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An “ATRA-ctive” new
treatment of ITP?
Eun-Ju Lee and James B. Bussel | New York Presbyterian Hospital–Weill
Cornell Medicine

In this issue of Blood, Wu and colleagues1 present encouraging results from
one of the accumulating studies evaluating use of all-trans retinoic acid
(ATRA) in adult patients with immune thrombocytopenia (ITP).

The most widely recognized use of oral
ATRA is for treatment of acute promyelo-
cytic leukemia, in which it has achieved the
status of standard of care worldwide in
combination with arsenic trioxide. Recently,
data suggesting beneficial immunomodu-
latory effects and rescue of impaired
thrombopoiesis in models of ITP2-4 have
supported further investigation into a
potential therapeutic role for ATRA in ITP.
Because of the heterogeneity of ITP patho-
genesis and the potential for changes over
time, the availability of agents with diverse
mechanisms of actions for use in various
combinations is needed for refractory ITP.5

Regarding ATRA, the few reports currently
available explore combinations of ATRA
with prednisone (10 mg twice daily)4 or
danazol2 in patients with corticosteroid-
resistant ITP. These studies reported
response rates of �55% to 60% with side
effects of dry skin, dry mouth, and head-
aches. A recently published multicenter
randomized controlled phase 2 trial of
adults with newly diagnosed ITP in
China demonstrated a higher sustained
response rate (68%) in patients assigned
to high-dose dexamethasone plus ATRA
compared with high-dose dexamethasone
alone (41%).6

Wu and colleagues had previously
administered ATRA with danazol with the
goal of using only oral agents and com-
bining different mechanisms of action.4

As addressed by the authors in the

discussion, issues with liver disease, hir-
sutism, and uncertainty about long-term
effects made danazol less than ideal. In
this report, Wu and colleagues compare
the combination of ATRA 20 mg/m2 for
12 weeks plus low-dose rituximab (100
mg weekly for 6 weeks) with low-dose rit-
uximab alone in adult patients with
corticosteroid-resistant or relapsed ITP.
The goal was to achieve “cure” (eg,
12-month sustained response), as well as
faster onset of platelet increase with less
toxicity. Notable findings included a
higher overall response rate in the com-
bination treatment arm (80%, 90/112)
compared with monotherapy with low-
dose rituximab (59%, 33/56), and a
higher sustained response rate, 61% (68/
112) vs 41% (23/56), respectively. Both
groups had a median time to response of
28 days. Overall toxicity was low, mainly
grade 1 to 2 adverse effects, of which
dry skin, headache, and dizziness were
reported in the ATRA group.

Several limitations to the study deserve
mention, including inability to attain the
planned sample size (188); 168 patients
were enrolled and randomized, which
could lead to underpowered analyses,
potential impact of concomitant medica-
tions (14% to 18% in each arm), and
limited follow-up. It is unclear if the
promising results with a combination of
ATRA with low-dose rituximab translate
to long-term response. Per supplemental
Figure 2, it appears that the platelet

counts decline steadily toward the end
of the study. It is also of interest that
approximately three-fourths of the pati-
ents were entered at 1 study site.

Other issues, too, deserve consideration.
First, both arms shared a time to re-
sponse of 28 days. This is a relatively
long time, particularly for patients with
low platelet counts, and indeed, there
was 1 case of intracranial hemorrhage
(on day 27) in the combination arm. The
authors address this and suggest utiliza-
tion of a third agent in bleeding patients.
Second, the investigators used low-dose
rituximab, albeit for 6 weekly infusions
instead of the usual 4 infusions. Higher-
dose rituximab might have yielded faster
and more durable results in both arms.
Third, some of the platelet end-
points were not standard in that they
have almost only been used for initial
response7; this especially applies to sus-
tained response where counts .50000
per mL are more often used. Finally, the
median duration of ITP in enrolled
patients was 20 months. This combina-
tion may be better applicable to earlier-
stage patients rather than ones with
ongoing low platelet counts after .1.5
years from diagnosis. Given the current
emphasis on not continuing steroids
for .6 to 12 weeks, it seems like ear-
lier might be a more appropriate time
to explore the treatment combination
described here.

Overall, this study supports the hypothe-
sis that “two drugs are better than one”;
however, which combination is optimal
for use remains an open question. Con-
sideration needs to be given to the
mechanisms of effect of each treatment;
cost of the agents; potential for overlap-
ping toxicities; and the route of adminis-
tration. Overall, the intriguing findings
reported by Wu and colleagues further
the possibilities of ATRA as a novel treat-
ment of ITP and advance its utilization
especially in combination perhaps with
dexamethasone as recently reported6 as
well as with rituximab.
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Deciphering the continuum
of hemogenic endothelium
differentiation
Yu Lan | Jinan University

In this issue of Blood, Fadlullah et al1 construct a comprehensive atlas of the
endothelial-to-hematopoietic transition (EHT) continuum, as well as the sub-
aortic niche cells in mouse embryonic aorta using a set of hemogenic endo-
thelium (HE) reporter models. The atlas was then used to identify a novel
surface marker of the HE continuum and decipher the precise cellular and
molecular changes that are caused by deficiency of the pivotal transcription
factors Runx1b and Gfi1/Gfi1b (see figure).

Hematopoietic stem cells (HSCs) are
widely used in clinical treatment. Consid-
ering their limited numbers, generating
HSCs in vitro has always been a major
goal of regenerative medicine. The
importance of a clear understanding of
the cellular evolution and molecular
program of HSC generation during
development cannot be overstated.
HSCs originate from vascular endothelial
cells located predominantly in the ventral
side of the aorta in midgestational
mouse embryos. The transient and rare
vascular endothelial cells with the ability
to produce hematopoietic cells are called

HE. The HSC-primed HE will form pre-
HSCs localized mainly within the intra-
aortic clusters through the EHT.2

To be able to isolate HE for further
study, researchers have discovered sev-
eral markers and established correspond-
ing reporters to enrich HE, represented
by Runx1, Gfi1, and newly identified
Neurl3.

3-5 However, a single surface
marker for HE enrichment in lieu of trans-
genic animal models has not been identi-
fied. The roles of Runx1 and its
downstream target Gfi1 are well recog-
nized; Runx1 is required for EHT, but not

thereafter, and Gfi1 participates in the
loss of endothelial properties during this
process.3,6 However, the precise cellular
changes and molecular events that occur
in the absence of these important tran-
scription factors have not been deci-
phered at the whole transcriptomic level.
The above issues are addressed in the
study by Fadlullah et al.

In recent years, a series of studies at the
single-cell level, involving single-cell tran-
scriptomics and single-cell functional
assays, have revealed the initial fate
choice of HE from upstream arterial
endothelium, uncovered the stepwise
developmental path from HE to HSCs,
identified several important intermediate
cell populations, and revealed the molec-
ular events underlying this EHT trajec-
tory.4,5,7,8 Fadlullah et al took this a step
farther and isolated a series of pheno-
typic HE-related populations from the
midgestational aorta region using hetero-
zygous and homozygous Runx1b and
Gfi1/Gfi1b reporter mouse models to
perform high-precision full-length single-
cell RNA sequencing (scRNA-seq) of
nearly 1200 cells. The data set shows
greater gene detection sensitivity than
do previous studies using similar pheno-
typic populations.5,8

The investigators identified several clus-
ters encompassing the whole EHT contin-
uum, which were respectively annotated
as pre-HE, HE, EHT, and intra-aortic
hematopoietic cluster cells. Importantly,
by profiling the cells from homozygous
mice with both alleles replaced by the
reporter, the exact molecular changes
during the EHT procedure resulting from
Runx1b or Gfi1/Gfi1b deficiency were
revealed. Runx1b deletion led to obstruc-
tion of pre-HE to HE differentiation, con-
sistent with a previous finding showing
that Runx1 dosage regulates the effi-
ciency of pre-HE to HE transition.5 Specif-
ically, the homozygous deletion of
Runx1b resulted in the appearance of a
distinct pre-HE population with unique
characteristics. On the other hand, the
deletion of Gfi1/Gfi1b led to the inability
of HE to develop into EHT cells, with the
Gfi1/Gfi1b-deficient HE diverted away
from the canonical EHT developmental
trajectory. In addition, by analyzing the
Runx1b-expressing subaortic mesenchy-
mal cells, Fadlullah et al identified 2 pop-
ulations representing smoothmuscle cells
and Pdgfra-expressing mesenchyme.
Moreover, Runx1b deletion resulted in an
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