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Abstract Memory B cells are crucial components of long-term humoral immunity. Upon antigen re-
exposure, memory B cells can rapidly become antibody-producing plasma cells or they can re-enter GCs (germinal
centers) to undergo further antibody somatic hypermutation and affinity maturation. Memory B cell re-participation
in the GC reaction is thought to be important for generating broadly neutralizing antibodies against highly mutating
viruses such as influenza virus and HIV. The fate of memory B cells into plasma cells or GC B cells following an-
tigen re-stimulation is associated with distinct antibody isotypes and memory B cell surface phenotypes. However,
whether these memory B cell fates are intrinsically programmed by transcriptional and epigenetic mechanisms was
not understood. This study finds that each stimulation experienced by memory B cells is epigenetically recorded in
an IRF4-dependent manner, which determines the relative levels of two antagonistic transcription factors BLIMP1

and BACH2 in B cells, and in turn dictates the likelihood that a memory B cell enters a germinal center or becomes

a plasma cell upon re-stimulation.
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A: principal component analysis of transcriptomes of indicated subsets, isolated 14 days after NP-KLH immunization of B6 mice. B: summary data
of BACH2-RFP"" (%) and BLIMP1-EYFP" (%) in indicated cells from BARBE mice on day 14 post NP-KLH immunization. C,D: summary data
of BACH2-RFP"" (%) and BLIMP1-EYFP* (%) in GCs (C) and MBCs (D) from BARBE mice on day 14, 21, or 28 post NP-KLH immunization.
E,F: summary data of BACH2-RFP"*" (%) and BLIMP1-EYFP" (%) in IgM" and IgG" MBCs (E) or DN (CD80 PDL2"), SP (PD-L2'CD80") and DP
(CD80°PDL2") MBCs (F).
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Fig.1 Changing balance of BLIMP1 and BACH2 expression in different B cells and at different times (modified from reference [18])
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Fig.2 Switching recall directions of MBC subsets by BACH2/BLIMP-1 induction (modified from reference [18])
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Fig.3 IRF4-dependent chromatin imprinting during B cell differentiation (modified from reference [18])
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Fig.4 Chromatin states and IRF4 imprints in time-stamped GC B cells (modified from reference [18])
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A proposed model of the B cell response dictated by the stimulation history-imprinted, epigenetically recorded PC differentiation potential. The history

“WRITE”

of stimulation is read by IRF4 in that stimulation by antigen, T cell help, innate stimuli and cytokines promotes IRF4 expression in a dose-dependent
manner. IRF4 writes this history epigenetically by opening chromatins at ISRE-containing loci that specify the PC differentiation program, including the
Prdm1 locus. As a result of continuous action of IRF4, the relative expression strength of BLIMP1 over BACH2 is increased. Shades of the blue color
represent the degree to which cells have undergone IRF4 imprinting, the remaining distance to the PC state on the Naive-to-PC differentiation axis, or
the potential to become plasma cells upon next episode of stimulation. Stronger stimulation of Naive B cells may result in direct generation of plasma
cells, while weaker stimulation permits GC formation. Memory B cells that have undergone less IRF4 imprinting tend to re-participate in the GC reac-
tion while those that have undergone stronger IRF4 imprinting tend to produce plasma cells. GC B cells that have undergone less IRF4 imprinting are
more likely to produce memory B cells while those that have undergone more are to produce plasma cells. As a consequence, output from GCs in the
early response contain more memory B cells, while output from GCs in the late primary response tend to contain more plasma cells. From secondary
GCs produced by reactivated memory B cells, plasma cell output dominates.
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Fig.5 The IRF4 imprinting model and implications for the B cell response (modified from reference [18])
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