different survival outcomes. It also
presents a new prognostic AITL score
that includes inflammatory biomarkers
(B2 microglobulin [32M] and C-reactive
protein [CRP]) and shows greater discrimi-
nant power compared with other prog-
nostic indices. Considering that 2M and
CRP are routine tests, the new score has
potential for wide application, if prospec-
tively confirmed. The minimal outcome
difference predicted between low and
intermediate risk groups (<10% for both
OS and progression-free survival [PFS]),
however, suggests limited clinical utility
to the distinctions between these 2 risk
groups. The impact of plasma EBV DNA
in this cohort would have been of interest,
but that data were inconsistently obtained.

Since this study is the first analysis of a
large cohort of patients with AITL span-
ning the pre- and post-HDAC inhibitor
era, the impact of this variable on out-
comes is of great interest. It is surprising
that the study found no OS or PFS differ-
ences, given multiple findings of durable
responses with these drugs in AITL. As
the number of patients treated with
HDAC inhibitors in the 2 groups is not
reported, it is possible that small differ-
ences may have been missed.

In summary, the study of AITL has already
produced many discoveries, spanning
genetics, immunology, and preclinical
models, identifying a unique family of lym-
phomas and a valuable model to study
epigenetic therapy. One wonders if Friz-
zera and colleagues had any idea of
what they were kicking in motion when
they published their initial observations
on "a new disease with a lymphoma-like
clinical presentation” in 1974."" Whether
they did or not, we owe them. Hematolo-
gists/oncologists, no less than everyone
else, like a good story when it comes
around. And everyone loves a great
teacher.
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HEMATOPOIESIS AND STEM CELLS

Comment on Tu et al, page 221

Unwinding the role of Chd8
helicase in hematopoiesis

Tiago C. Luis | Imperial College London

In this issue of Blood, Tu et al report an essential role for the autism-associated

Chd8 chromatin-remodeler in the survival and genome integrity of hematopoi-

etic stem and progenitor cells (HSPCs), through interactions with P53 and the

ataxia telangiectasia mutated (ATM) protein kinase.’

Maintenance of blood cell homeostasis
requires highly orchestrated changes in
patterns of gene expression in stem cells
and progenitors differentiating throughout
the hematopoietic hierarchy. Chromatin
remodeling complexes play an essential
role in regulating DNA accessibility for tran-
scription factors, other epigenetic modi-
fiers, and the DNA repair machinery.
Variations in the subunit composition of
these complexes allow the coordinated
expression of a large number of genes in
a timely and cell-specific manner. Chromo-
domain helicase DNA-binding (Chd)
proteins constitute a subtype of chromatin
remodeling factors, which use ATP to
change chromatin structure.? Nine different
Chd helicases (Chd1 to 9) have been
described in  vertebrates, and several
studies in the last few years have unraveled
their role in hematopoiesis. Of note, Chd2,
4, and 7 have been previously shown to
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regulate lineage differentiation, cell survival,
and maintenance of genome integrity,
thorough interaction with a plethora of
partners, such as Runx, Ets, and Gata
factors.>® Importantly, deficiency of
CHD4 or CHD7 was shown to increase
sensitization of acute myelogenous leu-
kemia blasts to genotoxic stress and to
delay leukemogenesis, respectively, mak-
ing CHD helicases an attractive target for
therapeutic interventions against leuke-
mia.>” Now, Tu et al implicate a new
Chd helicase (Chd8) in hematopoiesis
and in the maintenance of HSPCs.

Using the Mx-Cre inducible system, Tu et al
show that CHD8 deficiency results in acute
pan-cytopenia and bone marrow failure in
mice. Analysis of the HSPC compartment
6 days after induction of Chd8 deficiency
with poly(l:C) revealed impaired stem cells
reconstitution potential and a drastic
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Proposed model of Chd8 function in HSPCs, where it restricts p53 signaling and maintains genome integrity
through interaction with the ATM protein kinase. Created with BioRender.com. See Figure 7! in the article by

Tu et al that begins on page 221.

depletion of hematopoietic stem cells
(HSCs) and downstream multipotent pro-
genitors as a consequence of increased
apoptosis and loss of quiescence. Mecha-
nistically, Chd8 deficiency leads to
increased levels of p53 protein in HSPCs
because of increased protein stability, and
subsequent upregulation of p53 target
genes, including Cdknla and the p53-
induced apoptosis mediator Noxa. Chd8
was shown to form a complex with p53
and to bind directly to p53 target genes
(eg, Cdkn1a). Importantly, p53 deficiency
rescues the bone marrow cellularity and
stem cell reconstitution defects induced
by Chd8 deficiency.

Injection of poly(l:C) induces type 1 inter-
feron signaling, which is a potent activator
of HSCs proliferation.? Interestingly, analy-
sis of Chd8-deficient mice at later stages
after poly(l:C) administration (8 weeks, as
opposed to 6 days) revealed a slightly
different scenario. Although these mice
were still pan-cytopenic, phenotypically
defined HSCs no longer showed the
increased levels of apoptosis observed
at earlier stages, and the numbers of
immature Lin"Scal*Kit" progenitors
were increased and showed a block in
cell-cycle progression in comparison
with control mice." Of note, similar results
have also been reported by a recent
study by Nita et al in Cell Reports,'®

which further shows that, despite the
increase in HSPCs, these were still
impaired in their reconstitution capacity.
The differences observed when mice are
analyzed at early or later stages after
poly(l:C) administration may reflect a
specific requirement for CHD8 in the
maintenance of HSC function in stress
hematopoiesis. Importantly, Tu et al
observed increased levels of the DNA
damage marker yH2A.X and other fea-
tures of ATM signaling pathway activa-
tion in Chd8-deficient HSPCs. These
findings suggest that Chd8 plays a role
in the maintenance of genome integrity,
which is especially required when stem
cells are recruited into active proliferation
to replenish progenitors and mature
blood cells. This idea is also corroborated
by experiments performed by Nita et al,
where reduced survival was observed
when the hematopoietic system of Chd8-
deficient mice was challenged with the
myeloablating drug 5-Fluorouracil.’® Fur-
ther studies will be necessary to elucidate
the role of Chd8 in stress hematopoiesis
and the physiologic relevance of the inter-
action between Chd8 and ATM.

CHDS8 is one of the most commonly
mutated genes in patients with autism
spectrum disorders (ASD), which in addi-
tion to the neurodevelopmental pheno-
types are also often associated with

anemia and other blood disorders. The
studies by Tu et al raise the possibility
that mutations in CHD8 may also underly
the hematopoiesis defects observed in
patients with ASD. Similar to that in
patients with ASD, Chd8 haploinsufficiency
in mice is sufficient to develop autistic-like
phenotypes. However, Chd8 haploinsuffi-
ciency in mice did not reveal major defects
in hematopoiesis. Differences between
mice and humans may account for this dis-
crepancy. Alternatively, given that autism
is a multifactorial disorder, additional
genetic changes may be necessary to
manifest the hematological phenotypes
observed in patients with ASD.
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