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The compound WP1066 was originally synthesized by modifying the structure of

AG490, which inhibits the activation of signal transducer and activator of tran-

scription 3 (STAT3) by directly targeting Janus kinases (JAKs). WP1066 exhibits

stronger anti-cancer activity than AG490 against malignant glioma and other can-

cer cells and is regarded as a promising therapeutic agent. By screening a small

library of target-known compounds, we identified WP1066 as an inhibitor of

macrophage cell death induced by agonists of the NLRP3 inflammasome, an intra-

cellular protein complex required for the processing of the proinflammatory cyto-

kine interleukin (IL)-1b. WP1066 strongly inhibited cell death as well as

extracellular release of IL-1b induced by inflammasome agonists in mouse peri-

toneal exudate cells and human leukemia monocytic THP-1 cells that were differ-

entiated into macrophagic cells by treatment with PMA. However, inflammasome

agonists did not increase STAT3 phosphorylation, and another JAK inhibitor, rux-

olitinib, did not inhibit cell death, although it strongly inhibited basal STAT3

phosphorylation. Thus, WP1066 appears to suppress macrophage cell death inde-

pendently of its inhibitory effect on STAT3. In contrast, WP1066 itself induced

the death of undifferentiated THP-1 cells, suggesting that WP1066 differentially

modulates cell death in a context-dependent manner. Consistent with previous

findings, WP1066 induced the death of human glioma A172 and T98G cells. How-

ever, neither ruxolitinib nor AG490, the former of which completely suppressed

STAT3 phosphorylation, induced the death of these glioma cells. These results

suggest that WP1066 targets cell death-modulating molecules other than those

involved in JAK-STAT3 signaling.

S ignal transducer and activator of transcription 3 (STAT3)
functions mainly as a transcription factor and has been

shown to be involved in tumor cell proliferation, survival and
invasion.(1) Activated Janus kinases (JAKs), such as JAK1 and
JAK2, directly phosphorylate STAT3 at Y705, and phosphory-
lated STAT3 dimerizes and translocates to the nucleus. Thus,
low-molecular-weight kinase inhibitors targeting JAKs have
been regarded as promising anti-cancer agents. WP1066 is
among them and was originally synthesized as an anti-cancer
compound more potent than previous ones by modifying the
structure of AG490, one of the prototypic JAK2 inhibitors.(2,3)

WP1066 induces apoptosis and/or growth inhibition in a variety
of cancer cells, such as those of malignant glioma, acute myel-
ogenous leukemia, melanoma, renal cell carcinoma and oral
squamous cell carcinoma, both in vitro and in vivo.(3–7) Accord-
ing to ClinicalTrials.gov (https://clinicaltrials.gov), a registry
and results database of publicly and privately supported clinical
studies of human participants conducted around the world, a
phase I trial of WP1066 in patients with recurrent malignant
glioma and brain metastasis from melanoma is ongoing.
The proinflammatory cytokine interleukin (IL)-1b is transcrip-

tionally induced as a precursor protein, called pro-IL-1b, after

the activation of Toll-like receptor (TLR) signaling in inflamma-
tory cells such as macrophages.(8) In response to a variety of
pathogen-associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs), the cysteine protease
caspase-1 is activated in an intracellular protein complex called
the inflammasome, and activated caspase-1 proteolytically pro-
cesses pro-IL-1b into mature, active IL-1b.(9) Among the vari-
ous inflammasomes, the NLRP3 inflammasome, which consists
of NLRP3, a member of the NOD-like receptor family, and the
adaptor protein ASC (apoptosis-associated speck-like protein
containing a caspase activation and recruitment domain),
together with caspase-1, is responsive to the broadest range of
stimuli and therefore plays a central role in the regulation of IL-
1b processing.(10) Finally, active IL-1b is released from cells;
however, the mechanism of extracellular release of IL-1b
remains elusive because the processing of pro-IL-1b occurs in
the cytosol and generates active IL-1b that lacks a secretory sig-
nal sequence.(11) Thus, elucidating the mechanism of extracellu-
lar release of IL-1b is a prerequisite for understanding the
regulation of inflammation and inflammatory diseases.
In this study, we identified WP1066 as a strong inhibitor of

macrophage cell death and the extracellular release of IL-1b
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induced by NLRP3 inflammasome agonists. We further exam-
ined the effects of WP1066 on cell death in various contexts,
with a particular focus on the relationship between its cell
death-modulating activity and its inhibitory effect against
STAT3.

Materials and Methods

Reagents. Nigericin was purchased from Wako Chemical
(Osaka, Japan). R837/imiquimod was purchased from Invivo-
Gen (San Diego, CA, USA) and Tokyo Chemical Industry
(Tokyo, Japan). WP1066, AG490 and ruxolitinib were pur-
chased from Cayman Chemical (Ann Arbor, MI, USA).
Lipopolysaccharide (LPS) and phorbol 12-myristate 13-acetate
(PMA) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Ac-YVAD-CMK was purchased from Peptide Institute
(Osaka, Japan). Chemical compounds in the SCADS Inhibitor
Kit (Screening Committee of Anticancer Drugs supported by
Grant-in-Aid for Scientific Research on Priority Area “Cancer”
from the Ministry of Education, Culture, Sports, Science and
Technology, Japan) were used for screening.

Cell culture. Human leukemia monocytic THP-1 cells (Amer-
ican Type Culture Collection, Manassas, VA, USA) were cul-
tured in RPMI 1640 medium supplemented with 100 units/mL
penicillin G and 0.1 mg/mL streptomycin containing 8% fetal
bovine serum (FBS) under a 5% CO2 atmosphere at 37°C.
THP-1 cells were differentiated into macrophagic cells by
overnight treatment with 0.1 lM PMA. Human glioma A172
cells and T98G cells (American Type Culture Collection) were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
containing 8% FBS and supplemented with 100 units/mL peni-
cillin G and 0.1 mg/mL streptomycin under a 5% CO2 atmo-
sphere at 37°C. Mouse peritoneal exudate cells (PECs) were
isolated from the peritoneal cavity of 8- to 12-week-old mice
2 days after the intraperitoneal injection of 2 mL of 4% fluid
thioglycollate medium (BD Diagnostic Systems, Heidelberg,
Germany)(12) and were further cultured in RPMI 1640 medium
containing 8% FBS and supplemented with 100 units/mL peni-
cillin G and 0.1 mg/mL streptomycin under a 5% CO2 atmo-
sphere at 37°C for overnight. Prior to stimulation with
inflammasome agonists, cells were washed twice with PBS
and further cultured for 4 h in Opti-MEM I Reduced-Serum
Medium (Thermo Fisher Scientific, Waltham, MA, USA) con-
taining 100 ng/mL LPS, which was the “priming” stimulus to
induce the transcription of pro-IL-1b.

Immunoblot analysis. For immunoblot analysis of culture
supernatants, culture medium was collected and centrifuged for
1 min at 860 g, and the resulting supernatants were added to
the same volume of methanol and one-fourth volume of chlo-
roform and vigorously mixed. After incubation on ice for
15 min, the solution was centrifuged at 21 500 g for 10 min,
and the upper phase of the solution was removed. The remain-
ing solution was added to 500 lL of methanol and vigorously
mixed. After incubation on ice for 15 min, the solution was
centrifuged at 21 500 g for 10 min, and the supernatants were
removed. Methanol was added to the pellet, and the solution
was further centrifuged at 21 500 g for 10 min. The super-
natants were removed, and the pellet was air-dried and then
dissolved in a buffer containing 125 mM Tris-HCl (pH 6.8),
20% glycerol, 4% SDS and 10 mM DTT. For immunoblot
analysis of cell lysates, PECs were lysed with a buffer contain-
ing 62.5 mM Tris-HCl (pH 6.8), 10% glycerol, 2% SDS and
5 mM DTT, followed by sonication for 1 min. Other cells
were lysed with a buffer containing 25 mM Tris-HCl (pH 7.5),

150 mM NaCl, 5 mM EGTA, 1% Triton X-100, 5 lg/mL
aprotinin, 1 mM phenylmethylsulfonyl fluoride, and after cen-
trifugation at 21 500 g for 15 min the supernatants were col-
lected as cell lysates. When detecting phospho-Stat3,
PhosSTOP Phosphatase Inhibitor Cocktail (Roche Life
Science, Mannheim, Germany) was included in the lysis buf-
fer. Cell lysates were then fractionated by SDS-polyacrylamide
gel electrophoresis and electroblotted onto polyvinylidene
difluoride membranes. The membranes were probed with pri-
mary antibodies and horseradish peroxidase (HRP)-conjugated
secondary antibodies. Protein bands were visualized using the
enhanced chemiluminescence system and analyzed with an
ImageQuant LAS4000 (GE Healthcare, Piscataway, NJ, USA).
The following primary antibodies were used in this study: anti-
IL-1b (human specific; #12703) antibody, anti-IL-1b (mouse
specific; #8689) antibody, anti-phospho-Stat3 (Tyr705) anti-
body, anti-phospho-Stat3 (Ser727) antibody, anti-Stat3 anti-
body and anti-b-actin antibody, all from Cell Signaling
(Danvers, MA, USA); anti-cleaved IL-1b (mouse) antibody
(MBL, Nagoya, Japan); and anti-caspase-1 (p20) antibody
(Adipogen, San Diego, CA, USA). HRP-conjugated anti-mouse
IgG (GE Healthcare) and HRP-conjugated anti-rabbit IgG (Cell
Signaling) were used as secondary antibodies.

Il-1b ELISA. Culture medium was collected and centrifuged at
860 g for 1 min, and the IL-1b level in the resulting super-
natants was measured using an IL-1b ELISA kit (Quantikine
ELISA; R&D Systems, Minneapolis, MN, USA) according to
the manufacturer’s instructions.

Cell death assay. For propidium iodide (PI) staining, 2 lg/
mL PI was added to the culture medium 10 min before cell
harvest. For adherent cells, cells were dissociated with trypsin
and suspended into single cells by pipetting or passing through
23G needles. The suspended cells were centrifuged at 860 g
for 3 min and resuspended in PBS. The fluorescence emitted
by cells was analyzed using a BD Accuri C6 flow cytometer
(BD Bioscience, Franklin Lakes, NJ, USA). To detect the level
of lactate dehydrogenase (LDH) released from the cells, the
Cytotoxicity LDH Assay Kit-WST (Dojindo, Kumamoto,
Japan) was used according to the manufacturer’s instructions.

Results

WP1066 suppresses IL-1b release from macrophages. To
explore the mechanism of IL-1b release from macrophages,
we sought to identify target-known low-molecular-weight com-
pounds that inhibit IL-1b release. We expected that this would
be a fast approach to identify important molecules that regulate
IL-1b release. We screened the effects of 365 compounds on
the release of IL-1b from human leukemia monocytic THP-1
cells treated with the chemical NLRP3 inflammasome agonist
R837/imiquimod.(13) Prior to treatment with R837, THP-1 cells
were differentiated into macrophagic cells by PMA treatment
and were then primed with LPS to efficiently induce the tran-
scription of pro-IL-1b. We found that WP1066 was among the
strongest compounds that inhibited R837-induced IL-1b release
from THP-1 cells (Fig. 1a). While IL-1b was continuously
released from THP-1 cells after R837 stimulation, 10 lM
WP1066 completely suppressed IL-1b release during the 120-
min treatment with R837 (Fig. 1b), and as little as 1 lM
WP1066 suppressed IL-1b release 60 min after stimulation
(Fig. 1c). Immunoblot (IB) analysis of IL-1b released into the
culture supernatant of THP-1 cells revealed that WP1066 also
strongly suppressed the release of IL-1b and unprocessed pro-
IL-1b in response to the bacterial toxin nigericin, monosodium
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urea (MSU) crystals and low osmolarity (treatment with 2:5
diluted Opti-MEM I Reduced-Serum Medium), all of which
have been shown to act as strong NLRP3 inflammasome ago-
nists(14–16) (Fig. 1d). These results suggest that WP1066 sup-
presses IL-1b release upon NLRP3 inflammasome activation
from THP-1 cells.
We next examined the effect of WP1066 on PECs. WP1066

suppressed the nigericin- and R837-induced release of IL-1b
together with that of active caspase-1, as shown by IB analysis
of the culture supernatant of PECs (Fig. 1e, upper two panels),
suggesting that WP1066 also suppresses IL-1b release upon
NLRP3 inflammasome activation in PECs. IB analysis of PEC

lysates revealed that WP1066 suppressed the nigericin- or
R837-induced processing and activation of caspase-1 (Fig. 1e,
lower three panels). Although we could not examine the effect
of WP1066 on caspase-1 activation in THP-1 cells because of
the unavailability of antibodies detecting active caspase-1 in
human cells, the NLRP3 inflammasome or its upstream path-
way may be at least one of the targets of WP1066 in inflam-
masome agonist-induced IL-1b release.

WP1066 suppresses cell death induced by inflammasome ago-

nists. In IB analysis of the culture supernatant of THP-1 cells,
we noticed that b-actin was released from the cells in a time-
dependent manner similar to that of IL-1b release after R837

(a)

(b)

(d)

(e)

(c)

Fig. 1. WP1066 suppresses IL-1b release from
differentiated THP-1 cells and peritoneal exudate
cells (PECs). (a) Differentiated THP-1 cells were pre-
treated with 1% dimethylsulfoxide (DMSO)
(control) or 1 lM of each compound for 30 min
and treated with 10 lg/mL R837 for 2 h. IL-1b
secretion relative to control was determined by
analyzing the culture supernatants with an IL-1b
enzyme linked immunosorbent assay (ELISA). Data
are an average of two independent experiments
and are sorted in descending order. The black bar
indicated by an arrow shows the result for WP1066.
(b, c) Differentiated THP-1 cells were pretreated
with 10 lM (b) or the indicated doses (c) of
WP1066 for 30 min and treated with 10 lg/mL R837
for the indicated periods (b) or for 2 h (c). The
culture supernatants were subjected to an IL-1b
ELISA. Data are shown as the mean � SEM (n = 3).
***P < 0.001, Student’s t-test (b) and Dunnett’s
multiple comparison test (c), compared with the
cells treated with R837 but not with WP1066. (d)
Differentiated THP-1 cells were pretreated with
10 lM WP1066 for 30 min and treated with 5 lM
nigericin, 10 lg/mL R837, 50 lg/mL MSU, or low
osmolarity (Low Osm) for 2 h. The culture
supernatants (Sup) and cell lysates were subjected
to IB analysis. (e) PECs were pretreated with 10 lM
WP1066 for 30 min and treated with 5 lM nigericin
or 10 lg/mL R837 for 2 h. The culture supernatants
(Sup) and cell lysates were subjected to IB analysis.
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stimulation (Fig. 2a). This raised the possibility that cell death
was induced by inflammasome agonists, as has been shown in
the case of pyroptosis, a form of cell death mediated by the
activation of caspase-1.(17) In fact, the LDH release assay
revealed that R837 strongly induced the death of THP-1 cells,
an effect that was suppressed by pretreatment with WP1066
(Fig. 2b). When dead cells were detected through the cellular
incorporation of propidium iodide (PI), R837-induced death
and the strong inhibitory effect of WP1066 on it were con-
firmed in THP-1 cells (Fig. 2c, upper graph). This R837-
induced death was strongly inhibited by the addition of high
KCl to the culture medium. High KCl is known to inhibit
NLRP3 inflammasome activation and cell death by blocking
K+ efflux, a common trigger of NLRP3 inflammasome activa-
tion, as confirmed by the considerable reduction in released
IL-1b in the culture supernatant(18,19) (Fig. 2c, lower panel).
On the other hand, the inhibition of cell death by the caspase-
1 inhibitor Ac-YVAD-CMK was limited, although it effec-
tively suppressed caspase-1 activation, as confirmed by the
reduction in cleaved IL-1b in the supernatant (Fig. 2c). We
found similar results when THP-1 cells were stimulated with
nigericin (Fig. 2d). Furthermore, the R837-induced death of

PECs was suppressed by WP1066, whereas it was not sup-
pressed but rather enhanced by Ac-YVAD-CMK (Fig. 2e).
These results suggest that the site of action of WP1066 is not
limited to NLRP3 inflammasome activation, i.e., caspase-1
activation and that WP1066 targets the cell death-inducing
machinery that does not rely on caspase-1 activity in macro-
phages.

Inflammasome agonists do not induce STAT3 activa-

tion. Because WP1066 has been characterized as a STAT3
inhibitor, we examined the activation state of STAT3 by moni-
toring its phosphorylation at Y705 in THP-1 cells. Whereas
the basal phosphorylation of Y705 (P-Y705) was quite low in
undifferentiated THP-1 cells, P-Y705 increased in a time-
dependent manner in response to PMA and increased further
by 4-h priming with LPS (Fig. 3a). The PMA/LPS-induced
P-Y705 was attenuated by treatment with WP1066. The phos-
phorylation of STAT3 at S727, which has been reported to be
required for the mitochondrial translocation of STAT3,(20) did
not change throughout treatment with PMA and LPS, in con-
trast to P-Y705. We first expected that inflammasome agonists
would further activate STAT3 to facilitate NLRP3 inflamma-
some activation and cell death, but quite the contrary, R837

Fig. 2. WP1066 suppresses cell death induced by
inflammasome agonists. (a) Differentiated THP-1
cells were treated with 10 lg/mL R837 for the
indicated periods. The culture supernatants (Sup)
were subjected to IB analysis. (b) Differentiated
THP-1 cells were pretreated with 10 lM WP1066 for
30 min and treated with 10 lg/mL R837 for 2 h.
Cells were subjected to an lactate dehydrogenase
(LDH) release assay. Data are shown as the
mean � SEM (n = 3). **P < 0.01, Student’s t-test,
compared with the cells treated with R837 but not
with WP1066. (c, d) Differentiated THP-1 cells were
pretreated with 10 lM WP1066 (WP), 20 lM Ac-
YVAD-CMK (YV), or 60 mM KCl for 30 min and
treated with 10 lg/mL R837 (c) or 5 lM nigericin
(d) for 2 h. Cells were subjected to a propidium
iodide (PI) assay, and the culture supernatants were
subjected to IB analysis. Data are shown as the
mean � SEM (n = 3). **P < 0.01, ***P < 0.001,
Dunnett’s multiple comparison test, compared with
the cells treated with R837 but not with any
inhibitors. (e) Peritoneal exudate cells (PECs) were
pretreated with 10 lM WP1066 (WP), 20 lM Ac-
YVAD-CMK (YV), or 60 mM KCl for 30 min and
treated with 10 lg/mL R837 for 2 h. Cells were
subjected to a PI assay. Data are shown as the
mean � SEM (n = 3). **P < 0.01, ***P < 0.001,
Dunnett’s multiple comparison test, compared with
the cells treated with R837 but not with any
inhibitors.

Cancer Sci | March 2017 | vol. 108 | no. 3 | 523 © 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Original Article
www.wileyonlinelibrary.com/journal/cas Honda et al.



time-dependently decreased P-Y705 that had been induced by
pretreatment with PMA and LPS (Fig. 3b). Moreover, none of
other NLRP3 inflammasome agonists examined increased
STAT3 P-Y705 (Fig. 3c).

WP1066 suppresses inflammasome agonist-induced cell death

independently of its inhibitory effect on STAT3. We then exam-
ined the involvement of STAT3 in IL-1b release and cell death
using different JAK inhibitors that have previously been shown
to inhibit STAT3 activation. Ruxolitinib (INCB018424), a
well-characterized inhibitor of JAK1 and JAK2,(21) strongly
suppressed STAT3 P-Y705 but unexpectedly did not suppress
IL-1b release from THP-1 cells treated with R837 (Fig. 4a).
The inhibitory effect of AG490, the predecessor compound of
WP1066, on R837-induced IL-1b release was much weaker

than that of WP1066 (Fig. 4b). Consistent with these results,
neither ruxolitinib nor AG490 suppressed the R837-induced
death of THP-1 cells (Fig. 4c). Thus, the inhibitory effect of
WP1066 on inflammasome agonist-induced cell death does not
appear to depend on its inhibitory effect on STAT3, and
WP1066 may target cell death-inducing molecules other than
those involved in JAK-STAT3 signaling.

WP1066 induces the death of undifferentiated THP-1 cells. As
described above, WP1066 has been shown to induce apoptosis

Fig. 3. Inflammasome agonists do not induce STAT3 activation. (a)
THP-1 cells were treated with 0.1 lM phorbol 12-myristate 13-acetate
(PMA) for the indicated periods and then treated with lipopolysaccha-
ride (LPS) for 1 or 4 h. Cells were treated with or without WP1066 for
2 h before lysis. Cell lysates were subjected to immunoblot (IB) analy-
sis. (b) THP-1 cells were treated with 0.1 lM PMA for 24 h followed
by treatment with 100 ng/mL LPS for 4 h and were further treated
with 10 lg/mL R837 for the indicated periods. Cells were or were not
treated with WP1066 30 min before treatment with R837. Cell lysates
were subjected to IB analysis. (c) Differentiated THP-1 cells were pre-
treated with 10 lM WP1066 for 30 min and treated with 5 lM nigeri-
cin, 10 lg/mL R837, 50 lg/mL MSU, or low osmolarity (Low Osm) for
2 h. Cell lysates were subjected to IB analysis.

Fig. 4. WP1066 suppresses inflammasome agonist-induced cell death
independently of its inhibitory effect on STAT3. (a) Differentiated
THP-1 cells were pretreated with the indicated doses of ruxolitinib or
WP1066 for 30 min and treated with 10 lg/mL R837 for 2 h. The cul-
ture supernatants (Sup) and cell lysates were subjected to immunoblot
(IB) analysis. (b) Differentiated THP-1 cells were pretreated with the
indicated doses of AG490 or WP1066 for 30 min and treated with
10 lg/mL R837 for 2 h. The culture supernatants (Sup) and cell lysates
were subjected to IB analysis. (c) Differentiated THP-1 cells were pre-
treated with 10 lM WP1066, AG490 (AG), or ruxolitinib (RX) for
30 min and treated with 10 lg/mL R837 for 2 h. Cells were subjected
to a propidium iodide (PI) assay. Data are shown as the mean � SEM
(n = 3). ***P < 0.001, Dunnett’s multiple comparison test, compared
with the cells treated with R837 but not with any inhibitors.

© 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | March 2017 | vol. 108 | no. 3 | 524

Original Article
WP1066 suppresses macrophage cell death www.wileyonlinelibrary.com/journal/cas



in a variety of malignant cells.(3–7) We thus examined whether
WP1066 itself affected the viability of THP-1 cells. Whereas
WP1066 exhibited no obvious toxicity on PMA-differentiated
THP-1 cells, it clearly induced the death of undifferentiated
THP-1 cells 6 h after stimulation (Fig. 5a). More prolonged
treatment with WP1066 (for 12 h) still did not induce the
death of differentiated THP-1 cells but strongly induced the
death of undifferentiated THP-1 cells (Fig. 5b). These results
suggest that the sensitivity of THP-1 cells to WP1066 largely
depends on their differentiation state. Similar to the inhibitory
effects on inflammasome agonist-induced cell death, neither
AG490 nor ruxolitinib induced the death of undifferentiated
THP-1 cells (Fig. 5a,b), and cell viability was not correlated
with the phosphorylation state of STAT3 Y705 (Fig. 5c). Thus,
the cell death-inducing activity of WP1066 may also not
depend on its inhibitory effect on STAT3.

WP1066 induces the death of glioma cells independently of its

inhibitory effect on STAT3. Given that WP1066 likely induces

the death of undifferentiated THP-1 cells by targeting mole-
cules other than those involved in JAK-STAT3 signaling, we
examined whether the well-characterized cell death-inducing
effects of WP1066 on glioma cells indeed were dependent on
its inhibitory effect on STAT3. Whereas WP1066 consistently
induced death and inhibited STAT3 P-Y705 in A172 glioma
cells (Fig. 6a), it induced death but did not inhibit STAT3
P-Y705 in another glioma cell line, T98G (Fig. 6b). In
addition, neither AG490 nor ruxolitinib, the latter of which
completely suppressed STAT3 P-Y705, induced death in both
cell lines. These results suggest that, contrary to previous find-
ings, WP1066 induces the death of glioma cells independently
of its inhibitory effect on STAT3.

Discussion

In this study, we found that WP1066 strongly suppressed
macrophage cell death and the extracellular release of IL-1b

Fig. 5. WP1066 induces the death of
undifferentiated THP-1 cells. (a, b) THP-1 cells were
treated with or without phorbol 12-myristate 13-
acetate (PMA) overnight and then washed twice
with PBS. Undifferentiated (left graphs; PMA (�))
and differentiated (right graphs; PMA (+)) THP-1
cells were treated with 10 lM WP1066, AG490 (AG),
or ruxolitinib (RX) for 6 h (a) or 12 h (b) in RPMI
1640 medium containing 8% fetal bovine serum
(FBS). Cells were subjected to a propidium
iodide (PI) assay. Data are shown as the
mean � SEM (n = 3). ***P < 0.001, Dunnett’s
multiple comparison test, compared with the
untreated cells. (c) Undifferentiated (left panels;
PMA (�)) and differentiated (right panels; PMA (+))
THP-1 cells pretreated as in (a, b) were treated with
10 lM WP1066, AG490 (AG), or ruxolitinib (RX) for
1 h. Cell lysates were subjected to IB analysis.
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induced by NLRP3 inflammasome agonists in two models of
macrophages, mouse primary PECs and PMA-differentiated
human THP-1 cells. IL-1b is essential for an appropriate acute
inflammatory response to various pathogens and injury, but its
dysregulated excess release leads to sepsis and septic shock or
to chronic inflammation.(8,11) Thus, the NLRP3 inflammasome
is a fascinating drug target for controlling IL-1b production. It
has indeed been reported that a small-molecule inhibitor of the
NLRP3 inflammasome is effective in treating various auto-
inflammatory and autoimmune diseases.(22) However, consider-
ing that the extracellular release of IL-1b upon cell death does
not totally depend on the activation state of the NLRP3 inflam-
masome, regulating cell death may be the ultimate way to con-
trol IL-1b production, particularly in the case of severe
inflammatory conditions, such as septic shock. In this regard,
it would be interesting to see if WP1066 could also effectively
suppress IL-1b production in in vivo models of inflammation.
Although cell death appears to be one of the potential ways

to release IL-1b from cells, the mechanisms by which macro-
phage cell death is induced by various inflammatory stimuli,
including NLRP3 inflammasome agonists, are still elusive. It
has recently been reported that R837 activates the NLRP3
inflammasome by inducing robust reactive oxygen species
through disturbing the quinone oxidoreductase NQO2 and
mitochondrial complex I,(23) but how R837 induces cell death
has not been clarified. In our experiments, the caspase-1 inhi-
bitor Ac-YVAD-CMK did not suppress the R837- or nigericin-
induced death of THP-1 cells or the R837-induced death of
PECs, suggesting that pyroptosis, which depends largely on
caspase-1, is not a major type of cell death in these conditions.
In fact, it has recently been reported that necrosis mostly con-
tributes to IL-1b release at least from THP-1 cells.(24) Never-
theless, caspase-1 has been proposed to induce necrosis
independently of its catalytic activity,(25) which may indeed be
induced in our experiments particularly in the presence of Ac-
YVAD-CMK (Fig. 2). Thus, we should further carefully exam-
ine the role of caspase-1 in macrophage cell death induced by
various inflammatory stimuli. Although we concluded in this
study that WP1066 suppresses inflammasome agonist-induced
macrophage cell death independently of its effect on JAK-
STAT3 signaling, identification of the molecules targeted by

WP1066 in stimulated macrophages will shed new light on the
mechanism regulating inflammatory cell death in macrophages.
The induction of death in THP-1 cells only in their undiffer-

entiated state was an unexpected effect of WP1066. Interest-
ingly, this cell death-promoting effect of WP1066 on
undifferentiated THP-1 cells was also independent of its effect
on JAK-STAT3 signaling. Although it is unknown at the pre-
sent time whether the target molecules of WP1066 differ
between undifferentiated and differentiated THP-1 cells,
WP1066 generally targets molecules critical for the regulation
of cell death regardless of cellular conditions. This difference
in sensitivity to WP1066 between the two differentiation states
of THP-1 cells suggests that the range of cell death-inducing
stimuli differs depending on the differentiation state of the
THP-1 cells. This might account for the mechanism by which
activated macrophages are prone to inflammatory death when
they should release intracellular cytokines such as IL-1b.
WP1066 would also be a strong tool to use in exploring this
issue.
The results that WP1066 induced death in two glioma cell

lines, A172 and T98G, apparently independently of the activa-
tion state of STAT3 were unexpected. Of course, we need to
examine many more cell types, including those other than
glioma cells, to confirm our conclusion. However, this appears
to provide an important caution with regard to the clinical use
of this compound. In this case, neither the phosphorylation
level of STAT3 nor the activity of JAKs may be suitable
markers for the use of WP1066, at least in malignant glioma.
Thus, identification of the WP1066 target molecules that are
critical for cell death regulation would be a rather difficult but
reliable approach to ensure the appropriate clinical use of this
compound.
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