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A c c e p t e d M a n u s c r i p t 2 Abstract Interaction of Streptococcus suis with primary porcine alveolar macropahges was studied using transcriptomics. Transcriptional response of macrophages to two different S. suis strains was studied: wild-type S10 that is resistant to phagocytosis, and it non encapsulated mutant that is phagocytosed efficiently. The macrophages' transcriptional response was observed only after 60 minutes of incubation. Eleven genes were expressed significantly different between macrophages infected with streptococci and control mockinfected macrophages. These genes include IL-1-ß, MIP-2-α and TNF-α.

When gene expression was studied as function of time, transcriptional changes occurred in all macrophages independent of streptococci.

The fold induction of induced genes however, was much stronger in macrophages incubated with the non-encapsulated S. suis strain that was phagocytosed. The genes that were higher induced due to S suis suggest an innate immune response is induced in macrophages.

Pathway analysis revealed that genes that are part of the putative MAP-kinase signal transduction system are overrepresented among the regulated genes. Using an immortalized alveolar macrophage cell line it was shown that macrophages respond to interaction with S. suis by translocation of NF-κB to the nucleus, independent of phagocytosis.

This translocation subsequently induced expression of innate immune

A c c e p t e d M a n u s c r i p t 3 genes. This strongly suggests besides the MAP-kinase signaling pathway, NF-κB signaling is also induced upon interaction with S. suis.

Introduction

Streptococcus suis are gram positive cocci possessing a polysaccharide capsule that is responsible for the serotype specificity.

Worldwide S. suis serotype 2 is most frequently isolated from diseased pigs [START_REF] Staats | Streptococcus suis: past and present[END_REF]. S. suis causes severe infections in piglets, typical symptoms of the disease include meningitis, arthritis and septicemia. Animals often do not survive an infection. Recently an outbreak of human S. suis infections in China was described in which 200 people got infected, of whom 38 died [START_REF] Yu | Human Streptococcus suis outbreak, Sichuan, China[END_REF].

The severity and outcome of infections caused by S. suis are likely to depend on the ability of host innate immune mechanisms to control bacterial growth and to limit spreading of the pathogen [START_REF] Goldmann | Transcriptome analysis of murine macrophages in response to infection with Streptococcus pyogenes reveals an unusual activation program[END_REF]. Macrophages, together with the epithelial barrier, form the first line of defense against microorganisms. They identify pathogens using pattern recognition receptors (PRRs), and subsequently unfold a tightly regulated pathogen-specific immune response [START_REF] Akira | Pathogen recognition and innate immunity[END_REF]. Activation of PRRs leads to signal transduction via Myd88, and activates both NF-κB and MAP kinases, resulting in induction of genes involved in inflammatory responses. For S. suis it is known that after incubation with mononuclear cells, proinflammatory mediators are produced [START_REF] Segura | Proinflammatory cytokine and chemokine modulation by Streptococcus suis in a whole-blood culture system[END_REF]. Another study showed that S. suis can A c c e p t e d M a n u s c r i p t 5 induce an inflammatory response via the induction of prostaglandin E2 and metalloproteinase 9 production in human macrophages [START_REF] Jobin | Upregulation of prostaglandin E2 and matrix metalloproteinase 9 production by human macrophage-like cells: synergistic effect of capsular material and cell wall from Streptococcus suis[END_REF]. These reactions are part of the general 'alarm signal' for infection that can lead to a cascade of immune responses [START_REF] Jenner | Insights into host responses against pathogens from transcriptional profiling[END_REF].

In this paper we studied the 'alarm signal' of porcine alveolar macrophages in response to S. suis serotype 2 in vitro. This was achieved by comparing transcriptional profiles of alveolar macrophages after contact with either a S. suis strain that is resistant to phagocytosis or with an isogenic non-encapsulated mutant that is phagocytosed in this model [START_REF] Smith | Identification and characterization of the cps locus of Streptococcus suis serotype 2: the capsule protects against phagocytosis and is an important virulence factor[END_REF]. Our results showed that an innate immune response is induced in alveolar macrophages, that is probably induced via activation of both NF-κB and MAP-kinase pathways.
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Materials and Methods

Bacterial strains and growth conditions

Streptococcal strains were grown on Columbia agar blood base plates (Oxoid Ltd., London, United Kingdom) containing 6% (vol/vol) horse blood. Cultures were grown in Todd-Hewitt broth (Oxoid). Pathogenic S. suis strain 10 [START_REF] Smith | Mutants of Streptococcus suis types 1 and 2 impaired in expression of muramidase-released protein and extracellular protein induce disease in newborn germfree pigs[END_REF][START_REF] Vecht | Identification of two proteins associated with virulence of Streptococcus suis type 2[END_REF] and its avirulent nonencapsulated mutant strain S10cpsdelEF were used [START_REF] Smith | Identification and characterization of the cps locus of Streptococcus suis serotype 2: the capsule protects against phagocytosis and is an important virulence factor[END_REF].

For phagocytosis experiments S. suis was grown for 16 h. One ml of culture was spun down for 2 min at 20,000 x g at 4C. The pellet was washed once in cold Dulbecco's Modified Eagle's Medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) and resuspended in 1 ml of DMEM.

The inoculum size was determined by plating serial dilutions on agar plates. For stimulation of 3D4 porcine alveolar macrophages cell line, bacteria were washed once with PBS, then adjusted in PBS to an OD600 of 0.4, and subsequently diluted 1:10 in Iscove´s Modified Dulbecco´s Medium (IMDM). For NF-κB translocation studies, S. suis was grown for 16 h in IMDM and 0.5 ml of the culture was directly used for stimulation of 3D4 cells.

Phagocytosis and stimulation of primary alveolar macrophages

Isolation of alveolar macrophages

A c c e p t e d M a n u s c r i p t 7 Phagocytosis experiments were done as described before [START_REF] Smith | Identification and characterization of the cps locus of Streptococcus suis serotype 2: the capsule protects against phagocytosis and is an important virulence factor[END_REF]. Porcine lungs were collected from 6 individual specific pathogen free piglets, and used within 4 hours. As a control DMEM without bacteria was used. Animal experiments performed were approved by the ethical committee of the Central Veterinary Institute of Wageningen University and Research Center, in accordance with the Dutch law on animal experiments.

Phagocytosis

To each opsonized bacterial suspension 5 ml of macrophage suspension was added (MOI 1). The sample was mixed immediately after addition of bacteria and samples were taken at t = 0, 2, 5, 10, 15, and 60 min. One part of the sample (1.5 ml) was spun down immediately for 3 min at max speed at 4C. The supernatant was decanted and the pellet was snap frozen in liquid nitrogen for RNA isolation. The second part of the sample (0.4 ml) was added to 1,6 ml ice-cold DMEM. This sample was spun down for 10 min at 110 x g at 4C. Subsequently, the supernatant was plated in a serial dilution to determine the CFU/ml. Results of seven independent experiments were averaged. Results were analyzed using Mann Whitney testing, standard error of the mean is given for each timepoint.

Phagocytosis and stimulation of 3D4 alveolar macrophages

A c c e p t e d M a n u s c r i p t 8 3D4 porcine alveolar macrophages derived from primary porcine alveolar macrophages as previously described [START_REF] Weingartl | Continuous porcine cell lines developed from alveolar macrophages: partial characterization and virus susceptibility[END_REF] were used. Cells were maintained in Iscove´s Modified Dulbecco´s Medium (IMDM) containing 10% FCS, 5 mM glutamine, 100 units ml -1 penicillin, and 100 µg ml -1 streptomycin. For stimulation experiments, approximately 4 x 10 5 cells per well were seeded in antibiotic free media on 12 well tissue culture plates and incubated for 24 h. For NF-κB translocation, approximately 1 x 10 5 cells per well were seeded in antibiotic free media on 24 well tissue culture plates containing glass coverslips.

Phagocytosis of S. suis by adherent 3D4 alveolar macrophages cell line was determined during 90 min of co-cultivation by a gentamicin protection assay as previously described [START_REF] Valenti-Weigand | Entry and intracellular survival of group B streptococci in J774 macrophages[END_REF]. 3D4 cells in 12 well plates were stimulated with 1.5 ml S. suis suspension in IMDM for 6 h at 37°C to study the transcriptional activation.

For NF-κB translocation 3D4 cells were treated with S. suis wild-type for 30 min at 37°C. Cells treated with 5 µg/ml LPS served as positive control, non-stimulated cells as negative control. After stimulation, cells were fixed with 3.7% formaldehyde for 10 min at room temperature, washed three times with PBS, and then permeabilized with 0.1% Triton-X 100 in PBS for 20 min at RT. Following, the cells were incubated for 30 min at RT with 10% FCS in PBS to block non-specific binding. Subsequently, cells A c c e p t e d M a n u s c r i p t 9 were double stained with anti-human NF-κB p65 antibodies (1:200, Cell Signalling, Frankfurt/Main, Germany) for 1h at room temperature. Cells were washed three times with PBS and then incubated with Alexa Fluor 488 goat anti-rabbit antibodies (1:500, Invitrogen, Carlsbad, CA, USA)

for 30 min at room temperature. After five washes, the cells were mounted with anti-fading solution and visualised under a fluorescence microscope.

RNA isolation

The macrophage pellet was taken up in 1 ml of Trizol and 0.2 ml of chloroform was added. The suspension was shaken vigorously for 15 sec, incubated for 3 min at RT and centrifuged for 15 min at 20,000 x g at 4C. Two phenol-chloroform-isoamylethanol extractions were performed, and 1 chloroform extraction after which the RNA was precipitated using isopropanol, washed with 70% ethanol, and dissolved in water. RNA was further purified using the Nucleospin RNA II kit (Macherey Nagel, Düren, Germany) according to manufacturer's instruction with a prolonged DNAse treatment (1hr at RT). RNA quality and quantity was checked using the NANOdrop (Thermo Fisher Scientific, Pittsburgh, PA, USA) and the BioAnalyzer (Agilent, Palo Alto, CA, USA). RNA samples were pooled per timepoint per strain.
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In experiments with 3D4 cells, RNA was harvested 6h pi. For this, cells were washed three times with ice-cold PBS then harvested and lyzed in 350 μl lysis buffer (RLT-buffer, Qiagen, Hilden, Germany) containing 1% β-mercaptoethanol. The RNA from the lysed cells was purified using the Qiagen RNeasy-Kit (Qiagen) according to the manufacturer's instructions.

Microarray analysis

Biotin-labeled cRNA was synthesized using the one-cycle target labeling and control reagents (Affymetrix, Santa Clara, CA, USA) starting with 2 μg of RNA. For hybridization to porcine whole genome Affymetrix chips, 12.5 -20 μg of cRNA was used for further fragmentation, 10 μg of this fragmented cRNA was used for hybridization. Affymetrix protocols are followed for hybridization, washing, staining and scanning of the chips. Data analysis was done using GeneSpring software (Agilent). Pathway analysis was done using a Web Based Gene Set Analysis Toolkit (Webgestalt) [START_REF] Zhang | WebGestalt: an integrated system for exploring gene sets in various biological contexts[END_REF]. All microarray data have been submitted MIAME complied to (see Table 1). Each reaction contained 12.5 pmol forward primer, 12.5 pmol reverse primer and POWR SYBR Green PCR Master Mix (Applied Biosystems) according to manufacturer's instructions. qPCR was performed using an ABI7500 (Applied Biosystems). The amount of gapdh was measured to control for variation in RNA-yield and RTreaction conditions. In each run a standard curve was incorporated consisting of a vector (pGEMT-easy) containing the cloned gene. In this way both the gene and the external control gene could be related to a standard line. The efficiency of the PCR reaction was 90-100% for all reactions (slope standard line between -3.3 and -3.6). The standard line consisted of 7 10-fold dilutions of the control vector. For each reaction negative water controls were included. Analysis was performed using the ABI7500 Software (Applied Biosystems). Porcine IL-8 and MCP-1

A c c e p t e d M a n u s c r i p t 12 transcripts of 3D4 cells were quantified by PCR using specific primers described previously [START_REF] Segura | Proinflammatory cytokine and chemokine modulation by Streptococcus suis in a whole-blood culture system[END_REF]. Porcine ICAM-1 primers were used as described previously (Stocker et al., 2000). gapdh gene was used for expression normalization, using the primers described previously [START_REF] Segura | Proinflammatory cytokine and chemokine modulation by Streptococcus suis in a whole-blood culture system[END_REF]. The PCR mixture consisted 5 μl of 10x

Taq buffer, 1.5 μl of 50 mM MgCl2, 1 μl of 10 mM dNTP, 0.5 μl of each primer (50 μM), 5 μl cDNA, 0.5 μl Taq DNA polymerase and water up to 50 μl. The PCR cycling consisted of denaturation at 94°C for 1 min, annealing at 56°C for IL-8, MCP-1 and at 58°C for ICAM-1 and E-Selectin, and elongation for 1 min at 72°C. The number of cycles used for amplification of chemokines (IL-8 and MCP-1) and ICAM-1 was 35 and 30 respectively. The amplified DNA was separated in a 1.5 % agarose gel in Tris-borate EDTA buffer (TBE), and the intensity of the bands was quantified by densitometry using the software QuantityOne.

Results were expressed as the ratio of the band intensities of the PCR products as compared to gapdh expression. Data were analyzed by analyses of variance followed by t test. A P value < 0.05 was considered significant.
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Results

Phagocytosis

Freshly isolated porcine alveolar macrophages were either incubated with wild type strain 10, or with its non-encapsulated isogenic mutant strain S10cpsdelEF, or with PBS (mock infection). Number of bacteria in the supernatant was measured by serial platings (Figure 1). The bacterial counts of wild-type bacteria remained constant in time, and even slightly increased during incubation, indicating that S. suis strain 10 was able to survive, despite the presence of macrophages. The nonencapsulated mutant strain on the contrary, was phagocytosed very efficiently; after 5 minutes of incubation 70% of the bacteria were phagocytosed. The mock-infected macrophages remained sterile during the experiment. The difference in uptake of both strains was statistically significant (P<0.05) at 5 min pi and at later timepoints. These results confirmed previous findings [START_REF] Smith | Identification and characterization of the cps locus of Streptococcus suis serotype 2: the capsule protects against phagocytosis and is an important virulence factor[END_REF].

Surprisingly, in contrast to the primary alveolar macrophages, the adherent alveolar macrophages cell line 3D4 was not able to significantly phagocytose the two S. suis strains used within 90 min of incubation as determined by a gentamycin protection assay (data not shown).
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Whole genome host response

Microarray analysis

Gene expression profiles of macrophages were studied using microarrays. Transcription profiles of macrophages incubated with wildtype S. suis, non-encapsulated mutant, or PBS (mock) were studied as a function of time.

Gene expression of macrophages incubated with either the wild type strain 10 or with the non-encapsulated mutant was compared to gene expression of macrophages that were mock-infected with PBS at all timepoints. Significant differences were only found at timepoint 60 minutes. After incubation with the wild type strain 10 that was not phagocytosed, one gene was expressed differentially compared to the mock infected macrophages (Table 2A). This gene showed homology to dynein. Ten genes were found to be differentially expressed in macrophages incubated with the non-encapsulated mutant compared to mock infected macrophages (Table 2A). Those genes include IL-1-ß, MIP-2α and TNF-α among others. The low numbers of genes that were found to be differentially regulated, suggested that either a limited response is induced in macrophages, or that mockinfected macrophages are activated as well.

To analyze this, gene expression of macrophages was studied in time by comparing expression at all timepoints to expression of timepoint t =

A c c e p t e d M a n u s c r i p t 15 0 of the same condition. This analysis showed that transcriptional changes occurred in all macrophages, independent of incubation with streptococci, and the highest number of regulated genes was found after 60 minutes. The process of phagocytosis of strain S10cpsdelEF was nearly complete by then (95% was phagocytosed). In total 377 genes were found to be regulated in this experiment, 188 in the control macrophages, 244 after incubation with wild type strain 10, and 260 genes after incubation with the non-encapsulated mutant. There is overlap among the regulated genes in the three conditions. Table 2B shows the toplist of genes that were found to be regulated. Ranking is based on macrophages incubated with S10cpsdelEF. In general it was found that the toplists of all three conditions were very similar. However, the fold-induction of gene expression was strongest in macrophages that phagocytosed S. suis strain S10cpsdelEF. This analysis indicates that the primary macrophages are activated in all three conditions. Despite this activation, genes could be identified that are differentially regulated due to interaction with S. suis (Table 2A), and S. suis could induced a stronger response in macrophage compared to the mock infected macrophages (Table 2B). A complete list of all regulated genes is given as supplementary material.

Pathway analysis
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To gain insight into the biological processes of macrophage activation, a pathway analysis was performed on genes differentially expressed in time. To increase the power of pathway analyses, the cut-off for differential expression was lowered. Genes were included for analysis when gene expression was regulated at least 1.5 fold at timepoint t = 60 minutes compared to timepoint t = 0 for (3,965 genes). Table 3 shows putative pathways found to be regulated. The MAPK-signaling pathway contained the highest number of regulated genes.

Differentially expressed genes of the MAPK-signaling pathway all directed the macrophages towards proliferation/inflammation/antiapoptosis. Expression of genes of the MAPK-signaling pathway was regulated under all three conditions, but similar to the other expression data the strongest induction/repression was found in macrophages incubated with the non-encapsulated strain s10cpsdelEF.

qPCR data

To confirm the microarray data, qPCR analysis was performed on the same samples that were used in the microarray analysis. Expression of proinflammatory cytokines like TNF-α, IL-8, IL-1-ß, IL-6 and MIP-1-ß was studied. qPCR data confirmed the data found using microarray analysis (Figure 2). Strongest induction of proinflammatory cytokines was found in macrophages incubated with the non encapsulated S.

A c c e p t e d M a n u s c r i p t 17 suis strain S10cpsdelEF, whereas much lower levels of induction were found in macrophages incubated with either S10 or PBS (mock).

Expression of Toll like receptors was also studied using qPCR. No differences in expression were found, neither in time, nor between the different conditions (data not shown).

Activation of porcine alveolar macrophages 3D4 cell line by S. suis

To study which signal transduction pathway is involved in the induction of proinflammatory cytokines, the 3D4 porcine alveolar macrophage cell line model was used [START_REF] Weingartl | Continuous porcine cell lines developed from alveolar macrophages: partial characterization and virus susceptibility[END_REF]. Although these cells did not phagocytose S. suis strains, this cell line can be used to study the effect of interaction between S. suis and alveolar macrophages strong expression of all three transcripts, whereas in non stimulated control cells no gene expression was induced (Figure 4). These data strongly suggest that after recognition of S. suis by alveolar macrophages, the signaling pathway of NF-κB is induced, as well as subsequent production of proinflammatory cytokines. We found that primary alveolar macrophages started regulating gene expression after 60 minutes of incubation with the two S. suis strains. At this timepoint, gene expression of macrophages that came into contact with the wild type strain or the non encapsulated mutant was compared to that of mock infected macrophages. Eleven genes were found to be expressed differentially due to incubation with S. suis. In macrophages that came into contact with the wild type strain, but did not phagocytose this strain, only dynein was found to be differentially expressed. Dynein is one of the microtubule associated motors.

Overexpression of this gene suggests that despite the fact that S. suis is not phagocytosed, the macrophages are rearranging their membranes upon interaction with the wild type. Macrophages that came into contact with the non encapsulated mutant, that was phagocytosed, showed differential gene expression of ten genes.

Genes involved in a proinflammatory immune response (TNF-α, MIP-2α, IL-1-ß) were found to be regulated, but genes involved in cell cycling (G0/G1 switch protein, BTG2 protein) were regulated as well. In conclusion, after contact with the wild type strain, macrophages seem to change morphologically. After interaction with the non The relatively low number of regulated genes due to incubation with S.

suis that was found can be explained by the activation of macrophages due to the isolation procedure or the incubation time.

When transcriptional responses were studied in time, 377 genes were differentially expressed compared to timepoint zero. This response was observed in macrophages incubated with S10cpsdelEF as well as in macrophages that came into contact with S10, and in control macrophages. This general transcriptional response of macrophages was described previously as the common macrophage activation program by Nau et al. [START_REF] Nau | Human macrophage activation programs induced by bacterial pathogens[END_REF]. These authors describe that macrophages respond to a broad range of bacteria with a robust, shared pattern of gene expression. The alveolar macrophages in our study were activated after contact with S. suis independent of phagocytosis. Genes that were described to be part of this 'common activation program' share a lot of homology with our gene list of differentially regulated genes at timepoint 60 min (compared to timepoint 0). These data suggest that the alveolar macrophages in our study were all activated, independent of bacterial interaction.

However, not all macrophages were activated to the same extent. Macrophages that came into contact with wild type strain S10 induced the same genes, but a much weaker induction was observed, whereas control macrophages showed an even weaker induction of gene expression. The strong transcriptional response observed in macrophages after phagocytosing the capsular mutant, will probably result in a strong local innate immune response in vivo. This will create a hostile environment for the bacteria to prevent them from multiplication and spreading through the host. Since the transcriptional response of macrophages to the wild type strain 10 is much weaker, it is expected that a weaker immune response is induced locally. In this way capsule not only protects S. suis from phagocytosis, but indirectly suppresses the immune response.

When the list of regulated genes at timepoint 60 compared to timepoint 0 is studied in more detail, it is clear that the strongest regulated genes encode proteins involved in the proinflammatory host defense like IL-1-ß, TNF-α, MIP-2-α, IL-1-α and IκB being the signal transducer. The regulation of a selected number of genes encoding A c c e p t e d M a n u s c r i p t 23 pro-inflammatory proteins was confirmed using qPCR. Our data confirm previous publications that describe induction of a proinflammatory immune response after incubation of human monocytes with S. suis [START_REF] Dominguez-Punaro | Streptococcus suis serotype 2, an important swine and human pathogen, induces strong systemic and cerebral inflammatory responses in a mouse model of infection[END_REF][START_REF] Graveline | TLR2dependent recognition of Streptococcus suis is modulated by the presence of capsular polysaccharide which modifies macrophage responsiveness[END_REF][START_REF] Segura | Heat-killed Streptococcus suis capsular type 2 strains stimulate tumor necrosis factor alpha and interleukin-6 production by murine macrophages[END_REF][START_REF] Segura | CD14-dependent and -independent cytokine and chemokine production by human THP-1 monocytes stimulated by Streptococcus suis capsular type 2[END_REF][START_REF] Segura | Proinflammatory cytokine and chemokine modulation by Streptococcus suis in a whole-blood culture system[END_REF]. CD163 is one of the genes most strongly downregulated in alveolar macrophages. CD163 is a macrophage marker that is known to be regulated by pro-and antiinflammatory stimuli [START_REF] Buechler | Regulation of scavenger receptor CD163 expression in human monocytes and macrophages by pro-and antiinflammatory stimuli[END_REF]. The low expression level observed in alveolar macrophages correlates with the strong proinflammatory response that is also observed. This indicates that our data fit the known regulation of innate immune response in macrophages, thereby strengthening our findings. Activation of the innate immune response is controlled in large part by the Toll-like receptor (TLR) family of pattern-recognition receptors. TLRs are transmembrane proteins that recognize specific pathogen-associated molecular patterns [START_REF] Akira | Pathogen recognition and innate immunity[END_REF]. It was shown that S. suis can indeed bind to TLR2, both on human macrophages, as well as in vivo in murine brain [START_REF] Dominguez-Punaro | Streptococcus suis serotype 2, an important swine and human pathogen, induces strong systemic and cerebral inflammatory responses in a mouse model of infection[END_REF][START_REF] Graveline | TLR2dependent recognition of Streptococcus suis is modulated by the presence of capsular polysaccharide which modifies macrophage responsiveness[END_REF]. In our primary alveolar macrophages no increased expression of either one of the TLRs was observed upon stimulation with S. suis. However, expression of all TLRs included in our analysis (TLR 1,2,3,4,6,8,9,10) was detected on macrophages at all timepoints. This expression A c c e p t e d M a n u s c r i p t 24 correlates very well with the ready-to-react status described previously.

It seems that alveolar macrophages are constantly armed with sensors to detect invading bacteria. Therefore, it seems very likely that S. suis binds to one or more of the TLRs, resulting in the observed proinflammatory response.

When the induced genes were clustered to functional groups, some putative pathways were strongly regulated upon contact with S. suis such as the MAPK-signaling pathway, cytokine-cytokine receptor interaction, and cell cycle. The highest number of regulated genes were involved in the MAPK-signaling pathway . MAP-kinases are key regulators for the synthesis of numerous cytokines, chemokines, and other inflammatory mediators [START_REF] Dong | MAP kinases in the immune response[END_REF]. ERK, one of the MAPkinase subfamilies is strongly upregulated, thereby inducing the inflammatory cascade. However, ERK has not yet induced its selflimiting mechanism of MKP1, since MKP1 is downregulated at 60 minutes [START_REF] Wang | Regulation of innate immune response by MAP kinase phosphatase-1[END_REF]. This means that the process that terminates cytokine production is completely off after 60 minutes, allowing the inflammatory cascade to amplify NF-κB represents another important transcriptional regulator, which also induces expression of proinflammatory cytokines [START_REF] Pahl | Activators and target genes of Rel/NF-kappaB transcription factors[END_REF]. The is also involved in the induction of expression of proinflammatory cytokines we identified with the microarray, an alveolar macrophages cell line was used (3D4) [START_REF] Weingartl | Continuous porcine cell lines developed from alveolar macrophages: partial characterization and virus susceptibility[END_REF]. Despite the fact that this cell line was unable to phagocytose either wild type S. suis or the non encapsulated mutant, the cell line offers a good model to study the transcriptional effects of interaction with S. suis. An advantage o using a cell line is that the conditions are more standardized. When using primary cells, there is always the risk the cells get activated upon isolation. When using a cell line, this 'background' effect is lacking. Taken together, we show that after interaction of S. suis with alveolar macrophages a strong proinflammatory response is induced. Although this effect occurs independent of phagocytosis, the induction of gene expression was stronger in a population of macrophages that were incubated with the non-encapsulated S. suis that was phagocytosed.

Pathway analysis and NF-κB translocation studies showed that the differential gene expression is probably induced by two major signal transduction pathways, MAP-kinase and NF-κB. This is the first time S. suis induced translocation of NF-κB is described.
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  //www.ebi.ac.uk/microarray-as/ae/). was used to synthesize cDNA in a reaction containing 25 ng/μl random primers (Promega, Madison, WI, USA), 10 mM dNTPs (Promega), 10 mM DTT (Invitrogen), 40 U RNAsin (Promega) and SuperScriptII Reverse Transcriptase (Invitrogen) according to manufacturer's instructions. qPCR cDNA was diluted 20 times for qPCR analysis. Primers were designed using PrimerExpress software (Applied Biosystems, Foster City, CA, USA)

  independent of phagocytosis. NF-κB is an important transcriptional activator of pro-inflammatory cytokine gene expression. Therefore translocation of NF-κB to the nucleus of macrophages was studied after incubation with S. suis strain 10. Imunofluorescence microscopy revealed that the p65 subunit of NF-κB was translocated to the nucleus following infection with wild-type S. suis. Translocation of p65 was seen in approximately 10% of the macrophages (Figure3). A similar picture was seen in LPS-treated cells (positive control), whereas in control cells, p65 remained in the cytoplasm. To confirm that NF-κB translocation indeed induces a proinflammatory cytokine response, S. suis-IL-8, MCP-1, and ICAM-1 was studied by RT-PCR. Both S. suis strain 10 and the non-encapsulated mutant induced a

  , gene expression of alveolar macrophages interacting with S. suis was studied using a phagocytosis model. Microarray analysis demonstrated that within the first 15 minutes of incubation of macrophages with bacteria, hardly any differences in gene expression occurred in the alveolar macrophages, whereas they did exert their biological function of clearing the bacteria within that time period.These data indicate that macrophages can phagocytose bacteria without adapting their gene regulation. Apparently, all reagents and mechanisms are ready-to-react in alveolar macrophages. It was previously shown that PMNs are capable of phagocytosing several pathogenic bacteria within 30 minutes of time, whereas regulation of gene expression started after 90 minutes[START_REF] Kobayashi | Bacterial pathogens modulate an apoptosis differentiation program in human neutrophils[END_REF]. Taken together, these data suggest that macrophages start signaling after their primary task of clearing bacteria from the host. The alveolar macrophage cell line was unable to phagocytose S. suis. Weingartl et al. described that the 3D4 cell line could phagocytose latex beads, although only a limited percentage of cells were able to exhibit this ability and only after very long incubations (3 hr -overnight)[START_REF] Weingartl | Continuous porcine cell lines developed from alveolar macrophages: partial characterization and virus susceptibility[END_REF]. Based on these results it seems likely, the 3D4 cells lost (part A c c e p t e d M a n u s c r i p t 20 of) their capacity to phagocytose efficiently during the process of immortalization.

  raised an innate immune response and changed their cell cycle. This might potentially lead to phagocytosis or proliferation of macrophages.

  microarray results and in the conformational qPCR analysis, differences in the level of induction are observed between the incubation conditions. The strongest induction of gene expression was observed in alveolar macrophages incubated with S10cpsdelEF.

  NF-κB is located in the cytoplasm, whereas stimulation of the NF-κB pathway leads to a degradation of the inhibitory proteins IκB, resulting in NF-κB translocation into the cell nucleus. To study if NF-κB

  Immunofluorescencent staining of the p65 subunit of NF-κB allowed us to demonstrate nuclear translocation of the transcriptional regulator in response to S. suis infection indicating activation of NF-κB. This demonstrates for the first time that S. suis is able to induce NF-κB. NF-κB activation plays an established central role in the inflammatory process[START_REF] Pahl | Activators and target genes of Rel/NF-kappaB transcription factors[END_REF]. The S. suis induced translocation of NF-κB suggest that signal transduction upon interaction with S. suis not only acts via MAPkinase, but also via NF-κB. RT-PCR analyses showed that the translocation of NF-κB indeed resulted in an upregulation of innate immune genes such as IL-8, MCP, and ICAM. This regulation of A c c e p t e d M a n u s c r i p t 26 expression was not different between stimulation with encapsulated and non-encapsulated S. suis strains.
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 4 Figure 4. Contribution of S. suis to transcriptional activation of IL-8, MCP-1
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Table 1 .

 1 Primer sequences.

	Gene		
	name	Forward primer	Reverse primer
	TLR1	TGCTGGATGCTAACGGATGTC	AAGTGGTTTCAATGTTGTTCAAAGTC
	TLR2	TCACTTGTCTAACTTATCATCCTCTTG	TCAGCGAAGGTGTCATTATTGC
	TLR3	AGTAAATGAATCACCCTGCCTAGCA GCCGTTGACAAAACACATAAGGACT
	TLR4	GCCATCGCTGCTAACATCATC	CTCATACTCAAAGATACACCATCGG
	TLR6	AACCTACTGTCATAAGCCTTCATTC	GTCTACCACAAATTCACTTTCTTCAG
	TLR8	AAGACCACCACCAACTTAGCC	GACCCTCAGATTCTCATCCATCC
	TLR9	CACGACAGCCGAATAGCAC	GGGAACAGGGAGCAGAGC
	TLR10	CCTGTCCAACTGCCTCATTTG	CTAAGTGTTCTAAGGATGTGTTTCTG
	IL-1β	GGCCGCCAAGATATAACTGA	GGACCTCTGGGTATGGCTTTC
	IL-12	GGAGTATAAGAAGTACAGAGTGG	GATGTCCCTGATGAAGAAGC
	IL-8	TTCGATGCCAGTGCATAAATA	CTGTACAACCTTCTGCACCCA
	MIP-1β	CAGCACCAATGGGCTCAGA	TTCCGCACGGTGTATGTGA
	TNF-α	CGCCCACGTTGTAGCCAATGT	CAGATAGTCGGGCAGGTTGATCTC
	IL-6	GACAAAGCCACCACCCCTAA	CTCGTTCTGTGACTGCAGCTTATC
	GAPDH	TGCCAACGTGTCGGTTGT	TGTCATCATATTTGGCAGGTTTCT

Table 2A .

 2A Genelist of regulated genes in alveolar macrophages after incubation with S. suis strain 10 (S10), or its non-encapsulated mutant (S10cpsdelEF). Fold induction is expressed as expression level after incubation with S10 or S10cpsdelEF at timepoint 60 min compared to cells that were mock infected at timepoint 60 min. (-) Gene expression below cut-off of 2 fold induction

	Gene name Dynein Tumor necrosis factor (TNF-α) Chemokine ligand 4 (CCL4) Interleukin 1 beta (IL-1-ß)	Fold induction S10 S10delcpsEF 2.9 --3.9 -3.8 -3.6 a n u s c r i p t M
	Amphiregulin Put. Lymphocyte G0/G1 switch protein 2 BTG2 protein Macrophage inflammatory protein 2 alpha (MIP-2-α) Jumonji domain containing 3 Sertine/threonine proteins kinase PLK2 A c c e p t e d	------	3.0 2.9 2.2 2.2 2.1 2.0
	Pyruvate dehydrogenase kinase isozyme 4	-	-2.1
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Table 2B .

 2B Genelist of regulated genes in alveolar macrophages after incubation with S. suis strain 10 (S10), its non-encapsulated mutant (S10cpsdelEF) or PBS (mock). Fold induction is expressed as expression level at timepoint 60 min compared to timepoint 0 min of the same strain. (-) Gene expression below cut-off of 2 fold induction.

		Fold Induction	
	Gene Name	PBS (mock)	S10	S10
				cpsdelEF
	Interleukin-1-ß	16.1	16.6	47.2
	TNF-α	9.6	13.1	43.4
	Macrophage inflammatory protein-2-α	16.0	25.5	34.3
	Mitogen-activtated kinase (MAP3K8)	13.9	16.9	23.5
	Interleukin-1-α	12.6	16.0	22.1
	IκB	14.6	19.8	21.9
	Adrenomedullin	6.2	6.9	18.0
	Immediate early protein	4.3	5.9	15.8
	Activating transcription factor 3 (ATF-3)	12.8	12.4	14.8
	FosB	10.9	13.7	12.2
	Interleukin-8	8.1	10.3	10.8
	Mitogen-inducible gene 6	6.6	5.5	9.9
	Cytochrome P450	7.1	10.1	9.5
	Small inducible cytokine like 3 A1	-	-	9.2
	Chemokine Ligand 4 like (CCL4)	2.0	2.3	8.5
	Vascular endothelial growth factor A	8.1	8.9	8.4
	Phosphatidylcholine:ceramide	-2.8	-2.7	-3.0
	cholinephosphotranferase 1			
	Nuclear factor 1A	-	-	-2.8
	Muscleblind-like protein	-3.2	-3.0	-3.0
	P2Y purinoreceptor 5 (P2Y5)	-3.0	-2.9	-3.0
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