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Abstract

Inactivated parapoxvirus ovis (iPPVO) shows strong immunomodulatory activities in several 

species and is used in veterinary medicine as an immunostimulatory biological for the 

prevention and/or treatment of infectious diseases. In this study the immunostimulatory 

capacity of iPPVO on the innate immune system was investigated in vitro by the evaluation of 25

induction of the oxidative burst and modulation of phagocytosis by canine blood leukocytes 

(polymorphonuclear cells and monocytes) of dogs. In addition, the activation of canine 

T lymphocytes was also studied. After stimulation with iPPVO the phagocytosis of FITC-

labeled Listeria monocytogenes was increased in canine blood monocytes and neutrophils. 

Enhanced burst rates by canine monocytes stimulated with iPPVO were observed and the 30

MHC-II expression on canine CD14+ monocytes was elevated following stimulation with 

iPPVO compared to the stabiliser control. Canine CD4+ T cells were activated for oligoclonal 

proliferation in response to iPPVO. This study shows that iPPVO is able to stimulate both 

phagocytotic and T-cell-dependent immune mechanisms in canine blood leukocytes.

35
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Introduction40

The family of Poxviridae contains the largest known DNA viruses. Due to their complex 

genetic structure poxviruses possess various mechanisms for immune evasion by utilizing a 

variety of genes encoding virulence proteins that counteract the host immune response. 

Otherwise attenuated poxviruses have immunogenic properties and induce strong innate host 45

immune response (Burgers et al., 2008; Gherardi and Esteban, 2005), probably due to 

facilitated cellular uptake by macropinocytosis (Mercer and Helenius, 2008). Parapoxvirus 

ovis (PPVO) shows a restricted host range for sheep and goats with a tropism to the skin and 

mucous membranes and lack of systemic virus spread (Büttner and Rziha, 2002; McKeever et 

al., 1988). The virus provides proteins that are viral variants of soluble host immune factors 50

such as an inhibitor of ovine GM-CSF and IL-2 (GIF), viral IL-10, that is very similar to 

ovine IL-10 and others such as viral vascular endothelial growth factor (VEGF) (Deane et al., 

2000; Imlach et al., 2002; Lateef et al., 2003; Scagliarini et al., 2006). The stringent host 

specificity of parapoxvirus ovis results from capture of host-derived protective 

immunomodulatory factors (Haig and Fleming, 1999; Haig and McInnes, 2002). For an 55

effective immune response against PPVO, CD4+ T-cells and a humoral immune response 

seem to be relevant. However, the duration of acquired PPVO-specific immunity is transient

commonly resulting in re-infection of the host (Haig and Mercer, 1998; Lloyd et al., 2000).

The known immunostimulating properties on the innate immune system combined with a 

weak and transient immune response to the virus makes PPVO an optimal candidate for an 60

immunoactivator. These characteristics are even preserved after inactivation. The 

immunostimulant Zylexis® is based on the chemically inactivated PPVO (iPPVO) strain 

D1701 originally isolated from a diseased lamb (Mayr et al., 1981). Before its use as an 

immunostimulant the strain D1701 had been attenuated by serial cell culture passages which 

led to substantial genomic changes (Cottone et al., 1998). The attenuated and genetically65
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stable strain D1701 was successfully utilized for the aid in the prevention and treatment of 

infectious diseases in non-permissive species, especially in several herpes virus infection 

models (Castrucci et al., 2000; Weber et al., 2003; Ziebell et al., 1997). A major anti-viral 

effect may result from the strong interferon (IFN)-inducing capacity of PPVO (Büttner et al., 

1995).70

In this study the immunomodulatory effects of iPPVO were investigated on selected 

mechanisms of the innate immune response by canine leukocytes. The internalisation and 

degradation of pathogens in phagocytotic cells form a first barrier of the immune system

against pathogens (Serbina et al., 2008; Egan et al., 2008). The engulfment of pathogens by 

phagocytosis as well as the production of bactericidal active reactive oxygen intermediates 75

(ROI) is primarily achieved by monocytes/macrophages and neutrophils. The latter process is 

described as oxidative burst because the responsible enzyme complex NADPH oxidase 

assembles in activated phagocytes and increases consumption of oxygen (Roberts and 

Camacho, 1967). The impact of iPPVO during early immune responses such as phagocytosis 

and oxidative burst has not completely been characterized particularly in dogs.80

Following uptake and destruction of pathogens by antigen-presenting cells (APC) the

pathogens are processed to antigenic peptides and bound to major histocompatibility complex 

(MHC) molecules for presentation to T cells. In the process the MHC molecules are up-

regulated. For MHC-II molecules the class II transactivator (CIITA) is the master regulator of 

MHC-II transcription that modulates the expression of MHC-II genes (Drozina et al., 2005). 85

In this context it was reported that in PPVO-infected sheep an accumulation of MHC-II+

dendritic cells in skin lesions was found (Haig et al., 1997).

Consequently, the activation of T-cells by iPPVO was a further topic of this investigation. In 

general, naive T cells that recognize pathogen-derived antigenic peptides/MCH complexes 

with their T cell receptor become activated and start to proliferate. Following infection with 90

PPVO in sheep, lymphoproliferation in draining lymph nodes and also in efferent lymph was 
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found some days later (Yirrell et al., 1991). In a non-permissive host system such as swine in 

vitro T cell proliferation following stimulation with iPPVO was also observed. In this system 

the predominant proliferation of T helper cells was induced by iPPVO functioning in a 

superantigen-like manner independent of antigen processing by APC, demonstrated by a 95

general inhibition of proliferation by an inhibitory anti-MHC II antibody (Fachinger et al., 

2000a).

In this report we demonstrate by several in vitro assays for the first time that iPPVO enhances 

phagocytosis and oxidative burst in canine neutrophils and/or monocytes as well as induces 

the up-regulation of MHC-II and the proliferation of T helper cells.100

Materials/ Methods

Reagents105

Lipopolysaccharide (LPS) from Salmonella Abortus-equi (Alexis®, Gruenberg, Germany); 

phorbol 12-myristate 13-acetate (PMA, Alexis®, Gruenberg, Germany); dihydrorhodamine 

123 (Invitrogen, Karlsruhe, Germany), fluorescein isothiocyanate (FITC) and cytochalasin D 

(SIGMA-Aldrich, Taufkirchen, Germany) were purchased. Bacteria Listeria monocytogenes

strain EGD were heat-inactivated (hi) at 60 °C for 1 h and 5 x 108 colony forming units (cfu), 110

incubated with 0.5 mg/ml FITC for 1 h at 37 °C for labelling and afterwards washed 3 times 

with PBS.

Virus 

PPVO was chemical inactivated (iPPVO). Pharmaceutical formulation of commercial115

available iPPVO (Zylexis®) for dogs and cats with at least 230 IFN units of iPPVO strain 

D1701 per dose, the stabalizer control (polygeline) as well as purified iPPVO (pu iPPVO; 
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without stabilzer) were supplied by Pfizer Animal Health, UK. One dose of pharmaceutical 

formulation (in the following declarated as iPPVO) contains 1 x 107 TCID50 of PPVO (pre-

inactivation) and was resuspended in 1 ml of PBS or medium. For most experiments a 2-fold120

dilution series of one dosis was used starting from 1:4 up to 1:32 (2.5 x 106, 1.25 x 106, 

0.63 x 106 and 0.31 x 106 TCID50/ml).

Animals/blood

Blood was obtained from healthy dogs (breeds: beagles, n = 8; hybride, n = 1) by 125

venepuncture of the anterior cephalic vein into heparinised vacutainer tubes (4 µg/ml lithium-

heparin; Kalbe-Labortechnik, Nümbrecht-Elsenroth). Dogs belonged to the College of 

Veterinary Medicine, University of Leipzig. All procedures were performed in accordance 

with local legislations and animal welfare legislations.

130

Phagocytosis assay

Heparinized blood (150 µl/sample) was stimulated with iPPVO or stabiliser control, LPS (5 

µg/ml), or PBS for 20 min at 37 °C in a waterbath. For specific inhibition of phagocytosis 

Cytochalasin D (5 µg/ml) was co-incubated. 100 µl of FITC-labelled L. monocytogenes was

added at a multiplicity of infection (MOI) of 10 relative to leukocytes (microscopically135

counted in Tuerk’s reagent in a Neubauer counting chamber) and incubated for a further 15 

min at 37 °C. Phagocytosis was stopped by chilling samples on ice for 5 min. For lysis of 

erythrocytes, blood samples were incubated with lysis buffer (150 mM NH4Cl, 8 mM 

KHCO3, 1 mM EDTA; pH 7.0) for 10 min. The lysis was stopped by adding PBS (4 °C), and 

cells were washed twice (4 °C). Cells were fixed with 1 % v/v formaldehyde in PBS and 140

measured within 60 min by flow cytometry (FACS Calibur, Beckton-Dickinson, Heidelberg, 

Germany). Extracellular FITC-labeled bacteria were quenched by the addition of 1 mg/ml 

trypan blue before measurement. Polymorphonuclear cells (PMN) and monocytes were gated 
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by forward/sideward scatter (FSC/SSC) and analysed separately. The phagocytosis rate is the 

percentage of phagocytic active cells within one cell population (PMN or monocytes). Since 145

phagocytosis rates of PBS controls differed between experiments, net phagocytosis rates were 

used to normalize all experiments (PR = PRtreatment - PRPBS).

Oxidative burst

Blood samples were stimulated with diluted iPPVO or stabiliser, LPS (5 µg/ml) or PMA 150

(185 ng/ml) for 15 min at 37 °C in a water bath. The oxidative burst activity of the leucocytes 

was assessed by adding the respiratory burst-sensitive dye dihydrorhodamine 123 (DHR, 

8.9 µg/ml) and incubating for 10 min at 37 °C (Rothe et al., 1988). Subsequently lysis of 

erythrocytes was carried out and cells were washed with PBS twice at 4 °C. The samples were 

measured by flow cytometry within 30 min. PMN and monocytes were gated by FSC/SSC 155

and analysed separately. The burst rate equates to the percentage of oxidative burst active 

cells within one cell population (PMN or monocytes). 

MHC-II expression

Peripheral blood leucocytes (PBL) were purified from heparinised blood by density 160

centrifugation (1.077 g/ml; Histopaque, SIGMA-Aldrich). Cells (7 x 105 per well) were 

seeded out in 24 well, flat bottom plates (TTP, Midsci; St. Louis, MO, USA) and stimulated

for 48 h with iPPVO (1 x 106 TCID50/ml) or pu iPPVO in RPMI medium supplemented with 

10 % FCS, 2 µM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin. In an analogous

manner, cells were stimulated with the same dilutions of stabiliser control or cultivated in 165

medium. After 48 h cells were harvested with a cell scraper (TPP, Midsci; St. Louis, MO, 

USA). Before staining for FACS analysis cells were treated with a mixture of rat/mouse/dog 

normal serum (5 % of each in PBS) to block Fc receptors. To define the monocyte population,

cells were stained with anti-human-CD14 Alexa Fluor® 647 antibody (found to be cross-
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reactive with dog CD14 by the manufactures; Serotec, Düsseldorf, Germany). The cells were 170

counterstained with anti-canine-MHC-II FITC, clone YKIX-334-2 (Cobbold and Metcalfe, 

1994) or rat-IgG2a FITC isotype control antibody (Serotec, Düsseldorf, Germany).

CFSE proliferation assay

PBL were purified from heparinized blood by densitiy centrifugation using Histopaque®175

(Sigma Aldrich). Cells (1 x 10e7/ml 0.1 % BSA in PBS) were stained with 5 µM carboxy

fluorescein diacetate succinimidyl ester (CFSE) at 37 °C in darkness for 10 min. Staining was 

stopped by adding the same volume of FCS for 3 min. The cells were washed three times with 

RPMI. Stained cells (1 x 105 per well) were seeded into a 96-well round-bottom plate (TTP, 

Midsci; St. Louis, MO, USA) and stimulated with diluted iPPVO or stabiliser control. As 180

further controls medium and concanavalin A (ConA, 5 µg/ml) were used. Post cultivation for 

7 d at 37 °C and 5 % CO2, cells were harvested and stained with anti-canine-CD4 PE and 

-CD8 Fluor® 647 antibodies or rat-IgG2a PE and rat-IgG1 Fluor® 647 antibodies as isotype 

controls, respectively. Cells were measured by FACS (Calibur®, BD, Heidelberg, Germany).

All FACS analyses were performed with the CellquestPro software.185

Statistical analysis

Statistical analysis of parametric data (Gaussian distribution) was performed by ANOVA. 

Bonferroni´s multiple comparison test was used for post test to compare groups of interest. To 

analyse separate dilutions of iPPVO in oxidative burst assay paired t-tests was used for post 190

test.

195
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Results

IPPVO enhances the phagocytotic activity of canine monocytes and PMN

We investigated modulation of phagocytotic activity in canine leucocytes by iPPVO. Canine 

peripheral blood leucocytes, both monocytes and PMN showed a noticeable increase of 200

phagocytotic activity after stimulation with iPPVO (Fig. 1A). As demonstrated by a dilution 

series of iPPVO, there is a dose-dependent increase of the phagocytosis rate. In comparison to 

LPS, iPPVO raised phagocytosis rate significantly (*** P<0.001; ** P<0.01).

Cytochalasin D, a potent inhibitor of actin polymerisation, which results in inhibition of 

phagocytosis, was used as an additional control. IPPVO-stimulated phagocytotic activity of 205

canine leukocytes was found to be strongly reduced in the presence of cytochalasin D, to 

levels equivalent to those of the PBS control (Fig. 1B). 

iPPVO induces oxidative burst in canine monocytes

To study the ability of iPPVO to induce oxidative burst in canine leukocytes, we stimulated 210

blood samples from several dogs with iPPVO in comparison to stabiliser and PBS control. For 

detection of ROIs we utilized the oxidative burst sensitive substrate dihydrorhodamine123. 

Canine monocytes showed dose-dependent moderate, but statistically significant (***P<0.001, 

**P<0.01, *P<0.05) increase of burst rates following stimulation with iPPVO in comparison to 

accordant stabiliser control (Fig. 2). In contrast, PMN were not activated for oxidative burst by 215

iPPVO, whereas positive controls, LPS and PMA, clearly induced the oxidative burst in both

cell populations, monocytes and PMN. 

IPPVO induces MHC-II up-regulation on canine monocytes

MHC-II is up-regulated during activation of antigen presenting cells. In order to investigate 220

the change of MHC-II molecules expression level in response to iPPVO canine monocytes 
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were stimulated with pu iPPVO or the pharmaceutical formulation of iPPVO and compared to 

medium or stabiliser control. The MHC-II expression increased on iPPVO-stimulated cells in 

comparison to stabiliser control, as demonstrated in the histogram (Fig. 3A). The same result 

was found for pu iPPVO (without the stabiliser polygeline) stimulated cells compared to225

medium cultivated cells. Analyses of geometric means of fluorescence intensitiy (MFI) for 

MHC-II expression demonstrates a statistically significant difference between stimuli 

pu iPPVO vs. medium and iPPVO vs. stabiliser control (*** P<0.001, Fig. 3B).

iPPVO enhances proliferation of canine CD4+ T cells230

Since T cell proliferation was descibed in permissive and non-permissive hosts (Yirrell et aL., 

1991; Fachinger et aL., 2000a) we were interested in the ability of iPPVO to stimulate innate 

lymphocyte response and addressed this question for canine T cells by a proliferation assay 

with CFSE-labeled PBL. Profound T cell proliferative activity following stimulation with 

iPPVO was found in the CD4+ T cell fraction. This activity was substantially increased 235

compared to stabiliser or medium control and showed dose dependency (ANOVA P<0.001 

and Bonferroni´s multiple comparison test, *** P<0.001, * P<0.05; Fig. 4A). Surprisingly 

CD4/CD8 double positive (CD4+/CD8+) T cells were detectable in this proliferation assay. 

This cell population was found in medium, stabiliser control, and following stimulation with 

ConA or iPPVO. The iPPVO-induced proliferation rate of CD4+/CD8+ T cells was higher240

than in CD4+ T cells (Figure 4A). In contrast, most cytotoxic CD8+ T cells (CD8 single 

positive) did not proliferate in response to iPPVO. Only PBL from two dogs, that were found 

also to be highly responsive in the CD4+ and CD4+/CD8+ populations, proliferated by 

iPPVO stimulation, but the differences to the stabiliser control were not statistically 

significant. The analysis with CFSE demonstrated that only a portion of the total T cells 245

divided. Most of these proliferating cells formed a cluster, i.e. most cells went through the 

same number of cell divisions (Fig 4B). Moreover, we also tested iPPVO for its ability to 
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induce proliferation of canine B cells. CD19+ B cells did not show any proliferation after 7 d 

cultivation in the presence of iPPVO (data not shown). From this results we conclude that in 

contrast to ConA, which induces a polyclonal expansion, iPPVO stimulates an oligoclonal 250

proliferation of canine CD4+ single and CD4+/CD8+ double positive T cells, which were 

synchronized in their cell divisions.

Discussion255

In this study it was shown that after iPPVO stimulation the phagocytotic activity was 

enhanced in canine monocytes and PMN. However, the induction of oxidative burst showed 

only a significant increase in the monocyte population. In human neutrophils enhancement of 

both phagocytosis and oxidative burst were demonstrated, whereas monocytes were not 260

investigated (Förster et al., 1994). However, Fachinger et al. (2000b) could not find any 

modifying capacity by iPPVO stimulation on phagocytotic activity and oxidative burst in 

porcine PMN and monocytes. It has to be noted that these investigations were performed 

using two commercial test kits for human whole blood which were not validated for porcine 

blood.265

The enhanced phagocytic activity of monocytes and PMN does not mean an obligatory 

recognition of iPPVO by these cell types, since cytokines (TNF-, GM-CSF) or mediators 

(like leucotrien B4) released by these cell types or other cell populations can enhance 

phagocytosis (Cross et al., 1997; Peres et al., 2007). Friebe et al. (2004) showed that 

stimulation of human peripheral mononuclear cells (PBMC) and whole blood with iPPVO 270

and ConA induced secretion of the proinflammatory cytokines TNF-α and IL-6. However, 

further investigations are necessary to clarify the mechanisms of the iPPVO actions 

particularly in several species. 



Page 12 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

12

Innate and adaptive immunity are connected via antigen processing and presentation, which 

results in the presentation of antigenic peptides to T cells on the MHC molecules. MHC275

class II (MHC-II) determinants present antigens to CD4+ T helper cells, which are the main 

regulators of the adaptive immune response. In PPOV infected sheep a dense accumulation of 

MHC-II+ dendritic cells in the skin lesions was observed (Haig et aL., 1997). Here the up-

regulation of the MHC-II expression on canine monocytes was shown by iPPVO in vitro. 

IFN- induces MHC-II transcription via CIITA (Drozina et aL., 2005). An iPPVO-induced 280

release of IFN- was shown by several groups (Fachinger et al., 2000b; Friebe et al., 2004; 

Voigt et al., 2007; Weber et aL., 2003). It seems possible that the observed MHC-II up-

regulation on canine monocytes is mediated by IFN- production induced by iPPVO. Nitric 

oxide (NO) is a downstream mediator from IFN- (Blanchette et al., 2003). However, NO 

release from cultivated PBL following stimulation with iPPVO was not observed (data not 285

shown). In this context it needs to be noted that using CD14 as a marker to define the 

monocyte population does not definitely exclude dendritic cells (DC) from this cell 

population. It is unclear, whether canine blood derived DC express CD14 in vivo as

demonstrated for in vitro DC differentiation. The expression of CD14 on monocyte-derived 

DC appears to depend on differentiation factors such as Flt-3L (fms-like tyrosine kinase 3290

ligand) (Ibisch et al., 2005; Wang et al., 2007; Mielcarek et al., 2007).

From depletion experiments in infected lambs it is known that CD4+ T-helper cells are 

important for the immune response against PPVO in sheep, whereas the role of CD8+ 

cytotoxic T cells is not completely understood (Lloyd et aL., 2000). We tested the 

proliferation of PBL isolated from dogs never treated with iPPVO before to exclude a 295

memory response resulting from previous priming. A dose-dependent proliferation of CD4+ 

T cells but mostly not of CD8+ T cells was observed. This is in agreement with results from a 

proliferation study with porcine PBL. In this study it was shown that T-helper cells

(CD4high), expressing activation marker CD25 and MHC-II are predominant after cultivation
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in the presence of iPPVO (Fachinger et aL., 2000b). In a subsequent study this group 300

demonstrated that iPPVO functions as a superantigen, i.e. iPPVO was not processed by APC 

but activated T cells by binding directly to MHC molecules (Fachinger et aL., 2000a). 

Surprisingly we could identify a further T-cell subpopulation in 7d-cultivated PBL, i.e.

CD4+/CD8+ double positive T cells. This CD4+/CD8+ T cell subpoulation, that could not 

only be stimulated by iPPVO, but also by ConA, showed an increased proliferation activity in 305

comparison to single CD4+ or CD8+ cells. Canine CD4+/CD8+ double positive T cells were 

found previously in a similar PBL cultivation system consisting of ConA together with 

recombinant human IL-2 (Kato et al., 2007). Human peripheral CD4+/CD8+ T cells were 

characterized as anti-viral effector memory cells (Nascimbeni et al., 2004). From this we 

suggest that CD4+/CD8+ T cells are activated T cells. Use of CFSE to assess proliferation of 310

CD4+ T cells allows tracing of cell divisions (Lyons and Parish, 1994) contrary to previous 

work, which utilised 3H-thymidine incoorporation (Fachinger et aL., 2000b). By our method

an oligoclonal proliferation was revealed, that is characterised by synchronised cell divisions,

since proliferating CD4+ T cells cluster at the same CFSE intensity (see Fig. 4B). Since 

oligoclonal activation is one of the key features of superantigens (Irwin et al., 1992), it is 315

tempting to speculate that iPPVO activates canine T cells in a superantigen-like manner. 

Further, another group demonstrated by stimulation with the superantigen staphylococcus 

enterotoxin B that reactive T cells (V8+) undergo a discrete number of cell divisions before 

cells go into apoptosis (Renno et al., 1999). The exact mechanism of iPPVO-induced 

proliferation of canine CD4+ T cells as well as the proliferating cell population need further 320

characterisation.

In summary, the induction of several early innate immune mechanisms as well as proliferation 

of CD4+ and CD4+CD8+ T cells by iPPVO was shown in canine cells for the first time. This 

broad activation profile promotes iPPVO as a potentent immunoactivator. 



Page 14 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

14

Conclusion: In this report we show nonspecific immunostimulatory activity of iPPVO for 325

canine leukocytes, that contributes to evidence of effectiveness of iPPVO in the non-

permissive host dog.
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Figure captions460

Figure 1: iPPVO enhances the phagocytotic activity of canine monocytes and PMN. 

A) Net phagocytosis rates (PR = PRtreatment - PRPBS) of canine leucocytes were calculated as 

a difference of phagocytosis rates from stimulated cells (diluted iPPVO or stabiliser, LPS) and 465

PBS control. Each data point represents the mean of three separate measurements. Six 

independent experiments are shown using four different dogs. Statistical analysis was

performed by ANOVA (P<0.001) and Bonferroni´s multiple comparison test (*** P<0.001, 

** P<0.01). B) Inhibition of phagocytosis by Cytochalasin D (5 µg/ml) of iPPVO treated cells 

demontrated by diminished phagocytosis rate.470

Figure 2: Induction of oxidative burst by iPPVO in canine monocytes

Oxidative burst in canine leucocytes post stimulation with iPPVO, stabiliser, PMA 

(185 ng/ml), or LPS (5 µg/ml) was detected with ROI sensitive DHR (8.9 µg/ml) by FACS. 

Burst rate represents percentage of rhodamine-positive cells in the indicated cell population. 475

Data are derived from 6 independent experiments using three dogs. Statistical analysis was 

performed with ANOVA (P<0.001) and paired t-tests for the separate dilutions (*** P<0.001, 

** P<0.01, * P<0.05).

Figure 3: MHC-II up-regulation on canine monocytes in the presence of iPPVO480

PBL purified from peripheral blood were cultivated for 48 h and stimulated with purified 

(pu) iPPVO (1 x 106 TCID50/ml) or the pharmaceutical formulation of iPPVO (diluted 1:4). 

As controls cells were cultivated in the presence of LPS (1 µg/ml), in medium or stabiliser

(1:4). All CD14+ cells were analysed for expression level of MHC-II on the cell membrane. 

Cells were counterstained with anti-canine-MHC-II mAb or isotype control before. The485

fluorescence intensity was measured by flow cytometry. A) Histogram for electronically 
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selected CD14+ monocytes shows the fluorescence intensity of bound anti-MHC-II-FITC and 

isotype control (rat IgG2a-FITC). B) Mean + SD of the geometric means of fluorescence 

intensity of the MHC II fluorescence channel from all tested dogs (n = 8). Statistical analysis 

was performed with ANOVA (P<0.001) and Bonferroni´s multiple comparison test 490

(*** P<0.001).

Figure 4: Proliferation of canine CD4+ T-cells in the presence of iPPVO

Freshly isolated PBL were cultivated for 7 d post CFSE-staining in the presence of iPPVO or 

stabiliser control. Concanavalin A (ConA; 5 µg/ml) and medium were used as controls. 495

A) Proliferation rates derived from blood samples of 6 individual dogs are shown.

Proliferation rates are defined as percentage of CFSE-diminished (dim) cells within the 

CD4+, the CD4+/CD8+ or the CD8+ T cell population. Statistics was performed with 

ANOVA (P<0.001) and Bonferroni´s multiple comparison test (*** P<0.001, *P<0.05).

B) Dot plots with gated CD4+ or CD4+/CD8+ cells were utilized to determine portion of500

proliferating cells in the specified cell fraction.

505



Page 20 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

Figure 1

http://ees.elsevier.com/vetmic/download.aspx?id=79355&guid=3d55850d-40a4-4721-a5a1-8eee728a2f01&scheme=1
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Figure 4
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