f ALS-SOD1-mutation ALS 
Central 

dysregulation 

48 54 f Schizophrenia, subdural Pulmonary embolism Respiratory 
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hematoma, suspected 

pulmonary embolism, suspected 

rhabdomyolysis 

failure 

49 58 m 
GBS, s.a. varicose veins 

surgery, lower lobe pneumonia 
Pulmonary embolism Heart failure 

50 56 m 

Pulmonary embolism, lysis, 

subdural hematoma, 

subarachnoid hemorrhage, 

CHD, abuse of alcohol, 

hepatopathia, diabetes mellitus 

CHD, liver cirrhosis, left heart 

hypertrophy 
Heart failure 

51 60 m 
Huntington´s disease with 

dementia, cachexia, pneumonia 
Pneumonia Sepsis 

52 0,03 m 
Hydrops fetalis, lung hypoplasia, 

signs of dysmorphia 

Hydrops fetalis, vena cava 

thrombosis 
Heart failure 

53 78 m 

Prostate carcinoma, subcortical 

vascular encephalopathy with 

vascular dementia, meningeom 

with symptomatic epilepsy, atrial 

fibrillation with arrhythmia 

absoluta 

Atherosclerosis, CHD Heart failure 

54 0,003 m 

Lung hypoplasia, pulmonary 

hypertension, meconium 

aspiration, pneumothorax, 

muscular dystrophy Becker-

Kiener , newborn infection 

Malformation syndrome with 

pulmorary insufficiency 

Respiratory 

failure 

55 52 f 

AML, s.a. bone marrow 

transplantation, COPD with 

abuse of nicotin, vascular 

malformation in the liver, 

occlusion of atrial septal defect, 

posterior reversible 

encephalopathy, peracute 

intracerebrale hemorrhage 

AML, s.a. atrial septal defect 

surgery, central death 

Central 

dysregulation 

56 36 m 

EBV-infektion, sepsis, liver 

failure, portal vein thrombosis, 

hemophagic lymphhistiozytosis 

Liver failure with multiorgan 

failure 
Sepsis 

57 64 f Malignant melanoma 

Pulmonary embolism, 

metastatic malignant 

melanoma 

Heart failure 

58 0 m Intrauterine death 
Intrauterine asphyxia, placenta 

sclerotherapy 

Placental 

insufficiency 

59 0 f 32nd weeks of pregnancy 

Polycystic kidney, 

cardiopulmonary 

decompensation 

Heart failure 

60 51 m 
Multiple strokes, endocarditis, 

candida sepsis 
 

Central 

dysregulation 

61 63 m ALS 
B- cell non Hodgkin lymphoma, 

lymphoplasmocytic 

Respiratory 

failure 

62 56 m 

Celiac disease, pneumonia, 

cerebellum degeneration, 

encephalopathy 

Celiac disease, pneumonia, 

spleen atrophy 

Respiratory 

failure 
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G Distribution of clinical diagnosis 

 

(HT arterial Hypertension, MI myocardial infarction, AF atrial fibrillation, DM Diabetes 

mellitus, ID insulin dependency, HLP hyperlipoproteinemia, CHD coronary heart disease, SR 

sinus rhythm in ECG, PQ PQ-time in ECG (in ms), QRS QRS-width in ECG (in ms), CI 

cerebral infarction, n.d. not determined, + yes, - no), Krämer/Thal, Ulm, 2015 

 

 

Case 

number 
HT MI AF DM ID HLP CHD BMI Obesity SR  PQ QRS CI 

1 + - - - - + - n.d. + + 160 100 + 

2 - - + - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

3 + - + - - - + 23.8 - - 0 92 - 

4 + + n.d. + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 

5 + + n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 

6 + + + - - - + n.d. - - 0 82 + 

7 + - - - - - - n.d. + n.d. n.d. n.d. - 

8 + - - - - - + 19.4 - n.d. n.d. n.d. - 

9 + - - - - - - 24 - + 140 98 - 

10 - + n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

11 + - - - - - - n.d. - + 116 84 - 

12 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

13 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

14 + - n.d. + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

15 - - - - - - - n.d. - n.d. n.d. n.d. - 

16 + - - - - - - 30.1 + n.d. n.d. n.d. - 

17 + - n.d. + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 

18 - - - - - + - 19.5 - n.d. n.d. n.d. - 

19 - - - - - - - 24 - + 158 110 + 

20 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

21 + - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

22 - - - + - - - n.d. + + 148 88 + 

23 - - - - - - - 22 - + 150 100 - 

24 + - + - - + - n.d. + - 0 120 - 

25 - + - + - + - n.d. + + 160 80 - 

26 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 

27 - - - - - - - 27.5 - + 156 174 - 

28 - - + - - - + n.d. n.d. n.d. n.d. n.d. - 

29 - - - - - - - 23.9 - n.d. n.d. -n.d - 

30 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d - 

31 - - - - - - - 24.8 - + 198 104 - 

32 + + + - - + - 20.8 - - 0 108 + 

33 + - - - - - - 22.7 - + 138 88 - 

34 - - - - - - - 25.8 - + 120 88 - 

35 + + - - - - + 23.76 - + 180 60 + 
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36 + - - + + + + 27.3 + + 200 70 - 

37 - - - - - - - n.d. n.d. + 120 60 - 

38 - + - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

39 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

40 - + n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

41 + - - + n.d. + - n.d. + + 162 110 + 

42 + + + - - - + 26.3 - - 0 120 + 

43 + - - - - + - 29.66 + + 162 98 - 

44 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

45 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

46 - - - - - - - n.d. - + 158 102 - 

47 - - - - - - - 20 - n.d. n.d. n.d. - 

48 - - - - - - - 34.6 + + 124 70 - 

49 + - - - - - - 30.7 + + 156 86 - 

50 - - n.d. + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

51 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

52 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 

53 + - + + + + - 28.7 + - 0 90 + 

54 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

55 - - - - - - - 22.3 - + 108 80 - 

56 - - - - - - - n.d. n.d. + 116 98 - 

57 - - - - - - - 28.7 - + 128 92 - 

58 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

59 - - n.d. - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

60 + - - - - - - 30.4 + + 120 60 + 

61 + - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. - 

62 - - - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. + 
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H Distribution of pathological and neuropathological diagnosis.  

 

(p62 p62 inclusion bodies in cardiomyocytes per 10mm2 of the left ventricle, F% percentage of 

cardiac fibrosis, DF degree of cardiac fibrosis, TVP tricuspid valve perimeter (in cm), MVP mitral 

valve perimeter (in cm), AVP aortic valve perimeter (in cm), PVP pulmonary valve perimeter (in 

cm), HW heart weight (in grams), Aβ Aβ-phase in the medial temporal lobe, Braak Braak NFT- 

stage, AS percentage of atherosclerosis in the Circle of Willis, SVD stage of small vessel disease, 

CAA severety of cerebral amyloid angiopathy, CERAD CERAD-score, NIA-AA NIA-AA degree of 

Alzheimer´s disease, n.d. not determined), Krämer/Thal, Ulm, 2015 

 

Ca 

se  
p62 F %  DF TVP MVP AVP PVP HW Aß 

Bra

ak 

A

S 
SVD CAA 

CER

AD 

NIA

-AA 

1 8.04 10 2 150 120 92 100 550 0 0 36 0 0 0 0 

2 5.94 5 2 140 130 112 115 640 2 2 36 2 2 1 1 

3 3.66 5 2 n.d. n.d. n.d. n.d. 510 2 1 91 2 0 0 1 

4 2.25 20 3 120 90 70 80 350 0 2 36 1 0 0 0 

5 2.22 15 2 125 118 80 83 370 4 4 45 2 1 2 2 

6 2.21 5 2 112 120 92 100 580 1 1 64 2 0 0 1 

7 2.2 10 2 128 118 77 75 365 2 2 36 n.d. 2 0 1 

8 1.91 25 3 130 127 82 85 400 1 2 0 1 0 0 1 

9 1.84 5 2 110 85 68 80 280 0 3 
n.

d. 
1 1 0 0 

10 1.33 5 2 165 145 82 95 610 0 1 36 1 0 0 0 

11 1.31 1 2 130 72 75 80 320 0 2 73 3 0 0 0 

12 1.27 5 2 110 80 85 80 260 n.d. n.d. 27 1 n.d. n.d. n.d. 

13 1.17 35 3 145 110 65 90 480 3 4 91 1 2 2 2 

14 1.15 5 2 123 100 80 83 725 2 1 67 2 0 0 1 

15 1.14 5 2 125 125 70 80 340 1 2 0 1 0 0 1 

16 1.06 5 2 135 120 85 85 525 0 2 0 2 0 0 0 

17 0.77 5 2 150 122 75 102 425 2 2 36 1 0 0 1 

18 0.71 5 2 11 115 95 90 340 0 1 55 1 0 0 0 

19 0.7 10 2 126 106 78 97 650 1 1 27 1 0 0 1 

20 0.68 0 0 110 101 78 72 385 1 2 45 n.d. 2 1 1 

21 0.67 5 2 125 90 68 75 330 0 2 50 2 0 0 0 

22 0.66 0 0 118 105 61 75 425 n.d. n.d. 33 1 n.d. n.d. n.d. 

23 0.61 5 2 146 104 77 87 400 1 1 0 2 0 0 1 

24 0.6 5 2 n.d. n.d. n.d. n.d. 260 0 1 0 1 0 0 0 

25 0.54 5 2 125 110 90 105 400 0 1 67 0 0 0 0 

26 0.42 5 2 n.d. n.d. n.d. n.d. 610 0 0 73 1 0 0 0 

27 0.36 10 2 100 125 80 90 640 0 0 0 0 0 0 0 

28 0.34 5 2 n.d. n.d. n.d. n.d. 410 0 0 0 1 0 0 0 

29 0.32 1 2 130 116 n.d. n.d. 300 0 1 36 2 0 0 0 

30 0.31 5 2 120 105 65 75 280 0 3 45 1 0 0 0 

31 0.31 15 2 126 112 110 80 410 0 1 9 1 0 0 0 

32 0.31 5 2 103 100 65 67 290 1 1 45 3 0 0 1 

33 0.26 5 2 112 88 70 79 545 0 0 0 1 0 0 0 

34 0.26 0 0 125 115 75 90 350 0 0 36 1 0 0 0 
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35 0.23 0 0 120 80 75 90 850 0 0 
10

0 
1 0 0 0 

36 0.21 1 2 130 103 96 100 530 0 1 91 2 0 0 0 

37 0.21 0 0 140 102 85 93 485 0 1 0 0 0 0 0 

38 0.19 5 2 110 125 100 85 430 0 1 9 0 0 0 0 

39 0.18 10 2 105 95 70 70 290 4 1 55 1 0 0 1 

40 0.16 15 2 100 110 85 80 500 0 1 18 0 0 0 0 

41 0.16 0 0 145 120 85 90 460 0 0 18 1 0 0 0 

42 0.15 30 3 160 130 88 100 520 0 2 82 1 0 0 0 

43 0.13 0 0 125 110 85 75 380 4 3 9 1 1 1 2 

44 0.11 5 2 90 85 65 80 430 0 1 45 1 0 0 0 

45 0.11 1 2 135 105 80 85 390 0 0 36 1 0 0 0 

46 0.08 5 2 102 93 68 64 400 0 0 33 0 0 0 0 

47 0.06 0 0 110 80 70 70 205 0 1 0 1 0 0 0 

48 0.05 1 2 115 100 70 81 360 0 1 18 1 0 0 0 

49 0.05 0 0 160 n.d. n.d. n.d. 530 0 1 18 1 0 0 0 

50 0.04 1 2 140 135 97 90 760 0 1 27 1 0 0 0 

51 0.02 0 0 128 110 88 85 340 0 0 0 1 0 0 0 

52 0 5 2 32 28 16 17 16.9 n.d. n.d. 0 0 n.d. n.d. n.d. 

53 0 1 1 130 115 90 85 510 4 4 
10

0 
2 1 1 2 

54 0 0 0 31 34 18 19 8 0 0 0 0 0 0 0 

55 0 0 0 135 100 70 90 390 n.d. n.d. 0 1 n.d. n.d. n.d. 

56 0 1 2 125 110 80 85 430 0 0 0 0 0 0 0 

57 0 5 2 125 100 80 85 250 0 1 55 1 0 0 0 

58 0 0 0 n.d. n.d. n.d. n.d. 21 n.d. n.d. 0 0 n.d. n.d. n.d. 

59 0 0 0 n.d. n.d. n.d. n.d. 10.4 n.d. n.d. 0 0 n.d. n.d. n.d. 

60 0 1 2 105 100 65 80 450 0 1 0 0 0 0 0 

61 0.11 1 1 150 115 85 70 420 0 1 0 2 0 0 0 

62 2.17 1 1 n.d. n.d. n.d. n.d. 275 2 2 27 1 2 0 1 
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