
cost-effectiveness analyses based on
published clinical trial data with subgroup
analyses defined by omics and “big data”
should be encouraged by health author-
ities and the scientific community.
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Gray platelet syndrome:
immunity goes awry
A. Koneti Rao1 and Deepak A. Rao2 | 1Lewis Katz School of Medicine; 2Brigham
and Women’s Hospital

In this issue of Blood, Sims et al1 describe clinical, genotypic, and phenotypic
findings in 47 patients with the gray platelet syndrome (GPS), a rare recessive
platelet disorder with a-granule abnormalities and mutations in NBEAL2.
They expand the repertoire of granule defects in GPS to leukocytes and
document an important association of GPS with immune dysregulation and
autoimmune diseases.

GPS is a heterogeneous bleeding disorder
characterized by macrothrombocytopenia
and selective deficiency of a granules and
their contents. The name derives from the
initial observation of gray appearance of
plateletswith apaucity of granules onblood
films from a patient with a lifelong
bleeding disorder. Other features include
splenomegaly, myelofibrosis, and emper-
ipolesis with neutrophils withinmegakaryocytes
in thebonemarrow. In2011,3groups reported
recessive variants in NBEAL2 as the cause for

GPS.2NBEAL2 is aBEACH-domain–containing
protein linked to granule development. GPS
has hitherto been considered essentially a
platelet disorder. The current study, involv-
ing the largest cohort of 47 GPS patients
studied to date, provides major insights
on multiple aspects of GPS and NBEAL2.

From the perspective of the GPS disease,
there are several findings, including the
marked heterogeneity in NBEAL2 vari-
ants (70 etiological variants, 32 novel)

and bleeding symptoms (5 patients had
none), and the high prevalence of cyto-
penia of at least 1 leukocyte type (77% of
patients), elevated B12 levels (91%), and
bone marrow fibrosis (57%). Emperipol-
esis was noted in 58% of megakaryocytes
in 3 GPS bone marrows studied (1% in
controls). There was no association of
granulocyte or monocyte cytopenia or
of splenomegaly with BM fibrosis. There
were no significant genotype-phenotype
associations observed.

Selective platelet a-granule deficiency has
been thehallmark ofGPS. The current study
extends the abnormalities associated with
NBEAL2 mutations to multiple immune
cells. The authors found decreased counts
of neutrophils, monocytes, lymphocytes,
eosinophils, and basophils in GPS patients
and provide evidence of alteration in
granules and their proteins.

Detailed studies document striking al-
terations in the transcriptome and pro-
teome profiles in not only platelets but
also neutrophils, monocytes, and CD41

T cells and provide convincing evidence
of a critical role for NBEAL2 in granule
formation, spanning multiple blood cells.
These findings implicating an effect on
leukocytes are in line with studies in
Nbeal22/2 mice.3,4 Of the differentially
abundant proteins in platelets, neutro-
phils, and monocytes, Sims et al found
that 89%, 86%, and 62%, respectively,
were reduced in GPS patients, and they
were enriched in granule proteins. Nine
such proteins were reduced across at
least 3 cell types. Interestingly, besides
the expected decrease in a-granule pro-
teins, GPS platelets had increased levels
of 13 proteins, 5 of which are recognized
neutrophil granule proteins, revealingplatelet
enrichment in neutrophil constituents.

A major finding in this study is the rec-
ognition of autoimmunity, autoantibody
production, and inflammation in GPS
patients, indicating the clinical conse-
quences of the immune cell abnormalities.
Autoimmune or infectious complications
have been previously observed in a few
GPS patients, and Nbeal2-deficient mice
have increased susceptibility to infection
or its complications.3,4 The current study
identified an autoimmune disease di-
agnosis in 26% of GPS patients, including
Hashimoto thyroiditis, rheumatoid arthritis,
and atypical autoimmune lymphoprolifer-
ative syndrome (see figure). Mass spectrom-
etry of plasma indicated an elevated acute
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phase response with increased C-reactive
protein, reflecting ongoing inflammation.

At least 1 autoantibody was detected in
more than half of the 29 GPS patients
tested; antinuclear antibodies, antithy-
roid antibodies, and rheumatoid factors
were among themost frequently detected
autoantibodies (see figure). The authors
found antineutrophil cytoplasmic anti-
bodies (ANCAs) in a striking number of
patients, out of 11 patients tested, 6 had a
positive ANCA test, with a perinuclear
ANCA (pANCA) pattern in 5 patients and a
cytoplasmic ANCA (cANCA) pattern in 1
patient. This far exceeds the expected rate
in routine hospital testing.5 Whether GPS
patients develop small-vessel vasculitis, the
classic clinical manifestation associated
with ANCAs remains to be determined.

The presence of ANCAs in GPS patients
raises an interesting possibility that al-
tered granule processing predisposes
to their development. Both pANCA and
cANCA target neutrophil granule proteins:
pANCAs and cANCAs typically bind
myeloperoxidase and proteinase 3, re-
spectively. Defective handling and clear-
ance of myeloperoxidase has been reported
to induce anti–myeloperoxidase antibodies
and small-vessel vasculitis in murine models
of drug-induced vasculitis6; thus, excess or
aberrant availability of myeloperoxidase or

other neutrophil granule proteinsmight help
induce autoantibodies in GPS.

To add to the intrigue, proteomic anal-
yses revealed that GPS platelets contain
increased myeloperoxidase and other
neutrophil proteins. How do neutrophil
proteins express themselves in circulat-
ing platelets? Endocytosis comes to
mind, and platelets are avid imbibers.
However, it is tempting to speculate, as
the authors do, that it may be related
to impressive emperipolesis observed.
Emperipolesis induces transfer of neu-
trophil membranes to the platelet prog-
eny and impacts platelet production.7

Because of a pancellular defective han-
dling of granule proteins, the engulfed
neutrophil may transfer proteins into the
megakaryocyte milieu and to platelet
progeny more easily and may promote
antibody development.

CD41 T-helper cells are strongly associated
with development of multiple autoimmune
conditions.8 Unlike monocytes and neu-
trophils, CD41 T cells from GPS patients
contained increased levels of multiple
proteins, accompanied by increased gene
expression, suggesting that the total pool
contains more activated or memory
T cells. It will be of interest to immu-
nophenotype T-cell populations in GPS
patients to determine the frequencies

of effector/memory T-cells subsets, in-
cluding subsets associated with autoanti-
body production, such as T-follicular helper
cells and T peripheral helper cells.9,10

Also of interest are the phenotypes and
functions of CD81 T cells and natural killer
cells, which rely more heavily on granules
for their function and show functional
defects in Nbeal2-deficient mice.3

The wealth of findings from this large
study paints a novel landscape of GPS,
that it is more than a platelet disorder,
indeed, a systemic disorder encompassing
leukopenia, autoimmune disorders and
antibodies, inflammation, and infection.
They expand the role of NBEAL2 in a
major way, showing that it regulates for-
mation and function of granules across
multiple hematopoietic cells.
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Rerouting DOT1L
inhibitors in leukemia
Ross A. Dickins | Monash University

In this issue of Blood, Perner and colleagues show that 2 new DOT1L inhib-
itors with favorable administration routes and pharmacokinetic properties
yield promising antileukemic activity in patient-derived xenograft (PDX)
models of MLL-rearranged acute myeloid leukemia (AML).1

Acute leukemia arises when hematopoi-
etic progenitor cells become locked into
an immature state of perpetual pro-
liferation. Several genetic alterations can
impose this differentiation block, includ-
ing chromosomal translocations affecting
theMLL (MLL1, KMT2A) gene observed in
;10% of acute leukemias.2,3 MLL re-
arrangements encode novel protein fu-
sions of truncated MLL with a variety of
partner proteins, resulting in aberrant
transcriptional regulation.2,3 MLL-fusion
proteins have a bad reputation based
in part on their apparent oncogenic au-
tonomy: they are far more frequently
found in infant and pediatric leukemia
compared with adult disease, and MLL-
fusion leukemias often have a paucity of
additional genetic alterations.2 In keeping
with this, expression of MLL-fusions cau-
ses rapid, aggressive leukemia in mice.2

The extraordinary oncogenicity of MLL-
fusions is associated with poor prognosis4;
hence, there is much interest in developing
leukemia therapies targetingMLL-fusions or
their cofactors.

One such cofactor is the enzyme DOT1L
(KMT4), which methylates lysine 79 of
histone H3 (H3K79).4 As a component of
MLL-fusion protein complexes, DOT1L
facilitates aberrant transcription of MLL-
fusion target genes.4 Proof of principle
for in vivo therapeutic targeting of
DOT1L was originally established in 2011
in mouse models of MLL-fusion–driven
leukemia, where genetic DOT1L deletion
caused leukemia differentiation and
apoptosis.5-7 DOT1L ablation in mice
compromised normal hematopoiesis but
was relatively well tolerated, indicating a
potential therapeutic window.5-7 Soon
after, Daigle et al described pinometo-
stat (EPZ-5676), a selective inhibitor of
DOT1Lmethyltransferase activity.8 In rodents
xenografted with a human MLL-rearranged
AML cell line, pinometostat triggered sus-
tained leukemia regression associated with
reduced H3K79 methylation. Although this
DOT1L inhibitor was well tolerated, it re-
quired continuous IV infusion due to rapid
clearance.8 Pinometostat was also well
tolerated in a recent first-in-human study

but again it required continuous IV in-
fusion.9 It had modest clinical effects,
inducing complete remission in 2 of
51 MLL-fusion leukemia patients.9

The current study from Perner et al builds
on a 2019 report from some of the same
authors that identified 2 novel DOT1L
inhibitors.10 Although these new com-
pounds each have markedly different
structures and target binding modes,
Perner et al show specific DOT1L methyl-
transferase inhibition comparable to
pinometostat. However, in contrast to
previous DOT1L inhibitors, these new
compounds are effectively administered
by oral or intraperitoneal routes and
produce stable plasma drug levels that
are well tolerated by immunocompro-
mised mice.1 Furthermore, in PDXmouse
models of primary MLL-rearranged AML,
the new compounds potently inhibit
DOT1L-mediated H3K79 methylation,
triggering leukemia differentiation and
significantly reducing disease burden.1

By demonstrating that DOT1L inhibition
can be achieved in AML in vivo with
relative ease using these new compounds,
Perner et al set the scene for further in-
terrogation of DOT1L dependency in
preclinical AML models. It is unclear
whether the modest single-agent DOT1L
inhibitor efficacy observed in the original
AML patient trial9 reflects suboptimal
dosing and target inhibition, distinct
sensitivity of different MLL-fusion pro-
teins to DOT1L inhibition, and/or other
factors. The new compounds character-
ized by Perner and colleagues should
help resolve these questions. The field
is now poised to define and refine the
antileukemic potency and tolerability of
DOT1L inhibitors in preclinical models
and then hopefully in leukemia patients,
either as monotherapies or in combi-
nation with other antileukemic agents.
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