
8. Cai X, Gao L, Teng L, et al. Runx1 deficiency
decreases ribosome biogenesis and confers
stress resistance to hematopoietic stem and
progenitor cells. Cell Stem Cell. 2015;17(2):
165-177.

9. Stevens BM, Jones CL, Pollyea DA, et al.
Fatty acid metabolism underlies venetoclax
resistance in acute myeloid leukemia stem
cells. Nat Can. 2020;1(12):1176-1187.

10. Skrti�c M, Sriskanthadevan S, Jhas B, et al.
Inhibition of mitochondrial translation as a
therapeutic strategy for human acute
myeloid leukemia. Cancer Cell. 2011;20(5):
674-688.

DOI 10.1182/blood.2021014236

© 2022 by The American Society of Hematology

PLATELETS AND THROMBOPOIESIS

Comment on Ambrosio et al, page 922

COMManding platelet
a-granule cargo
Joshua T. Lykins and Sidney W. Whiteheart | University of Kentucky

In this issue of Blood, Ambrosio et al1 identify 3 proteins and complexes that
contribute to a-granule biogenesis, yielding insights into how the myriad of
cargo is packaged into this abundant class of platelet granules.

Studies of gray platelet syndrome (MIM
139090) and arthrogryposis–renal dys-
function–cholestasis syndrome (MIM
208085) identified NBEAL2 and VPS33B/
VPS16B, respectively, as gene products
important for a-granule production in
megakaryocytes (MKs). Ambrosio et al
expanded those findings, identifying syn-
taxin 12 (STX12; aka syntaxin 13) as
interacting with VPS33B/VPS16B. They
further showed how STX12 and a
sorting complex called the COMMD
(copper metabolism MURR1 domain)–
CCDC22 (coiled-coil domain-containing
22)–CCDC93 (CCC) complex compete
for VPS33B/VPS16B binding, suggest-
ing a progressive hand-off mechanism
for cargo sorting. Deletion of STX12,
CCDCC22, or COMMD3 reduced
a-granule numbers and cargo levels in
immortalized megakaryocyte progeni-
tor cell lines (imMKCLs). These dele-
tions also increased the number of
multivesicular bodies (MVBs), which are
thought to be an intermediate in
a-granule biogenesis. Selective dele-
tion of these proteins, as well as sorting
nexin 17 (SNX17), delineated the traf-
ficking route for P-selectin, showing
that the a-granule membrane protein is
retrieved from the plasma membrane
and sorted, in the endosomes, to
nascent granules. These observations
increase our list of players in a-granule
biogenesis and solidify the importance
of endosomes in packaging de novo
synthesized and endocytosed cargo
into the same granules.

VSP33B and VSP16B (aka C14orf133,
VIPAR, SPE-39) have several potential
binding partners.2 Because VSP33B is a
member of the Sec1/Munc18 family of
Qa-soluble N-ethylmaleimide-sensitive
factor (NSF) attachment protein receptor
chaperones, Ambrosio et al first asked
which of the 13 human syntaxin (STX)
gene products bound recombinant
VPS33B/VSP16B complexes. Pull-down
and coimmunoprecipitation experiments
confirmed robust interactions between
STX12 and VPS33B/VSP16B. Interest-
ingly, a phosphomimetic mutation in the
Habc domain of STX12 enhanced bind-
ing, suggesting regulation of the
“closed” configuration of STX12 to con-
trol this interaction. Modulation of STX12
levels by small interfering RNA or clus-
tered regularly interspaced short palin-
dromic repeats decreased the number of
a-granules and the levels of 3 a-granule
cargoes (von Willebrand factor [vWF],
platelet factor 4 [PF4], and P-selectin).
STX12 was localized to endosomes and
partially colocalized with the key sorting
protein, SNX17, which also recognizes P-
selectin.3

Previous proteomic studies identified
CCDC22 as a VSP33B/VSP16B interac-
tor.2 Ambrosio et al expanded those
observations, showing that STX12 and
CCDC22 competed for binding to a spe-
cific site on VSP33B. This interaction was
shown to be functionally important for
a-granule biogenesis using rescue
experiments in VPS33B2/2 cells. They

further showed that deletion of CDCC22
in imMKCLs reduced a-granule numbers,
as well as PF4 and P-selectin levels.
Together with a COMMD family member
and CCDC93, CCDC22 forms a larger
complex (called the CCC complex),
which is important for endosome cargo
sorting. Ambrosio et al found that 3 of
the 13 COMMD genes (COMMD3,
COMMD5, COMMD7) were upregulated
as imMKCLs differentiate. Deletion of
COMMD3 reduced a-granule numbers
and PF4 and P-selectin levels. Treating
the cells with the vacuolar H1 ATPase
inhibitor, bafilomycin A1, reversed this
reduction, suggesting that the loss of
COMMD3 leads to a missorting of cargo
to the lysosome for degradation. Inter-
estingly, COMMD3 and STX12 show
partial colocalization on a tubular organ-
elle that could be the tubular recycling
endosome, which is known to be a hub
of anterior and retrograde protein traf-
ficking.4 Such partial colocalization
might be expected if sequential inter-
actions in membrane microdomains of
this compartment are required for
cargo sorting.

This study represents a landmark advance
in our understanding of a-granule bio-
genesis and opens the field to further
dissection of the process. These studies
reveal much about how cargo gets to
an a-granule. STX12, SNX17, and CCC
complexes are part of the endosomal
sorting machinery. They interact with
the cytoplasmic tails of endocytosed
membrane proteins and direct them to
various compartments (ie, the plasma
membrane, Golgi apparatus; see figure).
As shown by Ambrosio et al, loss of
these elements leads to cargo degrada-
tion in an acidic compartment, presum-
ably the lysosome. Does this imply that
many a-granule proteins are secreted
first and then recovered from the extra-
cellular space via endocytosis? For PF4
and P-selectin, such a pathway is consis-
tent with the data presented, as well as
that from other groups.5,6 Because PF4
is almost exclusively expressed by MKs,
a significant portion of it, and perhaps
other factors, must not be immediately
stored in a-granules post-Golgi but
instead undergo exocytosis before reup-
take and packaging. Several proteins
(eg, vWF and TSP1) produced by the
MK are found in early endosome
(RAB51) structures alongside cargo
that is known to be endocytosed (eg,
FGN).7 This pathway might give MKs
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more flexibility to change the cargo
composition of nascent platelets and
make granule content packaging more
responsive to the microenvironmental
changes in the bone marrow.

An additional question focuses on the
sorting of soluble nonmembrane protein
cargo. The system described by Ambro-
sio et al is used for membrane proteins.
Are there membrane proteins whose
cytoplasmic tails interact with the sorting
machinery and whose luminal domains
select soluble cargo for packaging? Are
these proteins cargo specific, or is there
a more general process driven by
charge-charge interactions, as sugges-
ted for the granule scaffold protein
serglycin?5 Understanding this packaging
scheme will help us to devise methods to
specifically load MKs and, thus, platelets
with therapeutic molecules that would be
releasable upon platelet activation.

Finally, what other proteins are involved
in a-granule biogenesis, and how do

they work together? NBEAL2 interactors
have been identified8; how do they work
with the VPS33B/VSP16B interactors?
The identification of STX12 suggests that
the machinery selects SNAREs needed
for the membrane fusion required for
intercompartmental transit. VPS16B has
been shown to bind to the R-SNARE
VAMP-7.9 Perhaps these sorting com-
plexes select cargo, as well as direct the
formation of membrane-fusing trans-
SNARE complexes, to assure correct
delivery of cargo. The work of Ambrosio
et al answers several of the existing ques-
tions and identifies many new routes for
future investigation into how MKs pack-
age the diverse array of a-granule cargo.
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Cardiac ferroptosis: new
jigsaw in SCD puzzles
Nipon Chattipakorn | Chiang Mai University

In this issue of Blood, Menon et al1 demonstrate that excess circulating
heme and reduced hemopexin in a murine model of sickle cell disease
(SCD) led to excess non–hemopexin-bound heme (free heme). This free
heme can enter cardiac cells and, thereby, upregulate the expression of
the heme oxygenase 1 (HMOX1), resulting in an increased level of ferrous
ion (Fe21) in cardiac cells. This cardiac Fe21 overload was found to pro-
mote cardiomyocyte ferroptosis, a specific type of regulated cell death,
potentially leading to impaired cardiac contractility. These findings
revealed important mechanisms underlying cardiac complications in SCD,
which enhance our previously limited knowledge of cardiac dysfunction
and provide the potential for novel interventional approaches for cardio-
protection in patients with SCD.

SCD is an inherited hemolytic disorder
that is normally characterized by excess
circulating heme due to hemolysis,
together with overt systemic oxidative
stress and inflammation.2 Although vaso-
occlusive events are common vascular
complications in patients with SCD, car-
diac complications have also been
reported.3 A recent report based on car-
diac magnetic resonance imaging dem-
onstrated that 60% of patients with SCD
had cardiac abnormalities ranging from
valvular disease, cardiac hypertrophy,
and impaired left ventricular function.4

Although the mechanisms underlying
cardiac involvement in SCD remain
unclear, systemic oxidative stress and
inflammation have been shown to con-
tribute significantly to its pathophysiolog-
ical process.2 Ferroptosis is a recently
discovered form of regulated cell death.
It was found to be associated with iron
overload conditions, thus became known
as iron-dependent ferroptosis.5,6 Oxida-
tive stress and inflammation play signifi-
cant roles in cardiac ferroptosis in various
diseases, including doxorubicin-induced
cardiomyopathy and cardiac ischemia-
reperfusion injury.6 High levels of oxida-
tive stress upregulate HMOX1 in the

heart, resulting in an increase in cardiac
Fe21, leading to cardiac ferroptosis and
impaired cardiac function.6 This excess
intracellular Fe21 is a hallmark in trigger-
ing cellular iron-dependent ferroptosis,
leading to organ dysfunction.5

Menon et al demonstrated that cardiac
ferroptosis induced by excess iron was
predominantly responsible for cardiomy-
opathy in their murine model of SCD. In
their study, upregulated cardiac HMOX1
played a pivotal role in producing Fe21

from excess free heme in cardiac cells,
leading to cardiac ferroptosis and
impaired cardiac function.

Currently, the roles of HMOX1 in the
heart are still being debated.6,7 HMOX1
is known as cardioprotective in various
pathological models, including ischemia-
reperfusion injury, heart failure, and heart
transplantation via its antioxidant and
anti-inflammatory action, and through
improved mitochondrial function.7 Its
inhibition was demonstrated to cause
adverse effects since pharmacological
inhibition of HMOX1 was shown to
increase the severity of ischemia reperfu-
sion injury as well as vascular injury in

SCD.8 However, in an SCD mouse
model, Menon et al clearly demonstrated
that upregulation of HMOX1 induced by
excess free heme in cardiomyocytes led
to cardiac iron overload, resulting in car-
diac ferroptosis. In addition, although the
role of HMOX1-associated cardiac fer-
roptosis has been shown previously in
other pathological conditions,6 Menon
et al demonstrated for the first time in an
SCD model that cardiac ferroptosis was
also associated with upregulated
HMOX1, which could lead to abnormal
cardiac function. Specifically, excess cir-
culating free heme (due to reduced circu-
lating hemopexin) was shown to
upregulate cardiac HMOX1, resulting in
increased cardiac non–heme iron, which
caused lipid peroxidation and led to car-
diac ferroptosis. Pharmacological inter-
ventions to either reduce circulating free
heme or inhibit HMOX1 were also shown
to effectively attenuate ferroptosis, thus
providing cardioprotection in these
SCD mice. Inhibition of ferroptosis by
ferrostatin 1 also resulted in cardiopro-
tection. These important findings not
only expand our understanding in the
pathophysiological process of cardiac
complications in SCD but also point to
potential therapeutic approaches to
either prevent or treat these adverse
cardiac events.

Despite these important findings ele-
gantly shown in this murine SCD model,1

a number of questions remain to com-
plete the jigsaw puzzle regarding the
complex pathophysiology associated
with impaired cardiac function in SCD. It
is well established that cardiac iron over-
load can markedly impair mitochondrial
function as indicated by increased pro-
duction of mitochondrial reactive oxygen
species, mitochondrial membrane depo-
larization, and mitochondrial swelling
owing to the opening of mitochondrial
permeability transition pores.9 This car-
diac mitochondrial dysfunction has
been shown to be associated with car-
diac apoptosis in various models either
with or without iron overload.9,10 In
addition, several pharmacological inter-
ventions aimed at attenuating cardiac
mitochondrial dysfunction have been
shown to effectively reduce cardiac
apoptosis and ultimately improve car-
diac function.9,10 Interestingly, Menon
et al demonstrated in their study that
only cardiac ferroptosis, but not apo-
ptosis, was observed and played a
major role in causing cardiomyopathy
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