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1 Introduction 
 

Canine distemper is a worldwide occurring infectious disease of dogs, caused by a 

morbillivirus, The host spectrum of CDV comprises dogs and many other carnivores 

and non-carnivores as well as marine mammals (BAUMGÄRTNER et al., 2003; 

BEINEKE et al., 2009; VAN MOLL et al., 1995; WOHLSEIN et al., 2007). 

Canine distemper virus (CDV) is an enveloped, negative-sense single stranded RNA 

virus of the family Paramyxoviridae, closely related to human measles and rinderpest 

virus, that infects different cell types, including epithelial, mesenchymal, 

neuroendocrine and hematopoietic cells of various organs and tissues (BEINEKE et 

al., 2009; GRIOT et al., 2003; LAMB and KOLAKOFSKY, 2001). 

Canine parainfluenza virus (CPiV) belongs to the Rubulavirus genus of the 

Paramyxoviridae family (MacLACHLAN and DUBOVI, 2010). CPiV is closely related 

to or identical with Simian Virus 5 (SV5), human mumps virus and human 

parainfluenza virus II (BAUMGÄRTNER et al., 1981; GOSWAMI and RUSSELL, 

1982; LAZAR et al., 1970; ROSENBERG et al., 1971). 

In vitro CDV infection is characterized by a cytopathic effect (CPE) consisting either 

of syncytial giant cells or single cell necrosis depending upon the used virus strain or 

cell type, e.g. formation of syncytia in African green monkey kidney cells (Vero cells; 

(SINGETHAN et al., 2006; Von MESSLING et al., 2001). Similarly, several cell 

cultures from different species have been demonstrated to be susceptible for CDV 

infection indicating a broad host and cell tropism in vitro (BAUMGÄRTNER et al., 

1987; FRISK et al., 1999; GRÖNE et al., 2002; STERN et al., 1995; SUTER et al., 

2005; Von MESSLING et al., 2004). CDV becomes attenuated after sequential 

passages in susceptible cell lines and hereby looses its virulence and the property to 

replicate in primary canine pulmonary macrophages (APPEL, 1978; METZLER et al., 

1980). The reversion to virulence has been demonstrated by using the attenuated 

CDV-Rockborn strain (APPEL, 1978). 

The role of various viruses including CDV in tumor regression and as a potential 

therapeutical tool has been discovered only recently (ARENDT et al., 2009; SUTER 

et al., 2005). There are at least two mechanisms through which virus-mediated 
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effects on tumor cell growth and differentiation might occur. Firstly, a direct lytic effect 

(cytopathic effect) might cause cell death by various mechanisms including necrosis, 

apopotosis or authophagy (KURUPPU and TANABE, 2005; ULASOV et al., 2009). A 

representative example of this strategy is the oncolytic virus termed ONYX-015, an 

attenuated human group C adenovirus which has a deletion in the E1B-55kDa gene. 

This virus shows marked cytopathic effects in cells which exhibit a defective p53 

pathway (ROGULSKI et al., 2000). Secondly, virus infection might alter cellular 

metabolism causing changes of the expression of transcription factors, intermediate 

filaments or surface proteins. Overall such alterations might result in a different 

phenotype or a misdirected migration of the tumor cells. Thirdly, virus infected cells 

might be easier recognizable for the host immune system and a strong anti-tumor 

response could result in tumor regression (NEMUNAITIS et al., 2007; RING, 2002). 

DH82 cells are a macrophage/monocytic cell line derived from a dog with malignant 

histiocytosis (WELLMAN et al., 1988). In vitro, DH82 cells grow as an adherent 

monolayer with large, round, single cells varying in size from 25 to 55 µm in diameter 

with distinct cell borders. The cells have abundant, slightly eosinophilic cytoplasm 

with variable numbers of irregular eosinophilic granules, cytoplasmic vacuoles and 

cytoplasmic pseudopods. The slightly excentrically located nucleus is round or 

irregular in shape with a finely stippled chromatin pattern and variable numbers of 

nucleoli, reaching up to 3 nucleoli. Occasionally there are single multinucleated cells 

with up to 4 nuclei or larger cells containing only one large nucleus (WELLMAN et al., 

1988). Ultrastucturally, DH82 cells variable in size and shape and display villous 

surface projections. The cytoplasm contains numerous mitochondria, abundant rough 

endoplasmic reticulum and a well developed Golgi apparatus. Occasionally 

lysosomes and vacuoles are present. The nuclei are round to oval and contain 

nucleoli of varying size. Functionally, 95% of the DH82 cells phagocyte latex beads, 

but less than 1% incorporate normal canine red blood cells and they show no natural 

killer cell activity (WELLMAN et al., 1988). 

Cortactin is a cytoskeletal protein, important for cellular migration that is commonly 

overexpressed in cancer (SCHUURING et al., 1993; SELBACH and BACKERT, 

2005; WEAVER, 2008). Animal studies suggest that cortactin overexpression 
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increases tumor aggressiveness, possibly through promotion of tumor invasion and 

metastasis (WEAVER, 2008).  

Recently, it was demonstrated that the application of live attenuated measles virus 

led to tumor regression of human lymphoma xenografts in immunodeficient mice 

(GROTE et al., 2001). Similarly, CDV closely related to measles virus, is able to 

infect canine lymphoid cell lines (SUTER et al, 2005). Moreover, CDV induced an 

increase of apoptotic cells in neoplastic lymphocytes in vitro (GRÖNE et al., 2002; 

SUTER et al., 2005). These results underscore the possible relevance of CDV as an 

oncolytic agent and the formulation of the hypothesis that CDV represents a suitable 

candidate for a virus based therapy of tumors in dogs. The aim of the present study 

was, therefore, to investigate the impact of infection of DH82 cells with the attenuated 

CDV Onderstepoort strain (CDV-Ond) and canine parainfluenza virus upon tumor 

growth, morphology and phagocytosis by using light and electron microscopy. A 

second aim of the study was to analyze the cortactin expression and distribution in 

non-infected and CDV- and CPiV infected DH82 cells using immunofluorescence, 

laser scanning microscopy, immuno-electron microscopy and reverse transcriptase-

quantitative polymerase chain reaction (RT-qPCR) in order to obtain a more profound 

insight in the potential underlying mechanism of tumor migration, invasion and 

metastasis. 
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2 Literature review 

2.1 Canine distemper virus 

2.1.1 Overview 
 

Canine distemper is a disease induced by canine distemper virus (CDV), a 

morbillivirus of the family Paramyxoviridae. CDV is a highly contagious and frequently 

lethal disease with a wide variety of systemic and neurological clinical signs in dogs 

(BEINEKE et al., 2009; DEEM et al., 2000). The disease in dogs has been termed 

canine distemper, canine plaque, canine glanders or catarrhal fever (FERRY, 1911). 

The natural host spectrum of CDV comprises different families of the order Carnivora 

like Canidae, Procyonidae, Mustelidae, Mephitidae, Hyaenidae, Ailuridae, Viverridae 

and Felidae (APPEL et al., 1994; BEINEKE et al., 2009; HAAS et al., 1999) and other 

species, such as phocines and non-human primates (Macaca fuscata) (KENNEDY et 

al., 2000; YOSHIKAWA et al., 1989). The pathogenicity of CDV infection varies from 

species to species and may result in an inapparent infection or cause high mortality 

(APPEL and GILLESPIE, 1972). Distemper disease has been observed in large 

felids in the Tanzanian Serengeti National Park in 1994 and in North American Zoos 

in 1991 und 1992 (APPEL et al., 1994; MONTALI et al., 1987; ROELKE-PARKER et 

al., 1996), collared peccaries (Tayassu tajacu) in Arizona (APPEL et al., 1991) and in 

a non-human primate (Macaca fuscata) in Japan (BAUMGÄRTNER et al., 2003; 

BUDD, 1981; GORHAM, 1966; MACHIDA et al., 1992, 1993; VAN MOLL et al., 1995; 

YOSHIKAWA et al., 1989). 

Canine distemper is an acute or subacute, highly contagious febrile disease 

manifested by signs of generalized infection, respiratory disease, central nervous 

system disturbances, hyperkeratosis or a combination of these. CDV affects 

susceptible animals of all ages (APPEL and SUMMERS, 1995), but morbidity and 

mortality rates vary among species (APPEL and SUMMERS, 1995; BUDD, 1981). 

Distemper of dogs is the best characterized infection using both, experimental 

studies and spontaneously occurring cases. In the dog, the virus spreads commonly 

by aerosol causing an initial infection in the upper respiratory tract epithelium. 

Replication at the site of infection leads to infection of lymphoid tissues causing 
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immunosuppression and further dissemination to many organs and cell types. Some 

animals recover from the disease within a few days to weeks. The disease is 

commonly associated with distemper leukoencephalitis (DL) and rarely with gray 

matter lesions (BEINEKE et al., 2009; GAEDKE et al., 1999; NESSELER et al., 1997; 

VANDEVELDE and ZURBRIGGEN, 2005). In addition to the CNS, canine distemper 

induces lesions in the respiratory, urinary and intestinal tract as well as in the skin. 

Due to this broad cell tropism, viral antigens can be found in mesenchymal, epithelial 

and neuroectodermal cells (BAUMGÄRTNER and ALLDINGER, 2005; KOUTINAS et 

al., 2004). Clinical signs of canine distemper were already described at the beginning 

of the 19th century by Jenner (LAUDER et al., 1954). Nowadays distemper of dogs 

can be classified as a catarrhal, systemic, nervous or unusual form 

(BAUMGÄRTNER, 1993; KRAKOWKA et al., 1985; MORITZ et al., 1998, 2000, 

2003).  Early stages are clinically characterized by unspecific symptoms like lethargy, 

dehydration, anorexia and weight loss, followed by more pronounced clinical signs 

depending on the predominantly affected organ. A typical finding is development of a 

biphasic fever associated with the first and second viremia (WRIGTH et al., 1974). 

The first viremia results in a generalized infection of all lymphoid tissues including 

spleen, thymus, lymph nodes, bone marrow and macrophages in the gastrointestinal 

tract (APPEL, 1970; WRIGHT et al., 1974), The second viremia results in infection of 

parenchymal and tissue cells throughout the body (APPEL, 1969; APPEL and 

GILLESPIE, 1972; BLIXENKRONE-MØLLER, 1989; BLIXENKRONE-MØLLER et al., 

1989; OKITA et al, 1997). After the widespread infection of lymphatic organs and 

peripheral blood mononuclear cells (RUDD et al., 2006; Von MESSLING et al., 2004, 

2006), CDV can access the brain of a host either along the cerebrospinal fluid 

pathway, thereby infecting successively ependymal cells and the subependymal 

white matter (VANDEVELDE et al., 1985b) or via hematogenous spread. The latter 

includes infected lymphocytes (cell-associated spread) (SUMMERS et al., 1979) or 

cell-free in the plasma (KRAKOWKA, 1989) followed by infection of endothelial cells, 

pericytes and astrocytes (BAUMGÄRTNER et al., 1989). After invasion of the CNS, 

CDV antigen is most frequently found in astrocytes, microglia/macrophages, 
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ependymal cells and neurons (GRÖNE et al., 2000; MUTINELLI et al., 1989; 

NESSELER et al., 1999). 

Recently canine distemper epidemics have been observed in France, Germany, 

USA, Japan and Finland indicating the importance of regular vaccination as a highly 

efficient and protective tool (ADELUS-NEVEU et al., 1991; EK- KOMMONEN et al., 

1997; GEMMA et al., 1996; JOHNSON et al., 1995; MORI et al., 1994; MORITZ et 

al., 2000). 

Live attenuated CDV vaccines are effective in controlling distemper in domestic dogs 

but not always for exotic or wild life animals (BARRETT, 1999; DURCHFELD et al., 

1990; HARDER and OSTERHAUS, 1997; SCHULTZ et al., 2010; SUMMERS; 

APPEL, 1994; VAN HEERDEN et al., 1989). In the latter, vaccines approved for dogs 

might be ineffective or a fatal vaccine-induced distemper outbreak as described for 

African wild dogs can be observed (DURCHFELD et al., VAN HEERDEN et al., 

1989). 

 

2.1.2 CDV properties 

CDV is an enveloped, negative-sense, single stranded RNA virus that belongs to the 

family Paramyxoviridae (LAMB and KOLAKOFSKY, 2001; MacLACHLAN and 

DUBOVI, 2010).  The genus morbillivirus comprises measles virus, rinderpest virus, 

Peste des petits ruminants virus, dolphin morbillivirus, porpoise morbillivirus, and 

phocine distemper virus (FAUQUET et al., 2004; LAMB and KOLKOFSKY, 2001; 

PRINGLE, 1999). The virus contains six structural proteins, the nucleocapsid (N), the 

phospho- (P), the large (L), the matrix- (M), the hemagglutinin (H), and the fusion (F) 

protein (DIALLO, 1990; HALL et al., 1980; LAMB and KOLAKOFSKY, 2001; 

ÖRVELL, 1980). Additional accessory genes, the C and V protein, are found mostly 

as extra-transcriptional units within the P gene (LAMB and KOLAKOFSKY, 2001). 

The lipid envelope, surrounding the virion, contains the two surface glycoproteins F 

and H, which mediate viral entry and exit from the host cell. CDV uses these proteins 

for attachment to receptors on the cell in the first step of infection and an adequate 

host immune response against the H protein may prevent CDV infection. 

Comparative studies of CDV strains revealed that the H gene is subjected to higher 

genetic/antigenic variation than other CDV genes and that sequence variation may 
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affect neutralization-related sites with disruption of important epitopes (HAAS et al., 

1997b; HARDER et al., 1993, 1996; IWATSUKI et al., 2000; ÖRVELL et al., 1990). 

The helical nucleocapsid core, containing the N, P and L protein, initiates intracellular 

replication and is located within the envelope (LAMB and KOLAKOFSKY, 2001). The 

viral M protein connects the surface glycoproteins and nucleocapsid during viral 

maturation. The F protein mediates the fusion of the virus with the host cells or 

between cells (LIERMANN et al., 1998). The H protein is the determinant of viral 

tropism and cytopathogenicity (Von MESSLING et al., 2001). Additionally, it mediates 

the attachment of the virus to the host cell (BEINEKE et al., 2009). The non-structural 

C and V proteins interact with cellular proteins (LAMB and KOLAKOFSKY, 2001). 

CDV becomes attenuated after sequential in vitro passages in susceptible cells, 

thereby it is loosing its virulence and the property to replicate in primary canine 

pulmonary macrophages (APPEL, 1978; METZLER et al., 1980). The reversion to 

virulence has been demonstrated by using the attenuated CDV-Rockborn strain. In 

all cases, virulence of CDV appears to be associated with the ability of the virus to 

replicate in dog macrophages (APPEL, 1978). 

Morbilliviruses including CDV use several cell receptors (TATSUO et al., 2001; 

TATSUO and YANAGI, 2005), but the only confirmed receptor for CDV so far is the 

signaling lymphocyte activation molecule receptor (SLAM), a molecule restricted to 

activated cells of the mononuclear lineage (RIVALS et al., 2007; TATSUO et al., 

2001; Von MESSLING et al., 2006). CD46 has only been found in neoplastic 

lymphoid cells in dogs (NUSSBAUM et al., 1995; SUTER et al., 2005). It remains to 

be determined whether CD46 is substantially involved in CDV infection as a possible 

alternative viral receptor, as described for human measles virus (WENZLOW et al., 

2007). 

Neutralizing antibodies interfere with the intracellular and extracellular viral spread. 

However, prolonged antibody exposure induced internalization of viral surface 

antigens from the cell membrane and subsequently their disappearance from the 

membrane of infected cells. Therefore, in spite of a reduction of viral spread, 

antibody-mediated modulation of viral antigen expression might represent a 

contributing factor for persistent infection in dogs, possibly due to a diminished 
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antigen recognition and resultant inadequate complement-mediated humoral 

cytotoxicity (ALLDINGER et al., 1993b; HO and BABIUK, 1979b, 1980). After the 

infection with CDV, the specific humoral immunity against the virus can be detected 

throughout life, while a cellular immunity can only be detected for a short time period 

in convalescent dogs (APPEL et al., 1982). On the other hand, the importance of the 

cellular immunity in canine distemper is highlighted by the demonstration of a 

protective cellular immunity in the absence of a detectable antibody-mediated 

immune response (GERBER and MARRON, 1976). Furthermore, vaccinated and 

infected dogs exhibit a T cell-mediated CDV specific immune response, 

independently of the antibody titer (KRAKOWKA et al., 1978). 

 

2.1.3 Canine distemper virus strains R252 and Onderstepoort 

The two canine distemper virus strains R252 (CDV-R252) and Onderstepoort (CDV-

Ond) have different biological properties (CONFER et al., 1975). CDV-R252 is a 

virulent, neurotropic distemper virus strain, firstly mentioned by CONFER et al. 

(1975) that was isolated from a dog with demyelinating encephalomyelitis. 

Interestingly, after infection with CDV-R252 frequently a demyelinating 

encephalomyelitis occurs, while respiratory symptoms are usually absent (CONFER 

et al., 1975). Culturing of CDV-R252 in Vero cells is prominently cell-associated and 

caused both, intracytoplasmic and intranuclear inclusion bodies (METZLER et al., 

1980). Virus spread is moderate in Vero cell monolayers, leading to an infection rate 

of approximately 50% of cells 5 days after infection. Cytopathic effect of CDV-R252 

in Vero cells is characterized by formation of multinucleated syncytia with up 10 

nuclei and single cell degeneration (CONFER et al., 1975). CDV-Ond was first 

isolated in South Africa in 1948 and later adapted to chicken embryos and chicken 

cells (HAIG, 1948). In comparison to CDV-R252, CDV-Ond destroys the Vero cell 

monolayer only slightly and there is only a slow expansion. On day 5 post infection 

(p.i.), approximately 30% of cells are infected. Inclusion bodies are only 

intracytoplasmatically detectable on day 7 p.i. A common occurring cytoplasmic effect 

comprises of formation of giant syncytia with up to 50 nuclei (CONFER et al., 1975). 

CDV-Ond is used as a live canine vaccine strain (SUMMERS and APPEL, 1994; 

FRISK et al., 1999). 
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A comparison of the most important biological properties of CDV-R252 and CDV-Ond 

in Vero cell monolayers is shown in Tab. 1. 

 

Tab. 1: Biological properties of CDV-R252 and CDV-Ond in Vero cell monolayers  

(modified after CONFER et al., 1975) 

 

Cytopathic effect 

CDV strain Amount of cell 

destruction 

Formation of 

inclusion bodies 

Formation of 

syncytia 

Propagation 

within the cell 

layer 

CDV-Ond Low Cytoplasmic 
Big 

(up to 50 nuclei) 
Slow 

CDV-R252 Extensive 

 

Cytoplasmic and 

nuclear 

Small 

(<10 nuclei) 
Moderately 

 

 

2.2 Canine parainfluenza virus 

Canine parainfluenza virus is a common pathogen of the upper and lower respiratory 

tract of dogs (BUONAVOGLIA and MARTELLA, 2007). Canine parainfluenza virus 

(CPiV) belongs to the Rubulavirus genus of the Paramyxoviridae family 

(MacLACHLAN and DUBOVI, 2010). CPiV is closely related to Simian Virus 5 (SV5), 

human mumps virus and human parainfluenza virus II (BAUMGÄRTNER et al., 1981; 

GOSWAMI and RUSSELL, 1982; LAZAR et al., 1970; ROSENBERG et al., 1971). 

Generally, CPiV is associated with upper respiratory tract infection in dogs which are 

housed in kennels (APPEL et al., 1970; BINN et al., 19670; CRANDELL et al., 1968). 

Dogs experimentally infected via the nasal route display pharyngitis, tonsillitis and 

tracheobronchitis (LAZAR et al., 1970; ROSENBERG et al., 1971). Clinical and 

pathological changes of CPiV are considered to be restricted to the respiratory tract 

(APPEL and PERCY, 1970). The neurological signs associated with CPiV infection 

have not been previously recognized as a clinical entity. But it can be rarly found in 

other organs such as central nervous system or prostate (EVERMANN et al., 1980; 

VIELER et al., 1994). Natural viral infection in dogs with CPiV causes an acute self-

limiting tracheobronchitis (WAGENER et al., 1983). However, CPiV has been isolated 
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from extrapulmonary tissues including intestine, spleen, kidney, brain and 

cerebrospinal fluid (BINN, 1970; EVERMANN et al., 1980; MACARTNEY et al., 1985) 

suggesting that viral infection, on occasion, may produce systemic disease. 

 

2.3 Canine histiocyic disorders 

Canine histiocyic disorders were initially described in the late 1970s. The primary 

reports described solitary histiocytic lesions, later termed canine cutaneous 

histiocytoma. Descripition of other histiocytic disorders, primarily affecting Bernese 

mountain dogs followed (GLICK et al., 1976; MOORE, 1984). Nowadays canine 

histiocytic disorders represent a group of heterogeneous diseases that include 

reactive disorders such as cutaneous and systemic histiocytosis and neoplasias such 

as cutaneous histiocytoma and localized or disseminated histiocytic sarcoma (HS), 

the latter originally called malignant histiocytosis (Tab. 2, AFFOLTER and MOORE, 

2000, 2006; MOORE, 1984; MOORE and ROSIN, 1986; ROSIN et al., 1986). These 

diseases vary markedly in their prognosis, ranging from reactive or localized benign 

processes to systemic malignancies that result in a rapid clinical progression and 

death. Historically, the diagnosis and treatment of these disorders in the dog has 

been challenging for several reasons. Associated problems included a lack of 

histochemical markers that can reliably determine the cell of origin for each condition; 

the confusing terminology used to describe the different disorders; and the highly 

variable clinical behavior of supposedly similar diseases (AMANDA et al., 2007). 

 

2.3.1 Canine cutaneous histiocytoma 

Canine cutaneous histiocytoma has been reported to be the most common 

cutaneous neoplasia (KIPAR et al., 1998; MICHELL, 1999). This tumor often arises 

as a solitary lesion in young dogs of less than 4 years of age (GOLDSCHMIDT and 

HENDRICK, 2002). Brachycephalic breeds, such as boxers and bulldogs, are 

predisposed, although Scottish terriers, Doberman pinschers, and cocker spaniels 

also are reported to be overrepresented as well (GOLDSCHMIDT and HENDRICK, 

2002). The tumor commonly arises on the head or pinna, but may occur anywhere on 

the body. It exhibits a benign behavior and, generally, no treatment is necessary, 

although surgery may be considered in older dogs or for lesions that do not regress 
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over long periods. Lesions usually undergo spontaneous regression within 1 to 2 

months, a process characterized by infiltration of mature lymphocytes and 

macrophages (GROSS et al., 1992). In the course of tumor regression, tumor cells 

show an increased expression of major histocompatibility class II (MHC II) antigens, 

possibly indicating the decisive factor for onset and progression of tumor regression 

(KIPAR et al., 1998). The regression is attributed to an initial infiltration of CD4+ T 

cells followed by an increases expression of Th1 cytokines and recruitment of 

antitumor effector cells (KAIM et al., 2006).  

 

2.3.2 Histiocytic sarcoma complex 

The histiocytic sarcoma complex of the dog comprises malignant diseases, 

characterized by infiltration of neoplastic histiocytes, and is divided in both localized 

and disseminated histiocytic sarcomas. Histiocytic sarcomas are a common 

malignant proliferation of cells showing morphologic and immunophenotypic features 

similar to those of mature tissue histiocytes. Thus, in order to diagnose histiocytic 

sarcoma, the neoplastic cells must express specific ‘‘histiocytic markers’’ and not 

lineage-specific lymphoid proteins or antigens characteristic for other cell types.  

 

2.3.2.1 Localized histiocytic sarcoma 

Localized histiocytic sarcomas mainly occur as a primary lesion involving the skin 

and subcutis of the extremities. It may also be found in the periarticular tissues of 

large appendicular joints, in spleen, lymph nodes, lung, or bone marrow (MOORE, 

2006). Affected dogs are presented for evaluation of a soft tissue swelling on an 

extremity. Frequently the owner noticed lameness in the affected limb, first, and 

discovered the mass, subsequently. This form of histiocytic sarcoma is locally 

invasive and local metastasis to the draining lymph node is commonly noted 

(AFFOLTER and MOORE, 2002). Localized histiocytic sarcoma is treated either by 

surgical excision or by amputation of the affected limb. Curative intent radiation 

therapy, which may be recommended in cases with incomplete excision or for 

nonresectable tumors, has been reported to have some effect in a limited number of 

cases (AFFOLTER and MOORE, 2002; CRAIG et al., 2002). 
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2.3.2.2 Dissiminated histocytic sarcoma 

Dissiminated histocytic sarcoma, formerly known as malignant histiocytosis, is a well-

documented neoplastic disorder, most frequently observed in Bernese mountain 

dogs, Rottweilers, and Golden and Flat-coated retrievers (JACOBS et al., 2002), 

characterized by proliferation of pleomorphic histiocytic cells in various organs 

(MOORE and ROSIN, 1986). Canine disseminated histocytic sarcoma was first 

described as malignant histiocytosis of Bernese mountain dogs. However, since then 

this condition has been documented in other breeds (HAYDEN et al., 1993). 

Disseminated histiocytic sarcoma is a multisystemic disease characterized by 

neoplastic infiltrates in several organs, such as spleen, lung, liver, lymph node and 

bone marrow. Less frequently changes can be found in many other organs including 

skin (AFFOLTER and MOORE, 2002). Occasional involvement of the central nervous 

system (CNS) has been described in Bernese mountain dogs (MOORE and ROSIN, 

1986) and other breeds (HAYDEN et al., 1993; THIO et al., 2006), The most frequent 

clinical features in dogs suffering from disseminated histiocytic sarcoma are anorexia, 

lethargy, and weight loss (MOORE, 2005). Dogs may exhibit dyspnea due to 

pulmonary involvement or lameness secondary to large masses at the extremities. 

Intervertebral lesions have also resulted in ataxia and paraparesis (AFFOLTER and 

MOORE, 2002). Necropsy of affected animals often reveals extensive disease 

involving most organs (GOLDSCHMIDT and HENDRICK, 2002). Smears prepared 

from lung lesions revealed several single, large, round cells with a homogeneous, 

basophilic cytoplasm, and with round to ovoid, mainly eccentrically placed nuclei. 

Atypical mitoses and multinucleated giant cells were also observed. The etiology and 

pathogenesis of these diseases are unknown, though a genetic disposition seems to 

play an essential role in Bernese mountain dogs (ABADIE et al., 2009; THIO et al., 

2006; VOEGELI et al., 2006). The differential diagnosis of malignant histiocytic 

proliferation in the brain should include primary glial cell tumors (e.g., astrocytoma 

and oligodendroglioma), large cell lymphoma and granulomatous diseases. 

Immunohistochemistry is useful in distinguishing malignant histiocytosis from other 

disorders (JACOBS et al., 2002).  
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Malignant histiocytic proliferations have also been recognized in humans and include 

histiocytic sarcomas and Langerhans cell histiocytosis. (BROADBENT et al., 1994; 

FAVARA et al, 1997; SCHMITZ et al., 1998). Histiocytic sarcomas in humans are of 

either macrophage or myeloid dendritic antigen-presenting cells (APC) origin 

(BROADBENT et al., 1994; FAVARA et al., 1997; SCHMITZ et al., 1998). 

 

2.3.3 Canine reactive histiocytosis 

Canine reactive histocytoses comprise cutaneous and systemic forms (AFFOLTER 

and MOORE, 2000).  Cutaneous histiocytosis was first described in 1986 and the 

histiocytic cells involved have been classified as activated dermal dendritic cells 

(AFFOLTER and MOORE, 2000; MAYS and BERGERON, 1986). Currently etiolgy 

and pathogenesis of cutaneous histocytosis are unknown (PALMEIRO et al., 2007). 

Cutaneous histiocytosis is limited to the skin and subcutis, whereas systemic 

histiocytosis also affects lymph nodes, liver, spleen, bone marrow, lungs and other 

organs (AFFOLTER and MOORE, 2000; MOORE, 1984; SCOTT et al., 1987). 

Cutaneous lesions are identical in cases of cutaneous and systemic histiocytosis and 

progression from cutaneous to systemic disease has been described (AFFOLTER 

and MOORE, 2000). The typical histological finding comprises an angiocentric 

histiocytic infiltrate with frequent invasion of the walls of small veins and small 

muscular arteries and radiation into the surrounding tissue (MOORE, 1984). 
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Tab. 2: Comparison of canine histiocytic disorders regarding their cellular origin, 

and most commonly affected organs 
 

Histiocytic sarcoma 

complex 
Reactive histiocytoses 

 
Cutaneous 

histiocytoma 

 

Localized 

histiocytic 

sarcoma 

 

Disseminated 

histiocytic 

sarcoma 

Cutaneous 

histiocytosis 

Systemic 

histiocytosis 

Predisposed 

breeds 

Brachycephalic 

breeds, Scottish 

Terrier, 

Dobermann 

Pinscher, 

Cocker Spaniel 

Bernese mountain dog, 

Rottweiler, Flat-coated 

Retriever, Golden Retriever 

No predisposed 

breeds reported 

Bernese 

mountain dog 

Most 

commonly 

affected 

organs 

Skin, subcutis 
Skin, 

subcutis 

Spleen, liver, 

lung, bone 

marrow, lymph 

node 

Skin, subcutis 

Skin, 

subcutis, 

lymph node, 

liver, spleen, 

bone  

marrow, lung 

Cellular 

origin 

Epidermal 

Langerhans cell 

Myeloid dendritic antigen-

presenting cell lineage 
Activated dermal dendritic cell 

Special 

features 

Predominantely 

in dogs < 4 

years; 

often 

spontaneous 

regression 

8-9 years 

(but 

reported in 

4-month-old 

puppy) 

7 years (range, 

4-10 years); 

formerly called 

“malignant 

histiocytosis” 

Mean age 4 years; 

angiocentric histiocytic infiltrate 

with invasion of vessel walls 

 

 

2.4 DH82 cells 

DH82 cells are a macrophage/monocytic cell line, derived from a dog with malignant 

histiocytosis (WELLMAN et al., 1988). The DH82 cells grow as a loosely adherent 

monolayer with large, round, single cells varying in size from 25 to 55 µm in diameter. 
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The cells have an abundant basophilic cytoplasm with variable numbers of irregular 

eosinophilic granules, cytoplasmic vacuoles and cytoplasmic pseudopods. The 

cultures were initially maintained by biweekly, one-half medium changes. 

Nonadherent cells were discharged with the medium changes. When the adherent 

cells reached confluency, the cultures were trypsinized and passaged at weekly 

intervals, thereafter. In vitro growth characteristics were determined by sequential 48- 

hr cell counts from different 25-cm2 flasks plated identically with 1 x 106 cells/ flask. 

Trypsinized cells stained with trypan blue were counted with a hematocytometer to 

establish a growth curve (WELLMAN et al., 1988). Functionally, 95% of the DH82 

cells phagocytize latex beads, but less than 1% are able to engulf normal canine red 

cells and they show no natural killer cell activity (WELLMAN et al., 1988). 

The nucleus is round and eccentric with delicate chromatin. The nucleoli are large 

and irregular in shape and many nuclei contained multiple nucleoli. 10 to 20 percent 

of the cells are 40 to 50 µm in diameter. These larger cells resemble the smaller cells 

except for the presence of multiple (2 to 13) nuclei. Occasionally these larger cells 

contain only one large nucleus (WELLMAN et al., 1988). Ultrastucturally, DH82 cells 

vary in size and are irregular in shape. Many cells have villous cytoplasmic surface 

projections. The cytoplasm contained abunant mitochondria and rough endoplasmic 

reticulum. The Golgi apparatus was well developed in some cells. Occasionally 

lysosomes and vacuoles are present. The nuclei are round to oval and contained 

nucleoli of varying size. Poorly clumped heterochromatin was present throughout the 

nucleus (WELLMAN et al., 1988). 

 

 

2.5 Viral Oncolysis 

The initial reports of virus induced oncolysis date back to 1904 (DOCK) and 1912 

(DE PACE), respectively, and referred tumor regression of human cervical 

carcinomas after rabies vaccination. In the 1920s animal experiments confirmed that 

viruses were capable of infecting and lysing experimental murine tumors and several 

studies followed in the 1950s demonstrating potent oncolysis of murine tumors by 

newcastle disease virus and influenza virus (SINKOVICS and HORVARTH, 1993). 
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Studies of human cancer were initiated in the 1950s. Perhaps the most recognized of 

these investigations was one reported from the National Cancer Institute in 1956, in 

which wild-type adenoviruses of different serotypes were injected in patients with 

cervical carcinoma (SMITH et al., 1956). Numerous patients treated with live viruses 

exhibited tumor regression without evidence of toxicity, whereas tumors of patients 

treated with inactivated virus showed no reaction. However, the initial tumor 

regression was followed by rapid tumor progression in all patients. This noticeable 

lack of long term anti-tumor efficacy was also oberserved in other human trials 

(NEWMAN and CASSEL, 1954), leading investigators to abandon this mode of 

therapy. 

Generally, there are two important aspects to oncolytic viral therapy, and they differ 

with respect to the directness of their antitumor effects. On one hand, there is direct 

treatment of tumors with replicating, oncolytic viral vectors alone or in combination 

with therapeutic transgene delivery, chemotherapy, or radiation therapy. On the other 

hand, there is indirect increase of antitumor immunity through a modulation of the 

immune response, as with viral oncolysate vaccine, and tumor-protective monoclonal 

antibodies (JOHN et al., 2002).  

There are two main mechanisms through which the virus-mediated effects on tumor 

cells may occur (Fig. 1). Firstly, direct lytic effect (cytopathic effect); a representative 

example of this strategy is the oncolytic virus ONYX-015, an attenuated human group 

C adenovirus. Secondly, virus-induced immune-mediated anti-tumor responses 

(NEMUNAITIS et al., 2007). 
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Fig. 1: Infection and killing of tumor cells by an oncolytic virus (modified from 

PARATO et al., 2005) 

 

 
 

a. Viruses interact with specific cell-surface receptors. As these proteins are overexpressed 
by tumor cells (blue) compared with normal cells (orange), the virus will probably infect the 
tumor cell.  
b. Following binding to the cell surface receptor, the virus is internalized by endocytosis or 
membrane fusion, and its genome is released into the cell. Depending on the type of virus, 
replication and viral gene expression can take place entirely in the cell cytoplasm (such as 
for vesicular stomatitis virus), or in the nucleus and cytoplasm (such as for adenovirus). In 
either case, the virus is largely dependent on cellular machinery for viral gene expression 
and synthesis of viral proteins. Viral gene expression and replication leads to the activation of 
cellular antiviral defences, such as apoptosis, that are operational in normal cells but are 
often inactivated in tumor cells. Expression of viral proteins will eventually lead to immune-
mediated lysis of infected cells by CD8+ T cells, which recognize viral peptide epitopes that 
are presented by major histocompatability complex (MHC) class I molecules on the surface 
of the infected cell. Alternatively, cells might be lysed owing to an overwhelming amount of 
budding and release of progeny virions from the cell surface, or by the activation of apoptosis 
during the course of viral replication and gene expression. TCR, T-cell receptor. 
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2.5.1 Mechanisms of antitumor effects 

Oncolytic viruses mediate the destruction of tumor cells by numerous mechanisms 

(KIRN, 1996). Viruses are able to directly destroy the tumor cells as a result of viral 

replication. The interaction of viruses with cells is mediated via specific cell-surface 

receptors. Optimally, these proteins are overexpressed by tumor cells compared to 

normal cells resulting in a preferring infection of tumor cells. Following binding to its 

receptor, the virus is internalized into the cell by endocytosis or membrane fusion and 

its genome is released into the cell. Depending on the virus, replication takes place in 

the cytoplasm or in the nucleus and the cytoplasm. Therefore the virus is dependent 

on cellular components for viral gene expression and synthesis of viral proteins 

leading to activation of cellular antiviral defences such as apoptosis. In tumor cells, 

such antiviral properties are often diminished or absent. Expression of viral proteins 

may lead to immune-mediated lysis of infected cells by CD8+ T cells, which 

recognize viral peptide epitopes presented by major histocompatibility complex 

(MHC) class I molecules on the surface of infected cells. Another possibility is direct 

cell lysis due to an overwhelming amount of budding and release of progeny virions 

from the cell surface or by the activation of apoptosis during the course of viral 

replication and gene expression (PARATO et al., 2005; Fig. 1). 

These replicating viruses represent an amplification of the "input dose" which 

continues until abrogated by the immune system response or a lack of susceptible 

cells. Another directly virus mediated mechanism consists in the ability of some 

viruses to generate proteins during their replication, which are cytotoxic to tumor 

cells. Adenoviruses, for example, express the E3 11.6 kD death protein and the 

E4ORF4 protein late in the cell cycle, and both proteins are cytotoxic to transformed 

cells (SHTRICHMAN and KLEINBERGER, 1998; TOLLEFSON et al., 1996). 

A second mechanism by which oncolytic viruses mediate tumor cell destruction is via 

stimulation of nonspecific and specific antitumor immunity. Tumor cells are innately 

weakly immunogenic, because they exhibit a decreased expression of MHC antigens 

and stimulatory signals, including cytokines that could activate local immune 

responses. Infection of tumor cells by adenoviruses causes an expression of the EIA 

protein and leads to increased sensitivity to tumor necrosis factor (TNF) mediated 
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tumor cell killing (GOOGING, 1994). After viral infection of tumor cells in vivo, there is 

infiltration of lymphocytes and antigen-presenting cells as well as induction of 

cytokine release. In addition, viral antigens are presented on the cell surface in 

conjunction with the MHC class I protein, a complex that is then recognized by 

cytotoxic T lymphocytes (CTLs). By a yet undefined mechanism these cytotoxic T 

lymphocytes acquire specificity for tumor-specific antigens in the process of viral 

antigen recognition and cell killing (TODA et al., 1999). A systemic specific antitumor 

immune response is thereby established in some animal models, as demonstrated 

with a herpes simplex virus type 1 (HSV-1) mutant (TODA et al., 1999). Moreover, 

oncolytic viruses increase sensitivity of tumor cells to chemotherapy and radiation 

therapy. For example, the adenovirus EIA gene product is a potent chemosensitizer, 

particularly in cells with functional p53 (LOWE et al., 1994). The EIA gene product 

induced high levels of p53 in these cells and render them susceptible to DNA 

damage through chemotherapy and radiation, whereas normal, non-transformed 

cells seem to be unaffected by EIA (GANLY et al., 2000). A final mechanism by 

which oncolytic viruses mediate anti-neoplastic activity is by the expression of 

therapeutic transgenes inserted into the viral genome. As the virus amplifies itself 

through several rounds of replications and infection of neighboring cells, there is a 

concomitant amplification in transgene expression, which produces an amplified 

antitumor effect. Some researchers have incorporated prodrug-converting enzymes, 

such as viral thymidine kinase and bacterial cytosine deaminase (CD), into 

replication-conditional adenoviruses to augment tumor cell killing via the "bystander 

effect" (FREYTAG et al., 1998; WILDNER et al., 1999). Other groups have 

introduced various immunostimulatory genes that encode biological response 

modifiers such as interleukins-4 (IL-4) and -12 (IL-12) into oncolytic herpes viruses in 

an attempt to augment the antitumor immune response of the host (ANDREANSKY, 

et al., 1998; PARKER et al., 2000). 

 

 

2.5.2 Mechanisms of antitumor specificity 

Application of chemotherapy and radiotherapy are restricted by tumor cell resistance 

and a relatively narrow therapeutic index. Consequently, dose escalation or 
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combination therapies are limited by toxicity to unaffacted, normal tissues. The main 

objective of oncolytic viral therapy is therefore, to increase the therapeutic index by 

limiting viral replication to tumor cells (MULLEN and TANABE, 2002). There are two 

general mechanisms that are engaged to achieve tumor-selective viral replication, (a) 

depletion of viral genes that are dispensable upon infection of neoplastic cells but are 

essential for viral replication in non-neoplastic cells, (b) placement of tumor-specific 

promoters upstream of viral genes that are critical for efficient viral replication. In the 

first case, one takes advantage of molecular processes unique in tumor cells, such 

as the loss of cell cycle control by mutations of the tumor suppressor protein p53 or 

pRb. An elegant example of this strategy is the oncolytic adenovirus ONYX-015, 

which is an attenuated adenovirus with two mutations in the EIB-55 KD gene 

(BISCHOFF et al., 1996). When adenoviruses infect a normal cell, p53 levels are 

upregulated and the cell undergoes either cell-cycle arrest or apoptosis, thereby 

preventing viral replication. Many tumor cell types lack functional p53, and ONYX-

015 replicates within and lyses cells preferentially (BISCHOFF et al., 1996). Although 

it is most likely that the loss of p53 function accounts for the tumor-selective 

replication of ONYX-015, several researchers have demonstrated that ONYX-015 

efficiently replicates in tumor cells with wild type p53 (GOODRUM and ORNELLES, 

1998;  ROTHMANN et al., 1998). This apparent contradiction was resolved through 

examinations of p14ARF, a tumor suppressor gene, whose product functionally 

stabilizes p53 (QUELLE et al., 1995). Loss of p14ARF was identified as a 

mechanism that allows ONYX-015 replication in tumor cells retaining wild-type p53 

(RIES et al., 2000). ONYX-015 seems to replicate in tumors with mutations within the 

p53 pathway. The second strategy commonly engaged to achieve tumor-selective 

viral replication involves regulation of viral gene that are necessary for effective 

replication, by using tumor-specific or tissue-specific promoters. This principle was 

confirmed by developing an oncolytic adenoviral mutant in which the EIA gene, which 

expression is critical for viral replication, is under the control of tumor specific α-

fetoprotein (AFP) gene promoters (HALLENBECK et al., 1999). 
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2.5.3 Immune response  

Following oncolytic viral infection of tumor cells in culture, there is reproducible and 

efficient cell killing due to viral replication (JOHN et al., 2002). However, there are 

complex viral-host interactions, especially of the host immune response that 

modulate viral replication in vivo. One might predict that innate or acquired immunity 

against the virus may limit viral replication and facilitate viral clearance, consequently 

limiting the antitumor effect of the therapy. On the other hand, one might imagine that 

the immune response against infected tumor cells may enhance tumor destruction, 

as specific host immunity develops against tumor antigens (JOHN et al., 2002). 

Moreover, several clinical studies have supported the idea that the uses of viruses 

increase the active specific immunotherapy of cancer (SAVAGE et al., 1986). 

Oncolytic viruses can be administrated locally, by direct intratumoral inoculation, or 

systemically, by intravascular (i.e., tail vein, portal venous, etc.) administration. It is 

possible that the immune system serves to antagonize the effectiveness of oncolytic 

viruses administered intravasculary by restricting viral delivery to the tumor by virtue 

of both innate and acquired immunity (MULLEN and TANABE, 2002). On the other 

hand, once the virus has reached its target and begins replicating within and 

destroying tumor cells, the immune response can theoretically augment tumor 

reduction by redirecting the cytolytic T lymphocytes (CTL) response from viral antigen 

to tumor antigens. Actually, viruses administered by direct intratumoral inoculation 

elicit a systemic immune response that prevents tumor formation and causing 

regression of presented tumors (TODO et al., 1999). These promising preclinical data 

are encouraging to design clinical trials for the treatment of both locally advanced 

and disseminated cancers. 

 

2.6 Cortactin 

Cortactin is a cytoskeletal protein and src kinase substrate that is commonly 

overexpressed in human tumors (SCHUURING et al., 1993; WEAVER, 2008). 

Because it is localized to cell cortical actin structures (peripheral, submembranous 

localized, actin structures), it was named cortactin (WU and PARSONS, 1993).  

Cortactin is an actin-binding protein and a central regulator of the cytoskeleton 

(SELBACH and BACKERT, 2005). Animal studies suggest that cortactin 
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overexpression increases tumor aggressiveness, possibly through promotion of 

tumor invasion and metastasis (WEAVER, 2008). Experimental metastasis 

investigations using tail vein injection of breast or esophageal squamous cell 

carcinoma cells demonstrated that overexpression of cortactin increased the number 

of metastases to bone (LI et al., 2001) or lung (LUO et al., 2006) respectively. 

Overexpression of cortactin with mutations in tyrosine phosphorylation sites led to 

decreased metastasis in the breast cancer model (LI et al., 2001). In a third study, 

orthotopic injection of hepatocellular carcinoma cells overexpressing cortactin into 

the liver led to increased intrahepatic metastases compared to control cells (CHUMA 

et al., 2004). Thus, in vivo findings currently support a role of cortactin in metastasis, 

consistent with its well-characterized biological roles in cell motility and extracellular 

matrix (ECM) degradation. Recently, several studies documented a role of cortactin 

for cell motility and invasion, including its essential participation during the formation 

of invadopodia. The latter represent actin-rich subcellular protrusions which are 

associated with the degradation of the extracellular matrix by cancer cells (WEAVER, 

2008). Further studies revealed that the cortactin gene was found to be identical with 

human EMS1 (SCHUURING et al., 1993), a gene that is frequently overexpressed in 

breast and head and neck cancers due to its presence in the 11q13 amplicon 

(SCHUURING et al., 1992). The human EMS1 protein is localized mainly in the 

cytoplasm and, to a very low extent, in protrusion forming lamellae of the cell. 

However, in carcinoma cells that constitutively overexpress this protein as a result of 

amplification of the EMS1 gene, cortactin accumulates, in addition to the cytoplasm, 

in podosome-like adherence junctions associated with the cell-substrate contact sites 

(SCHUURING et al., 1993). Moreover, recent data suggest that increased expression 

of cortactin may contribute to the development of an invasive tumor phenotype in 

several ways either due to increased actin polymerization, decreased down-

regulation of epidermal growth factor receptor, and / or regulation of the formation of 

podosomes/ invadopodia (BUDAY and  DOWNWARD, 2007). 

 

2.6.1 Domain structure and binding partners of cortactin 

Cortactin has four major domains of interest. The N-terminal acidic (NTA) domain, 

the tandem repeat domain, the C-terminal proline-rich domain and SH3 domains 
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(Fig. 2). The N-terminus has generally been thought of being the actin assembly 

region of the molecule, binding site for the Arp2/3 complex and actin filaments are 

found in the NTA and repeats domains, respectively. 

 

Fig. 2: Schematic representation of the cortactin structure and its interacting 

partners 

 
Legend: Cortactin can be divided into four major domains, the N-terminal acidic (NTA), the F-actin-
binding, the prolin-rich, and the SH3 domain and each of them interacts with different signaling 
molecules. The NTA domain interacts with the Arp3 subunit of the Arp2/3 complex. The F-actin-
binding domain is mapped to the repeat region; likely the fourth repeat representing the direct 
binding site. Src and other tyrosine kinases can phosphorylate cortactin within the proline-rich 
region. The SH3 domain of cortactin is critical for interaction with proline-rich proteins such as WASP, 
dynamin 2, and WIP (modified from, BUDAY and DOWNWARD, 2007). 
 
Src =  sarcoma     AMAP1 = AMY-1-associating protein-1 
Fgd1 = FYVE, RhoGEF and PH domain-containing protein 1      
SH3 =  src homology 3 
Arp3 =  Actin-related protein 3   F-actin = Filamentous actin 
WASP =      Wiskott–Aldrich Syndrome protein  CD2AP = CD2-associated proteins 
WIP =  WASP-interacting protein                                                 

 

These binding sites are both necessary and sufficient for direct regulation of Arp2/3-

complex mediated branched actin assembly (URUNO et al, 2001; WEAVER et al., 

2001). In addition, localization of cortactin to sites of dynamic actin assembly in cells 
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is frequently mediated through the Arp2/3 and F-actin-binding sites (BRYCE et al., 

2005; URUNO et al, 2001; WEED et al., 2000), suggesting that cortactin is both a 

sensor and regulator of branched actin assembly. The C-terminus is generally 

thought to be the regulatory or signaling end of the molecule, as the proline-rich 

domain contains phosphorylation sites for a number of kinases and the SH3 domain 

mediates binding to a variety of other signaling proteins (Tab. 3). However, many 

cytoskeletal and membrane trafficking proteins also bind to the SH3 domain of 

cortactin (Tab. 3), suggesting a potential scaffolding or regulatory role for cortactin in 

cytoskeletal arrangement and membrane trafficking. Many of these cortactin-binding 

partners, such as N-WASP (neuronal Wiskott-Aldrich syndrome protein), dynamin 

and WIP (WASP-interacting protein), bind to each other via separate direct 

interactions, suggesting that they may function together in large multiprotein 

complexes. 

 
 

Tab. 3: Cortactin-binding partners 

 
 

Protein 

 

Cortactin 
binding domain 

 

Function 

 

Reference 

Arp2/3 complex NTA Actin assembly (WEED et al., 2000) 

Actin filaments Tandem Repeats Actin assembly (WU and PARSONS, 
1993) 

Caldesmon N-terminus Actin assembly (HUANG et al., 2006)

Nck phospho-Y421, 
466, 482 

Adaptor protein (OKAMURA and 
RESH, 1995) 

Kinases Unknown Signal transduction  

K+ Channel 
Kv1.2 

Unknown Membrane 
excitability 

(HATTAN  et al., 
2002) 

BK Channels SH3 domain Membrane 
excitability 

(TIAN et al., 2006) 

N-WASP SH3 domain Actin assembly (MIZUTANI et al., 
2002) 

WIP SH3 domain Actin assembly (KINLEY et al., 2003) 
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Tab. 3: continued: Cortactin binding partners 
 

 

Protein 
 

Cortactin binding 
domain 

 

Function 
 

Reference 

MIM SH3 domain Actin assembly (LIN et al., 2005) 

Dynamin 2 SH3 domain Membrane 
trafficking 

(McNIVEN et al., 
2000) 

CortBP1/SHANK2 SH3 domain Adaptor protein (DU et al., 1998) 

CD2AP SH3 domain Adaptor protein (LYNCH et al., 
2003) 

Fgd1 SH3 domain Rho-GEF (HOU et al., 2003)
 

Arp2/3 complex = Actin-related protein 2/3 complex 
Nck = non-catalytic region of tyrosine kinase adaptor protein 1 
BK channels = Big potassium channel 
N-WASP = neuronal Wiskott–Aldrich syndrome protein 
WIP = WASP-interacting protein 
MIM = Missing in metastasis protein 
AMAP1 / ASAP1 = AMY-1-associating protein-1 / ArfGAP with SH3 domain, ankyrin repeat and PH 

domain 1 
Hip1R = Huntingtin-interacting protein 1-related protein 
ZO-1 = Zona occludens protein 1 
MLCK = Myosin light-chain kinase 
CortBP1 / SHANK2 = Cortactin binding protein 1 / SH3 and multiple ankyrin repeat domains protein 2 
CD2AP = CD2-associated proteins 
BPGAP1 = BCH domain-containing Cdc42GAP-like protein 1 protein 
Fgd1 = FYVE, RhoGEF and PH domain-containing protein 1 
CBP90 = Cortactin-binding protein 90 
 

 

2.6.2 Cortactin promotes cell migration 

The strong association between cortactin and cell motility structures (Tab. 4) such as 

lamellipodia and invadopodia (SCHUURING et al., 1993; WU, 1993) sparked an 

early interest upon the role of cortactin in cell migration and invasion. Indeed, 

overexpression of cortactin has been shown to enhance cell motility in a variety of 

experiments, including the transwell migration (BRYCE et al., 2005., PATEL et al., 

1998), wound closure (HUANG et al., 1998; KOWALSKI et al., 2005) and single cell 

motility assay (BRYCE et al., 2005). Similarly, small interfering RNA (siRNA) against 

cortactin inhibits cell motility in these assays (BRYCE et al., 2005; HILL et al., 2006; 

Van ROSSUM et al., 2006). Mechanistically, cortactin regulates the persistence 

(BRYCE et al., 2005) but not the ability to induce lamellipodial protrusions (BRYCE et 

al, 2005; KEMPIAK et al., 2005; TEHRANI et al., 2006; UNSWORTH et al., 2004; 
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Van ROSSUM et al., 2006). Cortactin also affects the ability of cells to form a 

dominant lamellipodium in response to growth factor stimulation (KEMPIAK et al., 

2005). In addition, cortactin promotes the formation of new adhesions at the cell 

periphery, which is likely to contribute to both, the lamellipodial persistence and 

migration phenotypes (BRYCE et al., 2005). Cells deficient in cortactin have impaired 

cell migration and invasion. Kymography analyses of live cell imaging studies 

demonstrate that cortactin knocked down cells have a selective defect in the 

persistence of local lamellipodial protrusions. The lamellipodial protrusion, adhesion 

and cell motility defects can be fully rescued by cortactin molecules which provided 

both, intact Arp2/3 complex and F-actin binding sites. Consistent with this 

requirement for simultaneous contacts with Arp2/3 and F-actin, cortactin is recruited 

by the Arp2/3 complex to lamellipodia and binds with a higher affinity to ATP/ADP-Pi-

F-actin than to ADP-F-actin. In situ labeling of lamellipodia revealed that the relative 

levels of free barbed ends of actin filaments are reduced by over 30% in the cortactin 

knocked down cells; however, there is no change in Arp2/3-complex localization to 

lamellipodia. Cortactin knocked down cells also have a selective defect in the 

assembly of new adhesions in protrusions, as assessed by analysis of GFP-paxillin 

dynamics in living cells (BRYCE et al., 2005).  In vivo, these functions may be 

important during directed cell motility (BRYCE et al., 2005). However, other studies 

have reported a role for cortactin tyrosine phosphorylation (HUANG et al, 1998, 

ROTHSCHILD et al, 2006) or SH3 domain interactions (KOWALSKI et al, 2005) in 

cell migration. Thus cortactin may have different effects depending on the cellular 

context. This is not too surprising, since cortactin may affect actin assembly in 

different ways, e.g. via direct regulation of Arp2/3 complex by the N-terminus versus 

activation of N-WASP through C-terminal interactions. In addition, cortactin has 

increasingly recognized cellular roles outside of the lamellipodium that might affect 

cell motility, such as in cell-cell adhesion (HELWANI et al, 2004; EL SAYEGH et al., 

2004; EL SAYEGH et al., 2005) and membrane trafficking (CAO et al., 2003; ZHU et 

al., 2005). For example, regulation of endocytosis of integrins and growth factor 

receptors by cortactin (TIMPSON et al., 2005) or secretion of molecules such as 

proteases (CLARK et al., 2007) into the ECM could have major effects on cell motility 
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that would be cell context dependent. Future studies should address these 

possibilities.  

 

Tab. 4: Structure, subtype, occurrence, definition / comment and illustration of 

cellular protrusions 
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2.6.3 Role of cortactin in invadopodia 

Cortactin is a critical component of invadopodia, actin-rich protrusions associated 

with extracellular matrix degradation (WEAVER, 2006). Invadopodia were first 

identified in src-kinase transformed cells and are thought to constitute the invasive 

cellular machinery. They are characterized by the co-localization with many proteins 

that are found in focal adhesions and lamellipodia, as well as membrane trafficking 

proteins and proteases (WEAVER, 2006). Related structures, podosomes, are found 

in osteoclasts, macrophages and other normal cells that must cross tissue barriers or 

remodel ECM (LINDER, 2007; WEAVER, 2006). Cortactin is frequently used as an 

invadopodia marker, based on its strong localization to sites of focal ECM 

degradation (Fig. 3). Many key invadopodia proteins are also cortactin binding 

partners, including N-WASp, WIP, dynamin, ASAP1/AMAP1 and src-kinase 

(WEAVER, 2006), suggesting that cortactin may have a scaffolding function in 

invadopodia. Consistent with that idea, mutations in the cortactin C-terminal 

phosphorylation and binding sites have strong effects on invadopodia number and 

function (AYALA et al., 2008; WEBB et al., 2007). Regulation of membrane trafficking 

by cortactin likely represents a critical component of invadopodia associated ECM 

degradation. Recent live cell imaging studies demonstrate that cortactin recruitment 

precedes by a few minutes the trafficking of proteases to future sites of ECM 

degradation (ARTYM et al., 2006). Interestingly, the presence of both cortactin and 

strong phosphotyrosine staining at invadopodia puncta was shown. This reaction 

identifies a subset of invadopodia that are actively degrading ECM, suggesting that 

phosphotyrosine signaling and cortactin may be critical components of delivery 

and/or activation of invadopodia proteases (BOWDEN et al., 2006). Consistent with 

that idea, recent data indicate that cortactin is essential for the trafficking of the key 

invadopodia proteases, MMP-14, MMP-2 and MMP-9 in head and neck squamous 

carcinoma cells (CLARK et al., 2007; CLARK and WEAVER, 2008). 
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Fig. 3: Proposed model for the role of cortactin in invadopodia function 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: One of the important features of cortactin in invadopodia is to regulate the secretion of 
proteases. At a subcellular level, cortactin could act at many steps, including promoting fission of 
vesicles from the trans-Golgi network, the assembly of actin comet tails for the propulsion of vesicles 
toward the plasma membrane, the capture of vesicles at the plasma membrane and/or promoting 
vesicle fusion at the plasma membrane. In all of these processes, cortactin likely functions through 
promotion of branched actin assembly, just as has been proposed for the actin assembly that takes 
place in invadopodia puncta. Cortactin may also function to bridge branched actin networks to 
vesicular trafficking proteins, such as dynamin2 (modified from, CLARK and WEAVER, 2008).  
 
N = nucleus 
       = vesicle 

 = cortactin 
 = plasma membrane 
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2.6.4 Cortactin function in tumors 

Cortactin is overexpressed in many types of human cancers, including head and 

neck and esophageal squamous cell carcinomas, colorectal, gastric, hepatocellular, 

breast and ovarian cancers (HUI et al., 1998; ORMANDY et al., 2003; RODRIGO et 

al., 2000; YUAN et al., 2003). Most frequently cortactin overexpression occurs 

through chromosomal amplification of the 11q13.3 region (MYLLKANGAS et al., 

2007). However, overexpression has also been reported in tumors lacking this 

amplification (GREER et al., 2007; YUAN et al., 2003). In head and neck squamous 

cell carcinoma (HNSCC), 30-40% of tumors contain the 11q13 amplicon and it clearly 

correlates with a poor prognosis, including decreased survival (AKERVALL et al., 

1995; MEREDITH et al., 1995; RODRIGO et al., 2000; WILLIAMS et al., 1993). In 

addition to cortactin, a number of interesting genes are present in this amplicon, 

including two pore segment channel 2 (TPC2), oral cancer overexpressed 1 / tumor 

amplified and overexpressed sequence 1 (ORAOV1/TAOS1), fibroblast growth factor 

4 (FGF4), cyclin D1 (CCND1), fibroblast growth factor 19 (FGF19), fibroblast growth 

factor 3 (FGF3), anoctamin 1 (FLJ10261), fas-associated protein with death domain 

(FADD), protein phosphatase 1a1 (PP1A1), TMEM1GA and SHANK2 (SH3 and 

multiple ankyrin repeat domains protein 2; FREIER et al., 2006). Of these, cyclinD1 

and EMS1/cortactin have been considered to be the best candidates for promoting 

tumor aggressiveness, since unlike many of the other genes in the amplicon they are 

consistently overexpressed upon amplification (SCHUURING, 1995). Between these 

two genes, cortactin has been more highly correlated with poor prognosis in HNSCC 

and estrogen receptor-negative breast cancers, whereas cyclinD1 has been 

associated with poor prognosis in estrogen receptor-positive breast cancers (HUI et 

al., 1997; HUI et al., 1998; ORMANDY et al., 2003; RODRIGO et al., 2000). 

However, since cortactin and cyclinD1 are frequently overexpressed and amplified 

together they may function synergistically in many situations. Although there have 

been few studies to address the role of coexpressed 11q13 genes, Timpson et al. 

(2007) recently reported that co-overexpression of cyclinD1 and cortactin in HNSCC 

cells promotes resistance to gefitinib, an EGF receptor antagonistic drug, as defined 

by half maximal inhibitory concentration (IC50) for proliferation (TIMPSON et al., 
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2007). Rothschild et al. (2006) examined 11q13-amplified HNSCC cells and found 

that cortactin plays a generally important role in migration and invasion and also 

promotes resistance to gefitinib induced inhibition of migration. However it is unclear, 

whether any of the other genes in the amplicon participate in this phenotype 

(ROTHSCHILD et al., 2006). 
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3 Materials and methods 

3.1 Media and supplements 
 

For cell passaging and maintaining different media were used. 

 

a. Washing medium  

Washing medium consisting of minimal essential medium with Earle´s salt solution, 

(MEME) supplemented with penicillin/streptomycin (100 units/ml, 100 mg/ml) was 

used for washing the Vero cells prior to passage with growth medium. 

 

b. Growth medium  

i. Medium consisting of MEME supplemented with 10% fetal calf serum (FCS) and 

penicillin/streptomycin (100 units/ml, 100 mg/ml) to support the growth of Vero cells. 

ii. Medium consisting of MEME containing 10% FCS, penicillin/streptomycin (100 

units/ml, 100 mg/ml) and 1% non essential amino acid (NEAA) to support the growth 

of DH82 and persistently canine distemper virus strain Onderstepoort infected DH82 

(DH82-Ond) cells. 

 

3.2 Cell lines 

3.2.1 Vero cells 

 

African green monkey kidney cells (Vero cells) were placed in 25 cm2 and 75 cm2, 

sterile polystyrol tissue culture flasks (Nunc™ Easy Flasks™) as described by 

BAUMGÄRTNER et al. (1982). Cells were maintained with MEME containing 10% 

FCS and penicillin/streptomycin (100 units/ml, 100 mg/ml) under standard conditions 

(5% CO2, 37°C, water-saturated atmosphere). Initial medium changes were done 24 

hours (h) after seeding (50% of the medium). Further medium changes (100% of the 

medium) were performed twice a week. 
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3.2.1.1 Protocol for passage of Vero cells 

 

1.  Prior to passage, replace growth medium by washing medium at room 

temperature (RT), 2x (5 ml for 25 cm2 tissue culture flask and 10 ml for 75 cm2 

tissue culture flask). 

2.  Discard the wash medium. 

3.  Add the pre-heated trypsin-EDTA 1x (0.05% / 0.02% in PBS) to the cells (3 ml 

and 6 ml for 25 cm² and 75 cm² tissue culture flasks, respectively), then return 

the flasks to the incubator at 37°C and 5% CO2 for 5-10 minutes. 

4.  After trypsinization, gently tap the flask for a few times on the table to ensure 

that all cells are detached. 

5.  Resuspend the cells with MEME containing penicillin/streptomycin (100 

units/ml, 100 mg/ml) and 10% FCS at RT, (6 ml / 25 cm2 and 12 ml / 75 cm2 

tissue culture  flasks) 2-3 times. 

6.   Transfer cell suspension to a centrifuge tube and centrifuge for 5 minutes at 300 

x g at +4°C. 

7.   Discard the supernatant. 

8.   Resuspend cells carefully with 5 ml MEME containing penicillin/streptomycin 

(100 units/ml, 100 mg/ml) and 10% FCS and transfer them into a beaker by 

using a pipette. 

9.   To determine the cell number, mix 200 μl of the cell suspension with 400 µl 

trypanblue and load sample to a Neubauer hemocytometer for counting of the 

viable cells. 

10.   Count the cells and calculate the number of viable cells / µl for calculation of the 

required volume for reaching the requested cell number for subculture of the 

cells. Perform the calculation according to the following formula:  
  

 
Number of counted cells x dilution   

             = number of cells / mm³ 
  Number of counted squares x volume over square in mm³  
 

                                                                    = number of cells / µl 
                           = number of cells x 10³ / ml 
 



 Materials and methods  

 34

11.   Add 5 ml of MEME containing penicillin/streptomycin (100 units/ml, 100 mg/ml) 

and 10% FCS and the calculated amount of cell suspension to a 25 cm2 tissue 

culture flasks. 

12.   Place the flasks in an incubator at 37°C and 5% CO2. 

Media were changed twice a week and cells were passaged again when reaching 

confluency (about once a week). 

 

3.2.2 DH82 and DH82-Ond cells 

 

DH82 cells are a macrophage / monocyte cell line, which originated from a dog with a 

disseminated histiocytic sarcoma (formerly termed malignant histiocytosis; 

WELLMAN et al., 1988). DH82 cells were obtained from the European Collection of 

Cell Cultures. Cells were initially maintained by biweekly, one-half media changes. 

When the adherent cells reached confluency, the cultures were carefully scraped 

with a rubber policeman and passaged at weekly intervals. Cultured cells were 

periodically aliquoted, frozen and stored in liquid nitrogen until used. In the present 

study, DH82 cells (passage 10 to passage 11) and DH82-Ond (passage 141) cells 

were seeded in 96-well microtiter plates (Nunc) at a density of 3x104 cells/well, and 

1x105 cells/well in 24 well plates or 4 well lab-Tek™ nunc chamber slides. Cultures 

were maintained under standard conditions (5% CO2, 37°C, water-saturated 

atmosphere). Initial medium changes were done 24 h after seeding (50% of the 

medium), further medium changes (100% of the medium) were performed twice a 

week. Non-infected DH82 and DH82-Ond cells were cultured in 25 cm2 and 75 cm2 

as described (WELLMAN et al., 1988; GRÖNE et al., 2002; PUFF et al., 2008). 

 

3.2.2.1 Protocol for DH82 and DH82-Ond cell passage 

 

1.  Scrape the cells carefully with a rubber policeman into the medium. 

2.  Resuspend cells carefully with MEME containing penicillin/streptomycin (100 

units/ml, 100 mg/ml), 10% FCS and 1% NEAA at RT, 5-10 times. 

3.  Transfer cell suspension to a centrifuge tube and centrifuge for 10 minutes at 250 

x g at 4°C.  
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4.  Discard supernatant. 

5.  Resuspend cells carefully with 5 ml MEME containing penicillin/streptomycin (100 

units/ml, 100 mg/ml), 10% FCS and 1% NEAA and transfer into a beaker by using 

a pipette. 

6.  Determine cell number by mixing 200 μl of the cell suspension with 400 µl 

trypanblue and load sample to a Neubauer hemocytometer for counting of viable 

cells. 

7. Count the cells and calculate the number of viable cells / µl for calculation of the 

required volume for reaching the requested cell number for subculture of the cells. 

8.  Add 5 ml of MEME containing penicillin/streptomycin (100 units/ml, 100 mg/ml), 

10% FCS and 1% NEAA and the calculated amount of cell suspension to a 25 

cm2 tissue culture flask. 

9.  Place the tissue culture flask in an incubator at 37°C and 5% CO2. 

Media were changed twice a week and cells were passaged again when reaching 

confluency (about once a week). 

 

3.3 Virus strains 

 

The attenuated CDV strain Onderstepoort (CDV-Ond) was a kind gift from Dr. 

Metzler, Institute of Virology, Veterinary Medical Faculty, University of Zürich, 

Switzerland. The CDV strain Onderstepoort expressing green fluorescent protein 

(CDV-OndeGFP) was kindly provided by Dr. von Messling, Institute Armand-

Frappier, University of Quebec, Canada. The CDV strain R252 was kindly provided 

by Dr. S. Krakowka, Department of Veterinary Biosciences, College of Veterinary 

Medicine, The Ohio State University, Columbus, USA. The attenuated canine 

parainfluenza virus (CPiV) was kindly provided by Dr. E. Everman, Department of 

Veterinary Clinical Medicine and Surgery and Diagnostic Laboratory, Washington 

State University, USA. 

Infection of the DH82 cells was performed with the following CDV and CPIV strains 

(Tab. 5): 

- CDV-Ond (internally designated OndX, harvested on 22.05.2006, tissue culture 

infectious dose 50 (TCID50) per 100 μl = 105.25 at 4 dpi) 
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- CDV-OndeGFP (harvested on 03.04.08, TCID50 /100 µl = 103.5 at 4 dpi) 

- CDV-R252 (harvested on 10.10.2006, TCID50 /100 µl = 105.0 at 4 dpi)  

- CPiV (Type 2 SV-5 strain, internally labeled WOSU V, harvested on 

20.12.2005, TCID50/100 µl   = 105.25 at 4 dpi)  

 

3.3.1 Virus harvest  

 

Virus harvest was carried out as described by BAUMGÄRTNER et al. (1981). 

Infected cells were scraped from the bottom of the cell culture flask into the 

supernatant and the resulting suspension was transferred into a centrifuge tube. 

Virus harvest was performed by 3 cycles of freezing and thawing using a mixture of 

acetone (Fluka) and dry ice in equal amounts for freezing. Thawing was carried out 

under running cold tap water. Afterwards a ten-minute centrifugation at 2050 rpm = 

700 x g was performed. Aliquots of the supernatant were frozen at -80°C until use. 

 

3.3.2 Virus titration 

 

To calculate the TCID50 in the supernatant of the infected culture, virus titration was 

performed using Vero cells. Virus titration was done as described (BAUMGÄRNTER 

et al., 1981; FRISK et al., 1999a; ORLANDO et al., 2008). Briefly, virus suspension 

was 10 fold diluted (from 10-1 to 10-10) in MEME supplemented with 

penicillin/streptomycin (100 units/ml, 100 mg/ml). Vero cells were seeded in 96 well 

microtiter plates at a density of 1.5 x 104 cells / well. At the same time, 100 µl of the 

diluted virus suspension was added. Each dilution was carried out in quadruplicates. 

Following incubation under standard conditions monolayers were observed for 

occurring cytophathic effects (CPE) daily. In general, CPE and TCID50 were 

calculated after 4 days according to the Reed and Muench method (Tab. 5, FRISK et 

al., 1999; MAYER et al., 1977). Non-infected cultures served as controls. 
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Tab. 5: Titers, TCID50/100µl and used cell lines for canine distemper virus (CDV)  

strains and CPIV propagation 
 

 
Virus 

 
TCID50/100µl a 

 
Virulence 

 
Virus-propagating cells b

CDV-R252 c 105.00 Attenuated Vero 
CDV-Ond d 105.25 Attenuated Vero 
CDV-OndeGFP e 103.50 Attenuated Vero 
CPiV f 105.25 Attenuated Vero 

 

a Tissue culture infectious dose 50 per 100µl (TCID50/100µl) 
b African Green Monkey Kidney cell line (Vero) 
c Canine distemper virus, strain R252 
d Canine distemper virus, strain Onderstepoort 
e Canine distemper virus, strain Onderstepoort expressing green fluorescing protein 
f Canine parainfluenza virus 
 

 

3.3.3 Infection of cells 

 

The virus infection assay was performed when the culture reached approximately 

70% confluence. In total, three different CDV strains (CDV-Ond, CDV-OndeGFP, and 

CDV-R252) and one canine parainfluenza virus (CPiV) strain were used at a 

multiplicity of infection (MOI) of 0.1. Briefly, cells were washed twice with MEME 

containing penicillin/streptomycin (100 units/ml, 100 mg/ml) prior to infection. 

Subsequently, fresh medium containing the inoculum or fresh medium only (mock 

infections) was added (100 µl/well for 96-well microtiter plates, 500 µl/well plates for 

24 well microtiter plates, and 800 µl/well for 4 wells lab-Tek™ chamber slides). 

Incubation with the inoculum was performed for 2 h under standard conditions. After 

removal of the inoculum the cultures were maintained in fresh MEME containing 

penicillin/streptomycin (100 units/ml, 100 mg/ml), 10% FCS for Vero cell cultures and 

MEME containing penicillin/streptomycin (100 units/ml, 100 mg/ml), 10% FCS and 

1% NEAA for DH82 cell cultures under standard conditions. Cultures were monitored 

for CPE daily for a period until 10 days post infection (dpi). 
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3.4 Experimental design 

 

Vero cells, DH82 cells and DH82-Ond cells were cultivated in 25 cm² tissue culture 

flasks and in 96 well plates or 24 well plates as well as in 4 well lab-TekTM Nunc 

chamber slides. When the cultures reached 70% confluency, cells were infected with 

different CDV strains (CDV-Ond, CDV-OndeGFP, CDV-R252) and CPiV at a MOI of 

0.1. Non-infected cultures served as controls. At 1, 3, 5 and 10 days post infection 

(dpi) cells were fixed and used for further investigations. The latter include 

immunofluorescence for detection of viral antigen, hematoxylin-eosin (H&E) staining 

for monitoring of morphological changes as well as transmission and scanning 

electron microscopy for a detailed investigation of the cellular morphology (Fig. 4). 

 

Fig. 4: Experimental design to compare Vero, DH82 and DH82-Ond cells with and  

without CDV or CPiV infection regarding number of infected cells and 

cellular morphology 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

(1) Vero cells (2) DH82 cells 

Cultivation of the cells in 25 cm² tissue cultuers flasks (passage 76 for Vero and passage 11 
for DH82 cells)  

Seeding of cells in 96 well plates (15.000 cells/well for Vero cells and 30.000 cells/well for 
DH82 cells) for IF and in 24 well plates and 4 well lab-Tek™ Nunc chamber slides (50.000 
cells/well for Vero cells and 100.000 cells/well for DH82 cells) for EM and H&E. The cells 
were cultivated under standard conditions (5% CO2, 37°C, water-saturated atmosphere). 

After the monolayer reached 70% confluency 

Infection with different CDV-strains and CPiV; at a MOI= 0.1 

CDV-Ond 
(TCID50 105.25/100µl) 

22.05.06 

CDV-OndeGFP 
(TCID50 103.5/100µl) 

24.04.08 

CDV-R252 
(TCID50 105/100µl) 

10.10.06 

CPiV-Wosu 
(TCID50 105.25/100µl) 

31.05.08 
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Fig. 4: (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
CDV = canine distemper virus; CPiV= canine parainfluenzavirus; IF= immunofluorescence 
H&E= Hematoxylin-Eosin; EM= electron microscopy; TEM= transmission electron microscopy;  
SEM= Scanning electron microscopy 
 
 

3.5 Hematoxylin-Eosin (H&E)-staining of cells 

 

Cells were seeded on chamber slides under standard conditions, 37°C and 5 % CO2 

and stained with H&E at 1, 3, 5 and 10 dpi as follows:  

1.   Discard the growth medium. 

2.   Wash the cell cultures 2x 5 minutes with phosphate bufferd saline (PBS) and fix

  with 4% paraformaldehyde for 30 minutes. 

SEM TEM H&E IF  

(3) DH82-Ond cells 

Cultivation of the cells in 25 cm² tissue cultures flasks (passage 141) 

Seeding of cells in 96 well plates (30.000 cells/well for DH82 cells for (IF) and in 24 well 
plates and 4 well lab-Tek™ Nunc chamber slides (100.000 cells/well for DH82 cells for 
(EM) and H&E, the cells were cultivated under standard conditions (5% CO2, 37°C, water-
saturated atmosphere). 

After monolayer reached 70% confluency 

IF  H&E TEM SEM 
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3.  Remove the plastic chambers from the chamber slides, wash fixed cells with

 phosphate buffer saline (PBS) at RT 2x 5 min.  

4.  Stain slides with Hematoxylin solution (Mayer) at RT for 15 min. 

5.  Wash cells carefully with tap water at RT for 15 min. 

6.  Stain with eosin 0.25% (in 100 ml tap water and one drop acetic acid 100% for 

2 min.  

7.  Wash the cells with tap water at RT for 1 min. 

8.  Dip the slides for 1 minute in 70% ethanol, 1 minute in 99% ethanol, and 2 

minutes in isopropanol. 

9.  Cover the slides with Corbit-balsam and cover slips. 

 

3.6 Cell proliferation assay 

3.6.1 Cell doubling assay  

 

For determination of the cumulative population doublings (CPDs) cells were seeded 

at equal amounts into 25 cm2 tissue culture flasks. Cells were counted at each 

passage and seeded at the same number as the week before. Population doublings 

(PDs) were calculated at every passage using the following formula: 

 

PD = log (cells harvested/cells seeded)/log (2) 

 

e.g.  PD = log (2.78x106/0.25x106)/log (2) =  3,475 

CPDs were determined by summing the log until the last passage used for the 

observation period as described previously (RHEINWALD et al., 2002). 

 

3.6.2 5-Bromo-2’-deoxy-uridine-assay (BrdU assay)  

 

The BrdU assay was performed using a slightly modified protocol according to the 

manufacturer’s instructions (5-Bromo-2’-deoxy-uridine assay, BrdU). The assay is 

based on the principle that BrdU is incorporated into the DNA instead of thymidine 

during DNA synthesis.  
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1. Seed DH82 and DH82-Ond cells at a density of 30.000 cells/well in 96-well 

microtiter plates with 100 µl MEME containing 10% FCS, penicillin/streptomycin 

(100 units/ml, 100 mg/ml) and 1% NEAA for 24 h at 37°C. 

2.    Incubate the cells for 12 hours with 100 μl BrdU solution in MEME containing 

penicillin/streptomycin (100 units/ml, 100 mg/ml), 10% FCS and 1% NEAA 

under standard conditions, 37°C and 5 % CO2. 

3.   Remove the BrdU-growth medium mixture and wash cells twice with 200 μl 

MEME containing 10% FCS, penicillin/streptomycin (100 units/ml, 100 mg/ml) 

and 1% NEAA. 

4.   Fix the cells with 200 μl ice-cold ethanol (70%) / HCl (25%) for 30 min at 20°C 

(according to manufacturer's instructions)  

5.   Remove the fixative and wash the cells three times with 200 μl growth medium 

with 10% FCS. 

6.  Incubate the cells with 100 μl “nucleases working solution” for 30 min at 37°C 

(without CO2). 

7.  Remove the “nucleases working solution” and wash the cells three times with 

MEME containing 10% FCS. 

8.   Incubate the cells with 100 μl anti-BrdU-POD for 30 min at 37°C. 

9.   Remove unbound anti-BrdU-POD by washing three times with washing buffer.  

10.  Incubate cells with 50 μl Cy3 goat anti-mouse IgG antibody (1:200) against anti-

BrdU-POD in "Washing buffer" / bovine serum albumin (BSA, fraction V, 1%) for 

30 min at 37°C. 

11.  Remove unbound antibody solution and wash once with washing buffer. 

12.  Stain nuclei of the cells with 50 μl bisbenzimide (0.01% in bidestilled water) for 

10 min at RT.  

The percentage of BrdU-positive cells was determined using an inverted 

fluorescence microscope (Olympus IX-70) by manually counting the Cy3-labelled 

cells versus bisbenzimide-labelled nuclei. Experiments were performed in 

quadruplicates and five high-power fields per well were counted. 
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3.7 Immunofluorescence staining and used antibodies and sera 
 

Immunofluorescence was used for the determination of the percentage of infected 

CDV and CPiV infected DH82 cells. Therefore a canine parainfluenza-specific 

monoclonal antibody (SV5-NP, dilution 1:50000, kindly provided by Dr. Randall, 

School of Biological and Medical Sciences, University of St. Andrews, St. Andrews, 

Scotland) and a polyclonal CDV-nucleoprotein specific antibody (#25, dilution 1:2000; 

kindly provided by Dr. C. Örvell, Central Microbiological Laboratory of Stockholm, 

Sweden) were used. Additionally, immunofluorescence was used to determine the 

intracellular distribution of cortactin, an integral element of the actin cytoskeleton.  

The primary and secondary antibodies were diluted in PBST (PBS/Triton X-100- 

0.25%) containing 1% BSA. Specificity, clone number, species, dilution, and source 

of the primary antibodies as well as the secondary antibodies used are shown in 

Table 2. Biotinylated goat anti-rabbit immunoglobulin (Vector Laboratories, 9 μl / ml 

PBS) or biotinylated goat anti-mouse immunoglobulin (Vector Laboratories, 9 μl / ml 

PBS) served as secondary antibodies (Tab. 6). 
 

 
 

 

  Tab. 6: Primary antibodies, species of origin, source, dilution and secondary 

antibodies used for immunofluorescence 
 
 

Primary 
antibody 

Species 
of origin 

Source of 
primary 
antibody 

Dilution
Secondary 
antibody 

Source of 
secondary 
antibody 

anti-CDV-NP 
# 25 

(polyclonal) 
rabbit 

Dr. C. Örvell, 
Central 

Microbiological 
Laboratory of 
Stockholm, 

Sweden 

1:2000 
Goat anti-

rabbit 
Cy3 

Jackson 
ImmunoResearch,

DIANOVA 
 

anti-CPiV 
SV-5-NP 

(monoclonal) 
mouse 

Dr. Randall, 
School of 

Biological and 
Medical 

Sciences,  
St. Andrews, 

Scotland 

1:50000 
Goat anti-

mouse 
Cy3 

Jackson 
ImmunoResearch,

DIANOVA 
 

anti-cortactin 
H-191 

(polyclonal) 
rabbit 

Santa Cruz 
Biotechnology 

1:100 
Goat anti-

rabbit 
Cy3 

 

Jackson 
ImmunoResearch,

DIANOVA 
 

 

CDV = canine distemper virus; CPiV = canine parainfluenza virus; NP = nucleoprotein; Cy = Cyanine 
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3.7.1 Immunofluorescence for CDV and CPiV 
 

Cultures were immunostained in quadruplicates after 1, 3, 5 and 10 days post 

infection as follows: 

 

1st day 

1.  Wash cell cultures with PBS at room temperature (RT), 2x5 min (100 µl/well). 

2.   Fix the cells with 4% paraformaldehyde at RT for 30 min (100 µl/well). 

3.   Wash the fixed cells with PBS at RT 2x 5 min (100 µl/well). 

4.   Wash with PBST (PBS-Triton X-100 (PBST; 0.25%) at RT for 2x5 min (100 

µl/well). 

5.   Block unspecific binding with PBST+1% BSA (100 µl/well) and incubate at RT 

for 45 min. 

6.   Dilute the primary antibody in PBST containing 1% BSA: 

  - CPiV: SV-5-NP 1:50 000 

  - CDV: #25 1:2000 

       - For controls without primary antibodies (prepare PBST + 1% BSA) 

7.   Add 100 µl/well of the primary antibody to the wells. 

8.   Cover the titer plate with aluminum foil and incubate overnight in the refrigerator 

(4°C). 

 

 2nd day 

9.  Wash the cells with PBST at RT, 2x5 min (100 µl/well). 

10.  Add the secondary antibodies (goat-anti-rabbit Cy3 for CDV (#25) and goat-

anti-mouse Cy3 for CPiV (SV-5-NP) diluted 1:100 in PBST containing 1% BSA 

and incubate at RT for 1 h. 

11.  Wash cells with PBST at RT, 2x5 min (100 µl/well). 

12.  Wash cells with distilled water, 1 min (100 µl/well). 

13.  Stain nuclei with bisbenzimide (0.01% in bidistilled water), 10 min at RT. 

14.  Wash with distilled water. 

15.  Add 100 µl of PBS/well, cover with aluminum foil and maintain at 4°C until 

examination using an inverted fluorescence microscope (Olympus IX-70). 



 Materials and methods  

 44

The number of positive cells was determined by counting a minimum of five different, 

randomly-selected areas per well at a 40x objective magnification. The analysis was 

performed in triplicates. The percentage of labelled cells was expressed as the 

number of immunostained cells in relation to the total number of cells identified by 

bisbenzimide nuclear staining (TECHANGAMSUWAN et al., 2008). 

Microphotographs were taken using the PM-30 system (Olympus) and a color 

reversal film (ISO400, Fujifilm, Tokyo, Japan). 

  

3.7.2 Immunofluorescence for Cortactin 

 

For determination of the percentage of cortactin expressing cells and the intracellular 

distribution of cortactin, non-infected and persistently CDV-Ond infected DH82 cells 

were labeled with anti-cortactin according to the protocol mentioned above. The 

polyclonal anti-cortactin antibody H-191 was used as a primary antibody in a dilution 

of 1:100. Cy3 goat-anti-rabbit (1:100) was used as secondary antibody. The number 

of positive cells was determined as described above. Additionally the intracellular 

distribution and staining intensity of cortactin in the cytoplasm and along the 

cytoplasmic membrane / cytoplasmic protrusions was evaluated by confocal 

microscopy and immunoelectron microscopy. 

 

3.8 Confocal microscopic evaluation 

 

The immunostaining was performed in 4 wells lab-Tek™ chamber slides as 

described above. After removing of the medium chamber from the slide and washing 

with PBS, they were covered with "fluorescent mounting medium" and sealed with 

nail polish and examined under the confocal microscope (Leica SP5).  

 

3.9 Phagocytosis assay 

 

Phagocytosis of inert particles (Polystyrene latex beads, 0.8 µm) by infected and non 

infected DH82 cells was carried out by incubation of latex beads diluted 1:100. Latex 

particles were diluted in MEME containing penicillin/streptomycin (100 units/ml, 100 

mg/ml), 10% FCS and 1% NEAA. 250 µl of this solution was added to each well in a 
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24 well plate or 4 well lab-Tek™ chamber slides for non-infected and infected cells at 

1, 3, 5, and 10 dpi  and days post seeding (dps). The cells were incubated for 3 h at 

37°C and 5% CO2 in a water-saturated atmosphere. After the incubation period, 

cultures were washed twice with PBS to remove excess latex particles. The presence 

of phagocytosed particles was determined by using light microscopy and both 

scanning and transmission electron microscopy. 

 

3.10 Electron microscopy 

 

For ultrastructural examination of non-infected DH82 cells as well as acutely CDV- 

and CPiV infected DH82 cells and DH82-Ond cells, cells were seeded at a density of 

3 x 104 cells/well in 24 well plates on glass cover slips and 4 well lab-Tek™ (Nunc) 

chamber slides. They were fixed with cacodylate buffered glutaraldehyde (2.5%, 

Merck) at 1, 3, 5 and 10 dpi and dps, respectively. 

 

3.10.1 Scanning electron microscopy (SEM) 

 

For scanning electron microscopy cells were grown on glass cover slips (1.5 cm 

diameter) in 24 well plates. 1, 3, 5 and 10 dpi and dps, respectively, medium was 

discarded and cultures were washed with PBS. Then, cells were fixed with 2.5% 

glutaraldehyde for at least 24 h. After fixation, samples were washed with 0.1 M 

cacodylate buffer for 1 day including changing of the buffer in between three to five 

times. Post-fixation was performed on ice using 1.0% osmium tetroxide (OsO4) 

buffered with 0.1 M cacodylate buffer. After post-fixation, samples were washed at 

least 4 times (each 15 minutes) with cacodylate buffer. Dehydration was carried out 

through an ascending series of ethanol (30%, 50%, and 70% diluted in distilled 

water, each for 30 min) and an overnight incubation with 70% ethanol. Dehydration 

was continued in 90 % ethanol for 30 min and in absolute ethanol for at least 2 hours 

including several changes of the ethanol in between. After dehydration, glass cover 

slips were removed from the titer plate and air dried, stuck to stubs, sputter-coated 

and examined with a scanning electron microscope (DSM940, Zeiss, Germany; 

BAUMGÄRTNER et al., 1989). 
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3.10.2 Transmission electron microscopy (TEM) 

3.10.2.1 Embedding 

 

Cells were fixed in 2.5% glutaraldehyde followed by post fixation with osmium 

tetroxide, dehydrated in graded alcohols, and embedded in epoxy resin. Staining was 

performed using uranyl acetate and lead citrate. Examination was carried out under a 

transmission electron microscope at 60 kV (TEM 10/A). 

1. Seed 1x105 DH82 cells/chamber in 4 well lab-Tek™ chamber slides, followed 

immediately by infection with CDV-Ond, CDV-OndeGFP, CDV-R252 or CPiV 

with a MOI of 0.1. Mock-infected DH82 cells served as controls. 

2. Incubate cultures under standard conditions at 37°C and 5% CO2 until they 

reach 70% confluency. 

3. Add latex particles (polystyrene latex beads, 0.8 µm) to the cultures (250 

µl/well) in a final concentration of 1% diluted in MEME containing 

penicillin/streptomycin (100 units/ml, 100 mg/ml), 10% FCS and 1% NEAA and 

incubate for 3 h under standard conditions (37°C, 5% CO2). 

4. Wash cells twice with PBS for 5 min at RT. 

5. Fix cells in 2.5% cacodylate buffered glutaraldehyde for 24 h at +4°C. 

6. Rinse cells 4x for 30 min in 0.1 M cacodylate buffer (pH 7.2) and post-fix in 1% 

osmium tetroxide (OsO4, Roth) for 2 h and rinse four times for 15 min in 0.1 M 

cacodylate buffer. 

7. Dehydrate the sample in an ascending series of ethanol (30%, 50% and 70% in 

distilled water, each for 30 min). 

8. Incubate overnight in 70% ethanol.  

9. Dehydrate for 30 min in 90% ethanol and twice in absolute ethanol at RT. 

10. Remove the chamber from the slide by dissolving the gasket seal with 

propylene oxide. 

11. Infiltrate slides with propylene oxide extra pure for 30 min. 

12. Infiltrate with propylene oxide and Epon (mixture A + B in relation 3:7; Serva) 

1:1 for 30 min. 

13. Infiltrate with pure Epon for 30 min.  
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14. Infiltrate with Epon + 1.5% DMP 30 (Serva) for 30 min. 

15. Place Epon-filled gelatin capsules on the cells. 

16. Performe polymerization of the samples by heat at 35°C for 1d, at 45°C for 1d 

and at 65°C for 3d. 

17. Blast off little blocks from the slide by liquid nitrogen. 

 

3.10.2.2 Processing of epon blocks for electron microscopy 

 

After polymerization, epon blocks were trimmed with a pyramitom (Reichert-Jung). 

Subsequently, 0.5 µm semi-thick sections were cut using an ultramicrotome 

(Ultracut). These sections were stained with a 0.25% toluidin blue solution for 3 min 

at 70°C and covered with Corbit balsam. After evaluation of the semi-thick sections 

by light microscopy, appropriate localizations for TEM were selected. From all 

selected epon blocks, 70 nm thick ultra-thin sections were performed using an 

ultramicrotome (Ultracut) and a diamond knife. These sections were transferred to 

mesh copper grids (Cu grids, 200 mesh, 3.05 mm diameter; Science Services). 

Contrasting of ultra-thin sections was performed in a contrasting maschine (Leica EM 

Stain) in two steps. After 17 min of incubation at 22°C with Ultrostain I (Uranyl 

acetate solution), sections were rinsed with distilled water and incubated with 

Ultrostain II for 5 min at 20°C (Lead citrate solution). The samples were evaluated 

with TEM 10/A at 60 kV. 

 

3.10.3 Immunoelectron microscopy 

 

For a detailed ultrastructural investigation was an immunoelectron microscopy of 

DH82-Ond, and DH82 cells was performed. Cells were seeded with a density of 1 x 

105 in 24 well plate NuncTM. Cells were treated according to the “Pre-embedding” 

protocol described above (modified after Van LOOK CAMPAGNE et al., 1992; 

BAUMGÄRTNER et al., 1987) and embedded in resin (LR White). The antibodies 

used are outlined in Tab. 7.  
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Tab. 7: Used primary and secondary antibodies and dilutions for pre-embedding of 

in vitro immunoelectron microscopy 

 

 

Primary 

antibody 

 

Species of 

origin 
Dilution 

 

Secondary 

antibody 
Dilution 

anti-cortactin 

H-191 

(polyclonal) 

rabbit 1:20 

goat anti-

rabbit, 

10nm gold 

1:40 

 

 

 

3.10.3.1 Embedding 

 

1.   Wash the cell pellets with PBS. 

1.     Fix the cells in 0.25% glutaraldehyde + 4% paraformaldhyde, overnight. 

3.   Rinse 6 x for 15 min in 0.1 M cacodylate buffer. 

4. Dehydrate in an ascending series of ethanol (30%, 50%), each for 30 min. 

5. Incubate overnight in 70% ethanol. 

6.    Dehydrate in 90% ethanol once and 100% ethanol two times for 30 min. 

7. Infiltrate with LR White embedding medium + 100% ethanol 1:2 for 30 min. 

8. Infiltrate with LR White embedding medium + 100% ethanol 1:1 for 30 min. 

9. Infiltrate with LR White embedding medium + 100% ethanol 2:1 for 30 min. 

10. Infiltrate with LR White embedding medium for 30 min. 

11. Incubate with LR White embedding medium at 4°C overnight. 

12. Encapsulate samples in gelatine capsules at 4°C for 4 days under UV light. 

13. After polymerization, trim resin blocks with a pyramitome. 

14. Prepare semi-thin sections (0.5 µm) and stain them with 0.25% toluidine blue 

solution at 70°C for 3 min. 

15. Cover samples using Corbit balsam and a cover slide. 

16. After selection of suitable areas, prepare ultra-thin section (70 nm) using an 

ultramicrotome (Ultracut E) and a diamond knife. 
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17. Transfer ultra-thin sections to mesh nickel grids (Ni grids, 200 mesh grid, 3.05 

mm diameter). 

18. Block aldehydes with 0.05 M glycine in PBS for 20 min. 

19. Wash twice with PBS (each 5 min). 

20. Block proteins using 0.5% BSA, 5% normal goat serum, 0.1% cold water fish 

skin gelatine (CWFS-gelatine) in PBS for 30 min. 

21. Incubate with primary antibody overnight at 4°C. 

22. Wash with PBS containing 0.5 % BSA and 0.1 % CWFS-gelatine (6 x 5 min). 

23. Incubate with colloidal gold (10nm) coupled secondary antibody (goat-anti-

rabbit IgG: 10nm gold) in PBS containing 0.5% BSA and 0.1% CWFS-gelatine 

for 1 hour at RT. 

24. Wash with PBS containing 0.5 % BSA and 0.1 % CWFS-gelatine (6 x 5 min). 

25. Wash with PBS (6 x 5 min). 

26. Fix with 2.5 % glutaraldehyde in PBS for 5 min. 

27. Wash with distilled water (6 x 5 min). 

28. Stain with 0.6% osmium tetroxide (OsO4) for 10 min. 

29. Wash with distilled water (6 x 5 min). 

30. For contrasting, transfer the ultra-thin sections to a contrasting maschine 

(Leica EM stain). 

31. Stain in two steps 

a. Incubate for 17 minutes at 22°C with Ultrostain I (uranyl acetate solution), 

then rinse with distilled water 

b. Incubate for 5 minutes at 20°C with Ultrostain II (lead citrate solution) 

32. Rinse with distilled water. 

33. Evaluate samples with a transmission electron microscope (TEM 10/A) at 60 

kV. 

 

3.10.3.2 Analysis of electron microscopic samples  

 

TEM analysis was performed using a transmission electron microscope (EM C 10 A) 

at 60 kV. Results were documented on plan films (Maco EM film EMS). Cellular 

morphology was analyzed. Additionally the number and distribution of cellular 
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processes was counted and documented for 5 cells of each preparation and each dpi 

and dps. Furthermore, from the ten longest processes diameter and length were 

determined as described (BURNS et al., 1985; URLICH et al., 2009; WARHOL and 

CORSON, 1985). 

 

3.11 Molecular analysis 

3.11.1 RNA isolation from cell cultures using TRIzol® 

 

RNA isolation was performed according to the principles of the so-called “single-step-

method” (CHOMCZYNSKI and SACCHI, 1987) using TRIzol® (Invitrogen). Isolation 

was carried out according to the manufacturer’s instruction with slight modifications 

(GRÖNE et al., 1999). The following protocol refers to a cell culture flask with a 

surface of 25 cm². 

1. Discard medium to a residual amount of ~ 1 ml. If there are a lot of cells in the 

supernatant, keep the latter and centrifuge at 12000 x g for 5 min. 

2. Scrap the cells thoroughly, to dissolve all cells from the flask. 

3. Transfer the medium-cell-mixture to a 2 ml tube, centrifuge 5 min at RT at 

12000 x g and discard the medium thereafter. 

4. Add 1 ml TRIzol® and pipette up and down several times. 

5. Add 300 µl chloroform. 

6. Lock the tube tightly and shoake vigorously for 15 sec. 

7. Incubate for 2 - 3 min at RT. 

8. Centrifuge at 20000 x g for 15 min at 4°C. 

9. Transfer the upper, transparent phase to a new 2 ml tube and discard the lower, 

phenol-containing phase. 

10. Add 700 µl isopropanol (at least the same volume as the transparent, watery 

phase) and mix well. 

11. Incubate at -20°C over night. 

12. Centrifuge 10 min at 20000 x g at 4°C. 

13. Discard the supernatant. 

14. Wash the RNA pellet carefully with 75% ethanol. 

15. Discard ethanol. 



 Materials and methods  

 51

16. Cover the pellet with 75% ethanol and store at -80°C until use. 

 

3.11.2 RNA purification und DNase treatment using RNeasy Mini Kit 

(Qiagen) 

 

RNA purification and DNase treatment was performed using the RNeasy mini kit 

(Qiagen) and the RNase free DNase kit (Qiagen). The protocol is based on 

manufacturer’s instructions for one sample. 

1. Centrifuge ethanol-covered RNA pellet for 15 min at 20000 x g at 4°C. 

2. Discard ethanol carefully. 

3. Allow RNA to dry with open lid for 15 min at RT. 

4. Mix 350 µl buffer RLT with 250 µl ethanol (96-100%) and 3,5 µl ß-

mercaptoethanol in a 1.5 ml tube. 

5. Dissolve RNA pellet in 100 µl bidistilled DEPC-water. 

6. Add the buffer mix to the RNA solution. 

7. Place RNeasy mini column at a 2 ml collecting tube and add 700 µl of the 

sample mixture. 

8. Centrifuge for 15 sec at 12000 x g at RT, discard collecting tube and discard the 

flow-through. 

9. Place the column on a fresh 2 ml tube and add 350 µl buffer RW1. 

10. Centrifuge for 15 sec at 12000 x g at RT, discard flow-through. 

11. Add 10 µl DNase I stock solution to 70 µl buffer RDD and mix gently. 

12. Add 80 µl of the DNase-buffer-solution to the silica membrane of the column. 

13. Incubate 15 min at RT. 

14. Add 350 µl buffer RW1 to the column. 

15. Centrifuge for 15 sec at 12000 x g at RT, discard flow-through and collecting 

tube. 

16. Place column at a 2 ml collecting tube and add 500 µl buffer RPE. 

17. Centrifuge for 15 sec at 12000 x g at RT, discard flow-through. 

18. Add 500 µl buffer RPE to the column. 

19. Centrifuge for 2 min at 12000 x g at RT, discard flow-through and collecting 

tube. 
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20. Place column on a fresh 2 ml tube. 

21. Centrifuge for 1 min at 12000 x g at RT, discard flow-through and collecting 

tube. 

22. Place column on a fresh 1.5 ml tube. 

23. Add 30 µl RNase free water to the silica membrane of the column. 

24. Centrifuge for 1 min at 12000 x g at RT, discard column and keep flow-through 

containing the RNA. 

25. Take 5 µl of the RNA for determination of the concentration and freeze the 

remaining RNA immediately in liquid nitrogen. 

26. Store the RNA until use at -80°C. 

 

3.11.3 Reverse transcription-Polymerase chain reaction (RT-PCR) 

 

Total RNA was transcribed in cDNA using the Omniscript kit with random hexamers 

and RNase Out following the manufacturers’ instructions. Reverse transcription was 

performed using 1 µg RNA in buffer RT 10x with a final concentration of 1x with 0.5 

mM of each deoxynucleotide triphosphate (dNTP), 10 µm random hexamers 

(Random primer), 0.5 U/µl RNAse inhibitor (RNAse Out) and 0.2 U/µl Omniscript 

Reverse Transcriptase in a total volume of 19 µl at 37°C for 1 h. 

 

3.11.4 Primer design 

 

Primer sequences specific for cortactin and glyceraldehyde-3-phosphate-

deyhdrogenase (GAPDH) were selected from the literature (Von SMOLINSKI et al., 

2005; PUFF et al., 2009) or designed using Primer 3 software (ROZEN and 

SKALETSKY, 2000) and Beacon Designer version 2.1 software (Premier Biosoft 

International). Primer oligonucleotides were purchased from MWG Biotech AG. 

 

3.11.5 Qualitative PCR for creation of standard curves 

 

The polymerase chain reaction (PCR) for production of standards was performed 

using a PTC200 thermocycler under the following conditions: initial denaturation at 

94°C for 1 min, 58°C (GAPDH) or 59°C (cortactin) annealing temperature for 2 min 
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and 72°C for 1 min, repeated 40 times; and a final extension step at 72°C for 5 min. 

Amplification was performed using AmpliTaq DNA Polymerase in 1x GeneAmp 10x 

PCR Buffer II with 1.25 mM MgCl2, 0.2 mM dNTP mix and 300 nM of each primer 

(Tab. 8). PCR products were analyzed by agarose gel electrophoresis. 

 

 

Tab. 8: Target gene, sequence, amplicon length and GenBank accession of 

primers used for RT-PCR analysis 

Target 

gene Sequence of the primer 

 

Amplicon 

length 

(bp) 

GenBank 

accession 

Forward: 5’-AAGGTCGGAGTCAACGGATT-3’ GAPDH 

Reverse: 5’-GCAGAAGAAGCAGAGATGATG-3’

 

365 

 

AB038240 

Cortactin Forward: 5’-GACTGGGAGACTGACCCTGA-3’ 

Reverse: 5’-ACACCAAACTTGCCTCCAAA -3’ 

 

320 
 
 

XM_858300

 

bp = base pairs; GAPDH = glyceraldehyde-3-phosphate-dehydrogenase 

 

 

3.11.6 Quantitative PCR (RT-qPCR) 
 

Real time quantitative PCR (RT-qPCR) and data analysis were performed using the 

Mx3005P QPCR System (Agilent). Reactions were carried out in 8x Strip Tubes with 

an Optical Cap (Agilent). In addition to the cDNA samples, tenfold serial dilutions of 

purified, agarose gel extracted (NucleoSpin Extract II kit; Macherey-Nagel) RT-PCR 

products form 10² - 108 copies per sample were used as templates to generate 

standard curves to estimate copy numbers on each plate. The quantity of copy 

numbers per sample was determined by measuring the optical density at 260 nm and 

using the following formula: 

 
 

copies/µl = 6 x 1023 x DNA concentration (ng/µl) x 10-9/[length of amplicon (base pairs) x 660] 
 

6 x 1023 copies / mol = Avogadro’s number 

660 Dalton = 660 g/mol =average weight of a basepair (double stranded DNA) 
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In addition to the templates, the plates contained duplicates of serially diluted 

samples for standard curves and a no-template control in duplicates. Quantification 

was carried out in 25µl using SYBR-Green I dye. 

RT-qPCR with Sybr Green I (1:40000) was performed under the following conditions: 

initial denaturation at 95°C for 10 min; 95°C for 30 sec, 60°C (cortactin) or 64°C 

(GAPDH) annealing temperature for 1 min and 72°C for 30 sec, repeated 40 times; 

and a final extension step at 72°C for 1 min. The melting curve was determined by 

initial denaturation at 95°C for 1 min, followed by 40 cycles, starting with 55°C and 

increasing the temperature by 1°C per cycle. Amplification was performed using 0.05 

U/µl SureStart Taq DNA Polymerase in 1x Core PCR buffer 10x with 2.5 mM MgCl2, 

8.0% glycerol, 3% dimethyl sulphoxide (DMSO), 150 nM of each primer (Tab. 9),  

30 nM Rox as reference dye and 200 µM dNTP mix. 

 

 

Tab. 9: Target gene, sequence, amplicon length and GenBank accession of 

primers used for RT-qPCR analysis 

Target 
gene 

Sequence of the primer 
Amplico
n length 

(bp) 

GenBank 
accession 

Forward: 5’-GTCATCAACGGGAAGTCCATCTC-3‘
GAPDH 

Reverse: 5’-AACATACTCAGCACCAGCATCAC-3‘

 

84 

 

AB038240 

Cortactin 
Forward: 5’-TTTCAAGAACACCAGACCCTCAA-3’

Reverse: 5’-CAAACTTCCCGCCATAACCATG-3’ 

 

79 

 

XM_858300 

 

bp = base pairs; GAPDH = glyceraldehyde-3-phosphate-dehydrogenase 

 

 

3.11.7 Quantification of data 

 

Relative gene expression was normalized against the reference gene GAPDH. The 

relative percentage of target-specific gene expression was calculated as follows: X/Y 

x 100 = normalized target specific gene expression, where X = target-specific gene 

expression level and Y = reference gene (GAPDH) expression level. 



 Materials and methods  

 55

3.12 Statistical Analysis 

 

Statistical analysis was performed with the support of Dr. Karl Rohn at the 

Department of Biometry, Epidemiology and Information Processing from the 

University of Veterinary Medicine Hannover. All experiments were carried out at least 

in triplicates. Data were analyzed using the program Statistical Analysis System 

(SAS, version 8.2, SAS Institute Inc., edited 1999). The graphs were generated with 

excel (Microsoft Office 2003). The descriptive part of the statistical analysis 

comprises of arithmetic means, median, minimum and maximum of the triplicates. 

Data were evaluated comparing a) infected versus non infected cells, b) different 

time points, c) different parameters using a Student’s t-test. This was based on the 

assumption that the values display a normal distribution. Additionally, a variance 

analysis for independent samples was performed. Analysis of normalized RT-qPCR 

data was performed using the Wilcoxon rank sum test. The level of significance was 

set at p < 0.05. PCR data were analyzed using Wilcoxon-tests 
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4 Results 

4.1 Morphological description of the cells 

4.1.1 Vero cells 

4.1.1.1 Non-infected Vero cells 

4.1.1.1.1 Morphology of Vero cell cultures using inverted microscopy 

 

Vero cells grew in a monolayer until confluency and showed the typical elongated 

shape of fibroblast-like cells with little cytoplasmic granulation. After 72 h in culture, 

Vero cells formed a semi-confluent monolayer of elongated, regular-shaped, 

flattened cells with some vesicles in their cytoplasm. After reaching confluency few 

dead cells, characterized by rounded and smaller morphology than the living ones 

were observed. They detached and floated freely in the medium. Their estimated 

number was up to 10%. Ultrastructurally, Vero cells had large nuclei, well-developed 

nucleoli, narrow cisternae of the endoplasmic reticulum, and a small Golgi apparatus, 

lysosomes and few myelin-like figures. 

 

4.1.1.1.2 Cellular morphology of non-infected Vero cells in hematoxylin and 

eosin (H&E) stained slides 

Non-infected Vero cells grew in a monolayer and showed the typical elongated shape 

of fibroblast-like cells, with little cytoplasmic granulation. The cells retained the typical 

fibroblastoid shape and formed a well-defined flat monolayer after 48-72h. The 

mitotic figures were distinct (Tab. 10; Fig. 5 A).  

 

4.1.1.1.3 Growth behavior of non-infected Vero cells 1 to 10 days after seeding 

One day post seeding (dps) of 75 x 104 Vero cells per cell culture flask (75 cm2 

surface area), cells lay in individual colonies and reached a confluency of 20-30%. At 

3 dps and 5 dps, cells reached a confluency of 40% and 60%, respectively. At 10 dps 

cells reached a confluency of 100%. 
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Tab. 10: Comparison between virus strains and cell types with respect to the 

number of mitotic figures /10 high power fields 
 

 

Vero 
 

DH82 
 

DH82-Ond 
<< 
 
 

dpi 

 
 

Virus 
Number Mean Number Mean Number Mean 

Control 16 1.6 1 0.1 
CPiV 14 1.4 1 0.1 

 

CDV-Ond 3 0.3 1 0.1 1 0.1 
CDV-R252 12 1.2 1 0.1 

 
 

1 

CDV-OndeGFP 9 0.9 1 0.1 
 

Control 7 0.7 1 0.1 
CPiV 0 0 0 0 

 

CDV-Ond 0 0 0 0 2 0.2 
CDV-R252 0 0 0 0 

 
 

3 

CDV-OndeGFP 7 0.7 7 0.7 
 

Control 6 0.6 2 0.2 
CPiV 0 0 0 0 

 

CDV-Ond 0 0 0 0 2 0.2 
CDV-R252 0 0 0 0 

 
 

5 

CDV-OndeGFP 0 0 0 0 
 

Control 6 0.6 2 0.2 
CPiV 0 0 0 0 

 

CDV-Ond 0 0 0 0 2 0.2 
CDV-R252 0 0 0 0 

 
 

10 

CDV-OndeGFP 0 0 0 0 
 

 
 

 
 
 

dpi: days post infection; CDV: canine distemper virus; Inf. (%): infection rate in percent; 

CPiV: canine parainfluenzavirus; CDV-OndeGFP: canine distemper virus Onderstepoort expressing 

green fluorescent protein; DH82-Ond: Persistently CDV-Ond infected DH82 cells 
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Fig. 5: Comparison of mitotic rates of non-infected Vero cells and DH82 cells and 

Vero cells and DH82 cells infected with CPiV, CDV-Ond, CDV-R252 and 

CDV-OndeGFP in H&E stained slides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant decrease between the number of mitotic 

figures in CPiV, CDV-Ond, CDV-R252 and CDV-OndeGFP infected Vero cells (a) at 

3, 5 and 10 dpi (✩, p-value<0.0001) compared to non-infected control cells. In 

addition there was a significant decrease in CDV-Ond at 1 dpi compared to non-

infected control cells (✩, P-value<0.0001). In CPiV, CDV-Ond and CDV-R252 

infected DH82 cells (b), a statistically significant decrease in the number of mitotic 

figures was noted at 3, 5 and 10 dpi compared to non-infected control cells (✩, P-

value<0.0001). Persistently CDV-Ond infected DH82 cells showed no significant 

differences at all time points post seeding compared to non-infected control cells.  
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4.1.1.2 CPiV infection of Vero cells 

 Cytopathology in cell culture 

A. Inverted microscopy 

After the monolayer reached 70% confluency. Vero cells were infected with CPiV 

using a MOI of 0.1. Cell density decreased over the first days after infection 

compared to non-infected controls. At 1 dpi, cell layers showed a confluency of 95%. 

At 3 dpi, the cells were 80-85% confluent and displayed large multinucleated 

syncytial giant cells. At 5 dpi, cells were 40-50% confluent and were characterized by 

large syncytia, containing 40-50 nuclei per cell (Fig. 6 C, D). Individual cells became 

vacuolated and rounded before detaching from the culture. At 10 dpi, approximately 

75% of the cells were detached from the monolayer which retained a confluency of 

20-30% (Tab. 11). 

 

B. H&E staining  

At 10 dpi, 75% of the monolayer showed prominent cytopathic effects, characterized 

by numerous syncytial giant cells, cytolysis, and subsequent cellular detachment. 

Multifocal large multinucleated syncytial giant cells containing up to 50 nuclei per cell 

were observed at 3 and 5 dpi.  

 

C. Immunofluorescence  

There was an absence of CPiV-specific fluorescence in non-infected control cells 

(Tab. 12). Viral antigen was detected cytoplasmatically in CPiV-infected Vero cells. At 

1 dpi, 15% (median) of the cells contained viral antigen. At 3 dpi a virus-antigen 

positive reaction was found in 32% (median) of the cells. At 5 and 10 dpi, viral 

antigen was demonstrable in 86% (median) and 87% (median) of the cells, 

respectively (Tab. 12 and Fig. 7 B, 8).  
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4.1.1.3 CDV-Ond infection of Vero cells 

 Cytopathology in cell culture 

A. Inverted microscopy 

After the monolayer reached 70% confluency, Vero cells were infected with CDV-

Ond with a MOI of 0.1. At 1 dpi, the cells showed a confluency of about 50-60%. The 

cell density of the monolayer decreased between 3 and 5 dpi. At 10 dpi cultures 

displayed a confluency of less than 5% and contained numerous degenerated, 

rounded cells especially. Numerous large syncytia (containing 30 to 40 peripherally 

located nuclei) were seen at 3 and 5 dpi. Often the central cytoplasm appeared 

vacuolated and degenerated (Tab. 11, Fig. 6 E, F).  

 

B. H&E staining 

Numerous syncytia were seen at 3 and 5 dpi; each contained 20 to 30 peripherally 

located nuclei. The cell density of the monolayer decreased slightly between 3 and 5 

dpi and numerous foci of degenerated, rounded cells were observed around cellular 

areas.  At 5 dpi, cytoplasmic inclusions were seen occasionally in large syncytia and 

in mononuclear cells. The number of cells containing inclusions increased up to 10 

dpi. At 10 dpi, cell density and the number of foci of degenerate cells were 

decreased. 

 

C. Immunofluorescence 

There was an absence of CDV-specific fluorescence in non-infected controls (Tab. 

12). Virus antigen could be demonstrated in the cytoplasm of infected cells. At 1 dpi, 

the cells showed CDV-antigen in 30% (median) of the cells. At 3 dpi, 69% (median) 

of the cells were virus antigen positive as determined by immunofluorescence. At 5 

dpi, Vero cells exhibited a positive anti-virus-antigen reaction in 82% (median) of the 

cells (Fig. 7 D, 9). At 10 dpi, cultures were 70-80% confluent and 17% (median) of 

the cells stained positive with an anti-CDV antibody. The remaining, non infected 

cells were interpreted as regrowing cells.  
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4.1.1.4 CDV-R252 infection of Vero cells  

 Cytopathology in cell culture 

A. Inverted microscopy 

After the monolayer reached 70% confluency, Vero cells were infected with CDV-

R252 with a MOI of 0.1. At 1 dpi, the cells showed a confluency of about 90-95%. 

The cell density of the monolayer decreased between 3 and 5 dpi. At 10 dpi cultures 

displayed a confluency of 60%-70% and contained numerous degenerated, rounded 

cells especially around cell rich areas. The CPE was characterized by single to 

numerous detached necrotic cells. Multifocal degenerative changes consisting of 

vacuolated and rounded cells as well as small syncytia containing 5 to 10 nuclei or 

more were seen at 3, 5 and 10 dpi (Tab. 11; Fig. 6 G, H). The CPE progressed until 

10 dpi. 

 

B. H&E staining 

In CDV-R252-infected monolayers, small, dense eosinophilic cytoplasmic inclusions 

were seen at 3 dpi. They occurred in small foci of mononuclear cells and syncytia 

containing 5 to 10 nuclei. Focal degenerative changes of vacuolated and rounded 

cells were evident at 5 dpi. Small, dense cytoplasmic inclusions were seen at 5 and 

10 dpi. 

 

C. Immunofluorescence  

There was an absence of specific fluorescence in the non-infected control cells (Tab. 

12). At 1 dpi, virus antigen was detected intracytoplasmatically in 14% (median) of 

the CDV-R252 infected Vero cells. At 3 dpi, 18 % (median) of the cells were CDV 

antigen positive and the intensity of the fluorescence was most prominent at this time 

point. At 5 dpi, 24% (median) of the cells were labeled (Tab. 12, Fig. 7 F, 10). At 10 

dpi, 38% (median) of the cells contained viral. The decrease of cells containing viral 

antigen was attributed to an increasing number of regrowing cells. 
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4.1.1.5 CDV-OndeGFP infection of Vero cells 

 Cytopathology in cell culture 

A. Inverted microscopy  

Vero cells were infected with CDV-OndeGFP using a MOI of 0.1. The CPE was 

characterized by single to numerous detached necrotic (Tab. 11). At 1 dpi, cells 

showed a confluency of 90-95%. The cell density of the infected monolayer 

decreased slightly between 5 and 10 dpi, and degenerated, rounded cells were 

observed. 

 

B. H&E staining 

The cell density of the monolayer decreased slightly between 5 and 10 dpi and 

numerous foci of degenerated, rounded cells were observed.  At 5 dpi, cytoplasmic 

inclusions were seen occasionally in large syncytia and in mononuclear cells. At 10 

dpi cell density and the number of foci consisting of degenerated cells were 

decreased. 

 

C. Immunofluorescence  

There was an absence of CDV-OndeGFP-specific fluorescence in non-infected 

controls (Tab. 12). Virus antigen was detected in CDV-OndeGFP infected Vero cells 

displaying a granular to diffuse cytoplasmic distribution pattern at 1 dpi. At 5 dpi, 

approximately 24% (median) of the cells contained viral. Viral antigen positive cells 

displayed a diffuse cytoplasmic staining and often contained small fluorescent areas 

along the nuclear membrane. At 10 dpi, 56% (median) of the cells contained viral 

antigen (Tab. 12, Fig. 7 H, 11). 
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Tab. 11: Cytopathological characteristics of non-infected and CPiV-, CDV-Ond-, 

CDV-R252- and CDV-OndeGFP- infected Vero cells at different time points 

post infection 
 

 

Cytopathology  
 

Virus 

 
 

dpi 
 

Confluency 
in % 

 

Morphological 
changes (character) 

 

Intensity 
of CPE 

1 95-100 
3 95-100 
5 95-100 

 
Non-Infected 

10 95-100 

 

Elongated cells with 
little cytoplasmic 

granulation 

 
No 

1 95 Minimal 
3 80-90 Mild 
5 40-50 Moderate 

 
CPiV 

10 20-30 

 

Large syncytia (40-50 
nuclei),single cell 

necrosis, detached cells 
Severe 

1 50-60 Mo-S 
3 < 5 Severe 
5 < 5 Severe 

 
CDV-Ond 

10 70-80 

Numerous large 
syncytia (30-40 nuclei), 

single cell necrosis, 
detached cells Mild 

1 90-95 Minimal 
3 85-95 Mild 
5 85-95 Moderate 

 
CDV-R252 

 

10 60-70 

 

Infrequent small 
syncytia (10 or less 
nuclei), single cell 

necrosis, detached cells Moderate 

1 95 Mild 

3 95 Moderate 

5 80-90 Mo-S 

 
CDV-OndeGFP 

10 70-80 

 
Detached necrotic cells, 

formation of cellular 
aggregates, regrowing 

cells 
Moderate 

 

dpi: days post infection; CDV: canine distemper virus; CPiV: canine parainfluenzavirus; 

Mo-S: Moderate to severe; CDV-OndeGFP: Canine distemper virus Onderstepoort expressing green 

fluorescent protein 
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Tab. 12: Immunofluorescence findings of non-infected Vero cells and Vero cells 

infected with CPiV, CDV-Ond, CDV-R252 and CDV-OndeGFP at different 

time points post infection regarding pattern of virus antigen distribution and 

percentage of infected cells 
 

 

Immunofluorescence findings  
Virus 

 
dpi  

Spread of 
infection 

Pattern of 
immunofluorescence 

 

Inf. (%) 
Med (max; min) 

1 
3 
5 

 
Non-

infected 

10 

 
 

No 

 
 

No 

 
 

0 

1 Mild 15 (12;18) 
3 Mild to moderate 32 (30;37) 
5 Severe 86 (75;93) 

 
CPiV 

10 Severe 

 
diffuse cytoplasmic 

87 (82;94) 
1 Mild to moderate 30 (20;42) 
3 Moderate to severe 69 (35;86) 
5 Severe 82 (77;85) 

 
CDV- 
Ond 

10 Mild 

 
diffuse cytoplasmic 

17 (12;23) 
1 Mild 14 (10;16) 
3 Mild 18 (16;21) 
5 Moderate 24 (15;35) 

 
CDV-R252 

 

10 Moderate 

cytoplasmic granular, 
intensely fluorescent 
nuclear membrane or 
diffuse cytoplasmic 38 (24;50) 

1 Minimal 3 (2;4) 

3 mild 32 (24;38) 

5 Mild 32 (24;38) 

 
CDV-

OndeGFP 

10 Moderate 

diffuse cytoplasmic or 
fluorescent 

cytoplasmic granules 

56 (50;66) 
 

dpi: days post infection; CDV: canine distemper virus; Inf. (%): infection rate in percent;  

CPiV: canine parainfluenzavirus; Med.: median; Max: maximum; Min: minimum 
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Fig. 6: Cytopathological characteristics of CPiV, CDV-Ond and CDV-R252 

infected Vero cell cultures in comparison to non-infected controls at 5 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: A and B showed phase contrast pictures of non-infected control Vero cells 

at 5 dps. CPiV infected Vero cells displayed morphological changes consisting of 
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large multinucleated syncytia (40-50 nuclei; black arrowhead) at 5 dpi (C, D). CDV-

Ond infected Vero cells showed morphological changes characterized by syncytia 

formation (black arrowheads) at 5 dpi (E). Large syncytia (30-40 nuclei) were 

observed in Vero cells 5 days after inoculation with CDV-Ond (F). At 5 dpi 

morphological changes, consisting of small syncytia (10 or less nuclei; G; black 

arrowhead), were present in CDV-R252 infected Vero cell cultures. In addition, the 

formation of aggregations (H) was noted in infected cultures. Bar = 100µm (A, C, E, 

G); 50µm (B, D, F, H). 
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Fig. 7: Infection and distribution of CPiV-, CDV-Ond-, CDV-R252- and CDV-

OndeGFP virus antigen in Vero cells at 5 dpi 
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Legend: A, C, E and G show phase contrast pictures of CPiV, CDV-Ond, CDV-R252 

and CDV-OndeGFP infected Vero cells. The percentage of CPiV-antigen positive 

cells (B) was determined using a monoclonal antibody directed against the CPiV 

nucleoprotein.  A high percentage of cells stained cytoplasmatically positive at 5 dpi 

(SV5-NP, red, Cy3-labelled secondary antibody). The amount of CDV-Ond antigen 

(D) positive cells was determined using the polyclonal antibody directed against the 

CDV nucleoprotein.  Approximately 82% of the cells were labeled with this antibody 

at 5 dpi (#25-NP, red, Cy3-labelled secondary antibody). At 5 dpi, about 24%-50% of 

the cells contained CDV-R252 antigen (F) and about 24%-38% of CDV-OndeGFP 

infected cells (H) contained CDV antigen. Additionally, virus antigen was 

demonstrated in multinucleated cells (arrowhead) after CPiV (B) and CDV-R252 (F) 

infection and was located in the cytoplasm. The counterstaining of nuclei was 

performed using bisbenzimide (blue). Bar = 100µm 
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Fig. 8: Percentage of CPiV infected Vero cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant increase between the percentage of 

CPiV infected Vero cells at 1, 3, 5 and 10 dpi (✩, p-value<0.0001) compared to non-

infected control cells. In addition, there was a significant increase at 10 dpi compared 

to 1 and 3 dpi (, P-value<0.0001) whereas no significant difference was found 

between 5 and 10 dpi.  
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Fig. 9: Percentage of CDV-Ond infected Vero cells at 1, 3, 5 and 10 dpi. 

 

 

Legend: In CDV-Ond infected Vero cells, a statistically significant increase was 

found at 1, 3, 5 and 10 dpi. (✩, p<0.0001) compared to non-infected Vero cells 

(controls). In addition, there was a statistically significant increase at 5 dpi compared 

to 1 and 3 dpi (, p-value <0.0001).  
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Fig. 10: Percentage of CDV-R252 infected Vero cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: In CDV-R252 infected Vero cells, a statistically significant difference 

occurred between 1, 3, 5 and 10 dpi (✩, p-value <0.0001) compared to non-infected 

control cells.  
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Fig. 11: Percentage of CDV-OndeGFP infected Vero cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

Legend: There was a statistically significant increase between the percentage of 

Vero cells infected with CDV-OndeGFP at 3, 5 and 10 dpi (✩, P-value <0.0001) 

compared to non-infected controls. In additional, there was a statistically significant 

increase at 10 dpi compared to 1, 3 and 5 dpi (, P-value <0.0001). 

 

 

4.1.1.6 Comparsion of the infection rate of Vero cells infected with CPiV and 

different CDV strains 

The comparison of the infection of Vero cells with CPiV and differend CDV strains 

revealed significant differences in the percentage of virus-antigen positive cells at 

different time points post infection. The percentage of virus-antigen positive Vero 

cells was higher in CDV-Ond infected cells compared to CDV-OndeGFP infected 

cells at 1, 3 and 5 dpi, whereas the infection rate was significantly lower in the latter 

at 10 dpi. In addition, Vero cells infected with CDV-R252 displayed a lower infection 

rate at 3 and 5 dpi compared to CDV-Ond infected Vero cells. Furthermore, Vero 
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cells infected with CPiV showed a higher infection rate at 5 and 10 dpi compared to 

CDV-R252- and CDV-OndeGFP-infected cells (Fig. 12). 

 

Fig. 12: Percentage of Vero cells infected with CPiV and different CDV strains at 1, 

3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There were significantly more CDV-Ond than CDV-OndeGFP infected Vero 

cells detectable at 1, 3 and 5 dpi, whereas the infection rate was significantly lower in 

the latter at 10 dpi (✩, p-value <0.0001). Vero cells displayed a significantly lower 

infection rate with CDV-R252 at 3 and 5 dpi compared to CDV-Ond (✩, p-value 

<0.0001). There was a significantly higher number of Vero cells infected with CPiV at 

5 and 10 dpi than with CDV-R252 and CDV-OndeGFP (✩, P-value <0.0001). 
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4.1.2 DH82 cells 

4.1.2.1 Non-infected DH82 cells 

4.1.2.1.1 Morphology of DH82 cells 

 

Non-infected DH82 cells grew in a loosely adherent monolayer with some cells 

floating free in the medium as demonstrated by inverted microscopy. Non-infected 

DH82 cells are large, round, single cells, varying in size between 25 µm and 40 µm in 

diameter with a round to oval nucleus and moderate amounts of a bright cytoplasm. 

The cytoplasm contained an irregular number of small granules and vacuoles. The 

cells had one, usually centrally located, round to oval nucleus, which often displayed 

one to two distinct large nucleoli. The numbers of dead cells in the supernatant were 

between 5% and 30%. DH82 cells were inhibited in their growth when the cell layers 

were confluent. Ultrastructurally, DH82 cells varied in size and were irregular in 

shape. Many cells had villous cytoplasmic surface projections of different length and 

diameter. The cytoplasm contained abundant mitochondria and a rough endoplasmic 

reticulum. The cells had one, usually centrally located, round to oval nucleus, which 

often displayed one to two distinct large nucleoli.  

 

4.1.2.1.2 Cellular morphology of non infected, CDV- and CPiV-infected DH82  

cells in hematoxylin and eosin (H&E) stained slides 

 

The non-infected DH82 cells grew as a loosely adherent monolayer with large, round, 

single cells varying in size from 25 to 40 µm in diameter. The cells had abundant 

basophilic cytoplasm with variable numbers of irregular eosinophilic granules, 

cytoplasmic vacuoles and pseudopods. The nucleus was round and contained 

eccentrically located chromatin. The nucleoli were large and irregular in shape and 

contained multiple nucleoli. 10 to 20 % of the cells were 40 to 50 µm in diameter 

(Tab. 10; Fig. 5 B) 
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4.1.2.1.3 Growth behavior of non-infected DH82 cells from 1 to 10 days after 

Seeding 

 

One day after seeding of 75 x 104 cells per cell culture flask (75 cm2 bottom area), 

cells were arranged in individual colonies, and the bottom of the bottle was covered 

to 20%. Following cell proliferation, these colonies increased in size. At day 5 and 

day 10 after seeding 60% and 90% to 100% confluency had been reached, 

respectively (Fig. 13). 

 

 

Fig. 13: Growth behavior of non-infected and persistently CDV-Ond infected DH82 

cells at 5 days post seeding 

 

 

 

 

 

 

 

 

 

Legend: The persistently CDV-Ond infected DH82 cells (B) were similar to non-

infected DH82 cells (A) with few large cells (arrowhead). Bar = 50µm 
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4.1.2.2 Effects of infection on the proliferation rate 

4.1.2.2.1 Proliferation assay 

4.1.2.2.1.1 "Cell doubling" 

 

The proliferation rate of both non-infected and persistently CDV-Ond infected DH82 

cells was significantly higher in medium containing 10% FCS than in medium 

containing 1% FCS. In addition, the proliferation rate of persistently CDV-Ond 

infected DH82 cells showed no significant differences to non-infected cells when 

incubated under the same conditions (Fig. 14). 
 

 

Fig. 14: Proliferation rate of both non-infected and persistently CDV-Ond infected 

DH82 cells using cumulative population doubling (PDS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Legend: There was a statistically significant increase in the proliferation rate of both 

non-infected and persistently CDV-Ond infected DH82 cells incubated with medium 

containing 10% FCS compared to medium with 1% FCS at 7, 14, 21 and 28 days 

post seeding (✩, P-value <0.0001). In addition, there were no significant differences 

between non-infected and persistently CDV-Ond infected DH82 cells incubated with 

medium containing 1% and/or 10% FCS at all time points post seeding. 
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4.1.2.2.1.2 BrdU-assay 

The proliferation rate of DH82 cells was studied using BrdU incorporation. Non-

infected DH82 cells incorporated BrdU during a 12 h incubation period in 48% 

(median) of the cells. In addition, persistently CDV-Ond infected cells, grown in media 

also containing 10% FCS, incorporate BrdU after 12 h incubation in 42% (median) of 

the cells. Culturing of non-infected DH82 cells did not significantly alter the 

percentage of BrdU-positive cells compared to persistently CDV-Ond infected DH82 

cells, when cultured under the same conditions (Fig. 15 B, D, 16).  

 

 

Fig. 15: Percentage of BrdU positive cells in non-infected and persistently CDV- 

Ond infected DH82 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: A and C showed phase contrast pictures of non-infected and persistently 

CDV-Ond infected DH82 cells, respectively. BrdU positive cells in non-infected DH82 

cells (B) and persistently CDV- infected DH82 cells (D). (red = anti-BrdU-Cy3, blue = 

Bisbenzimide nuclear stain). Bar = 100 µm. 
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Fig. 16: Proliferation rate of non-infected and persistently CDV-Ond infected DH82 

cells grown in the media containing 10 % FCS using BrdU incorporation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There is no statistically significant difference between BrdU-incorporation of 

non-infected DH82 cells and persistently CDV-Ond infected DH82 cells (P > 0.05). 
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4.1.2.3 Infection rate at 1, 3, 5 and 10 dpi 

4.1.2.3.1 Infection with CPiV 

 Cytopathology in cell culture 

A. Inverted microscopy 

After infection of DH82 cells with CPiV at a MOI of 0.1, the cell density of the 

monolayer showed a reduced confluency in the first days after infection compared to 

non-infected cells (Tab. 13). At 1 dpi, the cells displayed a confluency of 60-70%. At 

3 dpi, the cell density of the monolayer decreased slightly to 40-50%. At 5 dpi and 10 

dpi about 20-50% and 10-20% confluency, respectively, were observed. The infected 

monolayer showed focal degenerative changes with single cell necrosis and 

detached cells and numerous large syncytia (30-40 nuclei) (Tab. 13; Fig.17 B). 

 

B. H&E staining  

The CPiV infected monolayer showed focal degenerative changes at 3 dpi. 

Numerous large multinucleated giant cells containing up to 40 nuclei were observed 

at 5 and 10 dpi  

 

C. Immunofluorescence  

There was an absence of CPiV-specific fluorescence in the non-infected control cells 

(Tab. 14). Virus antigen was detected in CPiV-infected DH82 cells as fluorescent 

cytoplasmic granules. At 1 dpi, 26% (median) of the cells contained viral antigen. At 3 

dpi, 71% (median) of the cells contained viral antigen. At 5 and 10 dpi, 94% (median) 

stained positive for CPiV-antigen (Tab. 14; Fig. 18 B, 19). 

 

4.1.2.3.2 Infection with CDV-Ond 

 Cytopathology in cell culture 

A. Inverted microscopy 

DH82 cells were infected with CDV-Ond at a MOI of 0.1. In CDV-Ond infected 

monolayers, numerous large syncytia were seen at 3 and 5 dpi; each contained 40 to 

50 peripherally located nuclei (Fig. 17). Often the central cytoplasm appeared 

vacuolated and degenerated (Tab. 13 and Fig. 17 C). The cell density of the 

monolayer decreased slightly between 3 and 5 dpi, and degenerated or rounded cells 
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were observed. Furthermore, cell density decreased and the number of foci of 

degenerated cells increased until 10 dpi. 

 

B.  H&E staining  

Cytoplasmic inclusions occasionally were seen in small syncytia and in mononuclear 

cells at 3 and 5 dpi. The number of cells containing inclusions increased up to 10 dpi. 

 

C. Immunofluorescence  

There was an absence of CDV-Ond-specific fluorescence in non-infected control 

cells (Tab. 14). In DH82 cells infected with CDV-Ond with a MOI of 0.1, 6% (median) 

of the cells stained positive for CDV nucleoprotein antigen at 1 dpi. At 3 dpi, this rate 

increased to a median 40%. At 5 dpi, 69% (median) of cells contained viral antigen. 

At 10 dpi, CDV nucleoprotein antigen was found in 83% (median) of the cells (Tab. 

14; Fig. 18 D, 20). 

 

4.1.2.3.3 Infection with CDV-R252  

 Cytopathology in cell culture 

A. Inverted microscopy  

After infection of DH82 cells with CDV-R252 at a MOI of 0.1, single to numerous 

detached necrotic cells and focal degenerative changes of vacuolated, rounded cells 

were seen at 3 dpi. CPE progressed until 5 dpi. The cell density of the monolayer 

decreased slightly between 5 and 10 dpi. Small syncytia were seen at 5 dpi; each 

contained less than 10 peripherally located nuclei (Fig. 17 D). 

 

B. H&E staining 

In CDV-R252-infected monolayers, small, dense eosinophilic cytoplasmic inclusions 

were seen at 5 and 10 dpi. They occurred in small foci of mononuclear cells and 

syncytia containing four to eight nuclei. 

 

C. Immunofluorescence  

There was an absence of CDV-R252-specific fluorescence in non-infected control 

cells (Tab. 13). Viral antigen was detected in CDV-R252 infected DH82 cells as 

fluorescent cytoplasmic granules. 6% (median) of the cells stained positive at 1 dpi. 
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At 3 dpi, 13% (median) of the cells stained positive for the canine distemper virus N-

protein-antigen. At 5 dpi, the infection rate was 41% (median) (Tab. 14). At 10 dpi, 

65% (median) of cells were infected (Tab. 14; Fig. 18 F, 21). 

 

4.1.2.3.4 Infection with CDV-OndeGFP 

 Cytopathology in cell culture 

A. Inverted microscopy 

CDV-OndeGFP infected only a few DH82 cells. After infection of DH82 cells with 

CDV-OndeGFP at a MOI of 0.1, cell density of the monolayer slightly decreased at 3 

dpi. At 5 dpi, CPE progressed with single to numerous detached necrotic cells and 

focal degenerative changes consisting of vacuolated, rounded cells. Large syncytia 

were seen at 5 dpi, each containing 40-45 peripherally located nuclei (Fig. 17 E). 

 

B. H&E staining  

In CDV-OndeGFP-infected DH82 cells, numerous syncytia were seen at 5 and 10 

dpi, each contained 40 to 45 peripherally located nuclei. The cell density of the 

monolayer decreased slightly between 5 and 10 dpi with numerous foci of 

degenerated and rounded cells. At 10 dpi, the cell density and the number of foci 

consisting of degenerated cells were decreased. 

 

C. Immunofluorescence  

There was an absence of CDV-OndeGFP-specific fluorescence in the non-infected 

control culture cells (Tab. 13). At 1 dpi, 2.5% (median) of the cells contained viral 

antigen. At 3 and 5 dpi, the cells were infected to 23% (median) and 35% (median), 

respectively. At 10 dpi, the percentage of infected cells decreased to a median of 

20%. The remaining, non infected cells were considered to be regrowing cells (Tab. 

14; Fig. 18 H, 22).  
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Tab. 13: Cytopathological characteristics of non-infected, persistently CDV-Ond 

infected and CPiV-, CDV-Ond-, CDV-R252 and CDV-OndeGFP infected 

DH82 cells at different time points post infection 

 
 

 

Cytopathology  
 

Virus 

 
 

dpi 
 

Confluency 
in % 

 

Morphological changes 
 

Intensity 
of CPE 

1 60-70 
3 90-100 
5 95-100 

 
Non-infected 

10 95-100 

Loosely adherent 
monolayer with large, round 

cells with few detachted 
cells at 10 dpi 

 
No 

1 60-70 Minimal 
3 40-50 Mild 
5 20-30 Moderate

 
CPiV 

10 10-20 

Numerous large syncytia 
(30-40 nuclei), single cell 

necrosis, increased number 
of detached cells Severe 

1 60-70 Mo-S 
3 50-60 Severe 
5 30-40 Severe 

 
CDV-Ond 

10 40-50 

Large syncytia (40-50 
nuclei) single cell necrosis, 

detached cells 

Severe 
1 60-70 Minimal 
3 50-60 Mild 
5 50-60 Moderate

 
CDV-R252 

 

10 70-80 

 
single cell necrosis, some 

regrowing cells 

Moderate

1 60-70 Mild 

3 50- 60 Moderate

5 30- 40 Mo-S 

 
CDV-

OndeGFP 

10 50 

 
Single cell necrosis, 

detached cells 

Moderate

1 20-30 

3 40-50 

5 60-70 

 
DH82-Ond 

10 95-100 

 

Adherent cell layer, 
granulated cytoplasm with 
few multinucleated giant 

cells 
 

 
 

NO 
 

 

dpi: days post infection; CPiV: canine parainfluenzavirus; CDV: canine distemper virus;  

Mo-S: Moderate to severe; Ond: strain Onderstepoort; OndeGFP: strain Onderstepoort expressing 

green fluorescent protein; DH82-Ond: persistently CDV-Ond infected DH82 cells 

 



 Results  

 83

Tab. 14: Detection of virus antigen in non-infected, persistently CDV-Ond infected  

and CPiV, CDV-Ond, CDV-R252 and CDV-OndeGFP infected DH82 cells  

at different time points post infection 

 
 

Fluorescence reaction  
Virus 

 
dpi  

Spread of 
infection 

 

Pattern of 
immunofluorescence 

 

Inf. (%) 
Med (max;min) 

1 
3 
5 

 
Non-Infected 

10 

 
 

No 

 
 

No 

 
 

0 

1 Mild 26 (20;31) 
3 Moderate 71 (47;86) 
5 Mo-S 94 (90;100) 

 
CPiV 

10 Severe 

 
Fluorescent cytoplasmic 

granules 

94 (72;100) 
1 Mild 6 (2;10) 
3 Moderate 40 (20;60) 
5 Mo-S 69 (30;92) 

 
CDV-Ond 

10 Severe 

Severe diffuse 
cytoplasmic 

fluorescence with 
occasional cells showed 
fluorescent cytoplasmic 

granules 

83 (70;100) 

1 Mild 6 (2;12) 
3 Mild 13 (9;19) 
5 Mild 41 (27;57) 

 
CDV-R252 

 

10 Moderate 

 
Fluorescent cytoplasmic 

granules 

65 (50;79) 

1 Mild 2.5 (2;4) 

3 Moderate 23 (10;31) 

5 Mo-S 35 (30;43) 

 
CDV-OndeGFP 

10 Moderate 

Intense diffuse 
cytoplasmic 

fluorescence with 
occasional cells showed 
fluorescent cytoplasmic 

granules 20 (17;25) 

1 

3 

5 

 
 

DH82-Ond 

10 

 

 
Severe 

 
 

Diffuse cytoplasmic 
fluorescence 

 
 

93-100 
 

 

dpi: days post infection; CDV: canine distemper virus; Inf. (%): infection rate in percent; 

CPiV: canine parainfluenzavirus; DH82-Ond: Persistently CDV-Ond infected DH82 cells; 

Mo-S: moderate to severe 
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Fig. 17: Non-infected and CPiV-, CDV-Ond-, CDV-OndeGFP- and R252-CDV 

infected DH82 cells at 5 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: The non-infected DH82 cells (A) displayed nearly confluency, whereas the 

confluency of CPiV (B), CDV-Ond (C), CDV-R252 (D) and CDV-OndeGFP (E) 

infected cultures decreased to 40-50%. About 40% of the cells displayed single cell 

necrosis. In CPiV (B) infected cultures morphological changes were characterized by 

BA 

DC 

E 
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the formation of numerous large syncytia (30-40 nuclei; black arrow) and 

occasionally small syncytia (8-10 nuclei, red arrowhead). In CDV-Ond (C) infected 

DH82 cells large syncytia (40-50 nuclei, black arrowhead) and cell aggregates (red 

arrowhead) were observed. In CDV-OndeGFP (E) infected DH82 cells large syncytia 

(40-45 nuclei, black arrowheads) were observed. Bar = 50µm 
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Fig. 18: Morphology and rate of infection with CPiV-, CDV-Ond-, CDV-OndeGFP- 

and CDV-R252 infected DH82 cells at 5 dpi 
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Legend: A, C, E and G showed phase contrast pictures of CPiV- (A), CDV-Ond- (C) 

CDV-R252- (E) and CDV-OndeGFP- (G) infected DH82 cells at 5 dpi. The 

percentage of virus antigen positive cells is depicted in picture B, D, F and H. The 

percentage of positive cells expressing CPiV antigen, as determined by using the 

monoclonal antibody directed against CPiV nucleoprotein (SV5-NP, red, Cy3-labelled 

secondary antibody), was about 94% (B) at 5 dpi. In addition, the percentage of 

positive cells expressing CDV antigen, as determined by using the polyclonal 

antibody directed against CDV nucleoprotein (#25-NP, red, Cy3-labelled secondary 

antibody), was about 69% (D; Ond-NP) , 41% (F; R252-NP) and 35 % (H; OndeGFP-

NP) at 5 dpi, respectively. CPiV and CDV antigen was confined to the cytoplasm. 

The arrowhead indicates a multinucleated CDV positive cell. All figures: 

Counterstaining of nuclei with bisbenzimide (blue). Bar = 100µm 
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Fig. 19: Percentage of CPiV infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant increase between the percentage of 

CPiV infected DH82 cells at 1, 3, 5 and 10 dpi (✩, P-value<0.0001) compared to non-

infected control cells. In addition there was a significant increase at 5 dpi compared 

to 1 and 3 dpi (, P-value<0.0001) and there was no significant difference between 

5 and 10 dpi.  
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Fig. 20: Percentage of CDV-Ond infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: In acutely CDV-Ond infected DH82 cells, a statistically significant increase 

was found at 1, 3, 5 and 10 dpi (✩, P<0.0001) compared to non-infected control 

DH82 cells. In addition there was a significant increase at 10 dpi compared to 1 and 

3 and 5 dpi (, P-value<0.0001).  
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Fig. 21: Percentage of R252-CDV infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: In acutely CDV-R252 infected DH82 cells, a statistically significant increase 

occurred between 1, 3, 5 and 10 dpi (✩, P-value <0.0001) compared to non-infected 

control cells. In addition there was a significant increase at 10 dpi compared to 1 and 

3 and 5 dpi (, P-value<0.0001).  
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Fig. 22: Percentage of CDV-OndeGFP infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: In acutely CDV-OndeGFP infected DH82 cells, a statistically significant 

increase occurred between 1, 3, 5 and 10 dpi (✩, P-value <0.0001) compared to non-

infected control cells. In addition a significant decrease were found between 5 and 10 

dpi (, P-value <0.0001).  
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4.1.2.3.5 Comparsion of the infection rate of DH82 cells infected with CPiV and   

different CDV strains 
 

The comparison of the infection of DH82 cells with CPiV and differend CDV strains 

revealed significant differences in the percentage of virus-antigen positive cells at 

different time points post infection. The percentage of CPiV infected DH82 cells at 1, 

3, 5, and 10 dpi was higher compared to CDV infected DH82 cells. In addition, there 

was a significantly lower number of CDV-OndeGFP infected DH82 cells at 10 dpi 

compared to other CDV strains (Fig. 23) 
 

 

Fig. 23: Percentage of infection of DH82 cells with different CDV strains and CPiV 

compared to controls at 1, 3, 5 and 10 dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant increase between the percentage of 

CPiV infected DH82 cells at 1, 3 and 5 dpi (, P-value<0.0001) compared to CDV 

infected DH82 cells. In addition, there was a significant decrease between the 

percentage of CDV-OndeGFP infected DH82 cells at 10 dpi (✩, P-value<0.0001) 

compared to other CDV strains.  
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4.1.3 Persistently CDV-Ond infected DH82 cells 

DH82 cells persistently infected with the canine distemper virus Onderstepoort strain 

appeared light microscopically similar to non-infected DH82 cells. However, in 

contrast to non-infected cells, persistently CDV-Ond infected DH82 cells appeared to 

contain more darkly appearing granules and vacuoles (Fig. 24 C, D). 1 day after 

seeding of 75 x 104 cells per tissue culture flask (75 cm2 bottom area), the cell layer 

was confluent to 20-30%, with the cells occurring in colonies. At day 5 after seeding, 

cell cultures displayed a confluency of 60-70% (Tab. 13) and at day 10 after seeding, 

the confluency reached 100%. 

 

4.1.3.1 Immunofluorescence of persistently CDV-Ond infected DH82 cells 

In CDV-Ond infected DH82 cells about 93% - 100% of the cells stained positive for 

CDV nucleoprotein antigen at all time points investigated (1, 3, 5 and 10 dps). The 

viral antigen was limited to the cytoplasm (Tab. 14, Fig. 25 D, 26). In addition, the cell 

number of persistently CDV-Ond infected DH82 cells was increased at 10 dps 

compared to 1, 3 and 5 dps (Fig. 27) 
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Fig. 24: Cytopathological features of non-infected and persistently CDV-Ond 

infected DH82 cells at 5 dps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Non-infected DH82 cells (A, B) showed nearly similar morphological 

characteristics compared to persistently CDV-Ond infected cells (C, D). However, few 

highly pleomorphic multinucleated giant cells can be observed following infection (D; 

black arrow). Bar = 50µm (B, C, D) and 100µm in (A). 
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Fig. 25: Morphology and rate of infection of non-infected and persistently CDV-Ond 

infected DH82 cells at 5 dpi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Legend: Using inverted microscopy, non-infected (A) and persistently CDV-Ond 

infected DH82 cells (B) appeared morphologically similar. Non-infected DH82 cells, 

stained with a polyclonal anti-CDV antibody (#25, B) lacked a CDV-specific 

immunoreaction. In contrast, persistently CDV-Ond infected DH82 cells, stained with 

a polyclonal anti-CDV antibody (#25, D), were infected to ~100%. Nuclear staining of 

nuclei with bisbenzimide (blue). Bar = 50µm 
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Fig. 26: Percentage of persistently CDV-Ond infected DH82 cells at 1, 3, 5  

                 and 10 dps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: The percentage of CDV-Ond infected DH82 cells was about 100% at all 

investigated time points post seeding (1, 3, 5 and 10 dps). 

 

 

 

 

 

 

 

 

 

 

 

 



 Results  

 97

0

2.000

4.000

6.000

8.000

10.000

12.000

14.000

16.000

18.000

20.000

1 3 5 10

Days post seeding

 N
u

m
b

er
 o

f 
ce

lls
/ w

el
l

DH82-Ond

Max

Min

Med



Fig. 27: Absolute number of persistently CDV-Ond infected DH82 cells at 1, 3, 5 

and 10 dps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant increase in the cell number of 

persistently CDV-Ond infected DH82 cells at 10 dpi compared to the other time 

points examined (, P-value<0.0001). 
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4.1.3.2 Cortactin expression and distribution in non-infected and persistently 

CDV-Ond infected DH82 cells 

 

Cortactin was expressed in about 100% of all DH82 cells (Fig. 28 B, 29), 

independently if they were non-infected or persistently CDV-Ond infected. The most 

prominent cortactin expression in non-infected DH82 cells was along cell membranes 

and cell processes (Fig. 30 B, 31 A, 32), while persistently CDV-Ond infected DH82 

cells displayed a more diffuse, cytoplasmic expression with less cortactin along the 

cell membrane and cellular processes (Fig. 30 D, 31 B, 32). 

 

 

Fig. 28: Cortactin immunostaining of non-infected DH82 cells at 5 dpi 
 

 

 

 

 

  

 

 

  

 

Legend: Phase contrast picture (A) and immunostaining for cortactin (B) of non-

infected DH82 cells.  Immunostaining of non-infected DH82 cells with a polyclonal 

anticortactin (H191) antibody showed ~100% cortactin positive cells. Bar = 50 µm. 
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Fig. 29: Percentage of cortactin positive cells in non-infected and persistently 

CDV-Ond infected DH82 cell cultures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Percentages of cortactin positive non-infected and persistently CDV-Ond 

infected DH82 cells were similar. 93-100% of the cells stained positive for cortactin 

and there were no differences between non-infected and persistently CDV-Ond 

infected cells. 
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Fig. 30: Cortactin expression in non-infected and persistently CDV-Ond infected 

DH82 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Phase contrast images of non-infected (A) and persistently CDV-Ond-

infected DH82 cells (B). Immunostaining of non-infected DH82 cells with a polyclonal 

anticortactin, antibody (B) showed high expression of cortactin especially along the 

cell membrane and cellular processes. In contrast, persistently CDV-Ond infected 

DH82 cells, stained with polyclonal anticortactin antibody (D) showed a diffuse 

distibution of cortactin in the cytoplasm and less prominent in the cell membrane and 

cellular processes. Bar= 100µm, bar (insert) = 50 µm. 
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Fig. 31: Membrane-associated and cytoplasmic expression of cortactin in non- 

infected and persistently CDV-Ond infected DH82 cells 

 

Legend: Comparison of the cortactin expression in non-infected and persistently 

CDV-Ond infected DH82 cells using confocal laser microscopy. Immunostaining of 

non-infected DH82 cells with a polyclonal anticortactin antibody (A) showed high 

expression of cortactin especially along the cell membrane and cellular processes. In 

contrast, persistently CDV-Ond infected DH82 cells, stained with a polyclonal 

anticortactin antibody (B), showed a diffuse distibution of cortactin in the cytoplasm 

and less prominent along the cell membrane and cellular processes. Bar = 6 µm. 
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Fig. 32: Membrane-associated and cytoplasmic expression of cortactin in non- 

infected and persistently CDV-Ond infected DH82 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: The membrane-associated cortactin expression was significantly higher in 

non-infected DH82 cells compared to persistently CDV-Ond infected DH82 cells 

(DH82-Ond; ✩, p-value ≤ 0.05). In non-infected DH82 cells, the cytoplasmic cortactin 

expression was significantly lower than in persistently CDV-Ond infected DH82 cells 

(Student-t-test;, P-value ≤ 0.05). 
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4.1.3.3 Reverse transcription-quantitative polymerase chain reaction 

(RT-qPCR) 

Persistently CDV-Ond infected DH82 cells show a reduced number of cortactin 

mRNA-transcripts compared to non-infected controls (Fig. 33). 

 

 

Fig. 33: Cortactin mRNA-transcripts in non-infected and persistently CDV-Ond  

infected DH82 cells using RT-qPCR 

 

 

Legend: Persistently CDV-Ond infected DH82 cells showed a significantly reduced 

number of cortactin mRNA-transcripts compared to non-infected controls (P ≤ 0.001). 
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4.2 Cortactin expression and distribution in non-infected, CPiV, CDV-

Ond, and CDV-R252 infected DH82 at different time points post 

infection 

 

At 1 dpi, the cortactin expression and distribution was similar in both, non-infected 

and CDV and CPiV infected DH82 cells with a prominent expression along the cell 

membrane and the cytoplasmic projections (Fig. 34 A-D). In contrast, the cortactin 

expression and distribution in non-infected DH82 cells was most prominent along cell 

membrane and cytoplasmic projections at 3, 5, and 10 dpi (Fig. 35 A, 36 A, 37 A) in 

comparison to CDV and CPiV infected DH82 cells, which had a diffusely cytoplasmic 

distribution of cortactin with a less prominent expression along the cell membrane 

(Fig. 35 B-D, 36 B-D, 37 B-D). In addition, the percentage of membrane-associated 

cortactin expression in non-infected DH82 cells was significantly increased compared 

to CPiV, CDV-Ond and CDV-R252 infected DH82 cells at 1, 3, 5 and 10 dpi (Fig 38). 

Furthermore, the percentage of diffuse cytoplasmic cortactin expression in non-

infected DH82 was significantly decreased compared to CPiV, CDV-Ond and CDV-

R252 infected DH82 cells at 1, 3, 5 and 10 dpi (Fig. 39).  
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Fig. 34: Cortactin expression and distribution in non-infected, CPiV, CDV-Ond   

and CDV- R252 infected DH82 cells at 1 dpi 

 

 

Legend: The non-infected (A), CPiV infected (B), CDV-Ond infected (C) and CDV-

R252 infected (D) DH82 cells showed a high, membrane-associated expression of 

cortactin at 1 dpi; bar = 100µm; bar (insert) = 50 µm.  
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A B

C D

Fig. 35: Cortactin expression and distribution in non-infected-, CPiV-, CDV-Ond- 

and CDV- R252 infected DH82 cells at 3 dpi 

 

 

Legend: Non-infected DH82 cells (A) showed a high, membrane-associated 

expression of cortactin at 3 dpi in comparison to CPiV- (B) CDV-Ond- (C) and CDV-

R252- (D) infected DH82 cells, which had a more diffuse distribution of cortactin in 

the cytoplasm with a less prominent expression along the cell membrane; bar = 

100µm; bar (insert) = 50 µm.  
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DC 

A B

Fig. 36: Cortactin expression and distribution in non-infected-, CPiV-, CDV-Ond- 

and CDV-R252 infected DH82 cells at 5 dpi 

 

 

Legend: Non-infected DH82 cells (A) showed a high, membrane-associated 

expression of cortactin at 5 dpi, in comparison to CPiV- (B), CDV-Ond- (C) and CDV-

R252- (D) infected DH82 cells, which display a more diffuse distribution of cortactin in 

the cytoplasm with a less prominent expression along the cell membrane; bar = 100 

µm; bar (insert) = 50 µm.  
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Fig 37: Cortactin expression and distribution in non-infected-, CPiV-, CDV-Ond-  

and CDV-R252 infected DH82 cells at 10 dpi 

 

 

Legend: Non-infected DH82 cells (A) showed a high, membrane-associated 

expression of cortactin at 10 dpi, in comparison to CPiV- (B), CDV-Ond- (C) and 

CDV-R252- (D) infected DH82 cells, which display a more diffuse distribution of 

cortactin in the cytoplasm with a less prominent expression along the cell membrane; 

bar = 100 µm; bar (insert) = 50 µm.  
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Fig 38: Percentage of membrane-associated cortactin expression in non-infected-,  

CPiV-, CDV-Ond- and CDV-R252 infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

Legend: There was a significantly higher number of non-infected DH82 cells with a 

membrane-associated cortactin expression compared to CDV-Ond and CDV-R252 

infected DH82 cells (*, P-value<0.0001) at 1, 3, 5 and 10 dpi. An additional significant 

difference existed between non-infected and CPiV infected DH82 cells at 1, 3 and 5 

dpi (*, P-value<0.01) as well as at 10 dpi (*, P-value<0.0001). 
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Fig 39: Percentage of diffuse cytoplasmic cortactin expression in non-infected-, 

CPiV-, CDV-Ond- and CDV-R252 infected DH82 cells at 1, 3, 5 and 10 dpi 

 

 

Legend: There was a significantly lower number of non-infected DH82 cells with a 

diffuse cytoplasmic cortactin expression compared to CDV-Ond and CDV-R252 

infected DH82 cells (*, P-value<0.0001) at 1, 3, 5 and 10 dpi. An additional significant 

difference existed between non-infected and CPiV infected DH82 cells at 1, 3 and 5 

dpi (*, P-value<0.01) as well as at 10 dpi (*, P-value<0.0001). 
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4.2.1 Correlation between virus antigen containing DH82 cells and 

cortactin expression 

The results of the CPiV positive DH82 cells compared to the data of the cortactin 

expression showed a high positive correlation with the cytoplasm associated 

cortactin positive cells (r = 1) using the Spearman correlation coefficient (r). In 

addition, the Spearman correlation coefficient showed a high negative correlation 

between CDV-Ond and CDV-R252 positive cells with the cell membrane associated 

and cytoplasm associated cortatin-expression (r = -1.0) as shown in Tab. 15. 

 

 

Tab. 15: Spearman correlation coefficient (r) for comparisons of the percentage of 

virus DH82 positive cells with the cortactin expression in the membrane 

and cytoplasm 

Control CPiV  
% 

positive 
% CM % Cyto % 

positive 
% CM % Cyto 

Correlation 
coefficient (r) 

   1.0000 0.8000 1.0000  

% 
positive P value     0.2000 <.0001 

Correlation 
coefficient (r) 

 1.0000 -0.8000 -0.8000 1.0000 -0.8000  
% CM 

P value   0.2000 0.2000  0.2000 
Correlation 

coefficient (r) 
 -0.8000 1.0000 0.1000 0.8000 0.1000  

% Cyto 
P value  0.2000  <.0001 0.2000  

CDV-Ond CDV-R252  
% 

positive 

 

% CM 
 

% Cyto 
% 

positive 

 

% CM 
 

% Cyto 

Correlation 
coefficient (r) 

1.0000 -0.8000 0.8000 1.000 -0.9947 0.1000  

% 
positive P value  0.2000 0.2000  0.0053 <.0001 

Correlation 
coefficient (r) 

-0.8000 1.0000 -1.000 -0.1000 1.0000 -1.0000  
% CM 

P value 0.2000  <.0001 <.0001  <.0001 
Correlation 

coefficient (r) 
0.8000 -1.0000 1.0000 -0.1000 -1.0000 1.0000  

% Cyto 
P value 0.2000 <.0001  <.0001 <.0001  

 

Light grey field = significant (p<0.0001); dark grey field = significant (p<0.05); CDV: canine distemper 
virus; CPiV: canine parainfluenzavirus; % positive = percentage of virus positive cells; % CM= 
percentage of cells with predominantely cell membrane associated cortactin expression; % Cyto.= 
percentage of cells with predominantely cytoplasma associated cortactin expression. 
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4.3 Electron microscopical and immuno-electron microscopical 

investigations 

4.3.1 Morphology 
 

Non-infected and persistently CDV-Ond infected DH82 cells exhibited differences in 

number and length of the cytoplasmic projections. Both types of cells revealed the 

presence of villous surface cytoplasmic projections. Occasionally lysosomes and 

vacuoles were present.  The cells were variable in size and irregular in shape, with 

an eccentrically located round to oval nucleus with delicate chromatin. The nucleoli 

are irregular in shape and large numbers of nuclei contained multiple nucleoli (Fig. 40 

A-D). Poorly clumped heterochromatin was present throughout the nucleus. The 

cytoplasm contained frequent mitochondria and abundant rough endoplasmic 

reticulum.  
 

Fig. 40: Ultrastructure of non-infected and persistently CDV-Ond infected DH82 

cells at 5 dps 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Legend: Ultrastructure of non-infected DH82 cells (A; Scanning electron microscopy 

(SEM) and B; Transmission electron microscopy (TEM) and persistently CDV-Ond 

infected DH82 cells (C; SEM and D; TEM). Both cells exhibited differences in number 

and length of cytoplasmic projections. Bar = 5 µm in A and C, 0.5 µm in B and D. 

A 

C D
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4.3.2 Analysis of phagocytic activity 

Both non-infected and infected DH82 cells showed the same amount of phagocytized 

particles (Fig. 41A, B). 

 

Fig. 41: Phagocytic function of non-infected and persistently CDV-Ond infected  

DH82 cells at 5dps 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Transmission electron microscopy revealed the same amount of phagocytic 

particles after 3 h incubation with latex particles in both non-infected (A) and 

persistently CDV-Ond infected DH82 cells (B) at 5 dps. Bar = 0.5 µm. 
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4.3.3 Analysis of the number of cytoplasmic projections 

 

The number of cytoplasmic projections was higher in non-infected DH82 cells (Fig. 

42 A, C, 43) compared to persistently CDV-Ond infected DH82 cells (Fig. 42 B, D, 

43). Furthermore, the number of cytoplasmic projections in CDV-Ond, CDV-R252 and 

CPiV infected DH82 cells was decreased in comparison to non-infected DH82 cells 

at different time points post infection (Fig. 44). 

 

Fig. 42: Number of cytoplasmic projections of non-infected and persistently CDV- 

Ond infected DH82 cells at 5dpi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Scanning electron microscopy (SEM) and transmission electron microscopy 

(TEM) revealed more cytoplasmic projections in non-infected (A and C) compared to 

persistently CDV-Ond infected DH82 cells (B and D) at 5 dpi. Bar = 5 µm in A and B, 

0.5 µm in C and D. 
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Fig. 43: Number of cytoplasmic projections of non-infected and persistently CDV-

Ond infected DH82 cells with (+) and without (w/o) nucleocapsids (NC) at 

1, 3, 5 and 10 dps. 

 

 

Legend: There was a statistically significant higher number of cytoplasmic processes 

detectable in non-infected DH82 cells in comparison to persistently CDV-Ond 

infected DH82 cells at 1, 3, 5 and 10 dps (*; P< 0.001). No significant difference was 

found between persistently CDV-Ond infected cells with and without nucleocapsid. 
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Fig. 44: Number of cytoplasmic projections of non-infected, CPiV-, CDV-Ond- and   

CDV-R252 infected DH82 cells at 1, 3, 5 and 10 dpi. 
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Legend: There was a statistically significant higher number of cytoplasmic processes 

in non-infected DH82 cells than in CDV-Ond infected DH82 cells, independently if the 

latter contain nucleocapsids (+NC) or not (-NC) at 1, 3, 5 and 10 dpi (*; P< 0.001). 

Additional significant differences were present between non-infected and CDV-

R252+NC (*, P< 0.05) as well as between non-infected and CDV-R252-NC at 1 dpi 

and 10 dpi.  There was a higher number of cytoplasmic processes in non-infected 

DH82 cells compared to CPiV infected DH82 cells containing nucleocapsids (*; P< 

0.001). Additionally, there was a significant difference between non-infected cells and 

CPiV-NC infected cells at 1 dpi, 5 dpi and 10 dpi. No significant differences were 

found between CDV- infected DH82 cells with and without nucleocapsids. 
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4.3.4 Analysis of the length/width (l/w) ratio of cytoplasmic projections 

 

Ultrastructural examination of the non-infected and persistently CDV-Ond infected 

DH82 cells surfaces revealed variations in the lengths and width of cytoplasmic 

projection. The l/w ratio for the surface cytoplasmic projections was significantly 

greater in the non-infected DH82 than in the persistently CDV-Ond infected DH82 

cells only at 10 dpi (Fig. 45). Furthermore, there was significant increase in the l/w 

ratio of cytoplasmic processes in non-infected DH82 cells compared to CDV-Ond, 

CDV-R252 and CPIV infected DH82 cells, independently if they contain 

nucleocapsids (+NC) or not (-NC) at 10 dpi (Fig. 46). 

 

Fig. 45: Ratio of length (l) to width (w) for the cytoplasmic projections of non-

infected compared with persistently CDV-Ond infected DH82 cells with and 

without nucleocapsids at 1, 3, 5 and 10 dps. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: There was a statistically significant increase in the l/w ratio of cytoplasmic 

processes of non-infected DH82 cells compared to persistently CDV-Ond infected 

DH82 cells only at 10 dps (*; P< 0.05). No significant difference was found between 

persistently CDV-Ond infected cells with and without nucleocapsid. 
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Fig. 46: Ratio of length (l) to width (w) for the cytoplasmic projections of non-

infected compared with CPiV-, CDV-Ond- and CDV-R252 infected DH82 

cells at 1, 3, 5 and 10 dpi 

 

 

Legend: There was a statistically significant increase in the l/w ratio of cytoplasmic 

processes in non-infected DH82 cells compared to CDV-Ond-, CDV-R252- and CPIV 

infected DH82 cells, independently if they contain nucleocapsids (+NC) or not (-NC) 

at 10 dpi (*; P< 0.0001). No significant differences were found between CDV- 

infected DH82 cells with and without nucleocapsids. 
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4.3.5 Correlation between virus positive DH82 cells and the number of 

cytoplasmic processes 

The correlation between the number of virus antigen positive DH82 cells and the 

mean number of cytoplasmic processes was determined for 5 cells independently if 

they contain nucleocapsids (+NC) or not (-NC) using the Spearman correlation 

coefficient (r). There was no correlation evident. In addition, the Spearman 

correlation coefficient showed a high negative correlation between the CDV-R252 

positive DH82 cells and the mean number of cytoplasmic processes in CDV-

R252+NC (r = -0.9) as showed in Tab. 16. 

 

Tab. 16: Spearman correlation coefficient (r) for comparisons of the number of virus 

DH82 positive cells with the cortactin expression in the membrane and the 

cytoplasm 

Control 
 

CPiV-NC CPiV+NC CDV-Ond 
-NC 

 

% 
Pos. 

Mean
_N 

% 
Pos. 

Mean
_N 

% 
Pos. 

Mean
_N 

% 
Pos. 

Mean
_N 

Correlation 
coefficient (r) 

  1.000 -0.800 1.000 -0.800 1.000 -0.800 
% 

Pos. P value    0.200  0.200  0.200 

Correlation 
coefficient (r) 

 1.000 -0.800 1.000 -0.800 1.000 -0.800 1.000  
Mean

_N P value   0.200  0.200  0.200  

CDV-Ond 
+NC 

CDV-R252 
-NC 

CDV-R252 
+NC 

 

% 
Pos 

Mean
_N 

% 
Pos. 

Mean
_N 

% 
Pos. 

 

Mean_N 

Correlation 
coefficient (r) 

1.000 -0.447 1.000 -0.800 1.000 -0.949  
% 

Pos. P value  0.553  0.200  0.051 

Correlation 
coefficient (r) 

-0.447 1.000 -0.800 1.000 -0.949 1.000  
Mean

_N P value 0.553  0.200  0.051  
 

Grey field = significant (p<0.05); CDV: canine distemper virus; CPiV: canine parainfluenzavirus; % 

Pos. = percentage of virus antigen positive cells; Mean_N=Mean number of cytoplasmic processes; -

NC= without nucleocapsid; +NC= with nucleocapsid 
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4.3.6 Correlation between virus positive DH82 cells and the mean (l/w) ratio 

of cytoplasmic processes 

 

The correlation between the number of virus antigen positive DH82 cells and the 

mean (l/w) ratio of cytoplasmic processes was determined for 5 cells independently if 

they contain nucleocapsids (+NC) or not (-NC) using the Spearman correlation 

coefficient (r). There was no correlation evident (Tab. 17). 

 

 

Tab. 17: Spearman correlation coefficient (r) for comparisons of the percentage of 

virus DH82 positive cells with the l/w ratio of cytoplasmic processes 

 

Control CPiV-NC CPiV+NC CDV-Ond 
-NC 

 

% 
Pos. 

Mean
(l/w) 

% 
Pos. 

Mean
(l/w) 

% 
Pos. 

Mean
(l/w) 

% 
Pos. 

Mean
(l/w) 

Correlation 
coefficient (r) 

  1.000 
 

-0.600
 

1.000 
 

 1.000 0.500  
% 

Pos. P value    0.400  0.400  0.667 

Correlation 
coefficient (r) 

 1.000 -0.600 1.000 -0.600 1.000 0.500 1.000  

Mean
(l/w) P value   0.400  0.400  0.667  

CDV-Ond 
+NC 

CDV-R252 
-NC 

CDV-R252 
+NC 

 

% 
Pos 

Mean
(l/w) 

% 
Pos. 

Mean
(l/w) 

% 
Pos. 

 

Mean (l/w) 

Correlation 
coefficient (r) 

1.000 
 

-0.400
 

1.000 0.000 1.000 0.800  

% 
Pos. P value  0.600  1.000  0.200 

Correlation 
coefficient (r) 

-0.400 1.000 0.000 1.000 0.800 1.000  

Mean
(l/w) P value 0.600  1.000  0.200  

 

CDV: canine distemper virus; CPiV: canine parainfluenzavirus; % Pos. = percentage of virus positive 

cells; Mean_N=Mean number of cytoplasmic processes; -NC= without nucleocapsid; +NC= with 

nucleocapsid; (l/w) = length/width ratio of cytoplasmic processes 
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4.3.7 Analysis of cortactin distribution 

 

Cortactin was mainly distributed along the cell membrane and cytoplasmic 

projections of non-infected DH82 cells (Fig. 47) in comparison to persistently CDV-

Ond infected DH82 cells which displayed a more diffuse, cytoplasmic distribution of 

cortactin with less along the cell membrane (Fig. 48). 

 

 

Fig. 47: Cortactin expression and distribution in non-infected DH82 cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Legend: The non-infected DH82 cells showed a high membrane-associated (arrows) 
and a sparse, diffuse cytoplasmic expression of cortactin (arrowhead); bar = 0.5 µm; 
bar (insert) = 0.2 µm 
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Fig. 48: Cortactin expression and distribution in persistently CDV-Ond infected 

DH82 cells 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: The persistently CDV-Ond infected DH82 cells displayed a diffuse 
cytoplasmic (arrows) and a scant membrane-associated cortactin expression 
(arrowhead); bar = 0.5 µm; bar (insert) = 0.2 µm 
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5 Discussion 
 

The present study describes the comparison between non-infected and CPiV and 

CDV (CDV-Ond, persistently CDV-Ond, CDV-OndeGFP, CDV-R252) infected DH82 

cells in vitro regarding their morphology, proliferation, phagocytic activity and kinetics 

of viral infection. Similar investigations were performed using non-infected and CPiV 

and CDV (CDV-Ond, CDV-OndeGFP, and CDV-R252) infected Vero cells. The main 

finding of this study is that the used CDV strains and CPiV are able to infect DH82 

cells and Vero cells to a variable amount. The infection rates were higher with CPiV, 

CDV-Ond and CDV-R252 compared to infections with CDV-OndeGFP. Surprisingly, 

CDV-OndeGFP infected only a small minority of DH82 cells, not more than 35% of 

cells, at 10 dpi. This might be indicative for a differential susceptibility of DH82 cells 

to infections with different CDV strains and CPiV. However, it cannot be excluded 

that the molecular engineering of the CDV-Ond strain to express GFP and/or the 

adaptation of this CDV strain to Vero cells may have altered its cell tropism. About 

100% of persistently CDV-Ond infected DH82 expressed CDV antigen at each time 

point investigated. In addition, the number and length/width ratio of cytoplasmic 

processes was comparatively examined in non-infected and infected DH82 cells. In a 

second part of the study, the cortactin expression was analyzed in non-infected and 

infected DH82 cells in vitro. The aim of the present study was to determine the 

impact of a CDV or CPiV infection on the cortactin expression and distribution as well 

as on cellular morphology, function and growth characteristics of canine histiocytic 

sarcoma cells in vitro, possibly leading to insights in tumor cell behaviour and 

migration potential. 

 

 

5.1 Influence of CDV-Ond and CDV-R252 infection on Vero cells 

 

The two canine distemper virus strains R252 (CDV-R252) and Onderstepoort (CDV-

Ond) have different biological properties (CONFER et al., 1975). In the present study, 

Vero cells were successfully infected with attenuated strains of CDV (CDV-Ond and 

CDV-R252). This was confirmed by the detection of the CDV-N protein by 
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immunofluorescence and the demonstration of cytopathic effects (CPE). The CPE 

was characterized by single cell necrosis and syncytia formation within infected 

cultures. Similar morphological changes were reported in Vero cell cultures infected 

with the same distemper virus strains (CONFER et al., 1975). Comparisons of CDV-

R252 with CDV-Ond indicated that they closely resemble each other in their in vitro 

properties. There was an absence of CDV-specific fluorescence in the non-infected 

control cells. CPE of CDV-R252 in Vero cells is characterized by the formation of 

multinucleated syncytia with up to 10 nuclei and cellular necrosis (CONFER et al., 

1975). Additionally, focal degenerative changes consisting of vacuolated or rounded 

cells was evident at 3 dpi as described (CONFER et al., 1975). The CPE progressed 

until 10 dpi, when the monolayer consisted of a sparse population of stellate cells 

and syncytia containing up to 10 nuclei as described by CONFER et al., (1975). The 

joining of their elongated cytoplasmic processes gave the monolayer a weblike 

appearance. The cell density decreased up to 14 dpi (CONFER et al., 1975). 

Culturing of CDV-R252 in Vero cells is strictly cell-associated and caused both, 

intracytoplasmic and intranuclear inclusion bodies (METZLER et al., 1980). Virus 

spread is moderate in Vero cells, leading to an infection rate of approximately 50% at 

5 dpi (CONFER et al., 1975). The present study shows a moderate spread of CDV-

R252 in Vero cell monolayers, leading to approximately 40% infected cells at 5 days 

post infection. The infection rate decreased to 20% at 10 dpi, which was attributed to 

regrowing of non-infected cells. In the present study, at 5 dpi approximately 24% 

(median) of the cells contained viral antigen. In CDV-Ond infected Vero cells, CPE 

consisting in the formation of giant syncytia with up to 50 nuclei was observed 

(CONFER et al., 1975). Inclusion bodies are only detectable intracytoplasmatically 

starting at day 7 p.i as described and in contrast to CDV-R252, CDV-Ond destroys 

the Vero cell monolayer only slightly and there is only a slow expansion (CONFER et 

al., 1975). At 5 dpi, approximately 30% of cells are infected (CONFER et al., 1975). 

In contrast, the present study revealed a prominent virus spread in CDV-Ond-

infected Vero cell cultures, leading to approximately 80% infected cells at 5 dpi. It has 

been reported, that the percentage of CDV-Ond infected cells increased from 20 to 

45% during the first week after infection (CONFER et al., 1975). However, the 
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number of antigen-containing cells declined from approximately 80% at 5 dpi to 17% 

(median) at 10 dpi in the present study. This decrease was, similar to CDV-R252-

infected cells, attributed to regrowing of non-infected cells. In CDV-Ond-infected 

monolayers, a granular CDV-specific fluorescence was found in the cytoplasm of 

approximately 20% of both, mononuclear and syncytial giant cells. At 1 dpi, viral 

antigen was distributed diffusely throughout the cytoplasm of large syncytia. This 

remained the predominant pattern of immunofluorescence at 5 dpi. These findings 

were consistent with the results of CONFER et al. (1975), which stated that at 1 dpi, 

viral antigen was spread diffusely throughout the cytoplasm of large syncytia and this 

remained the predominant pattern of immunofluorescence until 7 dpi.  

To investigate whether an infection of Vero cells with attenuated strains of CDV 

(CDV-Ond and CDV-R252) is also associated with a decreased proliferation of cells, 

the absolute cell number of infected and non-infected cultures was determined. The 

number of Vero cells infected with CDV strains was lower at all time points than in the 

corresponding non-infected controls. This might be due to an increased proliferation 

of non-infected cells, a decreased proliferation of infected cells or an increased 

cytolysis of infected cells. In the infected cultures cytolytic effects were observed. A 

slower progression of the infection was characteristic for a CDV-R252 infection in 

Vero cell cultures, a pattern which appears to be analogous to that seen in vivo 

(CONFER et al., 1975). To clarify whether the decrease in absolute cell number is 

caused by a decrease in the proliferation of the infected cultures, a comparative 

analysis of the mitotic rates of infected and non-infected cultures was performed. In 

all cultures, regardless of their infection state, a significant reduction in the mitotic 

rate was observed within the study period. Furthermore, the mitotic rate of the CDV-

infected Vero cells was equal or lower than in the non-infected controls at all time 

points. The reduced mitotic rates, also in non-infected Vero cells, might result from 

contact inhibition with increasing confluency of the monolayers (KÖCHLING, 2006). 

In Vero cells, the percentage of mitotic figures was higher in non-infected Vero cells 

with a mean of 0.7 per high power field compared to CDV-Ond, CDV-R252, CDV-

OndeGFP and CPiV infected Vero cells which lacked mitotic figures per high power 

field at 3 dpi. Similar observations were reported for different CDV- infected cultures, 
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where mitotic figures were often absent (GRÖNE et al., 2002). In primary brain cells, 

mitotic figures were not recognizable at any day, regardless whether the cells were 

CDV infected or not (GRÖNE et al., 2002). In dermal fibroblast cultures, the number 

of mitotic figures was very low in non-infected cultures and no mitotic figures were 

observed in CDV-infected cultures (GRÖNE et al., 2002). In DH82 cells, the 

percentage of mitotic figures was higher in non-infected DH82 cells (3%) compared 

to infected DH82 cells at 3 dpi (1%). However, at 12 dpi, in neither cultures mitotic 

figures were observed (GRÖNE et al., 2002). Only rarely, a mitotic figure was 

observed in either non-infected or infected MDCK cells (GRÖNE et al., 2002). Other 

studies, performed by KÖCHLING (2006), using canine keratinocytes to investigate 

the role of a CDV-R252- and CDV-Ond-infection on cell proliferation revealed a 

negative association of the virus infection with cell proliferation. The number of CDV-

R252 and CDV-Ond-infected keratinocytes was lower compared to non-infected 

keratinocytes at all time points. Initially, the number of cells increased in infected 

cultures, with a subsequent decrease throughout the study period. It can be assumed 

that the initial rise with the subsequent drop in the total number of cells is directly 

related to the infection rate of the cells because until the reversal point, only about 

half of the cells were virus infected. Thus, non-infected cells might contribute with the 

proliferation whereas a reduced proliferation or increased cytolysis of infected cells 

could contribute to decrease in total cell numbers. A significant decrease in cell 

number could only be determined when more than half of the cells were positive for 

the N protein of canine distemper virus. 

 

 

5.2 Influence of CDV-OndeGFP infection on Vero cells 

 

Several CDV strains have been isolated and adapted to grow efficiently in cell 

cultures from many species, such as African Green Monkey kidney cells (Vero cells), 

Madin Darby canine kidney cells (MDCK) or macrophage/monocytic tumor cells 

(DH82) in vitro (APPEL and JONES, 1967; BAUMGÄRTNER et al., 1987; CONFER 

et al., 1975; FRISK et al., 1999; GRÖNE et al., 2002; SUTER et al., 2005; Von 

MESSLING et al., 2001, 2004). Establishment of CDV clones genetically engineered 
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to express the enhanced green fluorescent protein (eGFP), e.g. the mustelid 

neurovirulent CDV-A75/17eGFP and the mustelid virulent CDV-5804PeGFP strain, 

the CDV-rgA75/17-V and the CDV-OndeGFP strain allowed direct observation of 

CDV spread and cell tropism. Moreover, using recombinant CDV strains it is possible 

to determine, which part of the CDV genome is responsible for specific pathogenic 

properties, such as cell-cell fusion and syncytia formation (PLATTET et al., 2004; 

RIVALS et al., 2007; RUDD et al., 2006; Von MESSLING et al., 2001, 2004). In the 

current study, Vero cells were successfully infected with CDV-OndeGFP as 

confirmed by the detection of the CDV-N protein by immunofluorescence and the 

demonstration of a CPE. The CPE was characterized by single to numerous 

detached necrotic cells and aggregation of cells. The cell density of the infected 

monolayer decreased slightly between 3 and 5 dpi. Cytoplasmic staining intensity 

was most prominent at 10 dpi, with approximately 65% of the cells being virus 

antigen-positive. Labelled cells displayed a diffuse cytoplasmic staining and often 

contained small fluorescent areas along the nuclear membrane. A similar study using 

CDV-OndeGFP infected microglia and astrocytes revealed that CDV-OndeGFP 

expression did not exceed 1% and 50%, respectively (ORLANDO et al., 2008). 

TECHANGAMSUWAN et al. (2009) stated that olfactory ensheathing cells infected 

with CDV-OndeGFP demonstrated a moderate CPE whereas Schwann cells showed 

only a minimal to mild CPE. It cannot be excluded that the molecular engineering of 

the CDV-Ond strain to express GFP and/or the adaptation of this CDV strain to Vero 

cells may have altered its cell tropism.  

 

 

5.3 Influence of canine parainfluenza virus infection on Vero cells 

 

Canine parainfluenza virus (CPiV) belongs to the Paramyxovirus genus of the 

Paramyxoviridae family (KINGSBURY et al., 1978; FAUQUET et al., 2004). CPiV is 

closely related to Simian Virus 5 (SV5), human mumps virus and human 

parainfluenza virus II (BAUMGÄRTNER et al., 1981; GOSWAMI and RUSSELL, 

1982; LAZAR et al., 1970; ROSENBERG et al., 1971, FAUQUET et al., 2004). Vero 

cells can be successfully infected with CPiV. This was confirmed by detection of the 
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CPiV-N protein using immunofluorescence. Moreover, successful infection was 

confirmed by the appearance of morphological changes consisting of reduced 

confluency at the first days after infection compared to non-infected cells. CPE 

consisted of large syncytia containing 40-50 nuclei per cell. Additionally, individual 

cells became vacuolated and rounded before they detached from the culture. At 10 

dpi, approximately 75% of the cells were detached from the monolayer with cellular 

necrosis and syncytia formation within infected cultures. There was an absence of 

CPiV-specific fluorescence in non-infected cells. At 1 dpi, virus antigen was 

distributed throughout the cytoplasm of small syncytia exhibiting a diffuse 

cytoplasmic granular fluorescence. During the first 3 dpi the percentage of infected 

cells increased from 15% to 32%. The intensity of staining and the number of 

antigen-containing cells increased until 10 dpi. Similarly, BAUMGÄRTNER et al. 

(1991) described that CPiV infected Vero cells showed a severe CPE characterized 

by numerous syncytial giant cells, cytolysis, and subsequent cellular detachment 

within 48 to 72 hours after CPiV inoculation. The immunofluorescence of CPiV 

displayed a fine granular pattern in the cytoplasm. 

 

 

5.4 Influence of CDV-Ond and CDV-R252 infection on DH82 cells 

 

DH82 cells could be successfully infected with attenuated strains of CDV (CDV-Ond 

and CDV-R252). This was confirmed by the detection of the N protein of canine 

distemper virus by immunofluorescence. Moreover, successful infection was 

confirmed by the appearance of morphological changes characterized by single cell 

necrosis and multinucleated syncytial cells. In CDV-Ond infected monolayers, 

numerous large syncytia were seen at 3 and 5 dpi, each containing 40 to 50 

peripherally located nuclei. The central cytoplasm of affected cells often appeared 

vacuolated. Cell density of the monolayer decreased slightly until 10 dpi. Similar 

morphological changes were reported in Vero cells that were infected with the same 

distemper virus strain (CONFER et al., 1975). At 1 dpi, 6% of the cells stained 

positive for CDV nucleoprotein antigen, this rate increased to 40% at 3 dpi. At 5 dpi 

69% of the cells contained viral antigen. The patches of positive cells progressively 
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increased and included multinucleated giant cells. A similar study stated that the 

percentage of CDV-Ond-nucleoprotein positive cells increased over time to up to 

90% at 12 dpi as determined by immunohistochemistry (GRÖNE et al., 2002). In 

CDV-R252 infected monolayers, single to numerous detached necrotic cells and 

degenerative changes consisting of vacuolated, rounded cells were observed at 3 

dpi. The CPE progressed until 5 dpi. The cell density of the monolayer decreased 

slightly between 5 and 10 dpi. Small syncytia were seen at 5 dpi; each containing 

less than 10 peripherally located nuclei. Similar morphological changes were 

reported in Vero cells that were infected with the same distemper virus strain 

(CONFER et al., 1975). Viral antigen was detected in CDV-R252 infected DH82 cells 

as fluorescent cytoplasmic granules. 6% of the cells contained virus nucleoprotein at 

1 dpi. Viral antigen positive cells displayed a diffuse cytoplasmic staining at 10 dpi 

when 65% of the cells stained positive for the canine distemper virus N-protein. The 

patches of positive cells progressively increased and included multinucleated giant 

cells. Similar results were observed in CDV-R252 infected microglia and astrocytes, 

which were infected to 100% and 80%, respectively at 30 dpi (ORLANDO et al., 

2008). To clarify whether the decrease in cell number in infected cultures reflected a 

decrease in the proliferation, a comparative analysis of the mitotic rate of infected 

and non-infected cultures was performed. All cultures, regardless of their infection 

status, displayed a decrease in the mitotic rate within the study period. Furthermore, 

the mitotic rate of the CDV-infected DH82 cultures was equal or lower at all time 

points investigated compared to non-infected cells, independently of the CDV-strain 

used. The decreased mitotic rate in non-infected DH82 cells may be attributed to 

contact inhibition, because DH82 cells are inhibited in their growth when the cell layer 

is confluent (KÖCHLING, 2006). It is suggested that changes in the mechanical 

pressure in keratinocyte cultures are one of the factors that mediate proliferation, 

differentiation and migration of keratinocytes (URA et al., 2004). On a molecular 

level, this is a very complex regulation. In simplified terms, there is a translocation of 

beta-catenin from the cytoplasm to the cell membrane in confluent keratinocyte 

cultures, whereas it is evenly distributed in the cytoplasm of keratinocytes in 

subconfluent proliferating cultures (DIETRICH et al., 2002). This results in the 
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formation of cell-to-cell contacts which prevent further proliferation of the cells 

(DIETRICH et al, 2001 and 2002; ORFORD et al, 1999; TAKEICHI, 1993; 

WHEELOCK and JENSEN, 1992). In DH82 cultures, the number of mitotic figures 

was low in non-infected controls, but still decreased in CDV-and CPiV infected DH82 

cells. Similar results were described by GRÖNE et al., (2002), which stated that the 

percentage of mitotic figures was higher in non-infected DH82 cells (3%) compared 

to CDV-Ond infected DH82 cells at 3 dpi (1%). However, at 12 dpi, in neither cultures 

mitotic figures were observed. It can be assumed that the drop in the total cell 

number in CDV-infected cultures is directly related to the infection rate of the cells 

and a result of the enhanced CPE. A second possibility for decreased total cell 

numbers, compared to non-infected controls, may be caused by a reduced 

proliferation of CDV-infected cultures.  

 

 

5.5 Influence of CDV-OndeGFP infection on DH82 cells 

 

The use of a GFP-expressing virus permitted the direct evaluation of cellular 

morphological alterations and virus spread. CDV-OndeGFP-infected cells were 

observed as early as 24 hrs after infection. At 1 dpi, 2.5% of the cells contained viral 

antigen. The percentage of infected cells increased up to 35% at 5 dpi. Whereas, at 

10 dpi, the percentage of infected cells decreased to 20%. Continuous virus spread 

to surrounding cells was noted subsequently. The number of infected cells increased 

and patches of positive cells were found in different areas of the culture. CDV antigen 

was diffusely distributed in the cytoplasm of infected cells. The CPE was 

characterized by single to numerous, detached necrotic cells and syncytial giant 

cells. Similar changes were reported for CDV-OndeGFP-infected microglia and 

astrocytes, where the percentage of cells expressing OndeGFP antigen did not 

exceed 1% and 50%, respectively (ORLANDO et al., 2008). 
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5.6 Effect of persistent infection with CDV-Ond on DH82 cells 

 

Persistently CDV-Ond infected DH82 cells were morphologically similar to non-

infected DH82 cells. In contrast to non-infected cells, persistently CDV-Ond infected 

DH82 cells seemed to contain more darkly appearing granules and vacuoles. The 

confluency of the monolayer continuously increased and displayed a confluency of 

70% at 5 dps and reaching approximately 100% confluency at 10 dps. 93%-100% of 

the persistently CDV-Ond infected DH82 cells stained positive for CDV nucleoprotein 

antigen at all time points investigated and viral antigen was found in the cytoplasm. 

There were no differences in the proliferation rate between non-infected and 

persistently CDV-Ond infected DH82 cells. Persistently CDV-Ond infected cells 

displayed a similar mitotic rate at most time points compared to non-infected controls. 

The BrdU incorporation rate of the infected cultures showed no significant changes to 

non-infected controls as described by others (KÖCHLING, 2006). 

 

 

5.7 Influence of canine parainfluenza virus infection on DH82 cells 

 

DH82 cells can be successfully infected with CPiV. This was confirmed by the 

detection of the CPiV-N protein using immunofluorescence. Moreover, successful 

infection was confirmed by decreased cell density in the first days after infection 

compared to non-infected cells. The cell density of the monolayer decreased to 10% 

at 10 dpi. The infected monolayer showed focal degenerative changes with single 

cell necrosis and detached cells and numerous large syncytia (30-40 nuclei). There 

was an absence of CPiV-specific fluorescence in the non-infected cells. Virus antigen 

consisting of fluorescent cytoplasmic granules was detected in CPiV-infected DH82 

cells. 26% of the cells contained viral antigen at 1 dpi and 71% of the cells contained 

viral antigen at 3 dpi. Furthermore, patches of positive cells were found in different 

areas of the culture. These patches progressively increased in size until 94% of the 

DH82 cells stained positive for CPiV-antigen at 10 dpi.  
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5.8 Effects of infection on phagocytic capacity of DH82 cells 

 

Phagocytic capability has been used to confirm the monocytic or histiocytic lineage of 

cells from several species, including man and dogs (ROBERTS et al., 1978, 

ROBINOWITZ et al., 1977). Particle phagocytosis is commonly used as a functional 

parameter of macrophages (ITO et al., 1979). The DH82 cells exhibit marked 

phagocytic capabilities, being able to ingest latex beads (0.8 µm in diameter). As 

described, more than 95% of the DH82 cells phagocytize latex beads (WELLMAN et 

al., 1988). Interestingly, both, non-infected and DH82 cells infected with different 

CDV- strains and CPiV equally phagocytize latex particles at all time points post 

infection. 

 

 

5.9 Effects of persistent CDV-Ond infection of DH82 cells on cortactin 

expression and distribution 

 

Cortactin is a multidomain cytoskeleton-associated protein enriched in the cell cortex, 

including cell leading edges, ruffles and filopodia (MAA et al., 1992). The strong 

localization of cortactin to cell motility structures such as lamellipodia and 

invadopodia sparked an early interest in the role of cortactin in cell migration and 

invasion (WU et al., 1991; WU and PARSONS, 1993). In the present study, the 

influence of a viral infection on the cortactin expression and distribution was analyzed 

comparatively in non-infected and persistently CDV-Ond-infected DH82 cells. 

Cortactin was expressed in about 100% of DH82 cells independently if they were 

non-infected or persistently CDV-Ond infected. The most prominent cortactin 

expression in non-infected DH82 cells was along cell membranes and cell processes 

at all time points post seeding. In contrast, persistently CDV-Ond infected DH82 cells 

displayed a more diffuse cytoplasmic expression with less cortactin along the cell 

membrane and cellular processes. On a molecular level, persistently CDV-Ond 

infected DH82 cells showed a reduced number of cortactin mRNA-transcripts 

compared to non-infected controls. It has been reported, that overexpression of 

cortactin resulted in increased cell motility, a hallmark of tumor invasiveness and 
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metastasis, and also results in an enhanced capability for transendothelial invasion 

and endothelial cell adhesion (LI et al., 2001). The results of the present study 

suggested that cortactin might play an important role in the motility and invasion of 

DH82 cells. Therefore, the tumor cell requires the formation of protrusions projecting 

from the membrane surface (VOURA et al., 1998). In motile cells, filamentous actin 

underlies two main types of protrusive membranes: lamellipodia which contain short 

filaments linked into orthogonal arrays, and filopodia which contain bundled and 

crosslinked actin filaments (RINNERTHALER et al., 1988). Cross-linking filamentous 

actin into bundles or lattices at lamellipodia is thought to provide the protrusive force 

necessary for the forward extension of membranes and cell locomotion 

(CUNNINGHAM, 1992). Immunofluoresence localization experiments support a 

functional interaction between cortactin and the Arp2/3 complex (WEED et al., 2000). 

Cortactin colocalize at the leading edge and within punctate spots within lamellipodia, 

both regions of active actin dynamics (WEED et al., 2000). Further experiments are 

warranted to examine if cortactin overexpression is sufficient for enhanced tumor cell 

invasion in vitro and in vivo. Although the biological function of cortactin is poorly 

understood, there are several properties of cortactin that suggest that it may 

participate in events involved in cell migration and invasion. 

 

5.10 Effects of CDV- and CPiV infection of DH82 cells on cortactin 

expression and distribution 

 

The present study describes the influence of a viral infection on the cortactin 

expression and distribution. Therefore, a comparative analysis of non-infected, and 

acutely CDV- and CPiV infected DH82 cells was performed. The most prominent 

cortactin expression in non-infected DH82 cells was located along cell membranes 

and cell processes at all time points investigated. In contrast, CDV- and CPiV-

infected DH82 cells displayed a continuous decrease in the membrane-associated 

labelling with an increase in a more diffuse cytoplasmic expression over the study 

period. This process started at 3 dpi and continued until 10 dpi in all virus strains. At 

1 dpi, the cortactin expression and distribution was similar in both, non-infected and 

CDV- and CPiV- infected DH82 cells with a prominent expression along the cell 
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membrane and the cytoplasmic projections. It can be speculated that the virus-

induced translocation of cortactin from the cell membrane alters the migration 

behaviour of DH82 cells. Several studies demonstrated that cortactin plays a crucial 

role in the regulation of actin dynamics in eukaryotic cells. It has emerged as a 

common target of pathogen-host cell interactions depending on the particular 

microbe (COSEN-BINKER and KAPUS, 2006). Often, cortactin is involved in disease 

development concerning adhesion of pathogens (e.g., pedestal formation by 

enteropathogenic and enterohemorrhagic Escherichia coli), invasion (Shigella, 

Neisseria, Chlamydia, Rickettsia, Staphylococcus, Cryptosporidium), actin-based 

motility (Listeria, Shigella, and vaccinia virus), and cell scattering (Helicobacter; 

SELBACH and BACKERT, 2005). All these processes utilize the actin cytoskeleton 

of the host in various ways (STEVENS et al., 2006). Importantly, this is frequently 

associated with a change in the cellular localization and/or tyrosine phosphorylation 

of cortactin.  

 

 

5.11 Ultrastructural analysis of cytoplasmic processes in non-infected and  

persistently CDV- Ond-infected DH82 cells 

 

Non-infected and persistently CDV-Ond infected DH82 cells exhibited similar 

morphological characteristics with some differences in the number of cytoplasmic 

processes. Both types of cells revealed the presence of villous surface cytoplasmic 

processes. The cells were variable in size and irregular in shape, with an 

eccentrically located round to oval nucleus with delicate chromatin. The nucleoli are 

irregular in shape and large numbers of nuclei contained multiple nucleoli. Poorly 

clumped heterochromatin was present throughout the nucleus. The cytoplasm 

frequently contained mitochondria and abundant rough endoplasmic reticulum as 

described by WELLMAN et al. (1988). The number and distribution of cellular 

processes was counted and documented for five cells of each preparation and each 

dps. The number of cytoplasmic projections was higher in non-infected DH82 cells 

compared to persistently CDV-Ond infected DH82 cells. Ultrastructural examination 

of non-infected and persistently CDV-Ond infected DH82 cell surfaces revealed 
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variations in the lengths and width of cytoplasmic projections. The L/W ratio for the 

surface cytoplasmic projections was significantly greater in the non-infected DH82 

cells compared to persistently CDV-Ond infected DH82 cells at 10 dpi. 

 

 

5.12 Ultrastructural analysis of cytoplasmic processes in non-infected and 

CDV- and CPiV infected DH82 cells 

 

In both, non-infected and CPiV- and acutely and persistently CDV-infected DH82 

cells, the number and distribution of cellular processes was counted and documented 

for five cells of each condition and each dpi and dps, respectively. In the present 

study, standard ultrathin sections were used and length and width of the ten longest 

processes were scaled as described (WARHOL and CORSON 1985; BURNS et al., 

1985; and ULRICH et al., 2009). The number of cytoplasmic projections was higher 

in non-infected DH82 cells compared to CDV- and CPiV infected DH82 cells. 

Similarly, ultrastructural examination of non-infected and persistently CDV-Ond-

infected DH82 cell surfaces revealed variations in the lengths and width of 

cytoplasmic projections. The L/W ratio for the surface cytoplasmic processes was 

significantly greater in the non-infected DH82 cells than in the CDV- and CPiV 

infected DH82 cells at 10 dpi. This indicates a virus-mediated shortening and / or 

broadening of cytoplasmic processes. 

 

 

5.13 Conclusion 

 

Infection of DH82 cells with different canine distemper virus strains and canine 

parainfluenza virus led to a reduced cellular density compared to non-infected 

controls. Accordingly, an infection of DH82 cells with the afore mentioned viruses led 

to morphological changes of the cells. DH82 cells could be successfully infected with 

attenuated strains of CDV (CDV-Ond, CDV-R252 and CDV-OndeGFP). The 

percentage of cells positive for CDV nucleoprotein as determined by 

immunofluorescence increased over time until the end of the study period (10 dpi). 

The number and length/width ratio of cytoplasmic processes was greater in non-
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infected compared to persistently CDV-Ond infected DH82 cells at all time points 

post seeding and also to CDV- and CPiV infected DH82 cells at 10 dpi. Reduced 

cortactin expression along the cell membrane of persistently CDV-Ond infected 

DH82 cells as well as acutely CDV-Ond, CDV-R252 and CPiV infected DH82 cells 

was noted in addition to a reduced number and l/w ratios of cellular processes of 

these infected cells. This might lead to a reduced cellular migration and may 

therefore be associated with a less malignant behavior of canine histiocytic tumors.
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6 Summary 
 

 

Influence of paramyxovirus infection on phenotypical and functional 

characteristics of canine histiocytic sarcoma cells (DH82) 

 

Mohamed Z. Sayed-Ahmed 2011 

 

In the literature section a short overview about canine distemper virus, its hosts and 

the pathogenesis of canine distemper virus (CDV) infection is given. Additionally, a 

short overview about the properties of CDV and clinical and pathological changes 

related to the virus is provided. Furthermore, the characteristics of the CDV strains 

R252 and Onderstepoort in vitro are described. The classification and clinico-

pathological features of canine parainfluenza virus (CPiV) are elucidated. Another 

part deals with the classification of canine histiocytic disorders, the comparison of 

canine histiocytic disorders regarding their cellular origin, most commonly affected 

organs and predisposed breeds. Additionally, a short overview about the 

characteristics of a canine histiocytic sarcoma cell line, termed DH82 cells, is given. 

Furthermore, mechanisms of anti-tumor effects, immune response and viral oncolysis 

are detailed. Finally, a review about cortactin structure, its interacting partners and its 

role in cell migration and invadopodia formation is given. 

 

In the current study, the percentage of CDV and CPiV infected Vero cells and DH82 

cells were determined at 1, 3, 5 and 10 dpi using immunofluorescence. Furthermore, 

the morphological characteristics of infected cells were compared to non-infected 

controls using inverted microscopy, hematoxylin-eosin staining and scanning and 

transmission electron microscopy. The functionality was examined using latex 

particle phagocytosis.  

 

CDV- and CPiV-infected Vero and DH82 cells exhibited morphological changes with 

increasing percentage of infected cells between 1 and 10 days post infection (dpi) 
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compared to non-infected controls. The percentage of virus infected cells increased 

over time in acutely infected cultures whereas persistently CDV-infected DH82 cells 

exhibited approximately 100% infected cells at all time points investigated. Regarding 

the proliferative activity, acutely CDV-Ond, CDV-R252, CDV-OndeGFP and CPiV 

infected DH82 cultures displayed lower absolute cell numbers and lower numbers of 

mitotic figures compared to non-infected controls at all time points. In contrast, there 

were no significant differences in the growth behaviour of non-infected and 

persistently CDV-Ond infected DH82 cells. 

 

In the second part of the study, the cortactin expression and distribution was 

comparatively investigated in non-infected and acutely as well as persistently CDV-

Ond infected DH82 cells using immunofluorescence, confocal laser microscopy, 

immunoelectron microscopy and resverse transcription  quantitative polymerase 

chain reaction (RT-qPCR). Immunfluorescence microscopy revealed, that 

approximately 100 % of these cells expressed cortactin, independently if they were 

virus infected or not. Interestingly, cortactin was mainly diffusely distributed in the 

cytoplasm of CDV-Ond, CDV-R252 and CPiV infected DH82 cultures whereas non-

infected cells displayed a pronounced membrane-associated expression. On a 

molecular level, persistently CDV-Ond infected DH82 cells contained significantly 

less cortactin-mRNA transcripts than non-infected DH82 cells. 

 

Summarized, down-regulation of cortactin in CDV infected DH82 cells might be an 

indicator for a reduced ability of infected cells to migrate. Therefore, virus-mediated 

down-regulation and translocation of cortactin from cellular membranes to the 

cytoplasm might represent a metastasis preventing factor in canine histiocytic 

sarcomas. 
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7 Zusammenfassung 
 

Einfluss einer Paramyxovirusinfektion auf die phänotypischen und 

funktionellen Eigenschaften kaniner histiozytärer Sarkomzellen (DH82) 

 

Mohamed Z. Sayed-Ahmed 2011 

 

Im Literaturteil der vorliegenden Arbeit wird ein kurzer Überblick über das kanine 

Staupevirus (CDV), betroffene Wirtstiere und die Pathogenese der kaninen 

Staupevirusinfektion gegeben. Darüber hinaus werden die Eigenschaften von CDV, 

sowie die durch das Virus verursachten klinischen und pathologischen 

Veränderungen dargestellt. Des Weiteren werden die Merkmale der CDV-Stämme 

R252 und Onderstepoort (Ond) in vitro beschrieben. Die Klassifizierung, sowie die 

klinisch-pathologischen Eigenschaften des kaninen Parainfluenzavirus (CPiV) 

werden dargestellt. Ein weiterer Teil der vorliegenden Arbeit befasst sich mit der 

Klassifizierung von histiozytären Erkrankungen des Hundes, wobei eine 

vergleichende Darstellung in Bezug auf ihren zellulären Ursprung, häufig betroffene 

Organe und prädisponierte Rassen erfolgt. Darüber hinaus wird ein Überblick über 

die Eigenschaften einer kaninen histiozytären Sarkom-Zelllinie, genannt DH82-

Zellen, gegeben. Außerdem erfolgt eine detaillierte Darstellung der Mechanismen 

anti-tumoraler Eigenschaften, Immunantworten und viraler Onkolyse. Schließlich 

erfolgt eine zusammenfassende Darstellung über die Struktur von Cortactin, seine 

Interaktionspartner und seine Rolle bei der Zellmigration und Bildung von 

Invadopodien. 

 

In der vorliegenden Studie wurde der Anteil CDV- und CPiV-infizierter Vero- und 

DH82-Zellen an den Tagen 1, 3, 5 und 10 nach der Infektion mittels 

Immunfluoreszenz bestimmt. Darüber hinaus wurden die morphologischen Merkmale 

der infizierten Zellen mit denen der nicht-infizierten Kontrollen mittels 

Phasenkontrastmikroskopie, Hämatoxylin-Eosin-Färbung sowie Raster- und 

Transmissions-Elektronenmikroskopie verglichen. Die Funktionalität der Zellen wurde 

mit Hilfe der Latexpartikel-Phagozytose überprüft. 
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Die CDV- und CPiV-infizierten Vero- und DH82-Zellen wiesen zunehmende 

morphologische Veränderungen mit steigendem Anteil infizierter Zellen im Zeitraum 

von 1 bis 10 Tagen nach der Infektion (dpi) im Vergleich zu nicht-infizierten 

Kontrollen auf. In akut infizierten Kulturen stieg der Anteil infizierter Zellen über die 

Zeit an, während zu allen Zeitpunkten die persistent mit CDV infizierten DH82-Zellen 

konstant zu ca. 100% infiziert waren. An allen untersuchten Zeitpunkten stellte sich 

die Proliferationsaktivität der akut CDV-Ond-, CDV-R252-, CDV-OndeGFP- und 

CPiV-infizierten DH82-Kulturen geringer dar als dies bei nicht-infizierten Kontrollen 

der Fall war. In ähnlicher Art und Weise lagen auch die absoluten Zellzahlen und die 

Anzahl der Mitosen infizierter Zellen unterhalb denjenigen nicht-infizierter Kontrollen. 

Im Gegensatz dazu gab es keine signifikanten Unterschiede im Wachstumsverhalten 

von nicht-infizierten und persistent CDV-Ond infizierten DH82 Zellen. 

 

Im zweiten Teil der Studie wurde die Expression und Verteilung von Cortactin 

vergleichend bei nicht-infizierten, akut sowie persistierend CDV-Ond infizierten DH82  

Zellen mittels Immunfluoreszenz, konfokaler Laser-Mikroskopie, Immun-

elektronenmikroskopie und quantitativer reverser Transkriptase-Polymerase-

Kettenreaktion (RT-qPCR) untersucht. Mittels Immunfluoreszenz-Mikroskopie konnte 

gezeigt werden, dass nahezu 100% aller Zellen Cortactin exprimierten, unabhängig 

davon, ob diese Zellen infiziert waren oder nicht. Interessanterweise war Cortactin 

hauptsächlich diffus im Zytoplasma der CDV-Ond-, CDV-R252- und CPiV-infizierten 

DH82 Kulturen verteilt, während nicht-infizierte Zellen eine ausgesprochen membran-

assoziierte Expression aufwiesen. Auf molekularer Ebene enthielten persistent CDV-

Ond-infizierte DH82 Zellen deutlich weniger Cortactin-mRNA-Transkripte als nicht 

infizierte DH82-Zellen. 

 

Zusammenfassend lässt sich feststellen, dass die Herunterregulation von Cortactin in 

CDV-infizierten DH82-Zellen möglicherweise als Indikator für eine verminderte 

Migrationsfähigkeit der infizierten Zellen fungieren kann. Daher könnte die 

virusvermittelte Herabregulation und Translokation von Cortactin von der 

Zellmembran in das Zytoplasma einen Faktor zur Verhinderung der Metastasierung 

in kaninen histiozytären Sarkomen darstellen. 
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9 Annex 
 

9.1 Sources of chemicals, reagents and antibodies 

 

Agilent Technologies GmbH, Böblingen, Germany 

Brilliant ® SYBR ® Green QPCR Core Reagent kit, 600 546 

 

Applied Biosystems GmbH, Weiterstadt, Germany 

GeneAmp RNA PCR Core Kit, N8080143 

 

Biochrom AG, Berlin, Germany 

Fetal calf serum, S0115 

 

Biozym Diagnostik GmbH, Hessisch Oldendorf, Germany  

SeaKem
® 

LE Agarose, 840004  

 

Carl Roth GmbH & Co KG, Karlsruhe, Germany 

Acidic Hemalaun solution according to Mayer, T865.2 

Denatured ethanol, K928.2 

Eosin G, 7089.2 

Ethanol Rotipuran
®
, 9065.2  

Hydrochloric acid (HCl), Rotipuran® 25% p.a., 6331.3 

2-propanol Rotipuran ® (isopropanol), 6752.2 

Roti
®
-Histokitt II, T160.1  

Sodium chloride (NaCl), P029.2 

Sodium hydroxide (NaOH), p.a., 6771.1 

 

Chroma, Königen, Germany 

Toluidine blue, 1B481 
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Clinic for small ruminants, University of Veterinary Medicine Hannover, 

Germany  

Goat serum  

 

DakoCytomation GmbH Hamburg, Germany 

Anti-Vimentin-Antibody-clon V9, monoclonal, M0725 

Dako®Fluorescent Mounting Medium, S3023 

 

Department of Animal Neurology, University of Bern, Switzerland 

D110, monoclonal mouse-anti-CDV Nucleoprotein 

 

Eurofins MWG Operon, Ebersberg, Germany 

Primer synthesis for PCR 

 

Fluka Chemie GmbH, Buchs, Switzerland 

Glycerol, 49781 

 

Invitrogen™ GmbH, Darmstadt, Germany 

RNAse Out ®, 10777-019 

TRIzol, 15596-026 

 

Jackson ImmunoResearch Laboratories, Hamburg, Germany 

Cy™ 3-conjugated goat anti-mouse IgG (H + L) antibody, 115-165-003 

Cy™ 3-conjugated goat anti-rabbit IgG (H + L) antibody, 111-165-144 

 

Leica, Mikrosysteme, Wetzlar, Germany  

Ultrostain II lead citrate solution, 16705530 

 

Macherey-Nagel GmbH & Co KG, Düren, Germany 

NucleoSpin ® Extract II Kit, 740609 

 

Merck KGaA, Darmstadt, Germany 

CaCl2 x 2H2O, 2382 

Di-sodiumhydrogenphosphate (Na2HPO4x H2O), 6586 
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Glutardialdehyde solution 25%, 4239 

Glycine pro analysis, 4201 

Paraformaldhyde (PFA) extra pure, 4005 

Sodiumhydrogencarbonate (NaHCO3) 6329 

Tris (hydroxymethyl)-aminomethan (MW 121, 14), 108386  

Triton X 100, 8603 

Trypanblue, 11732  

 

PAA Laboratories GmbH, Pasching, Austria 

Eagle's minimal essential medium with Earl's salt solution with L-Glutamine (MEME), 

E 15-825 

Penicillin-streptomycin, P11-010 

Trypsin-EDTA PBS 10x 1:250 (0.5% / 0.2%), L11-004 

 

Plano GmbH, Wetzlar, Germany 

Cu-Grids, 200 mesh, 3.05 mm diameter, G2200C 

Gelatine capsules, G29212 

Goat-anti-rabbit IgG: 10nm gold, GAR10 

LR White embedding medium, R1281 

Ni- Grids, 200 mesh, 3.05 mm diameter, G2200N 

10 nm colloidal gold-AffiniPure goat anti-rabbit IgG chain specific 

Antibodies, EM.GAR10 

Uranylacetate, R1260A 

 

Promega GmbH, Mannheim, Germany 

Random primer 500μg/ml, C1181 

 

Qiagen GmbH, Hilden 

Omniscript
® 

RT Kit, 205113 

RNase-free DNase-Set, 79254 

RNeasy Mini Kit, 74104  
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Roche Diagnostics GmbH, Mannheim, Germany  

BrdU (5-Bromo-2`-deoxy-uridine) Labeling and Detection Kit III, 11 444 611001 

 

Santa Cruz Biotechnology, Santa Cruz, California, USA 

Rabbit polyclonal anti-cortactin IgG antibody (H-191), SC-11408 

 

Science Services GmbH, Munich, Germany 

Osmium tetroxide (OsO4), E19110 

 

Seqlab, Göttingen, Germany 

Sequencing of PCR products 

 

Serva, Heidelberg, Germany 

Cacodyl acid sodium salt, 15540 

Cold water fish skin (CWFS) - gelatine, 22156 

2-Dodecenylsuccinic acid anhydride (DDSA), 20755 

EDTA disodium salt ≥ 99%, 11280 

Glycid -ether 100, 21045 

Methylnadic anhydride (MNA), 29452  

Propylen oxide, 33715 

2, 4, 6- Tris (dimethylaminomethyl) phenol (DMP 30), 36975 

 

Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany  

Bisbenzimide H 33258, B2883 

Boric acid (MW 61, 83), B6768  

Bovine serum albumin (BSA) fraction V, A3059  

Diethylpyrocarbonat (DEPC), 32490  

Ethidiumbromide solution 10mg/ml, E1510  

2-Mercaptoethanol, M3148  

Non essential amino acid (NEAA), M7145 

Polystyrene latex beads (0.8µl; Prod. LB-8) 

Sucrose, sucrose minimum 99.5%, S-9378 
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VWR TM International GmbH, Darmstadt, Germany (formerly Merck KGaA, 

Darmstadt, Germany)  

Formaldehyde solution, at least 37%, 1.03999.2500  

 

9.2 Sources for equipment and disposable items 

 

Agilent Technologies GmbH, Amsterdam, Netherlands 

Mx3005P ™ QPCR System 

Optical cap 8x strip, 401 425 

Strip tube 8x 0.2ml format, 401 428 

 

Biozym Scientific GmbH, Hess. Oldendorf, Germany 

Pipette Tips safe seal tips Premium 10μl, 692 150 

Pipette Tips safe seal tips Premium 20μl, 692 151 

Pipette Tips safe seal tips Premium 100μl, 692 066 

Pipette Tips safe seal tips Premium 200μl, 692 069 

Pipette Tips safe seal tips 1000μl Premium, 690 079 

 

Brand GmbH & Co. KG, Wertheim, Germany 

PCR tube 0.5 ml, 781 310 

 

Carl Zeiss AG, Oberkochen, Germany 

Axiophot microscope 

Transmission electron microscope EM 10 C  

Transmission electron microscope EM 10 A 

Eppendorf AG, Hamburg, Germany  

Pipette Reference ® 0.5 -10 μl variable, 4910 000.018 

Pipette Research ® 0.2 - 20 μl variable, 3111 000.130 

Pipette Reference ®  10 -100 μl variable, 4910 000.042 

Pipette Research ® 20 - 200 μl variable, 3111 000.157 

Pipette Reference ® 100 -1000 μl variable, 4910 000.069 

Pipette tips epT.I.P.S. 0.1-10 μl, variable, 0030 000.811 
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Pipette tips epT.I.P.S. 2-200 μl, variable, 0030 000.870 

Pipette tips epT.I.P.S. 50 -1000 μl, variable, 0030 000.919 

Eppendorf tubes "safe lock tubes" 0.5, 1.5 and 2 ml  

Centrifuge 5417R 

 

Greiner Bio-One GmbH, Frickenhausen, Germany 

50 ml tubes, 160 203 

15 ml tubes, 188 261 

 

Hans O. Mahn & Co. KG, Hamburg, Germany  

Maco EM film EMS, ES 208  

 

Heraeus, Sepatech GmbH, Osterode, Germany 

Biofuge 13  

Centrifuge Labofuge ® A, 2500 

Gassing incubator type B5060 EK CO2 

Centrifuge Minifuge RF 

Centrifuge Multifuge 1, S-R  

Gassing incubator, model B5060 EK CO2 

 

Konica Minolta Photo Imaging Europe GmbH, Langenhagen, Germany 

Minolta DiMAGE Scan Multi Pro 

 

Leica Mikrosysteme, Wetzlar, Germany  

Linear stainer Leica ST 4040  

Medite Medizintechnik, Burgdorf, Germany 

Glass coverslipper RCM 2000  

 

Microtek International Hsinchu City, Taiwan 

Microtek Artiscan F1 

 

Nunc GmbH & Co. KG, Thermo Scientific, Langenselbold, Germany  

96 MicroWell™ Nunc plates, 167008 
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24 well™ Nunc plates, 142475 

4 well lab-Tek™ Nunc chamber slides, 177399 

Cell culture flasks, Nunc Nunclon™Δ™EasyFlasks, 25 cm2: 156 367, 75 cm2: 

156499 

 

Olympus Germany GmbH, Hamburg, Germany 

Microscope IX 70  

Net micrometer disk U OCMSQ 10/10, 034077  

 

Omnilab Laboratory Center GmbH & Co. KG, Bremen, Germany 

Microcentrifuge MC210 

 

Plano GmbH, Wetzlar, Germany 

Copper grids, 200 mesh, 3.05 mm diameter, G2200N 

Ni-grids, 200 mesh, 3.05 mm diameter, G2200N 

 

Reichert-Jung, Nussloch, Germany  

Ultracut E ultramicrotome 

 

Sarstedt AG & Co, Nümbrecht, Germany 

Cell scraper, 83.1830  

Peaking Filtropur L 0.2 LS, 83.1827.001 

 

Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany  

Cell scraper, C2802 

Parafilm M, P-7543  

 

SüdLaborbedarf GmbH, Gauting, Germany 

PCR Tissue Homogenizing kit; Omni TH220 homogenizer  

Exchange tips, Omni Tip ® Standard 

 

Systec GmbH, Wettenberg, Germany  

Autoclave ELC 3850  
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W. Knittel Glass Processing GmbH, Braunschweig, Germany 

Coverslips (24 x 50 mm)  

 

Ziegra-Eismaschinen GmbH, Isernhagen, Germany 

Ice machine ZBE 70-35 

 

9.3 Solutions and buffers 

9.3.1 Solutions for cell culture 

 

Growth medium for Vero cells and DH82 cells 

For 500 ml medium: 

500 ml of Eagle's mimimal essential medium with Earle's salt solution 

50 ml FCS  

5 ml penicillin-streptomycin  

5 ml NEAA (for DH82 cells and CDV-Ond persistently infected DH82 cells) 

 

Phosphate-buffered saline (PBS) 

40 g sodium chloride (NaCl) 

1 g potassium chloride (KCl) 

1 g potassium dihydrogen phosphate (KH2PO4) 

5.75 g sodium dihydrogen phosphate dihydrate (Na2HPO4 x H2O) 

Adjust with distilled water (dH2O) to 5000 ml, and set the pH to 7.22. Then sterilize 

the PBS solution. 

 

Trypanblau 

For 100 ml:  

0.4 g trypan blue in 100 ml PBS  

 

BrdU solution 

Fixative according to manufacturer’s instructions:  

For 10 ml: 9.33 ml of ethanol (70%) + 670 μl HCl (25%)  

Store at -15 to -25°C 
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9.3.2 Immunofluorescence  

9.3.2.1 Paraformaldehyde for cell fixation 

Materials 

Solution A: 0.2 M NaH2PO4 (24 g in 1000 ml double-distilled water) 

Solution B: 0.2 M Na2PO4 (28.4 g in 1000 ml double-distilled water)  

Paraformaldehyde extra pure  

Sucrose (for better cell maintenance) 

Production: 

Double-distilled water (60°C)     25 ml  

Paraformaldehyde                      2 g  

NaOH (1N)                                 1-2 drops  

Mix on a heated stirrer at 60° until a clear solution is achieved. 

Solution B                                   20 ml  

Solution A                                   5 ml  

Sucrose                                      2 g 

Check pH (7.4)  

Heat to 37°C before use.  

Storage: Storable at 4°C up to one week, for critical applications, prepare freshly (just 

before use)!  

 

9.3.2.2 Nuclear counterstaining with bisbenzimide  

Stock solution: 1 mg/10 ml methanol, store at + 4°C  

Working solution: Dilute stock solution 1:100 in distilled water. Add working solution 

to the cells for 5-10 minutes at the end of staining procedure. 

 

9.3.3 Electron microscopy  

9.3.3.1 Cacodylate puffer 0.1 M, pH 7.2 

Stock solution:  

21.4 g Cacodyl acid -sodium salt + 1000 ml distilled water.  

Working solution:  

500 ml stock solution + 41.5 ml 0.1 M HCl, adjust to 1000 ml with distilled water 
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9.3.3.2 Osmium tetroxide (OsO4) 1%  

Stock solution:  

2 g osmium tetroxide in 100 ml distilled water 

Working solution:  

Stock solution in Cacodylate puffer, diluted to 1%  

 

9.3.3.3 Epon  

Mixture A:  

20.7 ml Glycid-ether + 33.3 ml of 2-Dodecenylsuccinic acid anhydride (DDSA)  

Mixture B:  

33.3 ml glycid-ether + 29.6 ml of Methylnadic anhydride (MNA)  

Mixture A and B are mixed 3:7 

 

9.3.3.4 Glutardialdehyde solution 2.5% 

100 ml 25% glutardialdehyde solution + 900 ml cacodylate buffer (working solution) 

 

9.3.4 Molecular Biology 

Aqua Diethylpyrokarbonat (DEPC) - treated 

Adjust 1 ml DEPC-pure substance with double-distilled water to 1000 ml and shake 

16 - 24 hours at room temperature under a fume hood with a magnetic stirrer, then 

autoclave. 

 

2% ethidiumbromid containig agarose gel (104.3 cm2) 

Dissolve 1.82 g agarose in a glass flask in 91 TBE buffer, using a microwave. Then 

let it cool down to 64°C, add 1.8 µl ethidium bromide solution, mix, and transfer to a 

casting chamber bubble-free, where the gel solidifies. 

 

0.5 M EDTA-Na2, pH 8.0 

Solve 8.6 g disodium EDTA-dihydrate (MW 372.24, equivalent to 4.6 g EDTA) in 60 

ml DEPC-double-distilled water (magnetic stirrer), adjust to pH 8.0 using 5M NaOH. 

Fill to 100 ml with  DEPC-double-distilled water and autoclave. 
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TBE electrophoresis buffer (stock solution) 

Fill up 108.8 g Tris (hydroxymethol) aminomethane (MW 121.14), 55.0 g boric acid 

(MW 61.83) and 40.0 ml 0.5 M EDTA-Na2 (pH 8.0) with Aqua. dest to 1000 ml 

(magnetic stirrer). Autoclave the stock solution and prepare the working solution by 

mixing 100 ml of stock solution and 900 ml distilled water.  
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9.4 Tables 
 
Tab. 18: Cytopathogenic effect (CPE) of DH82 and Vero cells infected with CDV-Ond, 

CDV-OndeGFP, CDV-R252 and CPiV on day 1 post infection (p.i.) with and 
without (w/o) latex phagocytosis 

 
 
 
< 

 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95% - - - No  
CPiV 95% - <  5% Mild SCN  - 
OndeGFP 90-95 % - - Mild SCN  1-3 %  
CDV-Ond 85-90 % < 1% 5% Mild SCN - 
CDV-R252 90-95% - < 1% Mild NO - 

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

 
Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 85-95 % < 1% - Mild No - 
CPiV 90-95% < 1% < 5% Mild SCN - 
OndeGFP 80-90 % 20-30 % - Mild SCN 1-3 %  
CDV-Ond 90-95% 5-10 % 5% Mild SCN - 
CDV-R252 90-95% < 5% - Mild No - 

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

 
Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90-95 % < 1% - Mild No - 
CPiV 90-95% < 1% < 5%   Mild  SCN - 
OndeGFP 80% < 1%  - Mild  SCN 1-3%  
CDV-Ond 90-95 %  5% - Mild SCN - 
CDV-R252 90-95% < 1% -   Mild  No - 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

 
Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-100 - - - No - 
CPiV 95% - < 5% Mild  SCN - 
OndeGFP 90-95 % - < 5% Mild SCN 1-5 %  
CDV-Ond 40-50 % 1%  - Severe  80-90 % SCN&SGC 
CDV-R252 95%  - - Mild  5-10% round cells 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 19: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 2 post infection (p.i.) with and without 
latex phagocytosis 

 
 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 85-90 - 1% - No - 

CPiV 95% - 5-10 % Mild SCN - 
OndeGFP 80-90 % 1% 40-50 % M-Mo SCN 20-30% 
CDV-Ond 70-75 % < 1% 5% M-Mo SCN - 
CDV-R252 95-99%  - 5% Mild No - 

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99 % 5-10 % 1% - No - 
CPiV 40-50 % 10-15 % 5% Mo SCN - 
OndeGFP 70- 80 % 10% 5-10% Mild SCN 30-40% 
CDV-Ond 50% 30-40 % 40% Mo SCN - 
CDV-R252 50-55% 20-30% 50% Mo No - 

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99 % 5-10 % 1% - No - 
CPiV 40-50 % 10-15 % 5% Mo SCN - 
OndeGFP 70- 80 % 10% 5-10% Mild SCN 30-40% 
CDV-Ond 50% 30-40 % 40% Mo SCN - 
CDV-R252 90-95% < 1% - Mild  No - 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 99 < 1% - - No  
CPiV 99% < 1% 5-10% Mild  SCN  
OndeGFP 90-95 % - < 5% Mild  SCN 15-20% 
CDV-Ond < 5% < 1%  99% Severe  95-99 % SCN and SGC 
CDV-R252 99%  < 1% - M-Mo  20-30 % roud cells 

 
 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 20: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 3 post infection (p.i.) with and without 
latex phagocytosis 

 

 
DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 80-85% < 5% 1% - No  

CPiV 60% < 5% 5-10 % M-Mo SCN  
OndeGFP 60-70 % 1% 50 % M-Mo SCN 30-40% 
CDV-Ond 60-70 % < 1% 5-10% M-Mo SCN  
CDV-R252 90-95% 1% 10-15% M-Mo No  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % < 5% 1% - No  
CPiV 50 % 15-20 % 10-15% Mo SCN+5 % LC  
OndeGFP 50- 60 % 10% 5-10% M-Mo SCN+ 1% LC 30-40% 
CDV-Ond 50-60% 30-40 % 40% Mo SCN  
CDV-R252 50-60% 20-30% 10 Mo No  

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % < 5% 1% - No  
CPiV 50 % 15-20 % 10-15% Mo SCN+5 % LC  
OndeGFP 50- 60 % 10% 5-10% M-Mo SCN+1% LC 30-40% 
CDV-Ond 50-60% 30-40 % 40% Mo SCN  
CDV-R252 50-60% 20-30% 10 Mo SCN  

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99 < 1% - - -  
CPiV 80-90 % < 1% 15-20% M-Mo No SGC  
OndeGFP 85-95 % - < 5%- Mo No SGC 25-30%  
CDV-Ond < 5 % < 1%  99% Severe  Characterized by 95-99 % 

SCN and SGC 
CDV-R252 95%  < 1% 50-70 % M-Mo  No SGC 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 21: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV 
OndeGFP, CDV-R252 and CPiV on day 4 post infection (p.i.) with and without 
latex phagocytosis. 

 
 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 80-85% < 5% 1% - SGC - 

CPiV 60% < 5% 5-10 % Mild SGC - 
OndeGFP 60-70 % 1% 50 % M-Mo SGC 30-40% 
CDV-Ond 60-70 % < 1% 5-10% M-Mo SGC - 
CDV-R252 90-95% 1% 10-15% M-Mo SGC - 

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % < 5% 1% - No  
CPiV 50 % 15-20 % 10-15% Mo  SCN&SGC + 5 % LC 
OndeGFP 50- 60 % 10% 5-10% M-Mo SCN&SGC 

+1% LC 
30-40%  
 

CDV-Ond 50-60% 30-40 % 40% Mo SCN&SGC  
CDV-R252 50-60% 20-30% 10 Mo SCN&SGC  

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % < 5% 1%   Mo No  
CPiV 50 % 15-20 % 10-15% M-Mo SCN&SGC + 5 % LC 
OndeGFP 50- 60 % 10% 5-10% Mo SCN&SGC 

+1% LC 
30-40%  
 

CDV-Ond 50-60% 30-40 % 40%   Mo SCN&SGC  
CDV-R252 50-60% 20-30% 10%   Mo  SCN&SGC + 5 % LC 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99 < 1% - - - - 
CPiV 80-90 % < 1% 15-20% M-Mo No SGC - 
OndeGFP 85-95 % - < 5%- Mo  No SGC 25-30%  
CDV-Ond < 5 % < 1%  99% Severe   95-99 %  SCN&SGC 
CDV-R252 95%  < 1% 50-70 %  Mo-S No SGC 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 22: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 5 post infection (p.i.) with and without 
latex phagocytosis 

 
 

 
DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 50% < 5% 50% -  - 

CPiV 20-30% < 5% 90 % Mo-S SCN  
OndeGFP 30-40 % 1% 70-75 % Severe SCN 50-60% 
CDV-Ond 60-70 % < 1% 60-70% Mo-S - - 
CDV-R252 70-75% 10-20% 40-50% Mo-S -  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % 20% 20-30% -  - 
CPiV 20-30 % 15-20 % 10-15%   Mo  
OndeGFP 50- 60 % 70-75% 10-20%  Mo-S 50% SCN+ 

1% LC 
50-60%  

CDV-Ond 30-40% 30-40 % 40% Mo-S 60% SCN - 
CDV-R252 50-60% 20-30% 10   Mo-S 50% SCN - 

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % 20% 20-30% - - - 
CPiV 20-30 % 15-20 % 10-15% Mo - 
OndeGFP 50- 60 % 70-75% 10-20% Mo-S 90% SCN 50-60% 
CDV-Ond 30-40% 30-40 % 40% Mo-S 60% SCN  
CDV-R252 50-60% 20-30% 10 Mo-S 50% SCN 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-95 < 1% 60-70 - - - 
CPiV 40-50 % < 1% 15-20% Mo 60% SCN  
OndeGFP 85-95 % - < 5%- Mo-S 60% SCN   5-10 %  
CDV-Ond < 5 % < 1% 99% Severe   99 % SCN and SGC 

CDV-R252 80-90%  < 1% 30 % M-Mo 50% SCN 
 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 23: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 6 post infection (p.i.) with and without 
latex phagocytosis 

 
DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 70% 1% 30%    

CPiV 60-70% 1% 30% Mo 40%  SCN  
OndeGFP 50-60% 1% 40-50% Mo 40%  SCN 20-30% 
CDV-Ond 50-60% 1% 40-50% Mo 40%  SCN  
CDV-R252 60 % 1% 50-60% Mo 40% SCN  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 50% 90% - Severe  90% SCN 
OndeGFP 70% 10% - Severe  90% SCN 20-30%  
CDV-Ond 50% 10-20% - Severe  90% SCN  
CDV-R252 80-90% 30-40% 30% Severe 70% SCN  

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 50% 90% - Severe  90% SCN 
OndeGFP 70% 10% - Severe  90% SCN 20-30%  
CDV-Ond 50% 10-20% - Severe  90% SCN  
CDV-R252 80-90% 30-40% 30% Severe 70% SCN 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99% 1% 5-10% -   
CPiV 40% 5% 50% Mo-S SCN 60%  
OndeGFP 30% 1% 5-10% Severe SCN 90% 20-30% 
CDV-Ond < 5% 1% - Severe  SCN 90% 

CDV-R252 80-90% 1% 70%  M-Mo SCN 70% 
 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 24: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV- 
OndeGFP, CDV-R252 and CPiV on day 7 post infection (p.i.) with and without 
latex phagocytosis 

 
 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 1% 20-30% -   

CPiV 50-70% 1% 20-% Mo SCN 40%  
OndeGFP 50-60% 1% 30-40% Mo SCN 40% 40-50%  
CDV-Ond 50-60% 1% 40-50% Mo SCN 40%  
CDV-R252 60 % 1% 50-60% Mo SCN 40%  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 30-50% 90% - Severe SCN 70% 
OndeGFP 60-70% 80-90% 10-20 Severe SCN 90% 40-50%  
CDV-Ond 40-50% 10-20% 10-20 Severe SCN 90%  
CDV-R252 70-80% 30-40% 30% Severe SCN 70%  

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 30-50% 90% - Severe SCN 70% 
OndeGFP 60-70% 80-90% 10-20 Severe SCN 90% 40-50%  
CDV-Ond 40-50% 10-20% 10-20 Severe SCN 90%  
CDV-R252 70-80% 30-40% 30% Severe SCN 70% 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells s 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99% 1% 5-10%  regrowing cells 
CPiV 40% 5% 40% Severe SCN 70% 
OndeGFP 30% 1% 5-10% Severe SCN 90% 20-30% 
CDV-Ond <5% 1% 70-80 Severe SCN 80% 
CDV-R252 80-90% 1% 70% Severe SCN 70% 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 25: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 8 post infection (p.i.) with and without 
latex phagocytosis 

 

 
 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99% 1% 20-30% -   

CPiV 50-60% 1% 20-% Mo SCN 40%  
OndeGFP 50-60% 1% 30-40% Mo SCN 40% 40-50%  
CDV-Ond 50-60% 1% 40-50% Mo SCN 40%  
CDV-R252 60 % 1% 50-60% Mo SCN 40%  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 70-80% 40-50% 20-30% -   
CPiV 30-40% 90% - Severe SCN 70% 
OndeGFP 60-70% 80-90% 10-20 Severe SCN 90% 40-50%  
CDV-Ond 40-50% 30-40% 10-20 Severe SCN 90%  
CDV-R252 70-80% 30-40% 30% Severe SCN 70%  

 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 50% 90% - Severe SCN 90% 
OndeGFP 70% 10% - Severe SCN 90% 40-50%  
CDV-Ond 50% 10-20% - Severe SCN 90%  
CDV-R252 80-90% 30-40% 30% Severe SCN 70% 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99% 1% 5-10% - - 
CPiV 40% 5% 40% Severe SCN 60-70% 
OndeGFP 30% 1% 5-10% Severe SCN 90%  
CDV-Ond <5% 1% 70-80 Severe SCN 90% 
CDV-R252 70-80% 1% 70% Severe SCN 70% 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 26: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-
OndeGFP, CDV-R252 and CPiV on day 9 post infection (p.i.) with and without 
latex phagocytosis 

 
 
 

DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95 % 1% 20-30% -   

CPiV 40-50% 1% 20-% Mo SCN 40%  
OndeGFP 40-50% 1% 30-40% Mo SCN 40% 5%  
CDV-Ond 40-50% 1% 40-50% Mo SCN 40%  
CDV-R252 60 % 1% 50-60% Mo SCN 40%  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 20 % 80% - Severe SCN 80% 
OndeGFP 60-70% 70 % 10-20 Severe SCN 90% + 

regrowing cells 
5 %  
 

CDV-Ond 40-50% 40-50% 10-20 Severe SCN 90%  
CDV-R252 70-80% 50% 30% Mo SCN 70% + regrowing 

cells 
 
DH82 (24 well plate) + latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90% 40-50% 20-30% -   
CPiV 50% 90% - Severe SCN 90% 
OndeGFP 70% 10% - Severe SCN 90% 5 %  
CDV-Ond 50% 10-20% - Severe SCN 90%  
CDV-R252 80-90% 30-40% 30% Severe SCN 70% 

 
Vero (96 well plate) w/o latex evaluated for CPE 

Viruses 
% Confluency % 

Detached 
cells 

% 
Aggregated 
cells 

Degree of 
CPE Type of CPE GFP 

Control 95-99% 1% 5-10%  - 
CPiV 20-30% 5% 40% Severe SCN 60-70% 
OndeGFP 30% 1% 5-10% Severe SCN 90% 1%  
CDV-Ond < 5% 1% 80-90 Severe SCN 90% 
CDV-R252 70% 1% 70% Severe SCN 70% 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 27: Cytopathogenic effect of DH82 and Vero cells infected with CDV-Ond, CDV-  
OndeGFP, CDV-R252 and CPiV on day 10 post infection (p.i.) with and  without 
latex phagocytosis 

 

 
DH82 (96 well plate) w/o latex evaluated for CPE 

Viruses 
% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 90 % 1% 30-40% -   

CPiV 20-30% 1% 20-% Severe SCN 70%  
OndeGFP 40% 1% 30-40% Mo-S SCN 40% 20-30%  
CDV-Ond 40% 1% 40-50% Mo-S SCN 60%  
CDV-R252 40 % 1% 50-60% Mo SCN 40%  

 
DH82 (24 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 85% 40-50% 20-30% -   
CPiV 5 % 20% - Severe SCN 80% 
OndeGFP 50% 70 % 10-20 Mo-S SCN 50%  5 %  

CDV-Ond 40-50% 40-50% 10-20 Mo-S SCN 50% 
CDV-R252 70-80% 50% 30% Mo SCN 40% 

 
DH82 (24 well plate) + latex 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 85% 40-50% 20-30% -   
CPiV 5 % 20% - Severe SCN 80% 
OndeGFP 50% 70 % 10-20 Mo-S SCN 50% + 

regrowing cells 
5 %  
 

CDV-Ond 40-50% 40-50% 10-20 Mo-S SCN 50% 
CDV-R252 70-80% 50% 30% Mo SCN 40% 

 
Vero (96 well plate) w/o latex evaluated for CPE 
 
Viruses 

% 
Confluency 

% 
Detached 
cells 

% 
Aggregated 
cells 

Degree 
of CPE 

 
Type of CPE 

 
GFP 

Control 95-99% 1% 5-10% Severe SCN 60-70% 
CPiV 20-30% 5% 40% Severe SCN 40% 
OndeGFP 70% 1% 5-10% Mo- S SCN 40% + 

some regrowing cells 
CDV-Ond 70-80% 1% 80-90 Mo SCN 40% 
CDV-R252 95-99% 1% 5-10% Severe SCN 60-70% 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort expressing green 
fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-R252 = canine distemper 
virus strain R252; LC = large cells; M-Mo = mild to moderate; MO = moderate; MO-S = moderate to severe; 
SCN = single cell necrosis; SGC = syncytial giant cell; w/o = without; GFP = green fluorescent protein 
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Tab. 28: Tabular presentation of the p-values obtained by the comparison of  the percentage 
of infected Vero cells between different virus strains and controls at different time 
points post infection using a Student-t-test 

 

Virus groups 1dpi 3dpi 5dpi 10dpi 

Control CPiV 0.0148 <0.0001 <0.0001 <0.0001 

Control OndeGFP 0.7444 <0.0001 <0.0001 <0.0001 
Control CDV-Ond <0.0001 <0.0001 <0.0001 0.0054 
Control CDV-R252 0.0283 <0.0001 0.0002 0.0057 
CPiV OndeGFP 0.0323 0.0036 <0.0001 <0.0001 
CPiV CDV-Ond 0.0174 <0.0001 0.4623 <0.0001 
CPiV CDV-R252 0.7884 0.0231 <0.0001 <0.0001 
OndeGFP CDV-Ond <0.0001 <0.0001 <0.0001 <0.0001 
OndeGFP CDV-R252 0.0585 0.0315 0.2017 <0.0001 
CDV-Ond CDV-R252 0.0089 <0.0001 <0.0001 0.9830 

 

dpi = days post infection; CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain 
Onderstepoort expressing green fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; 
CDV-R252 = canine distemper virus strain R252  
 
 

Tab. 29: Tabular presentation of the p-values obtained by the comparison of the percentage 
of infected Vero cells between different time points post infection Stutent-t-test 

 
dpi Control CPiV OndeGFP CDV-Ond CDV-R252 
1 3 1.0000 0.0059 <0.0001 <0.0001 0.4288 
1 5 1.0000 <0.0001 <0.0001 <0.0001 0.0881 
1 10 1.0000 <0.0001 <0.0001 0.0437 0.5210 
3 5 1.0000 <0.0001 1.0000 0.0360 0.3572 
3 10 1.0000 <0.0001 0.0002 <0.0001 0.8664 
5 10 1.0000 0.4619 0.0054 <0.0001 0.2775 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort 
expressing green fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-
R252 = canine distemper virus strain R252; dpi = days post infection 
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Tab. 30: Tabular presentation of the p-values obtained by the comparison of  the percentage of 
infected DH82 cells between different virus strains and controls at different time points 
post infection using a Student-t-test 

 
Virus groups 1dpi 3dpi 5dpi 10dpi 
Control CPiV <0.0001 <0.0001 <0.0001 <0.0001 
Control OndeGFP 0.6537 <0.0001 <0.0001 0.0003 
Control CDV-Ond 0.4942 <0.0001 <0.0001 <0.0001 
Control CDV-R252 0.0728 0.0072 <0.0001 <0.0001 
CPiV OndeGFP <0.0001 <0.0001 <0.0001 <0.0001 
CPiV CDV-Ond <0.0001 <0.0001 <0.0001 0.0012 
CPiV CDV-R252 0.0033 <0.0001 <0.0001 <0.0001 
OndeGFP CDV-Ond 0.8136 0.6800 0.1063 <0.0001 
OndeGFP CDV-R252 0.1752 0.1252 0.0211 <0.0001 
CDV-Ond CDV-R252 0.2613 0.0531 0.4744 0.1576 

 

dpi = days post infection; CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain 
Onderstepoort expressing green fluorescent protein; CDV-Ond = canine distemper virus strain 
Onderstepoort; CDV-R252 = canine distemper virus strain R252  
 
 
Tab. 31: Tabular presentation of the p-values obtained by the comparison of the percentage of 

infected DH82 cells between different time points post infection using a Stutent-t-test 
 
dpi Control CPiV OndeGFP CDV-Ond CDV-R252 
1 3 1.0000 <0.0001 0.0002 <0.0001 0.3508 
1 5 1.0000 <0.0001 <0.0001 <0.0001 <0.0001 
1 10 1.0000 <0.0001 0.0015 <0.0001 <0.0001 
3 5 1.0000 <0.0001 0.0248 0.0007 <0.0001 
3 10 1.0000 <0.0001 0.5713 <0.0001 <0.0001 
5 10 1.0000 0.4619 0.0054 <0.0001 0.0025 

 

CPiV = canine parainfluenza virus; OndeGFP = canine distemper virus strain Onderstepoort 
expressing green fluorescent protein; CDV-Ond = canine distemper virus strain Onderstepoort; CDV-
R252 = canine distemper virus strain R252; dpi = days post infection 
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Tab. 32: Percentage of cortactin expression and distribution: Tabular presentation of the p-values 
obtained when compared between non infected and persistently CDV-infected DH82 cells 
using a Student-t-test 

 

Cell Groups  Cortactin distribution Pr>|t| 

DH82 DH82-Ond Cell membrane associated 0.0010 
DH82 DH82-Ond Diffuse cytoplasmic 0.0009 

 

DH82 = non infected DH82 cells; DH82-Ond = persistently canine distemper 
virus strain Onderstepoort infected DH82 cells. 

 
 
Tab. 33: Cell doubling for DH82 cells compared with DH82-Ond cells 
 
DH82 +10 % FCS DH82 +1 % FCS 

Day 
Cells 
havested 

Cells 
seeded PDs CPDs 

Cells 
havested 

Cells 
seeded PDs CPDs 

0 0 0 0 0 0 0 0 0 
7 1160000 500.000 1,21 1,21 450.000 500.000 -0,15 -0,15 
14 1370000 500.000 1,45 2,67 350.000 500.000 -0,51 -0,67 
21 1530000 500.000 1,61 4,28 590.000 500.000 0,24 -0,43 
28 1360000 500.000 1,44 5,73 770.000 500.000 0,62 0,20 
DH82-Ond /10 % FCS DH82-Ond /1 % FCS 
0 0 0 0 0 0 0 0 0 
7 1135000 500.000 1,18 1,18 220.000 500.000 -1,18 -1,18 
14 1420000 500.000 1,51 2,69 170.000 500.000 -1,56 -2,74 
21 1650000 500.000 1,72 4,41 310.000 500.000 -0,69 -3,43 
28 1510000 500.000 1,59 6,01 570.000 500.000 0,19 -3,24 

  

FCS = fetal calf serum; CPDs = cumulative population doubling; PDs = population doubling 
 
 
Tab. 34: Cell doubling: Tabular presentation of the p-values for DH82 cells compared to DH82-

Ond cells a using Student-t-test 
 

Groups Pr > |t| 
DH82 +10 % FCS DH82-Ond +10 % FCS 

 

0.6039 

DH82 +1 % FCS DH82 +10 % FCS <0.0001 

DH82-Ond +1 % FCS DH82-Ond +10 % FCS <0.0001 

 

DH82 = non infected DH82 cells; DH82-Ond = persistently canine distemper virus strain Onderstepoort infected 
DH82 cells; FCS = fetal calf serum 
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Tab. 35: BrdU assay: Tabular presentation of the p-values for DH82 cells compared to DH82-Ond 
cells a using Student-t-test 

 

Cell groups Pr>|t| 
DH82 DH82-Ond 0.9661 

 

DH82 = non infected DH82 cells; DH82-Ond = persistently canine distemper virus strain Onderstepoort infected 
DH82 cells 

 
Tab. 36: Tabular presentation of the p-values obtained by the comparison of  the.percentage of 

cortactin expression and distribution in cell membrane of .non-infected and CPIV, Ond-
CDV and R252-CDV infected DH82 cells at.different time points post infection using two 
way ANOVA- test  

 
Virus Groups 1dpi 3dpi 5dpi 10dpi 
Control CPiV <0.0001 0.0072 0.0014 <0.0001 
Control CDV-Ond <0.0001 0.0002 <.0001 <0.0001 
Control CDV-R252 <0.0001 0.0002 <.0001 <0.0001 

 

CPiV = canine parainfluenza virus; CDV-Ond = canine distemper virus strain Onderstepoort; 
CDV-R252 = canine distemper virus strain R252 ; dpi = days post infection 
 
Tab. 37: Tabular presentation of the p-values obtained by the comparison of  the .Percentage of 

cortactin distribution cytoplasm of non-infected, CPIV, Ond-.CDV and R252-CDV at 
different time points post infection using Dunnett-test 

 
 

Virus Groups  1dpi 3dpi 5dpi 10dpi 
Control CPiV <0.0001 <0.0001 0.0003 <0.0001 
Control CDV-Ond <0.0001 <0.0001 <0.0001 <0.0001 
Control CDV-R252 <0.0001 <0.0001 <0.0001 <0.0001 

 

CPiV = canine parainfluenza virus; CDV-Ond = canine distemper virus strain Onderstepoort; 
CDV-R252 = canine distemper virus strain R252; dpi = days post infection 
 
Tab. 38: Tabular presentation of the p-values obtained for number of cytoplasmic processes of non-

infected and CDV-persistently infected DH82 cells withand without nucleocapsid at 
different time points post infection using Tukey-test 

 

Cell Groups  1dps 3dps 5dps 10dps 
DH82/Ond+NC 0.0989 0.0051 0.0015 0.0019 DH82 

 DH82/Ond-NC 0.0714 0.0161 0.0056 0.0010 
DH82/Ond+NC DH82/Ond-NC 0.8538 0.5455 0.4850 0.7259 

 

 

DH82 = non infected DH82 cells; DH82-Ond = persistently canine distemper virus strain Onderstepoort infected 
DH82 cells; dps = days post seeding 
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Tab. 39: Tabular presentation of the p-values obtained by the comparison of the L/w ratio of 
cytoplasmic projection of on-infected and CPIV, Ond-CDV and R252-CDV infected 
DH82 cells at different time points post infection using Tukey-test 

 
 

Cell Groups  1dps 3dps 5dps 10dps 
DH82/Ond+NC 0.1961 0.3747 0.9923 0.1961 DH82 

 DH82/Ond-NC 0.5589 0.8157 0.9807 0.1209 
DH82/Ond+NC DH82/Ond-NC 0.4353 0.6965 0.0773 0.0348 

 

DH82 = non infected DH82 cells; DH82-Ond = persistently canine distemper virus strain Onderstepoort infected 
DH82 cells; dps = days post seeding 
 
 
Tab. 40: Tabular presentation of the p-values obtained by the comparison of the.number of 

cytoplasmic projection of on-infected and CPIV, Ond-CDV and R252-CDV infected 
DH82 cells at different time points post infection using.Tukey-test.  

 

Virus Groups 1dpi 3dpi 5dpi 10dpi 
Control CPiV+NC 0.0039 0.0291 0.0042 <0.0001 
Control CPiV-NC 0.3289 0.1314 0.0042 <0.0001 
Control CDV-Ond+NC <0.0001 0.0196 0.0042 <0.0001 
Control CDV-Ond-NC 0.0090 0.0052 <0.0001 <0.0001 
Control CDV-R252+NC <0.0001 0.0036 0.1394 <0.0001 

Control CDV-R252-NC 0.0566 0.1427 0.0196 <0.0001 
CPiV+NC CPiV-NC 0.0486 0.4831 1.0000 1.0000 
CDV-Ond+NC CDV-Ond-NC 0.0268 0.6190 0.0933 0.1201 
CDV-R252+NC CDV-R252-NC 0.0036 <.0001 0.3726 0.2336 

 

CPiV = canine parainfluenza virus; CDV-Ond = canine distemper virus strain Onderstepoort; 
CDV-R252 = canine distemper virus strain R252; dpi = days post infection; +NC = with nucleocapsid 
-NC = without nucleocapsid 
 
 
Tab. 41: Tabular presentation of the p-values obtained by the comparison of the L/w ratio of 

cytoplasmic projection of non-infected and CPIV, Ond-CDV and R252-CDV infected 
DH82 cells at different time points post infection using Tukey-test 

 

Virus Groups 1dpi 3dpi 5dpi 10dpi 
Control CPiV+NC 0.0087 0.009 0.0087 0.009 
Control CPiV-NC 0.0261 0.0261 0.0261 0.0261 
Control CDV-Ond+NC 0.0003 0.0003 0.0045 0.0045 
Control CDV-Ond-NC 0.0132 0.0019 0.0132 0.0019 
Control CDV-R252+NC 0.0011 0.0011 0.0160 0.0154 
Control CDV-R252-NC 0.0210 0.0004 0.2656 0.0295 
CPiV+NC CPiV-NC 0.9980 0.9980 0.9980 0.9980 
CDV-Ond+NC CDV-Ond-NC 0.9982 0.9982 0.9982 0.9982 
CDV-R252+NC CDV-R252-NC 0.7336 0.7336 0.7336 0.7336 

 

CPiV = canine parainfluenza virus; CDV-Ond = canine distemper virus strain Onderstepoort; 
CDV-R252 = canine distemper virus strain R252; dpi = days post infection; +NC = with nucleocapsid 
-NC = without nucleocapsid 
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9.5 Abbreviations 
 

Ab                                     Antibodies  

Ag                                     Antigen  

AS                                     Antisense primer 

Asn                                  Asparagin  

BrdU                                 5-bromo-2´deoxy-uridine 

BSA                                  Bovine serum albumin 

°C                                                     Degree Celsius 

CD2AP                                       CD2-associated proteins  

CDV                                  Canine distemper virus 

CDV-NP                            Canine distemper virus nucleoprotein 

CDV-OndeGFP                 Canine distemper virus Onderstepoort strain expressing 

                                          green fluorescent protein 

CNS                                  Central nervous system 

CPE                                  Cytopathic effect  

CPIV                                  Canine parainfluenza virus 

CTL  Cytolytic T lymphocytes 

DAB                                  3, 3’-diaminobenzidine tetrahydrochloride 

DEPC                                   Diethylpyrocarbonat 

DL                                     Demyelinating leukoencephalomyelitis 

DNA                                  Deoxyribonucleic acid 

ECM                                  Extracellular matrix 

EDTA                                Ethylendiaminetetraacetic acid 

eGFP                                Enhanced green fluorescent protein 

ELISA                              Enzyme-linked immunosorbent assay 

F-actin                             Filamentous actin                                              

FCS                                  Fetal calf serum 

Fig.                                   Figure 

g                                                      Gram 

GAPDH                            Glyceraldehyde-3-phosphate dehydrogenase 

GaM                                               Goat-anti-Mouse 
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GaR                                               Goat-anti-rabbit 

GFAP                               Glial fibrillary acidic protein 

HE                                    Hematoxylin and eosin 

HNSCC                            Head and neck squamous carcinoma cells  

Iba1                                  Ionized calcium-binding adapter molecule 1 

Ig Immunoglobin 

IL                                      Interleukin 

kDa                                   kilo-Dalton 

mAb                                  Monoclonal antibody 

MEM                                 Minimal essential medium 

MEME                               Minimum essential medium with Earle´s salt solution 

MHC                                 Major histocompatibility complex 

MHC II                              Major histocompatibility complex class II 

Min                                   Minute 

ml                                     Milliliter 

μl                                                     Microliter 

μm                                    Micrometer 

MOI                                  Multiplicity of infection 

mRNA                              Messenger ribonucleic acid  

MS                                    Multiple sclerosis 

MV                                    Measles virus 

N-CAM                             Neural cell adhesion protein 

Ni                                     Nickel  

NP                                     Nucleoprotein 

NTA                                  N-terminal acidic 

pAb                                   Polyclonal antibody 

PBS                                  Phosphate buffered saline 

PBST                                PBS-Triton-X100 

PCR                                  Polymerase chain reaction 

PDV                                  Phocine distemper virus  

p.i.                                     Post infection 
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PLL                                   Poly-L-lysine 

PPRV                                Peste des petites ruminants virus 

RNA                                  Ribonucleic acid 

RPV                                  Rinderpest virus 

RT                                     Room temperature  

RT-PCR                            Reverse transcriptase polymerase chain reaction 

RT-qPCR                          Reverse transcriptase quantitative polymerase chain 

 reaction 

S                                          Sense primer 

SAS                                  Statistical analysis system 

SIV                                    Simian immunodeficiency virus 

Tab.                                  Table  

TCID50                              Tissue culture infectious dose 50 

TNF                                  Tumor necrosis factor  

Trk                                    Tyrosine kinases 

WASp                                    Wiskott–Aldrich Syndrome family of proteins     

WIP                                   WASP-interacting protein 
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