
to platelets, erythrocytes, inflammation,
or genes without any so far known bi-
ological link with thrombosis (see figure).
The results will be important not only
for future genetic and clinical studies
but also for directing future function-
structure studies of the molecular cause
of VTE.
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Wedidn’t start the fire,MDSC
inflammasome signaling
in GVHD
Nataliya Prokopenko Buxbaum | National Institutes of Health

In this issue of Blood, Koehn et al investigate how activation of the nucleotide-
binding domain and leucine-rich repeat (NLR) pyrin family domain 3 (NLRP3)
inflammasome pathway influences the function of myeloid-derived suppres-
sor cells (MDSCs) in the setting of acute graft-versus-host disease (aGVHD).1

The authors use a wide range of genetic
and pharmacologic tools to dissect the
contributions of the inflammasome sig-
naling pathway components to loss of
suppressive function in MDSCs. Although
T cells are the main drivers of GVHD,
MDSC suppression of alloreactivity is a
promising strategy for inhibiting GVHD
because MDSCs have the potential to
suppress CD41 and CD81 T cells, as well
as natural killer and natural killer T cells.2

Efficacy of MDSCs generated ex vivo in
aGVHD was previously explored, but ef-
ficacy was limited because MDSCs lost
their suppressive ability when they were
placed into a highly inflammatory milieu
within the hematopoietic stem cell trans-
plant (HSCT) recipient. MDSC function or
its loss is highly dependent on environ-
mental cues. To delineate the environ-
mental and intrinsic mechanisms ofMDSC
activation, Koehn et al explored the role of

the NLRP3 inflammasome pathway in an
aGVHD major histocompatibility mismatch
mouse model.

MDSCs are a diverse population of im-
mature myeloid cells produced during
chronic inflammatory states that have the
ability to suppress anti-tumor immunity
as well as inflammation in a variety of
clinical settings.2,3 Dampening MDSC sup-
pressor function is an attractive strategy
for optimizing cancer immunotherapy
because MDSCs are implicated in tumor
progression and metastasis. Conversely,
enhancing or sustaining MDSC suppres-
sive function would be beneficial in
inhibiting inflammation associated with
GVHD. MDSCs can be targeted through
a variety of pharmacologic approaches.
However, to successfully maintain MDSCs
in the desired suppressive state in vivo, it
is essential to understand the pathways
that direct MDSC behavior in the context
of the specific biological setting.

Previous investigations in aGVHD iden-
tified the NLRP3 inflammasome as a key
pathway for MDSC alloimmune activa-
tion (see figure).4 MDSCs can be gener-
ated from bone marrow stem cells in an
interleukin-13 (IL-13) culture system, and
they are able to ameliorate aGVHD after
being infused into the host.5,6 The effect
on aGVHD is modest, however, and re-
peated infusions can further improve out-
comes but do not fully abrogate aGVHD.
MDSC loss of suppressive function after
HSCT occurs when the conditioning regi-
men induces the release of adenosine tri-
phosphate (ATP) into the extracellular
compartment (see figure). The release of
ATP results from cell damage induced
by pretransplant conditioning, particularly
irradiation. ATP binding to the P2x7 re-
ceptor (P2x7R) on MDSCs results in down-
stream NLPR3 inflammasome activation.
The canonical inflammasome activation
then initiates a cascade of proinflammatory
effects that fuel aGVHD. Koehn et al show
that P2x7 knockout (KO) or inhibition of
ATP binding to the receptor reduced
inflammasome activation. This was dem-
onstrated with extracellular ATP deple-
tion via apyrase and pharmacologically via
administration of A-438079, a highly se-
lective P2x7R inhibitor. Both approaches
resulted in improved post-HSCT survival
in the aGVHD model, with important clin-
ical implications.

The downstream result of NLRP3 inflam-
masome activation is caspase-1–mediated
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cleavage of pro-IL-1b and pro-IL-18 to the
active forms, IL-1b and IL-18, respectively.
Interestingly, these cytokines can either
suppress or stimulate CD41 and CD81

T cells. Although both cytokines have
been dubbed proinflammatory, their
role in aGVHD is not yet fully elucidated.
Reddy et al7 previously demonstrated
that IL-18 can ameliorate aGVHD and
prolong survival after allo-HSCT by sup-
pressing effector T cells in the presence of
interferon-g. Although IL-1 inhibition can
ameliorateGVHD,8 Koehn et al show that IL-
1b KOdid not improve aGVHD, but adding
exogenous IL-1b enhanced the suppressive
function of MDSCs. Thus, the downstream
effects of IL-1b and IL-18 on alloreactive
T cells have yet to be deciphered.

A novel tool was used to noninvasively
detect inflammasome activation in vivo
through the use ofMDSCs from an IDOL.tg
(IL-1b–based dual-operating luciferase
transgenic) bioluminescent mouse strain.
In this system, inflammasome activation
results in quenching of the biolumines-
cence (see figure). Thismodel can be used
to noninvasively screen drugs for inflam-
masome modulation. The authors used
this transgenic mouse model to show that
regulatory T-cell (Treg) co-infusion with
MDSCs results in amelioration of aGVHD
(ie, Tregs cooperate with MDSCs to pre-
vent inflammasome activation). Both Tregs
and MDSCs have been previously shown
to suppress GVHD without detriment to
graft-versus-leukemia (GVL) or graft-versus-

tumor (GVT) effects, and understanding
the mechanisms of this cooperation may
illuminate future therapeutic approaches
for GVHD.

In summary, in the article by Koehn et al,
the required components for inflamma-
some activation and the resultant sub-
version of MDSC suppressive function
indicate that triggers upstream of the
NLPR3 inflammasome can be successfully
targeted to maintain MDSC immunosup-
pressive phenotype inGVHD. Future work
will need to delineate downstream effects
of inflammasome signaling (ie, the effects
of IL-1b and IL-18 on CD41 and CD81

T-cell function in GVHD). The synergy
between Tregs and MDSCs is another
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NLPR3 inflammasome activation results in loss of suppressive function in the MDSCs. Blockade of ATP signaling via intraperitoneal injection of apyrase or administration of P2x7
inhibitor A-438079 can abrogate NLRP3 inflammasome activation and restore MDSC suppressive function. IL-1b release can be visualized in vivo through the use of an IDOL
transgenic mouse strain (IDOL.tg), in which IL-1b activation results in luciferase production that can be detected with bioluminescent imaging. When MDSCs were co-infused
with Tregs, overall survival was improved and inflammasome activation was abrogated as assessed by bioluminescent imaging. The effects of IL-1b and IL-18 released from
MDSCs have been associated with T-cell suppression and T-cell activation: blockade of IL-1b resulted in amelioration of GVHD,8 IL-1b KO donor MDSCs were inferior to wild-
type MDSCs in suppressing GVHD (study by Koehn et al), addition of IL-1b enhanced MDSC suppressive function (study by Koehn et al), and administration of IL-18 can
improve survival and decrease GVHD severity.7 Transfer of myeloid differentiation primary response 88 (MyD88) KO or transfer of double-KO MyD88/TIFF MDSCs did not
result in improved survival over infusion of wild-type MDSCs. NLR family CARD domain-containing 4 (NLRC4) KO and administration of absent in melanoma 2 (AIM2) KO
MDSCs resulted in improved aGVHD but offered no additional protection compared with wild-type MDSCs, whereas infusion of NRLP3 KO MDSCs resulted in a significant
survival advantage. ASC, adaptor protein apoptosis-associated speck-like protein–containing caspase activation and recruitment domain (CARD); DAMPS, damage-
associated molecular patterns; NFkB, nuclear factor k light-chain enhancer of activated B cells; P2x7R, B6.129P2-P2rx7tm1Gab/J [mouse cell line]; PAMPS, pathogen-
associated molecular patterns; ROS, reactive oxygen species; TLRs, Toll-like receptors; TRIF, TIR-domain-containing adapter-inducing interferon-b.
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promising direction that warrants further
study to ameliorate GVHD without neg-
ative impact on GVL or GVT. Finally, im-
proved understanding of the role of
microRNAs (miRs) in MDSC and T-cell
function can be explored for enhancing
T-cell activity and reduced MDSC sup-
pression in the setting of cancer and en-
hanced MDSC suppression in the setting
of auto- and alloimmunity, respectively. In
particular, miR-155 has been implicated in
NLRP3 inflammasome activation and CD81

T-cell fitness.9,10 With their elegant se-
ries of experiments, Koehn et al have
made an important contribution to the
field of GVHD and the expanding field of
MDSCs.
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