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Introduction

Prion diseases or transmissible spongiform encephalopathies (TSE) belong to a group of fatal neurodegenerative diseases affecting humans and animals [START_REF] Prusiner | Prion protein biology[END_REF]. The causative infectious agent, designated prion, is mainly composed of PrP Sc , a detergentinsoluble and partially protease-resistant pathological conformer of the cellular prion protein, PrP C [START_REF] Caughey | Protofibrils, pores, fibrils, and neurodegeneration: separating the responsible protein aggregates from the innocent bystanders[END_REF][START_REF] Prusiner | Early evidence that a protease-resistant protein is an active component of the infectious prion[END_REF]. To date, no prophylactic or effective treatment is available for prion diseases [START_REF] Cashman | Prion diseases--close to effective therapy?[END_REF][START_REF] Mallucci | Rational targeting for prion therapeutics[END_REF][START_REF] Weissmann | Approaches to therapy of prion diseases[END_REF]. Successful vaccination studies for the treatment of neurodegenerative diseases like Alzheimer's disease [START_REF] Citron | Strategies for disease modification in Alzheimer's disease[END_REF][START_REF] Monsonego | Immunotherapeutic approaches to Alzheimer's disease[END_REF] have stimulated various immunotherapeutic approaches against prion diseases [START_REF] Aguzzi | Antiprion immunotherapy: to suppress or to stimulate?[END_REF][START_REF] Buchholz | Prion protein-specific antibodies for therapeutic intervention of transmissible spongiform encephalopathies[END_REF][START_REF] Cashman | Prion diseases--close to effective therapy?[END_REF].

Evidence for a possible therapeutic effect of PrP C -specific antibodies in diminishing prion infectivity was first reported from in vitro studies (Gabizon et al., 1988). Further studies have shown that anti-PrP antibodies or Fab fragments and single-chain molecules derived thereof have a pronounced effect in suppressing prion replication in cultured cells [START_REF] Donofrio | Paracrine inhibition of prion propagation by anti-PrP single-chain Fv miniantibodies[END_REF][START_REF] Enari | Scrapie prion protein accumulation by scrapieinfected neuroblastoma cells abrogated by exposure to a prion protein antibody[END_REF][START_REF] Peretz | Antibodies inhibit prion propagation and clear cell cultures of prion infectivity[END_REF]. Passive immunisation of mice with PrP C -specific antibodies or transgenic expression of a monoclonal anti-PrP antibody delays the accumulation of prions in lymphoid organs and the onset of disease in mice [START_REF] Heppner | Prevention of scrapie pathogenesis by transgenic expression of anti-prion protein antibodies[END_REF][START_REF] Sigurdsson | Anti-prion antibodies for prophylaxis following prion exposure in mice[END_REF][START_REF] White | Monoclonal antibodies inhibit prion replication and delay the development of prion disease[END_REF]. However, the efficacy of active immunisations is limited due to immunological tolerance to PrP C , which is a ubiquitously expressed GPI-anchored protein on the cell surface mainly of neurons, but also on glial and peripheral cells, albeit to a lesser extent [START_REF] Flechsig | The role of PrP in health and disease[END_REF][START_REF] Ford | Selective expression of prion protein in peripheral tissues of the adult mouse[END_REF].

The lack of immunity to PrP has been attributed to T-helper tolerance, and studies have been initiated to overcome tolerance by presenting PrP to the immune system with a variety of adjuvants and in diverse forms, such as peptides [START_REF] Magri | Decrease in pathology and progression of scrapie after immunisation with synthetic prion protein peptides in hamsters[END_REF][START_REF] Schwarz | Immunisation with a synthetic prion protein-derived peptide prolongs survival times of mice orally exposed to the scrapie agent[END_REF], protein [START_REF] Koller | Induction of antibodies against murine full-length prion protein in wild-type mice[END_REF][START_REF] Sigurdsson | Immunization delays the onset of prion disease in mice[END_REF], protein dimer [START_REF] Gilch | Polyclonal anti-PrP auto-antibodies induced with dimeric PrP interfere efficiently with PrPSc propagation in prion-infected cells[END_REF][START_REF] Polymenidou | Humoral immune response to native eukaryotic prion protein correlates with anti-prion protection[END_REF], retroviral particle [START_REF] Nikles | Circumventing tolerance to the prion protein (PrP): vaccination with PrP-displaying retrovirus particles induces humoral immune responses against the native form of cellular PrP[END_REF] or Salmonella vaccine [START_REF] Goni | Mucosal vaccination delays or prevents prion infection via an oral route[END_REF]. In most of the initial studies, moderate levels of PrP-specific antibodies were induced in wild-type mice, which were able to delay the onset of prion disease by a few days.

However, some studies were challenged by the observation that adjuvant by itself also had an effect on the survival time of prion-infected animals [START_REF] Sethi | Postexposure prophylaxis against prion disease with a stimulator of innate immunity[END_REF][START_REF] Tal | Complete Freund's adjuvant immunization prolongs survival in experimental prion disease in mice[END_REF]. In an alternative approach, DNA PrP vaccines have been generated, in which mouse PrP has been fused either to ubiquitin or the lysosomal membrane protein LIMPII to enhance antigen presentation via the major histocompatibility complex (MHC) class I or class II, respectively [START_REF] Fernandez-Borges | DNA vaccination can break immunological tolerance to PrP in wild-type mice and attenuates prion disease after intracerebral challenge[END_REF]. Finally, immunisation studies in mice have been undertaken with recombinant PrP molecules from other species, which are immunogenic in mice because of their different amino acid compositions eliciting antibodies not only specific to the injected 5 PrP molecules but also to the corresponding mouse PrP sequences, albeit at lower levels (Ishibashi et al., 2006;[START_REF] Kascsak | Mouse polyclonal and monoclonal antibody to scrapie-associated fibril proteins[END_REF].

The current study explores the efficacy of an active immunisation approach against PrP by generating a novel DNA vaccine composed of mouse PrP and universally immunogenic T-cell epitopes to break T-cell tolerance in wild-type mice. We hypothesised that prime-boost immunisation with the designed DNA vaccine and recombinant mouse PrP could induce immune responses to PrP with a therapeutic effect on mouse scrapie. Using DNA fusion vaccines incorporating the antigen linked to T-cell epitopes of the tetanus toxin is a well-established strategy used to break tolerance to self antigens like intracellular or surfaceexpressed tumour antigens [START_REF] Stevenson | DNA fusion gene vaccines against cancer: from the laboratory to the clinic[END_REF]. Effective bypassing of immunological self-tolerance in mice has been achieved against cellular proteins such as ubiquitin [START_REF] Dalum | Induction of cross-reactive antibodies against a self protein by immunization with a modified self protein containing a foreign T helper epitope[END_REF][START_REF] Dalum | Breaking of B cell tolerance toward a highly conserved self protein[END_REF], the proinflammatory cytokine TNF-α [START_REF] Dalum | Therapeutic antibodies elicited by immunization against TNF-alpha[END_REF], cytokine IL-5, associated with allergies and asthma [START_REF] Hertz | Active vaccination against IL-5 bypasses immunological tolerance and ameliorates experimental asthma[END_REF], and the membrane protein Nogo-A that is involved in neurite outgrowth and nerve regeneration [START_REF] Merkler | Rapid induction of autoantibodies against Nogo-A and MOG in the absence of an encephalitogenic T cell response: implication for immunotherapeutic approaches in neurological diseases[END_REF]. Immune responses to these targeted antigens were increased by multiple helper T-cell epitopes of the non-toxic C-terminal fragment of the tetanus toxin (FrC) or shorter sequences thereof, including P2 and P30 [START_REF] Panina-Bordignon | Universally immunogenic T cell epitopes: promiscuous binding to human MHC class II and promiscuous recognition by T cells[END_REF]. In this study, we generated a DNA vaccine composed of mouse PrP and the P30 sequence of the tetanus toxin. Vaccination provoked a strong immune response in PrP null mice, but only low antibody titres were found in a few wild-type mice. Prime-boost immunisation with the DNA vaccine and recombinant PrP protein increased antibody titres in PrP null mice, but failed to protect wild-type mice from mouse scrapie.

Material and Methods

Animals and scrapie infection

All mice were kept under specific pathogen-free conditions at the Institute of Virology and Immunobiology and all experiments were carried out according to legal animal welfare requirements for animal experiments. For immunisation, wild-type (C57BL/6) mice were purchased from Janvier (Le Genest-St-Isle, France) and PrP null (Prnp o/o ) mice [START_REF] Büeler | Normal development and behaviour of mice lacking the neuronal cell-surface PrP protein[END_REF] were bred at the Institute. Immunised wild-type mice were challenged with a mouseadapted Rocky Mountain Laboratories (RML) prion inoculum prepared as described [START_REF] Kaeser | Efficient lymphoreticular prion propagation requires PrP(c) in stromal and hematopoietic cells[END_REF]. The newly generated stock (RML.5) was a 10% (w/v) homogenate of RMLinfected, terminally sick CD1 mouse brains in 0.32M sucrose with a titre of 8.6 log LD 50 units/ml as determined by endpoint titration [START_REF] Reed | A simple method of estimating fifty percent endpoints[END_REF]. Mice were challenged intraperitoneally (i.p.) with 0.1 ml of the diluted stock containing 3.6 log LD 50 units in phosphate-buffered saline (PBS) with 5% bovine serum albumin (BSA). Mice were monitored every second day, and scrapie was diagnosed using standard clinical signs of mouse scrapie [START_REF] Büeler | Mice devoid of PrP are resistant to scrapie[END_REF].

Vectors and immunisation

For DNA immunisation, cDNA of mouse PrP was cloned under control of the CMV promoter into a pCG expression plasmid [START_REF] Schlereth | DNA vaccination with both the haemagglutinin and fusion proteins but not the nucleocapsid protein protects against experimental measles virus infection[END_REF] resulting in the vector pCG-PrP. A synthetic linker encoding the codon-optimised sequence of the tetanus toxin (residues 947-967), designated P30 [START_REF] Panina-Bordignon | Universally immunogenic T cell epitopes: promiscuous binding to human MHC class II and promiscuous recognition by T cells[END_REF], was inserted between amino acid 223 and 224 of mouse PrP. The open reading frame of the modified mouse PrP was cloned in the multiple cloning site of the pCG vector, yielding pCG-PrP-P30. For protein vaccination, recombinant full-length mouse PrP (rPrP) was expressed in E. coli and purified as described previously [START_REF] Zahn | Human prion proteins expressed in Escherichia coli and purified by high-affinity column refolding[END_REF]. Mice were vaccinated (0.1mg; four times intradermally followed by two subcutaneous injections) every four weeks either with pCG-PrP, pCG-PrP-P30, or the empty pCG vector. For prime-boost immunisation with DNA and rPrP, mice were immunised every four weeks five times with 0.1mg of either pCG, pCG-PrP or pCG-PrP-P30 7 DNA followed by two injections of 10µg rPrP and CpG-1668 as adjuvant. The oligodeoxynucleotide CpG-1668 (5´-tcc-atg-acg-ttc-ctg-atg-ct-3´) was purchased from MWG (Germany, Ebersberg).

Determination of antibody titres by ELISAs

Ten days after each immunisation, antibody titres were determined in the blood of immunised Prnp o/o and wild-type mice against rPrP coated on ELISA plates (50ng/well). Sera of Prnp o/o mice were diluted 1:250 and 1:1000 for the experiments shown in Figures 1 and3, respectively. Sera of wild-type mice were analysed at a dilution of 1:40. After washing, the plates were probed with a horseradish peroxidase-conjugated goat anti-mouse Ig, IgG1 or IgG2a antibody (DAKOCytomation, Carpintera, CA) and developed with BD OptiEIA (BD-Pharmingen, Germany, Heidelberg); the optical density was measured at 450 nm.

Flow cytometric analysis

For determination of PrP C -specific antibody binding, mouse neuroblastoma N2a cells were incubated for 2h at 4°C with sera of immunised mice, or anti-PrP antibody 6H4 (Prionics, Switzerland) as a positive control. After washing, cells were incubated for 1h at 4°C with FITC-conjugated goat anti-mouse IgG (Dianova, Hamburg, Germany). Samples were analysed on a FACS Calibur (Becton Dickinson, Heidelberg, Germany) and data analysis was undertaken with Cell Quest software (Becton Dickinson).

Histology

Paraffin-embedded sections of 2-4µm in thickness, prepared from brains and spleens of terminally sick mice, were stained with haematoxylin/eosin (HE). Immunostaining for glial fibrillary acidic protein (GFAP) was performed by using rabbit antiserum against GFAP (1:5000 dilution; DAKOCytomation, Carpintera, CA) followed by incubation with avidinperoxidase and staining with diaminobenzidine (Sigma, Taufkirchen, Germany).

Proliferation assay

For T-cell proliferation, spleens of mice immunised with DNA or control mice were used and isolated cells of each mouse were tested in quadruplicate. Cells were plated in 96well plates, at a density of 3 x 10 5 cells per well. Spleen cells were re-stimulated with 2.5 µg/ml of rPrP. Cells were maintained for 72h and pulsed with [ 3 H] thymidine (0.5  µCi/well) 18h prior to analysis with a beta counter (Perkin Elmer, Rodgau-Jügesheim, Germany).

Inhibition assay of PrP Sc accumulation in cultured cells and western blot analysis

Serum from immunised mice was added to the culture media of RML prion-infected N2a (ScN2a) cells at a dilution of 1:40 and renewed three times in 5 days. Cell lysates (1 mg/ml) were treated with proteinase K (20 µg/ml) for 30min at 37°C. Treated lysates (150 µg) were resolved by SDS-PAGE (12%) and transferred to PVDF membrane. Polyclonal rabbit antiserum SA2124 raised against rPrP (1:5000) and goat-anti-rabbit antibody conjugated with horseradish peroxidase (DAKOCytomation, Carpintera, CA; 1:10.000) were used. PrP signals were visualized by incubation with ECL substrate (Pierce, Germany, Bonn) and exposed to Hyperfilm (Amersham Biosciences, Buckinghamshire, UK).

Results

Humoral responses against PrP after DNA immunisation

Prior to immunisation, newly generated DNA vaccines were tested in transient transfections of HEK 293 cells to ensure that the encoded proteins were appropriately expressed. Both vaccines, the non-modified wild-type PrP (pCG-PrP) and the modified PrP with the P30 sequence (pCG-PrP-P30), were expressed on the cell surface, as detected by flow cytometric analysis (data not shown). After immunisation with each DNA vaccine, antibody titres were determined against recombinant full-length mouse PrP (rPrP) by ELISA.

Prnp o/o mice developed a strong antibody response to rPrP after immunisation with pCG-PrP or pCG-PrP-P30, but not with the empty vector pCG (Fig. 1A). No difference in antibody titres was found between the two groups. In contrast, only weak antibody levels were detectable in a few wild-type mice after more than six immunisations, but most animals had no detectable anti-PrP antibodies (Fig. 1C). The signals in these wild-type mice were similar to those found in mice given the empty DNA vector. In Prnp o/o mice, both PrP vaccines induced IgG1 and IgG2a isotypes at comparable levels suggesting the induction of a mixed Thelper type 1 (Th1) and type 2 (Th2) response to PrP C (Fig. 1B). Since binding to PrP C is crucial for the anti-prion effect of antibodies [START_REF] Enari | Scrapie prion protein accumulation by scrapieinfected neuroblastoma cells abrogated by exposure to a prion protein antibody[END_REF][START_REF] Polymenidou | Humoral immune response to native eukaryotic prion protein correlates with anti-prion protection[END_REF], we performed flow cytometric analysis of the serum from immunised mice on neuroblastoma (N2a) cells expressing mouse PrP C . Strong binding of sera from Prnp o/o mice receiving pCG-PrP or pCG-PrP-P30 was found (Fig. 1D). The binding intensities correlated with the anti-PrP antibody titres of individual Prnp o/o mice. In contrast, only one serum from each group of wild-type mice immunised with pCG-PrP or pCG-PrP-P30 showed a weak binding to PrP C on N2a cells (Fig. 1E).

To determine whether the elicited anti-PrP antibodies inhibited PrP Sc accumulation in cultured cells, RML prion-infected N2a (ScN2a) cells were treated for five days with the serum from each mouse. Sera from Prnp o/o mice immunised with pCG-PrP or pCG-PrP-P30 reduced PrP Sc levels on ScN2a cells to almost undetectable levels (Fig. 1F), whereas sera from wild-type mice had no effect (Fig. 1G). Anti-PrP immune sera of Prnp o/o mice also reduced PrP C levels of ScN2a cells (Fig. 1F), as previously reported [START_REF] Gilch | Polyclonal anti-PrP auto-antibodies induced with dimeric PrP interfere efficiently with PrPSc propagation in prion-infected cells[END_REF].

These data indicate that both DNA vaccines induce anti-PrP antibodies in Prnp o/o mice, which were able to inhibit PrP Sc accumulation in vitro, yet they failed to break immunological tolerance in wild-type mice.
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Cellular responses against PrP after DNA immunisation

To evaluate the cellular immune response to the PrP vaccines, splenocytes were harvested after six immunisations and re-stimulated with rPrP in vitro. In Prnp o/o mice, both PrP vaccines induced T-cell proliferation in contrast to the pCG control vector (Fig. 2A). The stimulation indices (SI) were significantly higher after vaccination with pCG-PrP-P30 compared to the pCG-PrP vaccine (P<0.05; Mann-Whitney test). Splenocytes from wild-type mice did not show any PrP-specific proliferation, regardless of the PrP vaccine used (data not shown). Although T-cell proliferation could be induced in Prnp o/o mice, no differences in cytokine production by CD4 + or CD8 + T cells were detectable upon re-stimulation with anti-CD3/CD28 antibodies in vitro (data not shown). All groups of vaccinated Prnp o/o mice, including the pCG control, showed comparable percentages of T cells producing TNF-α or IFN-γ.

Humoral responses against PrP after prime-boost immunisation

The ability of prime-boost immunisations with DNA and protein to enhance immune responses has been demonstrated in various animal models [START_REF] Ramshaw | The prime-boost strategy: exciting prospects for improved vaccination[END_REF]. Therefore, we immunised Prnp o/o mice and wild-type mice with either pCG, pCG-PrP or pCG-PrP-P30 DNA followed by two injections of rPrP mixed with the synthetic oligodeoxynucleotide, CpG-1668, as adjuvant. After the final immunisation, antibody titres in Prnp o/o mice receiving pCG-PrP or pCG-PrP-P30 and rPrP/CpG-1668 were more than four times higher than in mice immunised with DNA alone (Fig. 3A). The antibody responses were dominated by IgG1, suggesting a shift towards Th2-type responses due to the protein boosts (data not shown). The PrP specificity of the IgG antibodies was confirmed by demonstrating binding to PrP on N2a cells (Fig. 3B). In contrast, vaccinated wild-type mice showed antibody titres against rPrP when looked at using ELISA regardless of the PrP A c c e p t e d M a n u s c r i p t 11 vaccine or the empty vector (Fig. 3A), but these antibodies were largely unspecific because they were not able to bind PrP C on N2a cells (data not shown). These results show that a prime-boost vaccination with DNA and rPrP-enhanced antibody titres in Prnp o/o mice, but failed to induce PrP C -specific antibodies in wild-type mice.

Development of scrapie after prime-boost immunisation and peripheral prion challenge

To determine whether prime-boost immunisation protects against infection with mouse scrapie, wild-type mice were immunised five times with 0.1mg of pCG, pCG-PrP or pCG-PrP-P30 followed by two injections of 10µg rPrP/CpG-1668, and subsequent intraperitoneal (i.p.) challenge with 3.6 logLD 50 units of RML prions. All the mice developed mouse scrapie with similar incubation times as found in non-immunised controls (Fig. 3C) and they all had comparable levels of PrP Sc in spleen and brain at the terminal stage, as determined by Western blotting (data not shown). In addition, the brains of vaccinated and non-vaccinated mice showed similar histopathology including microvacuolation and reactive gliosis. No overt differences in the splenic microarchitecture were found between immunised and nonimmunised animals (Fig. 3D).

Discussion

In this study we have assessed the ability of a DNA fusion vaccine composed of mouse PrP and three universally immunogenic T-cell epitopes (P30) to break tolerance to PrP in wild-type mice. The DNA vaccine was able to elicit immune responses against recombinant mouse PrP only in PrP null mice, but not in wild-type mice. Only antibodies that bound to recombinant PrP but failed to recognise native PrP expressed on N2a cells were found in vaccinated wild-type mice. This is consistent with studies in which modest levels of anti-PrP antibodies were detectable in wild-type mice vaccinated with tandem PrP or PrP displayed on viral particles by using a sensitive binding assay [START_REF] Nikles | Circumventing tolerance to the prion protein (PrP): vaccination with PrP-displaying retrovirus particles induces humoral immune responses against the native form of cellular PrP[END_REF][START_REF] Polymenidou | Humoral immune response to native eukaryotic prion protein correlates with anti-prion protection[END_REF]. Limited by the lower sensitivity of our assay, we cannot exclude the presence of low levels of IgM antibodies in our animals. Although the DNA vaccine could induce IgM to IgG class switch in PrP null mice, PrP C -specific IgG antibodies were only induced in a few wild-type mice. Other vaccines, like retroviral particles, have been shown to induce class switch in wild-type mice, but the switch to PrP C -specific IgG antibodies was less pronounced in wild-type than in PrP null mice [START_REF] Nikles | Circumventing tolerance to the prion protein (PrP): vaccination with PrP-displaying retrovirus particles induces humoral immune responses against the native form of cellular PrP[END_REF]. The general potential of P30 to break tolerance was demonstrated in various models [START_REF] Stevenson | DNA fusion gene vaccines against cancer: from the laboratory to the clinic[END_REF]. For example, P30 fused to the inflammatory cytokine IL-5 bypassed B-cell tolerance and induced neutralising antibodies [START_REF] Hertz | Active vaccination against IL-5 bypasses immunological tolerance and ameliorates experimental asthma[END_REF]. However, in some cases the P30 sequence encoding only three T-cell epitopes was not as efficient as the multiple T-cell epitopes of the entire FrC fragment of the tetanus toxin [START_REF] Stevenson | DNA fusion gene vaccines against cancer: from the laboratory to the clinic[END_REF], suggesting a higher potential for a PrP-FrC DNA vaccine.

The PrP-P30 DNA vaccine also failed to mediate cellular immune responses in wildtype mice. However, the vaccine induced T-cell proliferation in PrP null mice, but only of low magnitude. PrP might be involved in T-cell activation [START_REF] Cashman | Cellular isoform of the scrapie agent protein participates in lymphocyte activation[END_REF][START_REF] Mabbott | T-lymphocyte activation and the cellular form of the prion protein[END_REF] or may even be a compound of the signalling complex [START_REF] Mattei | Prion protein is a component of the multimolecular signaling complex involved in T cell activation[END_REF]. Indeed, PrP C is up-regulated on T-cells upon stimulation with concavalin A, whereas the T-cell response to concavalin A is significantly reduced in PrP null mice [START_REF] Mabbott | T-lymphocyte activation and the cellular form of the prion protein[END_REF].

Thus, the lack of PrP C on T-cells could lead to generally low T-cell activation levels, which might explain the weak T-cell response to the PrP DNA vaccine in PrP null mice.

To improve the efficiency of the DNA vaccine, we performed prime-boost immunisation with DNA and recombinant mouse PrP mixed with CpGs as adjuvant. Making use of CpGs has recently been suggested as an adjuvant for vaccination studies in wild-type mice [START_REF] Rosset | Breaking immune tolerance to the prion protein using prion protein peptides plus oligodeoxynucleotide-CpG in mice[END_REF]. Although our strategy increased antibody titres in PrP null mice, no antibodies were detectable in wild-type mice as judged by binding to native PrP on N2a cells.

It might be conceivable that anti-PrP antibodies were present but that they formed complexes A c c e p t e d M a n u s c r i p t 13 with PrP C , which prevented their detection. Although we have not determined whether such complexes exist, it could be possible that even low levels of the complexes can protect against prion infection in a similar mechanism as shown for soluble dimeric PrP fused to an Fcγ immunoglobulin [START_REF] Meier | Soluble dimeric prion protein binds PrP(Sc) in vivo and antagonizes prion disease[END_REF]. To address this hypothesis, wild-type mice vaccinated with DNA and recombinant mouse PrP were peripherally challenged with a low dose of mouse prions. However, the incubation times of vaccinated mice were similar to those found in non-vaccinated mice. Moreover, PrP Sc levels and histopathological changes were similar in the brains of vaccinated and non-vaccinated mice at the terminal state of the disease. Since no evidence for any therapeutic effect was found, it is unlikely that the PrP DNA vaccine induced any biologically relevant antibody responses in our model. The efficiency of the antigen presentation of our DNA vaccines in wild-type mice was not analysed, but targeting them specifically to MHC class I or class II pathways might improve their potential to break tolerance [START_REF] Leifert | Targeting plasmid-encoded proteins to the antigen presentation pathways[END_REF]. As recently described, DNA vaccination with a PrP fused to a lysosomal protein-enhancing MHC class II antigen increased the cellular and humoral response to PrP in PrP null mice. Surprisingly, vaccination with this vaccine delayed the onset of the disease but not the overall survival time after contracting the disease [START_REF] Fernandez-Borges | DNA vaccination can break immunological tolerance to PrP in wild-type mice and attenuates prion disease after intracerebral challenge[END_REF].

Recently, it has been reported that an attenuated Salmonella vaccine containing a tandem PrP fused to the FrC fragment induced mucosal immunity that prolonged the survival time of mice after oral infection [START_REF] Goni | Mucosal vaccination delays or prevents prion infection via an oral route[END_REF]. Therefore, making use of multiple T-cell epitopes of the entire FrC fragment fused to PrP, in combination with administration of the chimeric protein, might improve approaches to inducing systemic immunity against prion diseases. 
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 1 Fig. 1: Antibody responses of Prnp o/o and wild-type mice after DNA vaccinations and their ability to bind to native PrP and inhibit PrP Sc in cultured cells. Antibody titres in Prnp o/o (A) and wild-type (C) mice vaccinated with pCG-PrP or pCG-PrP-P30 or the empty vector (pCG) were determined ten days after the 6 th immunisation by

Fig. 2 :

 2 Fig. 2: Cellular immune responses of Prnp o/o mice after DNA vaccination.
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Proliferation of splenocytes was determined 48h after re-stimulation of cells with rPrP in vitro. Stimulation index (SI) represents the ratio of thymidine incorporation of PrP-stimulated versus non-stimulated cells. Each symbol represents the mean SI of four parallel cultures for each mouse. Differences in SI between the pCG-PrP-P30 vaccine group compared to the pCG-PrP group were statistically significant (P<0.05; Mann-Whitney test).