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Abstract

Loss of immune tolerance to commensal microbial antigens is a central driver of inflammatory bowel disease. While regu-
latory T cells are well recognized in maintaining intestinal homeostasis, the contribution of B cells—particularly IgA-
secreting cells—remains incompletely defined. In the T cell transfer colitis model, cotransfer of splenic B cells attenuates
disease, an effect largely attributed to IL-10-producing regulatory B cells (Bregs). However, alternative B cell-dependent
mechanisms have not been fully explored. Here, we investigated whether splenic B cells regulate T cell transfer colitis
through IgA-dependent mechanisms independent of Breg-associated cytokines. We show that splenic B cells from wild-
type C57BL/6 (B6) mice reconstitute bone marrow and peripheral B cell compartments in RAG1/- recipients, undergo class
switching, migrate to the colonic lamina propria as slgA* B lineage cells, and partially restore luminal secretory IgA. B cell
cotransfer significantly attenuated clinical and histological colitis without increased expression of canonical Breg-
associated cytokines, including interleukin-10, transforming growth factor #, and interleukin-35 subunits. In contrast,
splenic B cells from IgA-deficient mice failed to attenuate colitis despite comparable peripheral B cell reconstitution.
Restoration of secretory IgA was associated with increased bacterial IgA coating, reduced fecal bacterial burden, and
remodeling of the colonic microbiota, including enrichment of beneficial commensal taxa. Importantly, because IgA-
deficient B cells failed to attenuate colitis despite comparable peripheral B cell reconstitution, these findings support an
important role for IgA in mediating the protective effect of B cell transfer. Collectively, these findings identify IgA-
mediated modulation of the microbiota as an alternate mechanism by which B cells attenuate T cell transfer colitis,
highlighting a Breg-independent regulatory pathway with potential relevance to inflammatory bowel disease
pathogenesis.

Key words: IgA, IBD mouse models, colitis, B cells

Introduction

Loss of immune tolerance to yet unidentified antigens from the
commensal microbiota has been implicated in the chronic dys-
regulated immune response that characterizes inflammatory
bowel disease (IBD).! This is supported by the detection of sev-
eral antibacterial antibodies in patients with Crohn’s disease
(CD), particularly those with ileal involvement and complicated
disease course. Specifically, anti-Saccharomyces cerevisiae
antibodies have been associated with strictures and fistulas.
Anti-OmpC antibodies, which target the outer membrane porin

C of Escherichia coli, are associated with ileitis and an aggressive
disease course. Similarly, antibodies against bacterial flagellin
(CBirl antigen) (anti-CBirl) are associated with fibrostenotic
ileitis. Finally, anti-12 antibodies that target E. coli-associated
bacterial antigen (12) are also more common in ileal CD.? Those
findings point to the presence of upregulated, humoral, B cell
derived responses present in patients with IBD, particularly
incD.?

B cells are often considered positive regulators of immune
responses, as they optimize CD4" T cell activation and produce
antibodies. However, B cell subsets that dampen immunological
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Key messages

What is already known?

* Naive CD4'T cell transfer (after Treg depletion) induces
colitis in RAG1/2-deficient or SCID mice.

* B cell cotransfer alleviates colitis, mainly via Bregs pro-
ducing anti-inflammatory cytokines.

* Splenic B cells also mature into ASCs and restore lumi-
nal IgA.

What is new here?

* We investigate whether IgA contributes to attenuation of
colitis by splenic B cells.

* B cell cotransfer restores B cells in bone marrow and pe-
riphery of RAG1-deficient mice, reducing colitis.

* These B cells mature into slgA™ B lineage cells, home to
the colon, restore luminal SIgA, and modulate microbiota.

* B cells from IgA-deficient mice fail to mitigate colitis or

alter the microbiota.

IgA is an additional mediator of B cell-driven attenuation

of T cell transfer colitis.

How can this help patient care?

* Targeting B cell pathways—not just suppressing them—
could correct dysbiosis and offer novel therapies for
chronic inflammation in IBD patients.

responses in immune-mediated diseases have also been recog-
nized.* These regulatory B cells (Bregs) exert their suppressive
function through production of anti-inflammatory cytokines, pri-
marily IL-10 and transforming growth factor $ (TGF-f), although
interleukin (IL)-35/27-producing Bregs have been shown to
ameliorate colitis by inhibiting the proliferation of effector T
cells. Additionally, Bregs in mesenteric lymph nodes (MLNs) may
recruit T regs, CD8" T cells, and natural killer T cells.”

Our laboratory and others have recently shown that B cells
are critically dependent on integrin a47-MAdCAM-1 interactions
for intestinal migration, as 7-deficiency and anti-MAdCAM-1 an-
tibody blockade rendered the lamina propria (LP) of IL-107
mice B cell/IgA deficient, resulting in a luminal IgA deficit, de-
creased bacterial IgA coating, changes in microbiota composi-
tion, and acceleration of colitis.>” These findings confirm the
known critical role of B cell-derived secretory IgA (SIgA) for the
maintenance of homeostasis between the microbiota and its
host.® The interrelationship between the microbiota and IgA is
highlighted by the fact that gnotobiotic mice have marked IgA
deficiency® and IgA is rapidly restored upon bacterial coloniza-
tion.? SIgA controls the proliferation of pathobionts within gut
microbial communities, and in its absence pathobionts prolifer-
ate.® Furthermore, mice lacking the enzyme activation-
induced cytidine deaminase, which mediates IgA class switch
recombination and somatic hypermutation,*? develop bacterial
overgrowth with expansion of Clostridial species, including seg-
mented filamentous bacteria.’®'* Other studies have shown

that IgA-coated bacteria isolated from patients with IBD confer
the greatest susceptibility to colitis, when transplanted into
germ-free mice,'® suggesting a pathogenic role for this subset.

Although B cell-derived SIgA is one of the main mechanisms
through which homeostasis between microbiota and its host is
maintained, our understanding of the interface between B cells,
IgA, and commensal microflora during initiation or progression
of IBD is limited. The T cell transfer colitis model is a widely
used subacute model of IBD, generated by transfer of regulatory
T cell (Treg)-depleted naive (CD45RB"8") CD4" T cells into T/B
cell deficient RAG1,2~ or SCID mice. Cotransfer of Treg-
containing CD45RB'" cells attenuates colitis through their pro-
duction of TGF-§ and IL-10.® In this model, unfractionated B
cells also attenuated colitis, an effect that has been attributed
to Breg-derived IL-10 and 1L-35/27.>17:18

Here, we examined whether B cells may additionally regulate
T cell transfer colitis through a mechanism independent of
Bregs. First, we demonstrate the capacity of splenic B cells from
B6 mice to reconstitute the B cell compartment of RAG1 ™~ mice,
class switch to IgA, migrate to colonic LP, and partially restore
luminal SIgA. Next, we show a protective effect of cotransferred
B cells on the severity of colitis in recipient mice that is indepen-
dent of putative Breg-derived cytokines (ie, TGF-f, IL-10, IL-35/
27 subunits [IL-12A/p35, EBI3]). In contrast, a potential regula-
tory role for SIgA was demonstrated, as transfer of IgA-deficient
B cells did not attenuate colitis. Finally, we provide evidence for
microbiota-mediated mechanisms, as bacterial IgA coating, fe-
cal bacterial counts, and microbial community composition was
substantially different between recipient mice that received
wild-type C57BL/6J (B6) B cells or IgA-deficient B cells.

Methods
Mice

Ragl’ on C57BL/6 background (stock #2216) and C57BL6/J (B6)
mice (stock #664) were purchased from the Jackson Laboratory
and bred in-house. IgA-deficient mice, also on B6 background,
were first described by Mbawuike'® and were a kind gift from
Lars Eckmann (University of California San Diego).
Homozygosity for the mutations was confirmed via genotyping
(Transnetyx), flow cytometry, and serum/stool IgA enzyme-
linked immunosorbent assay. All animal studies were performed
under Institutional Animal Care and Use Committee-
approved protocols.

CD45Rb"8" colitis induction and B
cell cotransfer

Murine splenocytes were isolated via mechanical dissociation of
whole spleen, followed by red blood cell (RBC) lysis using RBC
lysis buffer (1X) (BioLegend) according to the manufacturer’s
protocol. Splenic CD4" T cells from B6 mice and CD19" B cells
from B6 and IgA’/’ mice were enriched by positive selection with
anti-mouse CD4 microbeads (130-117-043; Miltenyi Biotec) or
enriched with negative selection using a B Cell Isolation Kit (130-
090-862; Miltenyi Biotec) and further enriched with positive se-
lection using anti-mouse CD19 microbeads (130-121-301;
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Miltenyi Biotec) respectively, as per the manufacturer’s instruc-
tions. B6 CD4"-enriched T cells (>95% purity) were incubated
with anti-CD4 (FITC/Clone GK1.5) and anti-CD45RB (PE/Clone
€363.16A) for 30 minutes and washed, and CD4* CD45Rb"8" cells
(top 10%-15% of total) were isolated by flow cytometric sorting
using a FACSAria Sorter (BD Biosciences). Isolated cells were
injected intraperitoneally into RAG’ recipients (2.5x 10°).
Magnetically enriched CD19" B cells from B6 or IgA’/ mice
(>95% purity; 2 x 10°), were suspended in 200uL of PBS and
injected intraperitoneally into 8-week-old RAG/ recipients that
also received naive CD4" T cells. Tissues were harvested once
mice receiving CD4" T cells had lost 20% of initial body weight
(around 6 weeks) as per the University of California San Diego
Institutional Animal Care and Use Committee-approved proto-
col. Mouse weights and temperatures were recorded weekly af-
ter cell transfer.

Tissue collection and
histological evaluation

Tissues were prepared for histological analysis after fixation in
10% neutral buffered formalin (Thermo Fisher Scientific) for
24 hours, followed by 70% ethanol (VWR); embedded in paraffin;
cut into vertical 4-um-thick sections; and stained with hematox-
ylin and eosin and histological assessment of inflammation was
performed using a standardized semiquantitative scoring sys-
tem? by a pathologist (P.J.), blinded to the experimental condi-
tions. Results were not separated for female and male mice, as
we have observed no differences in disease severity between
the sexes.

Fecal/serum IgA determination

Blood was obtained via submandibular vein bleed or via cardiac
puncture bleed during necropsy into EDTA-containing vials.
Plasma was removed after centrifugation and stored at —80° C
for later analyses.

Fecal pellets were vortexed in 0.5mL of phosphate-buffered
saline (PBS) for 10 minutes and centrifuged at 12000 g for
10 minutes twice, and supernatant was collected for fecal Ig
level determination. Plasma was diluted at 1:10 000 and fecal su-
pernatant was diluted at 1:100 for analysis. Fecal IgA levels were
normalized per mg of total fecal protein content, as determined
by Bradford Protein Assay (Bio-Rad). Absorbances were read us-
ing a BioTek Synergy Mx Microplate Reader and analyzed using
the BioTek Gen5 software.

LP mononuclear cell isolation

Colonic LP cells were obtained as previously described.® In brief,
colonic tissues were washed for 15 minutes at room tempera-
ture in 15mL Hanks’ balanced salt solution (HBSS) (Thermo
Fisher Scientific), followed by 3 washes in HBSS + 1 mM EDTA
(Hoefer), followed by one wash in HBSS, to remove the epithelial
cells. Tissues were then subject to mechanical dissociation and
digestion for 15 to 45 minutes, in a solution containing complete
RPMI + 1.5mg/mL collagenase VIl and 1M DNase (Sigma-
Aldrich). Resulting cell suspensions were filtered and utilized for
downstream analyses.

Flow cytometry

Splenocytes were isolated via mechanical dissociation of whole
spleens from experimental mice, followed by RBC lysis using
RBC lysis buffer (1X) (BioLegend) according to the manufac-
turer’s protocol. Lymphocytes were obtained from MLNs
through mechanical disruption. The resulting cell suspensions
were filtered through a 70 um cell strainer (Corning) to remove
debris and centrifuged at 650 g for 6 minutes at 4°C in RPMI
Medium 1640 (1X) (Gibco). Cells were subsequently used for
downstream analyses.

Viability staining was conducted using fixable Viability Dye
eFluor 780 (Thermo Fisher Scientific) according to the manufac-
turer’s instructions, and antibody staining was performed using
the following antibodies: CD4 FITC (clone GK1.5), CD19 Alexa
Fluor 700 (clone 6D5), IgM BV510 (clone RMM-1), IgD BV650
(clone 11-26c.2a) (BioLegend), and IgA PE (clone mA-6E1)
(Invitrogen). Following staining, cells were fixed for later acquisi-
tion using 4% paraformaldehyde solution diluted to 2% using
1x PBS (Thermo Fisher Scientific) and acquired on a Cytek
Northern Lights cytometer. Analyses were performed using
FlowJo v10.1 (TreeStar).

Definition of B cell subsets

B lineage populations were defined based on CD19 expression,
with near-complete concordance observed between CD19 and
B220 in our datasets (Figure S1). Surface IgD* and IgM* popula-
tions were classified as non-class-switched B cells. IgA* popula-
tions were identified based on surface IgA expression and may
represent antibody-secreting/plasmablast-enriched  popula-
tions. We note that classical plasma cell markers such as CD138
and B220"°"/~ were not used to strictly define terminally differ-
entiated plasma cells; therefore, we use conservative terminol-
ogy when referring to these populations.

Immunofluorescence

The 4-um paraffin sections were deparaffinized and rehydrated,
followed by antigen retrieval in citrate buffer using a Biocare
Medical decloaking chamber. After cooling and PBS-T
(phosphate-buffered saline-TWEEN-20) washes, sections were
mounted in Shandon cover plates and blocked with 5% normal
donkey serum containing 0.3% Triton X-100 in PBS for 1 hour at
room temperature. Slides were incubated overnight at 4°C with
goat anti-mouse IgA (1:4000; SouthernBiotech; Cat: 1040-01) and
rat anti-mouse CD4 (1:100; Thermo Fisher Scientific; Cat: 14-
9766-82) in PBS-T. After washing, sections were incubated for
lhour at room temperature with donkey anti-goat 1gG Cy5
(1:500; Jackson ImmunoResearch; Cat: 705-175-147) and donkey
anti-rat 1gG Alexa Fluor 555 (1:500; Thermo Fisher Scientific; Cat:
A48270). Nuclei were counterstained with Hoechst (1:1000 in
PBS, 10 mg/mL stock) for 5 min. Fluorescent bleaching was per-
formed in 4.5% H,0, and 24 mM NaOH under light exposure,
and slides were mounted using ProLong Gold Antifade
Mountant (without DAPI) and laid flat in the dark for at least
24 h. Image acquisition was performed with a Zeiss LSM780 con-
focal microscope.
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Quantification of fecal bacteria

A Bacteria Counting Kit for flow cytometry (Cat: B7277; Thermo
Fisher Scientific) was used according to the manufacturer’s
guidelines. Events were acquired on a Cytek Northern Lights cy-
tometer. Analyses were performed using FlowJo v10.1.

Microbiota analysis

Analyses of fecal microbiota composition were performed by
the Transnetyx Microbiome service. Stool pellets were collected
in sample collection tubes provided with DNA stabilization
buffer and genomic DNA was extracted with the Qiagen DNeasy
96 PowerSoil Pro QIAcube HT extraction kit and protocol.
Library preparation was done with KAPA HyperPLUS preparation
protocol and the sequencing was done with Illumina NovaSeq
instrument and protocol (depth of 2 million 2x 150 bp read
pairs). Sequencing data were uploaded and analyzed using One
Codex.?! Genome count tables from One Codex were filtered to
OTUs operational taxonomic units at >0.1% abundance in at
least 5% of all samples (across all transfer groups) leaving 251
genomes. Ordination was performed by computing Aitchison
distances followed by principal coordinates analysis using the
ape package.?? Differential abundance was fit with DESeq2 ¢
(v1.48.2)*% on raw counts with design ~'transfer group’ and per-
forming pairwise contrasts between groups. Figures of the rela-
tive abundance of bacterial taxa at the order level and beta
diversity using principal coordinate analysis were performed
and colors modified using R27 (v4.4.0)** and RStudio28
(v2024.4.0.735)% with the ggplot2 package (v3.5.1).%°

Real-time quantitative polymerase
chain reaction

Colonic tissues were harvested and stored at —80 °C in RNAlater
solution (Thermo Fisher Scientific). RNA was isolated using the
RNeasy Mini Kit. cDNA was generated using the high-capacity
cDNA reverse transcription kit (Applied Biosystems). Gene ex-
pression was examined using the TagMan probes (Thermo
Fisher Scientific) TGF-g (Tgifl, Mm01227699_m1), EBI3
(MmM00469294_m1), and IL12A (Mm00434169_m1), and normal-
ized to GAPDH (Mm99999915_g1).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 9 soft-
ware (GraphPad Software). Column statistics tests were used to
assess parametric distribution of datasets. For comparison of
two groups, the Wilcoxon matched-pairs signed rank test was
utilized, or the Mann-Whitney test for unpaired samples. For
comparison of multiple groups, analysis of variance was utilized
for parametric datasets, followed by Tukey’s multiple compari-
son test, and the Kruskal-Wallis test was used for nonparametric
datasets, followed by Dunn’s multiple comparison test.
Descriptive statistics are displayed as mean+SD in all figures.
Significance is defined as P values of <.05, and resulting statisti-
cal significances of difference are indicated in figures as P < .05,
P <.01,P < .001, P < .0001.

Results

Cotransfer of splenic B cells and naive
CD4" T cells partially reconstitute the
peripheral and mucosal B cell

compartments in recipient RAG1

Spleen-derived CD19" B cells (near CD19/B220 concordance
shown in Figure S1) restore luminal SIgA and bacterial IgA coat-
ing in RAG1-deficient mice that lack functional T or B cells.
However, the specific antibody-secreting cell (ASC) subsets that
repopulate the peripheral and colonic LP compartments after
splenic B cell transfer were not examined. In these studies, we
specifically looked for the ASC subsets in recipient mice after B
cell transfer via flow cytometry. Because T cell transfer inflamma-
tion is colitis predominant without appreciable ileitis, we focused
LP analyses on the colon, the principal affected site. We found
that surface IgD" (slgD") and slgM" B cell populations were par-
tially restored (~5% of CD19") in the spleen of T/B cell-reconsti-
tuted RAGs, compared with robust populations present in
immunocompetent B6 mice (~32%-34%) (Figure 1A). However,
these cells were rare in the colonic LP of RAG mice, in which only
slgA™ B lineage cells were detected within the CD19"*® fraction,
consistent with progressive differentiation toward ASCs/plasma
cells (Figure 1B). B lineage cells downregulate CD19 and B220 as
they differentiate toward mature IgA-secreting plasma cells.
Immunofluorescent staining for IgA (magenta) in colonic seg-
ments confirmed the presence of sIgA”™ cells in LP of cotrans-
ferred RAG1/~ mice (Figure 1D). The slgD* population likely
represents naive or non-class-switched B cells. To confirm that
partial reconstitution of LP sIgA B lineage cells leads to variable
reconstitution of SIgA in the intestinal lumen, we measured SIgA
levels in stool or T/B cell cotransferred RAG1~~ mice via enzyme-
linked immunosorbent assay. We found a wide range of IgA levels
clustering in the lower range (5ng/mg) compared with ~16 ng/
mg in B6 mice (Figure 1C). Of note, the stool concentration of IgA
in ileocolitic TNFAARE mice was several fold higher than that of
noncolitic B6 mice, which have a normal complement of B cells
(not shown). Cotransfer of T cells was required for LP and luminal
IgA reconstitution, as transfer of splenic B cells alone did not re-
store peripheral or colonic ASCs, nor luminal SIgA (not shown).
CD19/B220" B cells were reconstituted in secondary lymphoid
organs (ie, spleen, MLNs) and in bone marrow (Figures S2A-S2C).
Taken together, our findings show that B6 splenic B cells that are
cotransferred with naive CD4" cells to RAG1”~ mice contain B cell
populations capable of bone marrow, peripheral, and mucosal
reconstitution, class switching to IgA ASCs and migrationto the
colonic LP. Once in LP, they partially restore sIgA” B lineage cells
and luminal SlIgA.

- mice

Cotransfer of B cells attenuates the
severity of T cell transfer colitis without
tissue upregulation of Breg-derived
cytokines

Prior studies have shown that cotransfer of splenic B cells and
peritoneal regulatory B10 cells (which produce IL-10) attenuated
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Figure 1 Splenic CD19" B cell cotransfer partially reconstitute peripheral and

colonic surface IgD/M , IgA™ B lineage cells in the lamina propria (LP)

and luminal secretory IgA in RAG1-deficient mice. (A, B) Representative flow cytometry dot plots and quantification of (A) spleen and (B) colonic LP
cells and surface IgD/M/A" B lineage cells isolated from RAG-17- mice compared with immunocompetent B6 controls as indicated. (C) Fecal IgA levels
measured by enzyme-linked immunosorbent assay in reconstituted RAGs and B6 controls. (D) Representative micrographs (hematoxylin and eosin
10x magnification) and immunofluorescence staining of colonic tissue show architectural changes and confirmed presence of LP IgA* antibody-

secreting cells. Data are representative of two independent experiments with

colitis induced by colitogenic Treg-depleted naive CD4" T cells.”
Furthermore, B cells from IL-107~ mice did not protect from coli-
tis, suggesting that IL-10-producing Bregs were responsible for
attenuation.>*’ Here, we confirmed the ability of unfractionated
splenic CD19/B220" B cells to attenuate clinical signs of colitis,

n>5 mice per group and are shown as mean + SD.

such as weight loss (P < .0001) and hypothermia, (P < .01), com-
pared with mice that received only naive CD4" T cells (Figures 2A
and 2B). Blinded histological evaluation of colonic segments fur-
ther confirmed attenuation of colitis with decreased acute (eg,
neutrophilic), chronic (lymphocyte/monocyte), and total (sum of
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Figure 2 Cotransfer of B6 CD19* B cells attenuated clinical signs and histological severity of T cell-induced colitis without upregulation of putative
regulatory B cell-derived cytokines. (A) Body weights and rectal temperatures were monitored weekly in RAG1~~ mice transferred with naive
CD4*CD45RB"" (CD4) T cells, with or without wild-type CD19" B cells (n > 10 per group). (B) Inflammatory indices of colitis assessed by blinded
histological evaluation of hematoxylin and eosin-stained colon tissue (n > 20 per group, pooled from 3 independent experiments). (C) Representative
micrographs (hematoxylin and eosin-stained tissue, 10x magnification) illustrate colonic architecture and inflammatory infiltrates. (D) Relative
messenger RNA expression of regulatory cytokines (transforming growth factor # [TGF-f], interleukin [IL]-10) and shared subunits of IL-27/IL-35 (EBI3)
and P35 (shared by IL-12/IL-35) quantified by quantitative real-time polymerase chain reaction in colonic tissue (n > 8 per group). Each data point
represents an individual mouse. All data are shown as mean + SD. Statistical significance was determined by analysis of variance followed by Tukey’s

multiple comparison test. n.s., not significant.

acute and chronic) inflammatory indices in mice cotransferred
with B6 B cells, compared with mice receiving only T cells (all P
values <.0001) (Figure 2B). We also observed decreased hyper-
trophy of both mucosa and muscularis in mice receiving B6 B
cells (Figure 2C; Figure S1). Induction of colitis by naive CD4" T
cells and attenuation of colitis by B cells are dependent on en-
graftment of both CD4 and CD19 in bone marrow, from where
they migrate to peripheral sites such as the spleen and MLNs.
Thus, we examined T and B cell reconstitution in bone marrow
and peripheral lymphoid sites (ie, spleen, MLNs) as internal

controls. As expected, we found only CD4" in mice receiving
sorted naive CD4, whereas we additionally found CD19" B cells in
bone marrow, spleen, and MLNs after cotransfer of splenic B cells
(Figure S1). Thus, transferred splenic T and B cells engraft in re-
cipient mice and reconstitute bone marrow and peripheral lym-
phoid compartments, from which they populate secondary
lymphoid tissues and give rise to slgD" and slgM* B cell popula-
tions as well as slgA® antibody-secreting/plasmablast popula-
tions. The IgA™ ASCs also acquire a homing program, migrate to
colonic LP, and partially reconstitute luminal SIgA.
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To examine the contribution of Breg-derived cytokines to the
modulation of colitis, we quantified whole tissue colonic mes-
senger RNA (mRNA) transcripts of putative cytokines known to
mediate Breg function (Figure 2D). These include TGF-p, IL-10,
the EBI3 subunit shared by IL-27 and IL-35, and the P35 subunit
shared by IL-12 and IL-35, all previously implicated in attenua-
tion of colitis by Bregs.’® Neither TGF-§ nor IL-10 mRNA tran-
scripts were increased in mice receiving B cells under our
experimental conditions. Similarly, EBI3 transcripts were not af-
fected, whereas mRNA transcripts of the P35 subunit of IL-12
were decreased in mice receiving B6 B cells, consistent with de-
creased IL-12 in the setting of attenuated colitis. Overall, these
data show that cotransfer of B cells attenuate the clinical and
histological severity of colitis without tissue upregulation of pu-
tative Breg-derived cytokines under our experimental condi-
tions. Thus, the current findings may suggest that modulatory
mechanisms other than Breg-derived cytokines contribute to
the attenuation of T cell transfer colitis by B cells.

IgA-deficient B cells do not attenuate T
cell transfer colitis

B cells mature into professional ASCs and plasma cells in the in-
testinal LP, where they produce large quantities of IgA. LP IgA
binds to PIgR and is transcytosed to the lumen as SIgA, a frac-
tion of which is retained within the extensive mucus layer, serv-
ing as a primary local barrier that keeps bacteria away from
intestinal epithelium (immune exclusion). This way, IgA (or
equivalent molecules in lower vertebrates) is critical for the
maintenance of a homeostatic communication between verte-
brates and their commensal microbiota. Our current and prior
findings in 1L107~ mice®?” show that both integrin §7 deficiency
and MAdCAM-1 blockade hastened colitis by interfering with
ASC migration to intestinal LP, resulting in a LP sIgA” B cell defi-
cit, decreased luminal SIgA, bacterial overgrowth, and dysbiotic
bacterial communities.®

To directly assess the role of IgA on the attenuation of transfer
colitis by B cells, we compared the effects of cotransfer of IgA-
sufficient or IgA-deficient B cells on the clinical and histological
severity of colitis (Figure 3). Mice receiving naive T cells devel-
oped clinically evident colitis by 5 to 6weeks post-transfer,
reflected clinically by weight loss and hypothermia. Splenic B
cells from B6 mice exhibited less clinical signs of colitis
(Figures 3A and 3B) compared with mice receiving only T cells.
By contrast, these were not different from mice receiving only T
cells, if B cells were isolated from IgA-deficient mice (Figures 3A
and 3B). Clinical evaluation paralleled blinded histopathological
evaluation of colitis, as we observed attenuation of active,
chronic, and total indices in mice receiving B6 B cells but not in
mice that received IgA-deficient B cells (Figures 3C and 3D).
Similarly, the distorted colonic architecture (mucosal and mucu-
laris hypertrophy), which is partially restored by B6 cells, was
similar between mice receiving T cells only and those cotrans-
ferred with IgA~7~ B cells (Figure 3D). Ineffective attenuation of
colitis was not due to inadequate reconstitution of CD19" cells
in spleen, where the percentage of IgA-deficient CD19" cells was
comparable to that of mice receiving B6 B cells (Figure 3E). As
expected, colonic slgA” B cells and luminal and serum IgA were
absent in mice receiving IgA”~ B cells (Figures 3E and 3F). Taken

together, under our experimental conditions, SIgA appears to be
a critical molecular effector for the B cell-mediated attenuation
of T cell transfer colitis.

Intact IgA production is required for
beneficial remodeling of
intraluminal microbiota

Prior studies have shown that colonization with a restricted co-
lonic microbiota and administration of oral antibiotics attenu-
ated T cell transfer colitis.?®3° Thus, the microbiota appears to
play a fundamental role on the initiation and perpetuation of co-
litis in this model. Given the known role of SIgA for the control
of intestinal microbiota, we next examined the effects of splenic
B cells isolated from control B6 or IgA-deficient mice on IgA
coating of fecal bacteria, bacterial counts by flow cytometry,
and stool microbiota composition via shotgun metagenomic
analyses. As expected, whereas around 10% to 30% of stool bac-
teria were IgA bound after B6 B cell cotransfer, we found no IgA-
coated fecal bacteria in RAG1~~ mice receiving only CD4" T cells
or cotransferred with splenic B cells from IgA-deficient mice
(Figures 4A and 4B). Similarly, while B6 B cells induced a de-
crease in stool bacterial counts, IgA-deficient B cells did not
modulate bacterial overgrowth in colitic RAG-17- mice
(Figure 4C). Importantly, the microbiota of mice receiving IgA-
deficient B cells closely resembled that of mice receiving CD4* T
cells alone, indicating that IgA-deficient B cells do not signifi-
cantly modulate microbial composition in this model.

We then analyzed microbial community composition via shot-
gun metagenomics in recipient mice that received B cells
from different donors. We showed that mice receiving B6 B cells
had a vastly different microbiota from that of mice receiving
only T cells, whereas the microbiota of recipients of IgA-
deficient B cells was not significantly altered (Figures 4D
and 4E).

Metagenomic analyses of stool from RAG1/~ mice receiving
only CD4* T cells revealed distinct microbial communities across
groups (PERMANOVA, R? = 0.31, P=.0002) (Figure 4D). Cotransfer
of B6 B cells increased overall diversity, which was significantly
higher than in CD4* T cell-only recipients (Mann-Whitney U,
P=.0087) and mice receiving IgA’~ B cells (Mann-Whitney U,
P=.024) (Figure 4E). Differential abundance analysis (DESeq2)
identified an expansion of 32 Eubacteriales species and 30
Lachnospirales species in mice cotransferred with B6 B cells
(Figures S3A and S3B). Within these orders, Eubacteriaceae and
Oscillospiraceae showed marked increases (10.6-fold and 10.2-
fold, respectively), both of which are probionts linked to buty-
rate production and mucosal homeostasis (Figure 4F).

Thus, our findings support the hypothesis that splenic B cells,
reconstitute intestinal slgA” B lineage cells and luminal SigA,
which in turn leads to modulation of bacterial counts and
remodeling of microbial communities, selectively enriching for
beneficial commensals in colitic RAG1”~ mice. In turn, these
beneficial effects on microbiota composition appear to play a
major role on the attenuation of T cell transfer colitis by splenic
B cells.
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Figure 3 Cotransfer of IgA-deficient (IgA7-) CD19* B cells did not attenuate clinical signs or histological severity of colitis, despite similar
reconstitution of peripheral B cells. (A) Body weights and serial temperatures monitored weekly in mice transferred with naive CD4" T cells, with or
without B6 or IgA”~ CD19* B cells (n > 10 per group; IgA~~ group, n=10). (B) Histopathological indices of colitis severity assessed by blinded
histological analyses of hematoxylin and eosin-stained colon tissue (mean + SD, n > 10 to 20 mice (pooled from 3 independent experiments). (C)
Representative micrographs of indicated experimental groups (hematoxylin and eosin, 10x magnification). (D) Flow cytometry dot plots of CD19* B
cell and surface IgA" B lineage cell reconstitution in spleen (left) and IgA* antibody-secreting cell reconstitution in the colonic lamina propria (right)
(n>5 per group). (E) Fecal and serum IgA levels were measured by enzyme-linked immunosorbent assay in RAG1~~ mice transferred with the
indicated cell types (mean +SD, n > 10 to 20 mice per group (pooled from 3 independent experiments). Each data point represents an individual
mouse. Statistical significance was determined by analysis of variance followed by (A, B) Tukey’s multiple comparison test or (E) Student’s t test.

Discussion

In this study, we identified an IgA-dependent mechanism by
which B cells attenuate T cell transfer colitis in immunodeficient
RAG1~~ mice. We show that splenic B cell cotransfer restores
bone marrow B cells, mucosal sIgA" B lineage cells partially
reconstitutes luminal SIgA, and is associated with reduced dis-
ease severity and remodeling of the intestinal microbiota.
Importantly, this protective effect occurs without sustained
upregulation of canonical Breg-associated cytokines, supporting
a regulatory pathway distinct from previously described IL-10-
or IL-35-mediated mechanisms.'"*

The T cell transfer colitis model has been instrumental in de-
fining immune regulatory pathways in intestinal inflammation.®
In this system, colitis induced by naive CD4'CD45RBME" T cells

can be suppressed by regulatory T cells through IL-10- and TGF-
p-dependent mechanisms.>*? Prior studies have also shown
that unfractionated splenic or peritoneal B cells attenuate
colitis, an effect largely attributed to IL-10-producing Bregs, in-
cluding peritoneal B10 cells.'”** Additional work implicated IL-
27/IL-35 signaling in B cell-mediated induction of Tr1 cells.>*%*3
Our data suggest that B cell-mediated protection is not limited
to these pathways. Because IL-10-, TGF-§-, and IL-35/IL-27-re-
lated transcripts were measured in bulk colonic tissue, these
data cannot exclude cell-specific Breg activity or transient cyto-
kine induction at earlier time points. Rather, they indicate that
canonical Breg-associated cytokines were not detectably upre-
gulated in whole colonic tissue at the endpoint under our exper-
imental conditions. In contrast, the failure of IgA-deficient B
cells to attenuate colitis, together with IgA-dependent
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Figure 4 IgA-sufficient but not IgA-deficient B cells restored bacterial IgA coating, decreased bacterial counts, and modulated stool microbial
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restoration of bacterial coating and remodeling of microbial
communities, supports an additional IgA-dependent mechanism
of B cell-mediated protection. Although IgA-deficient B cells
reconstituted peripheral CD19* B cell compartments, we did not
comprehensively assess whether IgA deficiency altered differen-
tiation or recruitment of IgA~ plasma cell subsets to the colonic
LP. Thus, we cannot exclude effects of IgA deficiency on plasma
cell fate or homing, although the absence of luminal IgA and
bacterial 1gA coating supports a requirement for intact IgA-
mediated effector function.

Multiple lines of evidence from our study instead support a
central role for IgA. First, cotransfer of splenic B cells resulted in
selective repopulation of the colonic LP with class-switched
CD19" slgA* B lineage cells and partial restoration of luminal
SIgA, consistent with prior reports demonstrating the capacity
of splenic B cells to reconstitute mucosal IgA compartments in

lymphopenic hosts.>*3® Inclusion of additional markers such as
CD138 and B220 would have further refined these populations
and note this as a limitation. Second, splenic B cells isolated
from IgA-deficient mice failed to attenuate colitis despite effec-
tive peripheral B cell reconstitution, demonstrating that B cell
engraftment alone is insufficient for protection. Third, restora-
tion of SIgA was accompanied by increased bacterial IgA coat-
ing, reduced fecal bacterial burden, and an altered microbial
community composition.

The compartmentalization of B cell differentiation observed in
this study is notable. While sigM* and slgD* B lineage cells predo-
minated in secondary lymphoid tissues, sIgA* B lineage cells se-
lectively populated the colonic LP, consistent with tissue-specific
differentiation and homing programs described in prior stud-
ies.53* The absence of CD19/B220" B cells in the LP of recipient
mice likely reflects limited formation of inducible lymphoid
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follicles or tertiary lymphoid structures within the time frame of
disease development, which typically require sustained chronic
inflammation.” These findings emphasize the dominant contri-
bution of IgA-secreting cells to mucosal immunity in this context.

Our microbiota analyses further support IgA-mediated regula-
tion as a key downstream mechanism. A critical role for the
microbiota in T cell transfer colitis is supported by earlier studies
showing that restricted microbial colonization or antibiotic
treatment attenuates disease severity.?®*3° In our model,
cotransfer of IgA-sufficient B cells increased microbial diversity
and promoted the expansion of taxa associated with mucosal
homeostasis, including members of the Eubacteriales and
Lachnospirales orders. These changes were absent in recipients
of IgA-deficient B cells, indicating that IgA is required for both
bacterial coating and selective enrichment of beneficial com-
mensals. Although these data do not establish direct causality,
they are consistent with extensive prior work demonstrating
that SIgA constrains pathobiont expansion, promotes microbial
diversity, and maintains host-microbiota homeostasis.'%**:13-*8
We acknowledge that IgA-coated bacteria may exhibit context-
dependent pro- or anti-inflammatory properties, as described by
Palm et al'®; however, our findings support an overall protective
role for IgA in this inflammatory setting. Although these findings
support an IgA-dependent microbiota-modulatory mechanism,
they do not identify the specific IgA-coated taxa or microbial
products responsible for protection. Future studies using de-
fined microbial consortia or transfer of IgA-coated bacterial frac-
tions within the same T cell transfer framework may further
clarify causality. Nevertheless, the failure of IgA-deficient B cells
to attenuate colitis despite peripheral B cell reconstitution pro-
vides functional evidence that IgA is required for the protective
effect of B cell cotransfer in this widely used colitis model.

Our findings integrate well with observations from other ex-
perimental models of IBD. In IL-10-~ mice, impaired IgA produc-
tion or defective ASC homing leads to dysbiosis and
exacerbated colitis.*?"° Similarly, mice lacking activation-
induced cytidine deaminase, which is required for IgA class
switching, develop bacterial overgrowth and altered microbial
communities.** Across two distinct inflammatory models, loss
of IgA worsens disease, whereas restoration of B cell-derived
IgA attenuates disease. Together, these studies support a model
in which IgA availability becomes increasingly critical under in-
flammatory conditions, when regulatory demands exceed the
capacity of baseline IgA synthesis.*

Clinically, B cells remain an underexplored component of IBD
pathogenesis. Although alterations in B cell and plasma cell
populations have been reported in patients with CD and ulcera-
tive colitis,**™*® therapeutic strategies targeting B cells have
yielded mixed results. Notably, B cell depletion with rituximab
failed to demonstrate efficacy in ulcerative colitis,*” perhaps
reflecting the loss of protective B cell functions, rather than a
lack of B cell involvement. In humans, compensatory SigM
responses may partially offset IgA deficiency under homeostatic
conditions, but such compensation may be insufficient during
chronic intestinal inflammation. A significant limitation of this
study is the absence of human validation and the singular reli-
ance on the T cell transfer model. Together with our prior find-
ings in IL-10-deficient colitis,® in which impaired IgA ASC
trafficking caused luminal IgA deficiency, dysbiosis, and

worsened disease, the current data support a reciprocal model
in which restoration of B cell-derived IgA remodels the micro-
biota and attenuates colitis.

In conclusion, we demonstrate that B cell cotransfer attenu-
ates T cell transfer colitis through an IgA-dependent mechanism
involving restoration of mucosal IgA-secreting cells, intraluminal
SIgA, and IgA-mediated modulation of the intestinal microbiota.
These findings expand the current paradigm of B cell-mediated
regulation in intestinal inflammation and highlight IgA-secreting
cells, alongside regulatory B cell subsets, as critical contributors
to mucosal immune homeostasis in colitis.
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