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Introduction

The enteric nervous system (ENS) is the intrinsic nervous system contained within the gastrointestinal tract. Composed of enteric neurons and glial cells (EGC), the ENS is organized into two major ganglionated plexi, the submucosal and the myenteric plexus. It is well established that enteric neurons and EGC are major regulators of motor and barrier functions [START_REF] Bush | Fulminant jejuno-ileitis following ablation of enteric glia in adult transgenic mice[END_REF][START_REF] Furness | The enteric nervous system and neurogastroenterology[END_REF][START_REF] Neunlist | The digestive neuronal-glial-epithelial unit: a new actor in gut health and disease[END_REF][START_REF] Rao | Enteric Glia Regulate Gastrointestinal Motility but Are Not Required for Maintenance of the Epithelium in Mice[END_REF]. Much less is known about their active implication in the regulation of the gastrointestinal immune functions.

Close proximity of immune cells like plasma cells, macrophages, mast cells, eosinophils or T lymphocytes to nerve structures has been reported in patients with Crohn's disease (MC) since decades [START_REF] Dvorak | Crohn's disease: transmission electron microscopic studies. III. Target tissues. Proliferation of and injury to smooth muscle and the autonomic nervous system[END_REF][START_REF] Dvorak | Differentiation between Crohn's disease and other inflammatory conditions by electron microscopy[END_REF][START_REF] Geboes | Major histocompatibility class II expression on the small intestinal nervous system in Crohn's disease[END_REF]. Mast cells and macrophages were also observed in apposition to nerve in the enteric plexus of nonlesioned animals [START_REF] Newson | Suggestive evidence for a direct innervation of mucosal mast cells[END_REF][START_REF] De Schepper | Self-Maintaining Gut Macrophages Are Essential for Intestinal Homeostasis[END_REF] and early accumulation of T cells was observed in enteric ganglia in animal models of colitis [START_REF] Pontell | Structural changes in the epithelium of the small intestine and immune cell infiltration of enteric ganglia following acute mucosal damage and local inflammation[END_REF].

Whether the enteric neural cells have an active role in the invasion of intestinal nerve structures by the immune cells remains to decipher but it has been shown that enteric neurons and glial cells can secrete neurotrophic factors, neuropeptides and neurotransmitters to which immune cells are sensitive [START_REF] Margolis | Enteric Neuronal Regulation of Intestinal Inflammation[END_REF][START_REF] Yoo | The Enteric Network: Interactions between the Immune and Nervous Systems of the Gut[END_REF].

Importantly, the secretion of GDNF by EGC was shown to regulate a subpopulation of innate lymphoid cells (ILC3) that reduces the susceptibility of mice to develop colitis [START_REF] Ibiza | Glial-cell-derived neuroregulators control type 3 innate lymphoid cells and gut defence[END_REF]. Other studies suggest that the ENS can also be a major source of cytokines or chemokines that could contribute to intestinal inflammation either directly or by modulating immune cell functions and phenotypes [START_REF] Rühl | Interleukin-6 expression and regulation in rat enteric glial cells[END_REF][START_REF] Tixier | Human mucosa/submucosa interactions during intestinal inflammation: involvement of the enteric nervous system in interleukin-8 secretion[END_REF][START_REF] Coquenlorge | Modulation of lipopolysaccharide-induced neuronal response by activation of the enteric nervous system[END_REF]. Altogether, these observations emphasize the need of better characterizing and studying the neuro-immune interactions during intestinal inflammation, and in particular in inflammatory bowel diseases (IBD).

IBD are chronic inflammatory bowel diseases encompassing ulcerative colitis (UC) and Crohn's disease [START_REF] Wallace | Immunopathology of inflammatory bowel disease[END_REF]. They are characterized by phases of relapse-remission, and due to severe complications such as fistulae, ulcer and obstruction, most patients undergo one or several surgeries through their life [START_REF] Thia | Risk factors associated with progression to intestinal complications of Crohn's disease in a population-based cohort[END_REF][START_REF] Frolkis | Risk of surgery for inflammatory bowel diseases has decreased over time: a systematic review and meta-analysis of population-based studies[END_REF]. To optimize their medical treatment and limit recurrence, predictive markers of post-operative relapse are currently under investigation. As several studies have identified the presence of plexitis in the proximal margin of intestinal resections as a powerful tool to predict relapse [START_REF] Ryan | Meta-analysis of Histological Margin Positivity in the Prediction of Recurrence After Crohn's Resection[END_REF], the accumulation of immune cells in and around the nerve enteric ganglia or bundle, has been recognized as a marker of post-operative recurrence in case of Crohn's disease [START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF]. Attempts to characterize the plexitis describe the presence of mast cells, eosinophils and T lymphocytes infiltrating the submucosal and/or myenteric plexus [START_REF] Bressenot | Submucosal plexitis as a predictor of postoperative surgical recurrence in Crohn's disease[END_REF][START_REF] Decousus | Myenteric plexitis is a risk factor for endoscopic 16 and clinical postoperative recurrence after ileocolonic resection in Crohn's disease[END_REF][START_REF] Ferrante | The value of myenteric plexitis to predict early postoperative Crohn's disease recurrence[END_REF][START_REF] Lemmens | Submucosal Plexitis as a Predictive Factor for Postoperative Endoscopic Recurrence in Patients with Crohn's Disease Undergoing a Resection with Ileocolonic Anastomosis: Results from a Prospective Single-centre Study[END_REF][START_REF] Milassin | Analysis of risk factorsespecially different types of plexitis -for postoperative relapse in Crohn's disease[END_REF][START_REF] Misteli | Myenteric plexitis at the proximal resection margin is a predictive marker for surgical recurrence of ileocaecal Crohn's disease[END_REF][START_REF] Sokol | Plexitis as a predictive factor of early postoperative clinical recurrence in Crohn's disease[END_REF]. However, little is known about the enteric neural cells involved in plexitis. Therefore, we explored the capacity of T lymphocytes to interact with enteric glial cells and neurons in vitro and in vivo.

Methods

Animals

Three-month-old and E15 pregnant female Sprague-Dawley rats (Janvier Laboratories, Le Genest-St-Isle, Fr) were housed in a 12-hours light/dark cycle with ad libitum access to food and water. The experiments were carried out in strict accordance with the recommendations of the Animal Care and Use Committee of Nantes (France). Animals were anesthetized with isoflurane and sacrificed by cervical dislocation.

Preparation and staining of T lymphocytes

For each independent experiment, the T lymphocytes were purified from the spleen of one rat as previously described [START_REF] Bonnamain | Expression of Heme Oxygenase-1 in Neural Stem/Progenitor Cells as a Potential Mechanism to Evade Host Immune Response[END_REF]. Briefly, the splenocytes were collected from the spleen by filtration through 100 µm nylon mesh filter, followed by the depletion of red blood cells. Then, splenocytes were counted and T cells were purified by negative sorting using anti-NKR-P1A (0.7 µg/mL, Thermo Fisher (TF), Waltham, US), anti-CD45RC (1 µg/mL, BD Biosciences (BD), San Jose, CA, US) and anti-CD11b/c (0.5 µg/mL, BD) antibodies associated with anti-mouse IgG coated Dynabeads (TF). T lymphocytes were cultivated in complete RPMI medium composed of RPMI 1640 (TF) supplemented with 10% inactivated fetal calf serum (Eurobio, Paris, Fr), 2 mM L-glutamine (TF), 1% non-essential amino acids (TF), 1 mM HEPES buffer (TF), 1 mM sodium pyruvate (TF), 100 U/mL penicillin and 0.1 mg/mL streptomycin (TF). Activation of T lymphocytes was performed by incubating the cells for three days in wells pre-coated with anti-CD3 antibodies (1 μg/mL, BD) in complete RPMI medium supplemented with anti-CD28 antibodies (2.5 μg/mL, BD) and 1 µM of 2-mercaptoethanol (Sigma-Aldrich (SA), St-Louis, US).

Before the co-cultures, T lymphocytes were counted and labeled with carboxyfluoresceinsuccinimidyl-ester (CFSE, TF) according to the manufacturer's protocol. After 5 min of incubation with 5 µM of CFSE at RT, the reaction was stopped by adding fetal calf serum, and the cells were washed two times with RMPI. For the time-lapse experiments, T cells were labeled with Hoechst-33342 (TF) prior their addition to the cultures of ENS cells. The staining was performed by incubating the T cells with 1 µg/mL of Hoechst-33342 during 30 min at 37°C, followed by two washes with RPMI.

Mixed primary cultures of Enteric Nervous System

Primary ENS cultures were prepared from E15 rat embryos as reported previously [START_REF] Chevalier | Activity-dependent regulation of tyrosine hydroxylase expression in the enteric nervous system[END_REF]. Briefly, the intestines were isolated, minced with scissors and digested for 15 min at 37°C with 0.1% (w/vol) trypsin (SA) in -F12 (1:1) (TF). Fetal calf serum (10%) and 0.01% (w/vol) of DNase (SA) was added. After 10 min of incubation at 37°C, the cells were isolated by mechanical dissociation and seeded at 2.4 x 10 5 cells per cm 2 on gelatin pre-coated plates in DMEM-F12 (1:1) supplemented with 10% FCS, 100 U/mL penicillin, 0.1 mg/mL streptomycin. The FCS-supplemented medium was then replaced by a serum-free medium composed of DMEM-F12 (1:1) supplemented with 1% of N2 (TF), 100 U/mL penicillin, 0.1 mg/mL streptomycin. Half of the supernatant was replaced twice per week. Cells were used for the co-culture experiments after twelve days of culture.

Co-cultures

Activated or non-activated CFSE-labeled T lymphocytes (30 000 per well in 48-well plate) were added to the primary ENS cultures and incubated for two hours at 37°C. The supernatant was gently removed. The plates were then carefully washed five times with warmed medium to eliminate the floating cells, fixed by 4% paraformaldehyde in PBS (vol/vol, ROTH Sochiel E.U.R.L, Lauterbourg, Fr) for 10 min and stored in PBS-azide at 4°C until use.

Immunocytochemistry

Fixed co-cocultures were incubated for 2 hrs at room temperature (RT) in PBS supplemented with 5% (vol/vol) horse serum (TF) and 0.1% (vol/vol) triton X-100 (SA). Cells were then stained with mouse IgG2a anti-SMA (1/500, Abcam, Paris, Fr), mouse IgG2b anti-HuC/D

(1/500, TF), mouse anti-PGP9.5 (1/1000, TF) or rabbit anti-S100β (1/1000, Dako Agilent, Santa Clara, US) antibodies in PBS supplemented with 5% horse serum. After 12 hrs at 4°C, the cells were washed and incubated for 2 hrs at RT with conjugated goat anti-mouse IgG (1/500, Jackson ImmunoResearch, JIR, Baltimore, US), goat anti-mouse IgG2a (1/500, JIR), goat anti-mouse IgG2b (1/500, JIR) and goat anti-Rabbit (1/500, JIR). Nuclei were stained with DAPI (1µg/mL, SA).

Micrographs were taken using confocal microscope Nikon A1 RSi (Nikon SAS, Champigny sur Marne, Fr) or IN Cell Analyzer 2200® (GE Healthcare, Velizy-Villacoublay, Fr).

The surface covered by the enteric neurons and glial cells was estimated automatically by the Developper Toolbox software (GE Healthcare Lifesciences) based on the intensity of PGP9.5 and S100β staining, respectively. As neuronal and glial staining often overlap, the total neural cell surface was calculated as followed: (surface covered by PGP9.5 + staining + surface covered by S100β + staining) -(surface covered by both PGP9.5 + and S100β + staining).

Immunohistochemistry

Transmural paraffin sections (5 µm) were prepared from the proximal margin of ileocolonic resections of patients with Crohn's disease (n=10) or control (n=5) (Anatomical pathology department, CHU of Nantes, France). For control patients, sections were performed away from the tumor tissue. Sections were deparaffined by incubating the slides in two successive baths of xylene (2 x 7 min), then in three successive baths of ethanol (100% -5 min, 95% -4 min, 70% -3 min). After two baths of distilled water (2 x 2 min), sections were incubated in antigen retrieval solution (10 mM Trizma base, 1 mM EDTA, pH 9) during 90 sec at 110°C in a deckloaking chamber (DC2012-220V, Biocare Medical). The sections were washed three 

Cell counting

Co-cultures of rat T cells and enteric neural cells

T cells in close proximity (no black pixel between the different staining and/or on the top of PGP-9.5 + or S100β + cells) were counted on the micrographs (pixel size: 0.324 µm) taken by the INCell Analyzer. Each experiment was performed on independent cultures of ENS and T cells. For each independent experiment, each condition was replicated in three wells and a minimum of 200 T cells was analyzed per well. The median values of the triplicate of independent experiments (n) were used to perform the statistical analyses.

Human transmural sections

The CD3 + T cells observed in close proximity or on the top of Hu + or S100β + cells were counted on micrographs (pixel size: 0.413 µm) taken by the Axio Zoom.V16® (Zeiss, Oberkochen, D). The whole interface between circular and longitudinal muscle cell layers was visualized, and images were taken when stained ENS cells were observed. The number of T cells in close proximity with enteric neurons or EGC was then expressed in mean number of T cells per ganglia or per cells, respectively.

Time-lapse

To analyze the dynamic interactions between T lymphocytes and neural cells, activated T cells were labeled with CFSE or Hoechst-33342 and added (30 000 T cell/well) to ENS primary cultures. Then, the co-cultures were (1) immediately analyzed by time-lapse for two hours (n=3), or (2) incubated for forty minutes, carefully washed four times to remove the non-adherent cells and then analyzed by time-lapse for eighty minutes (giving a total of two hours of co-cultures) (n=3). Time-lapse recording (one image/min) was performed at 37°C under 4% CO2 using the IN Cell 2200® Analyzer. Three fields per well were recorded in three wells for each independent experiment and analyzed.

Statistics

Results were presented as mean +/-standard error of the mean (SEM) and analyzed with the non-parametric Mann-Whitney 2-sided U test using GraphPad Prism (GraphPad Software, San Diego, CA, US). *, p<0.05; **, p<0.01.

Results

T cells are in close proximity to enteric neurons and EGC in mixed primary cultures of ENS.

To analyze the interactions between enteric neural cells and T lymphocytes, mixed primary cultures of ENS were cultured for 12 days and activated T cells were added to the ENS cultures. Dynamic of the cell interactions was analyzed by time-lapse. After the addition of activated T cells to the ENS cultures, bright-field images were immediately captured every minute for two hours. In the movies, we observed that after sedimentation, T cells did not move far from their original position during the two hours of co-cultures, but part of them extend cytoplasmic processes on the underlying cell layer (Movie 1). Interestingly, active "scanning-like" behavior was observed with sometimes apparent attempt to penetrate into the ENS cell layer (movie 2). To show that T cells adhere to ENS cultures, a second set of experiments was performed in which activated T cells stained with Hoechst were cocultivated for 40 min with ENS cultures before four careful washes. Then, the co-cultures were analyzed by time-lapse for 80 min. A lower amount of T cells was observed in these cocultures, but their behavior was similar presenting a "scanning-like" movement rather than an "on/off" adhesion (movie 3).

To characterize these cultures, triple immunocytochemistry was performed using antibodies against S100β (EGC), HuC/D (neurons) and SMA (smooth muscle cells). As illustrated in the figures 1A-D, the entire surface of the wells was covered by a layer of SMA-positive cells.

On the top of this layer, ganglia of Hu-positive cells surrounded by S100-positive cells were clearly observed. Analyzes by confocal microscopy showed that the neurons were positioned on the top of EGC and muscle cell layers (Fig. 1E). These cultures were used to determine whether T lymphocytes were able to interact with enteric neural cells. For this purpose, rat T lymphocytes were stained with CFSE and added to the mixed primary cultures of ENS. After two hours of co-culture, CFSE-positive cells were found to be adherent to the ENS cell layers.

To analyze these interactions, the supernatants were removed and the cultures were carefully washed five times with warmed medium to eliminate the floating cells. The cultures were then fixed and double immunocytochemistry was performed with antibodies against PGP9.5 (neurons) and S100β (EGC). Microscopy analyzes revealed that numerous adherent CFSEpositive cells are located in close proximity to PGP9.5-and/or S100β-positive staining (Fig. 1F). Z-reconstruction of confocal images confirmed the close proximity of T lymphocytes to PGP9.5-positive neurites, S100β-positive cells or both in primary ENS cultures (Fig. 1G-I).

Activation of T lymphocytes increases their capacity to adhere to the ENS cultures.

Activation of immune cells leads to rapid behavioral changes which may modify their capacity to interact with the three types of cells present in the mixed primary ENS culture. To evaluate this point, T lymphocytes were activated or not with anti-CD3/anti-CD28 antibodies for three days, next stained with CFSE and co-cultivated for two hours with mixed primary ENS cultures. After the elimination of floating T lymphocytes, the number of total adherent CFSE-positive cells was counted. As shown in the figure 2A, the number of total adherent activated T lymphocytes per mm2 of culture was significantly increased by 2.28 fold compared to non-activated T lymphocytes indicating that T cell activation increased their general capacity to adhere to mixed primary ENS cultures. Since 30 000 non-activated or activated T cells were added to the ENS cultures, the percentages of adherent T cells after two hours of co-culture were 5.2 % +/-1.01 and 11.88 % +/-1.9, respectively (Fig 2 -B). To further explore the interactions of T lymphocytes with enteric neural cells, the co-cultures were immunostained with antibodies against neural markers and the number of T lymphocytes in close proximity to PGP9.5-or S100β-positive cells was quantified as described in the methods sections. The number of activated T lymphocytes in close proximity to enteric neurons and glial cells was 2.4-fold higher than the number of non-activated T lymphocytes (Fig. 2C).

No obvious sign of ENS degeneration was observed in the presence of non-activated or activated T lymphocytes during time-lapse analyze or in the immunostained co-cultures.

T lymphocytes preferentially adhere to enteric neural cells in mixed primary cultures of ENS.

In the mixed primary ENS cultures, adherent T lymphocytes were often observed close to neural ganglia or interganglionic fibers. Therefore, quantitative analyzes were performed to determine whether T lymphocytes preferentially adhere to neurons and glial cells in cultures composed of enteric neural cells and smooth muscle cells. They revealed that 72.9% +/-2.1 of non-activated T lymphocytes (Fig. 2C) and 76.3% +/-3.9 of activated T lymphocytes (Fig. 2 D) were observed in close proximity to PGP9.5-and/or S100β-positive cells (mean +/-SEM).

These percentages were all the more remarkable that the area occupied by both neural cell types were less than 50 % of the total well surface. Indeed, PGP9.5-and S100β-positive cells occupied 26.8% +/-2.1 and 32.6% +/-2.2 of the surface area, respectively, but the total area covered by both neural cell types was estimated at only 46.5% +/-2.9 due to neuron and EGC overlapping (Fig. 2E). These data suggest privileged proximity of T lymphocytes with neural cells and according to the statistical analyzes, T cell activation had no effect on this preferential adhesion in mixed primary ENS cultures (p=0.67). To determine whether T lymphocytes preferentially interact with one type of neural cells, we quantified the number of T cells in close proximity only to PGP9.5, only with S100β cells or with both cell types. The results indicate that over 90% of the non-activated T lymphocytes (91.3% +/-1.03; Fig. 2F) and activated T lymphocytes (93.9 % +/-1.9; Fig. 2G) were in close proximity to both neurons and EGC.

T cells are in close proximity to both neurons and glial cells in the myenteric ganglia of patients with Crohn's disease.

Finally, investigations were carried out to determine whether T lymphocytes can interact with EGC and enteric neurons in patients during Crohn's disease. For this purpose, transmural paraffin sections were prepared from the proximal margin of ileocolonic resections of patients with Crohn's disease. Anti-CD3 immunohistochemistry combined with hematoxylin-eosin staining showed that T cells were present in and around the myenteric ganglia (Fig. 3A) as previously reported. Serial sections were then stained with anti-CD3 combined with anti-HuD or anti-S100β antibodies. Apotome imaging revealed the presence of T cells in close proximity to EGC (Fig. 3B) and enteric neurons (Fig. 3C) within the myenteric ganglia. In the submucosal plexus, T cells were clearly present around the submucosal ganglia (less than 20 µm) in all the patients, but close proximity of CD3 cells to S100β-or Hu-positive cells was rarely observed (Fig. 3D-E).

To quantify the T cells in close proximity to neurons and/or EGC in the myenteric ganglia, the number of CD3 cells was determined in the intestinal resections from ten patients with Crohn's disease and five patients with colorectal cancer. The mean number of T cells in close proximity to neurons was not significantly different in the myenteric ganglia of patients with Crohn's disease or cancer (Fig. 3-G). However, the mean number of T cells in close proximity with EGC per ganglia was significantly higher in patients with Crohn's disease (3.9+/-0.89) as compared to patients with cancer (1.35+/-0.12, p = 0.026) (Fig. 3-F).

Discussion

Accumulation of immune cells within and around the enteric nervous plexus is observed in

Crohn's disease and the presence of enteric plexitis in the proximal margin of intestinal resection is a marker of post-operative recurrence [START_REF] Ferrante | The value of myenteric plexitis to predict early postoperative Crohn's disease recurrence[END_REF][START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF]. The localization (submucosal or myenteric) and the type of immune cells described in the enteric plexitis vary but T lymphocytes are regularly observed [START_REF] Bressenot | Submucosal plexitis as a predictor of postoperative surgical recurrence in Crohn's disease[END_REF][START_REF] Decousus | Myenteric plexitis is a risk factor for endoscopic 16 and clinical postoperative recurrence after ileocolonic resection in Crohn's disease[END_REF][START_REF] Ferrante | The value of myenteric plexitis to predict early postoperative Crohn's disease recurrence[END_REF][START_REF] Lemmens | Submucosal Plexitis as a Predictive Factor for Postoperative Endoscopic Recurrence in Patients with Crohn's Disease Undergoing a Resection with Ileocolonic Anastomosis: Results from a Prospective Single-centre Study[END_REF][START_REF] Milassin | Analysis of risk factorsespecially different types of plexitis -for postoperative relapse in Crohn's disease[END_REF][START_REF] Misteli | Myenteric plexitis at the proximal resection margin is a predictive marker for surgical recurrence of ileocaecal Crohn's disease[END_REF][START_REF] Sokol | Plexitis as a predictive factor of early postoperative clinical recurrence in Crohn's disease[END_REF]. In contrast, nothing is known about the enteric neural cells involved in plexitis and whether plexitis play a role in Crohn's disease or are a mere epiphenomenon of T cell infiltration within the gut during inflammation. In order to address these issues, a first major step is to better characterize the nature of plexitis and in particular, whether close proximity exists between enteric neural cells and T cells. In this general context, our study brings novel insights by demonstrating that T lymphocytes are in close proximity to S100β-positive EGC and Hu-positive enteric neurons in the myenteric ganglia of patients with Crohn's disease. Such cell arrangements could be also detected in tumor-free transmural sections of patients with cancer, but the number of T cells in close proximity to EGC in the myenteric ganglia was significantly higher in patients with Crohn's disease. In the present work, the number of T cells in close proximity to enteric neurons was not significantly different in patients with cancer or Crohn's disease, but such an observation should be verified with a larger cohort of patients. T cells were also present around the submucosal ganglia of patients with Crohn's disease but close vicinity of T cells with neural cells in these ganglia was rare in the analyzed sections.

In the present paper, we also demonstrate that T lymphocytes adhere to ENS culture and are preferentially in close proximity to neural cells in mixed primary cultures containing EGC, enteric neurons and smooth muscle cells. The mechanism of these neuro-immune interactions remains to be deciphered but according to different studies, enteric neurons and EGC are capable of producing adhesion molecules and chemoattractant factors. Thus, increased levels of ICAM-1 and eotaxin-3 transcripts were observed in the enteric neural ganglia of patients with inflammatory bowel disease [START_REF] Smyth | Activated eosinophils in association with enteric nerves in inflammatory bowel disease[END_REF]. On the other hand, Burgueño et al. showed that rat enteric neurons produced and released the monocyte chemoattractant protein MCP-1 in the rat ENS cultures [START_REF] Burgueño | TLR2 and TLR9 modulate enteric nervous system inflammatory responses to lipopolysaccharide[END_REF]. An expression of MCP1 mRNA was also reported in primary mouse EGC after IL-1β exposure [START_REF] Stoffels | Postoperative ileus involves interleukin-1 receptor signaling in enteric glia[END_REF].

In organotypic cultures derived from human intestinal biopsies, a production of IL-8 was observed in enteric neurons when ENS cells were co-cultivated with toxin-B pretreated epithelium [START_REF] Tixier | Human mucosa/submucosa interactions during intestinal inflammation: involvement of the enteric nervous system in interleukin-8 secretion[END_REF]. This is of great interest as IL-8 derived from the neuron-like cells NT2-N induces the chemoattraction of peripheral blood mononuclear cells [START_REF] Tixier | Intestinal neuro-epithelial interactions modulate neuronal chemokines production[END_REF]. As IL-1β is implicated in the production of these chemoattractant mediators, future analyzes should take into account the inflammatory environment when studying the interactions between T lymphocytes and enteric neural cells. In this regards, inflammatory conditions are all the more important to consider as they favor the production of metalloproteinases by macrophages or EGC [START_REF] Pender | Role of macrophage metalloelastase in gut inflammation[END_REF][START_REF] Lin | Interleukin-1beta and interleukin-6 stimulate matrix metalloproteinase-9 secretion in cultured myenteric glia[END_REF] which in turn, may participate to extracellular remodeling and favor the penetration of T cells into the myenteric ganglia through the ganglionic sheet.

Studies on glial cells from the central nervous system are also of great interest as they show that interactions between astrocytes and T lymphocytes have an important role in the presentation of antigens [START_REF] Fontana | Astrocytes present myelin basic protein to encephalitogenic T-cell lines[END_REF][START_REF] Barcia | T cells' immunological synapses induce polarization of brain astrocytes in vivo and in vitro: a novel astrocyte response mechanism to cellular injury[END_REF] and in the regulation of T cell activation/proliferation [START_REF] Wekerle | Immune reactivity in the nervous system: modulation of T-lymphocyte activation by glial cells[END_REF][START_REF] Gimsa | Astrocytes protect the CNS: antigen-specific T helper cell responses are inhibited by astrocyte-induced upregulation of CTLA-4 (CD152)[END_REF]. Interestingly, using a mice model of experimental autoimmune encephalomyelitis, Filipello et al. have recently described a contact-dependent bidirectional mechanism between astrocytes and T lymphocytes that favor the differentiation of T cells toward an immunosuppressive phenotype [START_REF] Filipello | Ectonucleotidase activity and immunosuppression in astrocyte-CD4 T cell bidirectional signaling[END_REF]. These observations strengthen the importance of close interactions between glial cells and T lymphocytes in the development and regulation of immune and/or inflammatory responses. Finally, it would be interesting to determine whether these close interactions between T lymphocytes and EGC induce changes and lead to functional modifications in both immune and neural cells as reported for the interactions between muscularis macrophages and enteric neurons [START_REF] Muller | Crosstalk between Muscularis Macrophages and Enteric Neurons Regulates Gastrointestinal Motility[END_REF] as well as for EGC and ILC3 [START_REF] Ibiza | Glial-cell-derived neuroregulators control type 3 innate lymphoid cells and gut defence[END_REF].

Conclusion

The demonstration that T lymphocytes preferentially adhere to neural cells in mixed primary ENS cultures raises new perspectives for understanding the development and establishment of plexitis in patients with Crohn's disease. Identifying the molecular actors and pathways involved in these mechanisms may also serve to determine the functional consequences of T cell -ENS cell interactions, and in particular whether adhesion of T lymphocytes to enteric neural cells could participate to the evolution of inflammatory bowel diseases. 
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 2 Figure 2: Quantitative analyze of non-activated (T) and activated T lymphocyte (ActT) adhesion on primary ENS cultures after two hours of co-culture. A: Number of total adherent non-activated (T) or activated T lymphocytes (ActT) per mm 2 of cell culture. B: Percentage of non-activated T lymphocytes (T) or activated T lymphocytes (ActT) adherent to all cell types in the ENS cultures after two hours of co-culture. The percentage is expressed relative to the number of T cells added to the ENS cultures. C: Number of non-activated (T) or activated T lymphocytes (ActT) in close proximity with S100β + (EGC) or PGP9.5 + (Neurons) cells per mm 2 of culture. D-E: Percentage of non-activated (D, n=4) or activated T lymphocytes (E, n=5) in close proximity(Cp) or not (NCp) to EGC and/or neurons. Percentage is expressed relative to the total number of adherent T lymphocytes. F: Percentage of the surface covered by PGP9.5 + cells, S100β + cells or both (PGP9.5 + S100β -100% overlay) in primary ENS cultures (n=8). G-H: Percentage of non-activated (F, n=4) and activated T lymphocytes (G, n=5) in close proximity only with neurons (PGP9.5 + ), only with EGC (S100β + ) or with both cell types (Both). Data were expressed as mean +/-SEM. Statistics: Mann-Whitney U test; *, p<0.05; **, p<0.01.

Figure 3 :

 3 Figure 3: T cell plexitis in enteric ganglia of patients with Crohn's disease. A: Visualization of T cells in myenteric ganglia after staining with anti-CD3 antibodies (brown) and hematoxylin-eosin. B-C: Serial sections of the myenteric ganglia double stained with anti-CD3 (green) / anti-S100β (red) antibodies (B) or anti-CD3 (orange) / anti-HuD (blue) antibodies (C). D-E: Serial sections of the submucosal ganglia double stained with anti-CD3 (green) / anti-S100β (red, D) or anti-HuD (blue, E) antibodies. F: Number of CD3 + T cells per myenteric ganglia (ggn) in close proximity to EGC (S100+) or (G) number of CD3 + T cells per neuron (Hu+) in close proximity with the cell body of enteric neurons (G). The quantitative analyzes were performed on intestinal tumor-free resections from five patients with colorectal cancer (ctrl) and ten patients with Crohn's disease (Crohn). Data were
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