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            ORIGINAL RESEARCH B Cell Depletion Increases Sphingosine-1-Phosphate–Dependent Airway Inﬂammation in Mice Rosalinda Sorrentino 1 , Antonio Bertolino 2 , Michela Terlizzi 1 , Valentina Mattera Iacono 2 , Piera Maiolino 3 , Giuseppe Cirino 2 , Fiorentina Roviezzo 2 *, and Aldo Pinto 1 * 1 Department of Pharmacy, University of Salerno, Fisciano, Italy; 2 Department of Pharmacy, University of Naples, Naples, Italy; and 3 National Cancer Institute, ‘G. Pascale, Naples, Italy Abstract Sphingosine-1-phosphate (S1P) has been widely associated with inﬂammation-based lung pathologies. Because B cells play a critical role as antigen-presenting and/or Ig-producing cells during asthmatic conditions, we wanted to dissect the role of these cells in S1P- dependent airway hyperreactivity and inﬂammation. Mice were sensitized to ovalbumin or exposed to S1P. Ovalbumin sensitization caused airway hyperreactivity coupled to an increased lung inﬁltration of B cells, which was signiﬁcantly reduced after the inhibition of sphingosine kinases I/II. Similarly, the sole administration of S1P increased bronchial reactivity compared with vehicle, and was accompanied by a higher inﬂux of B cells in a time-dependent manner. This effect was associated to higher levels of IL-13, transforming growth factor-b, IL-10, and T regulatory cells. In addition, isolated S1P-derived lung B cells increased CD4 1 and CD8 1 T cell proliferation in vitro, and their suppressive nature at Day 14 was associated with the higher release of transforming growth factor-b and IL-10 when they were cocultured. Therefore, to prove the role of B cells in S1P-mediated airway inﬂammation, and because CD20 expression, contrary to MHCI and MHCII 1 , was up-regulated at Day 14, CD20 1 B cells were depleted by means of a speciﬁc monoclonal antibody. The absence of CD20 1 B cells increased airway reactivity and inﬂammation in S1P-treated mice compared with the control mice. These data imply that sphingosine kinase/S1P–mediated airway inﬂammation is countered by B cells via the induction of an immune-suppressive environment with the attempt to affect asthma-like outcomes in mice 2 . Keywords: asthma; B cells; immunosuppression; lung inﬂammation; sphingosine-1-phosphate Clinical Relevance Our data further advance the current understanding of sphingosine-1-phosphate (S1P) axis in allergic airway inﬂammation. Here, we pinpoint a cellular subtype, B regulatory cells, the association of which with T regulatory cells represents a potential cellular mechanism by which the host tries to dampen S1P-mediated proinﬂammatory/allergic patterns. Current therapies are designed to treat the symptoms of asthma in an effort to decrease the ongoing inﬂammation and reduce bronchial constriction. Therefore, we believe that the pharmacological manipulation of B cell activity during S1P-induced asthma-like responses has great therapeutic implications in that it can counteract the endogenous S1P signaling in both mice and patients with asthma. Asthma is a chronic inﬂammatory lung disease characterized by bronchial constriction, cough, and difﬁculty to breathe due to the activation of immune responses responsible for the symptoms in a cellular and humoral manner 3 . One of the main features of this inﬂammatory path is the production of IgE antibodies, secondary to the previous activation of the innate and ( Received in original form May 27, 2014; accepted in ﬁnal form September 16, 2014 ) *These authors contributed equally to the work. This work was supported by PRIN 2011 (A.P. and G.C.). a fellowship from Programma Operativo Regionale (POR) FSE 2007-2013 Model Organism (R.S.), and by a fellowship from POR FSE 2007-2013 Campania Research in Experimental Medicine (M.T.). Author Contributions: conception and design—R.S., A.P., and F.R.; analysis and interpretation—R.S., A.B., M.T., V.M.I., P.M., G.C., F.R., and A.P.; drafting the manuscript for important intellectual content—R.S., A.P., and F.R. Correspondence and requests for reprints should be addressed to Rosalinda Sorrentino, Ph.D., Department of Pharmacy, University of Salerno, Via San Giovanni Paolo II, 132, Fisciano, 84084, Salerno, Italy. E-mail: [email protected] This article has an online supplement, which is accessible from this issue’s table of contents at www.atsjournals.org Am J Respir Cell Mol Biol Vol jj, Iss jj, pp 1–13, jj 2014 Copyright © 2014 by the American Thoracic Society Originally Published in Press as DOI: 10.1165/rcmb.2014-0207OC on September 24, 2014 Internet address: www.atsjournals.org Sorrentino, Bertolino, Terlizzi, et al.: B Cells Counteract S1P-Mediated Lung Inﬂammation 1 
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ORIGINAL RESEARCH
 B Cell Depletion Increases Sphingosine-1-Phosphate–DependentAirway Inflammation in MiceRosalinda Sorrentino1, Antonio Bertolino2, Michela Terlizzi1, Valentina Mattera Iacono2, Piera Maiolino3,Giuseppe Cirino2, Fiorentina Roviezzo2*, and Aldo Pinto1*1Department of Pharmacy, University of Salerno, Fisciano, Italy; 2Department of Pharmacy, University of Naples, Naples, Italy;and 3National Cancer Institute, ‘G. Pascale, Naples, Italy
 Abstract
 Sphingosine-1-phosphate (S1P) has been widely associated withinflammation-based lung pathologies. Because B cells play a criticalrole as antigen-presenting and/or Ig-producing cells during asthmaticconditions, we wanted to dissect the role of these cells in S1P-dependent airway hyperreactivity and inflammation. Mice weresensitized to ovalbumin or exposed to S1P. Ovalbumin sensitizationcaused airway hyperreactivity coupled to an increased lung infiltrationof B cells, which was significantly reduced after the inhibition ofsphingosine kinases I/II. Similarly, the sole administration of S1Pincreased bronchial reactivity compared with vehicle, and wasaccompanied by a higher influx of B cells in a time-dependentmanner.This effect was associated to higher levels of IL-13, transforminggrowth factor-b, IL-10, and T regulatory cells. In addition, isolatedS1P-derived lung B cells increased CD41 and CD81 T cellproliferation in vitro, and their suppressive nature at Day 14 wasassociatedwith the higher release of transforming growth factor-b andIL-10when theywere cocultured. Therefore, to prove the role of B cellsin S1P-mediated airway inflammation, and because CD20 expression,contrary to MHCI and MHCII1 , was up-regulated at Day 14, CD201
 B cells were depleted bymeans of a specificmonoclonal antibody. TheabsenceofCD201Bcells increasedairway reactivity and inflammationin S1P-treated mice compared with the control mice. These data
 imply that sphingosine kinase/S1P–mediated airway inflammationis countered by B cells via the induction of an immune-suppressiveenvironment with the attempt to affect asthma-like outcomes inmice 2.
 Keywords: asthma; B cells; immunosuppression; lunginflammation; sphingosine-1-phosphate
 Clinical Relevance
 Our data further advance the current understanding ofsphingosine-1-phosphate (S1P) axis in allergic airwayinflammation. Here, we pinpoint a cellular subtype,B regulatory cells, the association of which with T regulatorycells represents a potential cellular mechanism by which thehost tries to dampen S1P-mediated proinflammatory/allergicpatterns. Current therapies are designed to treat the symptomsof asthma in an effort to decrease the ongoing inflammationand reduce bronchial constriction. Therefore, we believethat the pharmacological manipulation of B cell activity duringS1P-induced asthma-like responses has great therapeuticimplications in that it can counteract the endogenous S1Psignaling in both mice and patients with asthma.
 Asthma is a chronic inflammatory lungdisease characterized by bronchialconstriction, cough, and difficulty to breathe
 due to the activation of immune responsesresponsible for the symptoms in a cellularand humoral manner 3. One of the main
 features of this inflammatory path is theproduction of IgE antibodies, secondary tothe previous activation of the innate and
 (Received in original form May 27, 2014; accepted in final form September 16, 2014 )
 *These authors contributed equally to the work.
 This work was supported by PRIN 2011 (A.P. and G.C.). a fellowship from Programma Operativo Regionale (POR) FSE 2007-2013 Model Organism (R.S.), andby a fellowship from POR FSE 2007-2013 Campania Research in Experimental Medicine (M.T.).
 Author Contributions: conception and design—R.S., A.P., and F.R.; analysis and interpretation—R.S., A.B., M.T., V.M.I., P.M., G.C., F.R., and A.P.; draftingthe manuscript for important intellectual content—R.S., A.P., and F.R.
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adaptive immune system, and this isresponsible for the ongoing asthma signsand symptoms. Allergen exposure inducesthe activation of T and B cells, the latterbeing responsible of the IgE synthesis/release.
 Sphingosine-1-phosphate (S1P) isa membrane lipid, the synthesis of whichis mediated by the activation of a cascadeof enzymatic reactions that phosphorylatesphingosine in S1P via the activation ofsphingosine kinase (SphK) I and II (1).S1P is synthesized by most cells, but it isendogenously degraded by the activityof sphingosine lyase and S1P-phosphatasesthat inactivate S1P via the loss of thephosphate group (1). The activity of S1P ismediated by G-coupled receptors (S1P1–5).S1P is a multifunctional lipid, and canmediate cell proliferation as well as celldeath, cell migration and differentiation,and immunological responses (1). S1Plevels are increased in several pathologicalconditions. Our previous work and thatof others has demonstrated that S1Pis able to induce airway reactivity andinflammation (1–5) in an IgE-dependentmanner. In particular, high levels of S1Phave been found in the sputum of patientswith asthma, implying its involvement ineosinophilia and airway reactivity (2–4).We and others previously demonstratedthat S1P can be the basis for mast cell-dependent, ovalbumin (OVA)-inducedallergic airway inflammation andhyperresponsiveness (5). The inhibitionof SphKI by means of a specific inhibitordecreased OVA-induced eosinophilia andthe release of T helper (Th) type 2–likecytokines, such as IL-4, IL-5, IL-6, IL-13,and chemokines, such as eotaxin and CCL2(5). In an OVA-sensitized mouse model ofasthma, antigen-mediated aggregation ofthe IgE receptor (FceRI) on mast cells canpromote allergic reactions via the activationof SphKI/II, and thus the production ofS1P (1, 6), responsible for the activationand recruitment of many types of immunecells involved in allergic and inflammatoryresponses, including eosinophils (3), Th2lymphocytes (7), and neutrophils. S1Palso leads maturing dendritic cell–inducedpolarization of T cells into a Th2 phenotype(8). All these studies were, however,performed in antigen-induced (OVA-dependent) allergic airway inflammation.Given the notion that S1P production isassociated to the symptoms associated withthe allergic IgE-dependent inflammatoryresponses in the lung, in this study we
 wanted to understand the role of B cellsin S1P-induced airway inflammation.We found that S1P injection can increasethe recruitment of B cells to the lung,where they can influence the immune-suppressive environment due to the higherrecruitment of T regulatory cells (Tregs)and suppressive cytokines (i.e., IL-10 4).The absence of mature and Ig-producingB cells increased airway reactivity andinflammation in S1P-treated mice,implying that these cells counteract S1Pactivity in the lung by augmenting thesuppressive immune environment.
 Materials and Methods
 MiceFemale BALB/c mice (6–9 wk old; HarlanLaboratories, Udine, Italy) were feda standard chow diet and housed underspecific pathogen-free conditions at theDepartment of Pharmacy, University ofNaples (Naples, Italy). Mice were killed bybleeding under isofluorane anesthesia forflow cytometry experiments and underketamine/xylazine (10 mg/1 mg/ml/kg 5)anesthesia for bronchial reactivityexperiments. All animal experiments wereperformed under protocols that followedthe Italian and European CommunityCouncil for Animal Care (DL no 116/92 6).
 Experimental ProtocolMice were injected subcutaneously with S1P(10 ng/mouse; Enzo Life Science, jjj 7,Italy) or vehicle (1 mg/ml BSA dissolved in100 ml) on Days 0 and 7, and killed atdifferent time points: 3, 7, 14, and 21 days 8after the first subcutaneous injection ofS1P (4). In some experiments, mice weresubcutaneously injected with OVA (100 mg/mouse dissolved in Al(OH)3 gel [13 mg/mlin sterile saline]) at Days 0 and 7. To provethe role of S1P-dependent pathway, OVA-sensitized mice were also treated with aspecific inhibitor of SphKI/II (10 mg/mouse),which is responsible for sphingosinephosphorylation.
 In another set of experiments, an anti-CD20 monoclonal antibody (mAb; rat IgG,250 mg/mouse, intraperitoneal) (10) wasused to deplete CD201 B cells at Days 0, 3,7, 10, and 14. The anti-CD20 mAb wasinjected the same day, but 30 minutesbefore the subcutaneous injection of S1P orvehicle (BSA). We previously publishedthat the anti-CD20 mAb depleted CD201
 B cells by approximately 90% comparedwith IgG (10). Anti-CD20 mAb was injectedevery 3 days, as the turnover of CD201
 B cells was approximately 4–5 days (10).Lungs, LN 9, and spleens were isolated
 and digested with 0.5–1 U/ml collagenaseand 20 mg/ml DNaseI (both fromSigma-Aldrich [Milan, Italy]). Cellsuspensions were passed through 70-mmcell strainers, and red blood cells werelysed. Cell suspensions were used forflow cytometric analysis of different cellsubtypes. Bronchoalveolar lavage fluid wascollected using 0.5 ml of PBS containing0.5 mM EDTA and cell counts performed.In addition, lungs were homogenized andcytokines measured.
 Airway ResponsivenessMeasurementsMice were killed and bronchial tissues weredissected to measure the bronchial reactivityunder cumulative concentration–dependentadministration of carbachol (1 3 1028 to3 3 1025 mol/L). These experiments wereperformed by means of organ baths mountedto isometric force transducers (type 7006;Ugo Basile, Comerio, Italy) and connectedto a Powerlab 800 (ADInstruments, jjj 10).Data were expressed as contraction capacity(dine/mg 11of tissue) compared with theconcentration of carbachol.
 Lung Morphological AnalysisLeft lung lobes were fixed in OCT medium(Pella Inc., Milan, Italy) and 7-mmcryosectionswere cut. The degree of inflammation wasscored by blinded observers by usinghematoxylin and eosin and periodicacid–Schiff (PAS; Sigma-Aldrich) staining.PAS staining was performed according tothe manufacturer’s instructions to detectglycoprotein. PAS-stained cryosections wereanalyzed for the presence of goblet cells(PAS1 cells) along the bronchial basementmembrane. Data were reported as goblet(PAS1) cells/mm2 and detected by means ofimaging software (Zeiss, jjj 12, Germany).
 Flow Cytometry AnalysisThe composition of lung inflammatory cellswas determined by flow cytometry withFacsCalibur (BD, Milan, Italy) usingthe following antibodies: CD11c-FITC;B220-PE; CD19-PeCy5.5; CD20-antigen-presenting cell (APC); CD3-PeCy5.5; CD4-PE; CD8-APC; MHC II-PE; MHCI-FITC;CD25-PE; FoxP3-PeCy5.5 13(eBioscience,San Diego, CA).
 ORIGINAL RESEARCH
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Preparation of Lung CD191 B CellsLung B cells (CD191 cells) were generatedby digesting the lung with 5–10 U/mlcollagenase, 20 mg/ml DNaseI (both fromSigma-Aldrich), and antibiotics for 45minutes. Cell suspensions were passedthrough 70-mm cell strainers, and red bloodcells were lysed. For some experiments,CD191 cells were isolated using a negativeselection for CD191 cells (EasySep Stem Cell;Voden, Milan, Italy). Purity was checked byflow cytometry by using anti-CD11c, -CD19,-B220, and –Gr-114 antibodies (eBioscience),and was routinely around 90%, as shownin Figure E1 in the online supplement andas previously published (10).
 Mixed Lymphocyte ReactionLung CD191 B cells were harvested, treatedwith PBS or S1P (0.1–1.0 mM), and thencultured for 24 and 72 hours with splenicCD81 (ratio, 1:10) and CD41 T cells (ratio,1:10). Splenic CD81 and CD41 T cells wereisolated using an EasySep Stem Cell kit.Purity was checked by flow cytometry byusing anti-CD3, -CD19, -CD4, and -CD8antibodies (eBioscience), and was routinelyaround 90% (data not shown). Cell-freesupernatant was tested for IFN-g and IL-10release. CD41 and CD81 T cells weretested for cell proliferation by using CFSE15(1 mM) assay (eBioscience).
 ELISATNF-a, IL-6, IL-10, IFN-g, granzyme B, IL-13, and transforming growth factor (TGF)-b were measured in lung homogenates byusing commercially available ELISAs (R&DSystems and eBioscience, London, UK;Bethyl Laboratories, jjj16 ) and expressedas picograms per milligram of protein.
 Western Blotting AnalysesLung isolated B cells were lysed by means ofRIPA buffer and subjected to SDS-PAGE,and then loaded on nitrocellulose membrane.Anti-SphKI antibody or anti–glyceraldehyde3-phosphate dehydrogenase were used(Santa Cruz Tech, jjj17 ).
 Statistical AnalysisResults are expressed as means (6 SEM).Changes observed in treated groupscompared with controls were analyzedusing one-way ANOVA, followed byBonferroni’s post test, and/or Student’st test. P values less than 0.05 wereconsidered significant. Two-way ANOVAwas applied where required.
 Results
 S1P/SphK I/II–Dependent Signaling IsInvolved in B Cell Recruitment duringOVA-Induced Airway Hyperreactivityand InflammationWe previously demonstrated that S1P/SphKI/II signaling is involved in airwayhyperresponsiveness in OVA-sensitizedmice (16). Indeed, the injection of a SphKI/IIinhibitor in OVA-treated mice significantlyreduced airway reactivity to carbachol(Figure 1A). Because allergic airway diseasesare well characterized by the high levels ofIg, we proceeded by evaluating the presenceof B cells in the lung of OVA-sensitizedmice. The percentage of B cells (identified asCD191B2201 cells) in the lung of OVA-sensitized mice was significantly higher thanin control mice (Figure 1B) at earlier timepoints. Interestingly, we observed asignificant reduction of B cells in the lungof OVA-sensitized mice treated withSphKI/II inhibitor (Figure 1B, black line 18),implying that S1P axis is responsible forB cell recruitment during allergic airwayinflammation. In addition, the injectionof a SphKI/II inhibitor markedly reducedOVA-induced IL-13 (Figure 1C), IL-10(Figure 1D), and TGF-b (Figure 1E). Thesedata further confirm the role of S1P axis inairway allergic Th2-like responses.
 S1P-Mediated HyperresponsivenessIs Associated with Greater Presenceof B Cells in the LungTo further clarify the role of S1P signalingin B cell recruitment during sensitization,we proceeded by exposing BALB/c miceto S1P (10 ng/mouse). In our previousstudy (4), we demonstrated that S1Pexogenous administration, as well asOVA administration, increases airwayresponsiveness and inflammation in atime- and dose-dependent manner. Similarly,in this study, we observed that thesubcutaneous treatment with S1P inducedgreater responsiveness to carbachol startingat Day 3 (data not shown) up to Day 14(Figure 1F), when statistical differenceswere observed. This effect was similar to thatseen in OVA-sensitized mice (Figure 1A).In addition, the release of IL-13, a wellknown airway allergic cytokine (11), wassignificantly increased in lung homogenatesof mice treated with S1P compared withvehicle-treated mice (Figure 1G).
 Interestingly, B cells significantlyaccumulated in the lung of S1P-treated mice
 at Days 3, 7, and 14 compared with vehicle-treated mice (Figure 1H), similar to whatwas observed in OVA-sensitized mice(Figure 1B). These data imply that S1P axisis involved in lung B cell recruitmentduring allergic airway inflammation.
 S1P-Mediated HyperresponsivenessIs Associated with an Immune-Suppressive EnvironmentTo further dissect the role of leukocytes inour mouse model, we went on to analyzethe presence of immune-suppressive cells,such as Tregs. Tregs were identified bymeans of flow cytometry analysis and gatedas CD31CD41CD251FoxP31 cells.The administration of S1P significantlyincreased the levels of Tregs in the lungonly at 7 and 14 days after the firstadministration of S1P 19(Figure 2A), whenB cell presence was reduced. This effect wasalso observed in OVA-sensitized mice(data not shown). In addition, the levelsof IL-10 (Figure 2C) and TGF-b (Figure 2D),well known immune-suppressive cytokines,were significantly increased in lunghomogenates of S1P-treated mice killed at14 days. These cytokines were not detectedat earlier time points (3–7 d) after S1Ptreatment. These data imply that S1Ptreatment can increase Treg recruitment, aspreviously observed for OVA-sensitizedmice (12).
 S1P-Pulsed B Cells Behave as BRegulatory CellsOur previous data demonstrated that S1Pincreased B cell influx to the lung of BALB/cmice (Figure 1H). To understand the roleof S1P axis, we isolated lung B cells after S1Por vehicle treatment. Lung-derived B cellsexpressed SphKI (Figure 3A), as previouslyreported by Pi and colleagues (13). Nodifferences were observed in SphKIexpression in B cells obtained from the lungof vehicle- and S1P-treated mice isolatedat different time points, implying that thiskinase is physiologically present in thesecells. In addition, the levels of the mostrelevant receptor for S1P, S1P1, was equallyexpressed on B cells derived from vehicle-,S1P-, and OVA-treated mice (Figure 3B).
 To understand the phenotype ofS1P-pulsed B cells, in vitro experimentswere performed by using lung-derivedB cells isolated from vehicle-treated mice.S1P treatment (0.1–1.0 mM) of vehiclemouse–derived lung B cells increased thelevels of IL-10 (Figure 3C) and TNF-a
 ORIGINAL RESEARCH
 Sorrentino, Bertolino, Terlizzi, et al.: B Cells Counteract S1P-Mediated Lung Inflammation 3

Page 4
                        

500
 0
 –9
 OVA
 0
 00
 Vehicle S1P
 25
 IL-1
 3 pg
 /mg
 prot
 ein
 50
 75
 –9 –8 –7
 Carbachol (LogM)
 –6 –5
 0
 Vehicle 3 Days 7 Days
 S1P
 14 Days
 1
 2
 B c
 ell n
 umbe
 r (1
 ×106 /m
 l)
 3
 4
 5
 250
 500
 750
 1000
 1250vehicle 14 daysS1P 14 days
 1500
 20
 40
 60
 80 40
 30
 20
 IL-1
 0 pg
 /mg
 prot
 ein
 10
 0 0
 OVA OVA+SphKI/II inhibitor
 20
 40
 TG
 Fβ
 pg/m
 g pr
 otei
 n
 60
 80
 IL-1
 3 pg
 /mg
 prot
 ein
 OVA+SphKI/II inhibitor OVA OVA+SphKI/II inhibitor
 –8 –7
 Carbachol (Log[M])
 –6 –5 00
 2
 4
 %C
 D19
 +B
 220+
 cel
 ls
 6
 8
 10 OVAOVA+SphKI/II Inhibitor
 3 6 9 12
 Days
 15 18 21 24
 1000
 cont
 ract
 ion
 (din
 e/m
 g)
 A
 B
 C D E
 FG
 H
 1500 Vehicle 14 daysOVA 14 daysSphKI/II + OVA 14 days
 B220-PE
 S1P 7 Days
 Vehicle S1P 3 Days
 FL2-H
 FL2-H
 FL3
 -HF
 L3-H
 CD
 19-P
 eCy5
 .5
 FL2-H
 FL2-H
 FL3
 -HF
 L3-H
 S1P 14 Days
 I
 100
 100 101 102 103 104
 101
 102
 103
 104
 100
 100 101 102 103 104
 101
 102
 103
 104
 100
 100 101 102 103 104
 101
 102
 103
 104
 100
 100 101 102 103 104
 101
 102
 103
 104
 **
 *
 *** ** **
 ***
 **
 *** **
 *****
 ***R2 R2
 R2 R2
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(Figure 3D) in a significant manner. Incontrast, the addition of S1P on vehicle-derived lung B cells did not increase therelease of the cytotoxic protease granzymeB (Figure 3E, open bars), nor of IL-13,Th2-like cytokine (Figure 3F). However,B cells isolated from the lung of S1P-treatedmice at 7 and 14 days showed significantrelease in vitro of both granzyme B(Figure 3D, closed bars) and IL-13(Figure 3E, closed bars), implying thatanother signal was essential to inducingthese cells to release harmful mediators,such as granzyme B and IL-13. Because ofthe well described activity of B cells asAPCs20 (14), we performed flow cytometryanalysis for cell surface markers. Again,B cells were isolated from vehicle- andS1P-treated mice at different time points.At 3 days after S1P or vehicle injection, thestimulation of vehicle-derived B cells withS1P in vitro showed higher levels of MHC I(Figure 4A, open bars) and MHC II(Figure 4B, open bars). Instead, B cells fromS1P-treated mice did not show any increasein MHC I (Figure 4A, closed bars) andMHC II (Figure 4B, closed bars) after S1Paddition21 . However, the basal levels of MHCI (Figure 4A, closed bars) and MHC II(Figure 4B, closed bars) on B cells fromS1P-treated mice were already significantlyhigher than those from vehicle-treated mice,implying that B cells from S1P-treatedmice were already in their active phenotype.
 Similarly, vehicle-derived B cellsobtained at 7 days showed a significantincrease of MHC I (Figure 4C, open bars)and MHC II (Figure 4D, open bars) underS1P stimulation. However, at this timepoint, B cells obtained from the lung ofS1P-treated mice showed a significantincrease in MHC I (Figure 4C, closed bars)and MHC II (Figure 4D, closed bars) levelsafter S1P treatment. However, it is ofnote that the stimulation in vitro with S1P(0.1–1.0 mM) of B cells obtained frommice treated in vivo with S1P for 3 daysshowed a reduced expression of MHC I(Figure 4A) and MHC II (Figure 4B)compared with the basal conditions. Thiseffect is attributable to the desensitizationof S1P receptor(s), as previouslydemonstrated by Roviezzo and colleagues
 (2 22). In addition, the different behavior ofB cells obtained from the lung of S1P-treated mice at 3 and 7 days may have beendue to the administration of S1P that wasperformed 7 days before the isolation.Interestingly, B cells isolated from the lungof S1P- or vehicle-treated at 14 days didnot show any differences in the levels ofeither MHC I (Figure 4E) or MHC II(Figure 4F). In contrast, higher levels ofCD80 were detected on S1P-derivedB cells compared with vehicle at 14 days(Figure 4G). These data imply that,although B cells do not present antigens viaMHC I/II overexpression at Day 14, theycan interact with T cells via CD80.
 To understand the role of lung-derivedB cells from mice treated with vehicle or S1Pon T cells, we performed mixed lymphocytereaction experiments in vitro. B cellsobtained from the lung of vehicle-treatedmice were first treated with S1P or PBSand then added to CD41 or CD81
 T cells obtained from the spleen of naive(nontreated) mice. CFSE 23-marked CD41
 T cells alone did not show any increasein proliferation when S1P was added(Figure 5A, open bars). Similarly, CD81
 T cells did not proliferate (Figure 5F, openbars). In contrast, B cells obtained frommice exposed to S1P and killed at 14 daysinduced higher proliferation rates of bothCD41 (Figure 5A, closed bars) and CD81
 T cells (Figure 5F, closed bars), although inthe absence of an additional (exogenous)stimulus. This effect was associated with thehigher release of TGF-b (Figure 5B, graybars) and IL-10 (Figure 5C, gray bars) fromB cells harvested from the lung of S1P-treated mice killed at 14 days when addedto naive CD41 T cells. The levels of theseimmune-suppressive cytokines were higherthan that detected in the supernatantof B cells alone (Figures 5B and 5C, dottedbars). In contrast, we did not detect anyincrease in IFN-g (Figure E2). In addition,to understand the phenotype of CD41
 T cells after the coculture with B cells, wewent on to analyze the expression levelsof FoxP3, a well known Treg transcriptionfactor. Indeed, FoxP3 expression wassignificantly higher in CD41 T cells thatwere cocultured with B cells derived from
 the lung of S1P-treated mice comparedwith vehicle-treated mice (Figures 5D and5E). Similar to CD41 T cells, B cellsobtained from both vehicle- and S1P-treated mice were added to CD81 T cellsderived from naive mice. Again, weobserved higher proliferation rates after theaddition of CD81 T cells to B cells fromS1P-treated mice (Figure 5F), associatedwith higher release of the suppressivecytokine, IL-10 (Figure 5G). These datasuggest the ability of S1P to lead B cellstoward a regulatory phenotype.
 Besides their APC activity, B cellsbehave as Ig-producing cells (10, 14). Toevaluate the role of S1P on plasma cell–likeB cells, we analyzed the levels of the surfacemarker, CD20, which is predominantlypresent on Ig-producing cells (10). B cellsisolated from the lung of mice treatedwith S1P and killed at 3 days (Figure 6A)and 7 days (Figure 6B) did not show anystatistical difference in CD20 expressioneither in the presence or absence of S1Pin vitro. Instead, B cells isolated from thelung of S1P-treated mice killed at 14 dayshad significantly higher basal levels ofCD20 (Figure 6C, closed bars) comparedwith vehicle (open bars). Conversely, theadministration of S1P in vitro on B cellsderived from vehicle- or S1P-treated micedid not alter CD20 levels (Figure 6C). Inaddition, B cells from S1P-treated micekilled at 14 days showed higher levels ofIgA (Figure 6D), but not IgG2a (Figure 6E)or IgM (Figure 6F).
 Taken altogether, these data suggestthat S1P can increase MHC I, MHC II,and CD20 expression on B cells, which, intheir regulatory phenotype, are associatedwith the polarization of T cells towardIL-10–producing T cells and an immune-suppressive environment, as alsodemonstrated by the higher releaseof the anti-inflammatory activity ofIgA-producing B cells.
 Depletion of CD201 B CellsIncreases S1P-Induced AirwayHyperresponsiveness andInflammationOur previous results showed that theexposure of mice to S1P increased the
 Figure 1. (Continued). of carbachole, associated with higher levels of IL-13 (G), but also with higher B cell recruitment (H) to the lung, as reported forOVA-treated mice. B cell recruitment is shown as B cell count (1 3 106/ml). (I) Representative dot plots of lung CD191B2201 gated cells. Data representmean 6 SEM (n = 9). Experiments were performed on two separate experimental days. *P , 0.05, **P , 0.01, ***P , 0.005, statistically significantdifferences as determined by one-way ANOVA or two-way ANOVA (A and H) with Bonferroni’s correction and Student’s t test.
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surface expression of CD20 on B cellsat 14 days (Figure 6). Because CD20 isa marker for mature B cells (15), we wantedto understand the role of these cells in ourexperimental protocol. Mice were treatedwith a specific anti-CD20 mAb before S1Por vehicle administration. Anti-CD20mAb was injected every 3 days to depletemature B cells (10, 15). The depletionof CD201 B cells was roughly 90%,as shown in Figure E1 and as previouslydescribed (10). The absence of CD201
 B cells increased S1P-induced airwayresponsiveness to carbachol (Figure 7A)compared with anti-CD20 mAb aloneor vehicle-treated mice. In addition, PAS-stained lung cryosections showed thatthe depletion of CD201 B cells further
 increased lung inflammation in S1P-treatedmice compared with S1P alone and vehicle.Indeed, the number of goblet cells wassignificantly increased in S1P-treated micedepleted of CD201 B cells compared withmice solely treated with S1P (Figure 7B).The injection of isotype control IgG or anti-CD20 mAb alone did not alter lungmorphology (Figure 7), as previouslydescribed (10).
 Importantly, the presence of Tregswas significantly reduced at all time points(from 3 to 14 d) in the lung of anti-CD20mAb1S1P–treated compared with S1P-treated mice (Figure 7C). To confirm theabsence of Tregs, we tested the levels ofIL-10 and TGF-b. Again, the antibody-mediated depletion of CD201 B cells
 reduced both IL-10 (Figure 7D, closed bars)and TGF-b (Figure 7E, closed bars) in thelung of S1P-treated mice.
 Taken together, these results imply thatB cells counteract S1P-mediated airwayhyperresponsiveness and inflammation viathe induction of an immune-suppressiveenvironment with the attempt to affectasthma-like outcomes 24.
 Discussion
 In our previous study, we reported thatS1P increases airway reactivity and lunginflammation (2–4). Here, we found thatB cells counteract S1P-induced allergicinflammation in the lung. The presence of
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B cells was strictly correlated with therecruitment of Tregs and with the higherrelease of IL-10 and TGF-b, well knownimmune-suppressive cytokines, in S1P-treated mice compared with the controls. In
 animal models of allergic airwaydisease, Tregs can suppress establishedairway inflammation and airwayhyperresponsiveness (17). Several clinicalprotocols are being designed to enhance the
 development, recruitment, and function ofTregs during allergic conditions, especiallyin asthma (18). Existing therapies,including corticosteroids and allergenimmunotherapy, act on Tregs, in part to
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increase IL-10 production, whereas vitaminD3 and long-acting b-agonists enhanceIL-10 Treg function (19).
 Although a mouse model that mimicswell what happens in patients with asthma isstill lacking, the injection of S1P reproduces
 typical allergic features observed in the wellestablished OVA-mediated sensitization(3–5, 16). Airway hyperreactivity, higher
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IgE, prostaglandins, and IL-13 levels areobserved in OVA-sensitized mice, as well asin S1P-treated mice (4). This leads to the
 conclusion that S1P promotes an allergiccondition. Indeed, high S1P levels aredetected in the sputum of patients with
 asthma (2), further confirming a criticalrole for S1P in this pathology. Similarly toOVA-sensitized mice, lungs of S1P-treated
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mice were populated of B cells and Tregscompared with vehicle-treated mice.Importantly, the inhibition of SphKI/IIreduced B cell recruitment and IL-13release in OVA-sensitized mice, implyingthat the endogenous presence of S1P canparticipate in the inflammatory patternsobserved during allergic inflammation (4).
 The involvement of S1P signaling inB cell migration was previously observed for
 marginal zone B cells that require S1P1receptor activity to egress into the bonemarrow vascular compartment andinto the peripheral blood (20). Our study,in contrast, is the first, to our knowledge,to demonstrate that B cells migrate to theinflamed lungs of S1P-treated mice. Inaddition, the copresence of Tregs withB cells is at the basis of an immune-suppressive environment characterized by
 IL-10 and TGF-b (21). It is well knownthat, during asthmatic conditions, Th2 cellsand Tregs are present in an oscillatorymode in that Treg presence tries to dampenTh2-derived harmful signals 25(17, 19, 22,23). In this scenario, B cells, important forthe humoral immune responses, behave asIL-10–producing B regulatory cells (Bregs)(10, 21), and, more importantly, induceCD41 and CD81 T cells to a suppressive
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phenotype associated with the release ofsuppressive cytokines, such as TGF-b andIL-10. Upon recognition of specific antigens,B cells can present antigen(s), interact withT cells, and differentiate into plasma cells(10, 15, 21). However, under specific allergicconditions, B cells can behave as Bregsand negatively regulate inflammation andimmune responses through IL-10 (10). Thestimulation of B cells with S1P increased thelevels of IL-10 and TNF-a. The release ofTNF-a in vitro by S1P-stimulated B cellsis in line with the observation that thiscytokine is overproduced in patients withasthma, and is a potent activator of SphKI/IIand subsequent production of S1P (27).Indeed, SphKI is activated in many cell typesrelevant to allergic disorders, and occursprincipally in response to inflammatorycytokines, such as TNF-a and IL-1b (27).
 IL-10 is a potent immune modulator inthat it can both inhibit Th1 polarization andalso dampen proinflammatory activities ofTh2 cells (24). IL-10–producing B cells havebeen shown to down-regulate inflammationin airway hyperresponsiveness. Bregs werereported to be protective against allergicairway inflammation, especially when theyexpress high levels of CD23 and IL-10 (25).In our mouse model, lung B cells alsoexpressed high levels of CD23 after theadministration of S1P at all time pointsexamined (data not shown). Thesuppressive activity of Bregs underlies
 the recruitment of Tregs to the lungs,which mediate the suppression of lunginflammation in an IL-10–dependentmanner (25). Indeed, we observed that thesuppressive B cells obtained from the lungof S1P-treated mice were able to bothinduce Treg activity and promote CD81
 T cells to release IL-10, further suggestingthe role of Bregs on adaptive immunityafter S1P treatment in mice. In supportof our data, FTY20 26, a pro-S1P mimetic,proved successful in activities againstmultiple sclerosis as an immunomodulatoronce in its phosphorylated form,mimicking S1P (26).
 Moreover, we observed that B cellsisolated from the lung of S1P-treated mice,but not vehicle-treated mice, were able torelease high levels of granzyme B and IL-13.This effect was not a direct activity of S1P onB cells, but most probably dependent onthe environment that these cells encountered.Granzyme B is a cytotoxic mediator. B cellswere also reported to behave as cytotoxiccells, and the release of granzyme B mayunderlie their activity in modulating T cells(10). In addition, granzyme B was alsoreported to be functionally important forTreg proliferation, further supporting ourdata on the role of Bregs/Tregs in counteringS1P-mediated airway allergic inflammation.
 The activation of B cells has also beendescribed as a means to induce B cellmaturation in plasma cells (28). Indeed, our
 in vitro and in vivo experiments showedthat the administration of S1P increased theexpression of CD20 on B cells. CD20 isa maturation marker for B cells, which areprogrammed to produce Igs as plasma cells(10). The depletion of the mature CD201
 B cells increased airway reactivity and lunginflammation, implying the relevance of theimmunomodulator activity of Ig-producingB cells. This effect was associated with thelower presence of Tregs, IL-10, and TGF-b.
 In conclusion, our study demonstratesthat B cells have protective activities in S1P-induced allergic inflammation, because theybehave as Bregs that highly release IL-10 27.The association of Bregs with Tregs representsa potential cellular mechanism by which thehost attempts to dampen 28S1P-mediatedproinflammatory/allergic patterns. Currenttherapies are designed to treat the symptomsof asthma in an effort to decrease the ongoinginflammation and reduce bronchialconstriction. Greater understanding of therole of IgE has led to new approaches inasthma management that act early on in theallergic cascade of events. Therefore, webelieve that understanding B cells in S1P-induced asthma-like responses has greattherapeutic implications for the role of theendogenous S1P in both mice and patientswith asthma. n
 Author disclosures are available with the textof this article at www.atsjournals.org.
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AUTHOR QUERIES
 New Information for the ATS JournalsWe are glad to inform you that most of the author-supplied artwork will now be redrawn in thenew journal style.Please check text, labels, and legends for accuracy and completeness. Check that colors noted inthe figure legend match the colors in the figure and in the text of the article.
 1 AU: Please spell out MCH at both instances in abstract.
 2 AU: Please amend “. . .with the attempt to affect asthma-like outcomes in mice.” to clarify both“attempt” and the connection of this passage to previous part of the sentence.
 3 AU: Please amend “. . .for the symptoms in a cellular and humoral manner.” to clarify.
 4 AU: In passage “suppressive cytokines (i.e., IL-10),” given that “suppressive cytokines” is plural,please amend if “(e.g., IL-10)” was intended.
 5 AU: Please check units in parenthetic entry “10 mg/1 mg/ml/kg” and amend, if needed.
 6 AU: Please spell out DL here.
 7 AU: Please provide city of manufacturer Enzo Life Science.
 8 AU: OK as edited? Or please amend “. . .3–7–14 and 21...” to clarify.
 9 AU: Please spell out LN here.
 10 AU: Please provide city and state (or city and province/country if non-U.S.) of manufacturer/supplier ADInstruments. In addition, please provide a descriptive term after “Powerlab 800”to specify the nature of this device.
 11 AU: Please amend “dine/mg” if “dyn/mg” (or other) was intended.
 12 AU: Please provide city of manufacturer Zeiss.
 13 AU: Please define (spell out) PE, PeCy5.5, MHC, and FoxP3 at first occurrence of each here.
 14 AU: Please spell out Gr-1 here.
 15 AU: Please spell out CFSE here.
 16 AU: Please provide city and state (or city and province/country if non-U.S.) of manufacturer/supplier Bethyl Laboratories.
 17 AU: Please provide city and state (or city and province/country if non-U.S.) of manufacturer/supplier Santa Cruz Tech. In addition, please amend if “Santa Cruz Biotechnology” wasintended.
 18 AU: All lines in Figure 1B are black. Please amend “black line” to specify.
 19 AU: OK as edited? Or please amend “after 7 and 14 days post the first administration of S1P”to clarify.
 20 AU: Please amend “Because of the well described activity of B cells as APCs. . .” to clarify.
 21 AU: In sentence “Instead, B cells from S1P-treated mice did not show any increase in MHC I(Figure 4A, black bars) and MHC II (Figure 4B, black bars) after S1P addition.” please elabo-rate/amend to clarify what was intended by “Instead.”
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22 AU: Roviezzo is not listed as an author on Ref. 2. Please amend as needed.
 23 AU: Please spell out CFSE here.
 24 AU: Please amend “. . .with the attempt to affect asthma-like outcomes.” to clarify.
 25 AU: Please amend “...Treg presence tries to dampen Th2-derived harmful signals” to clarify“tries to.”
 26 AU: Please spell out FTY20 here.
 27 AU: Please amend “. . .Bregs that highly release IL-10.” to clarify (e.g., “Bregs that releasea great deal of IL-10.” intended?).
 28 AU: OK as edited? Or please amend “. . .by means the host tries to dampen...” to clarify.
 29 AU: Reference 9 is not cited in the text. Please add an in-text citation or delete the reference,renumbering all subsequent references in the text and list.
 30 AU: Please amend “dine/mg” if “dyn/mg” (or other) was intended.
 31 AU: Please define (spell out) PE, PeCy5.5, and FoxP3 at first occurrence of each here.
 32 AU: PE: I did not knowingly shut off track changes, but between the end of the Results sectionand this point in the figure legends, track changes was deactivated (whether by softwareglitch or user [my] error). Sorry about that.
 33 AU: Please define (spell out) MHC at first occurrence here.
 34 AU: Please define (spell out) CFSE here.
 35 AU: Please amend “dine/mg” if “dyn/mg” (or other) was intended.
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