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Switch hitter: Bclllb in T cells and ILC2s
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In this issue of JEM, Hosokawa et al. (https://doi.org/10.1084/jem.20190972) establish that transcription factor Bclllb regulates almost
completely distinct sets of genes in T cell precursors and ILC2s. To understand how this occurs, they identify multiple levels of functional
regulation for Bclllb that are used differently by T cell precursors and ILC2s.

Innate lymphoid cells (ILCs) were recently
identified as the innate counterpart of
adaptive T cells. Although ILCs lack somati-
cally recombined TCRs, they share numer-
ous biological features with T cells, most
notably their effector functions (Cherrier
et al,, 2018). Consistently, activated T cells
and ILCs are strikingly similar transcrip-
tionally and epigenetically (Shih et al., 2016).
Very little is known about the mechanisms
controlling these similarities, but the obser-
vation that T cell-specific genes such as TCR
genes are expressed at early stages of ILC
development (Yu et al., 2016) indicates that
these similarities start being imprinted very
early during development. Transcription
factors such as TCF-1, GATA-3, or Bclllb,
which are well appreciated for their critical
roles in imprinting T cell identity early
during development, are also expressed and
required at early stages of ILC development
(Kostrzewski and Brady, 2015; Yagi et al,
2014; Yang et al., 2015; Yu et al,, 2016). It is
tempting to speculate that these shared fac-
tors imprint shared epigenetic and tran-
scriptional features on early T cells and ILC
precursors, leading to functional similarities
between the two lineages at mature stages.
Other previous work, however, indicated
that Bclllb must have some distinct func-
tions in T cells and ILCs. Bclllb is expressed
at commitment to the T cell lineage and is
essential to repress ILC fate (Kueh et al,
2016; Li et al, 2010). Mechanistically,
Bcllib directly represses expression of the
transcription factor 1d2 (Hosokawa et al.,
2018) that would otherwise divert T cell
precursors toward the ILC lineage
(Miyazaki et al., 2017; Wang et al., 2017). In
ILCs, Bclllb is expressed after commitment

to the ILC lineage in a subset of ILC pre-
cursors destined to become ILC2s. It is then
specifically expressed and required in ILC2s
(Kostrzewski and Brady, 2015; Yu et al.,
2016). On the other hand, Id2 is expressed
and required in all ILCs from very early
stages of development (Yang et al., 2015;
Yokota et al., 1999). Bclllb and Id2 are thus
continuously coexpressed in ILC2s. These
observations indicated that Bclllb does not
repress Id2 in ILC2s, distinct from its ac-
tions in T cells.

In this issue of JEM, Hosokawa et al.
tackled the seemingly conflicting role of
Bclllb in T cells and ILC2s. They character-
ized T cell-committed precursors and ILC2
lineage cells, epigenetically, transcription-
ally, and biochemically, to identify Bclllb
gene targets, protein partners, and post-
translational modifications. Using chroma-
tin immunoprecipitation sequencing, the
authors found that Bclllb bound largely
distinct genomic regions in T lineage cells
and ILC2s, and it regulated almost com-
pletely different sets of genes. The authors
examined whether Bclllb partnered with
distinct cofactors in the two lineages, which
might regulate its binding and function.
RUNX1 and RUNX3 directly interacted with
Bclllb and largely colocalized with Bclllb in
both T cell precursors and ILC2s. Analysis of
DNA binding motifs enriched at Bclllb and
RUNX binding sites in ILC2s further sug-
gested that a bZIP factor could dictate RUNX
and, subsequently, Bclllb genomic binding
in ILC2s. The authors assessed roles for the
bZIP factor BATF; however, other bZIP fac-
tors, including NFIL3 and BATF3, are ex-
pressed early in ILC development and may
also impose differences in the regulatory
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landscape between T cell and ILC precursors
before Bclllb expression. Interestingly, mass
spectrometry indicated that Bclllb presented
differential post-translational modifications
in T cells and ILCs that might also result in
lineage-specific functions.

Hosokawa et al. (2019) further examined
how Bclllb expression is activated at ILC2
commitment. They used a Bclllb-reporter
mouse in which a distal enhancer impor-
tant for Bclllb expression in T cells was de-
leted (Kueh et al., 2016). They found that
this enhancer also contributed to Bclllb ex-
pression in ILC2s. Interestingly, assay for
transposase-accessible chromatin using se-
quencing (ATAC-seq) data showed that this
enhancer was inactive in mature ILC2s, in-
dicating that the factors controlling it acted
at earlier stages of development. Consis-
tently, several factors that regulate Bclllb
expression through this enhancer in T cells
(Kueh et al., 2016) are also expressed during
early ILC development (Harly et al., 2019).
These include PU.l, RUNX1, TCF-1, and
GATA-3, which are expressed during early
stages of T cell and ILC development before
Bclllb expression. The authors’ work thus

ICRCINA, INSERM, CNRS, Université d'Angers, Université de Nantes, Nantes, France; 2LabEx IGO "Immunotherapy, Graft, Oncology”, Nantes, France; 3Laboratory of
Genome Integrity, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD.

Avinash Bhandoola: avinash.bhandoola@nih.gov; Christelle Harly: christelle.harly@inserm.fr.

© 2019 Harly and Bhandoola. This article is distributed under the terms of an Attribution-Noncommercial-Share Alike-No Mirror Sites license for the first six months
after the publication date (see http://www.rupress.org/terms/). After six months it is available under a Creative Commons License (Attribution-Noncommercial-Share Alike
4.0 International license, as described at https://creativecommons.org/licenses/by-nc-sa/4.0/).

Rockefeller University Press
J. Exp. Med. 2019

'.) Check for updates

https://doi.org/10.1084/jem.20191739

920z Areniged 60 uo 1senb Aq jpd'6€.16102 Wel/ce908.1/6EL161029/L/L1Z/pd-8omie/wal/bio ssaidny//:dpy woy papeojumoq


https://orcid.org/0000-0002-8045-9166
https://orcid.org/0000-0002-4657-8372
https://doi.org/10.1084/jem.20190972
https://doi.org/10.1084/jem.20190972
mailto:avinash.bhandoola@nih.gov
mailto:christelle.harly@inserm.fr
http://www.rupress.org/terms/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1084/jem.20191739
http://crossmark.crossref.org/dialog/?doi=10.1084/jem.20191739&domain=pdf

.A T/ILC shared factors

' . ILC-specific factors

lymphoid precursor

2.8 Bei1b T cel
specification
ILC
LD dDr W specification

oy

early T cell precursor

D fgene A

T cell committed precursor

Db Ugene 4]

2@ Weeriis) A

Bcl11b

-G

early ILC precursor

Bcl11b

Dl Digorse B]

ILC2 committed precursor

Transcription factors (such as PU.1 and RUNX1) expressed at common progenitor stages establish an epigenetic and transcriptional landscape largely shared by early
T cell precursors and ILC precursors. Transcription factors up-regulated in both early T cell and ILC precursors (TCF-1, GATA-3) use this shared landscape and regulate
shared gene targets in the two lineages that include Bcl11b. Transcription factors active in ILC precursors (including a putative bZIP factor) additionally impose lineage-
specific features at the epigenetic and transcriptional levels. These early differences result in distinct functions for Bclllb. Shared factors (genes and proteins) are

shown in red, and ILC specific factors in green.

indicates that transcription factors that are
shared by early T cells and ILC precursors
clearly do play some shared functions in the
two lineages, including activation of Bclilb
expression, in line with other recent work
examining TCF-1 function in T cell and ILC
lineages (Harly et al., 2019). Shared func-
tions of these early shared transcription
factors upstream of Bclllb may depend on
epigenetic and transcriptional landscapes
inherited from common progenitor stages.
Future work should investigate how the
multiple levels of regulation of Belllb func-
tion are layered during early ILC develop-
ment. These studies will help understand
how Bcll1b function is controlled by lineage-
specific factors that modulate its binding or
activity (e.g., ILC-specific binding partners
or post-translational modifiers). The puta-
tive ILC-specific bZIP factors identified by
the authors that could dictate RUNX and
Bclllb binding are of particular interest to
understand how Bclllb plays distinct func-
tions in T cells and ILCs. How such factors
come to be expressed in ILC precursors but
not T cells is another critical question. Im-
portantly, many transcription factors, both
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shared (PU.1, RUNX, TCF-1) and lineage
specific (PLZF, NFIL3, BATF3), expressed
during early ILC development are down-
regulated before Bclllb expression (Harly
et al., 2019). Thus, although these factors
might not directly interact with Bclllb to
control its binding location or functional
activity, they may together establish a dis-
tinct epigenetic and transcriptional land-
scape for Bclllb and cofactors to act at later
stages of ILC development.

In summary, Hosokawa et al. (2019) col-
lected an astonishing amount of information
on ILC2s and T cell precursors to document
multiple levels of regulation of Bclllb. As a
result, Bclllb is involved in the regulation of
almost completely distinct gene targets at
the establishment of T cell identity, and in
ILC2s. The work highlights the difficulties in
predicting transcription factor functions
and the necessity to integrate complemen-
tary epigenetic, transcriptomic, and pro-
teomic approaches. A dynamic perspective
is further required to understand how sev-
eral levels of regulation can be layered
during development and lead to lineage-
specific function of transcription factors.

Continuing technological advances (Shema
et al,, 2019) that allow study of rare devel-
opmental intermediates such as ILC pre-
cursors will enable further discoveries of
mechanisms underlying the establishment
of cellular identity during development.
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