
can potentially activate myeloid cells, including
leukemia cells.5

Eventually, the incremental combination of
new engineered mouse strains with innovative
ossicle implants will indeed allow a deeper
understanding of the niche and spatiotemporal
events steering the human polyclonal or
oligoclonal leukemogenesis. In addition,
because leukemia cells also interact with and
ultimately subdue the immune system, the next
exciting frontier will be to transfer these
sophisticated leukemia engraftment models
into fully humanized mouse systems
containing functional human adaptive immune
responses.6 For this, 1 strategy would be to
coadminister long-lasting stem cell–matched
dendritic cells to generate mature human T

and B cells and adaptive responses in fully
humanized mice.7 Once all of these key
components are combined, advanced human-
specific immune therapies such as check-point

inhibitors8 and engineered T cells expressing
chimeric antigen receptors9 could be tested
for proof-of-concept and efficacy in fully
humanized mouse models containing primary
leukemia 1 niche1 immune system before
entering highly demanding and costly clinical
trials.
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Comment on Basiorka et al, page 2960

Dying a fiery death: pyroptosis in MDS
-----------------------------------------------------------------------------------------------------

Alison R. Walker THE OHIO STATE UNIVERSITY

In this issue of Blood, Basiorka et al have challenged how we think about cell death
in myelodysplastic syndromes (MDS), proposed an explanation for the shared
morphologic changes that are seen despite genetic heterogeneity, and identified
a new target for therapeutic intervention.1

Steps for improved outgrowth and maintenance of the genetic signature of human diagnostic leukemia samples in

humanized “ossicles,” which mimic the natural niche in vivo. Immune-deficient mice were implanted subcutaneously

with calcified scaffolds previously seeded with human MSCs. Six to 8 weeks later, diagnostic leukemia cells (CD341

purified or T cell–depleted) were injected. Tumors were explanted and leukemia cells transferred to ossicles in

secondary recipients. This technique was shown to result in a better engraftment rate of leukemia samples with

favorable risks than the traditionally used IV administration technique. In addition, the self-renewal and genetic profile of

the original leukemia was better maintained. Professional illustration by Somersault18:24.
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The contradiction of peripheral cytopenias
despite normal or even hypercellular bone

marrow in patients with MDS has been
attributed to excessive apoptosis of early
marrow progenitors despite high fractions of
proliferating cells.2 In addition to morphologic
bone marrow examination, early studies
utilizing techniques such as terminal
deoxynucleotidyltransferase-mediated
dUTP-biotin nick end labeling and in situ
end labeling of fragmented DNA confirmed
an increase in the percentage of myeloid,
erythroid, and megakaryocytic cells
undergoing apoptosis, although this did not
appear to correlate with the degree of
cytopenias.3,4 More recently, flow cytometric
detection of annexin V binding has confirmed
increases in CD341 cell apoptosis in refractory
anemia/refractory anemia with ringed
sideroblasts and refractory anemia with excess
blasts, whereas disease progression was
associated with a reduction in apoptosis, likely

reflecting differences in activation of the
extrinsic and intrinsic pathways of apoptosis,
respectively, over the course of the disease.5,6

The concept of apoptosis leading to ineffective
hematopoiesis has been foundational in
our understanding of this disease. What if
this is not the whole story?

There are additional mechanisms of cell
death that include autophagy and pyroptosis,
which is also known as caspase 1–dependent
programmed cell death.7,8 Caspase 1 is not
involved in apoptosis, and in fact its activity
results in cell death that is distinct from that
seen in apoptosis mediated by other caspases,
such as caspase 3, 6, or 8.7 Nod-like receptors
(NLRs) are upstream of caspase 1 and when
stimulated bind an adaptor protein apoptosis-
associated speck-like protein, forming a
multiprotein complex termed the inflammasome
which contains a caspase 1 activation and
recruitment domain.7 Once caspase 1 is
activated by the inflammasome, pore formation
occurs within the plasma membrane of the cell,
creating ionic gradients that then lead to water
influx, cell swelling, and ultimately cell lysis.7

Importantly, caspase 1 has another key function
as it catalyzes the conversion of precursors of the
inflammatory cytokines interleukin-1b (IL-1b)
and IL-18 into their active forms.7 The duality
of function of caspase 1 is significant as it ties
inflammation to cell death via a common
intermediary, a finding that raises additional
questions. Does pyroptosis significantly
contribute to cell death in MDS? Could this
explain other more puzzling observations,
such as the inflammatory cellular environment
and shared morphologic phenotypes despite
chromosomal and mutational heterogeneity?9

In the current issue Basiorka et al asks these
questions and through a series of elegant in vitro
and in vivo experiments, carefully dissects the
role of the nod-like receptor NLRP3 as part
of the inflammasome complex that drives
pyroptotic cell death in MDS hematopoietic
stem/progenitor cells.1 There are several
findings to note. First, as compared with
age-matched controls, activation of the
NLRP3 inflammasome complex was greater
regardless of International Prognostic Scoring
System risk or genotype, and there was
a significant increase in the percentage of
pyroptotic cells as compared with apoptotic cells
in MDS patient samples. In addition, increased
levels of S100A9, a damage-associated molecular
pattern that is released during inflammation or
cell death, were noted in the bonemarrow plasma

of low- and intermediate-risk MDS samples and
found tobe capable of activatingNLRP3and thus
inducing inflammasome assembly. S100A8/9
heterodimers also activate NADPH oxidase,
creating reactive oxygen species (ROS) that are
then able to stimulate the NLRP3 inflammasome
and drive pyroptosis. Interestingly, somatic gene
mutations inMDS can lead to ROS generation,10

and indeed, Basiorka et al show that ROS
activateb-catenin,which then initiates pyroptosis
within cells with U2AF1 and SF3B1 splicing
mutations. As mentioned previously, pyroptosis
leads to the creation of plasma membrane cation
channels that lead to cell swelling. From
a morphologic standpoint, MDS bone marrow
mononuclear cells had a larger mean cell area
compared with controls. The authors propose
that this process explains the larger cell size
observed in MDS (see figure).

Finally, although an understanding of these
mechanisms is relevant because they define
disease pathogenesis, the authors importantly
investigated how the inflammasome complex
might be targeted and potentially lead to novel
therapies for patients, something that is
unquestionably needed. In an S100A9-
transgenic mouse model that recapitulates
MDS, ICTA, an icariin derivative, inhibited
NLRP3 inflammasome activation and led
to improvements in hemoglobin, leukocyte,
and platelet cell counts. In addition, direct
inhibition ofNADPHoxidase reducedNLRP3
inflammasome assembly.

At times it can be challenging to envision
how preclinical in vitro and animal model data
might directly and immediately translate into
information that clinicians can use. However,
Basiorka and colleagues have been able to make
their findings relevant both to thosewho care for
patientswith this disease and for thosewho teach
trainees about MDS. Pyroptosis will now
need to be considered as not only a significant
contributor to cell death in MDS but also as
an etiology for the morphologic changes that
we observe and as a future pharmacologic target.
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Comment on Shi et al, page 2988

Trouble in the niche? Send in a statin
-----------------------------------------------------------------------------------------------------

Jane L. Liesveld UNIVERSITY OF ROCHESTER

In this issue of Blood, Shi et al report on functional deficits of marrow endothelial
progenitor cells (EPCs) in patients with poor graft function (PGF) after
allotransplant which could be improved in vitro with atorvastatin exposure.1

PGF is estimated to occur in about 5% to
27% of allografts and contributes to

morbidity and mortality.2 PGF is to be

distinguished from graft failure, which is often
due to a low transplanted nucleated cell dose or
to alloreactive immune responses mediated by

residual host immunity. Graft failure is therefore
seen most commonly in cases of HLA disparity
between donor and host.3 In contrast to graft
failure, PGF is characterized by full donor
chimerism, and it can also be primary
or secondary. It is often associated with
postallograft effects of viral infections, of
conditioning regimens, of drugs toxic tomarrow,
or of graft-versus-host disease (GVHD). In some
cases, it has been associated with inflammatory
mediators such as interferon-g or tumor necrosis
factor-a, which could also impact cells of
the marrow microenvironment as well as
hematopoietic stem and progenitor cells.2

Shi et al have expanded upon their previous
work4 which demonstrated reduced numbers
of marrow EPCs in PGF cases in an attempt to
define functional changes in EPCs and possible
ways to overcome quantitative and functional
deficits. Twenty-six cases of PGF with 100%
donor chimerism were identified from 578
allogeneic transplants performed at a single
center, and matched controls with good graft
function (GGF) were selected from the same
recipient cohort using case-control sampling
with matching for pertinent variables.
Strengths of this work are that GGF and
PGF were carefully defined, well-matched
contemporary controls were used, and patients
with relapse or severe acute or chronic GVHD
were excluded.

EPCs were isolated from each of these
cohorts from light-density marrow cells
cultured in medium supportive of endothelial
cells for 7 days and identified through CD34,
CD133, and CD309 (vascular endothelial
growth factor receptor-2 [VEGFR-2])
expression. EPCs from patients with PGF had
fewer cells with expression of Dil-acetylated
low-density lipoprotein and Ulex europaeus
agglutinin-1, andmigration and tube formation
capabilities were reduced. Intracellular reactive
oxygen species (ROS) expression and
apoptosis were higher in those EPCs fromPGF
vs GGF patients.

Given the functional alterations noted in
EPCs from subjects with PGF, Shi et al took
cues from prior work demonstrating that
atorvastatin, a 3-hydroxy-3-methylglutaryl
coenzyme A (HMGCoA) reductase inhibitor
is able to improve function of EPCs in other
vascular diseases5 and that p38 MAPK, one
of the family of the mitogen-activated serine/
threonine protein kinases, can regulate EPC
dysfunction and can be modulated by
HMGCoA reductase inhibitors such as

Poor graft function
Viral infection
Conditioning effects
Drugs
GVHD

Inflammatory 
cytokines  
and chemokines
Altered ROS state

EPC p-CREB

Decreased
numbers

Dysfunction

Atorvastatin
ROS inhibitors (NAC)
P38 MAPK inhibitors

(SB203580/BIRB796)

Phospho-p38

Increased
numbers

Improved
function

Nucleus

In states which lead to PGF, EPCs are decreased in number and function associated with increased expression of

phospho-p38 and its downstream mediator, phospho-CREB (p-CREB). Atorvastatin, ROS inhibitors, and p38 MAPK

inhibitors are able to improve number and function of EPCs through suppression of phospho-p38. NAC, N-acetylcysteine.
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