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Introduction en français

Les troubles neurologiques fonctionnels (TNF) sont définis dans le DSM-5 (1) par la présence de symptômes neurologiques, tels qu'une altération de la motricité volontaire (faiblesse, paralysie…) ou des fonctions sensorielles (perturbations sensitives, visuelles…), en l'absence de lésion L'expression anormale de GFAP, marqueur d'activation astrocytaire, intervient lors des processus neuroinflammatoire et neurodégénératif [START_REF] Li | Neurochemical regulation of the expression and function of glial fibrillary acidic protein in astrocytes[END_REF]. Chez les patients souffrant de sclérose en plaque, une maladie neuroinflammatoire et neurodégénérative, l'expression de GFAP a été corrélé avec la sévérité du handicap et des lésions de la substance blanche [START_REF] Abdelhak | Serum GFAP as a biomarker for disease severity in multiple sclerosis[END_REF]. Les données sur la GFAP dans les maladies psychiatriques dont controversées, bien qu'il semble y avoir une atteinte de la fonction astrocytaire avec une diminution des taux de GFAP chez les patients souffrant de dépression [START_REF] Enache | Markers of central inflammation in major depressive disorder: A systematic review and meta-analysis of studies examining cerebrospinal fluid, positron emission tomography and post-mortem brain tissue[END_REF].

Un autre médiateur important de la réponse inflammatoire du système nerveux central, la MCP-1/CCL2, qui est également associée aux rechutes dans la sclérose en plaque, a été identifié dans le sérum de patient déprimés [START_REF] Grassi-Oliveira | Peripheral chemokine levels in women with recurrent major depression with suicidal ideation[END_REF].

A notre connaissance, aucune étude s'est intéressée au lien entre la GFAP ou la MCP-1/CCL2 et les TNF.

Les neurofilaments à chaines légères sont un biomarqueur prometteur en tant qu'aide au diagnostic différentiel entre les troubles neurologiques et psychiatriques [START_REF] Shweiki | Neurofilament light chain as a blood biomarker to differentiate psychiatric disorders from behavioural variant frontotemporal dementia[END_REF]. Les neurofilaments sont des protéines de structure retrouvés exclusivement au niveau des axones des neurones et le renouvellement est faible [START_REF] Khalil | Neurofilaments as biomarkers in neurological disorders[END_REF]. Leur dosage est facilement accessible dans le sang [START_REF] Kuhle | Comparison of three analytical platforms for quantification of the neurofilament light chain in blood samples: ELISA, electrochemiluminescence immunoassay and Simoa[END_REF][START_REF] Gisslén | Plasma Concentration of the Neurofilament Light Protein (NFL) is a Biomarker of CNS Injury in HIV Infection: A Cross-Sectional Study[END_REF]. Leur utilité a été démontrée dans la sclérose en plaque en tant que marqueur diagnostic et pronostic ainsi que pour évaluer la réponse aux traitements [START_REF] Disanto | Serum Neurofilament light: A biomarker of neuronal damage in multiple sclerosis: Serum NfL as a Biomarker in MS[END_REF]. patients with FND that could be considered as state markers as they disappeared during the followup. They also demonstrated an association between baseline brain metabolism with the clinical outcomes at 3 months of follow-up in the inferior frontal gyrus, orbitofrontal cortex, subgenual anterior cingulate cortex, primary motor cortex, supplementary motor area, putamen and thalamus [START_REF] Conejero | Association between brain metabolism and clinical course of motor functional neurological disorders[END_REF].

Identifier
Research on immune system dysregulation in psychiatric disorders has shown growing interest in recent years and numerous studies have highlighted a relationship between psychiatric disorders and low-grade inflammation [START_REF] Büyükaslan | Evaluation Of Mean Platelet Volume, Red Cell Distributed Width And Neutrophil To Lymphocyte Ratio In Conversion Disorder[END_REF][START_REF] Paredes-Echeverri | Autonomic, Endocrine, and Inflammation Profiles in Functional Neurological Disorder: A Systematic Review and Meta-Analysis[END_REF][START_REF] Goldsmith | A meta-analysis of blood cytokine network alterations in psychiatric patients: comparisons between schizophrenia, bipolar disorder and depression[END_REF]. In particular the pro-inflammatory cytokines TNF-α, IL-1β, IL-6, IFN-γ and the anti-inflammatory IL-10 have been among the most studied [START_REF] Dowlati | A Meta-Analysis of Cytokines in Major Depression[END_REF][START_REF] Beurel | The Bidirectional Relationship of Depression and Inflammation: Double Trouble[END_REF]. In fact, their secretion profile is related with an imbalance between the M1 (IL-1β, TNF-α, IL-6 and CCL2

producing) and M2 (IL-10 producing) phenotypes of macrophages and microglia , and has been linked with the neuroinflammatory processes across psychiatric disorders [START_REF] Nakagawa | Diversity and plasticity of microglial cells in psychiatric and neurological disorders[END_REF]. In depressive disorder, a recent meta-analysis reported increased levels of IL-1ra, rsIL-2, IL-6, IL-10, IL-18, TNFα, MCP-1/CCL2, and a decrease of IFN-γ [START_REF] Köhler | Peripheral cytokine and chemokine alterations in depression: a meta-analysis of 82 studies[END_REF].

The research concerning inflammatory process during FND symptoms is at its early stage (8), however several evidence may suggest its involvement in the pathophysiology of motor FND: i) "sickness behaviours" involve behavioural changes partly similar to those observed in patients with motor FND [START_REF] Dimsdale | A Biological Substrate for Somatoform Disorders: Importance of Pathophysiology[END_REF] and are experimentally induced by inflammatory cytokines (IL-1, IL-6 and TNF-α) in animal models [START_REF] Slavich | From stress to inflammation and major depressive disorder: A social signal transduction theory of depression[END_REF][START_REF] Harrison | Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate Activity and Mesolimbic Connectivity[END_REF] ; ii) peripheral inflammation induces changes of brain activity in regions also involved in motor FND [START_REF] Harrison | Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate Activity and Mesolimbic Connectivity[END_REF][START_REF] Brydon | Peripheral Inflammation is Associated with Altered Substantia Nigra Activity and Psychomotor Slowing in Humans[END_REF][START_REF] Eisenberger | Inflammation-Induced Anhedonia: Endotoxin Reduces Ventral Striatum Responses to Reward[END_REF] ; iii) inflammatory cytokines have been shown to cross the blood-brain barrier and modulate the functioning of the central nervous system [START_REF] Irwin | Reciprocal regulation of the neural and innate immune systems[END_REF][START_REF] Pavlov | Neural regulators of innate immune responses and inflammation[END_REF][START_REF] Sternberg | Neural regulation of innate immunity: a coordinated nonspecific host response to pathogens[END_REF].

In addition, the levels of GFAP (Glial Fibrillary Acidic Protein) and MCP-1/CCL2 (Monocyte Chemoattractant Protein-1/C-C motif chemokine ligand 2), which underlie the inflammatory response within the central nervous system, are supposed to be associated with motor FND for further reasons. For instance, over expression of GFAP (Glial Fibrillary Acidic Protein) occurs in neuroinflammation and neurodegeneration process and may be a marker of astrocytic activation [START_REF] Li | Neurochemical regulation of the expression and function of glial fibrillary acidic protein in astrocytes[END_REF]. Moreover, GFAP expression has been correlated with the severity of disability and white matter lesions in patients diagnosed with multiple sclerosis [START_REF] Abdelhak | Serum GFAP as a biomarker for disease severity in multiple sclerosis[END_REF] and impaired astrocyte function with a lower GFAP level seems to occur in patients with depression [START_REF] Enache | Markers of central inflammation in major depressive disorder: A systematic review and meta-analysis of studies examining cerebrospinal fluid, positron emission tomography and post-mortem brain tissue[END_REF]. Finally, MCP-1/CCL2 has been identified in the serum of depressed patients [START_REF] Grassi-Oliveira | Peripheral chemokine levels in women with recurrent major depression with suicidal ideation[END_REF] and also associated with multiple sclerosis relapses. However, no study has investigated the link between GFAP or MCP1/CCL2

and FND yet.

Neurofilament light chains are structural proteins found exclusively in the axons of neurons with a low turnover [START_REF] Khalil | Neurofilaments as biomarkers in neurological disorders[END_REF]. Their level in serum is suggested to increase under pathological states involving loss of axonal integrity, thus helping to differentiate between neurological and psychiatric diagnoses [START_REF] Shweiki | Neurofilament light chain as a blood biomarker to differentiate psychiatric disorders from behavioural variant frontotemporal dementia[END_REF] . Their dosage is easily accessible in the blood [START_REF] Kuhle | Comparison of three analytical platforms for quantification of the neurofilament light chain in blood samples: ELISA, electrochemiluminescence immunoassay and Simoa[END_REF][START_REF] Gisslén | Plasma Concentration of the Neurofilament Light Protein (NFL) is a Biomarker of CNS Injury in HIV Infection: A Cross-Sectional Study[END_REF] and their usefulness has been demonstrated in multiple sclerosis, as a diagnostic and prognostic marker and to evaluate the treatment response [START_REF] Disanto | Serum Neurofilament light: A biomarker of neuronal damage in multiple sclerosis: Serum NfL as a Biomarker in MS[END_REF]. Nonetheless, neurofilaments have never been investigated in patients with FND despite growing evidence of their association with cerebral structural modifications.

The identification of peripheral biomarkers associated with motor symptoms and abnormalities of brain metabolism at symptom onset during motor FND would allow clinicians to better understand their pathophysiology and the factors associated with their clinical course. This knowledge would aid developing less invasive diagnostic tools, and thus would improve patient clinical management.

Hence, we hypothesize that blood inflammatory markers are increased in patients with first episode of motor FND, and that their level is associated with the course of motor symptoms. We also hypothesize that inflammatory markers are associated with brain metabolism at baseline and during follow-up in this population.

The aim of our study is to evaluate the levels of neurofilaments, GFAP and inflammatory cytokines in serum in patients with first episode of motor FND at symptom onset and to compare these levels with those of affective controls. We also aimed at evaluating their association with the evolution of motor symptoms during follow-up in patients with motor FND assessed by validated neurological scale. Finally, we studied their association with the modifications of brain metabolism assessed by brain H0 18F-fluorodeoxyglucose positron emission computed tomography (FDG-PET) at baseline and during follow-up in this clinical group.

MATERIALS AND METHODS

Study Design

Methods were adapted from Conejero et al., 2022 (6). Each patient with motor FND defined according to the DSM-IV-TR criteria underwent a resting-state brain H0 18F-fluorodeoxyglucose positron emission computed tomography (FDG-PET), in the department of nuclear medicine of the University Hospital Center of Nîmes (France). In the same day, patients were assessed by a neurologist using the Expanded Disability Status Scale (EDSS) and the National Institute of Health Stroke Scale (NIHSS), and by a psychiatrist using the Halmilton Depression Scale (HAMD) and Hospital Anxiety and Depression scale (HADS). Blood samples were drawn immediately after the consultation. Serum samples were then frozen at -80° for preservation. At the 3 months follow-up visit, all these assessments were repeated. All psychotropic treatments during the 24 hours prior to the FDG-PET were recorded.

For the purposes of the present study, part of the samples collected at inclusion and at 3 months were thawed for biological analyses.

Correlations were performed between the measured biomarkers in the serum, and clinical and brain metabolism data.

Study participants

Patients with FND were included if euthymic at the time of evaluation and were recruited in the 18, IL-1ra and IL-2ra. Each assay was performed in triplicate in patients with motor FND and in affective control individuals.

All the assays were performed in the Hospice Civils university hospital in Lyon, France.

Outcomes

The endpoints to evaluate in patients with a first episode of motor FND, were: i) the levels of biological markers (nerofilaments, GFAP and cytokines) in the serum of patients with motor FND at inclusion and 3 months to follow-up compared with those of affective control individuals; ii) the correlation between the levels of biological markers at baseline in patient with motor FND and their clinical symptoms at inclusion iii) the correlation between the changes of biological markers levels and the changes in EDSS and NIHSS status between inclusion and 3 months.; iv) the correlation between the levels of biological markers at baseline in patient with motor FND and their resting-state brain metabolism at inclusion; v) the correlation between the changes of biological markers levels and the modification of the resting state brain metabolism in patient with motor FND between inclusion and 3 months.

Statistical analysis

Statistical analysis was performed using Prism software and SAS (9.4; SAS Inc., Cary NC). Data were expressed using numbers and associated percentages for categorical variables, and mean (SD) or median [25th percentile -75th percentile] depending on the distribution for quantitative variables. Comparison between cytokine levels of patients with motor FND and of affective controls were performed using Mann-Whitney test for nonparametric data. Correlations between cytokines and neurological scale scores, and between cytokines and metabolic values in each brain region of interest in patients with motor FND were assessed using a nonparametric Spearman rank correlation coefficient. The significance level was set at p < 0.05. No sample size assessment was performed because this was a pilot study.

RESULTS

Sample description

In the current study, seventeen patients with motor FND were involved in the baseline analysis.

Among the twenty-three patients screened, six patients were excluded (2 FDG-PET not performed, 1 comorbid Marchiafava-Bignami disease, 1 bioassay outlier, 1 bioassay not performed and 1 refusal to participate). At 3 we analysed the data of the 14 patients with motor FND (two patients were lost to follow-up and one patient withdrew consent). The flow chart is provided in figure 1.

The baseline clinical and biological characteristics of the patients with a motor FND are reported in Table 1. The median age of the patients with motor FND was 45 [35-51] and 1/17 was a male (6%). The median EDSS score was 2.5 [1 -6] and the median NIHSS score was 2 [0 -4] at inclusion.

The patients with motor FND lost to follow-up at 3 months (n=3) were younger, had a higher median EDSS score at 4 [1 -4] but a lower median NIHSS score at 0 [0 -4] than those who completed the follow up (Age 47 [35 -59]; EDSS score 2.25 [1 -6.5] and NIHSS score 2.5 [0 -4] respectively), without reaching statistical significance. The comparison of patients lost to follow-up with those who completed the neuroimaging, the clinical visits and the biological sampling at 3 months is shown in the supplementary table 1.

Affective control individuals were selected using frequency matching on age and sex corresponding to patients with motor FND included in the study.

Biomarker levels in patients with motor FND and in affective control individuals.

Biomarker levels in serum of patients with motor FND at inclusion and 3 months to follow-up, and in serum of affective control individuals are shown in table 2. Patients with motor FND at baseline had greater level of neurofilament, IFN-γ, IL-10, IL-6, TNF-α, CCL2, and IL-1ra than affective controls individuals (Figure 2). These results were confirmed in a sensibility analysis (Supplementary figure 1).

Correlation between biomarker levels and clinical scores in patients with motor FND at inclusion.

No correlation was found with statistical significance. Data are not shown.

Correlation between biomarker changes and symptom modifications between inclusion and 3 months in patients with motor FND.

No correlation was found between the neurofilaments changes, and the evolution of the clinical scores.

Concerning cytokines, changes in TNF-α levels were positively correlated with changes in NIHSS score between inclusion and 3 months to follow-up (r=0.533, p= 0.0495).

Correlation between biomarker levels and resting-state brain metabolism at inclusion in patients with motor FND.

No correlation was found between the neurofilaments level at inclusion, and the initial brain metabolism at rest.

Regarding cytokines, the level of TNF-α at inclusion was positively correlated with the metabolism of the left supplementary motor area (r = 0.4954; p=0.0432). The level of CCL2 and IL-10 at inclusion was negatively correlated with the metabolism of the left inferior frontal gyrus and right putamen (r= -0.5123; p=0.0355; and r= -0.5368; p=0.0263 respectively).

Correlation between biomarker changes and changes in restingstate brain metabolism between baseline and 3 months in patients with motor FND

Changes of the neurofilament levels were negatively correlated with changes in resting-state brain metabolism in the left and right anterior cingulate cortex from baseline to 3 months follow-up (r = -0.5516; p = 0.0408; and r = -0.5912; p = 0.0260 respectively) (Table 3). Changes of the neurofilament levels were also negatively correlated with changes in the resting-state brain metabolism in the left frontopolar cortex and the left orbito-frontal cortex (r = -0.5385; p = 0.0470).

Regarding cytokines, changes of the IFN-γ levels were positively correlated with changes in resting-state brain metabolism in the left and the right ventral anterior cingulate cortex (r = 0.5912; p = 0.0260; and r = 0.5736; p = 0.0320 respectively). Changes of the IFN-γ levels were also positively correlated with changes in the metabolism of the right putamen at rest (r=0.5956; p = 0.0246).

Correlation between biomarker levels at inclusion and changes in resting-state brain metabolism between baseline and 3 months in patients with motor FND

IFN-γ level at inclusion was negatively correlated with change in resting-state brain metabolism of the left and right ventral anterior cingulate cortex (r = -0;7626; p = 0,0015; and r = -0.7582; p = 0.0017 respectively), and changes in both left and right subgenual anterior cingulate cortex (r = -0.8286; p = 0.0003 for both regions).

DISCUSSION

To our knowledge, this study is the first to evaluate blood biological markers in a population of patient with FND and their association with the course of motor symptoms and brain metabolism over time. At baseline, patients with motor FND had greater level of neurofilament, IFN-γ, IL-10, IL-6, TNF-α, CCL2, and IL-1ra than depressed individuals.

Our results outline that changes of the pro-inflammatory cytokine TNF-α is associated with the evolution of motor FND symptoms during follow-up, and a correlation at baseline with the resting metabolism of regions involved in motor control (the left supplementary motor area), whereas other cytokines (CCL2 and IL-10) are negatively linked with inferior frontal gyrus and right putamen at inclusion.

During follow-up, we found that neurofilaments showed a negative relationship with the ventral anterior cingulate cortex, the orbito-frontal and also the fronto-polar cortex over time, whereas the evolution of IFN-γ level was positively associated with metabolic modifications of putamen and the ventral anterior cingulate cortex.

Finally, IFN-γ level at inclusion was negatively linked with the evolution of in resting-state metabolism of the left and right ventral anterior cingulate cortex. The baseline metabolism and its changes in this latter brain region was related with the evolution of motor FND symptom at 3 months to follow-up [START_REF] Conejero | Association between brain metabolism and clinical course of motor functional neurological disorders[END_REF].

IFN-γ, IL-10, IL-6, TNF-α, CCL2 are all pro-inflammatory cytokines [START_REF] Dowlati | A Meta-Analysis of Cytokines in Major Depression[END_REF], [START_REF] Beurel | The Bidirectional Relationship of Depression and Inflammation: Double Trouble[END_REF] and show increased levels in patients with first episode motor FND at symptom onset compared with affective control individuals. These markers are involved in low grade chronic inflammatory process (31) that may play a role during the early stage of FND symptoms. This effect seems to not depend upon comorbid affective state, nor age or sex as affective controls were matched according to these variables.

The level of TNF-α was positively correlated with changes in NIHSS score between inclusion and 3 months. TNF-α is an inflammatory cytokine produced by macrophages/monocytes during acute inflammation. The dysregulation of TNF-α shown in our study is in accordance with observations made in depression which relate higher levels of TNF-α, and higher levels of TNF-α receptor in several brain regions including amygdala, hypothalamus, hippocampus, and frontal cortex [START_REF] Ma | Pathogenetic and Therapeutic Applications of Tumor Necrosis Factor-α (TNF-α) in Major Depressive Disorder: A Systematic Review[END_REF].

These regions are involved in emotion regulation and also suspected to be implicated in the pathophysiology of FND. In our study, patients were free from depression at inclusion. However both FND and depressive phenotype share features of sickness behaviours which also result from TNF-α and IFN-γ increase in serum [START_REF] Dantzer | From inflammation to sickness and depression: when the immune system subjugates the brain[END_REF]. We found that TNF-α level was linked with metabolism of SMA at baseline, which is a core region implicated in FND motor symptoms [START_REF] Voon | Aberrant supplementary motor complex and limbic activity during motor preparation in motor conversion disorder[END_REF], [START_REF] Conejero | Neuroanatomy of conversion disorder: towards a network approach[END_REF].

We also observed a negative correlation between baseline level of CCL-2 which is involved in recruitment of myeloid immune cells and promotes inflammation, IL-10 (a major antiinflammatory cytokines), and right putamen metabolism at inclusion. Hence, inflammation may underlie putamen hypometabolism which has been found to be associated with motor FND symptoms in the study led by Vuilleumier et al., (2001) (4). Increased initial metabolism of putamen was linked with the clinical improvement of FND patients assessed through EDSS in a recent study [START_REF] Conejero | Association between brain metabolism and clinical course of motor functional neurological disorders[END_REF]. The negative association between IL-10 and putamen metabolism may result from anti-inflammatory cytokines secretion as a balancing mechanism to counter the release of inflammatory cytokines.

The implication of the IFN-γ in the pathophysiology of FND seems more contradictory. Whereas we found a strong negative relationship between initial IFN-γ level and the modifications of bilateral ventral anterior ACC during follow-up, the latter being related with the course of FND symptoms in a recent study [START_REF] Conejero | Association between brain metabolism and clinical course of motor functional neurological disorders[END_REF], the association between the evolution of IFN-γ in serum and the metabolic changes of ACC and right putamen was positive. Hence, the role of the IFN-γ at symptom onset in predicting brain metabolism seems distinct from its influence upon central nervous system during follow-up.

Interestingly, the modifications of neurofilament levels were negatively linked with the modifications of the putamen, the ventral ACC and the orbito-frontal cortex during patients' follow-up. This may highlight possible micro-structural axonal impairment in the brain regions involved upon disease progression. The measure of greater levels of neurofilament levels in FND patients than in affective control individuals is of importance as it may potentially relate to specific biochemical features underlying motor

The origin of the observed peripheral low-grade inflammation in patients with motor FND and the related biochemical pathways leading to alteration of brain functioning remains to be precisely determined, however different hypothesis have recently emerged: i) Cross-sensitization between cytokines and hypothalamo-pituitary axis.

Sensitization is a phenomenon whereby exposure to a particular stimulus triggers an enhanced physiological response when exposed to the same stimulus (homotypic) or to a different stimulus (heterotypic or cross-sensitized). Some authors have shown that in animals, exposure to a stressor sensitizes the hypothalamic-pituitary axis response to subsequent stress [START_REF] Johnson | Prior stressor exposure primes the HPA axis[END_REF] and sensitizes the cytokine innate immune response [START_REF] Johnson | Prior Stressor Exposure Sensitizes LPS-Induced Cytokine Production[END_REF].

Interestingly, evidence have been reported for a hyperactivity of the stress axis and the autonomous nervous system in patients with FND despite contradictory results [START_REF] Boulet | Stress response in dissociation and conversion disorders: A systematic review[END_REF].

ii) Reactivation of the immune system by physical/psychological trauma.

Triggers of inflammatory response may be either psychological or physical stressors.

In functional neurological disorder population, adverse physical event are frequently reported in the 3 months before symptoms onset [START_REF] Cretton | What Does Neuroscience Tell Us About the Conversion Model of Functional Neurological Disorders? JNP[END_REF]. These events may be likely to activate the sensitized innate immunity leading to an enhanced inflammatory response.

iii) Bi-directional relationship between peripheral immune system and the brain.

Brain monitors peripheral innate immune responses through several pathways, including direct action of pro-inflammatory cytokines on the central nervous system.

First, locally produced cytokines may activate afferent neurons located in the vagal nerve. Secondly, the production of proinflammatory cytokines by phagocytic cells residing in the circumventricular organs and the choroid plexus may respond to circulating pathogen-associated molecular patterns. Finally, cytokine may reach the brain through transporter proteins expressed in the blood-brain barrier [START_REF] Dantzer | From inflammation to sickness and depression: when the immune system subjugates the brain[END_REF][START_REF] Dantzer | Sickness Behavior, and Depression[END_REF][START_REF] Khairova | A potential role for pro-inflammatory cytokines in regulating synaptic plasticity in major depressive disorder[END_REF].

Conversely, the central nervous system may modulate the innate immune system through activation of the hypothalamo-pituitary axis and the autonomous nervous system.

Our study should be interpreted considering some limitations. Because all patients had access to optimal routine care, the psychotherapeutic, physiotherapeutic and drugs treatments provided might have differentially influenced their clinical, metabolic, and biological evolution. In addition, small sample size prevented us to control results upon potential confounding factors, or correct significance level for multiple comparisons. Finally, the patients included in our study had heterogeneous clinical presentations, however they all showed at least one limb paresis or a gait disorder. Methodological limitations inherent to our cohort study are discussed in Conejero et al.,

2022.

Our study has several strengths, including the use of ultrasensitive and reproducible assay techniques. All the clinical samples were tested using the same technique in reproducible conditions, in one laboratory setting. The control group was sex and age matched.

CONCLUSION

Our study is the first to evaluate the association between biological features, brain metabolism and clinical evolution in patients with first episode motor FND at symptom onset.

The relationship between neuroinflammation, the modifications of clinical symptoms and the modifications of brain metabolism over time in patients with FND remain to be confirmed in future studies. However, our results suggest an implication of innate immune response and chronic inflammatory processes in the pathophysiology of these disorders. Specifically, the metabolism of motor regions and cortical areas involved in emotional regulation seem related with level of peripheral inflammatory markers. These markers may predict brain metabolic changes over disease course. Besides, the elevation of neurofilament may uncover the occurrence of microstructural axonal impairment, which is not highlighted by conventional or research neuroimaging techniques. Finally, low grade inflammation may be a potential new therapeutic target to treat these highly disabling disorders. ii) Réactivation du système immunitaire par un traumatisme physique/psychologique.

Les déclencheurs de la réponse inflammatoire peuvent être des facteurs de stress psychologiques ou physiques. Dans la population souffrant de troubles neurologiques fonctionnels, des événements physiques traumatiques sont fréquemment signalés dans les trois mois précédant l'apparition des symptômes [START_REF] Cretton | What Does Neuroscience Tell Us About the Conversion Model of Functional Neurological Disorders? JNP[END_REF]. Ces événements sont susceptibles d'activer l'immunité innée sensibilisée, entraînant une réponse inflammatoire accrue. 

  organique identifiée. Le diagnostic repose sur des données cliniques démontrant l'incompatibilité entre les symptômes et une affection neurologique ou médicale reconnue (signe de Hoover, manoeuvre d'entrainement), ainsi que sur la réalisation d'examens complémentaires permettant d'éliminer une lésion du système nerveux central. Les troubles neurologiques fonctionnels sont fréquents, avec une prévalence de 5 à 10% chez la patients reçus en consultation de neurologie, et associés à des niveaux élevés d'incapacité physique, équivalent à ceux des patients atteints de sclérose en plaque ou d'épilepsie (2). Malgré la normalité supposée de l'imagerie cérébrale structurelle en pratique courante (3), des modifications du métabolisme cérébrale ont été mises en évidence dans certaines régions clés impliquées dans le contrôle de la motricité et des émotions. Ces anomalies du métabolisme ont été retrouvée dans le cortex cingulaire antérieur, le cortex orbitofrontal, le cortex préfrontal dorsolatéral, le cortex frontopolaire, la jonction temporo-pariétale, l'insula, l'amygdale, le thalamus et les régions cérébrales impliquées dans la motricité volontaire (cortex moteur primaire, aire motrice supplémentaire, noyaux caudés et putamen) (4,5). Récemment, Conejero et al. ont trouvé un hypométabolisme frontal de repos (cortex frontopolaire, cortex orbitofrontal, et aire motrice supplémentaire) au TEP-scan 18-FDG, à la phase aigüe d'apparition des symptômes chez des patients souffrant de TNF, et pouvant être considéré comme un marqueur d'état puisqu'il se normalise lors du suivi. Ils ont également montré une association entre le métabolisme cérébral initial et les symptômes cliniques à 3 mois dans le gyrus frontal inférieur, le cortex orbitofrontal, le cortex cingulaire subgénual, le cortex moteur primaire, l'aire motrice supplémentaire, le putamen et le thalamus (6). La recherche sur les dérèglements du système immunitaire dans les troubles psychiatriques a suscité un intérêt croissant ces dernières années et de nombreuses études ont mis en évidence une relation entre les troubles psychiatriques et la présence d'une inflammation de bas grade (7-9).Les marqueurs inflammatoires les plus étudiés en psychoneuroimmunologie sont le TNF-α, l'IL-1β, l'IL-6, l'IFN-γ (pro-inflammatoire) et l'IL-10 (anti-inflammatoire)[START_REF] Dowlati | A Meta-Analysis of Cytokines in Major Depression[END_REF][START_REF] Beurel | The Bidirectional Relationship of Depression and Inflammation: Double Trouble[END_REF]. Leur profil de sécrétion serait lié à un déséquilibre entre les phénotypes M1 (produisant de l'IL-1β, du TNF-α, de l'IL-6 et du CCL2) et M2 (produisant de l'IL-10) des macrophages et de la microglie, et a été associé aux processus neuroinflammatoires dans les troubles psychiatriques[START_REF] Nakagawa | Diversity and plasticity of microglial cells in psychiatric and neurological disorders[END_REF]. Dans le trouble de l'humeur dépressif unipolaire, une augmentation des taux d'IL-1ra, rsIL-2, IL-6, IL-10, IL-18, TNFα, MCP-1/CCL2, et une diminution de l'IFN-γ ont été rapportés dans une méta-analyse récente[START_REF] Köhler | Peripheral cytokine and chemokine alterations in depression: a meta-analysis of 82 studies[END_REF]. La recherche concernant le processus inflammatoire au cours des symptômes du TNF en est à ses débuts[START_REF] Paredes-Echeverri | Autonomic, Endocrine, and Inflammation Profiles in Functional Neurological Disorder: A Systematic Review and Meta-Analysis[END_REF], mais plusieurs preuves peuvent suggérer son implication dans la physiopathologie du TNF moteur: i) Le « sickness behaviour » implique des changements comportementaux similaires à ceux observés chez les patients avec un trouble neurologique fonctionnel moteur[START_REF] Dimsdale | A Biological Substrate for Somatoform Disorders: Importance of Pathophysiology[END_REF] et peut être induit expérimentalement par des cytokines inflammatoires (IL-1, IL-6 et TNF-α) dans les modèles animaux[START_REF] Slavich | From stress to inflammation and major depressive disorder: A social signal transduction theory of depression[END_REF][START_REF] Harrison | Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate Activity and Mesolimbic Connectivity[END_REF] ; ii) L'inflammation périphérique induit des changements de l'activité cérébrale dans des régions qui contrôlent également la motricité(16- 18) ; iii) Il a été montré que les cytokines traversent la barrière hémato-encéphalique et module le fonctionnement du système nerveux central[START_REF] Irwin | Reciprocal regulation of the neural and innate immune systems[END_REF][START_REF] Pavlov | Neural regulators of innate immune responses and inflammation[END_REF][START_REF] Sternberg | Neural regulation of innate immunity: a coordinated nonspecific host response to pathogens[END_REF].La GFAP (Glial Fibrillary Acidic Protein) et la MCP-1/CCL2 (Monocyte Chemoattractant Protein-1/C-C motif chemokine ligand 2), qui sous-tendent la réponse inflammatoire dans le système nerveux central, pourraient également être impliquées dans le TNF moteur.

Neurology,

  Emergency and Psychiatry Departments in the University Hospitals of Nimes and Montpellier from 2016, 2 nd of January to 2017, 26th of July. Euthymia was defined as Hamilton Depression Rating Scale score < 7. Inclusion and non-inclusion criteria are described in Conejero et al., 2022 (6).

  iii)Relation bidirectionnelle entre le système immunitaire périphérique et le cerveau.Le cerveau est capable de monitorer les réponses immunitaires innées périphériques par plusieurs voies, incluant l'action directe des cytokines pro-inflammatoires sur le système nerveux central. Premièrement, les cytokines produites localement peuvent activer des neurones afférents situés dans le nerf vague. Ensuite, la production de cytokines pro-inflammatoires par les cellules phagocytaires résidant dans les organes circumventriculaires et les plexus choroïdes peut répondre à des motifs moléculaires associés à des pathogènes circulants. Enfin, les cytokines peuvent atteindre le cerveau par l'intermédiaire de protéines transporteuses exprimées dans la barrière hémato-encéphalique[START_REF] Dantzer | From inflammation to sickness and depression: when the immune system subjugates the brain[END_REF][START_REF] Dantzer | Sickness Behavior, and Depression[END_REF][START_REF] Khairova | A potential role for pro-inflammatory cytokines in regulating synaptic plasticity in major depressive disorder[END_REF]. Inversement, le système nerveux central peut moduler le système immunitaire inné par l'activation de l'axe hypothalamo-pituitaire et du système nerveux autonome. Notre étude doit être interprétée en tenant compte de certaines limites. Comme tous les patients ont eu accès à des soins de routine optimaux, les traitements psychothérapeutiques, physiothérapeutiques et médicamenteux fournis ont pu influencer de manière différentielle leur évolution clinique, métabolique et biologique. De plus, la petite taille de l'échantillon nous a de contrôler les résultats en fonction des facteurs de confusion potentiels, ou de corriger le niveau de significativité pour les comparaisons multiples. Enfin, les patients inclus dans notre étude avaient des présentations cliniques hétérogènes, mais ils présentaient tous au moins une parésie d'un membre ou un trouble de la marche. Les limites méthodologiques inhérentes à notre étude de cohorte sont discutées dans Conejero et al. 2022. Notre étude présente plusieurs points forts, notamment l'utilisation de techniques de dosage ultrasensibles et reproductibles. Tous les échantillons cliniques ont été testés à l'aide de la même technique dans des conditions reproductibles, dans un seul laboratoire. Le groupe témoin était apparié en termes de sexe et d'âge. Conclusion en français Notre étude est la première à évaluer l'association entre les caractéristiques biologiques, le métabolisme cérébral et l'évolution clinique chez les patients présentant un premier épisode de TNF moteur au moment de l'apparition des symptômes. La relation entre la neuroinflammation, les modifications des symptômes cliniques et les modifications du métabolisme cérébral dans le temps chez les patients atteints de TNF reste à confirmer dans des études futures. Cependant, nos résultats suggèrent une implication de la réponse immunitaire innée et des processus inflammatoires chroniques dans la pathophysiologie de ces troubles. Plus précisément, le métabolisme des régions motrices et des zones corticales impliquées dans la régulation émotionnelle semble lié au niveau des marqueurs inflammatoires périphériques. Ces marqueurs peuvent prédire les changements métaboliques du cerveau au cours de la maladie. Par ailleurs, l'élévation des neurofilaments pourrait révéler l'existence d'une atteinte axonale micro-structurale, qui n'est pas mise en évidence par les techniques de neuro-imagerie conventionnelles ou de recherche. Enfin, l'inflammation de bas grade pourrait constituer une nouvelle cible thérapeutique potentielle pour traiter ces troubles très invalidants. Ouverture Une des difficultés à laquelle doit faire face le clinicien/la clinicienne, est l'aspect transnosographique de certains symptômes psychiatriques. Le trouble neurologique fonctionnel en est un exemple comme nous l'avons vu, et l'utilisation de marqueurs clinique, biologique et d'imagerie vont dans les années à venir certainement améliorer la fiabilité diagnostic et l'évaluation du pronostic. Par exemple dans la catégorie des « troubles neurodégénératifs à masque psychiatrique », les neurofilaments pourraient être un marqueur de choix. L'association de l'imagerie par TEP-18FDG, marqueur fonctionnel, aux dosages des neurofilaments, marqueur lésionnel, pourrait permettre de mettre en évidence des anomalies caractéristiques du métabolisme cérébral et d'en déterminer l'origine (lésionnelle neurodégénérative ou non).
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  Il existe encore peu d'étude translationnelle dans ce domaine, et à notre connaissance, il n'existe pas d'étude évaluant le lien entre les marqueurs biologiques, le métabolisme cérébral et les données cliniques.Motor functional neurological disorders (FND) are defined in the DSM-V (1) by the presence of neurological symptoms such as motor deficits or abnormal movements, without any identified organic lesion and accompanied with clinical features of internal inconsistency.

	Nous faisons ainsi l'hypothèse d'une relation entre les modifications des marqueurs
	inflammatoires sanguins et l'évolution des symptômes moteur chez les patients souffrant d'un
	premier épisode de trouble neurologique fonctionnel, et que ces marqueurs inflammatoires sont
	également associés au métabolisme cérébral à la phase aigüe et pendant le suivi dans cette Despite the supposed normality of structural brain imaging among patients with motor FND in
	population. L'objectif de notre étude est de mesurer les taux de neurofilaments, GFAP, et des cytokines routine practice (3), changes in brain metabolism have been demonstrated in several key regions
	inflammatoires chez les patients souffrant d'un premier épisode de trouble neurologique involved in motor and emotional control (4). Dysregulated brain regions included the anterior
	fonctionnel, à la phase aigüe d'apparition des symptômes, et de les comparer avec ceux de patients cingulate cortex, orbitofrontal cortex, dorsolateral prefrontal cortex, frontopolar cortex,
	temporoparietal junction, insula, amygdala, thalamus, and motor control regions (primary motor
	cortex, supplementary motor area, caudate nucleus and putamen) (4,5).

des biomarqueurs périphériques associés aux symptômes moteurs et aux anomalies du métabolisme cérébral, survenant à la phase aigüe d'un premier épisode de trouble neurologique fonctionnel, permettrait aux cliniciens de mieux comprendre leur physiopathologie et les facteurs associés à l'évolution clinique, de développer de nouvelles méthodes diagnostiques, et ainsi améliorer la prise en charge clinique du patient. souffrant de sclérose en plaque. Nous avons également pour but d'évaluer leur association avec l'évolution des symptômes moteurs, évalués par des échelles neurologiques validées. Enfin, nous souhaitons étudier leurs associations avec les modifications du métabolisme cérébral, évalué par TEP-scan 18-FDG, à la phase initiale et au cours du suivi. INTRODUCTION Recently, Conejero and al. found a resting-state frontal hypometabolism (frontopolar cortex, orbitofrontal cortex and supplementary motor area) in cerebral FDG-PET at symptom onset in

  Ces régions sont impliquées dans la régulation des émotions et sont également soupçonnées d'être impliquées dans la physiopathologie du TNF. Dans notre étude, les patients ne souffraient pas de dépression à l'inclusion. Cependant, les phénotypes dépressif et du TNF partagent des caractéristiques du « sickness behaviour » qui résultent de l'augmentation du TNF-α et de l'IFN-γ dans le sérum[START_REF] Dantzer | From inflammation to sickness and depression: when the immune system subjugates the brain[END_REF]. Nous avons constaté que le niveau de TNF-α était lié au métabolisme de l'AMS à l'inclusion, qui est une région clé impliquée dans les symptômes moteurs du TNF[START_REF] Conejero | Neuroanatomy of conversion disorder: towards a network approach[END_REF][START_REF] Voon | Aberrant supplementary motor complex and limbic activity during motor preparation in motor conversion disorder[END_REF].

	Discussion en français L'origine de l'inflammation périphérique de bas grade, observée chez les patients atteints de TNF
	moteur, et les voies biochimiques connexes conduisant à une altération du fonctionnement du
	A notre connaissance, il s'agit de la première étude évaluant des marqueurs biologiques sanguins cerveau restent à déterminer avec précision, mais différentes hypothèses ont récemment émergé :
	dans une population de patients souffrant de TNF, et étudiant leurs associations avec l'évolution i) Sensibilisation croisée entre les cytokines et l'axe hypothalamo-pituitaire.
	des symptômes moteurs et du métabolisme cérébral au cours du temps. A l'inclusion, les patients La sensibilisation est un phénomène par lequel l'exposition à un stimulus particulier
	ayant un TNF avaient des taux plus élevés de neurofilaments, d'IFN-γ, d'IL-10, d'IL-6, de TNF-déclenche une réponse physiologique accrue lors d'une exposition au même
	α, de CCL2, et d'IL-1ra, que les sujets dépressifs. stimulus (homotypique) ou à un stimulus différent (hétérotypique ou sensibilisation
	Nos résultats mettent en évidence que l'évolution des taux de TNF-α, une cytokine pro-Nous avons également observé une corrélation négative entre le niveau de base de CCL-2, qui est croisée). Certains auteurs ont montré que chez les animaux, l'exposition à un facteur
	inflammatoire, est associée à l'évolution des symptômes de TNF moteurs pendant le suivi, et impliqué dans le recrutement des cellules immunitaires myéloïdes et favorise l'inflammation, l'IL-de stress sensibilise la réponse de l'axe à un stress
	corrélée, à l'inclusion, avec le métabolisme cérébral de repos de régions impliquées dans le 10 (une cytokine anti-inflammatoire majeure), et le métabolisme du putamen droit à l'inclusion. ultérieur (35) et sensibilise la réponse immunitaire innée aux cytokines (36). De
	contrôle moteur (aire motrice supplémentaire). Deux autres cytokines (CCL2 et IL-10) sont L'inflammation pourrait donc être à l'origine de l'hypométabolisme du putamen qui s'est avéré être manière intéressante, des données ont montré une hyperactivité de l'axe du stress et
	corrélées négativement au gyrus frontal inférieur et au putamen droit à l'inclusion. associé aux symptômes moteurs du TNF dans l'étude menée par Vuilleumier et al. (2001) (4). du système nerveux autonome chez les patients atteints de TNF, malgré des
	Pendant le suivi, nous avons trouvé une relation inverse entre les neurofilaments et le cortex résultats contradictoires (37).
	cingulaire antérieur ventral, les cortex orbitofrontal et fronto-polaire, tandis que l'évolution des
	taux d'IFN-γ était associé positivement aux changements du métabolisme dans le putamen et le
	cortex cingulaire antérieur ventral.
	Enfin, à l'inclusion, les niveaux d'IFN-γ étaient corrélés négativement à l'évolution du
	métabolisme cérébral de repos dans le cortex cingulaire antérieur ventral droit et gauche. Dans ce
	dernier, le métabolisme cérébral initial, ainsi que son évolution, étaient liés aux modifications des
	symptômes moteur après 3 mois de suivi (6).
	Les taux d'IFN-γ, d'IL-10, d'IL-6, de TNF-α, et de CCL2, toutes des cytokines pro-inflammatoires
	(10,11), étaient plus élevés, chez les patients souffrant d'un premier épisode de TNF au moment
	du début des symptômes, par rapport aux contrôles affectifs. Ces marqueurs sont impliqués dans
	le processus d'inflammation chronique de bas grade (31) qui pourrait avoir un rôle au cours de la
	phase aigüe du TNF. Ce résultat ne semble pas dépendre de l'état affectif comorbide, ni de l'âge
	ou du sexe, car les témoins affectifs étaient appariés en fonction de ces variables. Le niveau de
	TNF-α était corrélé positivement aux changements du score NIHSS entre l'inclusion et 3 mois. Le De manière intéressante, les modifications des taux de neurofilaments étaient négativement liées
	TNF-α est une cytokine inflammatoire produite par les macrophages/monocytes lors d'une aux modifications du putamen, du CCA ventral et du cortex orbitofrontal au cours du suivi des
	inflammation aiguë. La dysrégulation du TNF-α retrouvée dans notre étude est en accord avec les patients. Cela peut mettre en évidence une éventuelle altération axonale micro-structurale dans les
	observations faites dans la dépression qui relatent des niveaux plus élevés de TNF-α, et des niveaux régions cérébrales concernées lors de la progression de la maladie. La mesure de niveaux plus
	plus élevés de récepteur de TNF-α dans plusieurs régions du cerveau incluant l'amygdale, élevés de neurofilaments chez les patients atteints de TNF que chez les individus contrôles affectif
	est importante car elle peut potentiellement être liée à des caractéristiques biochimiques
	spécifiques qui sous-tendent les symptômes moteurs.

l'hypothalamus, l'hippocampe et le cortex frontal

[START_REF] Ma | Pathogenetic and Therapeutic Applications of Tumor Necrosis Factor-α (TNF-α) in Major Depressive Disorder: A Systematic Review[END_REF]

. L'augmentation du métabolisme initial du putamen a été reliée à l'amélioration clinique des patients atteints de TNF évaluée par l'EDSS dans une étude récente (6). L'association négative entre l'IL-10 et le métabolisme du putamen peut résulter de la sécrétion de cytokines antiinflammatoires comme mécanisme d'équilibration pour contrer la libération de cytokines inflammatoires. L'implication de l'IFN-γ dans la physiopathologie du TNF semble plus contradictoire. Alors que nous avons trouvé une forte relation négative entre le niveau initial d'IFN-γ et les modifications du CCA ventral bilatéral pendant le suivi, ce dernier étant lié à l'évolution des symptômes du TNF dans une étude récente (6), l'association entre l'évolution de l'IFN-γ dans le sérum et les changements métaboliques du CCA et du putamen droit était positive. Par conséquent, le rôle de l'IFN-γ au début des symptômes dans la prédiction du métabolisme cérébral semble distinct de son influence sur le système nerveux central au cours du suivi.
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Control Patients for Biological Analysis

For control reference, serum samples from 60 depressed patients recruited in the spanish study "Genética, ambiente y trastornos mentales" were sex and age matched to the patients with motor FND and assayed.

Standard protocol approvals, registrations, and patient consents

The study was approved by the local Ethics Committee (CPP Sud Méditerranée III, Nîmes, France, RCP :2014-A01159-38) and by the Institutional Review Board (22.02.01) of the university hospital of Nîmes, France. Experimental methods were carried out in accordance with the ethical guidelines determined by the French National Ministry of Health, Labor and Welfare. The spanish study "Genética, ambiente y trastornos mentales" was approved by the Ethics Committee of the Jiménez Díaz foundation, Spain.

All experimental methods were carried out in accordance with the Declaration of Helsinki. All participants provided written informed consent before entering the study, after the experimental procedure was fully explained. The study is registered at clinicaltrials.gov (NCT05305014).

Biological analyses

Serum concentrations of light chain neurofilaments and GFAP were determined using the SiMoA technique with the SiMoA neurology 2-plex B advantage kit (Quanterix). Each assay was performed in triplicate in patients with motor FND and in affective controls individuals. Serum concentrations of the cytokines, IFN-γ, IL-10, IL-6, TNF-α, CCL2, IL-18, IL-1ra, and IL-2ra were determined using the ELLA protein simple multiplex technique. This procedure corresponds to an automated immunoassay in a microfluidic cartridge allowing parallel analyses. Two cartridges were used, one for the assay of IFN-γ, IL-10, IL-6, TNF-α, and another for the assay of CCL2, IL-SERMENT En présence des Maîtres de cette école, de mes chers condisciples et devant l'effigie d'Hippocrate, je promets et je jure, au nom de l'Etre suprême, d'être fidèle aux lois de l'honneur et de la probité dans l'exercice de la médecine.
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ABSTRACT

Background: Lately, evidence of modifications in resting brain metabolism have been demonstrated in patients experiencing a first episode of motor functional neurological disorder.

The aim of this study is to investigate the association between the level of peripheral inflammation markers, the markers of axonal integrity measured in blood and the course of both symptoms and brain metabolism in patients with motor functional neurological disorder.

Methods: For this ancillary study, we used blood samples and 18-FDG PET brain metabolism data from the NCT02329626 prospective pilot study conducted from January 2016 to July 2017. We thawed the blood samples to measure neuronal integrity markers (neurofilaments light chain) and a panel of cytokines in the serum of 17 patients with motor functional neurological disorder. We compared the levels of these markers at inclusion with those measured in a population of depressed individuals (affective controls). The biological data were then correlated to the clinical data and to the brain metabolism measured with 18-FDG PET at inclusion and 3 months to follow-up.

Results: At baseline, there were significantly higher concentration of TNF-α (p < 0,0001), CCL2 (p < 0,0001), IL-1ra (p < 0,0001), IL-6 (p <0,01), IL-10 (p < 0,01) and IFN-γ (p <0,05), in patients with functional neurological disorder compared with the affective control. Also, neurofilament concentration was significantly higher (p < 0,01) in patient with functional neurological disorder compared with the affective control.

Conclusion:

Our data suggest existence of low-grade inflammation associated with functional neurological disorder in the acute phase. The increase in the rate of neurofilament and their correlation with brain metabolism in regions considered as state markers could be a witness of microscopic axonal lesions over disease course. 

Keywords