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Background and general objectives:

The immune system of vertebrate animals evolved to respond to different types of perturbations, such as pathogens, whilst limiting self-tissue damage. Initiation of the immune response is accomplished by unique antigen presenting cells called dendritic cells (DC), highly phagocytic sentinels of the immune system, resting until they encounter foreign microorganisms or inflammatory stimuli. Early activated DC trigger innate immune responses that represent the first line of defense against pathogens and provide effective anti-tumour immunity. Activated DC then prime antigen-specific immune responses (T and B lymphocytes) to clear the infections and give rise to immunological memory. Activation of NK cells is also key during anti-pathogen response and a direct involvement of NK cells has been shown in anti-tumor responses in different systems and unequivocally observed in patients with cancer. The aim of DC-VACC STREP was to develop novel vaccine technologies and to use DC as natural adjuvants with specificity and minimum side effects. Early clinical trials have shown that antigen-pulsed DC have potential in the treatment of cancer also applicable in the eradication of infectious diseases. The objective of the proposed project “DC VACC” is part of the priority area 1.2.4-6: “Development of Vaccine Technologies Targeted to Dendritic Cells” proposed as a STREP for the Framework Programme 6. The basis of this proposal was to develop in situ DC targeting for use as vaccines in infectious diseases and cancer.

Approach and Methodology:

We describe here the work completed in this DC-VACC STREP including the generation of improved reagents and protocols for antigen delivery and targeting, which improve antigen processing and presentation by DC and can be used for vaccine and therapeutic  technology. We also define optimal reagents and protocols for maturation and activation of mouse and human DC in vitro for use in vaccination and/or therapeutic intervention. Optimization of protocols has been compared across both species, essential for use in pre-clinical models and clinical trials in future NoEs and/or Ips. The participants in the STREP DC-VACC, coordinated by Anne O’Garra, NIMR, Mill Hill, London, UK., (aogarra@nimr.mrc.ac.uk) are listed:
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Main Findings two specific objectives for the project:

The specific objective of Workpackage 1 was to generate tools and methods for appropriate and efficient targeting and antigen delivery for the development of DC vaccine technology.  This included the construction of viral and bacterial vectors, modification of RNA, peptides and proteins, and antibody development for specific targeting of DC receptor repertoire.  A summary of the excellent research progress made in this area is presented below.

Microbial vectors development (bacterial and viral): Recombinant bacterial and viral vectors are amongst the most suitable vectors for the transduction of heterologous model antigens into DC. A number of different approaches were undertaken to develop microbial vectors delivering antigens to DC with the highest efficiency for presentation via MHC class I and II molecules. Cerundolo et al., have engineered a panel of lentiviral vectors encoding a melanoma poly-epitope string (mel3 polyepitope string) (Palmowski et al., 2002; Smith et al., 2005) cloned downstream of the NKG2D ligands Rae-1 and Mult-1 (Cerwenka et al., 2000; Difenbach et al., 2003).  Since Mult-1 has a much higher binding affinity to NKG2D than Rae-1 (Carayannopoulos et al., 2002), their expression in combination with MHC class I binding peptide epitopes provided an opportunity to assess whether the affinity of binding to NKG2D may affect the efficiency of antigen specific T cell expansion.  Transduction of 293T cells with either the Rae-1 or Mult-1 expressing lentiviral vectors enhanced staining with NKG2D-Fc construct in a proportion of transduced cells. Furthermore, injection of  Rae-1IRES- mel3 lentivirus into  C57BL6 mice resulted in priming of  H-2Db NP366-374 specific T cell responses. They generated a tumour line from  HLA A2 transgenic mice using methylcholanthrene. Transduction of this tumour line with the panel of mel3 lentiviral vectors provided an opportunity to set up an in vivo tumour challenge model and to compare direct and indirect presentation of mel 3 epitopes by lentiviral transduced tumour cells in the presence or absence of NKG2D ligands. Constructs encoding human NKG2D ligands MICA 001, MICA 004 and MICB were then made and the contribution of innate immune response to the expansion of antigen specific immune responses was assessed in experiments studying the recognition of NKG2D ligands by human  T cells and NK cells. It was unclear whether  T Cell Receptor contribute to the binding of NKG2D to MIC proteins (Groh, V., et al. 1998. Cerundolo et al then immunized mice and rabbits with the inclusion bodies and obtained anti human MICA and MICB antibodies. Using V2V9 T cell lines generated from healthy donors’ PBMC they demonstrated that they have cytolytic activity against MICA transfected target cells, as opposed to  T cell lines from the same donors. To assess the relative role of NKG2D and  T cell receptors in eliciting cytotoxicity, they performed blocking experiments in the presence of antibodies to MIC, NKG2D and the soluble recombinant  TCR and demonstrated the ability of these antibodies to block lysis of target cells, the results of which are soon to be published. The reagents made by the Cerundolo laboratory were then tested as a continuation of the project in the objective of Workpackage 2, to define optimal reagents and protocols for maturation and activation of mouse and human DC in vitro for use in enhancement of T cell and NK cell responses for use in vaccination and/or therapeutic intervention. Analysis of processing and presentation of MHC class I restricted determinants derived from the ubiquitously expressed male specific minor histocompatibility antigen genes Uty and Smcy was performed. An immunodominant HY Uty246‑254 epitope was generated and shown to be LMP7 dependent, as defined by lack of HY Uty246‑254 specific response in LMP7 deficient mice and lack of rejection of male LMP7 deficient (LMP7-/-) skin grafts by female LMP7-/- mice.


Ricciardi-Castagnoli et al have shown that immature DC efficiently internalize live bacteria and that this interaction results in extensive gene transcription re-programming that involves the differential expression of up to a thousand genes with the sequential acquisition by DC of immune regulatory activities. Using recombinant bacteria as vectors, they have shown that DC in response to microbial stimuli, produce interleukin2 (IL2) important role in the activation of T, B and natural killer (NK) cells. Ricciardi et al., showed that only microbial stimuli typically associated with Th1 responses and IFN- production confer to DCs the ability to activate NK cells, both in vitro and in vivo (Granucci et al, 2004). They have also generated recombinant bacteria, using Streptococcus gordonii, or Salmonella typhimurium AroA, expressing as a model antigen OVA in order to show if DC were able to present efficiently the OVA epitopes associated with ClassI or ClassII molecules. The results have shown that the recombinant antigen is presented much more efficiently than soluble products with either ClassI or ClassII molecules. Using recombinant bacteria generated to express a tumor antigen the tyrosinase Trp2, for testing against tumors such as melanomas (B16 tumor), they showed that mice treated with DC preloaded with the recombinant live bacteria showed a very significant decreased tumor growth and increased survival rate.

Modification of RNA, peptides and proteins: Schuler et al., have compared conditions for electroporation of monocyte-derived DC and shown superior presentation to cytotoxic T cells of the tumour antigens MAGE-3 and MelanA (RNA/DNA), by electroporating after maturation of the DC (Schaft et al., 2005). This leads to enhanced presentation to cytotoxic T cells and similar migration capacity of the DC.  Anti-reverse-cap analogue (ARCA)-RNA led to optimized RNA for transfection into DCs and resulted in higher T-cells expansion, development of lytic effectors and enhanced stimulatory capacity of electroporated DCs. To successfully target DC it was also necessary to generate immediate clinically applicable antigen-loading techniques.  Simultaneous loading of different peptides on one DC batch instead of the separate loading of each peptide on different DC batches would largely facilitate the production of multipeptide vaccines. Brucells showed that a number of tumour antigen A2 peptides frequently used in clinical trials, bound strongly to DC, and are good candidates for simultaneous loading onto DC. One (Mage C-2 ALKDVEERV) was considered as a moderate to weak binder.  Since the start of the project extensive experience about the electroporation of human and mouse DC has been accumulated by both groups. DC vaccination approaches are advancing fast into the clinic. The major obstacle for further improvement is the current lack of a simple functionally “closed” system to generate standardized monocyte-derived (mo)DC vaccines. The Elutra( counterflow elutriation system to enrich monocytic DC precursors  was optimized (Schaft et al., 2005) by i) developing an algorithm to avoid red blood cell debulking and associated monocyte loss before elutriation; ii) elutriation directly in culture medium rather than PBS. Upon elutriation the bags containing the collected monocytes are simply transferred into the incubator to generate DC progeny as the final “open” washing step is no longer required. Elutriation resulted in significantly more (≥ 2-fold) and purer DC than the standard gradient centrifugation/adherence-based monocyte enrichment, while morphology, maturation markers, viability, migratory capacity, and T cell stimulatory capacity were identical. RNA transfection, which is an increasingly used approach to load DC with antigen was also evaluated. Elutra(- and adherence-derived DC were electroporated with similar, high efficiency (on average >85% GFP positive), and appeared also equal in antigen expression kinetics. Both Elutra(- and adherence-derived DC, when loaded with the MelanA peptide or electroporated with MelanA RNA, showed a high T cell stimulation capacity, i.e. priming of MelanA-specific CD8+ T cells (Schaft et al., 2006). This optimized Elutra(-based procedure (patent filed) is straightforward, clearly superior to the standard gradient centrifugation/plastic adherence protocol, and now allows the generation of large numbers of peptide-loaded or RNA-transfected DC in a functionally closed system.
Antibody development for specific targeting of DC receptor repertoire: Current DC-based vaccines are based on ex vivo generated autologous DCs loaded with antigen prior to re-administration into patients. A more direct and less laborious strategy is to target antigens to DCs in vivo via specific surface receptors using mAbs, for example directed against the C-type lectin DC-SIGN. Figdor et al have shown that the blocking anti-human DC-SIGN specific mAb AZN-D1 recognizes macaque DC-SIGN allowing study of DC targeting in monkeys in vivo. Macaques treated with antibodies to DC-SIGN efficiently targeted antigen to DC in vivo. They first developed a humanized antibody, hD1V1G2/G4 (hD1), directed against DC-SIGN, to explore its capacity as a target receptor for vaccination purposes. The antibody was cross-linked to a model antigen, keyhole limpet hemocyanin (KLH), and effectively targeted to DC inducing enhanced antigen-specific T cell proliferation in naïve T cells and recall responses. This gave great promise for tumour antigen targeting to DC and effective immune responses to eradicate the tumour. Three mouse antibodies against DC-SIGN have now also been generated: AZN-D1, AZN-D2 and AZN-D3, by screening hybridoma supernatants of BALB/c mice immunized with human DC, and some chemically crosslinked to the model antigen Keyhole Limpet Hemocyanin (KLH) as before.

Finally, three more humanized AZN-D1 antibodies were generated: 1) hD1 G1, containing an human IgG1 Fc part; 2) hD1 G2/G4, containing a composite IgG2/IgG4 Fc part, which does not bind to Fc receptors or interact with complement; 3) scFv D1V1, a single chain antibody. In vitro DC-SIGN targetting using these antibodies resulted in cross presentation of class-I restricted antigens, and a potent way of inducing cross 
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presentation. A large array of tumor antigens were introduced into the humanized anti-DC-SIGN antibody hD1 G2/G4 (and an isotype control) by chemically crosslinking Streptavidin (SA) to the antibody and are now ready to test as in the systems above. We observed that the chimeric antibody-protein complex (hD1-KLH) bound specifically to DC-SIGN, was rapidly internalized and translocated to the lysosomal compartment (see figure). In contrast to earlier reagents this is a highly specific method for targetting antigen to DC. Humanized DC-SIGN targeting antibodies show excellent potential for vaccination strategies to induce tumour specific CTL responses in vivo.

The specific objective which was the basis of Workpackage 2, was to define optimal reagents and protocols for maturation and activation of mouse and human DC in vitro for use in vaccination and/or therapeutic intervention such that optimization of protocols for both species are compared to rapidly facilitate information from pre-clinical models being transferred rapidly to clinical trials in future NoEs and/or Ips.
Signals for activation/maturation of mouse and human DC: Human and mouse DC are highly flexible responding to various pathogen-derived products and/or other signals delivered by cytokines and/or engagement of cell surface molecules. Thus DC, developed under different conditions of stimulation and maturation, can direct the development of both Th1 and CD8 responses important for eradication of pathogens or tumours, or Th2 cells or regulatory T cells (Treg) which may inhibit these responses. O’Garra et al showed that mouse myeloid and plasmacytoid DC (pDC), and ex-vivo splenic DC subsets can induce the development of both Th1 and Th2 effector cells depending on the dose of antigen. High antigen doses induced Th1 cell development, while low antigen doses induced Th2 cell development (Boonstra et al., 2003). pDC enhanced CD4+ T cell proliferation and induced strong Th1 cell development when activated with the TLR9-ligand CpG, and not with the TLR4-ligand LPS. The responsiveness of pDC to CpG correlated with high TLR9 expression, similarly to human pDC. Conversely, myeloid DC generated with GM-CSF enhanced Th1 cell development when stimulated with LPS, as a result of their high level of TLR4 expression. Thus, the net effect of antigen dose, the state of maturation of the DC together with the stimulation of DC by pathogen-derived products will determine whether a Th1 or Th2 response develops. pDC produced high levels of IL-12p70, whereas myeloid DC and splenic DC produced lower levels of this cytokine when activated with CpG (Boonstra et al., 2006). This is because CpG induced high levels of IL-10 from macrophages, intermediate levels by myeloid DC, but no detectable IL-10 from pDC. TLR-adaptor MyD88-dependent and TRIF-dependent TLR signals as well as non-TLR signals induced macrophages and myeloid DC to produce IL-10 plus pro-inflammatory cytokines. IL-12p70 expression in response to CpG is suppressed by endogenous IL-10 in macrophages, myeloid DC, and splenic CD8(- and CD8(+ DC (Boonstra et al,. 2006).  O’Garra et al., have then gone on to show that there are regulatory elements in the IL-10 locus which bind the transcription factor NF-B, and that NF-B regulates the expression of IL-10 together with IL-12 in macrophages and DC, but not in T cells (Saraiva et al., 2005). In contrast to NF-B, the MAP kinase pathways were required for optimal IL-10 production and yet negatively regulated IL-12 production (Kaiser et al., Submitted, 2007). Thus neutralization of IL-10 or MAPK activity but not targetting NF-B will lead to enhanced IL-12 production and thus enhance Th1 responses critical for eradication of tumours and intracellular pathogens (O’Garra & Vieira, Reviewed in Nature Reviews Immunol, 2007).


Cytokine cocktail (TNF alpha, IL-1, IL-6, Prostaglandin E2) matured DC are routinely used in clinical trials. They exert high migratory capacities, but lack the capacity to produce significant amounts of IL-12p70 in vitro. Despite of this deficiency, cytokine matured DC have been proven to induce antigen specific CTL and TH1 responses in vivo. So far the clinical efficacy of vaccinations with cytokine matured DC in tumor patients has not been satisfying and better maturation stimuli might be crucial for the induction of effective cellular immune responses. Schuler et al analyzed TLR agonists (from the company 3M) for their capacity to induce DC maturation, in concert with the mouse studies as described above. TLR8 agonists, but not TLR7 agonists were active inducers of DC migration and IL-12 production. They compared TLR8 stimuli and combinations of TLR8 with TLR3 and TLR4 agonists, which have been shown to be extremely potent in their IL-12p70 inducing activity by the group of Lanzavecchia, with their standard cytokine cocktail. To address the use in DC vaccination trials they established a model that mimicks the in vivo situation and analyzed IL12p70 production prior and after migration using a transwell assay. Thereby they showed that 1) TLR8 matured DC are significantly inferior compared to cytokine cocktail matured DC in terms of migratory capacity; 2) following migration the IL12p70 production by TLR matured DC significantly drops and, upon CD40 ligation, even cytokine cocktail matured DC consistently produce some IL12p70; 3) using the MelanA analog peptide, TLR matured DC and cytokine cocktail matured DCs exert comparable capacity to prime tumor antigen specific CD8 in vitro in terms of quantity and quality assessed by phenotyping the MelanA specific CD8 T cells.
The research performed by Moser et al., was aimed at evaluating the tolerogenic function of DC in vivo, and to test whether immunity induced by fully mature DCs would be controlled by regulatory T cells, which express CD25, CTLA-4 and Foxp3, and also the suppressive cytokines IL-10 and TGF-, also expressed by other cells (Reviewed in O’Garra & Vieira, Nature Medicine, 2004). It is indeed still unclear whether a distinct subtype or activation status of DC exists which promotes the differentiation of regulatory rather than effector T cells from naive precursors. Thus an approach to enhance DC function and Th1 responses is to remove the negative regulation by regulatory CD4+ T cells (reg) (Reviewed in O’Garra & Vieira, Nature Medicine, 2004). To test this Moser et al immunized mice by injection of DC, pulsed extracorporeally with antigen. Some recipients were depleted of regulatory T cells by a single injection of anti-CD25 mAb. Data show that depletion of regulatory T cells had a profound effect on the development of T helper cells in vivo and that regulatory T cells selectively downregulate Th1 responses and CTLs induced by mature DCs, suggesting that the function of mature DCs is under the tight control of the naturally occurring CD4+CD25+ cells in vivo. The Treg appeared to downregulate immune responses against weakly immunogenic tumours and thus this combination of tumour antigen pulsed DC administered together with antibodies directed against Treg may hold future promise for therapy and are excellent targets for antigen to direct Th1 and anti-tumour cytotoxic T cell responses, as well as the alternative of neutralization of IL-10 in concert with TLR ligation as described above which could enhance anti-tumour responses. However, it is worth considering that expression of CD25 is a hallmark also of activated CD4+ T cells, and of fully mature DC, but the functional role of CD25 in DC is still open. Treatment of mature human monocyte-derived DC with a blocking anti-CD25 mAb (Daclizumab) reduced their immunostimulatory capacity to the level of immature DC, suggesting an important role of the IL-2R for the immunopotency of mature moDC. Using several siRNAs and different transfection technologies (electroporation, lipofection), they hitherto were unable to significantly block CD25 expression in maturing DCs. Thus targeting with anti-CD25 may not be specific enough for use in vivo in the clinic.

More recently, Moser et al analyzed the role of CTLA-4 in vivo. CTLA-A belongs to the CD28 family, but unlike CD28, is an inhibitory receptor, which mainly antagonizes the TCR and co-stimulatory pathways. Mice were injected with anti-CTLA-4 mAb during priming and unexpectedly, after injection of antigen-pulsed DC resulted in enhanced IL-10 production during primary responses and abrogation of Th1 memory responses. In this system IL-10 was produced mainly by cells expressing high levels of ICOS, CTLA-4 and LAG-3, displayed suppressive functions in vitro inhibiting IFN-gamma production by effector T cells and inducing Indoleamine 2, 3 dioxygenase (IDO) production when co-cultured with DC. Confirmation of the suppressive action of anti-CTLA-4 treatment shown in a model of TNBS-induced colitis, a Th1-type inflammation and IL-10 and IDO were both involved in the anti-inflammatory effect of anti-CTLA-4 mAb. Collectively, these data show that anti-CTLA-4 treatment at the time of immunization directs the development of IL-10 producing ICOShigh regulatory T cells which inhibit Th1 and inflammatory responses, by a mechanism involving IL-10 and IDO thus suggesting that targeting CTLA-4 may not enhance anti-tumour responses

These findings addressed in both mouse models and human advance our knowledge in preclinical studies with respect to the maturation and activation of DC and their adjuvant capacity, and show that neutralization of IL-10 or MAP kinases may enhance anti-tumour responses as well as the action of cocktails of cytokines and TLR-ligands in both mouse and human, for application ultimately in the clinic for enhancement of anti-tumour and anti-pathogen   responses.

Optimizing human DC-vaccines: reagents and procedures: BruCells have gone on to develop further methods for optimizing maturation and activation of human DC from monocytes for use in clinical studies for the G4-DC production process in cell factories. Monocytes were first cultured for a number of days in GM-CSF and IL-4 with addition of IL-1/IL-6/TNF-/PGE-2 on day 5 to the cultures. Successful methods were introduced for loading the DC with peptide antigen cocktails. Initially after leukapheresis thrombocytes were removed from the PBMC. In parallel autologous plasma was prepared and seeding of the PBMC in Cell Factories and enrichment for monocytes via adherence was performed. After removal of non-adherent cells, X-VIVO/AP/IFN- and IL-3 was added to cells which were incubated at 37°C, then fresh cytokines were added followed by poly (I:C). Throughout mature DC were frozen and test thawed and quality controlled. Thawing and loading of the mature DC with peptides was tested for use before injection into patients.

Transcriptome Analysis of Mouse and Human DC: In order to optimize the use of bacteria as potential vectors for DC transfection Ricciardi-Castagnoli et al have determined the transcriptome of DC infected with the commensal bacteria strain Lactobacillus paracasei B21060. They have analyzed the global transcriptional changes induced in DC upon contact with the probiotic strain Lactobacillus paracasei. They have generated the DC transcriptome by measuring the gene expression modulation during a time course experiment. DC have been induced with the bacteria for the following time points: 2h, 4h, 8h, 12h and 24h. At each time point, they extracted the RNA from two biological replicates and produced the cRNA for the analysis with the Genechips of Affymetrix. They have used the mouse genome array MOE 430A 2.0 which contains information of about 22170 genes. Bioinformatics analysis showed modulation of about 1500 genes at each time points analyzed and showed that Lactobacillus paracasei induced a very strong DC activation. The differential expressed genes have been annotated using the Gene Ontology and KEGG databases in order to identify the relevant functional classes induced. The genes that showed strong modulation were those of the interleukins and chemokines family together with their receptors, the costimulatory molecules and genes known to be induced by the NF-kB pathway. The NF-kB pathway is one of the main pathway that is activated in DC upon TLR (Toll like Receptor) stimulation. Many genes of the inflammatory pathway were also induced. Among them, the IL2 gene was strongly upregulated. Previously, the group showed that this cytokine is important in the regulation of the innate and adaptive immune responses (the IL2 gene seems to mediate the T regulatory cell activation). In fact, the IL2 KO mice are completely devoid of T regulatory cells and NK cells. Moreover, in these animal models the inflammatory bowel disease (IBD) is strongly developed showing that IL2 has a key role in modulating the immune response. Finally, the group have also performed a comparative analysis of differentially expressed genes modulated in DC upon infection with pathogenic bacteria of the genus Listeria and Bordetella. The results showed that a DC core response is activated together with a specific bacterial response. Furthermore, lactobacillus paracasei induced an early and transient response whereas the pathogenic bacteria induced gene expression modulation that in some cases lasted until 24h.

The O’Garra group  have shown for the first time that particular MAP kinases on the one hand are required for induction of IL-10 both at the mRNA and protein level in macrophages and DC stimulated via different TLR ligands, but conversely negatively regulate the expression of IL-12 and IFN-beta, via IL-10 function, but also directly in the complete absence of IL-10 (Kaiser, Ley, O’Garra et al., submitted for publication, 2007). DC and macrophages were stimulated with adjuvants CpG and LPS in the presence or absence of the MAP kinase inhibitors which enhances IL-12 and IFN-beta production thus enhancing adjuvant capacity – these experiments have been performed with wild type macrophages and macrophages from IL-10-deficient mice to delineate pathways of negative regulation of IL-12 and IFN-beta, key for clearance of intracellular pathogens. The microarray studies have been fulfilled and data mining is underway to identify new intracellular transcription factors which can enhance adjuvanticity  of DC and macrophages. Experiments have been successfully performed at NIMR and then cell pellets sent to UNIMIB where excellent quality RNA was extracted and the RNA then subjected to treatment for Affymetrix Microarray analyses. The data is now being reproduced and the microarray data being data mined at UNIMIB and expertise and data transferred to NIMR. Results of differential expression of cytokines and some intracellular molecules have been found. This project is thus complete but requires much additional data mining – NIMR and UNIMIB will continue the collaboration (and discuss within the NoE DC-THERA).


The objective of the study by Schuler, Steinkasserer et at al was to perform GeneChip analyses of HSV-1 infected DC. Herpes simplex virus type 1 (HSV-1) is able to establish latency in infected individuals. In order to characterize potential new immune escape mechanisms mature DC were infected with HSV-1 and total cellular RNA was isolated from infected and mock-infected populations at different time points. RNA profiling on Affymetrix Human Genome U133A arrays demonstrated a dramatic down-regulation of the migration-mediating surface molecules CCR7 and CXCR4, an observation that could be further confirmed by Reverse-Transcriptase Polymerase-Chain-Reaction (RT-PCR) and FACS analyses. Furthermore, migration assays revealed that upon infection of mature DC, CCR7- and CXCR4-mediated migration towards the corresponding CCL19- and CXCL12 chemokine gradients is strongly decreased. Noteworthy, the infection of immature DC with HSV-1 prior to maturation, lead to a failure of CCR7 and CXCR4 up-regulation during DC maturation and as a consequence also induced a block of their migratory capacity. Additional migration assays with a vhs mutant virus, lacking the virion host shutoff (vhs) gene which is well known to degrade cellular mRNAs, suggested a vhs-independent mechanism. These results indicate that HSV-1 infected mature DC are limited in their capacity to migrate to secondary lymphoid organs, the areas of antigen presentation and T-cell stimulation, thus inhibiting an anti-viral immune response. This represents a novel, as yet unknown mechanism of HSV-1 to escape the human immune system.

DC-based bioassays: Sekmed is involved in the development of DC-based bioassays to develop new adjuvants to be used in vaccine design. In order to succeed in the task a close collaboration with partner UNIMIB has been established. Partner UNIMIB had previously discovered that DC were able to produce IL-2 upon stimulation and thus it was important to determine which were the molecular events that led to such production. Given the importance of DC-derived IL-2 in the modulation of the adjuvant properties of the IL-2, a bioassay has been designed that allows the screening of molecules able to specifically promote the expression of NFAT as an effective primary screen.

The studies from the STREP DC-VACC have resulted in the discovery of new adjuvant approaches. There has been great productivity with respect to the development of microbial vectors, ant the ability to deliver antigen and target DC, as well as approaches, including the discovery of new pathways to target for enhancing anti-tumour therapy and also in therapeutic intervention and for vaccination in infectious diseases.  The knowledge from this project has been widely disseminated by publication (see below), and international immunology conferences. Throughout the DC-VACC period meetings (held together with an NoE, DC-THERA) were held at various sites to exchange scientific knowledge and via the website created by Partner 2 Biopolo (http://www.biopolo.it/), where in addition the list of publications generated from DC-VACC are displayed.
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