
Indeed, the study by Dhanesha et al is
an outstanding example of rigor and
reproducibility in biomedical investiga-
tion. Conclusions are bolstered by
multiple complementary analyses and
strategies. For example, several clinically
relevant experimental settings of stroke
were analyzed, including mouse models
using filament injury and clot injection/r-
tPA models. Notably, validation analyses
using multiple models is specifically rec-
ommended by the Stroke Therapy Aca-
demic Industry Roundtable guidelines
for preclinical assessment of novel thera-
peutic targets.8,9 Studies are further
strengthened by the consideration of
comorbidities, such as hyperlipidemia (ie,
using Apo2/2 or Ldlr2/2 mice), in the
models, as well as sex as a biological var-
iable by specifically analyzing male and
female cohorts in separate experiments.
Genetic deletion (ie, LysM-Cre/PKM2fl/fl

mice) and pharmacological inhibition (ie,
using the PKM2 nuclear translocation
inhibitor ML265) intervention strategies
were tested that collectively support the
proposed mechanism and highlight
potential translation. In total, the findings
convincingly support the conclusion that
PKM2 nuclear translocation in myeloid-
derived cells (including neutrophils)
exacerbates inflammation and tissue
destruction following cerebral ischemia-
reperfusion injury through a STAT3-
dependent mechanism (see figure).
Further, selective inhibition of PKM2
activity in myeloid cells has the poten-
tial to reduce brain infarct sizes,
dampen cerebral inflammation, restore
cerebral blood flow, and preserve neu-
rocognitive function following stroke.

As is typically the case with studies
highlighting novel mechanisms, new
questions emerge. First, although the
investigators provide compelling evi-
dence that neutrophil-derived PKM2 is
mediating the observed effects, it is
possible that PKM2 expression in other
cell types is contributing to stroke path-
ogenesis. In particular, additional studies
should focus on other immune cell
types, such as macrophages and T cells,
which express PKM2 and have been
linked to the pathogenesis of stroke
and cerebral ischemia-reperfusion injury.
Future studies should also clarify the
precise PKM2 molecular mechanisms
that exacerbate immune cell function
in stroke. The investigators argue that
nuclear PKM2 protein kinase activity
is responsible for driving myeloid cell

function in stroke. This conclusion is
based on the efficacy of the inhibitor
ML265 in limiting disease severity, which
blocks nuclear translocation but not
cytoplasmic glycolytic activity. However,
considering that highly active inflamma-
tory cells undergo a metabolic shift from
oxidative phosphorylation to aerobic
glycolysis, resembling the well
described Warburg effect found in
tumor cells, additional studies of PKM2
modulation of metabolic function is war-
ranted. Indeed, accumulating studies
support the concept that metabolic
enzymes and their regulators, which are
essential for the control of cellular
metabolism, exert critical roles in regu-
lating immune cell functions. Finally, if
findings from the present studies are to
be translated, it will be essential to
determine the therapeutic window dur-
ing which PKM2 inhibition is effective in
reducing stroke pathologies and evalu-
ate whether short- or long-term PKM2
inhibition is associated with deleterious
effects within neuronal tissue or other
organ systems.
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MYELOID NEOPLASIA

Comment on Delaleu et al, page 1251

Skin in the game:
the emergence of
myelodysplasia cutis
Katherine R. Calvo | National Institutes of Health Clinical Center

In this issue of Blood, Delaleu et al1 provide compelling evidence for formal
recognition of an entity termed “myelodysplasia cutis” (MDS cutis) with his-
tologic features of histiocytoid Sweet syndrome in the skin and a clonal rela-
tionship to myelodysplastic cells in the bone marrow.

In 1964, Robert Sweet first reported
8 patients with an acute febrile neutro-
philic dermatosis, later termed Sweet
syndrome.2 Classical Sweet syndrome
is histologically characterized by an

inflammatory dermal infiltrate composed
primarily of mature neutrophils. Sweet
syndrome is associated with many etiolo-
gies, including infection, inflammatory dis-
ease, pregnancy, drug-related (commonly
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granulocyte colony-stimulating factor),
and in 20% of cases is associated with
malignancy (see figure panel A). The
most common associated malignancies
are myeloid3 and include myelodysplastic
syndrome (MDS) and acute myeloid leu-
kemia (AML).

A histologic variant of Sweet syndrome
called “histiocytoid” Sweet syndrome is
composed of a mononuclear dermal infil-
trate that morphologically resembles

histiocytes because of elongated,
twisted, or kidney-shaped vesicular nuclei
of infiltrating cells.4 However, the infil-
trate in histiocytoid Sweet syndrome was
demonstrated to contain cells expressing
myeloperoxidase (MPO), CD163, CD33,
CD68, and lysozyme, which were nega-
tive for CD34 and CD117.4 This immuno-
phenotype was consistent with nonblast
myeloid precursors and myelomonocytic
cells. Depending on the study, the asso-
ciation of histiocytoid Sweet syndrome

with malignancy ranges from 30% to
61%.5,6 The most common associated
neoplasia is MDS.5

In patients with myeloid neoplasia and
Sweet syndrome, fluorescence in situ
hybridization can detect the same cyto-
genetic aberrancies in bone marrow and
skin lesions, demonstrating a clonal link
between the neoplastic cells in the mar-
row and the infiltrate in the skin.7 Inter-
estingly, some cases with AML in the
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Spectrum of myeloid dermatoses from sweet syndrome to leukemia cutis 

(A) Spectrum of myeloid dermatoses, including classical Sweet syndrome, histiocytoid Sweet syndrome, the proposed entity of MDS cutis, and leukemia cutis. The
morphology of the predominant skin infiltrate in each entity is indicated. The clonality or association of each entity with malignancy is also shown. The most common
malignancies are myeloid malignancies. (B) MDS cutis. MDS cells originating in the bone marrow circulate in the peripheral blood, entering the skin and forming a
dermal infiltrate with histologic features of so-called histiocytoid Sweet syndrome. On skin biopsy, the infiltrate is MPO1, CD331, CD1631, MPO1, CD342, and CD1172.
This immunophenotype represents nonblast myeloid precursors at varying stages of differentiation and myelomonocytic cells. DNA sequencing of bone marrow and
skin identify the presence of the same mutations, providing evidence that the cutaneous myeloid cells are clonally related to the MDS cells in the marrow. MDS cutis
may present as inflammatory plaques or diffuse papulonodular lesions. Lesions may respond to steroids with dependency, although there is frequent response to
hypomethylating agents in this study.
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marrow have been clonally linked to a
mature neutrophilic infiltrate in the skin,
suggesting that the skin infiltrate in some
cases may represent differentiated cells
from the blast clone in the marrow.7

The current study expands upon prior
studies by utilizing next-generation se-
quencing panels and Sanger sequencing
to evaluate skin biopsies of patients
with histiocytoid Sweet syndrome and
MDS. The authors sought to determine
whether the MDS-related myeloid muta-
tions in the bone marrow or blood were
also present in the skin lesions. Seven
patients were evaluated. The authors
were able to detect the same mutations
that were present in the marrow in the
skin lesions with relatively high variant
allele frequencies indicating that the
mutations were from skin infiltration and
not peripheral blood contamination. The
myeloid genes in which the mutations
were detected included ASXL1, CUX1,
DNMT3A, RUNX1, SRSF2, STAG2, TET2,
U2AF2, and ZRSR2. Notably, 1 patient
was found to have a mutation in
ubiquitin-activating enzyme 1 (UBA1) in
both marrow and skin by Sanger
sequencing. This patient had clinical
symptoms of the recently described
VEXAS (Vacuoles, E1 enzyme, X-linked,
Autoinflammatory, Somatic) syndrome,8

which is a severe systemic autoinflamma-
tory disease with predisposition to de-
veloping MDS, plasma cell neoplasia
(monoclonal gammopathy of undeter-
mined significance or myeloma), and
venous thromoboembolism.9 In the origi-
nal VEXAS cohort, 88% of patients had
skin involvement and 32% was histologi-
cally diagnosed with Sweet syndrome.8

As in nearly all VEXAS cases reported to
date, vacuoles were present in myeloid
and erythroid precursors on evaluation of
marrow aspirate smears. This case adds
to the growing number of VEXAS cases
reported in the literature.

The authors make a reasonable argu-
ment for the formal recognition of a
diagnostic entity termed “myelodysplasia
cutis” (see figure panel B) or “MDS
cutis” for histiocytoid Sweet syndrome
occurring in patients with MDS. This is
particularly relevant given that the cells in
the dermal infiltrate have been shown to
be clonally related to MDS in the marrow
and blood. The diagnosis of MDS cutis
is more specific and removes these
cases from the general classification of

histiocytoid Sweet syndrome, which
encompasses many other etiologies. The
designation of MDS cutis may also have
important implications for treatment. The
frontline treatment of classical and histio-
cytoid Sweet syndrome is systemic corti-
costeroids. Based on the preliminary
findings in the current study, MDS cutis
may respond better to hypomethylating
agents, which are directed at the under-
lying neoplastic myeloid clone, under-
scoring the relevance of appropriate
diagnostic terminology.

On the spectrum of myeloid dermatoses,
the most ominous form is leukemia cutis,
characterized by a dermal infiltrate pri-
marily composed of blasts. Survival is sig-
nificantly greater for MDS cutis than
leukemia cutis, and the diagnostic dis-
tinction between these 2 entities is criti-
cal.10 The blasts in leukemia cutis often
express CD34, CD117, and/or CD56,
markers, which are largely negative in
Sweet syndrome and MDS cutis. In 1
study, MDS cutis preceded the diagnosis
of MDS in the marrow in over half of the
patients.10 In contrast, leukemia cutis
occurred after AML was diagnosed in the
marrow. The diagnosis of leukemia cutis
in a patient with MDS has a poor prog-
nosis and may herald the development
of overt AML.

In contrast to older classifications based
largely on morphologic features, in the
last decade, disease classification of hem-
atolymphoid neoplasia has moved toward
a molecular, genetic, and clinically rele-
vant classification. One could argue that
nonblast myeloid dermatoses clonally
related to MDS cells in the marrow could
be designated MDS cutis regardless of
whether the infiltrate appears neutrophi-
lic (as in classical Sweet syndrome) or
“histiocytoid.” “Histiocytoid” Sweet syn-
drome is a morphologic classification
that is particularly confounding in patients
with MDS given that the cells have not
been demonstrated categorically to be
histiocytes, but rather to represent imma-
ture nonblast myeloid precursors and
myelomonocytic cells that are part of the
MDS clone.

In summary, the spectrum of myeloid
dermatoses includes (1) classical Sweet
syndrome represented by an inflamma-
tory dermal infiltration composed primar-
ily of terminally differentiated neutrophils,
(2) histiocytoid Sweet syndrome with

morphologically immature nonblast mye-
loid cell infiltrate, and (3) leukemia cutis
represented by a blast infiltrate in the
skin. MDS cutis represents an emerging
entity on this spectrum between histiocy-
toid Sweet syndrome and leukemia cutis,
with a dermal infiltrate composed of non-
blast myeloid cells clonally related to
MDS cells in the marrow.
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