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expression was associated with more stringent counter-selection
of HEL-specific B cells at all stages from transitional T1 to mature
follicular and MZ B cells when compared with WT controls
(Fig. 2b–g). Supporting this observation, B cell-specific over-
expression of FcγRIIb was associated with increased frequency of
HEL-specific B cells in mHEL mice reconstituted with SWHEL-
FcγRIIb BTG BM cells compared with KO, and in some popu-
lations WT, groups, consistent with reduced tolerance at the
transitional T2/T3 (Fig. 2d) and mature follicular (Fig. 2e, f) B-
cell stages. Low but detectable levels of anti-HEL IgG1 were seen
in sera of unimmunised mHEL mice reconstituted with BM from
all SWHEL mice (Supplementary Fig. 1d). This observation makes
it possible that the effect of FcγRIIb on selection at this stage
might be driven by co-cross-linking of the BCR and FcγRIIb with
cognate antibody, although we cannot exclude an effect of

FcγRIIb on tonic BCR signalling independently of antigen
recognition and of FcγRIIb co-crosslinking46,47.

To confirm the role of FcγRIIb in clonal deletion at these
central and peripheral tolerance checkpoints, we crossed the
SWHEL-Fcγ
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of or reduced FcγRIIb expression enhances clonal deletion at the
central and transitional B-cell peripheral tolerance checkpoints,
raising the question of how FcγRIIb deficiency leads to
autoimmunity.

FcγRIIb limits autoreactive B-cell anergy. We therefore tested
whether FcγRIIb expression controls B-cell anergy10,13,45 in

addition to clonal deletion. We measured anergy by ex vivo cross-
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mHEL mice reconstituted with SWHEL-FcγRIIb-WT BM, con-
sistent with increased anergy among the remaining HEL+ B cells
that have avoided deletion (Fig. 3a, b). This ratio was further
reduced to 0.5 for mice reconstituted with SWHEL-FcγRIIb-KO
BM, demonstrating reduced phosphorylation of Syk upon BCR
engagement on HEL-autoreactive B cells in absence of FcγRIIb,
and conversely was around 1.5 for mHEL mice reconstituted with
SWHEL- FcγRIIb-BTG BM (Fig. 3a, b). Moreover, autoreactive
HEL+ B cells proliferated less than HEL− B cells in response to
LPS as shown by reduced CFSE dilution (Fig. 3c, d), and this
reduced proliferation was more marked in the absence of
Fc

www.nature.com/naturecommunications
www.nature.com/naturecommunications


generation of autoreactive cells arising as bystanders in a GC
reaction to non-self antigens.

We then asked whether, in the absence of FcγRIIb expression,
autoreactive bystander B cells could expand in the GC in response
to exogenous antigen and generate autoantibodies. We crossed the
mHEL strain to the Rag2−/− background (ensuring all B cells were
of BM donor origin, allowing precise quantification of rare HEL-
specifi
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similar experiments with the SWHEL-FcγRIIbwild/H1 KI mice
containing naturally occurring promoter Fcgr2b variations
(Supplementary Fig. 6a). We had shown previously that these
mice displayed subtly reduced FcγRIIb expression on pre-B,
immature and GC B cells, suggesting these natural Fcgr2b
polymorphisms may impact upon both pre-immune and GC
tolerance44. The results followed the same trend as those

generated using SWHEL-FcγRIIb KO chimeras. There was
enhanced tolerance at the pre-immune checkpoints (reduced
frequency of HEL-specific autoreactive B cells in the BM and
spleen of SWHEL-FcγRIIbwild/H1 KI/mHEL mice compared with
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In both major pre-immune tolerance checkpoints, at the BM
immature B-cell stage and at the transitional B-cell stage in the
spleen, no or low-FcγRIIb expression was associated with more
stringent tolerance, with increased deletion and anergy of HEL-
specifi
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function variant in FCGR2B. The proportion of IGHV4-34 clones,
known to be autoreactive, was significantly higher in the activated
CD19+IgD−CD27−CD38mid/hi and CD19+IgD+CD27+ B-cell
subsets in individuals homozygous for the FCGR2B T232 loss-of-
function SLE-associated polymorphism. This is consistent with a
relative impairment of post-immune tolerance in people with
reduced FcγRIIB function, as was seen in mice. Mouse and
human results were not fully concordant (there was, for example,
no evidence in humans of increased pre-immune tolerance
associated with reduced Fcγ
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