regimens may open avenues for over-
coming resistance to mogamulizumab.
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Ceramide: improving Bcl-2
inhibitor therapy

Brian M. Barth' | South Dakota School of Mines and Technology

In this issue of Blood, Lewis et al' highlight the importance of sphingolipid-
regulating therapeutics by reporting a ceramide-mediated mechanism down-
regulating myeloid cell leukemia 1 (Mcl-1) to restore venetoclax sensitivity of

acute myeloid leukemia (AML).

Here, Lewis et al build upon their earlier
work demonstrating anti-AML efficacy for
the sphingosine kinase inhibitor MP-
A082 The prior study showed that
MP-A08 could regulate Mcl-1. However,
the mechanism remained elusive as well
as whether anti-AML efficacy was due to
the lack of sphingosine-1-phosphate or
alternatively to the accumulation of cer-
amide. In the present study, Lewis et al
find that ceramide specifically generated
in response to sphingosine kinase inhibi-
tion binds and activates protein kinase
R (see figure). The integrated stress re-
sponse is  subsequently stimulated

through activation of the transcription
factor 4 (ATF4), and this mediates the
production of Noxa, an endogenous
inhibitor of Mcl-1. Importantly, Lewis et al
validate this ceramide-dependent effect
using MP-A08 as well as an acid cerami-
dase inhibitor. Therefore, a major impli-
cation of this study is that the
accumulation of ceramide is essential to
initiate an anti-AML mechanism downre-
gulating Mcl-1. Moreover, this highlights
the utility of ceramide-elevating thera-
peutics as a potentially major advance in
the treatment of AML and related hema-
tologic disorders.
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Sphingolipids are a major class of lipid
that plays important roles as regulators
of cell fate and function in addition to
being key membrane components.®
The bioactive properties of sphingo-
lipids are arguably some of their more
interesting  features, especially when
considering the clinical relevance of
sphingolipid-regulating therapeutics. Cer-
amide represents a major subtype of
sphingolipid that is classically associated
as a regulator of cell death and stress.® It
can be generated through a de novo
synthetic pathway or through the ca-
tabolism of many other sphingolipids.
Ceramide also serves as a precursor to
many of these other sphingolipids. There-
fore, sphingolipid metabolism can be
understood through a ceramide-centric
perspective. Moreover, therapeutics that
augment cellular ceramide levels may do
so either by promoting ceramide genera-
tion, blocking its metabolism, or by deliv-
ery of exogenous ceramide.

Sphingolipid-regulating  therapeutics, or
more specifically ceramide-elevating thera-
peutics, are poised as potentially important
anticancer agents. Fundamentally, this is
because elevations in ceramide are asso-
ciated with cancer cell death.® Several
ceramide-elevating strategies have re-
cently been reported to exert anti-AML
efficacy. These include inhibitors of sphin-
gosine kinases,"? acid ceramidase,” as well
as glucosylceramide synthase. In addition,
delivery of ceramide has been evaluated
using a water-soluble ceramide analog,® as
well as a nanoliposomal ceramide formula-
tion.” Intriguingly, nanoliposomal ceramide
exerted potent efficacy toward AML arising
out of myelodysplastic syndrome. It is
important to note that although dysfunc-
tional sphingolipid metabolism may be a
unifying theme across many subtypes of
AML, it is not the case that all ceramide
metabolic outlets are upregulated in each
AML case.” For that reason, eventual clini-
cal use of ceramide-elevating therapeutics
may be situation-dependent and should
be informed and adjusted by diagnos-
tics that can follow these sphingolipid
pathways.

Overcoming therapeutic resistance is
another very important theme of Lewis
et al. Venetoclax is a targeted therapeutic
in the BH3 mimetic class, which targets
the antiapoptotic B-cell lymphoma 2
(Bcl-2) |orotein.8 It is used in the treatment
of various hematologic malignancies,
including AML, in combination with
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Ceramide-elevating therapy promotes protein kinase R (PKR) activation through direct binding to ceramide. This
promotes the integrated stress response through phosphorylation of eukaryotic initiation factor 2 alpha, which
activates the transcription factor ATF4. Subsequent expression of Noxa blocks antiapoptotic Mcl-1 to overcome
resistance to the Bcl-2 inhibitor venetoclax. Professional illustration by Patrick Lane, ScEYEnce Studios.

low-dose cytarabine. Resistance to vene-
toclax, or Bcl-2 inhibition, is often due to
upregulation of other antiapoptotic Bcl-2
family members.® This includes Mcl-1,
which has been the subject of additional
drug discovery efforts. However, there
may be limitations to the use of specific
Mcl-1 inhibitors. The theoretical use of
these inhibitors may be limited to short
durations to avoid toxicity associated with
the disruption of normal physiological
roles for Mcl-1. There are also other path-
ways of resistance to Bcl-2 inhibition aside
from upregulation of Mcl-1. This includes
upregulation of mitogenic signaling path-
ways,® many which are known to be regu-
lated by ceramide, including the Akt and
MEK/Erk pathways.® Overall, Lewis et al’s
characterization of Mcl-1 downregulation
by ceramide contributes profoundly to
our understanding of the oncogenic path-
ways effected by ceramide. Therefore,
ceramide-elevating therapies may hold
more promise, as they can broadly target
and limit multiple pathways of Bcl-2 inhibi-
tor resistance.

As intriguing as their other findings are,
the recent findings of Lewis et al aided in
identifying the integrated stress response
as a key pathway linking ceramide to
regulation of Mcl-1. This is noteworthy
because it may represent a unique

vulnerability in cells of hematopoietic ori-
gin. Specifically, the ATF4-mediated inte-
grated stress response was previously
described as an attribute of hematopoietic
stem cells, including AML stem cells.? This
means that the ability of ceramide-
elevating therapeutics to downregulate
Mcl-1 may be possible owing to the preva-
lence of this integrated stress response in
AML stem cells. Furthermore, the ability to
impact the AML stem cell population
means that ceramide-elevating therapeu-
tics may be advantageously positioned to
eradicate this key cellular population.
Lewis et al showed that this leukemia-
initiating population was disrupted by
treatment with MP-A08, which was an
effect also observed with other ceramide-
elevating therapeutics.”

There are potential limitations to the utility
of ceramide-elevating therapeutics. The
first potential limitation is adaptive resis-
tance owing to changes in ceramide
metabolism, or more specifically, owing to
upregulation of alternative ceramide met-
abolic outlets.®*” To manage this, it is
important to understand how the mo-
lecular evolution in AML can manifest in
changes to ceramide metabolism. This
may help identify links between AML
molecular subtypes and ceramide meta-
bolic pathways, which could aid the

clinical selection of specific ceramide-
elevating therapeutics. Moreover, thera-
peutics simultaneously targeting multiple
ceramide metabolic outlets may be
useful to avoid adaptive resistance.” Last,
it is imperative to define potentially
harmful effects of ceramide-elevating ther-
apeutics. A recent study linking disruption
of sphingomyelin synthesis to the devel-
opment of thrombocytopenia is notewor-
thy."® Specifically, it was observed that
the lack of sphingomyelin, and not an ele-
vation in ceramide, promoted thrombo-
cytopenia. That effect was uncovered
using transgenic knockout mice but
could extrapolate to potential sphingo-
myelin synthase inhibitors, which also are
ceramide-elevating therapeutics.

Overall, the study by Lewis et al has
advanced our understanding of ceramide-
elevating AML therapy by defining a
mechanism downregulating Mcl-1 to over-
come Bcl-2 inhibitor resistance. Ultimately,
this rationalizes improvement to standard
care AML therapy with agents such as
venetoclax through combination with
ceramide-elevating therapeutics.
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Pain without gain: steroids
and sickle crisis

Sophie Lanzkron and Lydia Pecker

Johns Hopkins School of Medicine

In this issue of Blood, Walter et al' report on the association of corticosteroid
exposure and subsequent hospitalization for vaso-occlusive episodes (VOEs)

in people with sickle cell disease (SCD).

In theory, corticosteroids are an appeal-
ing treatment for severe SCD complica-
tions because they are inexpensive, are
readily available, and have strong anti-
inflammatory effects. However, evidence
suggests that, in practice, the benefits
may not outweigh the risks. Limited evi-
dence highlights the concem: a random-
ized controlled trial of dexamethasone
for acute chest syndrome in children with
SCD reduced the need for blood transfu-
sions, the duration of fever, and the need
for oxygen and analgesic therapy.? How-
ever, rehospitalization occurred within 72
hours in 27% of children treated with
dexamethasone compared with only
4.7% of children treated with placebo. A
study of methylprednisolone to treat
VOEs in children reported similar out-
comes.? Subsequent retrospective stud-
ies and case series report an association
of corticosteroid exposure with VOEs
and even stroke.*® A recent meta-
analysis by Lopinto et al® that estimated
the effect of corticosteroids on the clini-
cal course of VOEs or acute chest syn-
drome included 6 studies (3 randomized
controlled studies and 3 retrospective
studies) and concluded that compared
with standard treatment, corticosteroids
were associated with an increased risk of
hospital readmission.

Corticosteroid exposure for individuals
with SCD is not limited to treating SCD
complications. Corticosteroids are pre-
scribed for myriad acute conditions rang-
ing from bee stings and asthma to optic

neuritis. Periprocedural exposure in which
dexamethasone may be used as an antie-
metic also occurs.” Prescribing physicians
may be aware of the many established
adverse effects of steroids such as immu-
nosuppression, leukocytosis, hypertension,
fluid retention, osteonecrosis, sleep disrup-
tion, and psychosis, but they often lack
knowledge specific to SCD about the
potential risks with steroid treatment for
this patient population. In our experience,
well-meaning clinicians prescribe cortico-
steroids for seemingly reasonable indica-
tions. This comes to our attention when
those treatments precipitate what are
often very severe VOEs. Neither the
clinician nor the patient are aware of the
risks associated with corticosteroid expo-
sure in this population, likely because of
the limited literature describing this
phenomenon.

In this setting, Walter et al applied a rigor-
ous, somewhat novel method to analyze
real-world data about corticosteroid expo-
sure and association with hospitalization
for VOEs. The authors use a case-case
time control design in a nationwide
population-based cohort from the French
national health insurance database. To
adjust for temporal variations in the expo-
sure, the authors used an adjusted control
cohort in which the probability of expo-
sure was similar to that for patients. They
matched this cohort of future patients by
using demographic characteristics, which
resulted in 5151 patients for analysis.
They excluded exposure to topical or
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inhaled corticosteroids and examined pre-
scriptions of systemic corticosteroids as a
proxy for patient exposure. During the
study period, a remarkable 45% of
patients were exposed at least once to
systemic corticosteroids. The median time
between dispensing of corticosteroids
and hospital admission was 5 days. Corti-
costeroid exposure was associated with
an increased risk of hospitalization for
VOEs (adjusted odds ratio, 2.6; 95%
confidence interval, 1.1-6.4), this risk of
admission was lower in those prescribed
hydroxyurea, in men, and in children.

The mechanistic explanation for cortico-
steroid association with VOEs is not well
defined, but likely involves the interac-
tion of established corticosteroid mecha-
nisms with SCD inflammatory, hemolytic,
and vasculopathic mechanisms.

Walter et al add important data about the
association of corticosteroid use with sub-
sequent VOEs. In so doing, they have
contributed meaningfully to a growing
body of evidence that suggests extreme
caution is warranted when prescribing sys-
temic corticosteroids to individuals with
SCD. For circumstances in which cortico-
steroids are absolutely indicated, involving
a provider with SCD expertise is essential.
This study highlights several directions for
future research. More data are needed to
define whether causal and potentially tar-
getable mechanisms explain the associa-
tion described, to understand the sex
difference identified here, and to define
the use of prophylactic transfusion to
mitigate corticosteroid-associated VOEs.®
Transfusion may be valuable when
there are no reasonable alternatives to
corticosteroids.

Attending to corticosteroid use in individ-
uals with SCD is tied to larger trends in
corticosteroid  prescribing. Dexametha-
sone is emerging as a treatment standard
for patients with hypoxia associated with
COVID infection. This reality highlights
the pressing need for more informa-
tion about corticosteroid treatment in
individuals with SCD during acute ill-
ness. In addition, there is growing
recognition that corticosteroids are
overprescribed. A striking percentage
of study patients were exposed to sys-
temic corticosteroids in this study. In
the United States, a study of 1.5 million
adults enrolled in a health insurance
plan for 2 years found that 21% of
patients were prescribed a short course
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