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INTRODUCTION 1 

1 INTRODUCTION 

Canine distemper virus (CDV) is an enveloped, non segmented, single, negative-

stranded RNA virus of the genus Morbillivirus (LAMB and KOLAKOFSKY, 2001), 

closely related to human measles virus (MeV), phocine distemper virus (PDV), 

cetacean morbillivirus (CeMV), peste des petits ruminants virus (PPRV) and the 

Rinderpest virus (RPV; PRINGLE, 1999). 

Clinically, CDV infection in dogs may display signs of a catarrhal, nervous or 

systemic manifestation (APPEL, 1987; BAUMGÄRTNER, 1993). Most animals that 

are affected by the nervous form develop a leukoencephalomyelitis, which is 

characterized by a biphasic process (BAUMGÄRTNER et al., 1989). In the early 

phase, demyelination and down-regulation of myelin transcription, metabolic 

impairment of myelin-producing cells, and prominent virus expression can be 

observed (GRABER et al., 1995; ZURBRIGGEN et al., 1998). Although perivascular 

infiltration is lacking in acute lesions, some CD8+ cells are diffusely distributed in the 

parenchyma (TIPOLD et al., 1999). Pro-inflammatory cytokines such as interleukin 

(IL)-6, IL-8, IL-12 and tumor necrosis factor (TNF)-α are up-regulated, while anti-

inflammatory cytokines such as IL-10 and transforming growth factor (TGF)-β are 

expressed at low levels (MARKUS et al., 2002). In chronic demyelinating lesions, a 

significant reduction or even complete absence of viral proteins can be observed 

(ALLDINGER et al., 1993). It is therefore postulated that the advancing 

demyelinating process has an immune-mediated pathogenesis since additionally a 

strong up-regulation of MHC-II molecules and a massive infiltration of lymphocytes is 

observed (ALLDINGER et al., 1996). According to histological lesions, the changes 

can be classified into acute, subacute without or with inflammation and chronic 

sclerotic plaques (KRAKOWKA et al., 1985; GAEDKE et al., 1997, 1999; 

WÜNSCHMANN et al., 1999; BEINEKE et al., 2009). Multiple sclerosis (MS), a 

common human demyelinating disorder, displays similar histopathological changes. 

Therefore the canine disease serves as a suitable animal model for pathogenetic 

studies (SUMMERS and APPEL, 1994; BAUMGÄRTNER and ALLDINGER, 2005). 
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Previous studies focused on resident and infiltrating cells, however, tissues are not 

made up solely of cells. A substantial part of their volume represents the extracellular 

space, which is largely filled by a network of macromolecules constituting the 

extracellular matrix (ECM; ALBERTS et al., 1994). The ECM and its components 

interact with cells and influence a variety of critical cell function, such as 

maintenance of differentiation, polarity of cells, or tissue-specific gene expression. 

The main elements of the ECM are fibrous proteins, glycoproteins and proteoglycans 

(ALBERTS et al., 1994; ROMANIC and MADRI, 1994). The central nervous system 

possesses only small amounts of extracellular substance under physiological 

conditions. Besides ubiquitous components such as laminin, fibronectin and collagen 

the brain parenchyma contains CNS-specific molecules including phosphacan, 

neurocan and brevican (BANDTLOW and ZIMMERMANN, 2000). In traumatic brain 

lesions as well as in demyelinating diseases a massive alteration of the ECM has 

been described in the affected area (SOBEL, 1998; SOBEL and AHMED, 2001; 

BACK et al., 2005; VAN HORSSEN et al., 2006). This alterations, mainly due to the 

activation of astrocytes, cause inhibitory effects upon regenerative processes such 

as axonal sprouting and remyelination (SOBEL, 1998; JONES et al., 2003; TANG et 

al., 2003). 

 

There is a lack of detailed studies on potential changes in the extracellular matrix in 

demyelinating distemper. Therefore, the aim of this work was to investigate the ECM 

in the cerebellum of healthy dogs and possible alterations during CDV infection. To 

determine the distribution and extent of ECM in demyelinating distemper lesions, 

various histochemical methods as well as immunohistochemistry was applied to 

demonstrate individual ECM molecules such as aggrecan, brevican, decorin, 

fibronectin, collagen I, collagen IV, laminin, neurocan and phosphacan. 
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2 LITERATURE REVIEW 

2.1 Canine distemper virus  

Canine distemper (CD) was described for the first time in Europe in 1761 

(MITSCHERLICH, 1938). The participation of CDV in the pathogenesis of Paget’s 

disease of bone in humans (GORDON et al., 1991, MEE et al., 1998, MEE et al., 

1999, HELFRICH et al., 2000, OOI et al., 2000) and multiple sclerosis (MS; COOK et 

al., 1978 and 1987, 1991, HODGE and WOLFSO, 1997, HERNAN et al., 2001) has 

been suspected. 

Canine distemper virus is an enveloped, single, negative-stranded RNA virus (LAMB 

and KOLAKOFSKY, 2001), which belongs to the morbilliviruses in the 

Paramyxoviridae family and is closely related to measles virus (PRINGLE, 1999). It 

possesses 6 structural proteins: the nucleoprotein (NP), which together with the 

polymerase complex consisting of P and L (large) protein forms the nucleocapsid; 

and the membrane (M), hemagglutinin (H) and fusion (F) protein (surface proteins; 

HALL, 1980, ÖRVELL, 1980, DIALLO, 1990). The signaling lymphocyte activation 

molecule (SLAM) was shown to act as an efficient cellular receptor for wild-CDV 

strains (SEKI et al., 2003). There is only one known serotype but there are several 

co-circulating genotypes of the virus (HAAS et al., 1997). The variability of the 

neuropathological findings is due to the evolution of the lesion during disease 

progression and due to CDV strain variations. Some cause polioencephalitis and 

others induce demyelinating leukoencephalitis (SUMMERS and APPEL, 1994). 

CDV infection of the central nervous system (CNS) causes damage in the grey 

(polioencephalitis) as well as in the white matter (distemper leukoencephalitis, DL). 

Demyelination in canine distemper encephalitis (CDE) appears to be a biphasic 

process. Early demyelinating lesions are directly virus-induced and are accompanied 

by abundant expression of CDV antigen and mRNA. Furthermore, they are 

associated with the presence of few CD8+ lymphocytes and an up-regulation of the 

major histocompatibility complex class-II (MHC-II). In addition, tumor necrosis factor-

α (TNF-α), the hyaluronate receptor CD44, and matrix-metalloproteinases (MMPs) as 
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well as their inhibitors (TIMPs) are up-regulated. In contrast, plaque progression 

seems to be an immunopathological process characterized by a severe reduction or 

even complete absence of viral protein and mRNA. CD8+ lymphocytes appear 

prominently within lesions, while CD4+ lymphocytes are found perivascularly. In 

addition, there is a strong up-regulation of MHC-II and the pro-inflammatory cytokines 

interleukin (IL)-6, IL-8, IL-12, and TNF-α (BAUMGÄRTNER and ALLDINGER, 2005). 

2.1.1 Forms of canine distemper encephalitis 

Canine distemper encephalitis can be classified according to morphological changes 

and brain areas affected in different subtypes. The neuropathological changes 

depend on the virus strain, age and immune status of the affected animal 

(KRAKOWKA and KOESTNER, 1976; SUMMERS et al., 1984; PEARCE-KELLING 

et al., 1990; RAW et al., 1992). Polioencephalitis is a less common form of CDV 

infection and appears mainly in the cortex and the nuclei of the brain stem. Neurons 

and protoplasmic astrocytes are the mainly affected cell populations 

(BAUMGÄRTNER et al., 1999). Distemper polioencephalitis includes old dog 

encephalitis (LINCOLN et al., 1973; IMAGAWA et al., 1980), inclusion body 

encephalitis (NESSELER et al., 1997, 1999), and post-vaccinal encephalitis 

(HARTLEY, 1974; BESTETTI et al., 1978). 

 

In contrast, distemper leukoencephalitis (DL) is a common manifestation in dogs 

and is mainly observed in the cerebellum and less frequently in the cerebral white 

matter and the spinal cord (BAUMGÄRTNER et al., 1999). DL lesions vary between 

acute, subacute non-inflammatory, subacute inflammatory, chronic and sclerotic 

plaques (KRAKOWKA et al., 1985, ALLDINGER et al., 1993, GAEDKE et al., 1999). 

Acute lesions are characterized by focal vacuolation and mild gliosis with activated 

microglia and astrocytes. Subacute non-inflammatory lesions display demyelination, 

moderate gliosis with formation of gemistocytes and multinucleated astrocytes, and 

are occasionally accompanied by necrosis and gitter cells. Subacute inflammatory 

and chronic lesions are characterized by intralesionally and perivascularly located, 

mononuclear inflammatory cell infiltrations. Sclerotic plaques consist of astrocytic 
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scar tissue (BAUMGÄRTNER et al., 1989; ALLDINGER et al., 1993; 

WÜNSCHMANN et al., 1999; GAEDKE et al., 1999; BEINEKE et al., 2009; 

SEEHUSEN and BAUMGÄRTNER, 2009). 

2.1.2 Demyelinating distemper encephalitis 

2.1.2.1 Cell tropism 

The pathogenesis of CDV-induced demyelination is still unclear. In experimental 

studies, CDV is found in astrocytes, neurons, ependymal cells, microglia, 

leptomeningeal cells, and choroid plexus epithelial cells (APPEL, 1969; 

VANDEVELDE, 1980; ALLDINDER et al., 1993; WÜNSCHMANN et al., 1999). 

Recently, it was shown that, in addition aldynoglia became infected by various CDV 

strains (ORLANDO et al., 2008). Astrocytes represent the main target cell infected by 

CDV (MUTINELLI et al., 1988). Infected astrocytes may have a glassy cytoplasm 

(VANDEVELDE et al., 1983) and form gemistocytes, syncytia (SUMMERS and 

APPEL, 1985) and they lose their cell processes, while the glial fibrillary acidic 

protein (GFAP) positive fibrils are rearranged around the nucleus. In acute distemper 

lesions, the astrocytic response is mainly composed of GFAP-/CDV-positive cells. In 

contrast, in advanced lesions, vimentin-/CDV-positive astrocyte-like cells were 

present, indicating a change in cell tropism of CDV. These vimentin-positive cells 

may represent a permanent source for virus infection and spread in advanced lesions 

of DL (SEEHUSEN et al., 2007). Studies on infection of oligodendrocytes gave 

contradictory results. While some investigators observed direct CDV infection of 

oligodendrocytes (BLAKEMORE et al., 1989), others did not detect viral structures 

within this cell type in vivo (VANDEVELDE et al., 1983). In addition, in vitro 

investigations did not succeed in confirming an oligodendrocyte infection in primary 

brain cell cultures infected with different CDV strains (ZURBRIGGEN and 

VANDEVELDE, 1983; VANDEVELDE et al., 1985; ZURBRIGGEN et al., 1986; 

1987a, 1987b). However, Zurbriggen et al. (1993) demonstrated a restricted infection 

of oligodendrocytes by employing molecular techniques. Furthermore, there is a 

down-regulation of the expression of a variety of oligodendroglial genes after 

restricted CDV infection (GRABER et al., 1995; ZURBRIGGEN et al., 1998). 
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2.1.2.2 Viral persistence 

The distribution of CDV proteins and their epitopes in different lesion types showed 

that in acute and subacute lesions without inflammation the expression of the M, H, 

and F protein is only mildly reduced compared to the core proteins. In contrast, 

plaques with severe inflammation are either completely devoid of viral antigen or 

exhibited N- and P-specific immunoreactivity restricted to the periphery with reduction 

or loss of surface proteins (ALLDINGER et al., 1993). In addition, more CDV RNA 

than protein is found in the grey matter (MÜLLER et al., 1995). CDV persistence in 

the brain seems to be due to non-cytolytic selective spread of the virus with very 

limited budding (VANDEVELDE and ZURBRIGGEN, 1995; ZURBRIGGEN et al., 

1995). 

2.1.2.3 Immunopathology 

One of the more important manifestations of canine distemper represents the CDV-

associated immunosuppression (KRAKOWKA et al., 1975). This is caused by the 

lytic effect of the virus on lymphocytes and macrophages during the acute phase of 

the disease (KRAKOWKA et al., 1975 and 1980). Acute and subacute non-

inflammatory lesions of DL contain only few inflammatory cells, mainly CD8+ cells. 

These cells might be involved in viral clearance or contribute as antibody-

independent cytotoxic T cells to early lesion progression (WÜNSCHMANN et al., 

1999). In subacute inflammatory and chronic lesions, there is a massive infiltration of 

various inflammatory cells. CD8+ cells might act as cytotoxic effectors, while CD4+ 

cells are suspected to initiate a delayed-type hypersensitivity reaction in these older 

lesions (WÜNSCHMANN et al., 1999). Strong MHC-II up-regulation is found on 

microglia, endothelial, choroid plexus epithelial, meningeal, ependymal, and 

intravascular cells. This MHC-II up-regulation occurs throughout the white matter, in 

both acute and subacute plaques. In chronic plaques, MHC-II expression is 

especially prominent in areas with reduced or even complete absence of viral antigen 

expression (ALLDINGER et al., 1996). B cells are found within chronic lesions and in 

perivascular infiltrates (VANDEVELDE et al., 1982; ALLDINGER et al., 1996). T cell 

migration into the CNS is suspected to be triggered by activated microglia that 

secrete chemokines and might facilitate the later development of an intrathecal 



LITERATURE REVIEW 7 

immune response and associated immunopathological complications (TIPOLD et al., 

1999). 

2.2 Extracellular matrix (ECM) 

Tissues consist not only of cells. A substantial part of their volume comprises the 

extracellular space, which is filled by a network of macromolecules constituting the 

ECM (ALBERTS et al., 1994). The ECM determines the tissue’s physical properties. 

It consists of complex macromolecular compositions that are mainly produced locally 

(ALBERTS et al., 1994). The matrix of connective tissues is secreted by various cells 

including fibroblasts, chondroblasts and osteoblasts. The connective tissue is the 

structure framework of the vertebrate body and its amount differs greatly from skin 

and bone, in which they are the major constituents, to brain and spinal cord, in which 

they are only a minor component. The ECM can be calcified into rock-hard structures 

such as bone or teeth, can appear as the transparent matrix of the cornea, or as 

ropelike structures that gives tendons their tensile strength (ALBERTS et al., 1994). 

The matrix plays an important role in controlling cell behavior and stabilizes the 

physical structure of tissues. The ECM is crucial in regulating the behavior of cells 

during development, migration, proliferation, shape, and function. Biochemically, 

there are two major classes of extracellular macromolecules: one group is made of 

polysaccharide chains called glycosaminoglycans (GAGs), which are either bound to 

proteins to form proteoglycans or occur unbound in the form of hyaluronan. The other 

group consists of fibrous proteins, which according to functional features are 

classified into structural proteins, such as collagen and elastin, and adhesive 

proteins, such as fibronectin and laminin. The adhesive proteins facilitate cell 

attachment to the appropriate part of the ECM. For example, fibronectin promotes the 

attachment of fibroblasts and various other cells to the matrix in connective tissues, 

while laminin promotes the attachment of epithelial cells to the basal lamina 

(ALBERTS et al., 1994). 

In connective tissue ECM, the GAG and proteoglycan molecules form a highly 

hydrated, gel-like ground substance in which the fibrous proteins are embedded. The 

polysaccharide gel protects the matrix from compressive forces and permits the rapid 
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diffusion of nutrients, metabolites, and hormones between the blood and the cells. In 

contrast, the collagen fibers give tensile strength to the matrix (ALBERTS et al., 

1994; KUMAR et al., 2005). 

2.2.1 ECM in the central nervous system 

The extracellular matrix of the central nervous system differs in several aspects from 

the ECM of other organs. Collagens, fibronectin and laminin build the main mass of 

the total extracellular substance in most tissues while only small amounts of these 

molecules are found in the brain and spinal cord, where they form the basement 

membranes as a part of the blood-brain barrier. In contrast to these ubiquitous 

components, there are other molecules such as brevican, neurocan, phosphacan 

and tenascin-R that are found exclusively in the central nervous system 

(BANDTLOW and ZIMMERMANN, 2000; NOVAK and KAYE, 2000). The expression 

of many matrix molecules of the CNS is finely regulated during the pre- and postnatal 

phase and they are secreted in a temporal-spatial pattern (BARTSCH et al., 1992; 

MEYER-PUTTLITZ et al., 1995; MARGOLIS et al., 1996; NIQUET and REPRESA, 

1996; KAPPLER et al., 1998; MILEV et al., 1998). The main sources of ECM 

molecules in the CNS are neurons and glial cells. Additionally, endothelial cells play 

an important role for the production of basement membrane glycoproteins 

(WEBERSINKE et al., 1992; BANDTLOW and ZIMMERMANN, 2000; SIXT et al., 

2001). Certain molecules have different and sometimes contradictory effects 

depending on the environment, receptor type and quantity and nature of the ligands 

(GRUMET et al., 1994; FAISSNER, 1997; SOBEL, 1998; BANDTLOW and 

ZIMMERMANN, 2000). There is increasing evidence that different proteoglycans act 

as regulators of cell migration, axonal pathfinding and synaptogenesis (BANDTLOW 

and ZIMMERMANN, 2000). However, when the adult CNS is injured, astrocytic 

boundary appears at the site of the injury. Cells become hypertrophic and express 

more GFAP and ECM molecules, especially tenascin and chondroitin sulphate 

proteoglycans (CSPGs) (LAYWELL et al., 1992; BRAUNEWELL et al. 1995; 

BRODKEY et al., 1995). These changes in astrocytes have been termed glial scar. 
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2.2.2 Fibrous proteins 

2.2.2.1 Collagens 

The collagens are the most abundant proteins found in animals and human tissues. 

They are produced by connective tissue cells and represent about 25% of the body’s 

total protein mass. A typical collagen molecule is long, stiff and exhibits a triple-

stranded helical structure, in which three collagen polypeptide α chains are twisted 

together in a rope-like helix (ALBERTS et al., 1994). Collagen has about 25 distinct α 

chains, each encoded by a separate gene, and 15 different types of collagen 

molecules have been found - type I to type XV collagen (ALBERTS et al., 1994). 

Type IV molecules assemble into a meshwork that constitutes a major part of the 

mature basal laminae, while type VII molecules form dimers that assemble into 

anchoring fibrils, which help to attach the basal lamina of multilayered epithelia to the 

underlying connective tissue and are especially abundant in the skin (ALBERTS et 

al., 1994). Overall, collagens are not abundant in the brain, where they are mainly 

found in the vascular basement membrane. Mutations of collagen genes are the 

cause for several genetic disorders, including osteogenesis imperfecta, Ehlers-

Danlos syndrome and multiple epiphyseal dysplasia (PROCKOP and KIVIRIKKO, 

1995). 

2.2.3 Glycoproteins 

Noncollagenous glycoproteins contain from 1% to 60% carbohydrates by weight in 

the form of numerous relatively short, branched oligosaccharides chains. The best 

characterized proteins are fibronectin, laminin, entactin, tenascin, osteonectin and 

fibrillin. These molecules are important as factors intimately involved in the 

differentiation of cells and the development of organs because of their role as 

adhesion molecules to which cells bind, react, and upon which cells migrate 

(ALBERTS et al., 1994). 

2.2.3.1 Fibronectin 

Fibronectin is a large protein consisting of about 2500 amino acids (KORNBLIHTT et 

al., 1983, 1985). The function of the different domains of the protein has been 
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characterized in detail by VOGEL et al. (1993). Fibronectin, like laminin, facilitates 

interactions with collagen, heparin and receptors on cells. Fibronectin consists of only 

three amino acids, arginine, glycine and aspartic acid and they are required for cell 

binding (MOULD et al., 1998). Fibronectin has isoforms including plasma fibronectin 

which is soluble and circulates in the blood and in body fluids. Another isoforms are 

fibronectin filaments which are insoluble and deposited mainly in the ECM and on the 

surface of cells (ALBERTS et al., 1994). Many cultured cell lines have been used to 

investigate the cell attachment to fibronectin. Fibronectin is required for fetal 

development of the brain, whereas the expression of fibronectin in the adult brain is 

still not well understood (GEORGE et al., 1993). However, fibronectin is not highly 

expressed in the normal brain, however, it can be found at the gliomesenchymal 

junction of tumors and in tumor associated blood vessels and it is also expressed in 

glioblastoma cell lines (NOVAK and KAGE, 2000). Fibronectins are produced by 

different cells in vitro including fibroblasts, Schwann cells, chondrocytes, 

macrophages, myoblasts, hepatocytes and intestinal epithelial cells. It also binds to 

bacteria, viral glycoproteins and some protozoan parasites and interacts with 

complement components. Due to these multiple interactions, fibronectins might act 

as a non-specific opsonin (OUAISSI and CAPRON 2007). 

2.2.3.2 Laminin 

Laminins are a large group of flexible proteins and considered as a major molecular 

constituent of basement membranes. They consist of three long polypeptide chains, 

α, β, γ chains, which are held together by disulfide bonds (TIMPL et al., 1994; RYAN 

et al., 1996), and form 12 different isoforms (COLOGNATO and YURCHENKO 

2000). Laminin, similar to fibronectin, has many functional domains, which simplify 

interactions with collagen type IV, heparin sulfate, entactin and laminin receptors of 

the integrin family (RYAN et al., 1996). Laminins are mainly found in the basal lamina 

and less abundant in the brain. These proteins have several functions and play a role 

in development, differentiation and cell migration, as they can interact with many cell 

surface proteins (TIMPL et al., 1979; RUTKA et al., 1988). Laminin is one of the ECM 

components which are produced after nerve injury (MCDONALD et al., 2006) and it 

plays a main role in cell migration, differentiation and axonal growth (RUTKA et al., 
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1988; LUCKENBILL et al., 1997). Some studies mention that Schwann cells 

differentiation and axon myelination was not observed without the presence of 

laminin (MILNER et al., 1997; CHEN and STRICKLAND, 2003). Furthermore, in vitro, 

neurite outgrowth is enhanced on scaffolds that were covalently bound with laminin 

(YU et al., 1999). Mutations of different laminin genes produce various phenotypes 

including congenital muscular dystrophy (ZHANG et al., 1996) and epidermolysis 

bullosa (VIDAL et al., 1995). 

2.2.4 Proteoglycans 

Proteoglycans (PG) are cell surface and ECM glycoproteins consisting of an 80 to 

400 kDa core protein and at least one GAG side chain (e.g. chondroitin/dermatan 

sulfate and heparan/heparan sulfate). The core proteins have an N-terminal 

hyaluronic acid-binding domain homologous to the CD44 homing receptor and a C-

terminal domain consisting of epidermal growth factor-like repeats, a C-type lectin 

motif, and complement regulatory protein repeats. The C-terminal binds 

carbohydrates on cell surfaces. The CNS ECM consists of hyaluronic acid 

(hyaluronan)-bound proteoglycans and may contain more than 25 species of PG core 

proteins (LANDER et al., 1993; IWATA et al., 1993). In the CNS, most PGs carry 

chondroitin sulfate GAGs and are particularly abundant in the CNS white matter. This 

family includes versican, aggrecan, neurocan, and brevican. Versican is produced by 

glial as well as non-CNS cells. They may inhibit cell migration and axonal growth in 

the adult CNS tissue (GRUMET et al., 1996; BIGNAMI et al., 1993). The largest 

member of this family is aggrecan, which is found in high amounts in cartilage, 

whereas neurocan and brevican are restricted to the brain. 

2.2.4.1 Aggrecan 

Aggrecan is a very large proteoglycan, consisting of a core protein of about 210 kDa, 

which is highly glycosylated with about 130 chondroitin and keratin sulfate side 

chains per molecule (WATANADE et al., 1997; YAMADA et al., 1995). It occurs in 

high concentrations in the cartilage, where it forms large aggregates with hyaluronan. 

It also occurs in the ECM of many tissues including the brain. However, in the CNS it 

differs from the proteins found in the cartilage in its lower concentrations of 
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chondroitin sulfate, the lack of keratin sulfate, and in other biochemical properties 

(KRUEGE et al., 1992). In developing rat brains, aggrecan is increasingly expressed, 

reaching a plateau of expression at about 5 months postnatally (MILEV et al., 1998). 

The main role of aggrecan in the brain remains undetermined. 

2.2.4.2 Brevican 

Brevican, a chondroitin sulfate PG, is a member of the lectican family. This family 

includes other members such as aggrecan, versican, and neurocan. Brevican exists 

as either a soluble or glycosylphosphatidylinositol (GPI)-anchored plasma membrane 

protein and contains the shortest core protein of this family. In addition, although 

there is an 80 kDa N-terminal truncated form, full length brevican can be up to 145 

kDa. It is characterized by chondroitin sulfate chains, a N-terminal hyaluronic acid-

binding domain, an epidermal growth factor-like repeat, and lectin-like and 

complement regulatory protein-like domains in its C-terminal region. The major sites 

for mRNA expression are cerebellar astrocytes. Brevican plays a role in the terminal 

differentiation and regulation of the adult nervous system (ASPBERG et al., 1997; 

SEIDENBECHER et al., 1995; YAMADA et al., 1994). The highest expression of 

brevican is found during gliogenesis in the developing brain, following brain injury 

and in primary brain tumors (JAWORSKI et al., 1999; GARY et al., 1998). 

2.2.4.3 Decorin 

Decorin consists of a single GAG side chain linked to a core protein containing 

leucine-rich repeats (MCEWAN et al., 2006). It is found in the ECM of a variety of 

tissues and cell types. Decorin plays a number of important functions including cell 

adhesion, migration and proliferation. Decorin controls the morphology of collagen 

fibrils, as demonstrated in knock-out mice by non-uniform fibril thickness and skin 

fragility (DANIELSON et al., 1997). It also modulates cell adhesion (WINNEMOLLER 

et al., 1992) and it has been suggested that decorin binds to TGF-β (YAMAGUCHI et 

al., 1990). 

2.2.4.4 Neurocan  

Neurocan is the major soluble chondroitin sulfate PG in the brain and it plays a 

functional role in axonal growth and in the establishment of specific neural pathways 
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during embryonic brain development. Under physiological conditions, neurocan is 

expressed by neurons, and it can be demonstrated as a product of astrocytes after 

brain injury (HAAS et al., 1999). Neurocan expression increases during late 

embryonic development, reaches a peak in the early postnatal phase and declines 

rapidly thereafter (MARGOLIS et al., 1996; MILEV et al., 1998). The major form of 

neurocan in early developmental stages consists of a 245 kDa core protein with 

approximately two chondroitin sulfate GAG chains of 22 kDa each. Later neurocan 

comprises a 180 kDa core protein. Due to their high expression at sites of neuronal 

damage and trauma, chondroitin sulfate PGs, including neurocan, are thought to 

inhibit successfully nerve regeneration (JONES et al., 2003). 

2.2.4.5 Phosphacan 

Phosphacan is a chondroitin sulfate PG, which represents the secreted portion of a 

receptor-type protein tyrosine phosphatase (RPTP ζ/β). It is abundant in both the 

grey and white matter of the nervous tissue, where it is synthesized mainly by 

astrocytes. However, both RPTP ζ/β and phosphacan mRNA are also found in 

neurons (SNYDER et al., 1996). Phosphacan is more abundant in the normal grey 

matter than the other PGs and it is a component of the perineuronal net (HAUNSO et 

al., 1999; SOBEL and AHMED, 2001). Similar to neurocan, phosphacan is a high 

affinity ligand for neurons, neural cell adhesion molecules and for ECM proteins, 

such as tenascin-C and tenascin-R. These interactions are either mediated by the 

core protein or by the GAGs side chains (GARWOOD et al., 1999). Phosphacan has 

functional roles in nerve fiber organization during development and reorganization 

following excitotoxic injury (WU et al., 2000). Additionally, it can strongly inhibit 

neurite outgrowth. Phosphacan expression was less markedly altered than that of 

other PGs in different pathoanatomic locations of MS lesions (SOBEL and AHMED, 

2001). 

2.3 ECM in the central nervous system of dogs 

Little is known about structures and functions of the ECM molecules and their 

potential roles in the developing central nervous system in dogs. In contrast, many 
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publications focussed on the ECM in human, mouse and rat CNS in physiological 

and pathological conditions like MS, TME and EAE. Marked changes in the 

expression of ECM constituents have been documented in these diseases. ATOJI et 

al. (1990) demonstrated that the extracellular matrix in the canine superior olivary 

nuclei consists of proteoglycans and contains chondroitin sulfate proteoglycans. 

BIGNAMI et al. (1986, 1988) reported that the hyaluronate binding protein is a brain 

specific protein produced by white matter astrocytes in the brain and spinal cord of 

dogs. Thereafter, ASHER et al. (1991) found that the glia hyaluronate binding protein 

(GHAP) exists in association with hyaluronate in the canine spinal cord white matter. 

In the grey as in the white matter, the ECM contains hyaluronate-protein aggregates 

that correspond to the pericellular network (BIGNAMI et al., 1992). In canine 

distemper demyelinated plaques, the cell surface receptor for hyaluronate (CD44) is 

mainly located on astrocytes and upregulated in acute and subacute demyelination. 

There is a decreased immunoreactivity of CD44 in chronic plaques and an additional 

expression on perivascular mononuclear cells (ALLDINGER et al., 2000). Matrix-

metalloproteinases (MMPs) are important zinc dependent enzymes that degrade the 

extracellular matrix and therefore can lead to breakdown of the BBB (PUFF et al., 

2008). In distemper, they are most prominently up-regulated in acute and subacute 

non-inflammatory lesions. In chronic lesions, expression of MMPs and their inhibitors 

(tissue inhibitors of metalloproteinases, TIMPs) decrease apart from MMP-11, -12, 

and -13. CD44 and MMPs might be associated with onset of demyelination and may 

initiate ECM disturbances (ALLDINGER et al., 2006). 

2.4 ECM in demyelinating diseases 

2.4.1 Multiple Sclerosis (MS) 

The basement membrane (BM) constituents in the central nervous system are 

predominantly associated with the vasculature. However, the expression of BM 

components under inflammatory conditions may alter. MS lesions are associated with 

the infiltration of leukocytes, particularly monocyte-derived macrophages (HAFLER, 

2004). This infiltration of leukocytes into the brain is normally restricted by the 
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presence of the blood-brain barrier (BBB; CORREALE and VILLE, 2007). Recent 

studies have shown that an early phenomenon in formation of new MS lesions is a 

BBB breakdown (VOS et al., 2005). After the inflammatory cells entered the CNS 

across the BBB, they contribute to the demyelination process and axonal damage, as 

observed in the brain parenchyma of MS lesions. Moreover, it is suggested that 

under inflammatory conditions the ECM of the CNS may also be affected (SOBEL, 

1998). Immunohistochemical studies demonstrated alterations in the composition of 

the ECM in different types of MS plaques. There is a decreased immunoreactivity of 

chondroitin and dermatan sulfate PGs in the active lesion center. However, an 

increased expression of these PGs was noticed in the hypercellular edge of chronic 

active lesions. In active lesions, the accumulation of white matter-associated PGs 

was prominently found in foamy macrophages, suggesting that chondroitin and 

dermatan sulfate PGs are phagocytosed together with myelin or myelin breakdown 

products (GUTOWSKI et al., 1999; SOBEL, 2001; SOBEL and AHMED, 2001). 

Recent studies have shown that there is an accumulation of hyaluronan in MS 

lesions (BACK et al., 2005). 

2.4.2 Theiler’s murine encephalomyelitis (TME) 

Theiler’s murine encephalomyelitis (TME) is considered a highly relevant viral model 

for human and canine demyelinating diseases like multiple sclerosis and canine 

distemper. There are only few studies about changes in the extracellular matrix in 

this animal model. A severe accumulation of ECM in the white matter lesion of the 

spinal cord during lesion development has been reported (HAIST, 2006). The 

accumulating matrix included mucosubstances, collagens I and IV, laminin, 

fibronectin, decorin, entactin, tenascin-C and perlecan. In contrast, a severe 

reduction of phosphacan was detected. These alterations in the synthesis of ECM 

may contribute to disease processes and seem to have an inhibitory effect on the 

regeneration process during the course of TME. 

2.4.3 Experimental Allergic Encephalomyelitis (EAE) 

Previous investigations on EAE dealt mainly with the characterization of the 

experimentally induced immune response against myelin fragments. Little is known 
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about changes in the extracellular matrix in this animal model. DE CARVALHO et al. 

(1999) found a transiently increased fibronectin content in the vascular basement 

membranes in the course of EAE that resolved during recovery. This observation 

correlates closely with the regulation of the fibronectin gene during EAE using gene 

microarray analysis (IBRAHIM et al., 2001). The same study also showed an 

increased brevican expression in the spinal cord (IBRAHIM et al., 2001). Cytokine 

synthesis and degradation of certain laminin chains changed the permeability of the 

blood-brain barrier in EAE and may presumably facilitate the infiltration of 

inflammatory cells into the parenchyma (SIXT et al., 2001). 
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3 MATERIALS AND METHODS  

3.1 Investigated dogs 

The investigations focused on the cerebella of 19 dogs, including 15 dogs with 

spontaneous, immunohistochemically confirmed canine distemper leukoencephalitis, 

and 4 healthy control dogs. The latter derived from a healthy control group used in a 

pharmaceutical study and were vaccinated periodically by standard protocols. In 

these dogs, neither histological investigation nor immunohistochemistry and in situ 

hybridization revealed evidence of canine distemper virus infection or any other 

disease. 

 

Two of the diseased animals came from the routine necropsy material of the Institute 

for Veterinary Pathology of the Justus-Liebig-University in Gießen, Germany. The 

brain samples of the other 13 distemper animals were taken from the archived 

necropsy material of the Department of Pathology of the University of Veterinary 

Medicine Hannover, Germany. 

 

All distemper diseased dogs suffered from natural distemper virus infection. Several 

of these animals had been vaccinated against distemper, albeit detailed information 

about vaccine type and applied schedule were frequently lacking. The dogs either 

have been euthanized due to the unfavourable prognosis or died spontaneously from 

distemper virus infection. Necropsy number, age, sex and breed of the animals are 

given in table 1. 

Necropsy of the dogs was conducted between few hours and 3 days after death. 

Samples of various organs including the entire brain were removed and fixed in 10% 

non-buffered formalin.  
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Table 1: Necropsy number, age, sex and breed of the investigated dogs 

Animal number Necropsy number Age Sex Breed 

1 1734/00 Gi 3 months m mix 

2 1443/99 Gi 6 months m mix 

3 1780/00 Gi 7 months f Golden Retriever 

4 S842/04 Ha 4 months f mix 

5 S2658/04 Ha adult f mix 

6 S33/05 Ha 10 months m mix 

7 S580/05 Ha 3 months m mix 

8 1107/00 Gi 2 months m nk 

9 2050/01 Gi 4 months m mix 

10 2965/88 Gi 5 months f Wachtel 

11 S58/05 Ha 7 months f Sibirian Husky 

12 S954/05 Ha 6 months m mix 

13 S2936/04 Ha 3 months f JRT 

14 N20.01-3 Cr 2 years m Rottweiler 

15 N60-89 Cr 5 months m Doberman 

16 H-1/01 1 year m Beagle 

17 H-2/01 11 months m Beagle 

18 H-3/01 1 year f Beagle 

19 H-4/01 10 months f Beagle 

 
Gi = Gießen, Ha = Hannover, Cr = Costa Rica, nk = not known, m = male, f = female, JRT = Jack- 
Russell-Terrier, mix = mixed breed, H = control animals. 
 

After a fixation period of 1 to 3 days, the brains were cut transversally, and several 

samples from various cerebellar areas were embedded according to standard 

laboratory procedures. Tissue processing (dehydration, clearing and paraffin 

infiltration) was done automatically (Shandon path centre® Tissue Processor, 

Thermo, USA). Finally, tissues were embedded in paraffin wax (Tissue-Tek®, Sakura, 

The Netherlands) according to standard laboratory procedures.  
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3.2 Tissue samples for histochemistry and immunohistochemistry 

For histochemistry and immunohistochemistry, the tissue sections were cut at 2-3 µm 

thickness with a microtome (LEICA RM2035®, Leica, Nussloch, Germany) and 

placed on a glass slide (SuperFrost® Plus Objektträger, Menzel, Braunschweig, 

Germany). The glass slides were incubated for 20-30 min at 57ºC to enhance the 

adhesion of the tissue section, were kept at room temperature and numbered in 

ascending order (from 1 to about 30, depending on the thickness of the block). 

The first slide of each paraffin block was stained with hematoxylin-eosin (H&E) 

according to a standard laboratory procedure (BÖCK and ROMEIS, 1989). The 

second and third slide of each block was investigated immunohistochemically for 

distemper virus antigen. The fourth slide was stained with Luxol fast blue (LFB) for 

the detection of myelin and quantification of demyelination. Slides no. 5 to 8 were 

stained with azan, modified picrosirius red (PSR), PAS (Periodic acid Schiff), and 

Gomori`s silver stain, respectively, to detected the ECM. Additionally, 

immunohistochemistry was performed by using antibodies specific for aggrecan, 

brevican, collagen I, collagen IV, decorin, fibronectin, laminin, neurocan and 

phosphacan (table 2). 

 

3.3 Light microscopic classification of nervous distemper lesions 

Based on the results of the histochemical (H&E, LFB) and immunohistochemical 

(CDV antigen) investigations, individual lesions in the examined cerebella were 

classified into the following eight categories:  

 

• Group 1: healthy control animals without CNS (central nervous system) lesions 

(controls) 

 

Distemper dogs:  

• Group 2: normal appearing white matter (NAWM) 

• Group 3: antigen detection without lesion 
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• Group 4: vacuolation 

• Group 5: acute lesion 

• Group 6: subacute lesion without inflammation 

• Group 7: subacute lesion with inflammation 

• Group 8: chronic lesion 

 

Group 2 (NORMAL APPEARING WHITE MATTER, NAWM) consisted of randomly 

selected areas in the white matter of each distemper dog that did not show any 

lesions in the HE staining and lacked CDV antigen immunoreactivity. 

 

Group 3 (ANTIGEN WITHOUT LESION) included those areas in the white matter 

which did not show any lesions in the H&E staining but contained CDV antigen as 

demonstrated immunohistochemically. 

 

The group 4 (VACUOLATION) was composed of cerebellar areas which showed a 

low to moderate white matter vacuolation without accompanying astrogliosis and 

myelin loss. 

 

The changes in group 5 (ACUTE) consisted of low to moderate white matter 

vacuolation and mild gliosis with activated microglia and astrocytes and intact myelin. 

There was an occasional occurrence of gemistocytes. 

 

Group 6 (SUBACUTE LESION WITHOUT INFLAMMATION) included lesions 

characterized by a moderate to severe white matter vacuolation and demyelination. 

Additionally, there was a moderate gliosis with gemistocytes and a low to moderate 

infiltration of gitter cells and activated macrophages. Few intermingled lymphocytes 

were found throughout the lesions. 

 

The changes in the group 7 (SUBACUTE LESION WITH INFLAMMATION) were 

characterized by a loss of myelin, a mild (1 to 3 layers of perivascular inflammatory 



MATERIALS AND METHODS 21 

cells) perivascular with lympho-histiocytic infiltration and scattered lymphocytes and 

macrophages throughout the lesion. 

 

Group 8 (CHRONIC) was characterized by a moderate to severe demyelination with 

moderate to severe perivascular lympho-histiocytic infiltration of more than three 

layers of thickness. 

 

Cytoplasmic and intranuclear inclusion bodies could be frequently found in acute and 

subacute lesions. Occasionally, all described lesion types were detected in the same 

section. In these cases, the final neuropathological diagnosis was based on the most 

advanced type of white matter lesions. 

 

3.4 Histochemistry 

All special stains were based on protocols used at the Department of Pathology of 

the University of Veterinary Medicine, Hannover, as described previously (BÖCK and 

ROMEIS, 1989; HAIST, 2006). Detailed information is provided in chapter 3.4.1 to 

3.4.5 and in the appendix. 

3.4.1 Luxol fast blue stain 

The Luxol fast blue stain combined with the Cresyl echt violet method for detection of 

myelin (BÖCK and ROMEIS, 1989) results in a bluish color of the myelinated white 

matter and a violet signal in neurons. This staining method is used to identify the 

basic neuronal structures as well as loss of myelin. 

1. Deparaffination and rehydration by immersion twice for 5 min in Roticlear® 

(Roth, Karlsruhe, Germany) and once in isopropanol for 5 min. 

2. Rinsing in distilled water for 5 min. 

3. Incubation in Luxol fast blue solution (Luxolechtblu®, Schmid, Köngen, 

Germany) at 56ºC overnight. 

4. Rinsing off excess staining solution with 96% ethyl alcohol. 

5. Rinsing in distilled water for 5 min. 
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6. Differentiation in 0.1% lithium carbonate solution for approximately 30 sec. 

7. Differentiation in 70% ethyl alcohol for 20-30 sec. Continue until the grey and 

white matter can be distinguished from each other. 

8. Rinsing in distilled water. 

9. Microscopic check, if grey matter is clear and white matter sharply defined. 

10. Differentiation in 0.1% lithium carbonate solution for approximately 10-20 sec.  

11. Rinsing off excess staining solution with 70% ethyl alcohol for some sec. 

12. Repeating the differentiation steps (step 10-11) if necessary (until clear 

differentiation between grey and white matter can be observed). 

13. After differentiation is completed, placing of slides in distilled water. 

14. Counter staining in the cresyl echt violet solution for approximately 6 min. at 

room temperature. 

15. Rinsing in distilled water. 

16. Dehydrating twice in 96% ethyl alcohol, clearing in acetic acid-n-butylester 

EBE® (Roth, Karlsruhe, Germany), and finally mounting the slide automatically 

using Promountes® RCM2000 (Medite, Burgdorf, Germany). 

3.4.2 Heidenhain´s Azan stain 

This so-called trichrome stain labels mucopolysaccharides of the extracellular 

substance and distinguish between epithelial and muscular tissue (BÖCK and 

ROMEIS, 1989). 

1. Deparaffination of the sections in Roticlear® twice for 5 min each, in 

isopropanol, 96 % and 70 % ethanol for 5 min each. 

2. Rinsing in distilled water for 5 min.  

3. Incubation in warm azocarmine solution for 30 min at 57°C. 

4. Rinsing in distilled water for 5 min. 

5. Incubation in 0.1 % alcoholic aniline solution for 3 min. 

6. Incubation in 1% acetic acid alcohol for 1 min. 

7. Incubation in 5% phosphotungstic acid solution for 20 min under visual 

inspection. 

8. Rinsing briefly in distilled water.  



MATERIALS AND METHODS 23 

9. Incubation in aniline blue-Orange-G acetic acid solution for 20 min. 

10. Rinse briefly in distilled water.  

11. Differentiation by a few short immersions in 96% ethanol. 

12. Dehydrating twice in 96% ethanol, clearing in acetic acid-n-butylester EBE® 

(Roth, Karlsruhe, Germany), and finally mounting using Promountes® 

RCM2000 (Medite, Burgdorf, Germany). 

3.4.3 Modified picrosirius red (PSR) stain 

The objective of this stain was to visualize both collagens and proteoglycans on the 

same histology section. Weigert's hematoxylin, alcian blue and picrosirius red were 

combined to produce distinctive staining of collagen (red) and proteoglycans (blue). 

1. Deparaffination of slides in Roticlear® twice for 5 min each, in isopropanol, 

96%, 70% and 50% ethyl alcohol for 5 min; 

2. Rinse in distilled water. for 5 min; 

3. Wash in running tap water for10 min; 

4. Ten times short immersion in 3% acetic acid; 

5. Incubation in 1% alcian blue solution for 30 min;  

6. Wash in running tap water for 3 min; 

7. Ten times short immersions in 70% ethyl alcohol;  

8. Incubation in Gomori`s aldehyd fuchsin solution for 45 min. 

9.  Differentiation by short immersion in 70% ethyl alcohol (dipping 3 to 4 times);  

10. Wash in running tap water for 3 min; 

11. Incubation in Weigert’s iron hematoxylin solution for 10 min; 

12. Wash in running tap water for 3 min; 

13. Incubation in 0.1% picrosirius red solution for 30 min; 

14. Short immersion in 0.01 % hydrochloric acid; 

15. Dehydrating of slides in an ascending series of alcohol for 2 to 3 min in 50%, 

70% and 96% alcohol, followed by 5 min in isopropanol and twice for 5 min in 

acetic acid-n-butylester EBE® (Roth, Karlsruhe, Germany), and finally 

mounting by using Promountes® RCM2000 (Medite, Burgdorf, Germany). 
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3.4.4 PAS (Periodic acid Schiff) stain 

The periodic acid Schiff stain (PAS) detects polysaccharides, neutral 

mucosubstances and glycoproteins (BÖCK and ROMEIS, 1989). 

 

1. Deparaffination of slides in Roticlear® twice for 5 min, followed by isopropanol, 

96%, 70% and 50% ethyl alcohol for 5 min; 

2. Rinse in distilled water for 5 min;  

3. Incubation in 1% periodic acid for 10 min; 

4. Wash in running tap water for 10 min; 

5. Rinse in distilled water twice for 2 min;  

6. Incubation of Schiff 's reagent for 25 min; 

7. Wash in running 40-50°C warm tap water for 5 min; 

8. Rinse briefly in distilled water. 

9. Counter stain in Mayer’s hematoxylin for 5 min; 

10. Wash in running tap water for 10 min; 

11. Dehydrating the slides twice in 96% alcohol, clearing in acetic acid-n-

butylester EBE® (Roth, Karlsruhe, Germany), and finally mounting by using 

Promountes® RCM2000 (Medite, Burgdorf, Germany). 

3.4.5 Gomori´s silver stain 

Reticular as well as collagen fibres can be detected by the Gomori`s silver stain 

(BÖCK and ROMEIS, 1989). 

 

1. Deparaffination of slides in Roticlear® twice for 5 min, followed by isopropanol, 

96%, 70% and 50% ethyl alcohol for 5 min; 

2. Rinse in distilled water for 5 min; 

3. Incubation in 1% potassium permanganate solution for 1 min; 

4. Wash in running tap water for 5 min; 

5. Incubation in 2.5% potassium disulfite solution for 1 min; 

6. Wash in running tap water for 5 min; 

7. Incubation in 2% ammonium-iron (III) sulphate solution for 1 min; 
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8. Wash in running tap water for 5 min;  

9. Rinse in distilled water twice for 2 min; 

10. Incubation in Gomori´s ammoniac silver solution for 1 min;  

11. Short immersion in distilled water. 

12. Incubation in 0.4% neutral formalin for 5 min; 

13. Wash in running tap water for 5 min; 

14. Gilding of the slides in 0.1% gold chloride solution for 15 min; 

15. Rinse briefly in distilled water. 

16. Incubation in 2.5% potassium disulfite solution for 1 min; 

17. Incubation in 2.5% sodium thiosulfate solution for 1 min; 

18. Wash in running tap water for 10 min; 

19. Dehydrating twice in 96% alcohol, clearing in acetic acid-n-butylester EBE® 

(Roth, Karlsruhe, Germany), and finally mounting using Promountes® 

RCM2000 (Medite, Burgdorf, Germany). 

3.5 Immunohistochemistry 

Immunohistochemical investigations of aggrecan, brevican, collagen I und IV, 

decorin, fibronectin, laminin, neurocan and phosphacan as well as factor VIII, CDV-

NP and GFAP was performed as described in detail elsewhere (ALLDINGER et al., 

1996; HAIST, 2006) using the modified avidin-biotin-peroxidase-complex (ABC) 

method. 

3.5.1 Antibodies and sera 

Primary antibodies were diluted in phosphate-buffered saline, pH 7.1 (PBS) 

containing 1% bovine serum albumin (BSA). Secondary antibodies and the detection 

system (ABC kit) were diluted using PBS without BSA. Antibodies used are listed in 

table 2. 

3.5.1.1 Blocking serum 

To reduce background staining (unspecific binding), blocking with inactivated 

(normal) goat and rabbit serum diluted 1:5 in PBS was performed. 
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3.5.1.2 Secondary antibodies 

a) biotinylated goat anti-mouse antibody (Vector Laboratories, BA 9200, dilution 

1:200 in PBS) 

b) biotinylated goat anti-rabbit antibody (Vector Laboratories, BA 1000, dilution 

1:200 in PBS) 

c) peroxidase-coupled rabbit anti-goat antibody (DakoCytomation, P0449, 

dilution 1:100 in PBS) 

 

Table 2: Used primary antibodies, their origin, blocking serum, demasking of antigens 

(pre-treatment), dilution and secondary antibodies. 

Antibodies Origin Demasking Dilution
Blocking 

serum 
Sec. AB 

Aggrecan Chemicon Chondroitinase (2 hrs) 1:100 
GNS 1:5 
(20 min) 

GaR 
1:200 

Brevican BD Bioscience 
Microwave treatment/ 

CB (20 min) 
1:200 

GNS 1:5 
(30 min) 

GaM 
1:200 

Collagen-I Abcam 
Microwave treatment/ 

CB (15 min) 
1:1200 

GNS 1:5 
(30 min) 

GaR 
1:200 

Collagen-IV Acris 
Protease Type XIV 

(20 min) 
1:50 

GNS 1:5 
(30 min) 

GaR 
1:200 

Decorin R&D System TRS (20 min) 1:200 
RNS 1:5 
(30 min) 

RaG 
1:100(45 min) 

Fibronectin Sigma 
Microwave treatment/ 

CB (15 min) 
1:1000 

GNS 1:5 
(30 min) 

GaR 
1:200 

Laminin Quartett Pronase E (20 min) 1:75 GNS 1:5 
(20 min) 

GaR 
1:200 

Neurocan Chemicon None 1:800 
GNS 1:5 
(30 min) 

GaM 
1:200 

Phosphacan Chemicon Pronase E (20 min) 1:2000 
GNS 1:5 
(30 min) 

GaM 
1:200 

CDV-NP C. Örvell, 
Sweden 

None 1:6000 
GNS 1:5 
(30 min) 

GaM 
1:200 

Factor VIII DakoCytomation Pronase E (20 min) 1:200 
GNS 1:5 
(30 min 

GaR 
1:200 

GFAP DakoCytomation None 1:1000 
GNS 1:5 
(30 min) 

GaR 
1:200 

Vimentin DakoCytomation None 1:100 
GNS 1:5 
(20min) 

GaM 
1:200 

 
Sec. AB = secondary antibody, GaR = Goat anti-rabbit, GNS = Goat normal serum, GaM = Goat 
anti-mouse, CB = citrate buffer (pH 6.0), TRS = Target Retrieval Solution, RaG = Rat anti-goat 
RNS= Rabbit normal serum; CDV = Canine distemper virus; NP = nucleoprotein. 
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3.5.2 Detection system  

The avidin-biotin-peroxidase complex (ABC) method (“Vectastain Elite ABC Kit” 

Vector Laboratories, PK 6100, Burlingame, CA, USA) was used for detection of 

antigen-antibody binding. According to the manufacturer´s recommendation, 15 µl of 

reagent A were diluted in 1ml PBS, then 15 µl of reagent B were added. 

3.5.3 Immunhistochemistry (ABC method) 

1.  Deparaffination and rehydration by immersion twice for 5 min in Roticlear® 

(Roth, Karlsruhe, Germany), once in isopropanol for 5 min and in a 

descending series of graded alcohols (96%, 70% and 50% ethanol) each for 5 

min; 

2. Incubation for 30 min at room temperature in methanol with 0.5% H2O2 for 

blockage of endogenous peroxidase activity; 

3. Washing 3 times with PBS for 5 min; 

4. Demasking of antigen depending on primary antibody (table 2). 

5. Wash 3 times with PBS for 5 min; 

6. Insert slides in Shandon Racks (CoverplatesTM Sequenza®, Pittsburgh, USA); 

7. Incubation of blocking serum at room temperature for 30-45 min (depending 

on primary antibody); 

8. Incubation with primary antibody over night at 4°C in the refrigerator. 

9. Wash 3 times with PBS for 5 min;  

10. Incubation with secondary antibody for 30 min at room temperature; 

11. Wash 3 times with PBS for 5 min;  

12. Incubation with ABC for 30 min at room temperature (except decorin); 

13. Wash 3 times with PBS for 5 min; 

14. Incubation in fresh and filtrated 3,3´-diaminobenzidine-tetrahydrochloride 

(DAB; Fluka®, Buchs, Switzerland; 0.1 g in 200 ml PBS, add 200 μl 30% H2O2) 

for 5 min at room temperature; 

15. Wash 3 times with PBS for 5 min, then once in running tap water for 5 min; 

16. Counterstaining with Mayer’s hematoxylin; duration according to desired color 

intensity between 15 sec and 1 min; 
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17. Wash in running tap water for 10 min; 

18. Dehydration twice for 2 min in ascending graded alcohols (50%, 70% and 96% 

ethanol, once in isopropanol), clearing in EBE® “acetic acid-n-butylester” 

(Roth, Karlsruhe, Germany), and finally mounting using Promountes® 

RCM2000 (Medite, Burgdorf, Germany). 

3.5.3.1 Demasking of antigens 

Chondroitinase 

Slides were marked with a grease pencil and later placed in moist chambers. Slides 

were covered by chondroitinase solution (900 µl TRIS buffer, pH 8.0, and 100 µl 

chondroitinase ABC (5 U/l) and incubated in the oven at 37°C for 120 min, then 

rinsed in PBS twice for 5 min. 

 

Microwave treatment / citrate buffer 

Slides were treated in a microwave (800 watt) in citrate buffer (pH 6.0) for 20 min and 

subsequently left at room temperature for 10 min to cool down. 

 

Target Retrieval Solution® (TRS) 

Target Retrieval Solution® Ready-to-use (DakoCytomation) was preheated in a water 

bath at 95°C. Slides were treated for 15 min in the water bath, followed by a cooling 

down at room temperature for 15 min. 

 

Pronase E 

0.1 g Pronase E and 0.2 g CaCl2 x 2 H2O (Merck) were dissolved in 200 ml 

preheated PBS and a pH of 7.4 was adjusted with 1-molar NaOH solution. The slides 

were incubated in water bath at a temperature of 37°C for 20 min. 

 

Protease Type XIV  

0.1 g Protease Type XIV and 0.2 g CaCl2 x 2 H2O (Sigma) were dissolved in 200 ml 

preheated PBS. pH-setting was performed with a 1-molar NaOH solution to reach pH 

7.4. Incubation took place for 20 minutes in a water bath at a temperature of 37°C. 

http://dict.leo.org/ende?lp=ende&p=thMx..&search=acetic�
http://dict.leo.org/ende?lp=ende&p=thMx..&search=acid�
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3.5.4 Positive and negative controls 

Slides from confirmed canine distemper cases, taken from the archives of the 

Department of Pathology, University of Veterinary Medicine Hannover, served as 

positive controls for the immunohistochemical detection of CDV nucleoprotein by a 

monoclonal antibody (NP-2, clone 3991). 

As a positive control for detection of aggrecan, the vertebral column of a young dog 

was used. For detection of brevican and phosphacan, sections of a rat cerebrum (S 

427/08 D and S 510/08 A) served as positive controls. A positive control for neurocan 

a spinal cord cross section of a dog (S 874/08 C) was used. Murine tissue served as 

controls for fibronectin (kidney, V 73/04 A) and collagen I (skin, V 73/04 A). Skin 

cross sections of horse (S 529/98 A) represented the positive control for laminin, for 

decorin the kidney of a young dog was used (S 853/08 1) whereas for collagen IV a 

kidney cross section of an adult dog (S 874/08 1 ) served as a positive control. 

As negative controls, primary antibodies were replaced by normal rabbit, goat or 

mouse serum with an appropriate dilution as follows: 

a) Aggrecan, collagen I and IV, fibronectin and laminin: normal rabbit serum 

(DakoCytomation, Germany) 

b) Decorin: normal goat serum 

c) Brevican, phosphacan and neurocan: ascites from non-immunized Balb/c mice. 

(Biologo, Germany) 

3.6 Evaluation 

3.6.1 H&E and LFB stain 

Serial sections stained with H&E and LFB were investigated using a standard light 

microscope to identify the type of distemper lesions and the degree of demyelination, 

respectively. The evaluation of the H&E stain was described in detail in section 3.3.  

The semiquantitative evaluation of the LFB stain was made within a scale from 0 to 3 

as follows: 

Degree of demyelination in the LFB stain: 0 = no LFB-positive structures (severe 

demyelination), 1= few LFB-positive structures (moderate demyelination), 2 = 
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moderate LFB-positive structures (mild demyelination), 3 = abundant LFB-positive 

structures (complete myelination) 

3.6.2 Histochemistry and immunohistochemistry for detection of ECM, GFAP 

and CDV 

3.6.2.1 Semiquantitative assessment by light microscope 

Paraffin sections of approximately 2 to 3 µm thickness of the cerebellum were 

stained with Azan, PSR, PAS and Gomori´s silver stain to characterize the amount 

and the distribution pattern of the ECM in the perivascular space and 

parenchymatous tissue by using a semiquantitative scoring system for the intensity of 

staining and perivascular thickness as follows: 

 Azan stain, red signal of PSR and PAS: 0 = no positive structures, i.e. blue, red 

and pink color, respectively; 1 = mild amount of positive structures, 2 = moderate 

amount of positive structures, 3 = numerous positive structures 

 Gomori´s silver stain and blue signal of PSR: 0 = no positive structures, 1 = 

positive structures 

 Perivascular thickness: 1 = mild increase in thickness, 2 = moderate increase in 

thickness, 3 = severe increase in thickness 

3.6.2.2 Quantitative analysis 

The obtained immunohistochemical signal following incubation with GFAP- and CDV-

NP-specific antibodies was evaluated quantitatively by counting the number of 

positive cells using a morphometric grid (number of cells/mm²). 

For quantitative analysis of ECM and factor VIII-related antigen via morphometry, 

histochemically or immunohistologically marked sections of the cerebellum were 

investigated at 10x objective magnification by a microscope connected to a video 

camera-connected system (Color View II, 3.3 mega pixels CCD, Soft Imaging 

System). By using the computer program analySYS® 3.1 (Soft Imaging System) the 

white matter area/lesion and the proportional area exhibiting the positive signal 

(given as percentage of the white matter area/lesion) are measured by manual 

adjustment. 
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3.7 Statistical Analysis  

The statistical analysis of the histochemical and IHC data was carried out by using 

the statistics program Statistical Analysis System (SAS) for Windows, version 9.1, 

(SAS Institute Inc., Cary, USA) in the Department of Biometry, Epidemiology and 

Information Processing of the University of Veterinary Medicine, Hannover, Germany. 

Goodness of fit of lognormal data was assessed by an analysis of the model 

residuals using Q-Q-plots and the Kolmogorov-Smirnov test. The percentage of 

positively stained areas in white matter lesions of histochemical and 

immunohistochemical stains, respectively, and the number of GFAP- and CDV-NP-

positive cells were log-transformed prior to statistical analysis to obtain normal 

distribution. Further data description was performed by using geometric mean values 

and geometric standard deviations. Statistical differences among groups were 

evaluated employing a one-way ANOVA followed by multiple pair-wise comparisons 

of means with alpha-adjustment by Tukey-Kramer. 

Correlations between specific parameters represented by the Pearson’s product 

moment correlation coefficient were calculated by the SAS program (Statistical 

Analysis System, version 9.1). In general, statistical significance was designated as p 

< 0.05. 
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4 RESULTS 

4.1 Histology 

Twenty localizations without light microscopic changes of 4 control animals served as 

CONTROLS (group 1, animal no. 16 to 19; fig. 1 A). 

In the cerebellum of CDV-infected dogs, 2 to 3 areas from each animal which 

showed no lesions in the H&E staining and also no CDV-NP immunoreactivity were 

selected and were considered “normal appearing white matter” (NAWM; group 2, n = 

34, animal no. 1 to 15). The lesioned areas were divided into group 3 to 8 as 

described in chapter 3.3. Sometimes all lesions types were detected in one section of 

one animal so that the final neuropathological diagnosis was based on the most 

advanced type of white matter lesions. Summarized, a total of 169 cerebellar areas 

were investigated. The neuropathological diagnoses are shown in table 3. 
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Table 3: Histopathological diagnoses of animals with demyelinating 

leukoencephalomyelitis 

Necropsy no. Histopathological diagnosis Animal no. 

1734/00 acute encephalitis 1 

1443/99 acute to subacute demyelinating encephalitis 2 

1780/00 acute encephalitis 3 

S 842/04 acute encephalitis 4 

S 2658/04 acute encephalitis 5 

S 33/05 acute encephalitis 6 

S 580/05 acute encephalitis 7 

1107/00 subacute demyelinating encephalitis with inflammation 8 

2050/01 subacute demyelinating encephalitis with inflammation 9 

2965/88 subacute demyelinating encephalitis with inflammation 10 

S 58/05 subacute demyelinating encephalitis without inflammation 11 

S 954/05 subacute demyelinating encephalitis without inflammation 12 

S 2936/04 subacute demyelinating encephalitis with inflammation 13 

N20-01 chronic demyelinating encephalitis 14 

N60-89 chronic demyelinating encephalitis 15 

H 1/01 control animal 16 

H 2/01 control animal 17 

H 3/01 control animal 18 

H 4/01 control animal 19 

 

Thirteen animals (no. 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12, 13 and 15) showed areas with 

no pathohistological changes in H&E stained sections and immunohistochemically 

moderate to strong CDV-NP expression. These areas were defined as areas with 

ANTIGEN DETECTION WITHOUT OBVIOUS LESION (group 3, n = 40). In addition, 

these areas showed no reduction of the blue color of the myelin in the LFB staining. 
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In 4 animals (no. 3, 4, 5, and 10), a mild to moderate VACUOLATION of the white 

matter without gliosis but CDV-NP-positive cells were detected. The myelin content 

of these areas was normal (group 4, n = 8). 

 

ACUTE lesions were found in 9 animals (no. 1, 2, 4, 5, 6, 7, 8, 10 and 11; group 5, n 

= 31; fig. 1 B). They were characterized by a mild to moderate, focal to multifocal 

vacuolation of the white matter, mild gliosis, presence of activated microglia and 

CDV-NP-positive cells. The myelin content of these areas was not diminished.  

 

In 9 animals (no. 5, 8, 9, 10, 11, 12, 13, 14 and 15) SUBACUTE LESIONS 

WITHOUT INFLAMMATION (group 6, n = 18) were found. The white matter 

vacuolation was moderate to severe and also demyelination was detected by 

reduced bluish LFB-CV staining. Furthermore, these lesions showed a mild to 

moderate gliosis and a mild diffuse infiltration with lymphocytes. In addition, a large 

number of gitter cells, activated macrophages/microglia and CDV-NP-positive cells 

was found.  

 

Five animals (no. 5, 10, 13, 14, and 15) showed SUBACUTE LESIONS WITH 

INFLAMMATION (group 7, n = 8; fig. 1 C). This group was characterized by a 

moderate to severe demyelination, presence of gitter cells, as well as a mild to 

moderate perivascular lymphohistiocytic infiltration up to two or three layers of 

thickness. 

 

CHRONIC LESIONS were detected in 2 animals (no. 14 and 15, group 8, n = 10; fig. 

1 D) characterized by moderate to severe demyelination, a high number of gitter 

cells, and a prominent perivascular mononuclear infiltration of more than three layers 

of thickness. 

 

Cytoplasmic and intranuclear inclusion bodies could be frequently found in acute and 

subacute lesions. Several lesion types may occur simultaneously in the brain of one 

individual. 
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A B

C D

Figure 1 A: Cerebellum, animal no. 16, white matter, control group, without histological changes. B: 

Cerebellum, animal no. 8, white matter, acute lesion, focal vacuolation and mild to moderate gliosis, 

single spheroid (arrow). C: Cerebellum, animal no. 14, white matter, subacute lesion with 

inflammation, mild perivascular infiltration and scattered lymphocytes and macrophages throughout 

the lesion. D: Cerebellum, animal no. 14, white matter, chronic lesion, prominent perivascular 

infiltration of inflammatory cells of more than three layers of thickness and marked demyelination. 

HE stain; scale bar = 50 µm. 
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4.2 Control dogs  

The four control dogs (no. 16 to 19) were clinically healthy, vaccinated and showed 

no pathological changes during necropsy. No pathohistological findings were 

observed in brain. 

4.3 Histochemistry 

4.3.1 Luxol fast blue - cresyl echt violet stain (LFB) 

The Luxol fast blue stain combined with the cresyl echt violet method for detection of 

Nissl´s substance resulted in a bluish color of the myelinated white matter and a 

violet decoration of the Nissl´s substance. This staining method is used to identify the 

basic neuronal structure as well as loss of myelin and Nissl´s substance. In control 

animals (group 1), the meninges and the vessels of grey and white matter showed a 

medium to dark blue signal. In the grey matter neurons showed a granular violet 

color of the cytoplasm (fig. 2 A). The surrounding neuroparenchyma showed a light 

blue and finely fibrillary signal. A medium blue color and finely fibrillary structure were 

found in the white matter. The semiquantitatively estimated median in this group was 

3. 

The areas of group 2 to 5 showed the same expression pattern as the control group 

in the grey as well as in the white matter (fig. 2 B). The median for all groups was 3. 

In groups 6 to 8 (subacute lesions without and with inflammation and chronic 

plaques), there was a mild to severe reduction of the blue color in the white matter 

(fig. 2 C/2 D). Group 6 showed a semiquantitatively estimated median value of 2. In 

group 7 and 8, the median values were at 1.5 and 1, respectively (fig. 3). 
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A B

C D

Figure 2 A: Cerebellum, animal no. 16, white matter, control dog, intact myelination. B: 

Cerebellum, animal no. 8, white matter, acute lesion with vacuoles but normal myelin. C: 

Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, mild to moderate 

demyelination. D: Cerebellum, animal no. 14, white matter, chronic lesion, severe demyelination. 

Luxol Fast Blue stain; scale bar = 50 µm. 
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Figure 3: Semiquantitative evaluation of CDV-NP antigen expression (NP-2) and 

Luxol fast blue stain (LFB) in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. NP = 

canine distemper virus nucleoprotein, LFB = Luxol fast blue; Columns display values as median, minimum, 

maximum. 

 

In the statistical analysis, the Kruskal-Wallis test was used. Highly significant 

differences between groups regarding the myelinating status were found (p <0.0001). 

The group-wise comparison (Wilcoxon test) showed significant group differences: 

group 6 to 8 showed significantly reduced myelin content compared to group 1 to 5. 

In addition, group 6 and 7, 6 and 8 as well as 7 and 8 differed significantly from each 

other. 
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4.3.2 Heidenhain`s Azan stain  

The cerebella of control dogs showed a positive reaction consisting of a blue staining 

of meningeal extracellular substance as well as meningeal and parenchymal blood 

vessels. The intensity varied from light blue to medium blue. Every cellular structure 

in the neuropil of the grey and white matter as well as the endothelial cells of blood 

vessels were uniformly pink (fig. 4 A). 

A similar reaction pattern was seen in CDV-infected dogs in group 2 to 8 (fig. 4 B, C, 

D). Additionally, in group 8, the positive reaction was seen as fine, filamentous 

extracellular structures not associated with the vasculature, but with a prominent 

association with astrocytes of predominantly low to moderate intensity, centrally 

located in the demyelinating lesion. 

 

The semiquantitatively obtained median value of the parenchymatous intensity of 

the azan stain in group 1 to 7 showed a median value of 0, whereas group 8 showed 

a median value of 0.5. In addition, the semiquantitative median value for the 

perivascular thickness in group 1 to 7 was 1 and the obtained value in group 8 was 2. 

The median value for perivascular intensity in group 1 to 8 was 1 (fig. 5). 
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A B

C D

Figure 4 A: Cerebellum, animal no. 16, white matter, control dog, dark blue azan reaction of 

vascular walls and lacking parenchymatous blue depositions. B: Cerebellum, animal no. 8, white 

matter, acute lesion, mild blue azan signal around blood vessels. C: Cerebellum, animal no. 14, 

white matter, subacute lesion with inflammation, minimal blue azan reaction of vascular walls. D: 

Cerebellum, animal no. 14, white matter, chronic lesion, extensive reticular, extracellular, 

intralesional deposition of azan-positive material. Azan stain; scale bar = 50 µm. 
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Figure 5: Semiquantitative score of azan stain in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum. 

 

The quantitative evaluation of group 1 and 2 revealed a median of 0.01% and was 

0.02% in group 3. In group 4, 5, 6 and 7, the median was 0.03%. Furthermore in 

group 8, there was an increase of the azan-positive reaction with a median of 0.22% 

(fig. 6). The original data (median, minimum and maximum) can be found in chapter 

9.4, table 9.4.1. 
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Figure 6: Morphometrically quantified proportion of azan-positive reaction related 

to the investigated white matter area or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum, and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 

 

In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 7) with alpha-adjustment by the Tukey-Kramer 

test, significant differences were found between the groups (p <0.05). Group 1 to 7 

showed a statistically significant difference of azan-positive reaction compared to 

group 8. Group 2 also revealed a statistically significant difference compared to 

group 5 and 8. The p values can be found in chapter 9.4, table 9.4.3. 
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Figure 7: Geometric mean and geometric standard deviation of azan-positive 

reaction related to the investigated white matter area or total lesion 

area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data of the azan stain for each group (geometric mean and geometric 

standard deviation) can be found in chapter 9.4, table 9.4.4. 
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4.3.3 Modified picrosirius red stain 

The meninges and their blood vessels in the cerebellum of the control dogs (group 1) 

showed a dark red signal, whereas the extracellular part of the white matter was pale 

green. In addition, neurons were orange with varying intensity and glial cells stained 

dark green to brown. 

A similar reaction was found in the cerebellum of CDV-infected dogs in group 2 

(NAWM). Within distemper lesions, this staining produced two different colors in 

some sections. Therefore, the different positive signals - classified as red and blue 

color - were evaluated separately. In group 3, 4, 5, 6 and 7, the extracellular blue 

signal was widely distributed within the lesions in a reticular pattern (fig. 8), whereas 

the extracellular red signal was similar to control brain tissue. In contrast, in group 8, 

the expression of the blue signal was mainly restricted to the edge of lesions. 

Additionally, a dark red, filamentous, extracellular net-like reaction pattern was 

detectable, which was localized in the center of the lesions (fig. 9). This signal 

showed a yellow-orange to purple birefringence in polarized light. 
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Figure 8 A: Cerebellum, animal no. 16, white matter, control dog, dark red PSR-reaction of vascular 

wall. B: Cerebellum, animal no. 11, white matter, acute lesion, intralesional reticular pattern, blue 

PSR reaction. C: Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, 

intralesional reticular pattern, blue PSR reaction. D: Cerebellum, animal no. 14, white matter, chronic 

lesion, positive perivascular picrosirius red reaction (arrows) with blue staining in the periphery of the 

lesion (asterisk). Modified picrosirius red stain (PSR); scale bar = 50 µm (A & C); 20 µm (B); 100 µm 

(D) 
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C D

Figure 9 A: Cerebellum, animal no. 16, white matter, control dog, dark red reaction of vascular wall. 

B: Cerebellum, animal no. 8, white matter, acute lesion, slight red signal around blood vessels. C: 

Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, weak red reaction 

around blood vessel. D: Cerebellum, animal no. 14, white matter, chronic lesion, intralesional grid-

like branched picrosirius red reaction. Modified picrosirius red stain; scale bar = 50 µm. 
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The semiquantitatively estimated median value of the parenchymatous intensity of 

the blue signal in group 3, 4, 5, 6 and 7 was 0, whereas group 8 showed a median 

value of 1 (fig. 10) 

 

The semiquantitatively estimated median value of the red signal of the picrosirius 

red stain for perivascular thickness was 1 in group 1 to 6, 2 in group 7 and 8. The 

median value for perivascular intensity was 2 in group 1, 7 and 8. The median value 

for parenchymatous intensity of the red signal was 0 in group 1, 2, 3 and 5, whereas 

the median value was 1.5 for group 8 (fig. 10). 

 

 

Figure 10: Semiquantitative evaluation of the blue and red signal of the modified 

picrosirius red stain in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum. 
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The quantitative evaluation of the median of the blue signal related to the 

investigated white matter area/total lesioned area in group 1, 2, 3 and 4 revealed a 

median value of 0%. In group 5, the median was 0.07 %, 0.05 % in group 6 as well 

as 0.12 % in group 7. In group 8, the median was 0.8% (fig. 11). The original data 

(median, minimum and maximum) can be found in chapter 9.4, table 9.4.1. 

 

Figure 11: Morphometrically quantified proportion of the blue signal of modified 

picrosirius red stain related to the investigated white matter area or total 

lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 
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In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 12) with alpha-adjustment by the Tukey-

Kramer test, significant differences between the groups were found (p <0.05). Group 

1 to 7 showed a statistically significant difference of the blue signal produced by the 

picrosirius red stain compared to group 8. In addition, group 2 differed significantly 

from group 5 and 6. Calculated p values can be found in chapter 9.4, table 9.4.3. 

 

Figure 12: Geometric mean and geometric standard deviation of the blue signal of 

the modified picrosirius red stain related to the investigated white 

matter area or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of the blue 

signal of the picrosirius red stain for each group can be found in chapter 9.4, table 

9.4.4. 
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The quantitative evaluation of the median of the positive area of the red signal 

related to the total lesion area revealed a median of 0.06% for group 1, 0.03% for 

group 2 and group 4, 0.07% for group 3 and group 6, 0.05% for group 5 and 0.11% 

for group 7. An increase of the median of the morphometrically identified positive 

signal of 1.1% was found in group 8 (fig. 13). The original data (median, minimum 

and maximum) can be found in chapter 9.4, table 9.4.1. 

 

Figure 13: Morphometrically identified proportion of the red signal of the modified 

picrosirius red stain related to the investigated white matter area or total 

lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 
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Statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 14) with alpha-adjustment by the Tukey-

Kramer test revealed significant differences between the groups (p <0.05). The group 

1, 3, 4, 5, 6 showed a statistically significant difference compared to group 7 and 8. 

Group 2 also revealed a statistically significant difference compared to group 6, 7 and 

8. The p values can be found in chapter 9.4, table 9.4.3. 

 

Figure 14: Geometric mean and geometric standard deviation of the red signal of 

the modified picrosirius red stain related to the investigated white 

matter area or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of the red 

signal of the modified picrosirius red stain for each group can be found in chapter 9.4, 

table 9.4.4. 
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4.3.4 Periodic acid Schiff (PAS) reaction 

In the cerebellum of the control dogs, the PAS reaction resulted in a pink color of 

varying intensity in the extracellular space of both grey and white matter as well as of 

the meninges. The nuclei and cytoplasm of neurons and glial cells showed a 

basophilic reaction. The vascular basement membranes were pink (fig 15 A). 

The same reaction pattern was also present in CDV-infected dogs of group 2 to 7 

(fig. 15 B, C). In addition, in all demyelinated areas in group 8, the above described 

strong pink signals but also fine filamentous structures were detected extracellularly 

(fig 15 D). There were also PAS-positive intracellularly accumulated substances in 

gitter cells, suggesting the presence of phagocytized material together with myelin or 

myelin breakdown products. Therefore, PAS-positive structures were classified as 

intra- or extracellular signals, and their evaluation took place separately. 

 

The semiquantitatively obtained median value for the perivascular thickness of the 

PAS-positive signal was 2 in group 8and in the remaining groups 1. The intracellular 

and extracellular parenchymal intensity showed a median value of 1 in group 6 and 

8, whereas the median value for group 7 was 0.5 (fig. 16). 
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Figure 15 A: Cerebellum, animal no. 16, white matter, control dog, dark pink to red periodic acid 

Schiff reaction of vascular wall. B: Cerebellum, animal no. 8, white matter, acute lesion, slight red 

signal around blood vessels. C: Cerebellum, animal no. 14, white matter, subacute lesion with 

inflammation, weak red reaction around blood vessel. D: Cerebellum, animal no. 14, white matter, 

chronic lesion, diffuse pink-colored extracellular material (asterisk) and in cytoplasm of gitter cells 

(arrow). Periodic acid Schiff reaction; scale bar = 50 µm. 
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Figure 16: Semiquantitative score of positive PAS reaction in controls and DL 

animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum. 

 

 

There was some difficulty to morphometrically measure the PAS-positive signal 

because there was a widely distributed, intense, round to oval, red labeled material 

present throughout the white matter of the cerebellum of CDV-infected dogs, 

especially in animals no. 4, 5, 6, 7, 11, 12 and 13 (most likely not specific for a PAS 

reaction). This led to an exclusion of 45 areas. 
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4.3.5 Gomori`s silver stain 

In the cerebellum of control dogs, Gomori`s silver stain revealed an extracellular 

black reaction of the vascular basement membranes and meninges (fig. 17 A). In 

addition, the nuclei of glial cells were black; the cytoplasm of neurons was medium to 

dark grey. Extracellular structures in the grey and white matter showed a fine 

granular grey color of varying staining intensity. 

The sections of CDV-infected dogs had the same reaction patterns (fig 17 B, C). 

Additionally, lesions of group 8 showed an extracellular, reticular to branched, black 

staining, which was centrally located within demyelinated areas (fig. 17 D). 

 

The semiquantitatively obtained median value for perivascular thickness of 

Gomori`s silver stain in group 8 was 2, all other groups showed a median of 1. In 

addition, the semiquantitative values for the perivascular intensity in all groups 

showed a median of 1. The semiquantitative values for parenchymatous intensity in 

group 8 showed a median of 1, whereas all other groups displayed a median value of 

0 (fig. 18). 
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Figure 17 A: Cerebellum, animal no. 16, white matter, control dog, black signal of vascular walls. B: 

Cerebellum, animal no. 8, white matter, acute lesion, similar black signal around blood vessels. C: 

Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, slight black color 

around blood vessel. D: Cerebellum, animal no. 14, white matter, chronic lesion, branched fine 

filamentous reaction in the center of the lesion and around blood vessels. Gomori`s silver stain; 

scale bar = 50 µm. 



RESULTS 57 

Figure 18: Semiquantitative score of positive Gomori`s silver stain reaction in 

controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum. 

 

The quantitative evaluation of the median of the positive area of the Gomori`s silver 

stain related to the investigated white matter area/total lesion area for group 1, 2, 3 

and 4 revealed a median value of 0%, 0.003% in group 5, 0.008% in group 6 with 

maximum value of 0.12% and 0.002% in group 7 with a maximum value of 0.01%, 

respectively. An increase in the median value up to 1% with a maximum value of 

1.62% was detected in group 8. The original data (median, minimum and maximum) 

can be found in chapter 9.4, table 9.4.1. 
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Figure 19: Morphometrically identified proportion of Gomori`s silver stain reaction 

related to the investigated white matter area or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 
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In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 20) with alpha-adjustment by Tukey-Kramer 

test, a highly significant difference was found between the groups (p <0.0001). Group 

1 to 7 showed statistically significant differences compared to group 8. The p values 

can be found in chapter 9.4, table 9.4.3. 

 

 

Figure 20: Geometric mean and geometric standard deviation of positive Gomori`s 

silver stain related to the investigated white matter area or total lesion 

area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The geometric mean of Gomori`s silver stain for each group and geometric standard 

deviation can be found in chapter 9.4, table 9.4.4. 
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4.3.6 Correlation between different special stains 

With the Pearson’s product moment correlation coefficient (r), the results of the 

azan stain compared to the data obtained by the other special stains showed a 

moderate correlation with the blue signal of the picrosirius red stain (r = 0.3). The 

Pearson’s product moment correlation coefficient showed a moderate correlation 

between the red signal of the picrosirius stain and the Gomori`s silver stain (r = 0.5). 

The red signal of the picrosirius red stain and the Gomori`s silver stain showed a 

moderate negative correlation with the LFB stain (r = -0.6 and -0.4, respectively, table 

4). 

 

Table 4: Pearson’s product moment correlation coefficient (r) for comparisons of 

different special stains 

 LFB Azan PSR-red PSR-blue Gom 

Correlation 
coefficient (r) 

100.000 -0.2024 -0.5553 -0.1975 -0.3786 
LFB 

P value  0.1346 <.0001 0.1736 0.0080 
Correlation 

coefficient (r) 
-0.2024 100.000 0.1463 0.3482 0.2466 

Azan 
P value 0.1346  0.2863 0.0165 0.0946 

Correlation 
coefficient (r) 

-0.5553 0.1463 100.000 0.2341 0.4734 
PSR-red 

P value <.0001 0.2863  0.1091 0.0008 
Correlation 

coefficient (r) 
-0.1975 0.3482 0.2341 100.000 0.2556 

PSR-blue 
P value 0.1736 0.0165 0.1091  0.1114 

Correlation 
coefficient (r) 

-0.3786 0.2466 0.4734 0.2556 100.000
Gom 

P value 0.0080 0.0946 0.0008 0.1114  

Light grey field = significant (p<0.0001); dark grey field = significant (p<0.05); LFB = Luxol fast blue; 

PSR-red = picrosirius red stain, red signal; PSR-blue = picrosirius red stain, blue signal; Gom = 

Gomori`s silver stain 

 

The correlation coefficients (r) and p values can also be found in chapter 9.4, table 

9.4.5. 
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4.4 Immunohistochemistry 

4.4.1 Canine distemper virus nucleoprotein (CDV-NP) antigen 

In the cerebellum of CDV-infected dogs, the CDV-NP antigen was more prominent in 

the white matter and occasionally in the grey matter, especially in the granular cell 

layer. Antigen was found in fibrous and protoplasmatic astrocytes of white and grey 

matter of the cerebellum and in the so-called Bergmann glia. Furthermore, CDV-NP 

antigen was demonstrated in ependymal cells, macrophages/microglia and neurons 

as well as in leptomeningeal cells. CDV-NP-positive cells showed a medium to dark 

brown granular signal in the cytoplasm and occasionally in the nucleus (fig. 21 A, B, 

C, D).  

All control dogs (group 1) and the areas of normal appearing white matter of the 

CDV-infected dogs (group 2) lacked CDV-NP antigen expression (median 0). 

Furthermore, CDV-NP antigen was demonstrated in CDV-infected dogs in group 3 to 

7, the antigen was expressed in the lesions in varying degrees. Group 3 showed a 

median value of 8.3. In group 4 (vacuolation), 5 (acute lesions) and especially in 

subacute lesions without inflammation (group 6), there was a moderate to high 

expression of the CDV-NP antigen intralesionally. The median value was 5.7 for 

group 4, 9.3 for group 5 and 11.1 for group 6. In subacute lesions with inflammation 

(group 7) there was a reduction of the CDV-NP antigen expression with a median 

value of 9.5. In chronic lesions (group 8), a decrease of CDV-NP antigen-positive 

cells with almost complete elimination of antigen within the center of lesions and a 

peripherally orientated arrangement of the remaining CDV-NP antigen-positive cells 

was observed (median value 0; fig. 22). The original data (median, minimum and 

maximum) can be found in chapter 9.4, table 9.4.2. 
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Figure 21 A: Cerebellum, animal no. 16, white matter, control dog, no expression of canine 

distemper virus nucleoprotein (CDV-NP) antigen. B: Cerebellum, animal no. 8, white matter, acute 

lesion, mild to moderate expression of CDV-NP antigen by astrocytes. C: Cerebellum, animal no. 

14, white matter, subacute lesion with inflammation, strong expression of CDV-NP in astrocytes 

evenly distributed within the lesion (arrow). D: Cerebellum, animal no. 14, white matter, chronic 

lesion, with absence of CDV-NP antigen in center of chronic lesion (black asterisk); numerous CDV-

NP antigen-positive cells (brown) in periphery of chronic lesion (arrow). CDV immunohistochemistry 

(DAB); scale bar = 50 µm. 
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Figure 22: Quantitative evaluation of CDV-NP antigen expression in controls and 

                      DL animals 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. CDV = 

canine distemper virus, NP = nucleoprotein. Columns display values as median, minimum, maximum and the 

lower and upper quartile. Small circle: extreme value; small asterisk: outlier. 
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In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 23) with alpha-adjustment by Tukey-Kramer 

test, a significant difference was found between the groups (p <0.05). Group 3 and 4 

showed a statistically significant difference of CDV-NP expressing cells compared to 

group 6, 7 and 8. Group 8 revealed significant differences compared to group 5, 6 

and 7. The p values can be found in chapter 9.4, table 9.4.3. 

 

 

Figure 23: Geometric mean and geometric standard deviation of CDV-NP antigen-

positive cells in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of CDV-NP 

antigen expressing cells for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.2 Glial fibrillary acidic protein (GFAP) 

The GFAP-positive signal was found in varying degrees in fibrous and protoplasmatic 

astrocytes of white and gray matter of the cerebellum in control and distemper dogs. 

They were characterized by a medium to dark brown cytoplasmic immunoreactivity. 

In the cerebellum of CDV-infected dogs, the GFAP-positive astrocytes were more 

prominent in white matter and the astrocytes of the gray matter adjacent to advanced 

white matter lesions (fig. 24 A-D). 

The cerebellum of the animals in group 1 and the areas of the NAWM of the CDV-

infected dogs (group 2) showed a diffuse uniformly distribution pattern of fibrillary 

astrocytes in the white matter and less strongly stained protoplasmic astrocytes in 

the gray matter, The median values were 34.5 and 15 positive cells/0.25mm², 

respectively. Furthermore, in group 3, 4 and 5 there was a moderate expression of 

the GFAP-positive astrocytes intralesionally. The median value was 29 for group 3, 

26.5 for group 4 and 27.6 for group 5, respectively. The strongest signal was 

detected in fibrous astrocytes of white matter lesions in subacute lesions without 

inflammation (group 6) with a median value of 33.6. In group 7, a mild to moderate 

decrease of the GFAP expression was observed (median value 33.5). Chronic 

plaques (group 8) showed a moderate reduction of GFAP-positive astrocytes 

compared to groups 1 prominent especially in the center of the lesions. In addition, 

an increased number of astrocytes were present at the edge of the chronic lesion 

(median value 12.25; fig. 25). The original data (median, minimum and maximum) 

can be found in chapter 9.4, table 9.4.2. 
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Figure 24 A: Cerebellum, animal no. 16, white matter, control dog, strong expression of GFAP 

positive cells. B: Cerebellum, animal no. 8, white matter, acute lesion, numerous GFAP positive 

cells (brown) in acute lesion (arrow). C: Cerebellum, animal no. 14, white matter, subacute lesion 

with inflammation, mild to moderate expression of GFAP expression in astrocytes evenly distributed 

within the lesion (arrow). D: Cerebellum, animal no. 14, white matter, chronic lesion, a mild to 

moderate decrease of GFAP positive cells compared to control dog was noted (black asterisk). 

GFAP immunohistochemistry (DAB); scale bar = 50 µm. 
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Figure 25: Quantitative evaluation of GFAP expression in controls and DL animals 

 
1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. GFAP = 

Glial fibrillary acidic protein. Columns display values as median, minimum, maximum and the lower and upper 

quartile. Small circle: extreme value. 

 
In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 26) with alpha-adjustment by Tukey-Kramer 

test, significant differences were found between the groups (p<0.05). Group 2 

revealed significant differences compared to group 1, 4, 5, and 6. Group 8 showed a 

statistically significant difference compared to group 1 to 7. The p values can be 

found in chapter 9.4, table 9.4.3. 
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Figure 26: Geometric mean and geometric standard deviation of GFAP expression 

in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. GFAP = 

glial fibrillary acidic protein. Columns display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of GFAP-

positive astrocytes for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.3 Factor VIII-related antigen 

In control dogs, factor VIII-related antigen expression was detected in endothelial cells 

and to a lesser extent in the subendothelial matrix of the vessel wall. The expression 

was mainly restricted to the wall of meningeal and parenchymal blood vessels as a 

medium to dark brown signal. 

In the cerebellum of CDV-infected dogs, the same reaction pattern was observed (fig. 

27 A-D). Additionally, in subacute and chronic lesions, an overall increase in factor 

VIII-related antigen expression was noted. Conversely, some chronic lesions showed 

a decrease of the signal in the center of the lesion. 

 

Quantitatively, the median of the factor VIII-positive area related to the total lesioned 

area in group 1, 2 and 3 was of 1.23%, 0.84% and 0.92%, respectively. A median 

value of 1.16% for group 4 and 1.06% for group 5 was detected. There was a slight 

increase to a median of 2.03% in group 6. In addition, the quantitative evaluation of 

factor VIII for group 7 revealed a median of 1.79%. The median in group 8 lesions 

was of 2.27% with a maximum of 3.80 % in group 8 (fig. 28). The original data 

(median, minimum and maximum) can be found in chapter 9.4, table 9.4.2. 
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Figure 27 A: Cerebellum, animal no. 16, white matter, control dog, strong labeling of Factor VIII 

around basement membranes. B: Cerebellum, animal no. 8, white matter, acute lesion, mild to 

moderate labeling of Factor VIII in BMs of blood vessels. C: Cerebellum, animal no. 14, white 

matter, subacute lesion with inflammation, mild to moderate expression of Factor VIII in basement 

membranes. D: Cerebellum, animal no. 14, white matter, chronic lesion, a mild to moderate 

decrease of Factor VIII labeling in the center of the lesion; Factor VIII immunohistochemistry 

(DAB), scale bar = 50 µm. 



RESULTS 71 

Figure 28: Morphometrcally identified factor VIII-related antigen expression related 

to the investigated white matter area or total lesion area in controls and 

DL animals 

 
1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 

 

 
In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means with alpha-adjustment by Tukey-Kramer test, a 

significant difference was found between the groups (p <0.05). Group 6 and 8 

showed a statistically significant difference in Factor VIII expression compared to 

group 2, 3 and 4. Group 7 revealed significant differences to group 2. In addition the 
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group 5 differed significantly from group 2 and 3. The p values can be found in 

chapter 9.4, table 9.4.3. 

 

 

Figure 29: Geometric mean and geometric standard deviation of factor VIII-related 

antigen expression in controls and DL animals 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Factor 

VIII = factor VIII-related antigen. Columns display values as geometric mean and geometric standard deviations. 

 

The geometric mean and geometric standard deviation of factor VIII expression for 

each group can be found in chapter 9.4, table 9.4.4. 
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4.4.4 Aggrecan 

In the cerebellum of control dogs, aggrecan immunoreactivity was observed in the 

molecular and granular layers as extracellular finely dispersed, brown granules with a 

marked perineuronal pattern around the Purkinje cells. This granular reaction 

extended into the white matter and surrounded neuronal cell bodies and their 

dendrites. In addition, a mild positive reaction was observed around and in glial cells 

(fig 30 A). 

The same reaction pattern was found in group 2 (NAWM) areas, whereas in group 3 

to 7 an additional intralesional extracellular aggregation of fine brown granules was 

detected (fig. 30 B, C). In the center of chronic plaque (group 8), there was an overall 

decrease in aggrecan expression, however an accumulation of aggrecan-positive 

material in foamy macrophages at the edge of the lesions was also detected (fig. 30 

D). 

 

Quantitatively, the median value of the positive area related to the total lesion area 

for group 1 was 0.01%, 0.04% for group 2 and 0.07% for group 3. Group 4 showed a 

median value of 0.13%, 0.08% for group 5. In subacute lesions without inflammation 

(group 6), the median value was 0.12%. The quantitative value was 0.11% in group 7 

and there was an increase of aggrecan expression in group 8 up to 0.18% (fig. 31). 

The original data (median, minimum and maximum) can be found in chapter 9.4, 

table 9.4.2. 
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Figure 30 A: Cerebellum, animal no. 16, white matter, control dog, mild extracellular expression of 

aggrecan. B: Cerebellum, animal no. 8, white matter, acute lesion, mild expression of aggrecan in glia 

cells C: Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, mild expression 

of aggrecan in glia cells. D: Cerebellum, animal no. 14, white matter, chronic lesion, prominent focal 

intralesional aggrecan deposition mainly in macrophages (arrows). Aggrecan immunohistochemistry 

(DAB); scale bar = 50 µm. 
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Figure 31: Morphometrically identified proportion of aggrecan-positive area related 

to the investigated white matter area or total lesion area 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier 
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Statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 32) with alpha-adjustment by Tukey-Kramer 

test revealed a significant difference between the groups (p <0.05). Group 1 showed 

a highly statistically significant difference of aggrecan expression (p <0.0001) 

compared to group 2 to 8. In addition, group 2 revealed a significant difference 

compared to group 3 to 8. Group 3 also revealed a significant difference compared to 

group 4, 6, and 7. The p values can be found in chapter 9.4, table 9.4.3. 

 

Figure 32: Geometric mean and geometric standard deviation of aggrecan-positive 

area related to the investigated white matter area or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The geometric mean and geometric standard deviation of aggrecan expression for 

each group can be found in chapter 9.4, table 9.4.4. 
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4.4.5 Type I collagen (Collagen I) 

Type I collagen expression was found in the cerebellum of control dogs (group 1) as 

well as in CDV-infected dogs of group 2 to 4 as a light to medium brown signal of the 

meningeal extracellular substance as well as meningeal and parenchymal blood 

vessels (fig. 33 A). In group 5 to 7, an additional intralesional extracellular signal in 

the form of finely dispersed to clumped granules was detected (fig. 33 B, C). In group 

8, an extension of this reaction with a reticular distribution pattern was observed in 

the center of demyelinating lesions (fig. 33 D). The subendothelial space and the 

basement membrane of medium-sized vessels also showed a strong brown signal. 

 

Quantitatively, there was a median value of 0.35% with a maximum value of 1% in 

the control group (group 1). In addition, the quantitative evaluation of Type I collagen 

for group 2 revealed a median of 0.43%, 0.54% in group 3, 0.41% in group 4, and 

0.93% in group 5, respectively. There was an increase of the positive area within 

lesions up to 1.81% in group 6, and 1.36% in group 7, respectively. An increase in 

the median of the positive area within the white matter of 5.36% with a maximum 

value of 8% was identified in group 8 (fig. 34). The original data (median, minimum 

and maximum) can be found in chapter 9.4, table 9.4.2. 

 



RESULTS 78 
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A 

Figure 33 A: Cerebellum, animal no. 16, white matter, control dog, strong type I collagen expression 

is associated with basement membranes. B: Cerebellum, animal no. 8, white matter, acute lesion, 

with mild type I collagen labeling. C: Cerebellum, animal no. 14, white matter, subacute lesion with 

inflammation, mild type I collagen labeling of BMs and glia cells. D: Cerebellum, animal no. 14, white 

matter, chronic lesion, reticular extracellular deposition of type I collagen. Type I collagen 

immunohistochemistry (DAB); scale bar = 50 µm.  



RESULTS 79 

Figure 34: Morphometrically identified proportion of type I collagen-positive area 

related to the investigated white matter area or total lesion area 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 
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In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 35) with alpha-adjustment by Tukey-Kramer 

test, a significant difference was found between the groups (p <0.05). Group 1 and 2 

showed a highly statistically significant difference of type I collagen expression 

compared to group 5, 6, 7 and 8. Group 3 and 4 also revealed a statistically 

significant difference compared to group 6, 7, and 8. In addition, group 8 differed 

significantly from 5, 6, and 7. The p values can be found in chapter 9.4, table 9.4.3. 

 

Figure 35: Geometric mean and geometric standard deviation of the type I 

collagen-positive area related to the investigated white matter area or 

total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of type I 

collagen expression for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.6 Type IV collagen (Collagen IV) 

Immunohistochemical expression of type IV collagen antigen was found in the control 

group (group 1) as a medium to dark brown signal in vascular basement membranes 

and meninges (fig. 36 A). Moreover, a light brown cytoplasmic signal in neurons was 

detected. In addition, in the cerebellum of CDV-infected dogs, the same reaction 

pattern was noticed. In group 3 to 7, a remarkable and well defined immunoreactivity 

was observed in basement membrane of blood vessels throughout the parenchyma 

(fig. 36 B, C). Furthermore, in group 8, a mild to moderate decrease of the type IV 

collagen expression in blood vessels compared to controls was observed. 

Additionally, a positive reaction in form of a light brown, extracellularly located, 

clumped signal within demyelinating lesions and also positive randomly distributed 

cells with the morphology of macrophages were recognized (fig. 36 D). 

 

Quantitatively, the median of the type IV collagen-positive area related to the total 

lesion area in group 1 and 2 were of 0.24% and 0.25%, respectively. 0.6% for group 

3 and 4, and 0.79% in group 5. There was a slight increase to a median of 1.0% and 

a maximum of 2.68 and 1.89 in group 6 and 7, respectively. The median in the CDV-

infected dogs was of 1.87% with a maximum of 2.98 % in group 8 (fig. 37). The 

original data (median, minimum and maximum) can be found in chapter 9.4, table 

9.2.2. 
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Figure 36 A: Cerebellum, animal no. 16, white matter, control dog, strong labeling of type IV 

collagen around basement membranes. B: Cerebellum, animal no. 8, white matter, acute lesion, mild 

to moderate labeling of type IV collagen in basement membranes of blood vessels. C: Cerebellum, 

animal no. 14, white matter, subacute lesion with inflammation, moderate type IV collagen labeling in 

basement membranes and glial cells. D: Cerebellum, animal no. 14, white matter, chronic lesion, 

extensive reticular, extracellular deposition of type IV collagen. Note intracellular type IV collagen 

deposition in macrophages (arrow). Type IV collagen immunohistochemistry (DAB); scale bar = 50 

µm.  
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Figure 37: Morphometrically identified proportion of type IV collagen-positive area 

related to the investigated white matter area or total lesion area 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 
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In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 38) with alpha-adjustment by Tukey-Kramer 

test, a significant difference was found between the groups (p <0.05). Group 1 

showed a statistically significant difference of type IV collagen expression compared 

to group 6, 7 and 8. Group 2 showed significant differences compared to group 3, 4, 

5, 6, 7 and 8. In addition, group 3 differed significantly from group 8. The p values 

can be found in chapter 9.4, table 9.4.3. 

 

Figure 38: Geometric mean and geometric standard deviation of type IV collagen-

positive area related to the investigated white matter area or total lesion 

area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of type IV 

collagen expression for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.7 Fibronectin 

The fibronectin expression in control dogs (group 1) appeared as a mild, diffuse, light 

brown signal of the cytoplasm of neurons and glial cells, and was mainly restricted to 

extracellular substances of the meninges which showed a signal of medium to strong 

intensity (fig. 39 A). In addition, an extremely diffuse fibronectin labeling was detected 

in the meningeal and parenchymal blood vessels. The same expression pattern was 

observed in the CDV-infected dogs. Additionally, a light brown signal was detected 

mainly in the cytoplasm of glial cells especially in acute and subacute lesions of 

group 5 to 7 (fig. 39 B, C). Moreover, in chronic lesions of group 8, there was a finely 

granular to densely branched, extracellular, reticular distribution pattern of fibronectin 

immunoreactivity in the demyelinating area visible. In addition, brown granules were 

also found in the cytoplasm of macrophages and gitter cells. In group 8, the 

immunoreactivity was also found in vessel walls and was more strongly detectable in 

the vascular lumen, presumably plasma fibronectin (fig. 39 D). 

 

Quantitatively, there was a median value of 1.12% with a maximum value of 2% in 

the control group (group 1), whereas a slight decline to a median of 0.8% with a 

maximum value of 2% in group 3 and to 0.86% in group 4 with a maximum value of 

4% was noticed. The quantitative evaluation of fibronectin expression for group 5 and 

6 revealed a median of 1.8% and of 1.27% in group 7, respectively. There was an 

increase of the positively marked area related to the total lesioned area up to 4.48% 

with a maximum value of 7% in group 8 (fig 40). The original data (median, minimum 

and maximum can be found in chapter 9.4, table 9.4.2. 
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Figure 39 A: Cerebellum, animal no. 16, white matter, control dog, fibronectin detection in 

vascular walls and in cytoplasm of glial cells. B: Cerebellum, animal no. 8, white matter, acute 

lesion with mild expression of fibronectin in vascular walls. C: Cerebellum, animal no. 14, white 

matter, subacute lesion with inflammation, mild to moderate expression of fibronectin in vascular 

walls and glial cells (arrow). D: Cerebellum, animal no. 14, white matter, chronic lesion, extensive 

intralesional reticular extracellular deposition of fibronectin throughout the lesion. Note the strong 

expression of fibronectin in blood vessel lumen (arrow). Fibronectin immunohistochemistry (DAB); 

scale bar = 50 µm.  
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Figure 40: Morphometrically identified proportion of the fibronectin-positive area 

related to the investigated white matter area or total lesion area 

 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile.  

 

In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 41) with alpha-adjustment by Tukey-Kramer 

test, a significant differences were found between the groups (p <0.05). Group 1 

showed a statistically significant difference of fibronectin expression compared to 

group 8. Group 3 also revealed a statistically significant difference compared to 

group 4, 5, 6, 7, and 8. Group 2 also revealed a statistically significant difference 
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compared to 5, 6, 7 and 8. In addition, group 8 differed significantly from group 5, 6, 

and 7. The p values can be found in chapter 9.4, table 9.4.3. 

 

Figure 41: Geometric mean and geometric standard deviation of fibronectin-

positive area related to the investigated white matter area or total lesion 

area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of fibronectin 

expression for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.8 Laminin 

Laminin was detected as medium to dark brown deposits in the extracellular matrix of 

the pia mater and in the vascular basement membrane within the meninges and the 

parenchyma in controls (group 1). Neurons, glial cells and the extracellular matrix of 

grey and white matter were negative (fig. 42 A). A similar pattern of laminin 

immunoreactivity was found in CDV-infected dogs of group 2 to 7 (fig. 42 B, C). In 

contrast, the expression of laminin in chronic demyelinating lesions (group 8) was 

completely absent (fig. 42 D). 

 

Quantitatively, the median of the positive area in the control group was of 0.58%, 

0.31% for the group 2, 0.55% in group 3 and 4 and 0.72% for group 5, respectively. 

The median of the laminin-positive area related to total lesioned area of the white 

matter increased in group 6 (median of 1.44%, maximum value of 3%). In group 7, a 

severely decline with a median of 0.92% was noticed. In contrast, in group 8 a 

weakly or complete absence of laminin expression was observed (fig. 43). The 

original data (median, minimum and maximum) can be found in chapter 9.4, table 

9.4.2. 
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Figure 42 A: Cerebellum, animal no. 16, white matter, control dog, laminin expression is 

associated with basement membranes of blood vessels. B: Cerebellum, animal no. 8, white 

matter, acute lesion, mild to moderate expression of laminin around the blood vessel. C: 

Cerebellum, animal no. 14, white matter, subacute lesion with inflammation, mild to moderate 

expression of laminin around the blood vessel and also in glial cells. D: Cerebellum, animal no. 

14, white matter, chronic lesion, with complete absence of laminin immunoreactivity in 

demyelinating lesion. Laminin immunohistochemistry (DAB); scale bar = 50 µm.  

A
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Figure 43: Morphometrically identified proportion of laminin-positive area related to 

the investigated white matter area or total lesion area 

 
 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value.  

 

In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 44) with alpha-adjustment by Tukey-Kramer 

test, significant differences were found between the groups (p <0.05). Group 1 and 3 

showed statistically significant differences of laminin expression compared to group 6 

and 7. Group 2 also revealed a statistically significant difference compared to group 

5, 6 and 7. In addition, group 6 differed significantly from group 4 and 5. The p values 

can be found in chapter 9.4, table 9.4.3. 
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Figure 44: Geometric mean and geometric standard deviation of the laminin-

positive area related to the investigated white matter area or total lesion 

area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of laminin 

expression for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.9 Phosphacan 

The immunohistochemical expression of phosphacan in controls (group 1) was 

detected as a medium to dark brown diffuse signal in the extracellular matrix of white 

and grey matter (fig. 45 A). The same pattern was found in CDV-infected dogs of 

group 2 to 5 and 7 (fig. 45 B, C). In group 6 (subacute lesions without inflammation), 

there was a mild reduction of the phosphacan-positive area. In group 8 (chronic 

lesion), a moderate to severe reduction of the phosphacan immunoreactivity was 

detected. Moreover, an accumulation of phosphacan-positive deposits in foamy 

macrophages was seen (fig. 45 D).  

 

Quantitatively, a median of the phosphacan-positive area related to the investigated 

white matter area in group 1 (controls) of 6.15% was detected. The median value 

was 5.04% in group 2, 4.16% in group 3, 3.69% in group 4 and 3.41% in group 5, 

respectively. There was a decrease of the median in group 6 to 2.35%, 3.13% in 

group 7 and 2.44% in group 8, respectively (fig. 46). The original data (median, 

minimum and maximum) can be found in chapter 9.4, table 9.4.2. 
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Figure 45 A: Cerebellum, animal no. 16, white matter, control dog, prominent phosphacan 

immunoreactivity in the white matter. B: Cerebellum, animal no. 8, white matter, acute lesion, diffuse 

labeling of the extracellular substance. C: Cerebellum, animal no. 14, white matter, subacute lesion 

with inflammation, moderate labeling of phosphacan throughout the lesion. D: Cerebellum, animal 

no. 14, white matter, chronic lesion, with moderate to severe reduction of phosphacan 

immunoreactivity within the lesion corresponding to perivascular inflammatory cell infiltration 

(asterisks). Phosphacan immunohistochemistry (DAB); scale bar = 50 µm. 
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Figure 46: Morphometrically identified proportion of phosphacan-positive area 

related to the investigated white matter area or total lesion area 

 

 

1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as median, minimum, maximum and the lower and upper quartile. Small circle: extreme value; 

small asterisk: outlier. 

 

In the statistical analysis using a one-way ANOVA followed by multiple pair-wise 

comparisons of geometric means (fig. 41) with alpha-adjustment by Tukey-Kramer 

test, significant differences were found between the groups (p <0.05). Group 1 

showed statistically significant differences of phosphacan expression compared to 

group 3, 5, 6, 7 and 8. Group 2 and 3 also revealed significant differences compared 

to group 6 and 8. In addition, group 4 differed significantly from group 5, 6 and 8. 
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Group 6 also revealed significant difference compared to group 5 and 7. The p 

values can be found in chapter 9.4, table 9.4.3. 

 

Figure 47: Geometric mean and geometric standard deviation of phosphacan-

positive area related to the investigated white matter or total lesion area 
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1 = control, 2 = normal appearing white matter (NAWM), 3 = antigen detection without obvious lesion, 4 = 

vacuolation, 5 = acute, 6 = subacute without inflammation, 7 = subacute with inflammation, 8 = chronic. Columns 

display values as geometric mean and geometric standard deviations. 

 

The original data (geometric mean and geometric standard deviation) of phosphacan 

expression for each group can be found in chapter 9.4, table 9.4.4. 
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4.4.10 Brevican, decorin and neurocan 

Neither in control dogs nor in any lesion type of CDV-infected dogs, brevican, decorin 

and neurocan expression was detected. In case of neurocan, there was a mild 

reaction in the spinal nerve roots and perineuronal structures (endo- and 

perineurium) in animal no. 4, 9 and 12. 

 

In control brain tissue from rat, antibodies directed against brevican markedly 

stained the brain parenchymal ECM (i.e. hippocampal region, cerebrum and 

cerebellum). The brevican immunoreactivity showed a distinct extracellular staining 

around pyramidal cells of the hippocampal region, the cerebellar Purkinje cells and 

their primary dendrites spreading out into the molecular layer which were intensely 

stained at their surfaces. The extracellular space in the granular cell layer showed 

intense immunoreactivity. In addition, the brevican labeling was detected extremely 

diffuse in both neurons and glial cells. 

 

In control kidney tissue from a young dog, the immunohistochemical staining for 

decorin was localized predominately in the glomerular and tubular basement 

membrane as well as peritubular. In addition, a granular reaction was also observed 

mainly in the cytoplasm of some proximal tubular epithelial cells and also around the 

parenchymal blood vessels and renal capsule. 

 

In control spinal cord tissue from dog, the neurocan immunoreactivity was generally 

detected in the endo- and perineurium of peripheral nerve roots. 
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4.4.11 Correlation between results of different immohistochemical reactions 

and special stains 

With the Pearson’s product moment correlation coefficient (r), the results of the 

aggrecan expression showed a moderate negative correlation with the LFB stain (r = 

-0.4) and a moderate positive correlation with the blue and red signal of picrosirius 

red stain as well as the azan stain (r = 0.3). 

With the Pearson’s product moment correlation coefficient, the results of the type I 

collagen expression showed a moderate to strong negative correlation with the LFB 

stain (r = -0.7) and a moderate positive correlation with the red signal of picrosirius 

red stain and Gomori`s silver stain (r = 0.5 and 0.6, respectively). Additionally, a 

moderate correlation with aggrecan was detected (r = 0.5). 

With the Pearson’s product moment correlation coefficient, the results of the type IV 

collagen expression showed a moderate correlation with the blue and red signal of 

picrosirius red stain as well as the azan stain (r = 0.3, 0.3 and 0.4, respectively). Also 

a moderate negative correlation with the LFB stain could be shown (r = -0.4). In 

addition, a moderate correlation with type I collagen (r = 0.5) and a moderate to 

strong correlation with aggrecan (r = 0.7) was found. 

With the Pearson’s product moment correlation coefficient, the results of the 

fibronectin expression showed a moderate correlation with the blue signal of the 

picrosirius red stain, the azan stain and Gomori`s silver stain (r = 0.3). Also a 

moderate negative correlation with the LFB stain could be shown (r = -0.5). 

Additionally, a moderate positive correlation with type IV collagen (r = 0.3) as well as 

aggrecan and type I collagen could be found (r = 0.5 and 0.6, respectively). 

With the Pearson’s product moment correlation coefficient, the results of the laminin 

expression showed a moderate positive correlation with the azan stain and 

fibronectin (r = 0.4) as well as type I (r = 0.5) and type IV collagen and aggrecan (r = 

0.6) and a moderate negative correlation with the LFB stain (r = -0.5). 

With the Pearson’s product moment correlation coefficient, the results of the 

phosphacan expression showed a moderate negative correlation with the LFB stain 
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(r = -0.4). There was also a moderate negative correlation with type I and IV collagen 

as well as fibronectin (r = -0.3). 

With the Pearson’s product moment correlation coefficient, the results of the GFAP 

expression showed a moderate negative correlation with the Gomori`s silver stain (r 

= -0.4) and a moderate positive correlation with type IV collagen and laminin 

expression (r = 0.3 and 0.6, respectively). 

With the Pearson’s product moment correlation coefficient, the results of the Factor 

VIII-related antigen expression showed a moderate positive correlation with the red 

signal of the picrosirius red stain (r = 0.3) and a moderate negative correlation with 

the LFB stain (r = -0.4) as well as a moderate positive correlation with aggrecan, type 

I collagen, fibronectin, laminin (r = 0.3) and type IV collagen (r = 0.5). 

 

P values and correlation coefficients (r) can be found in table 5. 
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Table 5: Pearson’s product moment correlation coefficient for comparisons of 

different special stains and immunohistochemistry 

 LFB CDV Azan 
PSR-
red 

PSR-
blue 

Gom 

Correlation 
coefficient (r) 

-0.4283 0.0804 0.3430 0.3310 0.3238 0.2062 
Agg 

P value 0.0007 0.6172 0.0096 0.0111 0.0232 0.1597 
Correlation 

coefficient (r) 
-0.6685 -0.0168 0.2423 0.5247 0.1939 0.5576 

Col-I 
P value <.0001 0.9191 0.0775 <.0001 0.1866 <.0001 

Correlation 
coefficient (r) 

-0.4276 -0.0607 0.3045 0.3274 0.3896 0.2303 
Col-IV 

P value 0.0008 0.7059 0.0238 0.0129 0.0056 0.1193 
Correlation 

coefficient (r) 
-0.4687 0.1040 0.3023 0.2349 0.3041 0.3341 

FN 
P value 0.0002 0.5285 0.0263 0.0813 0.0336 0.0232 

Correlation 
coefficient (r) 

-0.5073 0.3181 0.4212 0.2449 0.0832 -0.2385
LN 

P value 0.0002 0.0667 0.0032 0.0899 0.6048 0.1493 
Correlation 

coefficient (r) 
0.4272 -0.2356 -0.2150 -0.0740 -0.3785 -0.2586

Ph 
P value 0.0009 0.1432 0.1183 0.5877 0.0087 0.0759 

Correlation 
coefficient (r) 

0.0448 0.1642 0.2315 -0.1637 -0.1120 -0.4067
GFAP 

P value 0.7361 0.3049 0.0860 0.2193 0.4436 0.0041 
Correlation 

coefficient (r) 
-0.3779 -0.0101 0.1471 0.2985 0.1423 0.1222 

F VIII 
P value 0.0034 0.9506 0.2837 0.0241 0.3343 0.4129 
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Table 5 (continued) 

 

 
 

Agg Col-I Col-IV FN LN Ph GFAP 

Correlation 
coefficient (r)

100.000 0.53340 0.65938 0.50219 0.57168 -0.2425 0.0808
Agg 

P value  <.0001 <.0001 <.0001 <.0001 0.0691 0.5429
Correlation 

coefficient (r)
0.53340 100.000 0.51659 0.55340 0.47500 -0.3573 -0.0646

Col-I 
P value <.0001  <.0001 <.0001 0.0006 0.0074 0.6329

Correlation 
coefficient (r)

0.65938 0.51659 100.000 0.33852 0.62210 -0.3311 0.2703Col-
IV 

P value <.0001 <.0001  0.0107 <.0001 0.0127 0.0401
Correlation 

coefficient (r)
0.50219 0.55340 0.33852 100.000 0.38328 -0.2688 0.0649

FN 
P value <.0001 <.0001 0.0107  0.0072 0.0472 0.6313

Correlation 
coefficient (r)

0.57168 0.47500 0.62210 0.38328 100.000 -0.2331 0.5592
LN 

P value <.0001 0.0006 <.0001 0.0072  0.1148 <.0001
Correlation 

coefficient (r)
-0.2425 -0.3573 -0.3311 -0.2688 -0.2331 100.000 0.0541

Ph 
P value 0.0691 0.0074 0.0127 0.0472 0.1148  0.6892

Correlation 
coefficient (r)

0.0808 -0.0646 0.2703 0.0649 0.5592 0.0541 100.000
GFAP 

P value 0.5429 0.6329 0.0401 0.6313 <.0001 0.6892  
Correlation 

coefficient (r)
0.3080 0.3148 0.5172 0.2879 0.3872 -0.0909 0.2371

F VIII 
P value 0.0187 0.0181 <.0001 0.0314 0.0060 0.5051 0.0731

Light grey field = significant (p<0.0001); dark grey field = significant (p<0.05); LFB = Luxol fast blue; 

CDV = Canine distemper virus; PSR-red = picrosirius red stain, red signal; PSR-blue = picrosirius red 

stain, blue signal; Gomori = Gomori`s silver stain; Agg = Aggrecan; Col-I = Collagen I; Col-IV = 

Collagen IV; F VIII = Factor VIII-related protein; FN = Fibronectin, GFAP = Glial fibrillary acidic protein; 

LM = Laminin; Ph = Phosphacan 

 

The correlation coefficients (r) and p values can also be found in chapter 9.4, table 

9.4.5. 

 



RESULTS 102 

4.5 Double labeling 

Double labeling of immunohistochemical detection of GFAP, vimentin and factor 

VIII-related antigen combined with azan stain were performed on selected slides of 

chronic distemper lesions. Sections were initially immunostained (GFAP, dilution 

1:1000, without pretreatment; vimentin, dilution 1:100, pretreatment with Triton-X; 

factor VIII-related antigen, dilution 1:200, pre-treatment with pronase). Subsequently, 

an azan stain using the protocol listed in chapter 3.4.2 was performed.  

 

GFAP/azan stain double labeling revealed a moderate number of astrocytes with a 

colocalization of ECM molecules characterized by a brownish bluish signal in chronic 

distemper lesions (fig 48 A). These cells with the morphology of astrocytes were 

located mainly in the center of the plaque. 

 

In the vimentin/azan stain double labeling, vimentin expression was detected in 

endothelial and leptomeningeal cells in chronic distemper lesions. Additionally, a 

similar colocalization intralesionally compared to GFAP-positive astrocytes was noted 

(fig. 48 B).  

 

By using the factor VIII-related antigen/azan stain double labeling, factor VIII-

related antigen expression was found in endothelial cells of capillaries or in 

subendothelial matrix of large blood vessels. Azan-positive signals were located 

around blood vessels but also throughout the whole chronic lesion (fig. 48 C). 
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A 

B

C

Figure 48: Cerebellum, animal no. 14, 

white matter, chronic lesion. 

 

A: Glial fibrillary acidic protein 

(GFAP)/azan double labeling revealed 

a high number of astrocytes with a 

colocalization with ECM deposits 

characterized by a brownish/bluish 

signal in chronic distemper lesions. 

 

B: Vimentin/azan double labeling, 

vimentin expression was detected in 

endothelial cells in chronic distemper 

lesions and had a similar localization 

like azan-positive ECM which was 

located mainly in the center of the 

lesion.  

 

C: Factor VIII-related antigen /azan 

double labeling, Factor VIII-related 

antigen expression was found in 

capillary endothelial cells and was 

surrounded by azan-positive 

parenchymal ECM deposits in a chronic 

distemper lesion. Note extensive 

reticular, extracellular, intralesional 

deposition of azan-positive material 

(arrows).  

 

All scale bars = 50 µm. 
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5 DISCUSSION 

5.1 Histological findings 

The samples of control and CDV-infected tissues were selected from the archive of 

the Department of Pathology, University of Veterinary Medicine, Hannover. The 

lesions were identified by HE staining and classified according to the standard 

histopathological criteria as previously published (MÜLLER et al., 1995; ALLDINGER 

et al., 1996; GRÖTERS, 2005; SEEHUSEN et al., 2007, SEEHUSEN and 

BAUMGÄRTNER, 2009). 

 

The selected tissues were divided in 8 groups according to HE, LFB staining and 

CDV-NP immunhistochemistry. 

The first group consisted of cerebella of control animals which included 5 areas of 

white matter per dog (group 1, n = 20). Additionally, in distemper dogs randomly 

selected areas of normal appearing white matter were classified as group 2 (n = 34). 

In group 3, areas with antigen detection without an obvious lesion were found (n = 

40). Group 4 consisted of vacuolated areas (n = 8). Group 5 were acute lesions (n = 

31), group 6 subacute lesions without inflammation (n = 18) and group 7 subacute 

lesions with inflammation (n = 8). Group 8 consisted of chronic plaques (n = 10) as 

described previously (SEEHUSEN, 2006; SEEHUSEN and BAUMGÄRTNER, 2009). 

In contrast to MS and its related animal models like the Theiler`s murine 

encephalomyelitis virus infection (ULRICH et al., 2006b), chronic stages of CDV may 

still show increased inflammation. Initiation of demyelination in canine distemper has 

been ascribed to a direct action of the virus, whereas plaque progression seems to 

be an immunopathological process (SUMMERS and APPEL, 1994; BEINEKE et al., 

2009). Besides demyelinating processes, axonal damage and loss seem to occur 

early in canine distemper and contribute to clinical decline (SEEHUSEN and 

BAUMGÄRTNER, 2009). 
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5.2 Detection of canine distemper viral antigen in different lesion 

types 

Viral antigens were mainly detected in astrocytes via immunohistochemistry. It has 

also been shown in other studies that demyelination coincides with viral replication 

predominantly in astrocytes in acute lesions (VANDEVELDE et al., 1985; 

ZURBRIGGEN et al., 1993). In addition, astrocytes in acute and subacute lesions 

without inflammation produce tumor necrosis factor alpha (TNF-α). This indicates that 

demyelination in early canine distemper encephalitis is not only virus-mediated but 

also the result of local TNF-α production (GRÖNE et al., 2000). The strongest signal 

of CDV-nucleoprotein was in subacute lesions without inflammation followed by the 

subacute lesions with inflammation and acute lesions. Additionally to this intralesional 

expression, a less pronounced neuron-associated signal was detected in the 

adjacent grey matter. In chronic plaques, a significant reduction or even a complete 

disappearance of CDV-NP antigen-positive cells in individual lesions was observed 

which supported the hypothesis of an immune-mediated and no longer virally 

induced demyelinating process in advanced distemper demyelinating 

leukoencephalomyelitis (GAEDKE et al., 1999). These results are consistent with the 

results of previous studies (ALLDINGER et al., 1993; GAEDKE et al., 1997, 1999; 

SEEHUSEN et al. 2007; SEEHUSEN and BAUMGÄRTNER, 2009). 

5.3 Histochemical detection of ECM 

The aim of the present investigation was to describe the existence and distribution of 

ECM and its developmental patterns in controls and CDV-infected canine brains. 

Thus, for histochemical detection of the extracellular substance, four different dyes 

such as azan, picrosirius red, PAS and Gomori`s silver stain have been used. In the 

controls, all applied stains displayed strongly positive meningeal extracellular 

substance and vascular basement membrane as expected (BÖCK and ROMEIS, 

1989; HAIST, 2006). Additionally, there was no detectable positive reaction in the 

white and grey matter in the control cerebella. On the other hand, CDV-infected 

tissues - especially demyelinating lesions - showed a severe aggregation of 
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extracellular substance as shown by different stains. In the following section, findings 

of each of the applied dyes are briefly summarized and discussed. 

 

The use of azan staining showed aggregations of the ECM which appeared as 

filamentous partly branching structures within the demyelinating areas in CDV-

infected tissues. Statistical analysis showed a significant increase of ECM in the 

demyelinating areas compared to controls. The used azan stain - a trichrome stain 

for ECM detection - works by linking to different glycoproteins and proteoglycans in a 

three-dimensional network (BURCK, 1982; BÖCK and ROMEIS, 1989). Thus it can 

be assumed that the detectable positive reaction of the azan staining represents 

different ECM molecules. Their cellular origin was supposed to be activated 

astrocytes, which has been shown by many studies in traumatic spinal lesions as 

well as in MS plaques (FAWCETT et al., 1999; BERNSTEIN et al., 1985; STICHEL et 

al., 1995; GUTOWSKI et al., 1999; SOBEL and AHMED, 2001; LIESI and 

KAUPPILA, 2002; TANG et al., 2003). Thus, a colocalization of glial fibrillary acidic 

protein as a marker for astrocytes with azan stain as a marker for ECM could be 

noticed in distemper dogs of the present study. Lack of azan-positive structures in 

the parenchyma of the control samples could be explained probably by the principle 

of this mechanical stain. In unchanged central nervous system, the extracellular 

substance is secreted in very small amounts and has a very small extension that 

cannot be identified by light microscopy (HAIST, 2006). 

 

By applying a modified picrosirius red stain, two different colors were observed. 

Early CDV lesions showed an extensive, filamentous turquoise blue staining that was 

mostly detected in the center of the lesions. Additionally, an increased expression of 

this turquoise blue color was noticed at the edge of chronic demyelinating lesions. 

The statistical analysis showed significant differences between controls and 

distemper groups. The blue color of modified picrosirius red stain resulted from the 

interaction of the alcian blue solution with carboxylic and/or acidic sulfate 

mucosubstances (BÖCK and ROMEIS, 1989). By using the dye aldehyd fuchsine as 

a component of the modified picrosirius red stain in our study, a competitive binding 
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to sulfate groups, resulting in a restriction of alcian blue signal of the remaining 

carboxylic group could be observed (BÖCK and ROMEIS, 1989; TOTTY, 2002). 

Thus, the detectable turquoise blue color in the cerebellar sections could only be due 

to sulfate-free group molecules such as hyaluronic acid, but not sulfate proteoglycans 

and glycoproteins (TOTTY, 2002). A similar reaction pattern was observed in TMEV-

infection in mice (HAIST, 2006). In a study by BACK et al. (2005) about multiple 

sclerosis and EAE, the hyaluronic acid accumulation was demonstrated in areas in 

which the expression of the cell surface receptor for hyaluronate, CD44, is elevated. 

Recently, hyaluronan accumulation in chronic traumatic CNS lesions has been 

reported (SHERMAN and BACK, 2008). This assumption was substantiated in CDV 

demyelinated plaques immunohistochemically by demonstration of CD44 which was 

mainly located on astrocytes and upregulated in acute and subacute demyelination 

with a marked decrease of CD44 in chronic plaques (ALLDINGER et al., 2000). 

The second color of the PSR stain consisted of a pink to dark red staining of the 

extracellular structures with a filamentous pattern, starting initially in the center of 

demyelinating areas. Like in the azan stain the development and expansion pattern 

of the red PSR-positive signal in the demyelinating lesions appeared as an 

extracellular network. Statistical analysis revealed significant differences between 

controls and CDV-infected groups. The pink to red color of the PSR reaction was due 

to the interaction of collagen fibers with the picrosirius red dye (CONSTANTINE and 

MOWRY, 1968; PUCHTLER et al., 1973; BORGES et al., 2005). Besides the 

participation of proteoglycans and glycoproteins (as shown by the azan and Gomori`s 

silver stain), red PSR-positive signals revealed the presence of collagen fibers which 

could be proved by birefringence of PSR-positive structures by polarisation 

microscopy. This technique can be used to differentiate between type I collagen 

(yellow) and type III collagen (green; JUNQUEIRA et al., 1978, 1979). However, 

JUNQUEIRA et al. (1982) showed that both of the intensity and color of the 

birefringence are closely related to the thickness of the histological slide. Mild 

variations in the cut thickness could not be avoided in this study for technical 

reasons. Because of that a differentiation between different collagen types was not 

possible. 
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The Periodic acid Schiff (PAS) reaction predominantly marked intracellular, 

intracytoplasmic structures in gitter cells and macrophages mainly in subacute and 

chronic demyelinating lesions. In addition, in advanced lesions, there was a mild 

amount of an extracellular homogenous PAS-positive signal. The PAS stain was 

applied to detect neutral and mucosubstances, phospholipids and lipoproteins in 

CDV-induced lesions. It does not detect proteoglycans or glycoproteins (BÖCK and 

ROMEIS, 1989). Furthermore, it appears that in demyelinating diseases, as for 

example EAE, mucosubstances are phagocytized together with myelin or myelin 

breakdown products. After phagocytosis by macrophages or gitter cells, their 

cytoplasm revealed a PAS-positive reaction (LASSMANN and WISNIEWSKI, 1979). 

Moreover, in CDV encephalitis, myelin fragments can be also found in 

macrophages/microglial cells (RAINE, 1976; SUMMERS and APPEL, 1987). The 

extracellular PAS-positive structures in chronic lesions were supposed to be at least 

partly enzymatically degradated and therefore chemically neutral glycoproteins and 

proteoglycans (HAIST, 2006).  

 

A Gomori`s silver stain-positive reaction was noticed in chronic demyelinating 

lesions. There was a net-like distributed reaction in the center of the lesions. The 

nature and extent of the reaction were very similar to those of the azan staining. 

Statistically, significant differences were detected between group 1 to 7 and chronic 

CDV lesions of group 8. In general, Gomori`s silver stain is applied to detect reticular 

collagen fibers (LAMAR JONES, 2002). Hereby, the argyrophilia of this fiber type is 

used, which results in a superficial deposition of proteoglycans and glycoproteins on 

collagen fibers. Thus, the results of this histochemical investigation, similar to the 

azan stain as well as the PSR stain, demonstrated an increase in the extracellular 

matrix deposition but could not identify or differentiate between certain molecular 

components. 

 

In MS lesions, the accumulation of extracellular substance is usually closely 

associated to astrogliosis (FAWCETT et al., 1999; GUTOWSKI et al., 1999; SOBEL 

and AHMED, 2001; LIESI and KAUPPILA, 2002). Also in TMEV-induced spinal cord 
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lesions, astrogliosis (ULRICH et al., 2006a) and severe accumulation of ECM 

(HAIST, 2006) was present. Additionally, in vitro activated astrocytes can secrete a 

variety of ECM components and reveal a causal relationship between astrogliosis 

and matrix deposition as shown in this study similar to findings in humans, rats and 

mice (SOBEL, 1998; SOBEL and AHMED, 2001; JONES et al., 2003; TANG et al., 

2003; BACK et al., 2005; VAN HORSSEN et al., 2006). 

 

According to the histochemical investigation, a progressive accumulation of 

extracellular substance in the demyelinating CDV lesions was detected by azan, 

picrosirius red stain and Gomori`s silver stain. The PAS stain was regarded less 

suitable for the detection of ECM because only phagocytized ECM molecules were 

detectable.  

 

The various histochemical staining methods used in this study identified vast 

amounts of accumulated extracellular substances in demyelinating CDV-infected 

lesions. These consisted mainly of collagen fibers, sulfate acid mucosubstances like 

proteoglycans and glycoproteins and non-sulfate acid mucosubstances like 

hyaluronic acid which was noticed especially at the margin of chronic demyelinating 

lesions. The reactive production and the accumulation of collagens, glycoproteins 

and proteoglycans, mainly of the chondroitin sulfate type, have been described in 

various forms of artificial nervous system lesions and demyelinating diseases. Their 

inhibitory role upon axonal regeneration and remyelination as well as their 

hindrances of CNS repair is discussed (BEGGAH et al., 2005; SHERMANN and 

BACK, 2008). This assessment is based on various studies that confirmed the 

inhibitory role of chondroitin sulfate glycosaminoglycan (GAG) by chemical or 

enzymatic degradation like chondroitinase-ABC (ChABC) in various models of CNS 

injury which promoted a significant improvement of regenerative processes 

(BRADBURY et al., 2002; SILVER and MILLER, 2004; KlAPKA et al., 2005; HUANG 

et al., 2006; MASSEY et al., 2006; GALTRY et al., 2007; CAFFERTY et al., 2008; 

CARTER et al., 2008; LIN et al., 2008; SHIELDS et al., 2008; TOM et al., 2008; XIA 

et al., 2008; SIDDIQUI et al., 2009). 
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5.4 Immunohistological investigation of individual components of 

the ECM  

In this part, the individual components of the extracellular matrix were detected by 

using different monoclonal and polyclonal antibodies directed against molecules such 

as aggrecan, brevican, decorin, neurocan, phosphacan, type I collagen and 

basement membrane molecules such as fibronectin, laminin and type IV collagen. 

These molecules were mainly produced by astrocytes as shown by double labeling. 

 

Aggrecan immunoreactivity was detected mainly in the grey matter of all evaluated 

cerebellar sections as a perineuronal signal. These results were consistent with other 

publications, which detected a similar distribution pattern of aggrecan in the spinal 

cord and brain of various mammalian species e.g. mice, rats, cats, cattle and 

primates (ASHER et al., 1995; MATTHEWS et al., 2002; BRÜCKNER et al., 2003). 

Recently, VIRGINTINO et al. (2009) showed that different aggrecan isoforms were 

deposited in the perineuronal nets (PNNs) of the human adult cerebral cortex. In 

demyelinating CDV-infected tissues, aggrecan immunoreactivity decreased in the 

center of chronic lesions and accumulated in foamy macrophages. These findings 

were consistent with those of active MS plaques which showed an increased 

deposition of aggrecan in association with astrogliosis and within foamy 

macrophages at the edges of lesion. In active plaque centers, there was a decrease 

in the aggrecan expression (SOBEL and AHMED, 2001). In addtion, in another study 

in injured adult rat spinal cords, a significant decrease in aggrecan by using Western 

blot analysis was reported (LEMONS et al., 2001).  

 

An investigation of the CNS-specific proteoglycan brevican revealed that there was 

no expression in the white matter of the investigated distemper cerebella. In contrast, 

YAMAGUCHI et al. (1996) demonstrated that brevican was considered to be a major 

constituent of the extracellular matrix of the human adult brain. This distribution 

pattern corresponded to the descriptions of other authors who have observed an 

involvement of brevican to perineuronal nets (PNNs) in the brain of rats and mice 
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(YAMADA et al., 1997; HAGIHARA et al., 1999; BRÜCKNER et al., 2003). JONES et 

al. (2003) demonstrated that brevican was expressed at low levels in the intact spinal 

cord in the grey matter of rats. In TMEV infection, immunolabeling of brevican did not 

change with respect to distribution or intensity (HAIST, 2006). In EAE, it was 

demonstrated by gene analyses that the brevican gene expression in the spinal cord 

changed, but no morphological descriptions of a brevican deposition in demyelinating 

diseases were provided (IBRAHIM et al., 2001). In an induced intracerebral glia scar 

model in the rat, brevican immunoreactivity was not expressed by reactive astrocytes 

until 30 days after implantation (MCKEON et al., 1999). In contrast, JONES et al., 

(2003) revealed that brevican immunolabeling after injury of the spinal cord increased 

within days in the parenchyma of injured the spinal cord surrounding the lesion site, 

peaked at 2 weeks and remained significantly elevated for 2 months post injury. 

Consistent with the present immunohistochemical results, brevican did not reveal 

detectable levels for this proteoglycan in demyelinating canine distemper 

encephalitis. WASELLE et al. (2009) used quantitative analysis of mRNA expression 

by real-time PCR in dorsal root injury in mice and showed that brevican was 

differentially expressed post injury and preferentially up-regulated in the dorsal root 

entry zone, but not the dorsal column. These results indicated that brevican 

expression differed between these two regions in the same species. These findings 

could explain the negative results in control tissue and CDV-infected dogs because 

only cerebellar tissue was examined. Nevertheless, these results indicate that this 

proteoglycan molecule is unlikely to contribute to the chronic demyelinating lesions. 

 

The expression of type I collagen was prominently observed within demyelinating 

lesions consisting of an extracellular reticular pattern. In addition, a dense reaction 

within the cytoplasm of foamy macrophages was identified. In controls, NAWM and 

early lesions, the expression of collagen I was restricted to leptomeningeal 

structures. A statistically significant difference between control and CDV-infected 

groups was observed. Hence, collagens, which are abundant in the ECM of other 

tissues, are principally found only at certain specific locations in the CNS, such as the 

basement membrane formed at the interface between the end feet of astrocytes and 
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the surrounding meningeal tissue, around blood vessels, and in the basal lamina of 

the ependymal epithelium (GARWOOD et al., 2002). However, in addition to these 

specific localizations, other studies have proposed that collagens may also be 

present in the CNS, including collagen type VIII in the white matter of the spinal cord 

(KAPOOR et al., 1988). This interpretation is consistent with the results of the 

present investigation which also showed a diffuse type I collagen immunoreactivity in 

the meninx and parenchymal blood vessels. In neonatal and adult rats, an increased 

amount of collagen was demonstrated in the mature scar of cerebral tissue with a 

permanent glia limitans (BERRY, et al., 1983). HECK et al. (2003) used the Western 

blot technique in embryonic and adult rat brain and could recognise fibrillar collagen. 

In addition, an intralesional type I collagen deposition in artificially injured spinal cord 

of the cat was observed. As a source fibroblasts were suspected (RISLING et al., 

1993). In TMEV infection, large amounts of type I collagen were detected within 

demyelinating lesions (HAIST, 2006). Recently, the ingenuity pathway analysis (IPA) 

identified a network of a wide range of ECM components, like collagen type I, which 

was relevant for the development of chronic active plaques in MS (SATOH et al., 

2009). KLAPKA et al. (2005) showed that local inhibition of the collagen biosynthesis 

by using an iron-chelator agent caused a significant reduction of the reactive matrix 

accumulation in artificial spinal cord lesions. Therefore, an inhibitory effect of the 

accumulated type I collagen in demyelinating distemper encephalitis lesions is 

suspected. Up to date, no studies on the status and possible changes of collagen 

type I production in EAE have been performed. 

In the present study, expression of decorin in the white matter of the investigated 

cerebella of controls and CDV-infected dogs was not detected. There do not exist 

any available data about changes in the decorin production in MS plaques or EAE, 

but an increase in astrocytic decorin synthesis with subsequent extracellular 

accumulation after artificial CNS lesion in the rat has been described (STICHEL et 

al., 1995). HAIST (2006) showed that in TMEV infection none of the placebo animals 

expressed decorin-positive signals. Furthermore, in the same study, expression of 

decorin was detected mainly in demyelinating areas starting at 56 p.i. LOGAN et al. 

(1999) and DAVIES et al. (2004) showed that the application of decorin in an artificial 
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nervous system injury reduced the glia scar formation. In addtion, a direct effect on 

neurite outgrowth has been shown in an in vitro study by using decorin-treated adult 

dorsal root ganglion (DRG) neurons cultured on substrates of inhibitory CSPGs or 

myelin membranes mixed with laminin (MINOR et al., 2008). 

No expression of neurocan was observed in the CNS in this study. In some cases, 

there was a restricted expression in spinal nerve roots and perineuronal structures 

but not in the investigated white matter lesions. It seems that the antibody used in 

this study did not detect all canine neurocan variants. In humans and rats, there is a 

minimal production of neurocan in the grey and white matter (SOBEL and AHMED, 

2001; JONES et al., 2003; TANG et al., 2003). During late embryonic and early 

postnatal phases of mammalian development, a juvenile type of extracellular matrix 

is initially formed in the CNS which mostly consists of neurocan, and similar 

proteoglycans (ZIMMERNANN and DOURS-ZIMMERMANN, 2008). JONES et al. 

(2003) demonstrated that after spinal cord injury in rats, neurocan levels increased 

within days in the parenchyma and peaked at 2 weeks post injury. The lack of 

consistency between the findings of the present study in dogs and the results in rats 

and other species may be based on differences in the physiology of neurocan 

expression among the different species.  

 

The brain-specific proteoglycan phosphacan was the only ECM molecule which was 

reduced in chronic demyelinating lesions. Statistically significant differences could be 

shown between controls and CDV-infected groups. In contrast to the other 

investigated ECM molecules, phosphacan was detected exclusively extracellularly in 

the grey and white matter of all dogs. The expression of phosphacan in the spinal 

cord of adult mice is similar to what was decteted in this study (VITELLARO-

ZUCCARELLO et al., 2007; GALTREY et al., 2008). However, the reported 

expression of phosphacan is highly controversial. For example, several 

immunohistological and in situ hybridization studies have shown an upregulation of 

phosphacan after brain injury (BARKER et al., 1996; SNYDER et al., 1996; DELLER 

et al., 1997). In contrast, Western blot analyses revealed a decreased expression of 

phosphacan in injured cerebral cortex in mice and rats (WU et al., 2000; MATSUI et 
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al., 2002). Additionally, JONES et al. (2003) reported that phosphacan 

immunolabeling decreased in the parenchyma of injured spinal cord immediately 

following injury and that the lowest expression level was observed after 2 months. In 

the human brain there is also a constitutive expression of phosphacan (SOBEL and 

AHMED, 2001). The demyelinating lesions in the present study showed a 

progressive reduction of phosphacan immunoreactivity, especially in areas with 

perivascular inflammatory cell infiltration. Even in areas with minimal inflammatory 

reaction, there was a weakening of the parenchymatous phosphacan signal. These 

results were consistent with the majority of published studies (WU et al., 2000; 

MATSUI et al., 2002; JONES et al., 2003; VITELLARO-ZUCCARELLO et al., 2007; 

GALTREY et al., 2008). In MS, a loss of phosphacan in chronic plaques with low 

cellularity was found, while immunoreactivity was unchanged in areas with astrocytic 

gliosis (SOBEL and AHMED, 2001). In an intracerebral model for glia scar formation 

in the rat, the level of phosphacan was decreased in the glial scar compared to the 

uninjured brain (MCKEON et al., 1999). Because CSPGs molecules are able to 

inhibit neurite outgrowth in vitro, MCKEON et al. (1999) suggested that phosphacan 

may contribute to axonal regenerative failure after CNS injury in areas of reactive 

gliosis. Due to those controversial findings, it is suggested that imbalances of the 

phosphacan expression in the CDV-induced lesions may be responsible for 

unsuccessful axonal regeneration in the demyelinating distemper encephalitis 

lesions. 
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5.5 Alteration of basement membrane molecules in canine 

distemper lesions 

Expression of fibronectin in the cerebellum of control samples was mainly restricted 

to meninges and the wall of meningeal and parenchymal blood vessels. These 

findings coincided with the described distribution pattern of mice, rats and humans 

(WANG et al., 1997; DE CARVALHO et al., 1999; VAN HORSSEN et al., 2007). In 

chronic CDV lesions (group 8), there was a dense deposition of fibronectin in 

cerebellar vessels associated with inflammatory foci. In addition, intralesional non-

vessel-associated fibronectin immunoreactivity was noticed. Signals were also visible 

in the cytoplasm of some gitter cells. In contrast, group 2 to 7 of CDV-infected dogs 

had only a mild intralesional expression of fibronectin. In the present investigation, 

there was a statistically significant difference between controls and CDV-infected 

groups. A similar response pattern was suspected by various authors in the rat. 

NASU-TADA et al. (2006) suggested that spinal fibronectin is elevated after 

peripheral nerve injury. Also in active MS plaques, an extracellular fibronectin 

deposition was noted (VAN HORSSEN et al., 2007) which was produced locally by 

endothelial cells (SOBEL and MITCHELL, 1989; ESIRI and MORRIS, 1991; VAN 

HORSSEN et al., 2005). In the course of EAE, fibronectin expression was reduced in 

the basal membrane of the blood vessels, conversely to the increased development 

of the perivascular inflammatory cell infiltration (DE CARVALHO et al., 1999). Those 

observations confirmed the involvement of fibronectin in the permeability of the 

basement membrane for leukocytes, migration into the parenchyma and hence the 

integrity of the blood-brain barrier. Moreover, the deposition of fibronectin had 

previously been shown in TMEV-induced lesions. The diffuse distribution pattern was 

partially due to production by astrocytes and possibly by endothelial cells (HAIST, 

2006). TATE et al. (2007) showed that fibronectin expression is highly up-regulated in 

the parenchymal tissue following brain injury. These authors also mentioned that 

fibronectin is neuroprotective in the traumatically injured brain. The protective effects 

of intralesional fibronectin deposition on reparative or regenerative processes 

indicated an important role of fibronectin in the pathogenesis of CNS inflammatory 
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demyelinating events which occur during demyelinating distemper encephalitis. 

Recently, SATOH et al. (2009) suspected that fibronectin in MS lesions originated 

mainly from plasma protein components passing through disrupted BBB and were 

only partly synthesized locally from endothelial cells, astrocytes, macrophages and 

infiltrating immune cells. Active plaques and necrotic lesions also exhibited 

extracellular fibronectin which may have been synthesized by endothelial cells and 

macrophages in the CNS (SOBEL and MITCHELL, 1989). Fibronectin could have 

facilitated the adhesion of monocytes to endothelial cell luminal surfaces, promoted 

migration of mononuclear cells and enhanced myelin phagocytosis in MS lesions 

(SOBEL and MITCHELL, 1989). 

 

The expression of type IV collagen in the cerebella of controls and CDV-infected 

dogs was detectable in vascular basement membranes as described in mouse, rat 

and man (WEBERSINKE et al., 1992; CHOI, 1994; SOBEL, 1998; STICHEL et al., 

1999; LIESI and KAUPPILA, 2002; HAIST, 2006). Additionally, type IV collagen 

immunoreactivity within demyelinating lesions was located in non-blood vessel 

associated extracellular regions. In addition, at the edges of many demyelinated 

area, type IV collagen immunoreactivity was clearly observed in the cytoplasm of 

macrophages. The statistical analysis showed significant differences between 

controls and CDV-infected groups. A similar response pattern is referred to various 

authors in artificial spinal cord lesions in rats and cats (RISLING et al., 1993; CHOI, 

1994; STICHEL et al., 1999; HERMANNS et al., 2001; LIESI and KAUPPILA, 2002). 

Also in acute and chronic MS plaques, extracellular type IV collagen deposition was 

shown (VAN HORSSEN et al., 2005). Various studies (HERMANNS et al., 2001; 

KLAPKA et al., 2006) demonstrated that the fibrous scar in the injured CNS was 

composed of a dense collagen IV meshwork, which acted as a binding matrix for 

other ECM components and inhibitory molecules like proteoglycans. Also excessive 

non-blood vessel associated deposition of typ IV collagen played a pivotal role as a 

growth barrier for regenerating axons in adult spinal cord (KLAPKA et al., 2005). In 

the studies of KLAPKA et al. (2006) and HERMANNS et al. (2006), there was an 

inhibition of collagen matrix formation by application of the ion chelator 2,2´-bipyridine 
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(inhibitor of prolyl-4-hydroxylase) in brain and spinal cord lesions which promoted 

axonal regeneration and functional recovery in various lesions of the mammalian 

CNS. Because of the additional non-blood vessel associated, net-like type IV 

collagen accumulation in the demyelinating lesions and the observed colocalisation 

with the other ECM components it can be assumed that in demyelinating distemper 

encephalitis the inhibitory effect on tissue regeneration is more prevalent. 

 

The laminin immunoreactivity in the cerebella of controls and CDV-infected samples 

was largely restricted to the vascular basement membranes of grey and white matter 

and in the meninges. This finding is consistent with the physiological localization of 

laminin in normal adult CNS and in MS lesions, as described by ESIRI and MORRIS 

(1991), PAULSSON et al. (1992) and SOBEL (1998). In contrast, in this study, the 

expression of laminin in chronic demyelinating lesions was nearly completely absent. 

Any reduction of the laminin expression in other lesion types was not observed. 

These results correlated with the observations of other authors who documented the 

absence of laminin in active MS lesions (SOBEL, 1998; VAN HORSSEN et al., 2007; 

BONNEH-BARKAY et al., 2009). This was possibly due to downregulation of the 

integrin laminin receptor of endothelial cells resulting in a detachment from basement 

membranes. SOBEL (1998) reported that the absence of laminin in the parenchyma 

might be a major factor that prevents the axonal regrowth. An increase in laminin 

around blood vessels was also observed and is consistent with up-regulation by 

active TGF-β1 (CUNNINGHAM et al., 2002). Furthermore, the lack of TGF-β1 

expression in neonatal Tgfb1 (-/-) mice resulted in a widespread increase of 

degenerating neurons accompanied by reduced expression of synaptophysin and 

laminin (BRIONNE et al., 2003). Interestingly, temporal expression of CSPGs in the 

developing CNS correlated with the expression of TGF-β2 and -β3, and these TGF-β 

isoforms have been suggested to play a role in regulating the deposition of ECM 

molecules (KRIEGLSTEIN et al., 1995). The discrepancy in laminin expression also 

may be due to fixatives, staining techniques used and quality of the tissue which 

cannot be excluded. In addition, laminin immunoreactivity may be fixation time-

dependent (MORI et al., 1992; VAN HORSSEN et al., 2006) Recently, WEBSTER et 
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al. (2009) found a decrease of laminin immunoreactivity by prolonged formalin fixation 

of up to 7 weeks. SIXT et al. (2001) showed that in EAE the permeability of 

endothelial and astrocytes end feet basement membranes for leukocytes strongly 

depends on the involvement of certain laminin isoforms. Moreover, the failure to 

demonstrate a laminin upregulation associated with astroglial scar formation 

suggests that other molecules may play a more significant role in preventing axon 

regeneration following human spinal cord injury (BUSS et al., 2007). Therefore, the 

failure to detect laminin in this study may be due to the lack of laminin receptor 

expression of endothelial cells in case of an activation-induced matrix production 

(SOBEL, 1998; VAN HORSSEN et al., 2007; BONNEH-BARKAY et al., 2009).  

As a pathogenetical mechanism for deposition and degradation of ECM molecules 

and thus progression of distemper lesions an imbalance of matrix metalloproteinases 

(MMPs) and their inhibitors (TIMPs) is suggested. MMPs and TIMPs were 

prominently up-regulated in acute and subacute non-inflammatory distemper lesions. 

It was showed that they were mainly expressed by astrocytes and brain 

macrophages/microglia and by perivascular inflammatory cells in advanced lesions. 

In subacute inflammatory and chronic plaques, a moderate to strong decrease of 

MMP and TIMP expression except for MMP-11, -12, and -13 compared to acute 

lesions was observed (MIAO et al., 2003). 
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Fig. 49: Suspected pathogenesis of ECM accumulation in canine distemper 

 
 

Virally or immunopathologically induced insults lead to an activation mainly of glial cells (especially 

astrocytes), endothelial cells and inflammatory cells. Thus, due to TGF-β upregulation and an altered 

MMP/TIMP balance an intralesional accumulation of different ECM molecules and a downregulation of 

phosphacan expression were detected. This might have inhibitory effects on regenerative processes. 
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In summary, it could be shown that an increased expression of different ECM 

molecules occurred in canine demyelinating distemper encephalitis. It is suspected 

that virally or immunopathologically induced insults lead to an activation mainly of 

glial cells (especially astrocytes), endothelial cells and inflammatory cells. Thus, due 

to TGF-β upregulation and an altered MMP/TIMP balance an intralesional 

accumulation of different ECM molecules and a downregulation of phosphacan 

expression could be detected. This environment especially in advanced distemper 

lesion might have inhibitory effects on regenerative processes like axonal sprouting 

and remyelination (fig. 49). 

 

Further in vivo and in vitro studies are needed to elucidate the complex process of 

matrix production and degradation as well as its impact on regenerative attempts of 

the central nervous system in demyelinating diseases. 
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6 ZUSAMMENFASSUNG 

Untersuchungen über die Rolle der extrazellulären Matrix im Gehirn von Hunden 

nach natürlicher Infektion mit dem kaninen Staupevirus 

 

Seham Al-Abed H. Al-Azreg 

 

Im Literaturteil wird ein kurzer Überblick über die Systematik der Gattung 

Morbillivirus, ihr Wirtsspektrum und die Pathogenese der kaninen Staupevirus 

(CDV)-Infektion gegeben. Darüber hinaus wird ihre Rolle als Tiermodell für die 

Multiple Sklerose des Menschen beschrieben. Ein weiterer Teil der Arbeit gibt einen 

allgemeinen Überblick über die Rolle der extrazellulären Matrix (EZM) des zentralen 

Nervensystems unter normalen und pathologischen Bedingungen. Besonderes 

Augenmerk wird dabei auf astrozytär produzierte Proteoglykane und Glykoproteine 

gelegt. Vor allem Veränderungen der extrazellulären Matrix, die während 

pathologischen Prozessen im Rahmen einer demyelinisierenden kaninen 

Staupeleukoenzephalitis auftreten sowie die Rolle der EZM bei der Regeneration, 

werden behandelt. 

 

Die Kleinhirne von insgesamt 19 Hunden wurden für die Studie verwendet. Von 

diesen waren 15 an kaniner Staupeleukoenzephalitis erkrankt. 4 waren gesunde 

Kontrolltiere. 

 

Für histochemische und immunhistologische Untersuchungen wurden Formalin-

fixierte, Paraffin-eingebettete Gewebeproben verwendet. Die Schnitte wurden mittels 

Hämatoxylin-Eosin (HE) sowie Luxol-Fast-Blue-Kresylechtviolett (LFB) gefärbt. 

Darüber hinaus sind für den histochemischen Nachweis der EZM verschiedene 

Methoden, einschließlich der Azan-, Pikrosiriusrot- und Perjodsäure-Schiff-Färbung 

sowie eine Versilberungstechnik nach Gomori, angewendet worden. CDV-

Nukleoprotein-Antigen-spezifische Antikörper sowie Antikörper für den Nachweis von 

Astrozytenmatrixmolekülen, die spezifisch für Aggrecan, Brevican, Kollagen I, 
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Decorin, Neurocan und Phosphacan sind, wurden verwendet. Des Weiteren wurden 

Antikörper gegen Komponenten der Basalmembran (BM) wie Kollagen IV, 

Fibronektin und Laminin gebraucht. Die Gewebeschnitte wurden semiquantitativ und 

morphometrisch ausgewertet. Dadurch wurde der Anteil des positiv reagierenden 

Gewebes im Vergleich zur untersuchten weißen Substanz bzw. Läsion berechnet. 

Die Kleinhirnläsionen der infizierten Hunde mit demyelinisierender 

Staupeenzephalitis sowie die der nicht infizierten Kontrolltiere wurden anhand 

pathomorphologischer und immunhistologischer Untersuchungen der Staupevirus-

Nukleoprotein-Antigen-Expression in 8 Gruppen eingeteilt: Kontrollgruppe (Gruppe 

1), „normal appearing white matter“ der CDV-infizierten Tiere (Gruppe 2), 

Antigennachweise ohne mikroskopische Läsionen (Gruppe 3), Vakuolisierungen 

(Gruppe 4), akute Läsionenen (Gruppe 5), subakute Läsionen ohne Entzündung 

(Gruppe 6), subakute Läsionen mit Entzündung (Gruppe 7) und chronische Plaques 

(Gruppe 8). 

 

Immunhistochemisch wurde Staupevirus-Nukleoprotein-Antigen in allen CDV-

infizierten Hunden nachgewiesen. Das Signal für LFB war deutlich erniedrigt in den 

Plaques der Gruppen 6 bis 8. Bei den Kontrollhunden konnten mittels 

histochemischen Färbungen bzw. Antikörpermarkierungen (bis auf Phosphacan) nur 

geringgradige Mengen an zerebellären EZM in der weißen Substanz nachgewiesen 

werden. Die Laminin-, Fibronectin- und Kollagen Typ IV-Expression in den 

Kleinhirnen der Kontrollhunde war im Wesentlichen auf die vaskulären 

Basalmembranen begrenzt. 

 

In den zerebellären Läsionen der weißen Substanz konnte bei den CDV-infizierten 

Hunden in Bereichen mit Demyelinisierungen eine progressive Zunahme von vielen 

der untersuchten EZM-Molekülen beobachtet werden. Im Kleinhirnparenchym 

bestand die übermäßige Akkumulation der EZM aus Kollagenfasern, hier vor allem 

von Kollagen I, Fibronektin und Mukosubstanzen. Sie war darüber hinaus auf 

demyelinisierende Läsionen, die ein netzartiges Muster ausgehend vom Zentrum der 

Läsion annahmen, begrenzt. Eine Aggrecan-Immunreaktivität konnte im Zentrum 
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chronischer Läsionen, in aktivierten Makrophagen akkumulierend gezeigt werden. 

Während die Brevican-, Decorin-, und Neurocan-Immunreaktivität keine Reaktion bei 

der demyelinisierenden Staupeenzephalitis zeigte, konnte in der Peripherie der 

demyelinisierenden Bereiche Kollagen Typ IV-Immunreaktivität im Zytoplasma von 

Makrophagen nachgewiesen werden. Lediglich die Phosphacan-Immunreaktivität in 

den demyelinisierten Regionen der weißen Substanz wies eine Reduktion auf. 

Darüber hinaus konnte ein Fehlen von Laminin im Parenchym demyelinisierender 

chronischer Läsionen gezeigt werden. Die Unterschiede zwischen der 

Immunreaktivität der akkumulierten Matrixmoleküle, welche eine gestiegene 

beziehungsweise gesunkene Expression in chronischen Staupeenzephalitisläsionen 

aufwiesen, waren statistisch signifikant. 

 

Zusammenfassend zeigen die Befunde dieser Studie, dass schwerwiegende 

Veränderungen der extrazellulären Matrix während einer kaninen demyelinisierenden 

Staupeleukoenzephalitis auftreten. Das beobachtete Muster der Matrixablagerung 

deutet darauf hin, dass unter anderem aktivierte Astrozyten eine wichtige zelluläre 

Quelle der akkumulierten EZM sind.  

Dessen ungeachtet kann diese Studie jedoch nicht ausschließen, dass Leukozyten, 

insbesondere Makrophagen, Endothelzellen, einwandernde meningeale Fibroblasten 

und andere stationäre Zellen bei der Produktion der EZM eine Rolle spielen. 

Angesichts der Unzulänglichkeit der morphologischen und funktionellen 

Regeneration bei der chronischen demyelinisierenden Staupeleukoenzephalitis, kann 

postuliert werden, dass die hochgradige Ablagerung von extrazellulären 

Matrixkomponenten in das Gehirnparenchym bei den kaninen 

Staupeleukoenzephalitisläsionen und des Fehlen der Regeneration der Anwesenheit 

von hemmenden Moleküle wie Chondroitinsulfate-Proteoglykanen zuzuschreiben ist 

und zusätzlich ein Hindernis für die axonale Regeneration darstellt. Daher sind 

weitere in vivo- und in vitro-Studien erforderlich, um die komplexe Zell-EZM-

Interaktion oder auch das Zusammenspiel verschiedener EZM-Moleküle 

untereinander zu analysieren. 
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7 SUMMARY 

Investigation on the role of the extracellular matrix in the brain of dogs after natural 

infection with canine distemper virus 

 

Seham Al-Abed H. Al-Azreg 

 

In the literature section, a short review about the classification of the morbillivirus 

genus, the host spectrum and pathogenesis of canine distemper virus (CDV) 

infection is provided and its role as an animal model for human multiple sclerosis is 

described. Another part deals with a general overview on the role of the extracellular 

matrix (ECM) of the central nervous system under normal as well as pathological 

conditions. In particular, the alteration of the ECM that occurs in demyelinating 

canine distemper leukoencephalitis and its role during regeneration are outlined.  

 

The cerebella of a total of 19 dogs, 15 of them suffering from canine distemper 

leukoencephalitis and 4 healthy control dogs, have been used in the present study. 

 

For histochemical and immunohistochemical investigations formalin-fixed, paraffin-

embedded tissue was used. A hematoxylin and eosin (HE) and a luxol fast blue 

cresyl echt violet stain (LFB) have been employed to detect pathomorphological 

changes and demyelinaton. Furthermore, for histochemical detection of the ECM, 

different methods including the azan stain, the periodic acid Schiff reaction and a 

modified picrosirius red stain as well as the Gomori´s silver method were used. 

Antibodies specific for canine distemper virus nucleoprotein antigen have been 

employed. In addition, immunohistochemical investigations with antibodies specific 

for the detection of predominantly astrocyte-derived matrix molecules like aggrecan, 

brevican, collagen type I, decorin, neurocan and phosphacan were performed. 

Furthermore, antibodies against the basal membrane (BM) components, collagen 

type IV, fibronectin and laminin, were applied.  
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Tissue sections were evaluated semiquantitatively and morphometrically. The 

percentage of the positive area compared to the total lesioned area or investigated 

white matter area was calculated. 

 

The lesions in the cerebella of the infected dogs, suffering from demyelinating 

distemper encephalitis, and the healthy control animals were classified into 8 groups 

by using neuropathological changes and the immunohistochemical detection of 

canine distemper virus nucleoprotein antigen expression as follows: control group 

(group 1), normal appearing white matter (NAWM) of distemper cerebella (group 2), 

areas without microscopical lesions but with detection of CDV-antigen (group 3), 

vacuolization (group 4), acute lesions (group 5), subacute lesions without 

inflammation (group 6), subacute lesions with inflammation (group 7) and chronic 

plaques (group 8). 

 

Canine distemper virus nucleoprotein antigen was present in all distemper dogs, 

whereas no labeling was detected in control sections. The signal for LFB was 

significantly decreased in lesions of group 6 to 8. 

 

In control dogs, none of the staining or antibodies applied detected any changes in 

the cerebellar ECM in the white matter and expression patterns were prominently 

restricted to meninges and vascular basement membranes.  

 

In CDV-infected dogs, a progressively increased accumulation of the ECM in 

demyelinating white matter lesions of the cerebella was observed. Within the 

cerebellum parenchyma the excessive ECM accumulation included various 

proteoglycans, glycoproteins and collagens predominately collagen type I, and 

fibronectin. Their expression was restricted to demyelinated lesions. Many of them 

displayed a reticular pattern starting from the lesion center. In contrast, the aggrecan 

immunoreactivity was demonstrated in the center of the chronic lesions and in foamy 

macrophages. Brevican, decorin and neurocan Immunohistochemistry did not show 

any reaction in any lesion. At the margins of many demyelinating areas, collagen 
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type IV immunoreactivity was demonstrated in the cytoplasm of macrophages. Only 

phosphacan immunoreactivity displayed a reduction in demyelinating lesions. In 

addition, absence of laminin in chronic lesions was detected.  

 

The immunoreactivity of the extracellular matrix molecules with an increased or 

decreased expression displayed significant differences between controls and the 

different groups of infected animals.  

 

Summarized, the provided data indicated that severe alterations of the extracellular 

matrix occurred in canine distemper demyelinating leukoencephalitis. The observed 

pattern of matrix deposition suggests that activated astrocytes represent the main 

cellular source of the accumulated ECM. But the possible involvement of leukocytes, 

in particular macrophages, endothelial cells, pericytes, invading meningeal fibroblasts 

and other resident cell types in the production of ECM in demyelinating canine 

distemper cannot be excluded. Considering the insufficiency of morphological and 

functional regeneration in chronic demyelinating distemper encephalitis it can be 

postulated that severe deposition of the ECM constituents in canine distemper 

leukoencephalitis lesions may constitute an obstacle to axonal regeneration and 

remyelination. Lack of regeneration can also be attributed to the presence of 

inhibitory molecules such as chondroitin sulfate proteoglycans. Additional in vivo and 

in vitro studies are required to elucidate the complex interactions of ECM molecules 

and different cell types. 
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9 APPENDIX 

9.1 Sources of chemicals, reagents and antibodies 

Abcam Ltd., Cambridge, UK (distributor: Acris Antibodies GmbH, 

Hiddenhausen, Germany) 

Anti-murine collagen I antibody, polyclonal from rabbit, catalog no. ab21286 

 

Acris Antibodies GmbH, Hiddenhausen, Germany 

Anti-human collagen IV antibody, polyclonal from rabbit, catalog no. BP5031 

 

Becton Dickinson GmbH, Heidelberg, Germany 

Anti-rat brevican antibody, monoclonal from mouse, clone 2, catalog no. 610894 

 

Biologo, Dr. Hartmut Schultheiß e.K., Immunbiologische Produkte, 

Kronshagen, Germany 

Ascites from non-immunized Balb/c mice, catalog no. CL8100 

 

Chemicon International, Inc., Temecula, USA 

Anti-murine aggrecan antibody, polyclonal from rabbit, catalog no. AB1031 

Anti-rat neurocan antibody, monoclonal from mouse, catalog no. MAB5212 

Anti-rat phosphacan antibody, monoclonal from mouse, catalog no. MAB5210 

 

Chroma Gesellscheft Schmid GmbH & Co., Karlsruhe, Germany 

Orange G, catalog no. 1B221 

 

C. Roth GmbH & Co. KG, Karlsruhe, Germany 

Acetic acid-n-butyl ester (EBE), catalog no. 4600.7 

Ethanol, Rotipuran®, catalog no. 9065 

Formaldehyde, 37%, catalog no. 7398  

Mayer’s Haematoxylin solution, catalog no. T865.1 
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Haematoxylin, catalog no. 3816.2 

Hydrogen peroxide 30%, Rotipuran® p.a., catalog no. A8070.1 

Hydrochloric acid, Rotipuran® 25% p.a., catalog no. 6331.3 

Methanol, Rotipuran®, 99, 9% p.a., catalog no. 4627.6 

Sodium chloride, catalog no. P029.2 

Sodium hydroxide, p.a., catalog no. 6771.1 

2-propanol (Isopropyl alcohol, isopropanol), Rotipuran®, catalog no. 6752 

Roticlear®, catalog no. A538.3 

Roti®-Histol, catalog no. A6640 

Roti® Histo kit II, catalog no. T160.2 

Hydrochloric acid, Rotipuran®, ≥25% p.a., catalog no.  6331.3 

Schiff’s reagent, catalog no. X900.2  

Silver nitrate pure, catalog no. 9370.2 

Tris-(hydroxymethyl)-aminomethan, TRIS Ultra Quality, catalog no. A5429.3 

Citric acid monohydrate, p.a., catalog no. 3958.1 

 

DakoCytomation GmbH (formerly Dako® Diagnostika GmbH), Hamburg, 

Germany 

Peroxidase-coupled rabbit anti-goat immunoglobulin, catalog no. P0449 

Anti-bovine GFAP antibody, polyclonal from rabbit, catalog no. Z0334 

Anti-human Von Willebrand Factor (factor VIII) antibody, polyclonal from rabbit, 

catalog no. A0082 

Target Retrieval Solution (Ready-to-use), catalog no. S1700 
 

DyStar Textilfarben GmbH & Co. KG, Frankfurt, Germany 

Sirius Red F3B, catalog no. 01068273 

 

Fluka Chemie GmbH, Buchs, Switzerland 

Alcian blue 8GX, catalog no. 05500 

Aniline oil, aniline pure, catalog no. 10410 

3.3’-diaminobenzidine tetrahydrochloride dihydrate pure (DAB) p.a., catalog no. 

32750 
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Merck KGaA, Darmstadt, Germany 

Ammonia solution, 25% p.a., catalog no. 1.05432.1000 

Aniline blue, catalog no. 1279 

Iron (III) chloride, catalog no. 8.03945.0500  

Potassium disulphate, p.a., catalog no. 1.05057.0500 

Potassium hydroxide, p.a., catalog no. 1.05033.0500 

Potassium permanganate, p.a., catalog no. 1.05082.0250 

Pronase E, catalog no. K 39324033. 848 

Sodium thiosulphate, catalog no. 1.06512.2500 

Paraldehyde, catalog no. 8.18255.100  

Pararosaniline, catalog no. 1.07509.0025 

Hydrochloric acid, 1M, catalog no. 1.09057.1000 

Thymol, crystalline pure, catalog no. 1.08167.1000 

Tungstiophosphoric acid hydrate, p.a, catalog no. 1.00583.0250 

Tetrachlorogold (III) acid trihydrate, p.a, catalog no. 1.01582.0001 

 

Örvell C., Hudding University Hospital, Department of Clinical Virology, 

Karolinska Institute, Stockholm, Schweden 

Anti-canine distemper virus nucleoprotein, monoclonal from mouse, clone 3991 

 

Quartett, Berlin, Germany 

Anti-mouse laminin antibody, polyclonal from rabbit, catalog no. 2120100401 

 

R & D Systems GmbH, Wiesbaden, Germany 

Anti-murine decorin antibody, polyclonal from goat, catalog no. AF1060 

 

Riedel-de Haën AG, Seelze, Germany 

Acetone, pure, catalog no. 24201 

Ammonium iron (III) sulphate p.a., catalog no. 31111 

Azocarmine G, catalog no. 32684 

Acetic acid, 100% pure (glacial), catalog no. 27225 
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Ortho-periodic acid pure, catalog no. 03304 

 

Serva Electrophoresis GmbH, Heidelberg, Germany 

Ethylene-diamine-tetra-acetic acid (EDTA), catalog no. 11280 

 

Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany 

Anti-human fibronectin antibody, polyclonal from rabbit, catalog no. F 3648 

Bovine serum albumin (BSA), catalog no. A 3059  

Chondroitinase ABC from Proteus vulgaris, catalog no. C 3667 

Rabbit serum, catalog no. R 4505 

Protease Type XIV, catalog no. P 5147 

 

Vector Laboratories, Inc., Burlingame, USA (distributor: Biologo, Kronshagen, 

Germany) 

Biotinylated goat anti-rabbit immunoglobulin, catalog no. BA 1000 

Biotinylated goat anti-mouse immunoglobulin, catalog no. BA 9200 

Vectastain Elite ABC kit, catalog no. PK-6100  

 

VWR™ International GmbH, Darmstadt (formerly Merck KGaA, Darmstadt, 

Germany) 

30% hydrogen peroxide, H2O2 (Perhydrol®) p.a, catalog no. 1.07209.0250 

Xylene pure, catalog no. 1.08685  

Calcium chloride-dihydrate, catalog no. 1.02382.0500 

Di-sodiumhydrogenphosphat-dihydrate, p.a., catalog no.1.06580.1000 

 

9.2 Sources for equipment and disposable items 

Carl Zeiss AG, Göttingen, Germany 

Microscope, Axiostar plus 
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Gerhard Menzel Glasbearbeitungswerk GmbH & Co. KG, Braunschweig, 

Germany 

Super Frost®, Plus microscopic slides, catalog no. 041300 

 

Kendro Laboratory Products GmbH, Langenselbold, Germany 

Heraeus drying oven UT 6 

 

Leica Microsystems Nussloch GmbH, Nussloch, Germany 

Automatic slide stainer, Leica ST 4040 

Microtome, Leica RM2035 

 

Medite Medizintechnik, Burgdorf, Germany 

Automatic cover slipper, Promountes RCM 2000 

 

Memmert GmbH + Co. KG, Schwabach, Germany 

Water bath WB 22 

Water bath WB 45 

 

Mettler-Toledo GmbH, Gießen, Germany 

Microbalance LabStyle 204 

 

C. Roth GmbH & Co. KG, Karlsruhe, Germany 

Rotiprotect® Nitril glaves, catalog no. P777.1 

 

Schleicher & Schuell, Dassel, Germany 

Filtere Paper, S&S round filter 150 mm diameter, catalog no. 311612 

 

System GmbH, Wettenberg, Germany 

Autoclave 3850 ELC 

 

Thermo Electron Ltd., Dreieich, Germany 
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Shandon CoverplatesTM, catalog no. 72110013 

Shandon Sequenza® Slide Racks catalog no. 7331017 

 

W. Knittel Glasbearbeitungs GmbH, Braunschweig, Germany 

Cover glass (24 x 50 mm) 

 

9.3 Solutions and buffers  

9.3.1 Solutions for the special stains 

9.3.1.1 Solutions for the Heidenhain´s Azan stain 

Alcoholic Aniline solution 

10 ml aniline oil 

ad. 1000 ml of 96% ethanol 

 

Aniline blue-Orange G-acetic acid solution 

0.5 g aniline blue 

2 g Orange G 

In 100 ml of distilled water, allow to cool 

8 ml acetic acid, glacial 

Filtration of the solution 

 

Aniline blue-Orange G-acetic acid-use solution 

1 part aniline blue-Orange G-acetic acid solution 

2 parts distilled water 

 

Azocarmine solution 

0.1 g azocarmine G  

100 ml distilled water 

Solution boils briefly; cool; filter 

1 ml acetic acid, glacial 
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5% phosphotungstic acid solution 

5 g tungstiophosphoric acid hydrate 

100 ml distilled water 

 

9.3.1.2 Solutions for the modified picrosirius red stain 

Gomori´s aldehyde fuchsin solution 

2.5 g pararosaniline 

500 ml 70% ethanol; solve completely  

5 ml hydrochloric acid 

25 ml paraldehyde 

Leave solution for 24 hour, then use 

 

1% alcian blue solution (pH 2.5) 

1 g alcian blue 8GX 

100 ml 3% acetic acid 

1 crystal thymol 

Leave solution for 24 hour, then use 

 

Sirius red solution 

1.25 g sirius red F3B 150 

100 ml distilled water 

 

0.1% Picrosirius red solution 

10 ml Sirius red solution 

90 ml water, cold saturated picric acid 

 

Weigert’s iron hematoxylin solution 

Shortly before use 1 part solution A and 1 part solution B mix 

Solution A 

3 g haematoxylin 

300 ml 98% ethanol 
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Leave solution for 24 hour, then use 

Solution B 

6 ml 29% iron (III) chloride solution 

1.5 ml 25% hydrochloric acid 

142.5 ml distilled water 

 

9.3.1.3 Solutions for the PAS (Periodic acid Schiff) – reaction 

1% periodic acid 

10 g ortho-periodic acid 

1000 ml distilled water 

 

9.3.1.4 Solutions for the Gomori´s silver stain 

Ammonia silver solution 

20 ml 10% silver nitrate solution 

4 ml 10% potassium hydroxide 

add 25% ammonia until the precipitation is solved 

10% silver nitrate solution shakes well until precipitate becomes difficult to disappear 

Double in volume with distilled water and mix thoroughly 

 

2% ammonium (III) sulphate solution 

2 g ammonium iron (III) sulphate 

100 ml distilled water 

 

0.4% formalin 

4 ml formaldehyde (37%) 

1000 ml distilled water 

 

0.1% gold chloride solution 

0.1 g tetrachlorogold (III) acid trihydrate (gold chloride) 

100 ml distilled water 
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10% potassium hydroxide 

10 g of potassium hydroxide 

100 ml distilled water 

 

2.5% potassium disulphate solution 

2.5 g potassium disulphate 

100 ml distilled water 

 

1% potassium permanganate solution 

1 g potassium permanganate 

100 ml distilled water 

 

2.5% sodium thiosulphate 

2.5 g sodium thiosulphate 

100 ml distilled water 

 

10% silver nitrate solution 

10 g of silver nitrate 

100 ml distilled water 

 

9.3.1.5 Solutions for the Luxol fast blue stain 

Cresyl violet solution 

0.1 g cresyl violet 

100 ml distilled water 

Before use add 5 drops of 10% acetic acid to 30 ml cresyl violet solution 

 

Luxol fast blue solution 

0.1 g LFB 

100 ml 95% ethanol 

0.5 ml 10% acetic acid 
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9.3.2 Solutions for immunohistochemistry 

3.3'-Diaminobenzidine tetrahydrochlorid solution (DAB) 

Prepare shortly before use 

0.1 g 3.3'-diaminobenzidine tetra hydrochloride 

200 ml PBS 

200 μl 30% hydrogen peroxide 

 
1 M sodium hydroxide 

40 g sodium hydroxide 

1000 ml distilled water 

 
Phosphate buffered saline (PBS) 

40 g sodium chloride 

8.97 g sodium hydrogen phosphate 

5000 ml distilled water 

With 1 M sodium hydroxide adjust pH at 7.1 

 
TRIS buffer, pH 8.0 

6.057 g Tris (hydroxymethyl)-aminomethan (TRIS) 

1000 ml distilled water 

With 1 M hydrochloric acid adjust the pH value to 7.0 

 
Citrate buffer, pH 6.0 

2.1 g of citric acid monohydrate 

1000 ml distilled water 

With 1 M sodium hydroxide adjust the pH value to 6.0 



APPENDIX 177 

9.4 Tables 

Table 9.4.1: Medians, maxima and minima and number of investigated areas in different 

histochemical investigations of controls and distemper dogs 

 

N = number of investigated areas; 1 = control group; 2 = normal appearing white matter (NAWM); 3 = 

antigen without lesion; 4 = vacuolation; 5 = acute; 6 = subacute without inflammation; 7 = subacute 

with inflammation; 8 = chronic; PSR-red = picrosirius red stain, red signal; PSR-blue = picrosirius red 

stain, blue signal; Gomori = Gomori`s silver stain 

Group   Azan PSR-red PSR-blue Gomori 
1 N 20 20 20 20 
 Median 0,012931 0,0602275 0 0 
 Minimum 0 0,009749 0 0 
 Maximum 0,142919 0,203317 0,081135 0,006362 
2 N 34 34 34 34 
 Median 0,0105315 0,032048 0,00461 0 
 Minimum 0 0 0 0 
 Maximum 0,144322 0,632151 0,696956 0,008016 
3 N 40 40 40 40 
 Median 0,0241275 0,071336 0 0 
 Minimum 0 0 0 0 
 Maximum 0,397029 0,418407 1,460561 0,115441 
4 N 8 8 8 8 
 Median 0,03167 0,0393555 0,0056175 0,000355 
 Minimum 0,008116 0 0 0 
 Maximum 0,06171 0,177844 0,749333 0,005638 
5 N 31 30 31 30 
 Median 0,034991 0,0452565 0,06893 0,002627 
 Minimum 0 0,009573 0 0 
 Maximum 0,215043 0,824877 4,318582 0,030974 
6 N 18 18 18 18 
 Median 0,0358485 0,074351 0,0463095 0,001792 
 Minimum 0,005113 0,005416 0 0 
 Maximum 0,168464 0,635545 0,650585 0,121142 
7 N 8 8 8 8 
 Median 0,039385 0,1133305 0,1174425 0,0010365 
 Minimum 0,009962 0,079974 0,003938 0 
 Maximum 0,121992 0,814599 0,569487 0,011974 
8 N 10 10 10 10 
 Median 0,225722 1,100116 0,8492115 1,001906 
 Minimum 0,030108 0,292352 0,079794 0,10932 

  Maximum 0,652629 2,889477 1,937464 1,620246 
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Table 9.4.2: Medians, maxima and minima and number of investigated areas in different 

immunhistochemical investigations of controls and distemper dogs 

Group   CDV  Agg Col-I Col-IV FN LM Ph GFAP F VIII 
1 N 20 20 20 20 20 20 20 20 20 

Median 0 0,01 0,35 0,24 1,12 0,58 6,15 34,5 1,23 
Min 0 0 0 0,01 0 0 4 20 0,32 

 

Max 0 0 1 0,6 2 2 10 50 3,54 
2 N 34 34 34 34 34 34 34 34 34 

Median 0 0,04 0,43 0,25 0,79 0,31 5,04 15 0,84 
Min 0 0 0 0,01 0 0 2 10 0,02 

 

Max 0 0 1 1,55 2 1 8 73,5 3,87 
3 N 40 40 40 40 40 40 40 40 40 

Median 8,30 0,07 0,54 0,61 0,8 0,55 4,16 29 0,92 
Min 3 0 0 0,05 0 0 2 10,3 0,10 

 

Max 15 0 2 2,06 2 3 10 61,3 4,02 
4 N 8 8 8 8 8 8 8 8 8 

Median 5,75 0,13 0,41 0,69 0,86 0,54 3,69 26,5 1,16 
Min 0 0 0 0,26 0 0 3 16,5 0,24 

 

Max 14 1 1 2,54 4 2 9 56 2,62 
5 N 31 31 31 31 31 31 31 31 31 

Median 9,30 0,08 0,93 0,79 1,88 0,72 3,41 27,6 1,06 
Min 0 0 0 0,05 0 0 1 14 0,10 

 

Max 19,5 0 2 2,98 4 2 10 68 4,96 
6 N 18 18 18 18 18 18 18 18 18 

Median 11,12 0,12 1,81 1,00 1,85 1,44 2,35 33,6 2,03 
Min 1 0 0 0,13 1 0 1 11,6 0,87 

 

Max 24 0 3 2,68 5 3 8 70,5 5,54 
7 N 8 8 8 8 8 8 8 8 8 

Median 9,50 0,11 1,36 1,07 1,27 0,92 3,13 33,5 1,79 
Min 7,5 0 1 0,57 1 0 2 16 0,88 

 

Max 18 0 4 1,89 3 2 8 60 2,29 
8 N 10 10 10 10 10 10 10 10 10 

Median 0 0,18 5,36 1,87 4,48 0 2,44 12,25 2,27 
Min 0 0 3 0,52 3 0 1 7 1,15 

 

Max 5 1 8 2,98 7 0 3 15,6 3,80 
 
N = number of investigated areas; Min = minimum; Max = maximum; 1 = control group; 2 = normal 

appearing white matter (NAWM); 3 = antigen without lesion; 4 = vacuolation; 5 = acute; 6 = subacute 

without inflammation; 7 = subacute with inflammation; 8 = chronic; CDV = Canine distemper virus; Agg 

= Aggrecan; Col-I = Collagen I; Col-IV = Collagen IV; F VIII = Factor VIII-related protein; FN = 

Fibronectin; GFAP = Glial fibrillary acidic protein; LM = Laminin; Ph = Phosphacan 
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Table 9.4.3: P values of the multiple pair-wise comparisons of geometric means (Tukey-

Kramer-Test) of histochemical and immunohistochemical investigations 

(logarithmic data) 

Group L Azan L PSR-red L PSR-blue L Gomori L CDV L GFAP 
1 and 2 0.9806 0.5102 0.8815 0.6679 - 0.0411 
1 and 3 0.3499 0.7410 0.2962 0.2096 - 0.1496 
1 and 4 0.4015 0.7311 0.3699 0.9622 - 0.7122 
1 and 5 0.0843 0.7129 0.1128 0.1728 - 0.6064 
1 and 6 0.1545 0.4421 0.1105 0.1417 - 0.8115 
1 and 7 0.5767 0.0157 0.4825 0.7420 - 0.3166 
1 and 8 0.0004 0.0028 0.0016 <.0001 - 0.0031 
2 and 3 0.1855 0.1078 0.0566 0.3235 - 0.2216 
2 and 4 0.3010 0.7804 0.1744 0.7348 - 0.0478 
2 and 5 0.0224 0.6803 0.0076 0.2626 - 0.0152 
2 and 6 0.0604 0.0412 0.0097 0.2072 - 0.0061 
2 and 7 0.4617 <.0001 0.2115 0.9173 - 0.1562 
2 and 8 <.0001 <.0001 0.0001 <.0001 - 0.0456 
3 and 4 0.9190 0.4046 0.9865 0.2754 0.4571 0.2122 
3 and 5 0.2212 0.2846 0.3494 0.8571 0.1807 0.1311 
3 and 6 0.4298 0.4802 0.3486 0.6976 0.0356 0.0576 
3 and 7 0.7137 0.0026 0.6543 0.2916 0.0266 0.6122 
3 and 8 0.0006 0.0011 0.0022 <.0001 0.0006 0.0106 
4 and 5 0.4315 0.9749 0.5220 0.2300 0.1075 0.9062 
4 and 6 0.6313 0.2068 0.5095 0.1910 0.0350 0.8366 
4 and 7 0.7123 0.0030 0.7230 0.8002 0.0245 0.4712 
4 and 8 0.0025 0.0009 0.0079 <.0001 0.0032 0.0038 
5 and 6 0.7117 0.1207 0.9588 0.8290 0.4681 0.6845 
5 and 7 0.1844 0.0006 0.2206 0.2392 0.3324 0.4629 
5 and 8 0.0048 0.0003 0.0093 <.0001 0.0002 0.0020 
6 and 7 0.3233 0.0205 0.1912 0.1874 0.7389 0.2604 
6 and 8 0.0027 0.0037 0.0082 <.0001 <.0001 0.0008 
7 and 8 0.0006 0.1512 0.0011 <.0001 <.0001 0.0069 
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Table 9.4.3 (continued) 
 

Group L F VIII L Agg L Col-I L Col-IV L FN L LN L Ph 
1 and 2 0.1836 0.0076 0.3255 0.1638 0.3701 0.8164 0.1610
1 and 3 0.2465 <.0001 0.0650 0.2356 0.2205 0.5621 0.0281
1 and 4 0.2878 <.0001 0.1265 0.1276 0.4985 0.4485 0.3106
1 and 5 0.9604 <.0001 0.0056 0.0727 0.1234 0.2199 0.0033
1 and 6 0.4636 <.0001 0.0003 0.0172 0.0751 0.0040 <.0001
1 and 7 0.9550 <.0001 <.0001 0.0193 0.1486 0.0134 0.0124
1 and 8 0.2086 <.0001 <.0001 0.0091 0.0028 - 0.0010
2 and 3 0.6717 0.0004 0.1720 0.0005 0.5968 0.2431 0.2233
2 and 4 0.8291 <.0001 0.3469 0.0019 0.0699 0.2397 0.8376
2 and 5 0.0162 <.0001 0.0063 0.0001 0.0009 0.0497 0.0172
2 and 6 0.0003 <.0001 <.0001 <.0001 0.0004 0.0002 <.0001
2 and 7 0.0456 <.0001 <.0001 <.0001 0.0030 0.0015 0.0802
2 and 8 0.0025 0.0004 <.0001 0.0002 <.0001 - 0.0045
3 and 4 0.9516 0.0194 0.9893 0.4571 0.0306 0.7175 0.2879
3 and 5 0.0300 0.1651 0.1051 0.3089 0.0002 0.3246 0.1454
3 and 6 0.0006 0.0276 0.0025 0.0563 0.0001 0.0014 0.0008
3 and 7 0.0774 0.0495 0.0001 0.0665 0.0011 0.0101 0.3936
3 and 8 0.0041 0.0567 <.0001 0.0285 <.0001 - 0.0196
4 and 5 0.1133 0.1964 0.2335 0.9845 0.3997 0.7110 0.0470
4 and 6 0.0111 0.5371 0.0210 0.4760 0.2644 0.0232 0.0009
4 and 7 0.1568 0.5362 0.0021 0.4487 0.4360 0.0602 0.1211
4 and 8 0.0118 0.9001 <.0001 0.1431 0.0098 - 0.0083
5 and 6 0.1679 0.4069 0.1242 0.3811 0.7011 0.0172 0.0403
5 and 7 0.9876 0.4714 0.0112 0.3682 0.9984 0.0665 0.6942
5 and 8 0.0905 0.2647 <.0001 0.1093 0.0223 - 0.1287
6 and 7 0.2182 0.9695 0.2146 0.9223 0.7224 0.7863 0.0250
6 and 8 0.3541 0.5351 0.0006 0.2778 0.0343 - 0.8338
7 and 8 0.0976 0.5298 0.0073 0.3211 0.0228 - 0.0824

 

White field = significant (p<0.0001); light grey field = significant (p<0.05); dark grey field = not 

significant; 1 = control group; 2 = normal appearing white matter (NAWM); 3 = antigen without lesion; 

4 = vacuolation; 5 = acute; 6 = subacute without inflammation; 7 = subacute with inflammation; 8 = 

chronic; CDV = Canine distemper virus; PSR-red = picrosirius red stain, red signal; PSR-blue = 

picrosirius red stain, blue signal; Gomori = Gomori`s silver stain; Col-I = Collagen I; Col-IV = Collagen 

IV; F VIII = Factor VIII-related protein; FN = Fibronectin; GFAP = Glial fibrillary acidic protein; LM = 

Laminin; Ph = Phosphacan; L = logarithmized values 

http://dict.leo.org/ende?lp=ende&p=5tY9AA&search=logarithmize�
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Table 9.4.4: The geometric mean and geometric standard deviations in different 

histochemical and immunohistochemical investigations of controls and 

distemper dogs (logarithmic data) 

Group CDV-gm CDV-sug CDV-slg 
1 - - - 
2 - - - 
3 7,247366278 10,35387036 5,072916325 
4 6,272291325 10,61584319 3,705936284 
5 9,26208005 12,67489584 6,76819186 
6 10,25823148 15,86684484 6,632151144 
7 10,25146165 13,67478725 7,685126208 
8 2,15443469 0 0 

Group Azan-gm Azan-sug Azan-slg 
1 0,019119739 0,024231679 0,015086219 
2 0,018960676 0,040320494 0,008916241 
3 0,027659414 0,052703878 0,014515881 
4 0,029999886 0,053217801 0,016911506 
5 0,04010124 0,091865839 0,017504978 
6 0,035147533 0,07319657 0,016877145 
7 0,024422929 0,06320023 0,009437932 
8 0,179975296 0,205838766 0,157361549 

Group PSR-red-gm PSR-red-sug PSR-red-slg 
1 0,058937583 0,084280414 0,041215254 
2 0,041819052 0,097778373 0,017885684 
3 0,06733758 0,190795689 0,023765472 
4 0,047058663 0,113557958 0,019501211 
5 0,046928918 0,103397803 0,021299518 
6 0,098962824 0,351026693 0,027899988 
7 0,253809941 0,767379348 0,08394738 
8 1,099939909 1,172529259 1,031844446 

Group PSR-blue-gm PSR-blue-sug PSR-blue-slg 
1 0,028379374 0,028696053 0,02806619 
2 0,027836017 0,059606889 0,012999233 
3 0,05892108 0,205858316 0,016864481 
4 0,094762871 0,73159957 0,012274477 
5 0,107778212 0,441603163 0,026304483 
6 0,095167019 0,254456698 0,035592545 
7 0,049811035 0,250342843 0,009910965 
8 0,614331112 1,350935159 0,279364048 
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Table 9.4.4 (continued) 
 

Group Gomori-gm Gomori-sug Gomori-slg 
1 0,001953815 0,004173744 0,000914621 
2 0,002773947 0,003977605 0,001934527 
3 0,004670243 0,016187149 0,001347437 
4 0,001888578 0,004911296 0,000726229 
5 0,004733781 0,013423155 0,001669405 
6 0,005539849 0,02646518 0,001159634 
7 0,002561411 0,008624327 0,000760735 
8 3,555 7,294971216 0,164343439 

Group Aggrecan-gm Aggrecan-sug Aggrecan-slg 
1 0,012141318 0,024380613 0,006046263 
2 0,031120751 0,054632184 0,017727667 
3 0,072309372 0,142395597 0,036719149 
4 0,148116858 0,369172655 0,059426405 
5 0,098344096 0,157066697 0,061576141 
6 0,131013863 0,228524534 0,075110677 
7 0,132836074 0,236404857 0,074640693 
8 0,18539798 0,319461186 0,107594953 

Group Collagen-I-gm Collagen-I-sug Collagen-I-slg 
1 0,27684689 0,439768233 0,174283168 
2 0,375291057 0,577143683 0,244035205 
3 0,489429759 0,794826321 0,301375889 
4 0,464429144 0,607027911 0,355328685 
5 0,719903214 1,203877616 0,430492794 
6 1,068818318 2,869530353 0,398104378 
7 1,487323092 2,808368608 0,787692176 
8 5,514676717 6,141318542 4,951975554 

Group Collagen-IV-gm Collagen-IV-sug Collagen-IV-slg 
1 0,348281196 0,685221296 0,177022798 
2 0,20004421 0,465783943 0,085914696 
3 0,551530483 1,248215054 0,243696687 
4 0,723925941 1,524924958 0,343668562 
5 0,727085265 1,350356446 0,391491435 
6 0,971373236 1,944972032 0,485130865 
7 1,034487688 1,431586982 0,747537377 
8 1,725375781 2,384870441 1,24825296 

 
 
 
 
 
 
 



APPENDIX 183 

Table 9.4.4 (continued) 
 

Group Fibronectin-gm Fibronectin-sug Fibronectin-slg 
1 1,012204099 1,28841453 0,795207687 
2 0,764329148 1,286238531 0,454191842 
3 0,691949848 1,266045054 0,378181322 
4 1,191808043 3,241674215 0,438170624 
5 1,673684926 2,319540044 1,207662372 
6 1,872801613 2,925315934 1,198976781 
7 1,58183967 2,673746565 0,935846641 
8 3,942204473 4,448746089 3,493338526 

Group Laminin-gm Laminin-sug Laminin-slg 
1 0,378017282 0,608164886 0,234964348 
2 0,344468943 0,565855913 0,209697999 
3 0,478136541 1,155594122 0,197832913 
4 0,520266844 1,208956907 0,223893496 
5 0,62038472 1,095508751 0,351322799 
6 1,417376352 3,125288826 0,64280642 
7 1,217122628 1,839123674 0,805485521 
8 - - - 

Group Phosphacan-gm Phosphacan-sug Phosphacan-slg
1 6,273130045 6,806340054 5,781691812 
2 4,733884099 6,519044625 3,437567918 
3 4,070746407 5,742987642 2,88542782 
4 4,757024358 7,92950844 2,85380625 
5 3,298561606 3,93568784 2,764576134 
6 2,428660071 3,829999288 1,540049827 
7 3,66320478 6,232955217 2,152922458 
8 2,260784806 2,431437941 2,102109148 

Group GFAP-gm GFAP-sug GFAP-slg 
1 34,56244571 40,78056686 29,29244848 
2 20,48544437 33,61160517 12,4853731 
3 25,48554496 39,29587634 16,52878272 
4 30,3340028 45,53037973 20,20962117 
5 31,63336741 43,69090398 22,90339275 
6 34,03524407 49,30415532 23,49493327 
7 29,44119838 50,39478356 17,19987866 
8 11,42762074 11,66072243 11,19917882 
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Table 9.4.4 (continued) 
 

Group Factor VIII-gm Factor VIII-sug Factor VIII-slg 
1 1,31020728 1,674340152 1,025265455 
2 0,717027153 1,944873764 0,264350287 
3 0,80887974 2,124172321 0,308019471 
4 0,840870125 2,187705772 0,3231982 
5 1,126991761 2,449396162 0,518540222 
6 1,913205792 2,98891563 1,224643601 
7 1,578678221 1,815071843 1,37307233 
8 2,280989393 3,33468663 1,560240343 

 

1 = control group; 2 = normal appearing white matter (NAWM); 3 = antigen without lesion; 4 = 

vacuolation; 5 = acute; 6 = subacute without inflammation; 7 = subacute with inflammation; 8 = 

chronic; CDV = Canine distemper virus; GFAP = Glial fibrillary acidic protein; gm = geometric mean; sug 

= geometric mean + upper geometric standard deviation; slg = geometric mean - lower geometric 

standard deviation 
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Table 9.4.5: P values of Pearson`s correlation coefficient 
 

 
 LFB L CDV L Azan L PSR-r L PSR-b L Gom
Correlation 
coefficient 

100.000 -0.1209 -0.2024 -0.5553 -0.1975 -0.3786

P value  0.4514 0.1346 <.0001 0.1736 0.0080
LFB 

N 59 41 56 58 49 48 
Correlation 
coefficient 

-0.1209 100.000 -0.2610 0.1905 -0.0399 -0.4839

P value 0.4514  0.1038 0.2390 0.8197 0.0032
L CDV 

N 41 41 40 40 35 35 
Correlation 
coefficient 

-0.2024 -0.2610 100.000 0.1463 0.3482 0.2466

P value 0.1346 0.1038  0.2863 0.0165 0.0946
L Azan 

N 56 40 56 55 47 47 
Correlation 
coefficient 

-0.5553 0.1905 0.1463 100.000 0.2341 0.4734

P value <.0001 0.2390 0.2863  0.1091 0.0008
L PSR-red 

N 58 40 55 58 48 47 
Correlation 
coefficient 

-0.1975 -0.0399 0.3482 0.2341 100.000 0.2556

P value 0.1736 0.8197 0.0165 0.1091  0.1114
L PSR-blue 

N 49 35 47 48 49 40 
Correlation 
coefficient 

-0.3786 -0.4839 0.2466 0.4734 0.2556 100.000

P value 0.0080 0.0032 0.0946 0.0008 0.1114  
L Gom 

N 48 35 47 47 40 48 
Correlation 
coefficient 

-0.4283 0.0804 0.3430 0.3310 0.3238 0.2062

P value 0.0007 0.6172 0.0096 0.0111 0.0232 0.1597
L Agg 

N 59 41 56 58 49 48 
Correlation 
coefficient 

-0.6685 -0.0168 0.2423 0.5247 0.1939 0.5576

P value <.0001 0.9191 0.0775 <.0001 0.1866 <.0001
L Col-I 

N 57 39 54 57 48 46 
Correlation 
coefficient 

-0.4276 -0.0607 0.3045 0.3274 0.3896 0.2303

P value 0.0008 0.7059 0.0238 0.0129 0.0056 0.1193
L Col-IV 

N 58 41 55 57 49 47 
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Table 9.4.5 (continued) 
 

 
 LFB L CDV L Azan L PSR-r L PSR-b L Gom
Correlation 
coefficient 

-0.4687 0.1040 0.3023 0.2349 0.3041 0.3341

P value 0.0002 0.5285 0.0263 0.0813 0.0336 0.0232
L FN 

N 57 39 54 56 49 46 
Correlation 
coefficient 

-0.5073 0.3181 0.4212 0.2449 0.0832 -0.2385

P value 0.0002 0.0667 0.0032 0.0899 0.6048 0.1493
L LN 

N 49 34 47 49 41 38 
Correlation 
coefficient 

0.4272 -0.2356 -0.2150 -0.0740 -0.3785 -0.2586

P value 0.0009 0.1432 0.1183 0.5877 0.0087 0.0759
L Ph 

N 57 40 54 56 47 48 
Correlation 
coefficient 

0.0448 0.1642 0.2315 -0.1637 -0.1120 -0.4067

P value 0.7361 0.3049 0.0860 0.2193 0.4436 0.0041
L GFAP 

N 59 41 56 58 49 48 
Correlation 
coefficient 

-0.3779 -0.0101 0.1471 0.2985 0.1423 0.1222

P value 0.0034 0.9506 0.2837 0.0241 0.3343 0.4129
L F VIII 

N 58 40 55 57 48 47 
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Table 9.4.5 (continued) 
 

 
  L Agg L Col-I L Col-IV L FN L LN L Ph L GFAP

Correlation 
coefficient 

100.000 0.53340 0.65938 0.50219 0.57168 -0.2425 0.0808 

P value  <.0001 <.0001 <.0001 <.0001 0.0691 0.5429 
L Agg 

N 59 57 58 57 49 57 59 
Correlation 
coefficient 

0.53340 100.000 0.51659 0.55340 0.47500 -0.3573 -0.0646

P value <.0001  <.0001 <.0001 0.0006 0.0074 0.6329 
L Col-I 

N 57 57 56 56 49 55 57 
Correlation 
coefficient 

0.65938 0.51659 100.000 0.33852 0.62210 -0.3311 0.2703 

P value <.0001 <.0001  0.0107 <.0001 0.0127 0.0401 
L Col-IV 

N 58 56 58 56 48 56 58 
Correlation 
coefficient 

0.50219 0.55340 0.33852 100.000 0.38328 -0.2688 0.0649 

P value <.0001 <.0001 0.0107  0.0072 0.0472 0.6313 
L FN 

N 57 56 56 57 48 55 57 
Correlation 
coefficient 

0.57168 0.47500 0.62210 0.38328 100.000 -0.2331 0.5592 

P value <.0001 0.0006 <.0001 0.0072  0.1148 <.0001 
L LN 

N 49 49 48 48 49 47 49 
Correlation 
coefficient 

-0.2425 -0.3573 -0.3311 -0.2688 -0.2331 100.000 0.0541 

P value 0.0691 0.0074 0.0127 0.0472 0.1148  0.6892 
L Ph 

N 57 55 56 55 47 57 57 
Correlation 
coefficient 

0.0808 -0.0646 0.2703 0.0649 0.5592 0.0541 100.000

P value 0.5429 0.6329 0.0401 0.6313 <.0001 0.6892  
L GFAP 

N 59 57 58 57 49 57 59 
Correlation 
coefficient 

0.3080 0.3148 0.5172 0.2879 0.3872 -0.0909 0.2371 

P value 0.0187 0.0181 <.0001 0.0314 0.0060 0.5051 0.0731 
L F VIII 

N 58 56 57 56 49 56 58 

Light grey field = significant (p<0.0001); dark grey field = significant (p<0.05); N = number of 

investigated areas; LFB = Luxol fast blue; CDV = Canine distemper virus; PSR-red = picrosirius red 

stain, red signal; PSR-blue = picrosirius red stain, blue signal; Gomori = Gomori`s silver stain; Agg = 

Aggrecan; Col-I = Collagen I; Col-IV = Collagen IV; F VIII = Factor VIII-related protein; FN = 

Fibronectin, GFAP = Glial fibrillary acidic protein; LM = Laminin; Ph = Phosphacan; L = logarithmized 

values 

http://dict.leo.org/ende?lp=ende&p=5tY9AA&search=logarithmize�
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9.5 Abbreviations 

ABC                            Avidin-Biotin-Peroxidase complex 

BBB                            Blood brain barrier 

BM                              Basement membranes 

BSA                            Bovine serum albumin 

°C                               Degree Celsius 

CD                              Cluster of differentiation 

CDV                           Canine distemper virus 

CeMV                         Cetacean morbillivirus 

CNS                           Central nervous system 

CSPGs                       Chondroitin sulphate proteoglycans  

DAB                            3. 3´-diaminobenzidine-tetrahydrochloride 

EAE                            Experimental allergic encephalomyelitis  

EBE                            Acetic acid-n-butyl ester 

ECM                           Extracellular matrix 

FN                              Fibronectin 

GaR-b                        Goat-anti-rabbit-biotin 

GFAP                         Glial fibrillary acidic protein 

g                                 Gram 

GAG                           Glycosaminoglycan 

H Cl                            Hydrochloric acid 

H&E                           Hematoxylin-eosin 

IHC                             Immunohistochemistry 

IL                                Interleukin  

ISH                             in situ hybridization 

LFB                             Luxol fast blue cresyl echt violet 

MeV                            Measles virus 

KDa                            Kilodalton 

LN                              Laminin 

M                                Molar 
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min.                            Minutes 

ml                               Milliliter 

µl                                Microliter 

MMP                           Matrix metalloproteinases 

MS                              Multiple Sclerosis 

MW                             Microwave  

NaCl                           Sodium chloride 

NaOH                         Sodium hydroxide 

NAWM                        Normal appearing white matter 

no.                              Number 

PNNs                          Perineuronal nets 

nk                               Not known  

PAS                            Periodic acid Schiff 

PBS                            Phosphate-buffered saline 

P.i                               Post infection 

PG                              Proteoglycans  

PNS                            Peripheral nervous system 

PSR                            Picrosirius red stain 

RPV                            Rinderpestvirus 

RPTP ζ/ B                   Receptor-type protein tyrosine phosphatase-beta 

RT                               Room Temperature 

Sec. AB                      Secondary antibody 

Tab.                            Table 

TBS                            Tris-buffered saline 

TIMP                          Tissue inhibitor of matrix metalloproteinase 

TME                           Theiler`s murine encephalomyelitis 

TMEV                         Theiler`s murine encephalomyelitis virus 

TNF                            Tumor necrosis factor 

TRS                            Target Retrieval Solution 

U/l                               International unit 
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