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Figure E1: Characterisation of IL-4Rα
 
expression on B cells. 1 

A, Representative histogram plots of IL-4Rα expression on B cells in mediastinal lymph 2 

nodes. 3 

B, Quantification of IL-4Rα expression on B cells in mediastinal lymph nodes and lungs 4 

represented as median fluorescent intensity. 5 

C, Frequencies of eosinophils (Live
+
CD11c

low 
CD11b

high 
Ly6G

low
 SiglecF

hi
) and neutrophil 6 

(Live
+
CD11c

low
CD11b

high
Ly6G

high
) analysed by Flow cytometry (Part of Figure 1). 7 

D, Total number of lung CD4 T cells and CD4 T cells producing IFN-γ after 5 hr stimulation 8 

with PMA/ionomycin in the presence of monensin in mb1
cre

IL-4Rα
-/lox

 and littermate control 9 

IL-4Rα
-/lox

 mice.  10 

Shown is mean ±SDs from one representative experiment of 3 or more (n=6-7). Significant 11 

differences between groups were performed by student t-test (Mann-Whitney) and are 12 

described as: **p< 0.01.  13 

 14 

Figure E2: IL-4Rαααα-responsive B cells are essential in TH2 and IL-21 production. 15 

Representative flow cytometry plots showing lung CD4 T cells producing IL-4, IL-5, IL-13 and 16 

IL-21. Frequencies are CD4+cytokine+ cells are quantified on the right. This is part of Figure 17 

2 and Figure 3D. 18 

Shown is mean ±SDs from one representative experiment of 3 (n=4-9). Significant 19 

differences 20 

between groups were performed by student t-test (Mann-Whitney) and are described as: 21 

*p<0.05, **p< 0.01.  22 
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 23 

Figure E3: IL-4Rαααα-responsive B cells are essential in TH2 cytokine release after anti-CD3 24 

stimulation.  25 

Mediastinal lymph nodes were stimulated with anti-CD3 (10µg/mL) for 5 days and 26 

supernatants were used to measure levels of IL-4, IL-5 and IL-13. Cytokines were not 27 

detected in unstimulated or HDM (30µg) stimulated mLN. Shown is mean ±SDs from one 28 

experiment (n=6-7). Significant differences between groups were performed by student t-29 

test (Mann-Whitney) and are described as: *p<0.01. 30 

 31 

Figure E4: B cells produce other TH2 type cytokines. 32 

A, Frequencies of B cells (Live
+
B220

+
CD19

+
MHCII

+
) in mediastinal lymph nodes of mb1

cre
IL-33 

4Rα
-/lox

, littermate control IL-4Rα
-/lox

 and IL-4Rα
-/-

 mice. 34 

B, Frequencies of follicular (FO) B cells (Live
+
B220

+
CD19

+
MHCII

+
CD23

+
CD21/CD35

low
) and 35 

marginal zone B cells (Live
+
B220

+
CD19

+
MHCII

+
CD23

low
CD21/CD35

+
) in mediastinal lymph 36 

nodes of mb1
cre

IL-4Rα
-/lox

, littermate control IL-4Rα
-/lox

 and IL-4Rα
-/-

 mice. 37 

C, Frequencies of IL-5 producing B cells (Live
+
B220

+
CD19

+
MHCII

+
IL-5

+
) in the lungs of 38 

mb1
cre

IL-4Rα
-/lox

, littermate control IL-4Rα
-/lox

 and IL-4Rα
-/-

 mice.  39 

D, Total numbers of IL-13 producing B cells (Live
+
B220

+
CD19

+
MHCII

+
IL-13

+
) in the lungs of 40 

mb1
cre

IL-4Rα
-/lox

, littermate control IL-4Rα
-/lox

 and IL-4Rα
-/-

 mice.  41 

Shown is mean ±SDs from one representative experiment of 3 (n=6-7). Significant 42 

differences 43 
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between groups were performed by student t-test (Mann-Whitney) and are described as: 44 

**p< 0.01.  45 

 46 

Figure E5: Antigen uptake and processing is intact in IL-4Rα-deficient B cells. 47 

A, Quantification of CD80 expression on B cells (live
+
B220

+
CD19

+
) in mediastinal lymph 48 

nodes 49 

represented as median fluorescent intensity. 50 

B, Quantification of MHCII expression on B cells (live
+
B220

+
CD19

+
) in mediastinal lymph 51 

nodes 52 

and lungs represented as median fluorescent intensity. 53 

Shown is mean ±SDs from one representative experiment of 3 (n=6-7). Significant 54 

differences 55 

between groups were performed by student t-test (Mann-Whitney) and are described as: 56 

**p< 0.01.  57 

 58 
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Figure 5
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Figure E4
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ABSTRACT  49 

Background: B cells play an important role in allergies through secretion of IgE. Interleukin 4 50 

receptor α (IL-4Rα) is key in allergic asthma and regulates type 2 cytokine production, IgE 51 

secretion and airway hyperresponsiveness (AHR). IL-4 activation of B cells is essential for 52 

class-switching and contributes to the induction of B effector 2 (Be2) cells. The role of Be2 53 

cells and signalling via IL-4Rα in B cells is not clearly defined. 54 

Objective: Here, we asked whether IL-4Rα-responsive B cells or Be2 function were essential 55 

in experimental allergic asthma.  56 

Methods: Mice lacking IL-4Rα on B cells (mb1creIL-4Rα-/lox) or littermate controls (IL-4Rα-/lox) 57 

and mice lacking IL-4 or IL-4/IL-13 on B cells were sensitised and challenged with high dose 58 

HDM (>10µg) or with low dose HDM (<3 µg). We also adoptively transferred naïve IL-4Rα-/lox 59 

or IL-4Rα-/- B cells into µMT-/- mice a day before sensitisation or a day before challenge. We 60 

analysed lung inflammation, cellular infiltrate and AHR. 61 

Results: We found that IL-4Rα signalling on B cells was important for optimal TH2 allergic 62 

immune responses mainly when the load of antigen is limited. IL-4Rα signalling on B cells 63 

was essential for germinal centres (GC) and in the effector phase of allergic responses. Be2 64 

cells were essential in AHR, but not in in other parameters.  65 

Conclusion: IL-4Rα signalling on B cells is deleterious in allergic asthma as it is required for 66 

optimal TH2 responses, Be2 function, GC formation and T follicular helper cells, especially 67 

when the load of the antigen is limiting. 68 

 69 

 70 

Keywords: IL-4Rα; TH2 cells; B cells; germinal centre; T follicular helper cell; B effector 2 71 

cells 72 
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Abbreviations used:  73 

IL-4Rα: interleukin 4 receptor alpha 74 

BAL: Bronchoalveolar lavage 75 

GC: Germinal Centre 76 

HDM: House dust mite 77 

i.n.: Intranasal 78 

i.t.: intratracheal 79 

medLN: Mediastinal lymph node 80 

TFH: T follicular helper  81 

AHR: airway hyperresponsiveness 82 

Be2: B effector 2 cells 83 

 84 

Key Messages 85 

• IL-4Rα-responsive B cells play a critical role in HDM induced allergic asthma when 86 

the load of HDM is limited. 87 

• IL-4Rα-signalling on B cells is required at both sensitisation and effector stages of 88 

allergic disease. 89 

• IL-4Rα-responsive B cells are required for B effector 2 function of B cells and help 90 

maintain optimal TH2 during allergic asthma.  91 
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CAPSULE SUMMARY 92 

B cells expressing high level IL-4Rα are important in class switching to IgE in GC. Targeting IL-93 

4Rα signalling on B cells has clinical benefit in allergic asthma even in high IgE setting.  94 

 95 

 96 

  97 
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INTRODUCTION 98 

Asthma is chronic debilitating disease affecting over 300 million people worldwide with at 99 

least 250000 people dying from complications associated with the disease 1. The immune 100 

response to the disease is characterised by T helper 2 (TH2) immune cells such as 101 

eosinophils and type 2 cytokines IL-4, IL-5 and IL-13 and B cells secreting IgE 2,3. Secreted IgE 102 

binds to high affinity receptors FcεR on the surfaces of mast cells and basophils, resulting in 103 

activation and degranulation of these cells and release of histamines, proteases and 104 

membrane phospholipids such as leukotrienes and prostaglandins 4,5. Priming of long-lived 105 

type 2 memory T cells is attributed to dendritic cells (DCs) 6,7, with earlier studies 106 

demonstrating a minimal contribution from B cells, despite their ability to present antigens 107 

to T cells 8,9.  108 

 109 

The role of B cells in experimental allergic asthma is contradictory, earlier studies using 110 

ovalbumin (OVA) as a model antigen showed a redundant role for B cells in allergic asthma 111 

10–12. Mice deficient of B cells (µMT-/-) developed similar airway hyperreactivity (AHR), 112 

eosinophilia and TH2 airway responses when sensitised and challenged with OVA 10–12. More 113 

recent evidence using a clinically relevant allergen, house dust mite (HDM), suggests an 114 

essential function of B cells in allergic asthma 13–15. However, despite empirical evidence 115 

demonstrating a key role played by B cells in allergic asthma, caveats and contradictions in 116 

literature still exist and require further clarification. Some studies have suggested that B 117 

cells are either not important at all 9 or are only essential in priming of CD4 T cells and 118 

induction of T follicular T helper (TFH) cells during the sensitisation stage, but play no part 119 

during challenge stages of HDM-induced asthma 13. Other studies have shown that B cells 120 

are essential in both priming of CD4 T cells 15 and effector stages of HDM-induced allergic 121 
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asthma 14. Furthermore, the load of antigen seems to be critical in the involvement of B cells 122 

in HDM-induced allergic asthma 14. At high doses of HDM, B cells play minimal role in 123 

antigen uptake, processing and presentation to CD4 T cells, whereas at low dose of HDM 124 

antigen, B cells have more access to antigen and can uptake, process and present antigen to 125 

T cells, playing an essential part in the development of TFH 14. Interestingly, the inability of B 126 

cells to present antigen at the sensitisation stage leads to TH1 and TH17 airway responses 127 

and not TH2 responses 15. 128 

 129 

Interleukin 4 receptor alpha (IL-4Rα) is central in TH2 allergic airway asthma16–18 and other 130 

type 2 diseases 19,20. In allergic asthma, we and others have shown temporal21 and cell-131 

specific requirement of IL-4Rα in DCs 22, T cells23 and epithelial cells24 and also redundant 132 

role of this IL-4/IL-13 signalling receptor in macrophages25 and airway smooth muscle 133 

cells26,27.  134 

We have recently shown that early IL-4 production by B cells influences type 2 CD4 T cells 135 

differentiation in lymph nodes which leads to protective type 2 responses against certain 136 

parasitic infection 28–30. Given the complexity around the importance of B cells in allergic 137 

asthma, we set to investigate the role of IL-4Rα signalling specifically in B cells during HDM-138 

induced allergic asthma.  139 

We challenged mice with high dose or low dose HDM to assess whether antigen load 140 

matters in the requirement of IL-4Rα responsive B cells in allergic asthma. We found that 141 

although mice lacking IL-4Rα on B cells (mb1creIL-4Rα-/lox) had reduced airway 142 

hyperresponsiveness at high dose HDM, in other parameters, they were comparable to 143 

littermate control mice. This was contrary to what we observed at low dose HDM, where 144 

mb1creIL-4Rα-/lox mice had reduced AHR, type 2 responses, eosinophilia, TFH and ability to 145 
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produce TH2 cytokines. By adoptively transferring naïve IL-4Rα-deficient B cells into µMT-/- 146 

mice sensitised to low dose HDM, we demonstrated the importance of IL-4Rα signalling on 147 

B cells at both sensitisation and effector stages. Interestingly, lack of IL-4 or IL-4/IL-13 148 

production by B cells resulted in reduced AHR which suggested a key contribution in this 149 

parameter, but less so in airway inflammation or antibody production.  150 

Here, we show an essential role for IL-4Rα responsive B cells in optimal type 2 allergic 151 

airway inflammation especially when the load of HDM is limited. 152 

 153 

METHODS 154 

Mice  155 

To generate mice deficient of IL-4Rα only on B cells (mb1creIL-4Rα-/lox), we intercrossed 156 

homozygous mb1cre mice31 with IL-4Rα−/− 32 on Balb/c background. We then further mated 157 

mb1cre IL-4Rα−/− mice with homozygous IL-4Rαlox/lox mice19 to generate hemizygous mb1creIL-158 

4Rα-/lox 33 which were backcrossed up to 10 generations in Balb/c background. Hemizygous 159 

littermates (IL-4Rα-/lox) expressing single functional IL-4Rα allele was used as a wild-type 160 

control in all experiments. Mice were housed in independently ventilated cages under 161 

specific pathogen-free conditions at the University of Cape Town Animal Facility. All mice 162 

were used at eight to 10 weeks of age and animal procedures were performed according to 163 

strict recommendation by the South African Veterinary Council and were approved by the 164 

University of Cape Town Animal Ethics Committee (Reference number 018/013). 165 

 166 

House Dust-mite induced allergic airway disease 167 

A high dose and a low dose treatment schedule were used to induce symptoms of allergic 168 

asthma in mice 14. Mice were anaesthetised with ketamine (Anaket-V; Centaur Labs, 169 
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Johannesburg, South Africa) and xylazine (Rompun; Bayer, Isando, South Africa). For the 170 

High dose schedule, mice were and sensitised intratracheally (i.t.) on day 0 with 100 µg of 171 

HDM (Stellergens Greer Laboratories, Lenoir, U.S.A.) and intranasally challenged with 10ug 172 

HDM on days 8, 9, 10, 11 and 12. For low dose treatment , mice were challenged with 1 µg 173 

and sensitised with 3 µg of HDM . AHR was measured on day 15. After the procedure, mice 174 

were euthanised and tissue samples were collected for analysis. 175 

 176 

Adoptive transfer 177 

Spleens were collected from naïve IL-4Rα-/lox, mb1creIL-4Rα-/lox, IL-4-/- or IL-4/IL-13-/- mice and 178 

passed through 40µm strainer to obtain single cell suspensions. Cells were stained with 179 

FITC-B220 and APC-CD19 for 30min at 4oC. A dead cell exclusion dye (7AAD) was added 180 

before sorting on BD FACS Aria I to at least 96% purity. 2-5 x 106 cells were adoptively 181 

transferred intravenously (i.v.) into µMT-/- recipient mice a day before HDM sensitisation. In 182 

other experiments, sorted B cells were adoptively transferred i.v. into low dose HDM 183 

sensitised mice a day before challenge with low dose HDM. 184 

 185 

Airway Hyperresponsiveness 186 

Airway resistance and elastance of the whole respiratory system (airways, lung chest wall) 187 

after intranasal challenge was determined by forced oscillation measurements as described 188 

previously25 with the Flexivent system (SCIREQ, Montreal, Canada) by using the single 189 

compartment (‘‘snapshot’’) perturbation. Measurements were carried out on mice with 190 

increasing doses (0, 5, 10, 20 and 40 mg/mL) of acetyl-β-methylcholine (methacholine, 191 

Sigma-Aldrich, Aston Manor, South Africa) treatment. Differences in the dose-response 192 

curves were analysed by repeated-measures Two-way ANOVA with the Bonferroni post-193 
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test. Only mice with acceptable measurements for all doses (coefficient of determination 194 

>0.90) were included in the analysis. 195 

 196 

Flow cytometry 197 

Bronchoalveolar lavage (BAL) fluid cells were obtained as previously described26. Single-cell 198 

suspensions were prepared from lymph nodes in Roswell Park Memorial Institute (RPMI) 199 

media (Gibco, Paisley, United Kingdom) by passing them through 100µm strainer. To obtain 200 

single cell suspensions from lung tissues, a left lobe was digested for 1 hour at 37oC in RPMI 201 

containing 13 mg/mL DNase I (Roche, Randburg, South Africa) and 50 U/mL collagenase IV 202 

(Gibco, Waltham, Massachusetts) and passed through 70µm strainer. Antibodies used in 203 

these experiments included, phycoerythrobilin (PE)- conjugated anti-Siglec-F (clone, E50-204 

2440), anti-CD124 (IL-4Rα, clone, M-1), anti-IL-5 (clone, TRFK5), anti-CD44 (clone, KM114), 205 

FITC- conjugated anti-Gr-1 (clone, RB6-8C5), CD45 (clone, 30-F11), IL-4 (clone, 11B11), PerCP 206 

Cy5.5- conjugated anti-Ly6C (clone, AL-21), -CD45.1 (clone, A20), anti-IL-17 (clone, TC11-207 

18H10), Allophycocyanin (APC)- conjugated anti-CD11c (clone, HL3), anti-FoxP3 (clone, 208 

MF23), V450 conjugated anti-CD11b (clone, M1/70), anti-CD62L (clone, MEL-14), anti-IgG1 209 

(clone, A110-1), AlexaFlour 700- conjugated anti-CD3ε (clone, 145-2C11) -anti IFN-γ, V500- 210 

anti-CD4 (clone, RM4-5) and anti- B220 (clone, RA3-6B2), APC-Cy7-conjugated anti-CD19 211 

(clone, 1D3) and anti-CD8 (clone, 53-6.7), BV786 conjugated anti-IgE (clone, R35-72) and 212 

anti-IL-33R (ST2) (clone, U29-93), biotin-CD25 (clone, 7D4) were purchased from BD 213 

Pharmingen (San Diego, CA). PE-Cynanine7 anti-F4/80 (clone, BM8), anti-IL-13 (clone, 214 

eBio13A), AlexaFlouro 700- conjugated anti-MHC II (clone, M5/114), APC- conjugated anti-215 

IL-21 (clone, FFA21) and Live/dead Fixable Yellow stain (Qdot605 dead cell exclusion dye) 216 

were purchased from eBiosciences. Biotin-labelled antibodies were detected by Texas Red 217 
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conjugated PE (BD Biosciences). For staining, cells (1 x 106) were stained and washed in PBS, 218 

3% FCS FACS buffer. For intracellular cytokine staining, cells were restimulated with phorbal 219 

myristate acetate (Sigma-Aldrich) (50 ng/mL), ionomycin (Sigma-Aldrich) (250ng/mL), and 220 

monensin (Sigma-Aldrich) (200mM in IMDM/10% FCS) for 5h at 37˚C then fixed in 2% PFA, 221 

permeabilised with Foxp3 transcriptional factor staining buffer kit (eBioscience) before 222 

intracellular staining with appropriate cytokine antibodies and acquisition through LSR 223 

Fortessa machine (BD Immunocytometry system, San Jose, CA, USA) and data was analysed 224 

using Flowjo software (Treestar, Ashland, OR, USA). 225 

 226 

Histology 227 

Left upper lung lobes was fixed in 4% formaldehyde/PBS and embedded in paraffin. Tissue 228 

sections were stained with periodic acid-Schiff for mucus secretion, and haematoxylin and 229 

eosin (H&E) stain for inflammation. Slides were scanned at 20x magnification on the virtual 230 

slide VS120 microscope (Olympus, Japan). Downstream processing of images was done 231 

through Image J (FIJI) for image extraction at series 15 and Ilastik software was used for 232 

mucus area quantification on whole lung sections. Data shown is from 1 experiment from at 233 

least 3 independent experiments (n = 5-7 mice per experiment). 234 

 235 

Antibody and cytokine ELISAs 236 

Antibody ELISAs were carried out as previously described26 using 5 µg/ml HDM to coat for 237 

specific IgGs. Total IgE in serum was measured using anti-mouse IgE (BD Biosciences, 238 

553413) to coat, mouse IgE (κ, anti-TNP, BD Biosciences, 557079) as standard and biotin 239 

anti-mouse IgE (BD Biosciences, 553419) as secondary antibody.  240 
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For in vitro cytokine production analysis, single cell suspensions were prepared from 241 

mediastinal lymph nodes of HDM-treated and littermate control mice. Cells (2x105 cells, in 242 

200µL) were incubated for 5 days in IMDM/10% FCS (Delta Bioproducts, Kempton Park, 243 

South Africa) in 96-well plates. Cells were either stimulated with HDM (30µg/mL) or anti-244 

CD3 (10µg/mL) and supernatants were collected after a 5-day incubation period. 245 

Concentrations of IL-4, IL-5 (BD Biosciences) and IL-13 (R&D Systems, Minneapolis, Minn), 246 

were measured using ELISA assays according to the manufacturer’s protocol. 247 

 248 

Statistical analysis 249 

P-values were calculated in GraphPad Prism 6 (GraphPad Software, Inc) by using 250 

nonparametric Mann-Whitney Student's t-test or Two-way ANOVA with Bonferroni's post-251 

test for multiple comparisons, and results are presented as standard error of the mean 252 

(SEM) or mean of standard deviation (SD). Differences were considered significant if P was 253 

<0.05. 254 

  255 
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RESULTS 256 

IL-4Rαααα-responsive B cells are not essential in high dose HDM induced allergic asthma. 257 

The role of B cells in asthma is controversial9,14 and recent evidence suggested that the load 258 

of antigen is crucial in influencing the role of B cells14. We used a standard high dose of 100 259 

µg HDM to sensitise mice at day 0 and challenged with a reduced dose of 10 µg in days 8 to 260 

1234,35 (Figure 1, A). Firstly, we showed that at both steady state and during HDM challenge, 261 

there was reduced IL-4Rα expression in both lung and mediastinal lymph nodes (mLNs) in 262 

mice lacking IL-4Rα on B cells (mb1creIL-4Rα-/lox) when compared to littermate (IL-4Rα-/lox) 263 

control mice or IL-4Rα-deficient mice (Suppl. Figure 1, A-B). We found that mice lacking IL-264 

4Rα on B cells had a moderately reduced airway resistance and elastance when compared 265 

to littermate mice sensitised and challenged with high dose HDM (Figure 1, B).  266 

 267 

We then measured cellular infiltrates within the lung tissue after HDM challenge and 268 

observed a comparable increase in total cellular infiltration, which was mainly represented 269 

by eosinophils in both mb1creIL-4Rα-/lox and littermate mice challenged with HDM (Figure 1, 270 

C and Suppl. Figure 1C). We then measured type 2 cytokines produced by CD4 T cells in the 271 

lung after stimulation with phorbal myristate acetate (PMA)/ionomycin for 5 hours. We 272 

observed increased but comparable levels of CD4 T cells producing IL-4, IL-5 and IL-13 in 273 

both mb1creIL-4Rα-/lox and littermate mice challenged with high dose HDM (Figure 1, D). 274 

Levels of CD4 T cells producing IL-4, IL-5 and IL-13 were low in mb1creIL-4Rα-/lox and 275 

littermate control IL-4Rα-/lox mice challenged with phosphate buffered saline (PBS) when 276 

compared to high dose HDM challenged mice of the same genotype (Figure 1, D). We also 277 

observed no differences in CD4 T cell numbers or IFN-γ-producing CD4 T cells in all mutants 278 

challenged with high dose HDM (Suppl. Figure 1, D). We observed significantly higher total 279 
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IgE production and HDM-specific IgG1 titres in IL-4Rα-/lox mice when compared to mb1creIL-280 

4Rα-/lox challenged with high dose HDM (Figure 1, E). We observed no differences in mucus 281 

production and inflammation between mb1creIL-4Rα-/lox and IL-4Rα-/lox mice (Figure 1, F). 282 

Overall, these results demonstrated that IL-4Rα on B cells plays a minimal role in the 283 

development of allergic asthma after a challenge with high dose HDM. 284 

 285 

IL-4Rαααα-responsive B cells play an essential role in low dose HDM induced allergic asthma. 286 

B cell-deficient mice (µMT-/-) showed increased eosinophilic airway inflammation when 287 

challenged with high dose HDM, comparable to that observed in wild type mice, even under 288 

chronic challenges 14,36. Titration of HDM below 3 µg reduced influx of eosinophils, 289 

proliferation of Derp-1-specific T cells and type 2 cytokine production when compared to 290 

wild type mice14. We then used this low dose HDM sensitisation and challenge protocol to 291 

assess whether type 2 airway inflammation depended on the dose of inhaled HDM (Figure 292 

2, A). We found robust differences in airway resistance and elastance in mb1creIL-4Rα-/lox 293 

sensitised and challenged with low dose HDM when compared to littermate IL-4Rα-/lox mice 294 

(Figure 2, B). Mb1creIL-4Rα-/lox and IL-4Rα-/lox mice challenged with saline had similarly low 295 

levels of resistance and elastance compared to HDM exposed mice (Figure 2, B). We then 296 

analysed total lung infiltrate and found significant increase in total cells and eosinophils in 297 

IL-4Rα-/lox littermates compared to mb1creIL-4Rα-/lox or global IL-4Rα-deficient mice 298 

challenged with low dose HDM (Figure 2, C). We did not observe any changes in neutrophil 299 

numbers when comparing low dose HDM challenged mice and control mice that were 300 

challenged with saline (Figure 2, C). We then analysed type 2 cytokine production by CD4 T 301 

cells in the lung and found significant increase in percentages and number of CD4 T cells 302 

producing IL-4, IL-5 and IL-13 in IL-4Rα-/lox littermate mice when compared to mb1creIL-4Rα-303 
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/lox and IL-4Rα-/- mice sensitised and challenged with low dose HDM (Figure 2, D and Suppl. 304 

Figure 2, A and B). We also found similar trends of reduced TH2 cytokines levels in IL-4Rα B 305 

cell-deficient mLNs stimulated for 5 days with anti-CD3 (Suppl. Figure 3). There were low 306 

number of cytokine producing CD4 T cells in both mb1creIL-4Rα-/lox and littermate control 307 

mice sensitised and challenged with saline (Figure 2, D). We analysed lung tissue for signs of 308 

inflammation and stained for mucus producing cells (Figure 2, E). We found similar levels 309 

mucus area in both mb1creIL-4Rα-/lox and IL-4Rα-/lox littermate control mice and there were 310 

no detectable mucus producing cells in control mice challenged with saline (Figure 2, E). 311 

Overall these results demonstrate that at low dose HDM exposure, IL-4Rα on B cells 312 

contributes significantly to the development of allergic asthma and Th2-type lung 313 

inflammation. 314 

 315 

IL-4Rαααα-responsive B cells are important for accumulation of germinal centre B cells and T 316 

follicular helper cells in secondary lymphoid tissue at low antigen load. 317 

B cells have been shown to be important in the development of T follicular cells (TFH) and 318 

these TFH acted as precursors for IL-4/IL-13 committed CD4 T cells that migrated to the lung 319 

to recruit eosinophils and caused disease 13. Firstly, we measured percentages and number 320 

of B cells in the mLNs and found frequencies to be intact (Suppl. Figure 4, A). However, total 321 

numbers were significantly reduced when comparing mb1creIL-4Rα-/lox to IL-4Rα-/lox 322 

littermate mice and global IL-4Rα-deficient mice (Figure 3, A). We then compared germinal 323 

centre (GC) B cells in mLNs and found comparably low levels between mb1creIL-4Rα-/lox and 324 

IL-4Rα-/lox littermate control mice (Figure 3, B). We observed significantly higher percentages 325 

(represented by high expression of GL7 and FAS) and numbers of GC B cells in IL-4Rα-/lox 326 

littermate mice when compared to mb1creIL-4Rα-/lox mice challenged with low dose HDM 327 
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(Figure 3, B). We did not observe major changes in frequencies of follicular B cells (Suppl. 328 

Figure 4, B), but observed significantly increased frequencies of marginal zone B cells (Suppl. 329 

Figure 4, B) in mb1creIL-4Rα-/lox when compared to IL-4Rα-/lox littermate mice challenged with 330 

low dose HDM, probable as a compensatory mechanism to increase non-GCs antibody 331 

production. We then looked for TFH of which we know B cells play a crucial role in their 332 

development particularly at low dose HDM. We found significantly reduced frequencies and 333 

numbers of TFH (represented by high expression of PD-1 and CXCR5) in mLNs of mb1creIL-334 

4Rα-/lox and IL-4Rα-/- when compared to IL-4Rα-/lox littermate controls (Figure 3, C). To 335 

understand whether these TFHs could be contributing to effector TH2 cells in the lung, we 336 

analysed IL-21 intracellular levels produced by CD4 T cells in the lung 37. We found 337 

significantly reduced frequencies and numbers of IL-21 producing T cells in mb1creIL-4Rα-/lox 338 

and IL-4Rα-/- when compared to IL-4Rα-/lox littermate controls (Figure 3, D and Suppl. Figure 339 

2, A-B). Our data suggested that IL-4Rα-responsive B cells in secondary lymphoid tissues are 340 

important for the accumulation of GC B cells and development of TFH cells, which might be 341 

contributing to overall TH2 cells.  342 

 343 

IL-4Rαααα-responsive B cells are required for optimal T helper 2 airway responses and 344 

antibody production. 345 

Effector B cells producing type 2 cytokines (Be2) have been shown to be important during 346 

parasitic infections and early expression of IL-4 by these B cells promotes differentiation of 347 

type 2 CD4 T cells 28,30,38. We measured cytokine production by effector B cells and found 348 

increased frequencies and numbers of mediastinal lymph node B cells producing IL-5 in IL-349 

4Rα-/lox littermate mice when compared to mb1creIL-4Rα-/lox and IL-4Rα-/- mice challenged 350 

with low dose HDM (Figure 4, A-B and Suppl. Figure 4, C). We also observed similar 351 
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reduction in number of IL-13 producing B cells in mb1creIL-4Rα-/lox and IL-4Rα-/- when 352 

compared to IL-4Rα-/lox littermate mice challenged with low dose HDM (Suppl. Figure 4, D). 353 

We then measured total serum IgE and HDM-specific IgG1 by ELISA and found significantly 354 

reduced titres in mb1creIL-4Rα-/lox and IL-4Rα-/- when compared to IL-4Rα-/lox littermate mice 355 

challenged with low dose HDM (Figure 4, C). We analysed IgE and IgG1 surface expression 356 

by B cells using flow cytometry. We found significantly reduced levels of IgE and IgG1 357 

expression in B cells when comparing mb1creIL-4Rα-/lox to IL-4Rα-/lox littermate mice (Figure 4, 358 

D). B and T cell engagement through CD86 and CD28 in T cell zones is essential for TFHs 359 

generation and class switching to IgE 39.  We measured CD86 and other co-stimulatory 360 

molecule on the surface of B cells and found reduced expression of CD86, but not CD80 and 361 

MHCII (Figure 4, E, Suppl. Figure 5A-B), which may suggest an incomplete T cell engagement 362 

via CD28 and explain lack of class switching. Thus far, our data suggested that IL-4Rα 363 

signalling on B cells is essential for Be2 function and class switching to IgE and this 364 

contributes to overall TH2 responses. 365 

 366 

IL-4Rαααα-responsive B cells are essential in type 2 airway inflammation during effector 367 

phase.  368 

Previous studies had suggested that B cells were important in TFH development at 369 

sensitisation stage, but not at effector stage and played minimal role in disease if adoptively 370 

transferred after sensitisation 13. We asked whether IL-4Rα-responsive B cells were only 371 

important at sensitisation stage. We sensitised B cell deficient µMT-/- mice with low dose 372 

HDM and a day before challenge, we transferred naïve B cells either sufficient or lacking IL-373 

4Rα (Figure 5, A). We found that µMT-/- with B cells from mb1creIL-4Rα-/lox had significantly 374 

reduced resistance and elastance when compared to µMT-/- receiving B cells from IL-4Rα-/lox 375 
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littermate mice (Figure 5, B). This reduced AHR in mb1creIL-4Rα-/lox mice was accompanied 376 

by reduced eosinophil recruitment in the lung, but not total cells or B cell numbers (Figure 5, 377 

C). We then analysed CD4 T cell numbers that were producing type 2 cytokines and found 378 

significantly reduced IL-5 producing CD4 T cells in the lung of µMT-/- mice that received 379 

mb1creIL-4Rα-/lox B cells when compared to µMT-/- mice receiving IL-4Rα-/lox B cells (Figure 5, 380 

D). We then measured total IgE by ELISA and found significantly increased IgE in µMT-/- mice 381 

that received IL-4Rα-/lox B cells compared to µMT-/- mice that received mb1creIL-4Rα-/lox B 382 

cells (Figure 5, E). We observed comparable mucus area between µMT-/- mice receiving IL-383 

4Rα-/lox B cells or mb1creIL-4Rα-/lox B cells (Figure 5, F). No mucus producing cells were 384 

detected in control mice challenged with saline (Figure 5, F). Our findings suggested that IL-385 

4Rα signalling on B cells was also essential at effector phase for optimal TH2 airway 386 

responses. 387 

 388 

 389 

IL-4/IL-13 producing B cells contribute to airway hyperresponsiveness but not 390 

inflammation. 391 

We then investigated whether the production of type 2 cytokines by these B cells is 392 

essential for allergic airway inflammation. We adoptively transferred naïve B cells either 393 

sufficient or deficient of IL-4 or double deficient of IL-4/IL-13 into µMT-/- mice, sensitised and 394 

challenged with low dose HDM (Figure 6, A). We measured lung function and found both 395 

resistance and elastance to be significantly reduced in µMT-/- mice that received IL-4-396 

deficient or IL-4/IL-13-double deficient B cells when compared to µMT-/- mice that received 397 

WT B cells (Figure 6, B). We then measured cellular infiltrate in the lung and found no major 398 

changes in total lung infiltrate, eosinophils and CD4 T cells in all recipient mice (Figure 6, C). 399 
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The number of B cells were lower in µMT-/- mice that were adoptively transferred with B 400 

cells from various strains compared to control mice, however, no differences were observed 401 

between mice that were challenged with a low dose of HDM (Figure 6, C). Total IgE 402 

measured by ELISA was not changed between groups of µMT-/- mice adoptively transferred 403 

with B cells, sensitised and challenged with low dose HDM (Figure 6, D). We also did not 404 

observe any changes in type 2 cytokines produced by CD4 T cells in the absence of type 2 405 

cytokines produced by B cells when comparing µMT-/- mice that received WT B cells to those 406 

that received IL-4-deficient or IL-4/IL-13-double deficient B cells (Figure 6, E). Taken 407 

together, these results suggested that although B cells producing type 2 cytokines are 408 

essential in airway hyperresponsiveness, they play minimal role in airway inflammation. 409 

  410 
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DISCUSSION 411 

B cells secrete IgE are important in activating mast cells and basophils degranulation, which 412 

initiates a cascade of inflammatory signals. However, contradictory findings on the 413 

requirement of B cells exists in studies using mice lacking B cells. More recent evidence 414 

suggested that antigen load determines the importance of B cells, particularly in 415 

interactions with T helper cells and generation of T follicular helper cells. IL-4 is critical in 416 

class switching of B cells to generate IgE40, however, whether signalling through the IL-4Rα 417 

on B cells is required for generation of TFH cells and IgE have not been investigated in the 418 

context of allergic asthma. Here, we showed that IL-4Rα responsive B cells are important 419 

mainly when the load of HDM antigen is limiting. We further showed that IL-4Rα responsive 420 

B cells regulate AHR, IgE secretion, TFH cells generation and that B cells derived type 2 421 

cytokines are required for optimal TH2 responses. 422 

 423 

We first challenged mice with high dose HDM and found IL-4Rα responsive B cells to be 424 

important in AHR and IgE production, but not for eosinophil recruitment or type 2 cytokine 425 

production. This is consistent with previous studies where B cell-deficient mice showed 426 

similar levels of eosinophilia and type 2 cytokines when sensitised and challenged with high 427 

dose HDM14. B cell-deficient mice have significantly increased AHR at high dose HDM, a 428 

phenotype different to what we observe in IL-4Rα-deficient B cells, which suggested that IL-429 

4Rα responsive B cells may be involved in driving AHR during allergic asthma. Differences in 430 

diseases susceptibility is also observed between µMT-/- mice and mb1creIL-4Rα-/lox mice 431 

during chronic Schistosoma mansoni infection, which is attributed to differences in 432 

immunomodulatory IL-10 production seen in µMT-/- mice, but not in mb1creIL-4Rα-/lox mice 433 

28,29.  434 
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Similarly to what was reported by Dullaers et al.14, mb1creIL-4Rα-/lox mice that were 435 

sensitised with 1 µg HDM and challenged with 3 µg HDM displayed a great reduction in 436 

AHR, eosinophil recruitment and type 2 cytokine production compared to littermate IL-4Rα-437 

/lox mice. We also observed significant reduction in GC B cells, TFH cells, but no changes in 438 

follicular and slight increase in marginal zones B cells, probable as a compensatory 439 

mechanism to increase non-GCs antibody production. The ability of B cells to produce type 2 440 

cytokines was also significantly reduced, suggesting that IL-4Rα B cells help contribute to 441 

the overall type 2 immune response output. This is consistent with previous studies, where 442 

IL-4Rα responsiveness by B cells is crucial in early IL-4 production in mLN, defining a 443 

dichotomy in subsequent CD4 T helper cells differentiation28–30,38. B cells receive IL-4 signal 444 

from CD4 T cells in GC to initiate class switching to produce IgE, which is likely to be 445 

dependent on IL-4Rα signalling on B cells 33,41. Although, IgE can directly be generated from 446 

IgM particularly with low antigen load42, we think that in our model, lack of IL-4Rα signalling 447 

on B cells lead to reduced sequential class switching from IgM to IgG1 and to IgE. Sequential 448 

class switching occurs in the GCs and results in high affinity plasma cell IgE41,43,44. These high 449 

affinity IgE plasma cells are direct precursors of IgG1 plasma cells as they share similar CDR3 450 

repertoire in the context of helminth infections, skin cancers and alum/OVA induced asthma 451 

44,45.  In human B cells from the tonsil, IL-4Rα signalling is required for GC maintenance and 452 

generation of high affinity IgE BCRs that select for plasma cell compartments 46,47. 453 

There has been contrasting evidence regarding whether B cells are important during the 454 

sensitisation phase, effector phase or in both phases of allergic response 13,15. B cells were 455 

found to be critical in shaping IL-4 committed TFH cells during HDM sensitisation stage which 456 

contributed to effector TH2 pool during challenge stages. However, blocking of TFH cells with 457 

BLC6 inhibitor after sensitisation stage did not reduce TH2 allergic airway inflammation, 458 
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which was attributed to redundant role of B cells at this stage. This is in contrast with recent 459 

findings where blocking B cells with anti-CD20 before HDM challenge, significantly reduced 460 

TH2 airway responses 15. To consolidate these findings, we transferred IL-4Rα-deficient B 461 

cells after HDM sensitisation and before challenge. Our data showed that IL-4Rα-responsive 462 

B cells are required at the challenge stage, as we observed reduced AHR, TH2 cytokines and 463 

total IgE when we transferred B cells lacking IL-4Rα into recipient mice. Both previous 464 

studies had used a similar dose of 20 µg of HDM to sensitise and challenge and we used 3 465 

µg of HDM to challenge. It is likely that the choice of method used to target B cells or their 466 

function might be a major contributing factor between the two studies and not necessarily 467 

the load of HDM antigen. In our studies, we transferred naïve B cells a day before challenge, 468 

whereas Ballestos-Tato et al.13 had blocked TFH cells using BLC6 inhibitor and Wypych et al.15 469 

targeted B cells using anti-CD20 monoclonal antibody. All in all, our data demonstrated that 470 

IL-4Rα on B cells is important in TH2 allergic asthma at both sensitisation and challenge 471 

stages and contributes to overall TH2 responses when the antigen load is limited. 472 

 473 

Previous studies have shown a controversial role of IL-21 in TFHs that eventually developed 474 

into committed TH2 cells. Ballesteros-Tato et al.13 suggested that lung TH2 cells were direct 475 

descendants of IL-21+Bcl6+ TFH cells and developed 6 days after multiple sensitisation with 476 

25 µg of HDM exposure. In contrast, Coquet et al.37 found that IL-21+ TFH cells did not 477 

differentiate efficiently into ST2+ TH2 cells and migrated into the lung without all key 478 

features of TFH cells such as CXCR5 expression. This idea was recently supported by Tibbitt et 479 

al.48,  where a trajectory single cell analysis of differentiating TH2 cells up until day 10, 480 

suggested that naïve CD4 T cells acquired many features of TFH cells but did not express Bcl6 481 

or CXCR5 which suggested that TH2 cells did not descend directly from GC TFH cell 482 
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precursors. In our study, the absence of IL-4Rα signalling on B cells resulted in reduced IL-21 483 

production in the lung, which might explain reduced GCs and TH2 cells. Appropriate 484 

experiments to answer this complex function of IL-21 in TFH cells that commit to TH2 cells 485 

are needed and should employ a double (Bcl6 and IL-21) or triple (Bcl6, IL-21 and IL-4) 486 

reporter transgenic mouse or a fate reporter transgenic mouse that can trace naïve CD4 T 487 

cells as they differentiate into intermediate and committed TH2 cells in multiple tissues. 488 

 489 

B effector 2 (Be2) cells producing IL-4 or IL-13 have been shown to be important in worm 490 

expulsion or in Leshmania major diseases susceptibility 28–30,38,49. These Be2 cells are 491 

dependent on IL-4 and IL-4Rα and require presence of intact TH2 cells28,38,49. Since we had 492 

observed that IL-4Rα signalling on B cells was essential for optimal TH2 allergic airway 493 

immune responses, we then investigated whether production of cytokines by these Be2 494 

cells was essential for optimal TH2 immune responses. We transferred B cells from IL-4 or 495 

IL-4/IL-13-deficient mice into µMT-/- before sensitisation. Interestingly, Be2 cells were 496 

essential for AHR, but played no role in lung eosinophil recruitment, total IgE production or 497 

type 2 cytokine production by CD4 T cells. This suggested that although the presence of IL-498 

4/IL-13 cytokines production by Be2 cells was required for AHR, it was redundant in other 499 

parameters. It is likely that TH2 cells can compensate for the lack of IL-4/IL-13 production by 500 

B cells, however, on how TH2 cells fail to compensate for AHR is currently unclear and 501 

requires further investigation. B cells in lymph nodes secrete early IL-4 production which 502 

may be important for CD4 T cell differentiation28,29. It is likely that B cells produce early IL-4 503 

in mediastinal lymph nodes, which act in an autocrine fashion to upregulate IL-4Rα, but on 504 

whether this IL-4 plays major role in CD4 TH2 differentiation, we can only speculate. 505 
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Blocking B cells with anti-CD20 before sensitisation did not affect TH2 cytokine production 506 

ex-vivo, but resulted in reduction in eosinophils and IFN-γ secretion15. Unfortunately, AHR 507 

was not investigated in this setting making it difficult to draw parallel conclusions regarding 508 

the function of B cells in AHR. We can speculate that other intrinsic Be2 cell mechanisms are 509 

at play in regulation AHR. B cells are known to take up HDM and present it to naïve T cells 510 

priming them to become TH2 cells both in vitro and in vivo and lack of MHCII in B cells 511 

results in reduced TH2 priming14,15. IL-4Rα-deficient B cells have been shown to have 512 

reduced MHC II expression and antigen uptake which contributed in reduced TH2 priming 513 

upon secondary exposure to N. brasiliensis, leading to increased worm burdens30. We did 514 

not observe any changes in CD80 or MHCII expression on IL-4Rα signalling deficient B cells 515 

when compared to IL-4Rα sufficient mice (Suppl. Figure 5, A-B). However, we did observe a 516 

reduction in CD86 co-stimulatory molecule (Figure 4, E), which may suggest an incomplete T 517 

cell engagement via CD28 and reduced IgE potentiation39. Our findings do not suggest 518 

antigen uptake and processing as a potential mechanism for reduced TH2 priming, but a lack 519 

of complete co-stimulatory engagement in the absence of IL-4Rα signalling on B cells. 520 

 521 

In conclusion, we showed that IL-4Rα-responsive B cells play a non-redundant role in 522 

allergic asthma in an antigen load dependent manner. We further showed that IL-4Rα 523 

signalling on B cells is crucial at both sensitisation and challenge stages and produce 524 

cytokines that help in optimal TH2 allergic airway responses. We further showed that Be2 525 

cells function is only important for AHR, but redundant in eosinophilia. Our study 526 

highlighted a previously unappreciated function of IL-4Rα signalling on B cells and brings 527 

evidence for targeting of this signalling axis in allergic asthma. 528 

 529 
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FIGURE LEGENDS 725 

Figure 1: IL-4Rαααα-responsive B cells regulate AHR and igE production during high dose HDM 726 

exposure, but have little impact on airway inflammation and TH2 responses 727 

A, Schematic diagram showing sensitisation and challenge protocol where mice (mb1creIL-728 

4Rα-/lox) and wild type littermate control (IL-4Rα-/lox) were sensitised with HDM 100µg intra-729 

tracheally on days 0 and challenged with HDM 10µg on days 8-12. Analysis was done on day 730 

15. 731 

B, Airway resistance and elastance were measured with increasing doses of acetyl 732 

methacholine (0 -40 mg/mL).  733 

C, Total lung cell numbers, eosinophil numbers neutrophil numbers and B cell numbers 734 

were stained and analysed by Flow cytometry and enumerated from % of live cells.  735 

D, Number of lung CD4 T cells producing IL-4, IL-5 and IL-13 after 5 hr stimulation with 736 

PMA/ionomycin in the presence of monensin.   737 

E, Total serum IgE and HDM-specific IgG1 titres measured by ELISA.  738 

F, Histology analyses of lung sections (magnification x20), stained with Periodic Acid Schiff.  739 

Shown is mean ±SDs from one representative experiment  of 2 (n= 4-6). Significant 740 

differences between groups were performed by student t-test (Mann-Whitney) (C, D, F) or 741 

by Two way ANOVA with Benforroni post-test (B, E) and are described as: *p<0.05, 742 

**p<0.01, ***p<0.001, ****p< 0.0001.  743 

 744 

Figure 2: IL-4Rαααα-responsive B cells are essential in optimal TH2 immune responses during 745 

low dose HDM exposure. 746 
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A, Schematic diagram showing sensitisation and challenge protocol where mice (mb1creIL-747 

4Rα-/lox) and wild type littermate control (IL-4Rα-/lox) were sensitised with HDM 1µg intra-748 

tracheally on days 0 and challenged with HDM 3µg on days 8-12. Analysis was done on day 749 

15. 750 

B, Airway resistance and elastance were measured with increasing doses of acetyl 751 

methacholine (0 -40 mg/mL).  752 

C, Total lung cell numbers, eosinophil numbers and neutrophil numbers were stained and 753 

analysed by Flow cytometry and enumerated from % of live cells.  754 

D, Number of lung CD4 T cells producing IL-4, IL-5 and IL-13 after 5 hr stimulation with 755 

PMA/ionomycin in the presence of monensin.  Representative FACS plots are in shown in 756 

Figure E2. 757 

E, Histology analyses of lung sections (magnification x20), stained with Periodic Acid Schiff.  758 

Shown is mean ±SDs from one representative experiment  of 3 (n= 6-7). Significant 759 

differences between groups were performed by student t-test (Mann-Whitney) (C, D, E) or 760 

by Two way ANOVA with Benforroni post-test (B) and are described as: *p<0.05, **p<0.01, 761 

***p<0.001, ****p< 0.0001.  762 

Figure 3: IL-4Rαααα signalling on B cells is essential for germinal centre formation and TFH cells 763 

during low dose HDM exposure. 764 

A, Total number of B cells in the mediastinal lymph nodes in mb1creIL-4Rα-/lox,  littermate 765 

control (IL-4Rα-/lox) and IL-4Rα-/- mice sensitised and challenged  as in Figure 2.  766 
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B, Representative flow cytometry plots of germinal centres (GCs) and numbers of GC 767 

(Live+B220+CD19+MHCII+GL7+FAS+) in the mediastinal lymph nodes in mb1creIL-4Rα-/lox and  768 

littermate control IL-4Rα-/lox mice. 769 

C, Representative flow cytometry plots of T follicular helper cells (Live+CD3+CD4+CD44+PD-770 

1+CXCR5+) and numbers of TFH in the mediastinal lymph nodes. 771 

D, Number of lung CD4 T cells producing IL-21 after 5 hr stimulation with PMA/ionomycin in 772 

the presence of monensin.  Representative FACS plots are in shown in Suppl. Figure 2. 773 

Shown is mean ±SDs from one representative experiment of 3 (n=4-6). Significant 774 

differences between groups were performed by student t-test (Mann-Whitney) and are 775 

described as:  *p< 0.05. 776 

 777 

Figure 4: IL-4Rαααα signalling on B cells is essential for B effector 2 function and class 778 

switching.  779 

A, Representative flow cytometry plots of IL-5 producing B cells (Live+B220+CD19+MHCII+IL-780 

5+) in the lung of mb1creIL-4Rα-/lox, littermate control IL-4Rα-/lox and IL-4Rα-/- mice.  781 

B, Quantification of total number of IL-5 producing B cells in the lung. 782 

C, Total serum IgE and HDM-specific IgG1 titres in mb1creIL-4Rα-/lox, littermate control  783 

IL-4Rα-/lox and IL-4Rα-/- mice measured by enzyme linked immunosorbent assay.  784 

D, Surface expression of IgE (Live+B220+CD19+MHCII+IgE+) and IgG1 785 

(Live+B220+CD19+MHCII+IgG1+) on mediastinal lymph node B cells, represented as median 786 

fluorescent intensity. 787 
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E, CD86 surface expression on mediastinal lymph node B cells 788 

(Live+B220+CD19+MHCII+CD86+), represented as median fluorescent intensity. 789 

Shown is mean ±SDs from one representative experiment of 3 (n=4-6). Significant 790 

differences between groups was performed by student t-test (Mann-Whitney) (B, D, E) or by 791 

Two way ANOVA with Benforroni post-test (E) and are described as: ***p<0.001, ****p< 792 

0.0001. 793 

 794 

Figure 5: IL-4Rαααα signalling on B cells is essential at effector phase of allergic asthma 795 

through regulation of AHR and TH2 airway responses 796 

A, Schematic diagram showing sensitisation and challenge protocol where µMT-/- mice were 797 

sensitised with HDM 1µg intra-tracheally on days 0 and naïve B cells (live+B220+CD19+) from 798 

mb1creIL-4Rα-/lox or IL-4Rα-/lox mice (2-5 x106 cells) were adoptively transferred intravenously 799 

a day before challenge with HDM 3µg on days 8-12. Analysis was done on day 15. 800 

B, Airway resistance and elastance were measured with increasing doses of acetyl 801 

methacholine (0 -20 mg/mL).  802 

C, Total lung cell numbers, eosinophil numbers and B cell numbers were stained and 803 

analysed by Flow cytometry and enumerated from % of live cells.  804 

D, Number of lung CD4 T cells producing IL-5 after 5 hr stimulation with PMA/ionomycin in 805 

the presence of monensin.   806 

E, Total serum IgE production from 2 independent experiments pooled together. 807 

F, Histology analyses of lung sections (magnification x20), stained with Periodic Acid Schiff. 808 

 809 
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Shown is mean ±SEM from 2 independent experiments pooled (n=10-14). Significant 810 

differences between groups were performed by student t-test (Mann-Whitney) (C-F) by Two 811 

way ANOVA with Benforroni post-test (B) and are described as: *p< 0.05, ***p< 0.001, 812 

****p< 0.0001 813 

 814 

Figure 6: TH2 cytokine production by B cells is only important in regulation of AHR but not 815 

eosinophilia or TH2 airway responses. 816 

A, Schematic diagram showing sensitisation and challenge protocol where naïve B cells 817 

(live+B220+CD19+) from IL-4-/- or IL-4-/-IL-13-/- mice (2-5 x106 cells) were adoptively 818 

transferred intravenously into µMT-/- mice a day before sensitisation with HDM 1µg intra-819 

tracheally on days 0 and challenged with HDM 3µg on days 8-12. Analysis was done on day 820 

15. 821 

B, Airway resistance and elastance were measured with increasing doses of acetyl 822 

methacholine (0 -20 mg/mL).  823 

C, Total lung cell numbers, eosinophil numbers and CD4 T cell numbers were stained and 824 

analysed by Flow cytometry and enumerated from % of live cells.  825 

D, Total IgE production from 2 independent experiments pooled together. 826 

E, Number of lung CD4 T cells producing IL-5 after 5 hr stimulation with PMA/ionomycin in 827 

the presence of monensin.   828 

F, Histology analyses of lung sections (magnification x20), stained with Periodic Acid Schiff. 829 

 830 

Shown is mean ±SEM from 2 independent experiments pooled (n=10-14). Significant 831 

differences between groups were performed by student t-test (Mann-Whitney) (C-F) by Two 832 
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way ANOVA with Benforroni post-test (B) and are described as: *p< 0.05, ***p< 0.001, 833 

****p< 0.0001 834 
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