
anergy and apoptosis in pathogenic
T cells and by stimulating the expansion
of regulatory T cells.3,4 Teplizumab and
foralumab have shown acceptable safety
profiles at lower doses in patients with
autoimmune diseases (type 1 diabetes and
Crohn disease).5,6 Following corticosteroid
premedication, teplizumab was also toler-
ated at higher doses to prevent T-cell–
mediated allograft rejection in patients
with renal transplant.7 Whether the anti-
leukemic activity of teplizumab and/or
foralumab observed in the current report
will be retained at clinically tolerated doses
in T-ALL patients remains to be evaluated
in phase 1/2 studies.

The antileukemic effect of induced TCR/
CD3 signaling in T-ALL comes in stark
contrast tomature T-cell neoplasms, such
as peripheral T-cell lymphoma, where
TCR signaling is thought to promote
survival and oncogenesis. Therefore, the
selective pressure of an anti-CD3 anti-
body may favor outgrowth of leukemic
clones with negative or dim expression of
CD3. Indeed, the authors detected such
a selection of CD3-negative clones in
some T-ALL PDX treated with anti-CD3
antibodies.1,2 Although antigen escape
may limit the efficacy of the CD3-specific
monotherapy, the authors demonstrated
that a combinatorial approach with che-
motherapy further suppresses propaga-
tion of resistant leukemic clones.1 Future
studies should explore the efficacy of
combining these antibodies with other
therapeutic agents such as immunother-
apies. Moreover, eliminating CD31 T-ALL
blasts may reduce tumor burden signifi-
cantly enough to enable patients to pro-
ceed with potentially curative allogeneic
stem cell transplant.

Unlike B-ALL, where targeting CD19,
CD20, or CD22withmonoclonal antibodies
and bispecific engagers can produce
significant clinical benefit, options for
immunotherapy of refractory and relapsed
T-ALL remain very scarce, contributing to
poor prognosis.8 The aggressive nature
and rapid progression of this disease re-
quire agents that are fast and effective.
Recent studies have demonstrated the
efficacy of a cytotoxic anti-CD38 antibody
daratumumab in PDX-based preclinical
models of T-ALL9; a phase 2 clinical trial
in pediatric and young adult patients with
lymphoblastic leukemia is currently under-
way (#NCT03384654). In addition, chimeric
antigen receptor T-cell–based thera-
pies targeting CD5 and CD7 are being

evaluated in phase 1 studies in patients
with T-ALL.10 This work by Tran Quang and
colleagues reveals CD3 as a very prom-
ising target for the immunotherapy of
medullary T-ALL, a much-needed poten-
tial therapeutic option for patients with
refractory or relapsed disease.
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MYELOID NEOPLASIA

Comment on Yusuf et al, page 1303

No keto for AML stem cells!
Britta Will | Albert Einstein College of Medicine

In this issue of Blood, Yusuf et al report a new metabolic dependency of
leukemic stem/progenitor cells (LSPCs) on lipid metabolism-associated de-
toxifying enzyme aldehyde dehydrogenase 3a2 (ALDH3A2) (see figure),
which could be exploited to enhance therapeutic eradication of aberrant stem
cells, which are the cause of acute myeloid leukemia (AML).1

ThehallmarkofAML is abnormalproliferation
of nonfunctional, differentiation-impaired
myeloid blast cells originating from a rare
population of therapy-refractory LSPCs.2

LSPCs develop after the acquisition of mul-
tiple genetic and epigenetic alterations in
hematopoietic stem cells (HSCs).3 Systematic
molecular profiling of AML genomes has
uncovered the disease’s complex genomic
landscape and its substantial molecular het-
erogeneity. This profiling has also demon-
strated the coexistence of multiple
preleukemic and leukemic clones with linear
and nonlinear clonal evolution trajectories
during disease evolution and progression.3,4

Via various molecular pathway alter-
ations, leukemogenic lesions dictate how
aberrant cells proliferate, differentiate,
and interact with their microenvironment.
These aberrations also permit evasion of
commonly encountered apoptotic stimuli
to allow outgrowth and annihilation of
normal hematopoiesis. Upregulation of
metabolic pathways fueling anabolic cell
growth is a functional prerequisite, and
importantly, a converging feature of various
oncogenic drivers during all disease stages
(reviewed by Rashkovan and Ferrando).5

Although a growing body of studies has
uncovered uniquemetabolic dependencies
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and vulnerabilities of malignant cells across
several cancers, including hematologic
malignancies, the genetic and clonal het-
erogeneity of AML has hampered a com-
prehensive understanding of how metabolic
plasticity impacts leukemia initiation and
progression, especially at the LSPC level. This
gap in our knowledge has largely precluded
the successful development of metabolism
targeting therapies against AML, with per-
haps 1 exception: small-molecule inhibitors
of the oncometabolite-generating, mutant
isocitrate dehydrogenase enzymes IDH1
and IDH2.5

Lipid metabolism has emerged as a
central molecular pathway necessary for
both healthy and leukemic (stem) cell
maintenance. It also helps with the ad-
aptation to specialized microenviron-
ments, particularly during antileukemic
therapy.5 Lipids, essential structural
building blocks of membranes, are also
the main source for the production of
adenosine triphosphate, reduced nico-
tinamide adenine dinucleotide phosphate
(NADPH), and specialized lipid-based
signaling molecules. Noncancerous cells
can satisfy their lipid requirement through
uptake of lipoproteins and free fatty acids
(FAs); in contrast, malignant cells addi-
tionally require the de novo synthesis of
FA, which also generates highly reactive

fatty aldehydes, metabolic intermediates
that act as signaling molecules and cyto-
toxic products in cells.5

Microsomal homodimer ALDH3A2 (or
fatty aldehyde dehydrogenase) belongs
to the superfamily of detoxifying ALDHs,
whose 19 members are redundantly
found in all subcellular compartments of
cells. ALDH3A2 catalyzes the nicotin-
amide adenine dinucleotide (NAD)1-
dependent oxidation of long-chain aliphatic
aldehydes produced at cellular mem-
branes as a consequence of lipid me-
tabolism and oxidative stress–associated
lipid peroxidation.6 Loss of ALDH3A2
function is not compensated by other ALDH
enzymes7 and known to cause the rare au-
tosomal recessive neurocutaneous Sjögren-
Larsson syndrome (MIM270200). ALDH3A2
function in HSCs or LSPCs had been un-
explored until now.

Yusuf and colleagues used a compre-
hensive RNA interference screen of
literature-curated canonical rate-limiting
metabolic effectors and metabolic reg-
ulators found overexpressed in LSPCs vs
normal counterparts to identify meta-
bolic enzymes conferring LSPC-specific
dependencies. The authors used a well-
established and characterized mosaic
MLL fusion oncogene-driven AMLmouse

model allowing for the isolation of leu-
kemic stem and progenitor cells (leuke-
mia granulocytic-monocytic progenitors)
along with their normal counterpart
(granulocytic-monocytic progenitor).8 This
screen identified 6 high-confidence tar-
gets, among them Aldh3a2. Validation
experiments employed in vivo mouse
models, short-term cultures of human
AML patient-derived cell lines, and pri-
mary cells to assess the consequences
of Aldh3a2 ablation in healthy hemato-
poiesis. These experiments uncovered
a specific dependency of LSPCs on
ALDH3A2, independent of MLL fusion
oncogene presence, while leaving non-
leukemic cells and hematopoiesis func-
tionally unaffected. This finding provides a
quite remarkable proof of concept for the
use of AML mouse model–derived LSPCs
for the identification of novel metabolic
vulnerabilities relevant across several hu-
man AML (stem) cell populations, which
has posed a considerable experimental
challenge in the past.

Characterizing the mechanics of Aldh3a2
dependency in LSPCs, Yusuf and team
found an increased accumulation of fatty
alcohols, precursors of reactive fatty alde-
hydes, in Aldh3a2-deficient LSPCs (vs their
Aldh proficient leukemic counterparts).
Enhanced reactive Aldh3a2 lipid substrate
levels occurred alongside with the accu-
mulation of cellular reactive oxygen species
and increased oxidative damage of DNA
and proteins, which the authors attributed
to a failure to produce sufficient amounts
of antioxidant NADPH via shunting glu-
cose through the pentaphosphate pathway
(PPP). PPP is known to drive glucose ad-
diction in and survival of AML blast cells.5

Albeit the authors did not provide further
mechanistic insight into this observation, it
is conceivable that Aldh3a2-dependent
metabolites play a role in modulating
the activity of glucose-6-phosphate de-
hydrogenase, the PPP rate-liming enzyme.
It is also still unclear what constitutes
the molecular effects of Aldh3a2 loss in
healthy HSCs.

Importantly, ablation of Aldh3a2 in
LSPCs reduced 18 carbon FAs (including
arachidonic acid precursor linoleic acid)
and rendered arachidonic acid unde-
tectable, along with a reduction in their
respective lipid products. The authors
predicted altered lipid composition to be
a result of reduced de novo FA synthesis
and compensatory lipid peroxidation in
the absence of Aldh3a2, which sensitized
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Yusuf et al report the dependency of LSPC on ALDH3A2; ablation of the enzyme led to LSPC loss, while sparing
nonleukemic hematopoietic stem and progenitor cells (HSPCs). ALDH3A2 has known roles in lipid metabolism: (1)
highly reactive fatty aldehydes are generated via membrane-associated phospholipid peroxidation. They can act as
secondmessengers but also have cytotoxic effects if generated in abundance. Upon their NAD1-dependent oxidation
byALDH3A2 toFAs (2), they participate in theproductionofmore complex lipids (3) or takepart in energy productionby
providing long-chain FAs used for b-oxidation in mitochondria (4). The authors demonstrated increased ALDH3A2
expression inAML (5), likely to resolve increased lipid peroxidation. In addition, they uncovered that ALDH3A2 facilitates
the production of (6) a subset of long-chain FAs and (7) NADH (nicotinamide adenine dinucleotide) to (8) suppress
hydroxyl radical (•OH)–mediated DNA and protein damage, ensuring LSPCs meet their energetic requirements
(presumably via increasing FA oxidation [FAO]), and (9) escape GPX4-dependent ferroptotic cell death.
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LSPCs to nonapoptotic, iron-dependent
cell death via ferroptosis. Indeed, ferroptosis
inhibition functionally rescued Aldh3A2
loss. Conversely, genetic and pharma-
cologic inhibition of ferroptosis inhibi-
tory glutathione peroxidase 4 (GPX4) and
cytotoxic therapy triggered increased elimi-
nation of Aldh3a2-deficient LSPCs and ex-
tended AML-free survival in vivo compared
with aberrant stem cells expressing the
detoxifying enzyme. This finding provides
further evidence that AML relies on in-
creased metabolic plasticity, particularly
enhanced FA metabolism, for desensitiz-
ing leukemic clones to cell death9; it also
underscores that distinct metabolic ad-
aptations are likely at play in LSPCs and
AML blast cells as suggested by Jordan
and colleagues.10

Future studies are needed to continue
identifying LSPC-specific metabolic ad-
aptations and vulnerabilities, particularly
in the context of therapeutic interven-
tions for AML. It will also be of critical
importance to gain insights into the role
of metabolic dependencies in pre-LSPCs,
as they are not only the cellular source of
primary disease initiation, but they provide
a pool of highly transformation-susceptible
cells during antileukemic therapy.3,4
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PLATELETS AND THROMBOPOIESIS

Comment on Manne et al, page 1317, and Hottz et al, page 1330

COVID-19 concerns
aggregate around platelets
ElisabethM. Battinelli | Brigham andWomen’s Hospital; HarvardMedical School

In this issue of Blood, articles by Manne et al and Hottz et al highlight platelet
hyperactivity in COVID-19–associated pathophysiology.1,2 Although the
hallmarks of COVID-19 include a brisk inflammatory response and respiratory
symptoms, the hematologic manifestations of this infection have also garnered
attention, with thrombotic complications taking center stage.3,4 COVID-
19–associated coagulopathy has been characterized by an elevated D-dimer,
mild thrombocytopenia, and a prolongation of the activated partial throm-
boplastin time.5 Alongside these laboratory abnormalities, patients present
with increased rates of thrombosis.6 The role of platelets in the thrombotic
complications of COVID-19 is explored in these 2 articles, establishing that
platelet hyperactivity contributes to the coagulopathy seen in COVID-19.

Mounting evidence has demonstrated
the far-reaching influence of the platelet
beyond mediating hemostasis. Platelets
are increasingly recognized as key players
in facilitating inflammation. The impor-
tance of the platelet in viral infection–
mediated thrombosis has been established
previously.7 Endothelial damage, a cor-
nerstone of COVID-19 disease, releases
key platelet agonists that send platelets
into overdrive.8 Inflammation may be
exacerbated in patients with hyperten-
sion, cardiovascular disease, and obesity,
all of which are associated with baseline
platelet hyperreactivity.9 Interestingly, stud-
ies have shown that patients with these
underlying comorbidities suffer more severe
COVID-19 complications and have a worse
outcome.10 Understanding the role of the
platelet in COVID-19 remains elusive. Be-
cause the platelet itself does not express
the receptor for SARS-CoV-2 binding
(ACE2), more remains to be understood
about how the virus interacts with platelets
and impacts their function.

Propelling the platelet further into the
spotlight has been recent evidence dem-
onstrating that megakaryocytes, the pre-
cursor cells of the platelet, are present in
pulmonary and cardiac tissue from autop-
sies of patients who have succumbed to
COVID-19.11 It remains unclear whether
these megakaryocytes in satellite locations
contribute to platelet production. Surpris-
ingly, although COVID-19 is associated
with severe inflammation, reactive throm-
bocytosis has not been demonstrated in
infected patients. On the contrary, a mild
thrombocytopenia is often present, and a
decrease in platelet count has been asso-
ciated with a poor prognosis.12

In the first of 2 linked articles, Manne
and colleagues demonstrate changes
in platelet gene expression and function
in COVID-19 patients.1 Using platelet RNA
sequencing, the investigators profile gene
expression in the platelets of COVID-19
patients and find altered gene expres-
sion profiles in pathways associated with
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