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Background – Cytosine-phosphate-guanine (CpG) oligodeoxynucleotides offer a novel promising immunothera-

peutic approach for atopic dermatitis (AD) both in humans and animals. Gelatin nanoparticles (GNP) enhance and

prolong CpG-associated immunomodulatory effects and minimize adverse effects both in vitro and in vivo. Infor-

mation about the effects of this combination in dogs is lacking.

Hypothesis/Objectives – The aim of this study was to evaluate immunological effects of CpG coupled to GNP

on canine peripheral blood mononuclear cells (PBMCs) in vitro.

Animals – Eight dogs with AD, diagnosed by standard criteria and with a concurrent immediate hypersensitivity

to house dust mites were included. Control samples were taken from eight healthy, age-matched control dogs

without history or evidence of cutaneous or systemic illness.

Methods – Peripheral blood mononuclear cells of healthy and allergic dogs were incubated with CpG-GNP and

the uptake of CpG-GNP was demonstrated using confocal laser scanning microscopy. Cell culture supernatant

concentrations of interferon gamma (IFN-c), interleukin (IL)-4, IL-6 and IL-10 were measured by Canine Cytokine

Milliplex.

Results – No significant changes in IFN-c and IL-4 were found when comparing PBMCs incubated with CpG and

CpG-GNP with the negative controls in atopic and healthy dogs. Interleukin-6 was not detected in any of the

groups. However, a statistically significant increase in IL-10 concentration was found after 24 h stimulation with

CpG-GNP compared with CpG alone both in atopic and healthy dogs.

Conclusions and clinical importance – As IL-10 is considered an immunosuppressive cytokine playing a key

role in peripheral tolerance; the reported CpG-GNP formulation could be a new approach in allergy treatment.

Introduction

Canine atopic dermatitis (AD) is a common skin disease in

small animal practice with characteristic clinical features.

It is associated in most but not all cases with the forma-

tion of immunoglobulin E (IgE) against environmental

allergens1 and is very similar to the human equivalent and

thus considered a relevant model for human AD.2 The

pathophysiology involves the interplay of immunological,

genetic, skin barrier and environmental factors.3 In addi-

tion, cutaneous infections can influence the course of the

disease.4 Immunological studies showed substantial evi-

dence that T lymphocytes play a critical role in canine AD

and that an imbalance in the T-cell populations character-

izes different stages of the disease. The acute and

chronic phase are characterized by high mRNA Th2 [inter-

leukin (IL)-4] and Th1 responses [interferon (IFN)-c],
respectively.3 However, demonstration of biologically

active cytokines is still lacking. In humans, an inhibited

expression of IL-10 has been shown.5

Allergen-specific immunotherapy is a recommended

therapeutic option for canine AD and was reported to be

effective in controlling clinical signs in approximately 60%

of treated dogs.6,7 Further, it is recommended to control

infections if present and to restore skin barrier function.7

Glucocorticoids or calcineurin inhibitors are needed in

some patients, and antihistamines and essential fatty

acids may be also beneficial.7 However, cases of refrac-

tory canine AD are an unfortunate fact in small animal
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practice. Thus, research on new immunomodulatory ther-

apies and studies investigating the aetiology and patho-

genesis of this disease seem obligatory.

Novel immunomodulatory strategies for AD include

cytosine-phosphate-guanine (CpG) oligodeoxynucoleo-

tides (ODN), which signal through an endosomal mem-

brane-based type of pattern recognition receptor (PRR),

the Toll-like receptor 9 (TLR9).8,9 Toll-like receptor nine

was identified in dendritic cells (DC), B cells and other

human immune cell types.10–12 In dogs, there is only evi-

dence that TLR9 mRNA is expressed in peripheral blood

mononuclear cells (PBMC)13 and one report recognized

its particular presence in macrophages.14 Cytosine-phos-

phate-guanine ODN has been shown to influence several

signalling pathways in a variety of immune cells, leading

to cytokine production in many mammalian spe-

cies.13,15,16 It appears that the specific purines and pyrimi-

dines surrounding the CpG motif, the phosphorothioated

backbone, as well as the spacings between CpG motifs

may influence both the level and the type of immune

stimulation.17,18 The CpG motifs improve the antigen pre-

senting function of DC, monocytes and macrophages,

induce the proliferation of B lymphocytes, stimulate the

immunoprotective activity of natural killer cells and recruit

T cells to the site of ODN administration.19–21

Recent studies have shown that the immune system

responds to CpG motifs by inducing potent Th1-like

immune responses which can be harnessed for immune

therapy of cancer, allergy, infectious diseases,22 autoim-

mune diseases and sterile inflammation.8 Cytosine-phos-

phate-guanines may also be used as adjuvant for

vaccines.23 It has been shown that CpGs are powerful

stimulators of canine immune cells in vitro24,25 and in

vivo.26 Elevated IL-10 mRNA transcription after in vitro

stimulation of canine PBMCs with ODN rich in CpG27 and

elevated IL-10 protein levels after stimulation with syn-

thetic agonists of TLR928 are reported. In vivo, a shift

towards a Th1- and T-regulatory immune response in

allergy treatment has been documented with CpGs in

cats29 and with CpG-allergen conjugates in humans30,

similar to what is seen during allergen-specific immuno-

therapy in canine atopic dermatitis.31,32 In humans, clini-

cal efficacy of CpG-allergen conjugates33 and CpG-virus-

like-particle formulations administered together with aller-

gens34 has been demonstrated.

Adverse effects following CpG ODN treatment are pos-

sible; however, there is no evidence that modest doses

are directly toxic or cause autoimmune disease in healthy

animals.35,36

Colloidal particulate delivery systems exhibit the same

size range as microbes and are therefore preferentially

phagocytosed by DCs.37 Consequently, they have shown

efficacy in delivery of subunit vaccines based on proteins,

peptides and DNA.38 It was previously shown that gelatin

nanoparticles (GNP) are effectively taken up by TLR9 pos-

sessing cells.39 The GNP carrier system for ODN in this

study prevents enzymatic degradation, transports CpG to

the desired site of action and is biodegradable and bio-

compatible.40 Further, a nebulized GNP-based CpG for-

mulation triggered expression of IL-10 and showed

partially positive clinical effects in immunotherapy of aller-

gic horses.41

Our study aims were to demonstrate cellular uptake of

CpG-GNP by canine PBMCs and to evaluate the direct

influence on cytokine release by PBMCs of atopic and

healthy dogs. Indirect influence of CpG and CpG-GNP on

PBMCs by means of stimulated macrophages was also

investigated. From information gained in this study a new

therapeutic strategy in canine AD might be obtained.

Materials and methods

Animals
The procedure was approved by the local animal welfare authorities

(District Government of Upper Bavaria, Field of interest 54, 80534

Munich, Germany).

Eight dogs with AD [six females and two males with an age range

of 14 months to 4.8 years (median 4.6 years) and a median duration

of disease of 4.6 years], diagnosed by standard criteria42, ruling out

differential diagnoses and with a concurrent immediate hypersensi-

tivity to house dust mites documented by intradermal testing or a

positive serum test for allergen-specific IgE were included. The group

consisted of two mixed breed dogs and one of each of the following

breeds: golden retriever, Labrador retriever, shi tzu, bichon frise, bull

terrier and Weimeraner. The atopic dogs did not show any signs of

skin infection and were not treated with antibiotics.

Control samples were taken from eight healthy (non-atopic) con-

trol dogs (four females and four males with an age of 2.3–8.3 years,

median 6.1 years); six of these were mixed breeds, one was a Ger-

man shorthair pointer and one a Viszla. All healthy dogs had no his-

tory or evidence of cutaneous or systemic illness. All dogs from both

groups did not receive any form of immunosuppressive agents for at

least 6 weeks before blood collection.

CpG-ODNmaterial
Oligodeoxynucoleotides with the sequence GGTGCATCGATG-

CAGGGGGG24 were used with a full phosphorotioate backbone (Bio-

mers, Ulm, Germany). For demonstration of intracellular localization

by confocal laser scanning microscopy (CLSM), a batch of CpG was

labelled with fluorescent dye Atto 540 (Biomers).

Preparation of GNP
The unloaded GNP were prepared by a two-step desolvation method

as previously described.43 Briefly, a 5% (w/w) solution of porcine gel-

atin was subjected to controlled desolvation by acetone leading to

separation of the high- and low-molecular-weight fractions of the gel-

atin. Thereafter, the high-molecular-weight fraction was labelled by

covalent attachment of Alexa 633 dye (Invitrogen, Darmstadt, Ger-

many) and subsequently subjected to a second desolvation step by

acetone, whereby spherical colloid nanoparticles formed spontane-

ously. Cationization was carried out by attaching permanent positive

charges from quaternary cholamines to the surface of readily pre-

pared spheres and processing at a pH of 4.5 and room temperature

(RT) for 30 min.44 Using this method the zeta potential of the GNP

changed from negative to positive. The concentration of GNPs was

determined gravimetrically with a UMX2 micro-balance (Mettler

Toledo, Giessen, Germany) by a standard protocol.44 Intensity-

weighted particle sizes and zeta potential were obtained by positron

correlation spectroscopy (PCS) using a Zetasizer ZS Nano (Malvern

Instruments, Herrenberg, Germany). To exclude the impact of viscos-

ity on PCS particle size results, the viscosity of particle samples was

determined with automated microviscometer (Anton Paar, Ostfild-

ern-Scharnhausen, Germany). For Zeta potential measurement

before and after loading, GNP stock dispersions were diluted in

10 mM NaCl at a 1:10 ratio (v/v) and measured in folded capillary cells

(Malvern Instruments).

ODN loading onto cationized GNP
Five milligrams of aseptically prepared nanoparticles were incubated

with 250 lg of ODN in a total volume of 3339 lL of phosphate buf-
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fered saline (PBS) at pH 7.4 (5% w/w) for 2 h at 22°C and under gen-

tle shaking using a thermomixer (Eppendorf, Hamburg, Germany).

For quality control, the loading efficiency was checked photometrical-

ly at a wavelength of 260 nm (Thermo Fisher Scientific, Schwerte,

Germany) in the samples’ supernatant after ultracentrifugation and

accepted if the loading was at least 97% (w/w).

Blood sampling and PBMC isolation
Twenty millilitres of blood were collected from the jugular vein using

ethylenediaminetetraacetic acid (EDTA)-containing tubes on day 0

and day 10. Peripheral blood mononuclear cells were isolated by den-

sity gradient centrifugation as previously reported.45 Briefly, 15 mL

centrifugation tubes were filled with 7 mL Ficoll separation gradient

(Biochrom, Berlin, Germany) with a density of 1.077 g/mL and cov-

ered with 7 mL blood previously diluted 1:1 with PBS. After centrifu-

gation without final braking (40 min, 1200 g, RT), the concentrated

PBMC were removed by pipetting. The cells were washed using

PBS at RT and resuspended thereafter in standard cell culture med-

ium consisting of 10 mL RPMI-1640 cell culture medium (Biochrom)

with 10% bovine calf serum (Biochrom) and 1% penicillin-streptomy-

cin (Biochrom). Peripheral blood mononuclear cells viability and num-

ber were determined by Trypan blue staining (Biochrom) and cell

counting in a Neubauer chamber (Biochrom). In all experiments, 98–

100% of cells were viable. The isolated cells were stored at 4°C and

used within 1 h.

CpG-GNP uptake by PBMCs of healthy dogs
A total of 25 9 105 PBMCs were transferred to each chamber of a l-
slide eight-well microscopy chamber slides (Ibidi, Planegg/Martins-

ried, Germany), covered with 300 lL standard cell culture medium

and incubated.46 The cultured PBMCs were then incubated with fluo-

rescence labelled CpG-GNP for 2 h. The supernatant was then care-

fully removed and the cells washed using 300 lL PBS. After

washing, the PBMC membranes were labelled with 100 lL Conca-

navalin A (ConA)/Alexa 488 (Invitrogen) solution for 1 min and

washed three times with PBS. Nuclei of the PBMC were stained

with 50 lL Hoechst 33342 dye (Invitrogen) for 5 min. After the final

PBS washing, cells were fixed with 4% paraformaldehyde (Carl Roth,

Carlsruhe, Germany). Chamber slides were finally prepared with a

cover medium consisting of 10% Mowiol 488 and 2.5% diazabicyc-

looctan (Sigma–Aldrich,Taufkirchen, Munich, Germany), and visual-

ized using a Zeiss 510 LSM NLO confocal laser scanning microscope

(Carl Zeiss Microscope Systems, Munich, Germany).

Cultivation and stimulation of PBMC
A total of 2 9 106 PBMCs were cultured in 24-well Nunc flat bottom

culture plates (Thermo Fisher Scientific) in a total volume of 1 mL of

standard cell culture medium at 5% CO2 and 37°C, which was

exchanged every 2 days. Over the next 7–14 days non-adherent cells

were removed with the medium every other day and fresh standard

cell culture medium was added. During cultivation by the aforemen-

tioned protocol the adherent cells represented macrophages.46 The

following substrates were added to the wells containing macrophag-

es: 1.5 lg of the positive control ConA (Biochrom), 75 lg CpG and

1500 lg of CpG-GNP containing 75 lg CpG. Unstimulated cells in

cell culture medium only and cells incubated with GNP alone served

as negative controls. The macrophages were then incubated for 2 h

at 5% CO2 and 37°C. The supernatant was removed thereafter and

the cells were washed twice with PBS at RT. To prove an indirect

effect of CpG and CpG-GNP on PBMC through stimulated macro-

phages, 2 9 106 PBMCs from the same dogs were added to the

wells containing macrophages and incubated for 24 h at 5% CO2 and

37°C, and the cell culture supernatants were consequently collected

and stored at �80°C.
The direct effects of CpG and CpG-GNP on PBMC were explored

by stimulating 2 9 106 PBMCs from the same dogs without the

intermediate presence of macrophages, using the stimulants and

negative controls as specified above. The PBMC culture superna-

tants were collected after incubation for 24 h and then stored at

�80°C until use.

Quantification of cytokines
Cell culture supernatant concentrations of IFN-c, IL-4, IL-6 and IL-10

were measured by Canine Cytokine Milliplex (Merck Millipore,

Darmstadt, Germany) according to manufacturer instructions. The

cytokines were quantified by a Bio-Plex 200 reader (Bio-Rad, Munich,

Germany) equipped with the Luminex xMAP technology detection

system. Calculation of the result was performed with the Bio-Plex

Manager Software 4.1.1. (Bio-Rad). The sensitivity limit was 0.2 pg/

mL and an eight-point standard curve from 0.2 to 3.200 pg/mL was

used.

Statistical analysis
To compare the cytokine production in the various groups a repeated

measures ANOVA (or with data not distributed normally a Friedman

test) with Dunn’s post test was used. For comparison of the data

between groups an ANOVA (or a Kruskal–Wallis test with data not nor-

mally distributed) with Dunn’s post test was used. The level of signifi-

cance was set to P < 0.05. The statistical analyses were performed

with Prism 5.0 d (Graphpad Software, San Diego, USA).

Results

Formulation quality control

The GNP featured a hydrodynamic diameter of 247 nm

(�1.13 nm) before and 243.1 nm (�2.51 nm) after load-

ing. The zeta potential measured in 10 mM NaCl remained

constant at +18.0 mV and at a conductivity of 1.18 mS/

cm. The surface loading of CpG remained at 98% (m/m)

or higher 2 h after complexation.

Uptake of CpG-GNP by macrophages of healthy dogs

The cellular uptake of the CpG-loaded GNP formulations

in PBMCs was confirmed by CLSM and is shown in Fig-

ure 1. The CpG and GNP appeared as fluorescent yellow

and red spots, respectively, or as a mixture thereof within

the cells taking up CpG-GNP, which were characterized

by a blue-stained nucleus and a green cell membrane.

Figure 1. Cellular uptake of cytosine-phosphate-guanine (CpG; yel-

low) and gelatin nanoparticles (GNP; red) formulations by macrophag-

es of healthy dogs. The nucleus of the macrophages is stained blue

and the cell membrane is stained green.
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The yellow of the CpG was brighter than the red of the

GNP in some incidences owing to the more precise

wavelength excitation provided by the CLSM device’s

lasers. Moreover, visual inspection from various perspec-

tives of three-dimensional reconstructions of the recom-

bined optical cuts prepared by the CLSM software

showed that the yellow and red signals were covered by

the green signal (i.e. located within the cells that had

taken up the dye).

Quantification of cytokines

There were no significant differences in IFN-c (Figure 2)

and IL-4 (Figure 3) concentrations between the positive

and negative control and the CpG and the CpG-GNP for-

mulations tested in both the directly and indirectly stimu-

lated PBMC group. Interferon-c was released by PBMCs

only after direct and indirect stimulation with the positive

control ConA in atopic and healthy dogs, but there was no

statistically significant release of IFN-c mediated by CpG

alone or CpG-GNP.

Indirect stimulation of PBMCs by macrophages, which

were stimulated by ConA, GNP alone, CpG alone and

CpG-GNP did not yield any significant changes in the in vi-

tro concentration of IL-10 (Graph 3a and 3b). In contrast,

direct stimulation of PBMCs by CpG-GNP resulted in sig-

nificantly higher concentrations of IL-10 when compared

with negative controls and with CpG alone in healthy and

atopic dogs (Figure 4). In addition, in atopic dogs ConA

significantly increased concentrations of IL-10 in compari-

son with the negative control and with CpG alone, but not

compared with CpG-GNP (Figure 4a). For healthy dogs,

release of IL-10 upon stimulation with ConA did not signif-

icantly differ from CpG alone or CpG-GNP (Figure 4b).

Gelatin nanoparticles did not induce any cytokine release

compared with negative controls. As data for cytokine

(a)

(b)

Figure 2. (a) Interferon-gamma (IFN-c) concentration in superna-

tants of directly and indirectly stimulated peripheral blood mononu-

clear cells of dogs with atopic dermatitis. (b) Interferon gamma (IFN-

c) concentration in supernatants of directly and indirectly stimulated

peripheral blood mononuclear cells (M) of healthy dogs. ConA, Con-

canavalin; neg. contr., negative control; PBMC, directly stimulated

peripheral mononuclear cells; M, indirectly stimulated peripheral

mononuclear cells.

(a)

(b)

Figure 3. (a) Interleukin-4 (IL-4) concentration in supernatants of

directly and indirectly stimulated peripheral blood mononuclear cells

of dogs with atopic dermatitis. (b) Interleukin-4 (IL-4) concentration in

supernatants of directly and indirectly stimulated peripheral blood

mononuclear cells of healthy dogs. ConA, Concanavalin; neg. contr.,

negative control; PBMC, directly stimulated peripheral mononuclear

cells; M, indirectly stimulated peripheral mononuclear cells.
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release by GNP did not differ in direct (PBMC) and indirect

(M) stimulation, this data was combined in one column in

Figures 2–4.
The IL-6 concentration was below the detection thresh-

old in all groups (atopic and healthy animals, direct and

indirect stimulation, respectively) and, consequently,

could not be evaluated.

Discussion

Previous proliferation assays showed that CpGs alone are

taken up by canine immune cells.25 In this study, uptake

of CpG-GNP by canine immune cells was visualized

directly by CLSM. This demonstrated that uptake is a pre-

condition for CpG and/or CpG-GNP-related immunological

effects. Furthermore, the present findings for CpG-GNP

uptake by canine PBMCs confirm previous uptake studies

involving murine dendritic cells.39

In vitro immunological effects of CpG-GNP or CpG

alone on canine PBMCs were compared with controls in

two different populations: healthy dogs and dogs with

confirmed AD. A bead-based flow cytometric method

was used for the measurement of cytokines .47,48 There

was no significant increase in concentrations of any of

the cytokines analysed after indirect stimulation of

PBMCs through macrophages, which were initially stimu-

lated with ConA, CpG-GNP, GNP alone or CpG alone. This

result is in accord with those of House et al.14 who

showed that TLR9 is not the primary PRR pathway in

canine macrophages. The production of cytokines is

mainly controlled by RNA and proteolytic processing.49

Therefore, degradation of pre-existing cytokines in the

24 h incubation time is possible but rather unlikely as

cytokine production was shown in directly stimulated

PBMCs subjected to the same incubation conditions.

Based on the demonstrated uptake of CpG and CpG-GNP

after 2 h, it is unlikely that the stimulation time for macro-

phages as inducers for a PBMC response was too short.

Similarly, a low viability of cells in the macrophage cul-

tures seems improbable as, in atopic and healthy dogs,

production of IFN-c was detected after stimulation with

ConA. This observation is in accord with the previous find-

ing that macrophages require other partner cells for an

effective response to CpG.10 A weak point in this study

was that we did not use GpC ODN to show that this

effect was induced specifically by the CpG sequence. As

a previous study had already showed that the immuno-

stimulatory effects of the CpG ODN sequence used here

were superior to the GpCs we did not consider it to be

necessary to include them.24

There were no significant changes in IL-4 concentra-

tions after direct and indirect PBMC stimulation with

CpG-GNP or CpG compared with the negative controls.

The first in vivo study in canine atopic patients using lipo-

some-plasmid DNA complexes showed a significant

decrease in serum IL-4 and pruritus scores.26 Although

IL-4 is a key mediator in the pathogenesis of AD it cannot

always be detected in atopic individuals.50

The most significant finding was a statistically signifi-

cant increase in IL-10 concentrations in healthy and ato-

pic dogs after direct PBMC stimulation with CpG-GNP

compared with CpG alone and negative control. In addi-

tion to the Th2 imbalance, which seems to be predomi-

nant in the acute phase of AD, the expression of the

anti-inflammatory cytokine IL-10 was shown to be sup-

pressed in humans suffering atopic dermatitis.5 As this

cytokine is known to suppress Th1 and Th2 cells, its

induction via CpGs could be one possible therapeutic

approach for AD. Furthermore, it was previously shown

that clinical improvement after allergen-specific immu-

notherapy in atopic dogs was associated with elevated

IL-10 concentrations in addition to decreased serum

IgE.31

The higher IL-10 production after CpG-GNPs stimula-

tion shows that GNPs can enhance the immunomodula-

(a)

(b)

Figure 4. (a) Interleukin-10 (IL-10) concentration in supernatants of

directly and indirectly stimulated peripheral blood mononuclear cells

of dogs with atopic dermatitis. (b) Interleukin-10 concentration in su-

pernatants of directly and indirectly stimulated peripheral blood

mononuclear cells of healthy dogs. ConA, Concanavalin; neg. contr.

negative control; PBMC, directly stimulated peripheral mononuclear

cells; M, indirectly stimulated peripheral mononuclear cells;

*P < 0.05; **P < 0.01
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tory effects of CpG in dogs, as it was shown previously in

mice.37 This provides preliminary evidence for the use of

GNP-formulated CpG in canine species. Similar in vivo

effects were recently reported in horses.41 However,

stimulation with GNP alone did not result in any release

of cytokine, which is in line with earlier findings from

human and murine immune cells.37

The source of IL-10 could be B cells, dendritic cells and/

or Treg cells.51 In this study an ODN sequence with a fully

phosphorothioated backbone was used and probably

enhanced the CpG action on B cells, which, as a conse-

quence, produced more IL-10.17 This backbone modifica-

tion was selected to achieve increased resistance to

endonucleases, increased half-life and thus greater immu-

nomodulatory effects. No release of IL-6 was detected in

this study. This is of particular importance as IL-6 was

shown previously to have a suppressive effect on Treg

cells.52 Owing to the fact that Treg cells are the primary

mediators of peripheral tolerance, playing a pivotal role in

modulating chronic inflammatory diseases53, a downre-

gulation by released IL-6 would have been detrimental to

the desired development of immunotolerance in the treat-

ment of dogs with AD.

In contrast to previous reports, IFN-c was not detected

after stimulation with CpG .22,24 This fact needs to be elu-

cidated in further studies, but could result from inhibition

of IFN-c production by high IL-10 concentrations. Interleu-

kin-10 reduces proliferation of DCs, blocks IL-12 secretion

and thus suppresses IFN-c indirectly.54,55

The fact that IL-6 could not be detected in any of the

groups could be because of the low sensitivity of the Mil-

liplex methodology for this cytokine, as shown previ-

ously.56 However, our results show that this test

procedure seems to be promising and we recommend

that this test should be re-evaluated in future studies in

the canine species.

The concurrent use of CpG with a GNP carrier

increased IL-10 production by PBMCs in both atopic and

healthy dogs. Results from this study suggest that CPG

and GNP could be an additional treatment option for

canine AD. Further clinical studies testing the efficacy,

safety and optimal dosing schedule are warranted.
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R�esum�e

Contexte – Les oligod�eoxynucl�eotides cytosine-phosphate-guanine (CpG) offrent une nouvelle approche

immunoth�erapeutique prometteuse de la dermatite atopique (AD) �a la fois chez l’homme et chez l’animal.

Les nanoparticules de g�elatine (GNP) am�eliorent et prolongent les effets immunomodulateurs associ�es

aux CpG et minimisent les effets secondaires in vitro et in vivo. On ne connait aucune information sur les

effets de cette combinaison chez le chien.

Hypoth�eses/Objectifs – Le but de cette �etude �etait d’�evaluer les effets immunologiques de CpG coupl�e �a

GNP sur les cellules mononucl�e�ees sanguines p�eriph�eriques (PBMCs) in vitro.

Sujets – Huit chiens avec AD, diagnostiqu�ee par les crit�eres standards et avec une hypersensibilit�e

imm�ediate concomitante aux acariens de poussi�ere de maison ont �et�e inclus. Des �echantillons de contrôle

ont �et�e pr�elev�es sur huit chiens sains du même âge sans ant�ec�edents ou de signes de maladie syst�emique

ou cutan�ee.

M�ethodes – Les cellules mononucl�e�ees sanguines p�eriph�eriques des chiens sains et allergiques ont �et�e in-

cub�ees avec CpG-GNP et l’adjonction de CpG-GNP a �et�e �evalu�ee par microscopie laser confocale. Les con-

centrations de surnageant de culture cellulaire d’interf�eron gamma (IFN-c), d’interleukine (IL)-4, IL-6 et IL-

10 ont �et�e mesur�ees par Canine Cytokine Milliplex.
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R�esultats – Aucune modification significative en IFN-c et IL-4 n’a �et�e trouv�ee en comparaison avec les

PBMCs incub�ees avec CpG et CpG-GNP avec les contrôles n�egatifs chez les chiens atopiques et sains.

L’interleukine-6 n’a �et�e d�etect�ee pour aucun des groupes. Cependant, une augmentation statistiquement

significative en concentration d’IL-10 a �et�e trouv�ee apr�es 24h de stimulation avec CpG-GNP compar�e �a

CpG seul, �a la fois chez les chiens atopiques et sains.

Conclusions et importance clinique – Comme l’IL-10 est consid�er�ee comme une cytokine immunosup-

pressive jouant un rôle cl�e dans la tol�erance p�eriph�erique, la formulation rapport�ee CpG-GNP pourrait être

une nouvelle approche du traitement de l’allergie.

Resumen

Introducci�on – los oligodeoxinucle�otidos citosina-fosfato-guanina (CpG) ofrecen una nueva forma de tra-

tamiento inmunoterap�eutico frente a la dermatitis at�opica (AD) en seres humanos y en animales. Las nano-

particulas de gelatina (GNP) aumentan y prolongan los efectos inmunomodulatorios asociados a CpG y

minimizan los efectos adversos tanto in vitro como in vivo. La informaci�on acerca de los efectos de esta

combinaci�on en perros no est�a disponible

Hip�otesis/Objetivos – el prop�osito de este estudio fue evaluar los efectos inmunol�ogicos de CpG combi-

nado con GNP en c�elulas mononucleares de sangre perif�erica (PBMCs) in vitro.

Animales – se incluyeron en el estudio ocho perros con AD diagnosticada con criterios est�andar y con hi-

persensibilidad inmediata concurrente a �acaros del polvo. Las muestras control se obtuvieron de ocho per-

ros sanos de edad similar sin historia cl�ınica ni evidencia de enfermedades cut�aneas o sist�emicas.

M�etodos – c�elulas mononucleares de sangre perif�erica de perros sanos y al�ergicos se incubaron con CpG-

GNP y la internalizaci�on de CpG-GNP se demostr�o utilizando microscopia confocal de barrido de l�aser. Se

evaluaron la concentraciones de interfer�on gamma (IFN- c), interleuquina 4 (IL-4), IL-6 y IL-10 mediante un

Milliplex de citoquinas caninas.

Resultados – no se observaron diferencias significativas en las concentraciones de IFN- c ni de IL-4 cuando

se incubaron PBMCs con CpG y con CpG-GNP con los controles negativos de perros at�opicos y sanos. No

se detect�o IL-6 en ninguno de los grupos. Sin embargo se observ�o un incremento estad�ısticamente signifi-

cativo en las concentraciones de IL-10 tras 24 hr de estimulaci�on con CpG-GNP comparado con CpG en sol-

itario tanto en perros at�opicos como en perros sanos.

Conclusiones e importancia cl�ınica – ya que la IL-10 se considera una citoquina inmunosupresora que ju-

ega un papel importante en la inducci�on de tolerancia perif�erica, la formaci�on de CpG-GNP puede ser un nu-

evo m�etodo para el tratamiento de la alergia.

Zusammenfassung

Hintergrund – Cytosin-Phosphat-Guanin (CpG) Oligodeoxynukleotide bieten sich als neue immunthera-

peutische Herangehensweise f€ur die atopische Dermatitis (AD) sowohl beim Menschen als auch beim Tier

an. Gelatin Nanopartikel (GNP) verst€arken und verl€angern den CpG-assoziierten immunmodulatorischen Ef-

fekt und minimieren sowohl in vitro als auch in vivo Nebenwirkungen. Entsprechende Informationen €uber

die Auswirkungen dieser Kombination fehlen bei Hunden.

Hypothese/Ziele – Das Ziel dieser Studie war es, die immunologischen Auswirkungen von CpG, gekop-

pelt an GNP, auf die peripheren Blutmononuklearzellen (PBMCs) in vitro zu untersuchen.

Tiere – Acht Hunde mit AD, die anhand von Standardkriterien und mittels begleitender Allergie vom Sofort-

typ auf Hausstaubmilben diagnostiziert worden waren, wurden inkludiert. Kontrollproben wurden von acht

gesunden, alters-angepassten Hunden ohne einer Anamnese oder Evidenz einer Haut – oder systemis-

chen Erkrankung, genommen.

Methoden – Periphere Blutmononuklearzellen von gesunden und allergischen Hunden wurden mit CpG-

GNP inkubiert und die Aufnahme von CpG-GNP durch die Zellen mittels konfokaler Laser-Scanning-Mikro-

skopie demonstriert. Die Konzentrationen von Interferon Gamma (IFN-c), Interleukin (IL)-4, IL-6 und IL-10

wurden mittels Canine Zytokine Milliplex im €Uberstand gemessen.

Ergebnisse – Es wurden keine signifikanten Ver€anderungen bei IFN-c und IL-4 beim Vergleich der PBMCs,

die mit CpG und CpG-GNP inkubiert worden waren, mit den Negativkontrollen von atopischen und gesun-

den Hunden, gefunden. Interleukin-6 wurde in keiner der Gruppen gefunden. Trotzdem wurde ein statisti-

sch signifikanter Anstieg der IL-10 Konzentration nach 24 st€undiger Stimulation mit CpG-GNP im Vergleich

mit CpG alleine, sowohl bei atopischen wie auch bei gesunden Hunden, gefunden.

Schlussfolgerungen und klinische Bedeutung – Da IL-10 als immunsuppressives Zytokin betrachtet

wird, das eine Schl€usselrolle in der peripheren Toleranz spielt, k€onnte die CpG-GNP Formulierung eine

neue Herangehensweise bei der Behandlung von Allergien darstellen.
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