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Short summary:

A unique CD27 IgD™ B-cells population was found to be significantly higher in number and proportion in the
sputum of severe eosinophilic asthma, particularly the oral corticosteroid-dependent subgroup and might be
related to a local autoimmunity phenomenon.
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To the editor:

A unique cross talk between the innate and adaptive cells underlie asthma pathobiology. Within the adap-
tive domain, T lymphocytes have a clear pathogenic role, while that of B lymphocytes remain lesser known.
B-cells support IgE-dependant allergic inflammation, evident from IgE+ B-cells in asthmatic airways, post-
aeroallergen challenge!. Moreover, the presence of anti-eosinophil peroxidase (EPX) and anti-nuclear/extra-
nuclear antibodies (ANAs) detectable in sputa and not in the circulation, indicate a B-cell dominant mech-
anism capable of in situ autoantibody generation?. We therefore aimed to detect and characterize B-cell
subsets in severe eosinophilic asthma (SEA) and further probe into a possible association with airway au-

toimmunity.

We recruited stable moderate and severe eosinophilic asthmatics despite adherence to inhaled/oral corti-
costeroids (ICS/OCS), corresponding to Global Initiative for Asthma (GINA) treatment steps 4-5, and a
comparator healthy control (HC) population. All subjects provided written informed consent. Induced
sputum and peripheral blood mononuclear cells (PBMC) were collected for immunophenotyping (cohort 1,
n=36) and subsequent B-cell characterization (cohort 2, n=34) (refer toTable E1 and online supplementary
for methodology).

Flow cytometry analysis (gating strategy Fig 1A, Table E2)3 showed that out of CD45% sputa cells,
only the CD3-CD197" subset (identified as B-cells) were increased in asthma vs. HC (Fig.1B ), especially
in SEA who remained eosinophilic despite ICS/OCS (Fig.1C ). B-cells enumerated from PBMCs remain
unremarkable between the subgroups (Fig.E1 ). The B-cell numbers correlated with indices of asthma
severity viz., sputum eosinophils (r=0.5, P =0.01), reduced lung function (r=-0.4,P =0.01), and cytokines
that support B-cell recruitment, activation, differentiation, and survival, such as IL-6 (r=-0.3,P =0.05) and
B-cells activating factor (BAFF, r=-0.3,P =0.04)) (Table E3 )*.

In Cohort 2 (gating strategy Fig.1E, Fig.E1E, Table E2)compared to matched PBMC population,
naive B-cells (CD3-CD19+tCD27-IgD"), classic memory cells (CD19+CD27IgD CD38%™/~) and a unique
isotype-switched CD3 - CD19"IgM-CD27 IgD or double-negative (DN) subset were significantly higher in spu-
ta(Fig.1F). Within the sputa, DN B-cells constitute “80% of the total B-cell population, and the numbers are
significantly elevated in SEA (Fig.1G, H ). These cells exhibit both antigen-activated (HLA-DR*TCD40™)
and immune-exhaustion surface markers (CD11¢tCD21") (Fig.1E , depicts subtyping of the DN B-cells),
indicating functional heterogeneity.

DN B-cells are typically extrafollicular and reported in several autoimmune diseases associated with the
pathology® ®. These cells are isotype-switched and has the capability of acting as antibody-secreting cells
(ASCs) in situ , with/without antigen-stimulation®. Given, sputum autoantibodies (localized to the airways)
have been reported in a similar SEA population?, we investigated (i) sputum ANAs and anti-EPX IgG (as
described?), and (ii) evidence ofin situ Immunoglobulin (Ig) isotypes and autoantibody secretion by isolated
sputum cells with increased DN B subsets (method online).



Both ANAs and anti-EPX IgGs were detectable, and the former was significantly higher in the SEA subset,
in particular those who were OCS-dependent (Fig.2A, B ). ANAs correlated significantly with the anti-EPX
IgG (Fig2.C ) confirming our previous observation?, but more importantly with the percentage (r=0.3, P
=0.03) and the number of B-cells (r=0.4, P =0.009) in the sputa (Fig.2D,E ). Sputum B-cells showed an
increased trend in autoimmune airways (Fig.2F ). Finally, ELISpot (cohort 2) confirmed that sputum cells
that comprise of high percentage of DN B-cells, derived from moderate-severe eosinophilic asthmatics are
capable of producing the key mucosal Ig subtype IgA, as well as IgGez vivo , in addition to specific Igs
reactive to the coated autoantigen, EPX (Fig.2G-I ).

We acknowledge that the study is limited by its small sample size; HC are not age-matched, mainly due
to increasing co-morbidities with age that precludes recruitment, and also inadequate sputum production.
Detecting mechanisms of local class-switch of IgA to IgG autoantibodies were also beyond the immediate
scope of the study. Nevertheless, we report an increased B-cells with a unique population of DN B-cells in SEA
airways at steady state (i.e., no exacerbation), that can spontaneously secrete Igs, including autoreactive-Igs,
without antigen stimulation. This warrants a longitudinal study to examine the role of DN B-cells in asthma,
their functional relevance at exacerbations,in situ autoantibody generation and development/maintenance
of airway autoimmunity over time.
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Figure 1. Comparison of sputum and PBMC B-cells populations: I. Top panel: Cohort 1: (A)
Gating strategy for immunephenotyping CD45+ cells in sputa. Total and percent B-cells in sputum is plotted
stratified by (B) asthma vs healthy, HC, n=8, (C)moderate (MEA, n=10) vs severe eosinophilic asthma
(SEA, n=26) (blue symbols indicate those on oral corticosteroid, OCS; (D)OCS-dependent SEA (n=8), ICS-
dependent SEA (n=18), MEA and HC. Kruskal-Wallis and Dunn’s multiple comparison tests. II. Bottom
panel Cohort 2: (E) Gating strategy for multiparameter analysis of B-cells subsets. of double negative
(DN) CD27IgD™ B-cells of surface expression of IgM, CD11C, CD21, CD40 and HLA-DR, in addition to
naive, classical memory and antigen secreting cells (ASCs). (F)B-cells subtype in sputa vs PBMC. The total



number and proportion of B cell subsets are plotted in (G, H) compared between moderate eosinophilic
asthma (MEA) and severe eosinophilic asthma (SEA). 2-way ANOVA with the Sidak’s multiple comparisons
test were used for comparison of B-cell subtypes; *P[?]0.05, **P[?]0.01, ****P[?]0.0001.
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Figure 2. Autoantibody profile and fuctional analysis of sputum B-cells. (A, B) Significantly
higher anti-nuclear antibody (ANA) was observed in SEA and MEA as compared to HC. The calculated
cut-off was based on 95" percentile HC subjects, as represented by dotted lines. (C) Significant positive
correlation between sputum ANA and anti-EPX IgG. (D, E) Sputum ANA is positively correlated with
sputum B-cell proportion and numbers. (F) Sputum B-cells showed an increased trend in autoimmune
airways (G, H) Profile of unstimulated B-cells ELISpot assay in SEA (n=17) and MEA (n=5) showed
predominant IgG and IgA ASC. (I) ELISpot assay detects antibody-secreting cells in sputa, that produce
anti-EPX IgG and IgA
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