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Objective: To assess whether any alteration of B-cell subset distribution and/or the cytokine production capacities of B cells could be associated with any stage of MS and could be predictive of MS evolution.

Methods:

We prospectively enrolled radiologically isolated syndrome (RIS), clinically isolated syndrome (CIS), naive patients with relapsing remitting MS (RRMS) of any disease modifying drug, and healthy controls (HCs). Peripheral blood B-cell subset distributions and the interleukin (IL)-6/IL-10-producing B-cell ratio were assessed by flow cytometry to evaluate their proinflammatory and anti-inflammatory functional properties.

Results: Twelve RIS, 46 CIS, 31 RRMS patients, and 36 HCs were enrolled. We observed that a high IL-6/IL-10-producing B-cell ratio in patients with RIS/CIS was associated with the evolution of the disease in the short term (6 months). This imbalance in cytokine production was mainly explained by an alteration of the production of IL-10 by B cells, especially for the transitional B-cell subset. In addition, a significant increase in IgD 2 /CD27 2 B cells was detected in patients with CIS and RRMS compared with HCs (p 5 0.01). Apart from this increase in exhausted B cells, no other variation in B-cell subsets was observed.

Conclusions:

The association between a high IL-6/IL-10-producing B-cell ratio and the evolution of patients with RIS/CIS suggest a skew of B cells toward proinflammatory properties that might be implicated in the early phases of MS disease.

MS is a well-known T cell-dependent disease. Cumulative data revealed the involvement of B cells in the pathophysiology of the disease. [START_REF] Cross | Rituximab reduces B cells and T cells in cerebrospinal fluid of multiple sclerosis patients[END_REF] Although the efficacy of B cell-targeting drugs 2 implies a key role for B cells in MS, the exact molecular mechanisms of this role remain to be defined. [START_REF] Cross | Rituximab reduces B cells and T cells in cerebrospinal fluid of multiple sclerosis patients[END_REF] The lack of impact of B-cell depletion on CSF oligoclonal bands suggests that the role of B cells in the lesional processes is not restricted to antibody-dependent mechanisms but could involve their cellular functions. [START_REF] Cross | Rituximab reduces B cells and T cells in cerebrospinal fluid of multiple sclerosis patients[END_REF] Data from experimental autoimmune encephalomyelitis models showed that B cells can balance either a proinflammatory response by producing interleukin (IL)-6 [START_REF] Barr | B cell depletion therapy ameliorates autoimmune disease through ablation of IL-6producing B cells[END_REF] or a regulatory response through IL-10 production. [START_REF] Fillatreau | B cells regulate autoimmunity by provision of IL-10[END_REF] Some B-cell subsets have been associated with such pro-and anti-inflammatory profiles. Previous studies working on cytokine production by B cells in MS focused on anti-inflammatory cytokines (IL-10) and proinflammatory cytokines (IL-6, granulocyte-macrophage colony-stimulating factor [GM-CSF], lymphotoxin [LT], or tumor necrosis factor-alpha [TNF]a) in established MS disease including patients with disease modifying drugs. Most of those transversal studies showed a decrease of IL-10 and an increase of proinflammatory cytokines produced by B cells i.e., LT and TNFa, [START_REF] Bar-Or | Abnormal B-cell cytokine responses a trigger of T-cell-mediated disease in MS?[END_REF] IL-6, [START_REF] Barr | B cell depletion therapy ameliorates autoimmune disease through ablation of IL-6producing B cells[END_REF] or GM-CSF. [START_REF] Li | Proinflammatory GM-CSF-producing B cells in multiple sclerosis and B cell depletion therapy[END_REF] However, Duddy et al. [START_REF] Duddy | Distinct effector cytokine profiles of memory and naive human B cell subsets and implication in multiple sclerosis[END_REF] did not find any difference in LT and TNFa secretion by B cells. Michel et al. [START_REF] Michel | Unaltered regulatory B-cell frequency and function in patients with multiple sclerosis[END_REF] did not observe any alteration in IL-10 production by B cells in MS. Such discrepancy might be explained by the studied population, especially the treatment status of patients with MS, but also by heterogeneous methodological conditions mixing early and late MS, treated and naive patients, precluding any firm conclusion. We therefore conducted this prospective study focusing on the early phases of MS disease in patients naive of any disease modifying drug. We aimed to analyze whether from the initial phase of MS naive of any disease modifying drug, the evolution of the disease may be associated with any imbalance in cytokine production capacities by B cells.

METHODS Patients and healthy volunteers. Patients in the MS group were enrolled from the Department of Neurology in the University Hospital of Lille. In that group, patients with radiologically isolated syndrome (RIS) and clinically isolated syndrome (CIS) were included as well as those with relapsing remitting MS (RRMS) who were defined according to the 2010 McDonald criteria. [START_REF] Polman | Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria[END_REF] RIS was defined according to Okuda criteria. [START_REF] Okuda | Radiologically Isolated Syndrome Consortium (RISC); Club Francophone de la Sclérose en Plaques (CFSEP). Radiologically isolated syndrome: 5-year risk for an initial clinical event[END_REF] Patients with CIS did not fulfill temporal and spatial dissemination for MS at baseline. Exclusion criteria were any history of taking disease modifying drugs; previous corticosteroid use for management of relapses was accepted. However, all blood samples had to be collected at least 1 month after the last steroid intake. Healthy subjects were enrolled as a control.

All biological procedures and statistical analyses are described in e-Methods at http://links.lww.com/NXI/A15, figures e-1 to e-9 at http://links.lww.com/NXI/A19. For all subjects, phenotypic and functional studies of B cells were performed at the time of the inclusion, i.e., at baseline, to assess (1) any differences between healthy controls (HCs) and the subgroups of patients with MS and (2) to define a potential prognosis biomarker associated with the evolution of the disease. Functional studies were focused on the analysis of intracellular IL-6 and IL-10 production by B cells.

All patients were routinely clinically visited at baseline before blood sampling and every 6 months. In our clinical practice, usually brain and spinal MRIs were performed at diagnosis time and 3 months afterward for patients with CIS.

Standard protocol approvals, registrations, and patients consents. This study was approved by the local ethical commit- tee (CPP Nord Ouest IV no. IDRCB: 2014 A00248 39). Informed written consent was obtained from all participants.

RESULTS

Eighty-nine patients with MS and 36 HCs were enrolled between 2013 and 2016 (table).

There was no difference in age and sex between the different groups.

The frequency of IgD 2 /CD27 2 B cells is increased in CIS and RRMS. The phenotypical analysis of peripheral blood lymphocytes showed both similar counts of lymphocytes and distribution of CD4 1 , CD8 1 and total T cells, NK cells, and total B cells between HCs and patients with RIS, CIS, and RRMS (figure e-3).

We observed a similar distribution of the different B-cell subsets (transitional, mature naive, marginal zone, switched memory B cells, IgM-only, IgD-only B cells, and plasmablasts) (figures e-1 and 1A). Double-negative IgD 2 /CD27 2 B cells were the only subset that was significantly increased in patients with CIS and RRMS when compared with HCs (p 5 0.01).

No difference in IL-10 and IL-6 production by B cells in patients with MS compared with controls. Stimulating B cells with CD40 and CpG reliably induced IL-6 and IL-10 production. After 48 hours of polyclonal stimulation, no differences in IL-6 or IL-10expressing B cells or in IL-6/IL-10-producing B-cell ratio were observed between the different groups of patients and HCs (figure 1B). Total B cells did not present any alteration in IL-10 and IL-6 production at any phase of MS disease (RIS, CIS, or RRMS stage) compared with HCs.

Comparison of B-cell subset distribution according to the MS evolution over time. Among cytometric and functional B-cell characteristics obtained at baseline after 48-hour polyclonal stimulation, we searched for parameters with a predictive value of the disease evolution at the maximum follow-up of 11.2 months (66.7). In the following 2 groups, RIS/CIS and RRMS, we distinguished patients who evolved and patients who did not, at 6 months (short term) and after 6 months (long term). Evolution was defined as (1) conversion from RIS to CIS, (2) conversion from CIS to MS according to 2010 MacDonald criteria, and (3) another relapse for RRMS (table). We did not find any association between the different lymphocytes including B cells populations, at baseline, and the evolution at short term and long term in patients with RIS/CIS and in patients with RRMS at short term (figures e-4 and e-5). No statistical analysis was performed for patients with RRMS for the long-term evolution (n 5 2).

An increased IL-6/IL-10-producing B-cell ratio is associated with the evolution of MS. To assess the predictive value for MS outcome of IL-6 and IL-10 production by B cells at baseline, we compared IL-6/IL-10producing B-cell ratio at baseline between evolving and not-evolving patients with MS. We observed that the IL-6/IL-10-producing B-cell ratio was significantly increased in patients with RIS/CIS who evolved at 6 months (p 5 0.021, figure 2A). Next, we compared the IL-6-and IL-10-producing B cells separately and did not observe any variation in IL-6-producing B cells according to the outcome of patients with RIS/CIS. Conversely, we observed a significant decrease of IL-10-producing B cells (p 5 0.0016) at baseline in patients with RIS/CIS who evolved at 6 months (figure 2, B andC). We did not observe any association between the IL-6/IL-10 ratio and the evolution of the RIS/CIS group in the long term and of the patients with RRMS in the short term (figure e-6, A-F).

IL-6/IL-10 ratio was significantly correlated with IL-10 but not with IL-6 B-cell production (figure 2, D andE). The IL-6/IL-10-producing B-cell ratio was also inversely correlated with the delay of evolution of the disease (r spearman 5 20.42; p 5 2.10 22 ). Even not significant, the IL-6/IL-10-producing B-cell ratio is higher in patients with early evolution of disease (figure 3A). In addition, the percentage of IL-10-producing B cells was also correlated with the delay of evolution of the disease (r spearman 5 0.54; p 5 2.10 23 ). Even not significant, the percentage of IL-10-producing B-cell ratio is lower in patients with early evolution of disease (figure 3B).

We then performed receiver operating characteristic (ROC) curve analysis to find a cutoff value for the IL-6/IL-10 ratio defining a higher risk of evolution. Areas under the curve were at 0.7 for the IL-6/IL-10-producing B-cell ratio and for the percentage of IL-10-producing B cells (figure 3C). Seven of 8 patients with RIS/CIS (87.5%) having a value above a ratio cutoff of 6.3 defined by an ROC curve analysis evolved at 6 months, with a good specificity of 97%. With a ratio below 6.3, 19 of 50 patients with RIS/ CIS (38%) evolved giving a sensitivity of 31%. The ROC curve analyses performed for the percentage of IL-10-producing B cells show the same performances with a cutoff at 4.5% (figure 3D). For the IL-10producing B-cell test, the graph representing its performance is similar (data not shown).

Even if no specific lymphocyte distributions at baseline seem to predict any disease evolution, an alteration of IL-10-expressing B cells and the IL-6/ IL-10-producing B-cell ratio, at the very early phase of the disease, is significantly associated with an evolution in the short term.

Potential B-cell subsets and mechanisms involved in the alteration of IL-10 production in early-phase MS.

Using short 5-hour stimulation instead of long 48hour stimulation in patients in the RIS/CIS group, we did not observe any further difference in IL-10producing B cells in evolving patients compared with nonevolving patients (figure e-7). We hypothesized that according to different stimulation methods, different B-cell subsets were involved in IL-10 production. We tested both stimulation methods in the different B-cell subsets from HCs. We observed that IL-10 was mainly produced by memory B cells with the short 5-hour stimulation, whereas IL-10 was mainly produced by marginal zone and transitional B cells with the long 48-hour one (figure e-8).

To decipher the mechanisms of IL-10 production by B cells after long stimulation, we explored the type I interferon pathway. Using peripheral blood DISCUSSION The main results of this study are as follows: (1) an increase of the IL-6/lL-10 ratio in patients with RIS/CIS at baseline is significantly associated with an activity of the disease at 6 months; (2) this proinflammatory imbalance is linked to a decrease of the IL-10-producing B cells, without alteration of the IL-6-producing B cells;

(3) this alteration of IL-10 production in patients with RIS/CIS who evolved concerns mainly transitional B cells and is independent of type I interferon secretion; (4) this feature was not observed when considering baseline samples from patients with RRMS, suggesting that impaired regulatory functions of B cells affect the early phase of MS disease.

Understanding the impact of the B-cell role in MS pathophysiology involves the analysis of peripheral blood B-cell subset distribution in patients, trying to associate any phenotypic characteristics with functional properties. Conflicting results are found in the literature. Immature B-cell phenotype (such as transitional B cells) has been associated with an antiinflammatory profile, [START_REF] Blair | CD19(1)CD24 (hi)CD38(hi) B cells exhibit regulatory capacity in healthy individuals but are functionally impaired in systemic Lupus Erythematosus patients[END_REF] whereas memory B-cell phenotype has been associated with a more proinflammatory profile. [START_REF] Duddy | Distinct effector cytokine profiles of memory and naive human B cell subsets and implication in multiple sclerosis[END_REF] Studies usually focused on the distribution of the following subsets: transitional, mature naive, and memory B cells. Although Haas et al. [START_REF] Haas | B cells undergo unique compartmentalized redistribution in multiple sclerosis[END_REF] described an increase of transitional B cells in CIS and RRMS patients with active disease, Lee-Chang et al. [START_REF] Lee-Chang | Primed status of transitional B cells associated with their presence in the cerebrospinal fluid in early phases of multiple sclerosis[END_REF] found a decrease of those same cells in the same patient groups. Memory B-cell decrease have also been described in RRMS, [START_REF] Haas | B cells undergo unique compartmentalized redistribution in multiple sclerosis[END_REF][START_REF] Niino | Memory and naive B-cell subsets in patients with multiple sclerosis[END_REF] whereas Michel et al. [START_REF] Michel | Unaltered regulatory B-cell frequency and function in patients with multiple sclerosis[END_REF] did not find any modification in the distribution of B-cell subsets in MS compared with HCs. In our study, we did not find any alteration in the distribution of those B-cell subsets at any phase of the disease. The only exception was that the double-negative (IgD 2 / CD27 2 ) B-cell subset is overrepresented in CIS and RRMS groups compared with HCs. Such doublenegative B cells have been reported as increased in other autoimmune conditions (systemic lupus and Sjögren syndrome) [START_REF] Wei | A new population of cells lacking expression of CD27 represents a notable component of the B cell memory compartment in systemic lupus erythematosus[END_REF][START_REF] Saadoun | Expansion of autoreactive unresponsive CD21(-/low) B cells in Sjögren's syndrome associated lymphoproliferation[END_REF] but have not been explored in MS except by Haas et al. [START_REF] Haas | B cells undergo unique compartmentalized redistribution in multiple sclerosis[END_REF] who also described their overrepresentation in CIS and RRMS. These cells are described as exhausted B cells in a chronic activation status, but their functional properties remain elusive. [START_REF] Seifert | Human memory B cells[END_REF][START_REF] Wu | The relationship between CD27 negative and positive B cell populations in human peripheral blood[END_REF] We observed that the distribution of some B-cell subsets like transitional B cells was more heterogeneous in patients with MS. [START_REF] Haas | B cells undergo unique compartmentalized redistribution in multiple sclerosis[END_REF][START_REF] Lee-Chang | Primed status of transitional B cells associated with their presence in the cerebrospinal fluid in early phases of multiple sclerosis[END_REF] This could mean that, despite an apparent homogeneity through the clinical clustering of patients in defined groups (RIS, CIS, and RRMS), every individual patient presents a peculiar heterogeneous disease history. Indeed Carr et al. [START_REF] Carr | The cellular composition of the human immune system is shaped by age and cohabitation[END_REF] recently reported how peripheral blood immune cell distribution could be heterogeneous and how that distribution was shaped by environmental conditions. Besides the lack of association between B-cell subsets and the stage of MS at baseline in our study, we did not find any association with MS evolution either. These data suggest that the phenotypic analysis of peripheral blood B cells could be insufficiently informative. We therefore assessed a more functional analysis of B cells through their cytokine production capacities. We hypothesized that initial phases of the disease could reflect a more homogenous pathologic process before any additional modifications brought by treatments and cumulative damage occurrence. In addition to patients with RRMS, we did select early MS disease (RIS and CIS) patients who are naive of any immunomodulating or immunosuppressive drugs. We did not see any difference in IL-6 and IL-10 production by B cells between HCs and RIS, CIS, or RRMS nor between the different subgroups of patients. Such discrepant results with literature might be linked to the different methodological approaches: cells studied and stimulation methods used. We chose to use stimulated fresh PBMCs to analyze specific cytokine production by B cells using a cytometric approach. Iwata et al. [START_REF] Iwata | Characterization of a rare IL-10-competent B-cell subset in humans that parallels mouse regulatory B10 cells[END_REF] demonstrated that this technique using PBMC is as convenient as purified B cells for the specific cytokine production analysis. Moreover, the stimulation pathway we used in our study has been demonstrated as optimal for the analysis of cytokine production by B cells. [START_REF] Menon | A regulatory feedback between plasmacytoid dendritic cells and regulatory B cells is aberrant in systemic lupus erythematosus[END_REF] In the longitudinal phase of our study, we concluded that, in the very early phases of MS (for RIS and CIS), the higher the IL-6/IL-10 B-cell ratio, the poorer the prognosis at 6 months.

The increase of this ratio was mainly explained by a decrease of IL-10 production. Indeed, although IL-6 production did not significantly vary, the decrease of the capacity of B cells to produce IL-10 could confer a higher proinflammatory property on those B cells. Moreover, in the group of patients who evolved at 6 months, we observed an inverse correlation between time to progression and IL-6/IL-10 ratio. A lower ratio was associated with a longer time to evolution.

Using an ROC curve approach, we delineated a cutoff to define a test with a high specificity. More than 87% of patients with RIS/CIS who presented less than 4.5% of B-cell-producing IL-10 have evolved at 6 months, corresponding to a specificity of 97%, but a low sensitivity of 31%. This approach points out that, under this percentage of IL-10producing B cells, the patients with RIS/CIS are at substantial risk of developing an active disease.

Those results were obtained with a long stimulation while they were not observed after short stimulation of B cells. We could hypothesize that the decrease in the level of IL-10 B-cell production may be restricted to transitional B cells. Moreover, previous studies have shown that IL-10 production by transitional B cells after long TLR9 stimulation could depend on type I interferon produced by PBMC. [START_REF] Carr | The cellular composition of the human immune system is shaped by age and cohabitation[END_REF] However, we did show that IL-10 B-cell production was independent of type I interferon synthesis in our population.

In the RRMS group, we did not observe that IL-6/ IL-10 ratios and IL-10 B cells were associated with any further disease activity during the follow-up. These data suggest that at the RRMS stage, peripheral blood no longer reflected the initial pathologic processes but, perhaps, a more heterogeneous process linked to accumulation, in a single patient, of lesions at various stages.

In conclusion, we suggested that B cells had a reduced capacity for producing the immunoregulatory cytokine IL-10 that may confer a proinflammatory profile to those cells. This phenomenon is objectively shown only at the early initial phases of the disease and could help at that step to identify patients who will need active treatment. A replication cohort would be helpful to substantiate that this test IL-6/IL-10 ratio in B cells is predictive of early disease activity in patients with RIS/CIS. acquisition of data and critical revision of the manuscript for intellectual content. Guillaume Lefèvre and David Launay: critical revision of the manuscript for intellectual content. Patrick Vermersch: acquisition of data and critical revision of the manuscript for intellectual content. Dubucquoi Sylvain: study concept and design, study supervision, analysis and interpretation of data, and critical revision of the manuscript for intellectual content. Hélène Zéphir: study concept and design, study supervision, acquisition of data, analysis and interpretation of data, and critical revision of the manuscript for intellectual content.
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 1 Figure 1Phenotype and functional properties of B cells in MS and HCs at baseline

Figure 2

 2 Figure 2Functional properties of B cells according to disease evolution in patients with RIS/CIS

Figure 3

 3 Figure 3 Analysis of the prognostic value of IL-10-producing B cells or IL-6/IL-10-B-cell ratio measurements in patients with RIS/CIS MS

  

  Table Demographic and clinical features of patients with MS and HCs

			Age, y,		Disease duration,	Follow-up, mo,	Radiologic/clinical
	Diagnosis at inclusion	N	mean 6 SD	Sex ratio, F/M	mo, mean 6 SD	mean 6 SD	evolution
	HC	36	41.8 6 14.1	0.7	-	-	-
	RIS	12	37.0 6 10.7	2.0	-	12.0 6 6.3	2/12
	CIS	46	33.1 6 9.9	1.7	5.3 6 10.2	10.4 6 6.3	29/46
	RRMS	31	36.1 6 9.6	2.1	60.9 6 66.3	12.1 6 7.3	9/31

Abbreviations: CIS 5 clinically isolated syndrome; HC 5 healthy control; RIS 5 radiologically isolated syndrome; RRMS 5 relapsing remitting MS.
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Proinflammatory B-cell profile in the early phases of MS predicts an active disease