B cell diﬀerentiation activation and function

In mice the B cells are produced from haematopoietic cells through a complex process of
diﬀerentiation that is gradually being understood.
Over the years there has been considerable progress in the identification of markers
that are expressed in a stage and step-wise manner.
One is the expression of the IL-7 receptor alpha.
This in turn produces yet more restricted progenitor cells identified by the
expression of CD45R and B220.
This framework of development serves as a starting point for analysis of the eﬀects of
transcription factors, micro environmental interactions, cytokines and natural or
engineered mutations.
Critical processes such as DJ rearrangement and Ig heavy chain expression can
also be mapped onto this framework.
The deletion of IL-7 completely eliminates bone marrow B cell lineage development

Progress in this work allowed additional questions such as key regulatory
interactions developmental check points and the mechanism of the lineage
commitment to be approached.
The mouse Hematopoiesis predominantly occurs prior to birth in the Fetal liver,
and the in spleen just prior to and shortly after birth and in the bone marrow
thereafter.
Hematopoietic stem cells are produced in the SP/AGM (splanchnopleura/aortagonads mesonephros) and migrate to the liver at about D10.
Thereafter billions of cells develop largely in a wave with early-stage present at early
times and late stages predominantly at late times close to Birth.
Another distinction of fetal liver from bone marrow development in the adult is the
absence of a terminal TdT an enzyme
that mediates non-templated addition of nucleotides at the D – J and V – D
junctions of Ig heavy chain.

Transcription factors essential for B cell development
IKAROS and the related transcription factor AIOLOS play important role in lymphocyte
development.
IKAROS is expressed very early in haematopoietic precursors. IKAROS null mice lack B
lineage cells. It activates numerous early B lineage genes including TDT, Rag-1, lambda-5 and
VpreB.
AIOLOS is detected later in development.
PU.1 an ets family transcription factories is critical for progression to the earliest stage of
lymphocyte development. Levels of PU.1 are also critical as low expression of PU.1 in Pu.1
null mice promotes early B cell development while high expression blocks it. One reason
could be negative regulation of IL-7R by PU.1 at higher levels.
Another gene E2A codes for two proteins - E12 and E47, members of helix-loop-helix family
and crucial for early B cell development.
Negative regulators like Notch and ID2 block B cell lineage. And induce altered fates
towards NK and T cells.
Concommitantly, ectopic expression of negative regulators of Notch like Lunatic, Fringe
and Deltex1 induce B cell fate.

Expression of early B cell factor EBF1, a member of O/E family is required for DJrearrangement in Pro-B cells. E2A positively regulates EBF1.
Pax5 promotes ProB to early PreB cell stage.
Pax5 induces V to DJ contraction, thereby promoting rearrangement.
Pax5 null mice show arrest of B cell development at proB cell stage. They can also
develop into diverse lineages.
Lymphocyte enhancer binding factor (LEF-1) plays a role in pro-B to pre-B cell stage.
Targeted Inactivation of LEF-1 results in reduced B cell numbers.
Several members of NF-kB are expressed throughout B cell development especially
during kappa light chain expression.
Mice lacking both p65 and p50 subunits failed to develop B220+ B cells.

Feedforward regulation of Myc coordinates lineage-specific with housekeeping gene expression
during B cell progenitor cell differentiation. PLoS Biology April 2019

Schematic representation of self-renewing (left) and differentiating (right) B cell
progenitors and the nomenclature used to refer to these populations in the literature.
(B) Experimental design of Ikaros-induced B3 cell differentiation. RNA-seq was
performed at the indicated time points. The experiment was designed so that sources
of variability could be traced to library preparation and sequencing biases and
corrected (see Methods). Effects of 4-OHT were monitored by addition of 4-OHT to
control vector cells and found to be negligible. (C) Pseudotemporal ordering of cells
as a function of their scRNA-seq transcriptomes. The pseudotime trajectory is shown
in black. (D) Gene set analysis of gene expression trends in B3 differentiation.
Each box contains the total number of genes and the major functional terms (q <
0.01) for each of 4 expression trends (up-regulated, down-regulated, first up- then
down-regulated, and first down- then up-regulated). Up- and down-regulated
trends are further separated into 2 subtrends, constant and delayed. (E)
Comparison of the transcriptomes of the B3 in vitro differentiation time course with in
vivo B cell progenitor differentiation stages. The 0 to 6 h time points resemble Fr.C,
whereas 18 and 24 h are similar to Fr.D, and the 12 h time point represents a tipping
point. The source of the numerical data underlying this figure is listed in S1 Data. (F)
Comparison of genes differentially expressed in IKZF1 mutated human B-ALL and
the B3 differentiation. Numbers denote common genes that are differentially
expressed in IKZF1-mutated versus IKZF1 wild-type human B-ALL and the top 200
genes regulated at the indicated times after Ikaros induction in B3 cells. The color
scale indicates the odds ratio for the enrichment of Ikaros-regulated gene during B3
cell differentiation among differentially expressed genes in human B-ALL with and
without IKZF1 mutations. B-ALL, B cell progenitor acute lymphoblastic leukemia;
ERt2; Fr.C, proliferating B cell progenitor; Fr.D, differentiating B cell progenitor; HA,
haemagglutinin; JAK-STAT, Janus kinase/signal transducers and activators of
transcription; RNA-seq, RNA sequencing; scRNA-seq, single cell RNA sequencing;
TCA, tricarboxylic acid cycle; 4-OHT, 4-hydroxy-tamoxifen.

MTA2/NuRD Regulates B Cell Development and Cooperates with OCA-B in Controlling the Pre-B to Immature B Cell
Transition. Cell Reports 2019

The NuRD (Nucleosome Remodelling and Acetylase) complex contains both chromatin remodeling and
histone deacetylase activities.
Mice lacking the MTA2 subunit of NuRD show developmental defects in pro-B, pre-B, immature B, and
marginal zone B cells, and abnormal germinal center B cell differentiation during immune responses.
Mta2 inactivation also causes a derepression of Igll1 and VpreB1 genes in pre-B cells.
Furthermore, MTA2/NuRD interacts directly with AIOLOS/IKAROS and shows a striking overlap with
AIOLOS/IKAROS target genes in human pre-B cells, suggesting a functional inter-dependence between
MTA2/NuRD and AIOLOS.
Mechanistically, MTA2 deficiency in mice leads to increased H3K27 acetylation at both Igll1 and VpreB1
promoters.
Gene profiling analyses also identify distinct MTA2-dependent transcription programs in pro-B and preB cells.
In addition, we find a strong synergy between MTA2 and OCA-B in repressing Igll1 and VpreB1 at the
pre-B cell stage, and in regulating both the pre-B to immature B transition and splenic B cell
development.

Aiolos Overexpression in Systemic Lupus Erythematosus B Cell Subtypes and BAFF-Induced Memory
B Cell Differentiation Are Reduced by CC-220 Modulation of Cereblon Activity. J. Immunol. 2017

Fra-2 regulates B cell development by enhancing IRF4 and Foxo1 transcription. J. Exp. Med.
2017
Deletion of Fra-2 leads to impaired B cell proliferation in the bone marrow.
In addition, IL-7-stimulated pro-B cell cultures revealed a reduced differentiation from large pre-B cells
to small B cells and immature B cells.
Gene profiling and chromatin immunoprecipitation sequencing analyses unraveled a
transcriptional reduction of the transcription factors Foxo1, Irf4, Ikaros, and Aiolos in Fra-2deficient B cells.
Expression of IL7Rα and Rag 1/2, downstream targets of Irf4 and Foxo1, were also reduced in
the absence of Fra-2.
Pro-B cell proliferation and small pre-B cell differentiation were fully rescued by expression of Foxo1
and Irf4 in Fra-2-deficient pro-B cells.
Hence, Fra-2 is a key upstream regulator of Foxo1 and Irf4 expression and influences
proliferation and differentiation of B cells at multiple stages.

Phenotypic definition
Most B cells express B220.
This can be further sub-classified into CD43+, CD43- and CD24/HSA+.

The Survival and Differentiation of Pro-B and Pre-B Cells in the Bone Marrow Is Dependent on IL-7Rα
Tyr449. J. Immunology. 2014

IL-7 is critical for murine T and B cell development and survival and plays a significant role in lymphoblastic
leukemia in both humans and mice.
Evaluated the role of the IL-7Rα Tyr449 cytoplasmic SH2-binding motif in IL-7–mediated B cell
development using a knock-in mouse with a Tyr to Phe mutation (IL-7Rα449F/449F mouse).

Identified that IL-7Rα Tyr449 was critical for both pro-B and pre-B stages of development in the bone
marrow.
IL-7Rα449F/449F and IL-7Rα−/− pre-B cells also showed defective cyto-Igμ and CD25 expression,
associated with reduced levels of Rag1, Rag2, and Irf4.
Pre-B cells from IL-7Rα449F/449F mice also failed to proliferate, perhaps as a result of the failure to
rearrange Igμ.
Our data suggest that IL-7Rα Tyr449 was essential for IL-7Rα signaling in bone marrow B cell
development and survival.

Culture systems for studying B cell development
A number of cell lines based on adherent cells have been developed that act as nurse cells
providing critical growth factors. best example S17.
These include CD44 interacting with hyaluronate and VL-4 interacting with V-CAM.
Role for IL-7 in B cell development was identified using these culture systems.
B linage development is also regulated by hormones.
Those produced during pregnancy depress B lymphopoiesis particularly preB cell pool.
This avoids autoimmune responses but at the same time induces transient immuno-deficiencies.
Insulin-like growth factor (IGF-1) potentiates progression of vitro C(mu)+ stage.
In addition, other pituitary hormones like thyroxine and growth hormone (GH) have positive eﬀects
on B cell development
Thyroxine can restore normal B cell development in dwarfs.
TLR activation during infection also aﬀect B cell development.
CXCL2 and CXCR4 also regulate B cell development as deletion of either results in impaired B cell
development.

Gene expression and rearrangement

