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IntroductIon
The inflammasomes are protein complexes formed by innate 

immune sensors, including NOD-like receptor (NLR) family 

members NLRP1, NLRP3, and NLRC4, as well as other 

non-NLR receptors, such as AIM2 and IFI16 (Martinon et 

al., 2009; Davis et al., 2011; Jo et al., 2016). Upon activa-

tion, the sensor proteins oligomerize and then recruit adaptor 

protein ASC, which then binds with caspase-1 to form in-

flammasomes. The assembly of inflammasome results in the 

cleavage and activation of caspase-1, which then promotes 

pyroptosis or the maturation and secretion of several proin-

flammatory cytokines, such as IL-1β or IL-18 (Chen et al., 

2009; Liu and Cao, 2016). In contrast to other sensor proteins, 

NLRP3 can sense many different factors derived from not 

only pathogen but also environment or host, so the aberrant 

activation of the NLRP3 inflammasome has been regarded 

as an important initiator or promoter in a variety of human 

complex diseases, including type 2 diabetes (T2D), gout, 

atherosclerosis, and neurodegenerative diseases (Martinon 

et al., 2006; Duewell et al., 2010; Masters et al., 2010; Zhou 

et al., 2010; Wen et al., 2011; Heneka et al., 2012; Lamkanfi 

and Dixit, 2012; Broderick et al., 2015), suggesting that the 

NLPR3 inflammasome might be a potential target for the 

treatment of these diseases.

The current available clinical treatment for NLRP3- 

related diseases is the agents that target IL-1β, including the 

recombinant IL-1 receptor antagonist anakinra, the neutral-

izing IL-1β antibody canakinumab, and the soluble decoy 

IL-1β receptor rilonacept (Dinarello et al., 2012). This ap-

proach has been used in clinic for the treatment of cryopy-

rin-associated autoinflammatory syndrome (CAPS), which 

is caused by gain-of-function mutations of NLRP3, and has 

also been tested in clinical trials for other NLRP3-related 

diseases (Dinarello et al., 2012; Dinarello and van der Meer, 

2013). However, there are some concerns regarding this treat-

ment. First, IL-1β production is not the only biological effect 

of NLRP3 inflammasome activation; the pyroptosis or other 

proinflammatory factors, such as IL-18 and HMGB1, might 

also are involved in the pathogenesis of diseases (Lu et al., 

2012; Nowarski et al., 2015). Second, IL-1β is produced not 
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only by the NLRP3 inflammasome but also by other inflam-

masomes or in an inflammasome-independent way (Davis et 

al., 2011; Netea et al., 2015), so inhibition of IL-1β function 

might have more immunosuppressive effects than inhibition 

of NLRP3 itself. Thus, the inhibitors for NLRP3 inflam-

masome might be a better choice than the agents that target 

IL-1β for the treatment of NLRP3-driven diseases.

Although both the components of NLRP3 inflam-

masome, including NLRP3, NEK7, ASC, and caspase-1, 

and the related signaling events, including priming, mito-

chondrial damage, potassium efflux, and chloride efflux, 

can be targeted to inhibit NLRP3 inflammasome activa-

tion, only directly targeting NLRP3 itself can specifically 

inhibit the NLRP3 inflammasome. A few NLRP3 inflam-

masome inhibitors, including sulforaphane, isoliquiritigenin, 

β-hydroxybutyrate (BHB), flufenamic acid, mefenamic acid, 

3,4-methylenedioxy-β-nitrostyrene (MNS), parthenolide, 

BAY 11-7082, INF39, and MCC950 (Juliana et al., 2010; He 

et al., 2014; Honda et al., 2014; Youm et al., 2015; Daniels et 

al., 2016; Greaney et al., 2016; Cocco et al., 2017), have been 

developed, but there is no evidence showing that these com-

pounds can specifically and directly inhibit NLRP3 itself. Sul-

foraphane is not specific to NLRP3 inflammasome and also 

has shown inhibitory activity for AIM2 or NLRC4 inflam-

masome and NF-κB activation (Heiss et al., 2001; Greaney et 

al., 2016). Isoliquiritigenin is also a potential inhibitor for the 

NF-κB signaling pathway (Honda et al., 2012). BHB inhibits 

NLRP3 inflammasome activation by preventing potassium 

efflux (Youm et al., 2015). Flufenamic acid and mefenamic 

acid inhibit NLRP3 inflammasome activation through the 

suppression of chloride efflux (Daniels et al., 2016). Parthen-

olide, BAY 11-7082, INF39, and MNS have been reported 

to directly inhibit NLRP3 ATPase activity, but these inhibi-

tors have unspecific roles (Juliana et al., 2010; He et al., 2014; 

Cocco et al., 2017). MNS has been known to inhibit the 

activity of tyrosine kinases, such as Src and Syk (Wang et al., 

2006). Parthenolide, BAY 11-7082, and INF39 have broad 

anti-inflammatory activities and can suppress NF-κB activa-

tion (Yip et al., 2004; Strickson et al., 2013; Cocco et al., 

2017). MCC950 has shown strong NLRP3 inflammasome 

inhibitory activity and beneficial effects in several mice mod-

els of NLRP3-related diseases, but it does not directly inhibit 

NLRP3–NLRP3, NLRP3–ASC, or NEK7–NLRP3 interac-

tion (Coll et al., 2015; Dempsey et al., 2017), suggesting that 

it might target an unknown upstream signaling event of the 

NLRP3 inflammasome. Thus, compounds directly and spe-

cifically targeting NLRP3 itself are still not available.

Here, we identified an NLRP3 inflammasome inhibitor, 

CY-09, that directly bound to the ATP-binding site of the 

NLRP3 NAC HT domain and inhibited its ATPase, oligomer-

ization, and NLRP3 inflammasome activation. More important, 

we provide evidence showing that directly targeting NLRP3 

itself by CY-09 could inhibit NLRP3 inflammasome activation 

in vivo and had remarkable therapeutic effects on the mouse 

models of NLRP3-driven diseases, such as T2D and CAPS.

reSuLtS
cY-09 specifically blocks nLrP3 activation in macrophages
To provide a potential approach for the treatment of  

NLRP3-driven diseases, we screened NLRP3 inhibitors  

in an in-house bioactive compound library and found  

CFTR(inh)-172 (C172), which is an inhibitor for the cystic 

fibrosis transmembrane conductance regulator (CFTR) chan-

nel (Ma et al., 2002), could inhibit NLRP3 inflammasome 

activation. C172 treatment blocked nigericin-induced 

caspase-1 activation and IL-1β secretion in LPS-primed bone 

marrow–derived macrophages (BMDMs; Fig.  1, A–C). In 

addition, cytosolic LPS–induced noncanonical NLRP3 acti-

vation was also suppressed by C172 (Fig. 1 D). We also exam-

ined whether C172 had an impact on LPS-induced priming 

for inflammasome activation. When BMDMs were stimu-

lated with C172 before or after LPS treatment, C172 had 

no effect on LPS-induced NLRP3 and pro–IL-1β expression 

(Fig. 1 E), suggesting that C172 did not affect LPS-induced 

priming. These results indicate that C172 is a specific inhibi-

tor for NLRP3 activation.

Because C172 is an inhibitor for CFTR (Ma et al., 

2002), we then examined whether C172 inhibited NLRP3 

activation via blocking CFTR activity. Cftr−/− BMDMs pro-

duced comparable IL-1β with WT BMDMs when stimu-

lated with nigericin (Fig.  1  F). Moreover, C172 still could 

block nigericin-induced IL-1β production (Fig. 1 F). These 

results indicate that C172 blocks NLRP3 activation in a 

CFTR-independent manner.

Because the inhibitory effects of C172 on NLRP3 ac-

tivation do not depend on its CFTR-inhibitory activity, we 

then evaluated the effects of several C172 analogues without 

CFTR-inhibitory activity, which were described previously 

(Sonawane and Verkman, 2008), on NLRP3 activation. We 

found that an analogue, CY-09 (Fig. 2 A), showed comparable 

activity for NLRP3 inhibition with C172. CY-09 exhibited 

a dose-dependent inhibitory effect on monosodium urate 

(MSU), nigericin, and ATP-induced caspase-1 activation 

and IL-1β secretion at the doses of 1–10 µM in LPS-primed 

BMDMs (Fig. 2, B–D). Cytosolic LPS–induced noncanoni-

cal NLRP3 activation in BMDMs could also be blocked by 

CY-09 treatment (Fig. 2 E). We also examined the specificity 

of the effect of CY-09 on NLRP3 activation and found that 

CY-09 had no effect on cytosolic double-stranded DNA–

induced AIM2 inflammasome and Salmonella infection– 

induced NLRC4 inflammasome activation (Fig. 2, F and G). 

In addition, CY-09 treatment had no effect on LPS-induced 

TNF-α production, pro–IL-1β, and NLRP3 expression (Fig. 

S1, A and B). LPS-induced priming could affect the ubiq-

uitination status of NLRP3 and then regulated NLRP3 ac-

tivation (Juliana et al., 2012), and we found that CY-09 had 

no effects on NLRP3 ubiquitination during LPS-induced 

priming (Fig. S1 C). Indeed, CY-09 could inhibit caspase-1 

activation when treated just before nigericin stimulation in 

BMDMs (Fig. S1 D). These results suggest that CY-09 has 

no effect on LPS-induced priming in BMDMs. Consistent 
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with the inflammasome inhibition. CY-09 also blocked ni-

gericin-induced BMDM death (Fig. S1 E).

A few compounds, including sulforaphane, isoliquir-

itigenin, BHB, flufenamic acid, mefenamic acid, parthe-

nolide, BAY 11-7082, and MCC950, have been reported 

to inhibit NLRP3 inflammasome activation (Juliana et al., 

2010; Honda et al., 2014; Youm et al., 2015; Daniels et al., 

2016; Greaney et al., 2016); we thus compared the activity 

Figure 1. c172 inhibits nLrP3 activation via cFtr-independent manner. (A) C172 structure. (B) Immunoblot analysis of IL-1β and cleaved caspase-1 

in culture supernatants (SN) of LPS-primed BMDMs treated with various doses (above lanes) of C172 and then stimulated with nigericin. (C and D) ELI SA 

of IL-1β (C) and IL-18 (D) in supernatants from LPS-primed BMDMs treated with various doses (above lanes) of C172 and then stimulated with nigericin. 

(E) Immunoblot analysis of the indicated proteins in lysates from BMDMs treated with LPS for 3 h and stimulated with different doses of C172 for 30 min 

(C172 after LPS) or BMDMs treated with different doses of C172 for 30 min and then stimulated with LPS for 3 h (C172 before LPS). (F) ELI SA of IL-1β in 

supernatants from LPS-primed WT or Cftr−/− BMDMs that were treated with nigericin with or without the presence of C172 (20 µM). Data are from three 

independent experiments with biological duplicates in each (C, D, and F; mean and SEM of n = 6) or are representative of three independent experiments (B 

and E). Statistics were analyzed using an unpaired Student’s t test: *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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and specificity of these inhibitors with CY-09. Among these 

inhibitors, MCC950 showed the best inhibitory activity for 

NLRP3 inflammasome, while CY-09 had comparable ac-

tivity with sulforaphane, isoliquiritigenin, parthenolide, and 

BAY 11-7082 (Fig. 3 A). Consistent with previous studies 

(Juliana et al., 2010; Greaney et al., 2016), sulforaphane and 

parthenolide could also inhibit AIM2 or NLRC4 inflam-

masome activation (Fig. 3, B and C), suggesting they are not 

specific NLRP3 inflammasome inhibitors. Previous stud-

ies have shown that sulforaphane, isoliquiritigenin, BHB, 

flufenamic acid, mefenamic acid, parthenolide, and BAY 

11-7082 have inhibitory activity for NF-κB (Heiss et al., 

2001; Yip et al., 2004; Honda et al., 2012; Strickson et al., 

2013; Fu et al., 2015; Goldberg et al., 2017; Pongkorpsakol 

et al., 2017), we confirmed these results and found that they 

could suppress LPS-induced TNF-α production or pro–

IL-1β expression when BMDMs were treated with these 

inhibitors before LPS stimulation (Fig. S2, A and B), sug-

gesting that these inhibitors have broad anti-inflammatory 

activity. In contrast, CY-09 and MCC950 specifically in-

hibited NLRP3 inflammasome activation and had no ef-

fect on LPS-induced priming effects (Fig.  3 and Fig. S2). 

Thus, these results indicate that CY-09 is a specific inhibitor 

for NLRP3 inflammasome.

cY-09 inhibits nLrP3 oligomerization 
and inflammasome assembly
We then asked how CY-09 inhibited NLRP3 activation. 

ASC oligomerization is critical for the subsequent caspase-1 

activation (Lu et al., 2014; Dick et al., 2016). We found that 

CY-09 treatment remarkably suppressed nigericin-induced 

ASC oligomerization (Fig.  4  A), indicating that CY-09 

acts upstream of ASC oligomerization to inhibit the sub-

sequent caspase-1 activation and IL-1β production. Mi-

tochondria damage, represented as mitochondria fission, 

clustering and reactive oxygen species production, is pro-

posed as an upstream signaling event of NLRP3 activa-

tion (Zhou et al., 2011). CY-09 treatment had little effects 

on nigericin-induced mitochondrial damage and reac-

tive oxygen species production (Fig.  4 B), suggesting that 

CY-09 does not affect mitochondrial damage in NLRP3 

inflammasome activation.

We next examined whether CY-09 inhibited potassium 

efflux, another upstream signaling event of NLRP3 activation 

(Pétrilli et al., 2007; Muñoz-Planillo et al., 2013). Nigericin 

induced a decrease of intracellular potassium dramatically in 

Nlrp3−/− BMDMs, but this was not suppressed by CY-09 

(Fig. 4 C), suggesting that it has no effect on potassium efflux 

during NLRP3 inflammasome activation. BHB could sup-

Figure 2. cY-09 blocks nLrP3 inflammasome activation. (A) CY-09 structure. (B) Immunoblot analysis of IL-1β and cleaved caspase-1 (p20) in culture 

supernatants (SN) of LPS-primed BMDMs treated with various doses (above lanes) of CY-09 and then stimulated with nigericin and immunoblot analysis of 

the precursors of IL-1β (pro–IL-1β) and caspase-1 (pro–caspase-1) in lysates of those cells (input). (C–G) ELI SA of IL-1β in supernatants from LPS-primed 

BMDMs treated with various doses of CY-09 and then stimulated with nigericin, MSU (C), ATP (D), cytosolic LPS (E), cytosolic poly(dA:dT) (F), or Salmonella 

(G). Data are from three independent experiments with biological duplicates in each (C–G; mean and SEM of n = 6) or are representative of three indepen-

dent experiments (B). Statistics were analyzed using an unpaired Student’s t test: *, P < 0.05; ***, P < 0.001.
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press nigericin-induced potassium efflux, whereas MCC950 

and flufenamic acid could not (Fig. 4 D).

In addition, volume-regulated anion channel–depen-

dent chloride efflux has been proposed as another upstream 

signaling event for NLRP3 activation (Daniels et al., 2016). 

Consistent with this study, we found that flufenamic acid 

treatment blocked nigericin-induced decrease of intracellular 

chloride Nlrp3−/− BMDMs (Fig.  4  E). In contrast, CY-09 

had no effect on nigericin-induced decrease of intracellular 

chloride (Fig.  4  E). MCC950 has shown strong inhibitory 

activity for NLRP3 inflammasome and beneficial effects in 

several mice models of NLRP3-related diseases (Coll et al., 

2015; Dempsey et al., 2017), but the mechanism is not well 

understood. Interestingly, we found that MCC950 could in-

hibit nigericin-induced chloride efflux in Nlrp3−/− BMDMs 

in a dose-dependent manner and correlated with its in-

hibitory activity for NLRP3 activation (Fig.  4 E), suggest-

ing that MCC950 might target chloride efflux to suppress 

inflammasome activation.

We then examined whether CY-09 inhibited the for-

mation of NLRP3 inflammasome complex. The two criti-

cal steps for NLRP3 inflammasome complex formation are 

NLRP3 oligomerization and recruitment of ASC to NLRP3 

oligomers (Martinon et al., 2009; Davis et al., 2011). We 

Figure 3. role of inhibitors on inflammasome activation. (A–C) ELI SA of IL-1β in supernatants from LPS-primed BMDMs treated with various doses of 

indicated inhibitors and then stimulated with nigericin (A), poly(dA:dT) (B), or Salmonella (C). Data are from three independent experiments with biological 

duplicates in each (mean and SEM of n = 6). Statistics were analyzed using an unpaired Student’s t test: *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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examined whether CY-09 could prevent direct NLRP3–

NLRP3 or NLRP3–ASC interactions. Indeed, we found that 

CY-09 treatment inhibited the interaction of Flag–NLRP3 

and mCherry–NLRP3 in HEK-293T cells, suggesting that 

CY-09 blocks NLRP3 oligomerization (Fig.  4  F). The ef-

fect of CY-09 on the endogenous NLRP3 oligomerization 

was confirmed using semi-denaturing detergent agarose gel 

electrophoresis (SDD-AGE; Fig. 4 G), a method for detecting 

large protein oligomers in studying prions (Alberti et al., 2009; 

Hou et al., 2011). Moreover, CY-09 treatment suppressed ni-

gericin-induced endogenous NLRP3–ASC interaction in 

BMDMs (Fig. 4 H). These results indicate that CY-09 inhibits 

inflammasome activation by blocking NLRP3 oligomeriza-

tion and inflammasome assembly.

cY-09 directly binds to nLrP3 and 
inhibits its AtPase activity
Because CY-09 inhibited NLRP3 oligomerization, we next 

investigated whether CY-09 inhibited NLRP3 oligomeriza-

tion by directly binding to NLRP3 protein. A synthesized 

biotinylated analogue of CY-09 (Fig. S3 A; biotin–CY-09) 

was used as an affinity reagent and incubated with cell lysates 

of LPS-primed BMDMs (Fig.  5 A) or PMA-differentiated 

THP-1 cells (Fig. S3 B). This compound was pulled down 

with streptavidin beads, and NLRP3 component proteins 

were detected by immunoblot analysis. The data showed that 

NLRP3, but not ASC or caspase-1, was pulled down by bi-

otin–CY-09 (Fig.  5  A and Fig. S3 B). In addition, NEK7, 

another component of NLRP3 complex (He et al., 2016; 

Figure 4. cY-09 inhibits nLrP3 inflammasome assembly. (A) Immunoblot analysis of ASC oligomerization in lysates of BMDMs treated with various 

doses (above lanes) of CY-09 and then stimulated with nigericin. SN, supernatants. (B) Confocal microscopy analysis in LPS-primed BMDMs treated with 

CY-09 (10 µM) and then stimulated with nigericin, followed by staining with MitoSOX and MitoTracker red. Nuclei were stained with DAPI. Bars, 10 µm.  

(C) Qualification of potassium efflux in LPS-primed BMDMs treated with different doses of CY-09 and then stimulated with nigericin. (D and E) Qualification 

of potassium (D) and chloride (E) efflux in LPS-primed BMDMs treated with different doses of indicated inhibitors and then stimulated with nigericin. (F) IP 

and immunoblot analysis of the interaction of Flag–NLRP3 and VSV–NLRP3 in the lysates of HEK-293T cells. (G) Immunoblot analysis of NLRP3 by SDD-AGE 

or SDS-PAGE assay in WT or Nlrp3−/− BMDMs treated with various doses of CY-09 and then stimulated with nigericin. (H) IP and immunoblot analysis of 

the interaction of endogenous NLRP3 and ASC in LPS-primed BMDMs treated with various doses (above lanes) of CY-09 and then stimulated with nigericin. 

Data are from three independent experiments with biological duplicates in each (C–E; mean and SEM of n = 6) or are representative of three independent 

experiments (A, B, and F–H). Statistics were analyzed using an unpaired Student’s t test: *, P < 0.05; ***, P < 0.001.
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Schmid-Burgk et al., 2016; Shi et al., 2016), was also not pulled 

down (Fig. S3 C). Moreover, the pull-down of NLRP3 by bi-

otin–CY-09 could be competed off by free CY-09 (Fig. 5 B). 

To determine whether CY-09 interacts with NLRP3 di-

rectly, purified human NLRP3 protein was incubated with 

biotin–CY-09, and NLRP3 could be pulled down with bi-

otin–CY-09 and competed off by free CY-09 (Fig. 5, C and 

D; and Fig. S3 D), confirming that CY-09 directly interacts 

with NLRP3. To more precisely validate CY-09 as a potential 

NLRP3 inhibitor, we used microscale thermophoresis (MST) 

assay to measure the direct interaction between CY-09 and 

GFP-NLRP3. The equilibrium dissociation constant (KD) 

between CY-09 and purified GFP-NLRP3 was about 500 

nM (Fig. 5 E and Fig. S3 E).

We next studied whether CY-09 bound to other in-

nate immune sensors. Flag-tagged NLRP3, NOD1, NOD2, 

AIM2, and NLRC4 were overexpressed in HEK-293T cells, 

and the cell lysates were then incubated with biotin–CY-09. 

The results showed that only NLRP3 could be pulled down 

(Fig.  5  F), suggesting that CY-09 specifically binds with 

NLRP3. NLRP3 contains three functional domains, LRR, 

NAC HT, and PYD. We then studied which domain was re-

sponsible for the binding between NLRP3 and CY-09, and 

the results showed that only NAC HT domain of NLRP3 

bound CY-09 (Fig. 5 G). These results indicate that CY-09 

directly binds to the NAC HT domain of NLRP3.

Previous results have shown that the ATPase activity of 

NLRP3 NAC HT domain is essential for the oligomeriza-

tion of NLRP3 (Duncan et al., 2007); we thus tested whether 

CY-09 could affect the ATPase activity of NLRP3. The results 

showed that CY-09 inhibited the ATPase activity of purified 

NLRP3 at doses of 0.1–1 µM, as measured by the release of 

free phosphate (Fig. 6 A). The inhibitory effect of CY-09 on 

NLRP3 ATPase activity was specific because it had no effect 

on the ATPase activity of purified NLRC4, NLRP1, NOD2, 

or RIG-I (Fig. 6 B and Fig. S3 D).

Figure 5. cY-09 binds to the AtP-binding site of nLrP3 nAc Ht domain. (A) Cell lysates of LPS-primed BMDMs were incubated with different con-

centrations of biotin–CY-09, which were then pulled down with streptavidin beads. (B) Cell lysates of LPS-primed BMDMs or PMA-differentiated THP-1 cells 

were incubated with biotin–CY-09 and different concentrations of free CY-09, which were then pulled down with streptavidin beads. (C) Purified human 

NLRP3 protein was incubated with different concentrations of biotin–CY-09 and then pulled down with streptavidin beads. (D) Purified human NLRP3 pro-

tein was incubated with biotin–CY-09 and different concentrations of free CY-09, which were then pulled down with streptavidin beads. (E) MST assay for 

the affinity between CY-09 and purified GFP-NLRP3 protein. (F and G) Cell lysates from HEK-293T cells transfected with Flag-tagged NLRP3, NOD1, NOD2, 

AIM2, NLRC4, NLRP3–LRR, NLPR3–NAC HT, or NLRP3–PYD constructs were incubated with indicated concentration of biotin–CY-09, which were then pulled 

down with streptavidin beads. Data are representative of three independent experiments.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://ru

p
re

s
s
.o

rg
/je

m
/a

rtic
le

-p
d
f/2

1
4
/1

1
/3

2
1
9
/1

1
3
5
3
3
0
/je

m
_
2
0
1
7
1
4
1
9
.p

d
f b

y
 g

u
e
s
t o

n
 2

8
 A

u
g
u

s
t 2

0
2
2



Directly targeting NLRP3 by a small molecule | Jiang et al.3226

We also studied how CY-09 inhibited the ATPase ac-

tivity of NLRP3. NLRP3 contains two motifs in NAC HT 

domain that are important for its ATPase activity. Walker A 

motif is important for ATP binding, while Walker B motif is 

necessary for ATPase activity (MacDonald et al., 2013). Al-

though both mutants had no ATPase activity (Fig. 6 E), we 

found that mutation of Walker A motif of NLRP3 impaired 

the binding of CY-09 to NLRP3, but mutation of Walker B 

motif had no effect (Fig. 6 C). Consistent with this, CY-09 

competed off the binding of purified NLRP3 with ATP in a 

dose-dependent manner (Fig. 6 D). These results suggest that 

CY-09 binds to the Walker A motif of NLRP3 to abolish the 

ATP binding of NLRP3 and then blocks its ATPase activity. 

To further evaluate how CY-09 inhibited NLRP3 ATPase 

activity, we performed human NLRP3 homology modeling 

and docking calculation using a chain from crystal structure 

of rabbit NOD2 bound with ADP (Protein Data Bank acces-

sion no. 5IRM) as a template structure. The results showed 

that CY-09 was readily docked into the ATP-binding pocket 

formed by its NAC HT domain (Fig.  6  F). Thus, these re-

sults suggest that CY-09 may bind to the ATP-binding site 

of NLRP3 and then inhibit NLRP3 ATPase and subsequent 

NLRP3 oligomerization and activation.

cY-09 inhibits nLrP3 activation in vivo and prevents 
neonatal lethality in a mouse model of cAPS
We next examined the pharmacokinetic profile of this com-

pound before assessing the therapeutic potential of CY-09 

in vivo. The metabolic stability of CY-09 was first evaluated 

using human and mouse liver microsomes, exhibiting favor-

able stability with the half-life >145 min for both human 

and mouse microsomes (Table S1). CY-09 was tested against 

the five major cytochrome P450 enzymes 1A2, 2C9, 2C19, 

2D6, and 3A4 with half maximal inhibitory concentration 

(IC50) values of 18.9, 8.18, >50, >50, and 26.0 µM, respec-

tively (Table S2), which exhibited low risk of drug–drug 

interactions. To evaluate the potential for cardiotoxicity, we 

examined the effect of CY-09 on the human ether-a-go-go 

(hERG) potassium channel using the automated patch clamp 

method (QPatchHTX), and CY-09 showed no activity for 

hERG at 10 µM (Table S3). Then, the pharmacokinetic prop-

erties of CY-09 were further evaluated in C57BL/6J mice 

Figure 6. cY-09 inhibits nLrP3 AtPase 
activity. (A) ATPase activity assay for purified 

human NLRP3 in the presence of different 

concentrations of CY-09. (B) ATPase activity 

assay for purified Flag–NLRP3, NLRC4, NLRP1, 

NOD2 or RIG-I with or without presence of 

CY-09 (1 µM). (C) Cell lysates from HEK-293T 

cells transfected with Flag-tagged WT NLRP3 

or NLRP3 constructs with Walker A or Walker 

B motif mutation were incubated with dif-

ferent concentrations of biotin–CY-09 and 

then pulled down with streptavidin beads.  

(D) ATP-binding assay for purified Flag–NLRP3 

in the presence of different concentrations of 

CY-09. (E) ATPase activity assay for purified 

Flag–NLRP3 or mutants with or without pres-

ence of CY-09 (1 µM). (F) Docking complex of 

NLRP3 with CY-09. CY-09 is shown in sticks 

and colored green, while NLRP3 is shown in 

cartoon and colored light blue. Data are from 

three independent experiments with biological 

duplicates in each (A, B, and E; mean and SEM 

of n = 6) or are representative of two or three 

independent experiments (C and D). Statistics 

were analyzed using an unpaired Student’s 

t test: ***, P < 0.001.
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administered a single i.v. or oral dose. CY-09 exhibited fa-

vorable pharmacokinetics, with a half-life of 2.4 h, an area 

under the curve of 8,232 (h·ng)/ml, and bioavailability of 

72% (Table S4). With these data in hand, the in vivo efficacy 

of CY-09 was then evaluated.

Intraperitoneal injection of MSU elicited an NLRP3- 

dependent peritonitis characterized by IL-1β production and 

massive neutrophil influx (Martinon et al., 2006). Compa-

rable with MCC950, CY-09 treatment in vivo efficiently 

suppressed MSU injection–induced IL-1β production and 

neutrophil influx (Fig.  7, A–C), suggesting that CY-09 can 

block MSU-induced NLRP3 inflammasome activation in 

vivo. In contrast, CY-09 had no effect on Listeria monocyto-
genes infection–induced IL-1β production in Nlrp3−/− mice, 

suggesting that CY-09 has no inhibitory activity for AIM2 

inflammasome activation in vivo (Fig. 7 D).

Mutations in the gene coding for NLRP3 (such as 

A352V) have been shown to be associated with Muckle- 

Wells syndrome (MWS), which is an autoinflammatory syn-

drome characterized by excessive secretion of IL-1β (Ting et 

al., 2006). NLRP3 mutant mice with specific expression of 

MWS-associated mutation Nlrp3 (A350VneoR) in the my-

eloid lineage die in the neonatal period and have increased 

concentrations of circulating IL-1β and IL-18 (Brydges et al., 

2009). We then administrated CY-09 to NLRP3 mutant mice 

and found that CY-09-treated NLRP3 mutant mice had in-

creased body weight at day 9 compared with the control group 

(Fig. 7, E and F). CY-09 treatment also increased the survival 

of NLRP3 mutant mice up to days 30–48 even after treatment 

was stopped at day 25 (Fig. 7 G), suggesting that CY-09 can 

suppress the lethal inflammation caused by NLRP3 mutation. 

Collectively, these results suggest that CY-09 is active in vivo 

and can prevent NLRP3-dependent acute inflammation.

cY-09 reverses metabolic disorders in diabetic mice by 
inhibition of nLrP3-dependent inflammation
In addition to acute inflammation, NLRP3 inflammasome 

has been regarded as an important contributor for the chronic 

inflammation associated complex diseases, including T2D, 

Alzheimer’s disease, and atherosclerosis (Martinon et al., 

Figure 7. cY-09 inhibits nLrP3 activation in MSu-induced peritonitis and a mouse model of MWS. (A and B) ELI SA of IL-1β in the serum (A) or 

peritoneal cavity (B) of C57BL/6J mice intraperitoneally injected with MSU (1 mg/mouse) with or without CY-09 (40 mg/kg) or MCC950 (40 mg/kg). Data are 

representative of two independent experiments (mean and SEM of n = 6). (C) FACS analysis of neutrophil numbers in the peritoneal cavity of C57BL/6J mice 

intraperitoneally injected with MSU (1 mg/mouse) with or without CY-09 (40 mg/kg) or MCC950 (40 mg/kg). Data are representative of two independent 

experiments (mean and SEM of n = 6). (D) ELI SA of IL-1β in serum of Nlrp3−/− mice intraperitoneally injected with L. monocytogenes (L.mon; 5 × 106) for 

8 h with or without CY-09 (40 mg/kg). (E) Weight of WT or Nlrp3A350VneoR crossed with LysM-Cre mice (NLRP3-mut) treated with CY-09 or MCC950 at day 

9. Data are representative of two independent experiments (mean and SEM). WT vehicle, WT CY-09, and WT MCC950 (n = 6), NLRP3-mut vehicle (n = 4), 

NLRP3-mut CY-09 or MCC950 (n = 5). (F) NLRP3-mut mice treated with CY-09 or MCC950 on day 9. (G) Survival of NLRP3-mut mice treated with vehicle 

or CY-09 up to day 49 (CY-09 withdrawn at day 25). Data are representative of two independent experiments. CY-09 group (n = 8), MCC950 group (n = 8), 

vehicle group (n = 9). Statistics were analyzed using an unpaired Student’s t test (A–E) or a generalized Wilcoxon test (G): ***, P < 0.001.
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2006; Duewell et al., 2010; Masters et al., 2010; Zhou et al., 

2010; Wen et al., 2011; Heneka et al., 2012; Lamkanfi and 

Dixit, 2012; Broderick et al., 2015), suggesting the possibil-

ity to treat these diseases by inhibition of NLRP3 inflam-

masome-dependent inflammation. We then tested whether 

CY-09 treatment was effective in reversing metabolic disorders 

in diabetic mice. The WT mice and Nlrp3−/− mice were fed 

with a high-fat diet (HFD) for 14 wk and then treated with 

CY-09 once a day at a dose of 2.5 mg/kg for 6 wk. CY-09 

treatment reduced food intake and weight gain significantly 

compared with the control group (Fig. 8, A and B). We also 

found that CY-09 treatment significantly reduced fasting or 

basal blood glucose concentrations in HFD-treated WT mice 

(Fig.  8, C and D). The insulin level in blood was also de-

creased by CY-09 administration (Fig. 8 E). In addition, the 

CY-09-treated mice showed better insulin sensitivity than 

controls (Fig. 8, F and H). However, the beneficial effects of 

CY-09 on metabolic disorders were not observed in HFD-fed 

Nlrp3−/− mice (Fig. 8, A–E, G, and I), suggesting that CY-09 

alleviates diabetic symptoms via inhibition of NLRP3 inflam-

masome. We also evaluated whether CY-09 treatment had any 

effect on HFD-induced hepatic steatosis and found that mice 

treated with CY-09 showed much less intracellular lipid accu-

mulation in the liver compared with control mice (Fig. 8 J). 

Thus, these results indicate that CY-09 treatment can reverse 

NLRP3-dependent metabolic disorders in diabetic mice.

In diabetic mice, NLRP3-dependent low-grade meta-

inflammation in metabolic organs, such as liver or adipose 

Figure 8. treatment of metabolic disorders in HFd-induced diabetic mice with cY-09. (A and B) Food intake and body weight change of WT or 

Nlrp3−/− mice that were first fed with an HFD for 14 wk and then treated with CY-09 for 6 wk. n = 6–8 per group. (C and D) Fasting (C) or fed (D) blood 

glucose concentrations at week 6 in the mice described in A. n = 6–8. (E) Fasting blood insulin concentration at week 6 in the mice described in A. n = 6–8 

per group. (F–I) Glucose tolerance test (F and H) and insulin tolerance test (G and I) performed at week 6 in the mice described in A. n = 6–8 per group. (J) 

Representative H&E staining of liver sections of WT or Nlrp3−/− mice that were first fed with an HFD for 14 wk and then treated with CY-09 for 6 wk. Bar, 50 

µm; n = 6. Data are shown as mean and SEM and are representative of two independent experiments. Statistics were analyzed using an unpaired Student’s 

t test (A–E) or two-way ANO VA for (F–I): *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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tissue, is critical for the development of T2D (Stienstra et 

al., 2010; Yan et al., 2013). To further confirm that CY-09 

reverses metabolic disorders through inhibition of NLRP3 

activation, we examined whether CY-09 treatment inhibited 

NLRP3 inflammasome activation and metainflammation in 

diabetic mice. As expected, NLRP3-dependent IL-1β pro-

duction in serum, liver, or adipose tissues of HFD-treated 

mice was impaired by CY-09 treatment (Fig. 9, A–C). The 

caspase-1 cleavage observed in adipose tissue of HFD-treated 

mice was also suppressed by CY-09 (Fig. 9 D), indicating that 

CY-09 treatment can inhibit metabolic stress-induced in-

flammasome activation in vivo. In addition, the production of 

TNF-α and MCP-1, which are inflammasome-independent 

cytokines, were also decreased in HFD-treated mice 

(Fig. 9, E–H), which was consistent with the observation in 

Nlrp3−/− mice. These results suggest that CY-09 treatment 

not only blocks metabolic stress-induced NLRP3 inflam-

masome activation but also suppresses NLRP3-dependent 

metainflammation. Thus, these results indicate that CY-09 

can treat metabolic disorders by inhibition of NLRP3 in-

flammasome in diabetic mice.

We also examined the effects of CY-09 on the meta-

bolic parameters of normal lean mice. C57BL/6J mice fed 

with a normal diet were treated with CY-09 once a day at 

a dose of 2.5 mg/kg for 9 wk, and the results revealed that 

CY-09 treatment had no effect on the metabolic parameters 

and serum chemistry (Fig. S4).

cY-09 is active ex vivo for cells from healthy 
human or gouty patients
We next examined whether CY-09 was effective for human 

cells. First, we found that CY-09 could efficiently inhibit 

nigericin-induced NLRP3 inflammasome activation in 

human THP-1 cells (Fig. 10 A). Moreover, nigericin-induced 

caspase-1 activation and IL-1β production in human periph-

eral blood mononuclear cells (PBMCs) could also be sup-

pressed by CY-09 in a dose-dependent manner (Fig. 10, B 

and C). In contrast, CY-09 had no effect on TNF-α produc-

Figure 9. cY-09 suppresses nLrP3-dependent metainflammation in diabetic mice. (A–H) WT or Nlrp3−/− mice were first fed with an HFD for 14 wk 

and then treated with CY-09 for 6 wk. Plasma IL-1β (A) was assessed by ELI SA. Liver (B, E, and G) and white adipose tissue (WAT; C, F, and H) were isolated 

and cultured for 24 h, and supernatants were analyzed by ELI SA for IL-1β (B and C), TNF-α (E and F), or monocyte chemoattractant protein 1 (G and H). 

Caspase-1 activation in WAT was analyzed by immunoblot as indicated (D). n = 6–8 per group. Data are shown as mean and SEM and are representative of 

two independent experiments. Statistics were analyzed using an unpaired Student’s t test: *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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tion (Fig. 10 D). Thus, these results suggest that CY-09 can 

prevent NLRP3 activation in human cells.

We then tested whether CY-09 had an effect on the 

preactivated NLRP3 inflammasome on cells from patients 

with abnormal NLRP3 activation. Gout is an inflamma-

tory arthritis caused by precipitation of MSU in joints and 

bursal tissues of individuals with hyperuricemia (McQueen 

et al., 2012). NLRP3 inflammasome plays a critical role 

in MSU-induced inflammation, and clinical studies have 

demonstrated efficacy of IL-1 inhibitors in the treatment of 

patients with acute and chronic gout (Martinon et al., 2006; 

McGonagle et al., 2007; So et al., 2007; Terkeltaub et al., 

2009; Jesus and Goldbach-Mansky, 2014). As expected, when 

freshly isolated synovial fluid cells (SFCs) from a patient with 

gout were incubated without the stimulation of NLRP3 

agonists, IL-1β secretion and caspase-1 processing could be 

detected in the culture supernatants (Fig. 10, E and F). How-

ever, when these cells were incubated with the presence of 

CY-09, the caspase-1 activation and IL-1β production were 

inhibited in a dose-dependent manner (Fig.  10, E and F). 

In contrast, the production of inflammasome-independent 

cytokine TNF-α was not affected by CY-09 treatment 

(Fig. 10 G). SFCs from another four individuals with gout 

were also found to be sensitive to CY-09 inhibition (Fig. S5). 

Thus, these results indicate that CY-09 can suppress the pre-

activated NLRP3 inflammasome in SFCs from patients and 

suggest that CY-09 or its analogues might be used to control  

NLRP3-driven diseases in clinics.

dIScuSSIon
In this study, we describe a potent, selective, and direct in-

hibitor of NLRP3 with remarkable inhibitory activity 

for NLRP3 inflammasome in mice in vivo and in human 

cells ex vivo. CY-09 will serve as a versatile tool to phar-

macologically interrogate NLRP3 biology and study its role 

in inflammatory diseases.

A few compounds have shown potent inhibitory activity 

for the NLRP3 inflammasome and have been tested in animal 

models, but the unspecific effects of these compounds have 

limited their clinical potential. The inhibitory effects of sul-

foraphane on AIM2 or NLRC4 inflammasome suggest that it 

might impair the role of these inflammasomes in host defense 

(Greaney et al., 2016). The broad anti-inflammatory activity 

of sulforaphane, isoliquiritigenin, BHB, parthenolide, BAY 

11-7082, and INF39 (Heiss et al., 2001; Yip et al., 2004; Honda 

et al., 2012; Strickson et al., 2013; Fu et al., 2015; Cocco et 

al., 2017) suggests that these compounds might cause immu-

nosuppressive side effects and increase the risk for infection. 

The effects of flufenamic acid and mefenamic acid on chlo-

ride efflux and BHB on potassium efflux indicate that these 

compounds target the upstream signaling event of NLRP3 

and have other unavoidable biological activities (Youm et al., 

2015; Daniels et al., 2016). MCC950 has shown strong in-

hibitory activity and beneficial effects in several mice models 

of NLRP3-related diseases (Coll et al., 2015; Dempsey et al., 

2017), but the mechanism is not understood. Here we showed 

that MCC950 could block NLRP3 agonist–induced chloride 

Figure 10. cY-09 is active for cells from healthy humans or patients with gout. (A) Immunoblot analysis of IL-1β and cleaved caspase-1 (p20) in cul-

ture supernatants (SN) of PMA-differentiated THP-1 cells treated with various doses (above lanes) of CY-09 and then stimulated with nigericin. (B–D) ELI SA  

of IL-1β (B), TNF-α (D), or immunoblot analysis (C) of IL-1β and cleaved caspase-1 (p20) in supernatants from LPS-primed PBMCs, treated with various 

doses of CY-09 for 1 h and then stimulated with nigericin for 30 min. (E–G) ELI SA of IL-1β (E), TNF-α (G), and immunoblot analysis (F) of IL-1β and cleaved 

caspase-1 (p20) in supernatants from SFCs isolated from an individual with gout, treated with various doses of CY-09 for 20 h. The SFCs isolated from five 

patients were analyzed, and the data are expressed as mean and SEM and are representative of five independent experiments. Statistics were analyzed using 

an unpaired Student’s t test: *, P < 0.05; ***, P < 0.001.
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efflux, a proposed upstream signaling event of NLRP3 activa-

tion (Daniels et al., 2016), suggesting that it might target the 

volume-regulated anion channel or other chloride channels to 

inhibit NLRP3 inflammasome activation and might have un-

specific effects. Here we describe CY-09 as a specific NLRP3 

inflammasome inhibitor that directly targeted NLRP3 itself 

and found that CY-09 had remarkable preventive or therapeu-

tic effects on the mice models of CAPS, T2D, and gout. Thus, 

our study describes a direct and specific NLRP3 inhibitor 

with the potential to treat NLRP3-driven diseases.

Our results demonstrate that pharmacological inhibition 

of NLRP3 ATPase activity is efficient to treat NLRP3-driven 

diseases. Previous studies have reported that MNS, partheno-

lide, BAY 11-7082, and INF39 can inhibit the ATPase activity 

of NLRP3 and show inhibitory activity for NLRP3 inflam-

masome in vitro. However, these compounds are not specific 

NLRP3 inhibitors and have multiple biological activities, 

such as the inhibitory activity for tyrosine kinases or NF-κB 

signaling pathway (Yip et al., 2004; Wang et al., 2006; Strick-

son et al., 2013; Cocco et al., 2017). In addition, MNS, par-

thenolide, and BAY 11-7082 have not been tested in vivo in 

the animal models of NLRP3-driven diseases. CY-09 directly 

bound to the NAC HT domain of NLRP3 and inhibited its 

ATPase activity, which is essential for NLRP3 oligomeriza-

tion and inflammasome assembly (Duncan et al., 2007). Fur-

thermore, the mutation of Walker A motif in the NAC HT 

domain, which is required for ATP binding to NLRP3 (Mac-

Donald et al., 2013), impaired the ability of CY-09 binding 

to NLRP3. In addition, our results clearly demonstrate that 

CY-09 competes with ATP to bind to NLRP3 and inhibits its 

ATPase activity and the subsequent NLRP3 oligomerization 

and inflammasome assembly. Importantly, our results show 

that suppression of NLRP3 ATPase activity by CY-09 has re-

markable effects to reduce NLRP3 inflammasome activation 

and symptoms in mice models of T2D and CAPS. Thus, our 

results suggest the ATPase activity could be targeted to screen 

drug candidates for treatment of NLRP3-drive diseases.

The current available clinical treatment for NLRP3- 

related diseases is the use of agents that target IL-1β, but tar-

geting NLRP3 itself with small-molecule inhibitors with 

high specificity, such as CY-09, might have certain advantages. 

In the CAPS mouse model, CY-09 was effective to prevent 

lethality, but blocking IL-1β alone could not (Brydges et al., 

2009). The possible reason is that the IL-18 production or py-

roptosis caused by inflammasome activation might also con-

tribute to the pathology. In addition, IL-1β is also produced 

by other inflammasomes or in an inflammasome-independent 

way (Davis et al., 2011; Netea et al., 2015), so inhibition of 

NLRP3 itself might have less immunosuppressive side ef-

fects than blockade of IL-1β. Indeed, our results showed that 

CY-09 had no effect on AIM2 or NLRC4 inflammasomes, 

suggesting that CY-09 might not impair the role of these in-

flammasomes in host defense. Moreover, the small-molecule 

compounds are in general more cost effective than biological 

agents (Fautrel, 2012).

T2D is characterized by insulin resistance and hypergly-

cemia and can cause several complications, including nerve 

and kidney damage. However, the drugs available currently 

are not effective in correcting the underlying cause of in-

sulin resistance, and most patients need pharmacotherapy 

for the rest of their lives (Nathan et al., 2009; Qaseem et 

al., 2012). Our study demonstrates that inhibition of NL-

RP3-dependent metainflammation by CY-09 is efficient to 

reverse the metabolic disorders in diabetic mice. CY-09 treat-

ment had remarkable beneficial effects for metainflammation, 

hyperglycemia, and insulin resistance in diabetic mice. Thus, 

this study suggests that correcting NLRP3-dependent meta-

inflammation might be an effective approach to treat T2D. 

Considering the role of NLRP3-dependent inflammation in 

the progression of gout, Alzheimer’s disease, and atheroscle-

rosis, CY-09 or its derivatives could be used for the develop-

ment of new NLRP3-targeted therapeutics for these diseases.

MAterIALS And MetHodS
Mice
C57BL/6J mice at the age of 6 wk were purchased from 

the Model Animal Research Center of Nanjing University. 

Nlrp3−/−, Cftr−/−, and Nlrp3A350VneoR mice were described 

previously (Snouwaert et al., 1992; Martinon et al., 2006;  

Brydges et al., 2009). LysM-cre mice (B6.129P2-Lyz2tm1(cre)Ifo/J) 

were from Jackson Laboratory. Mice were housed in a stan-

dard, pathogen-free animal facility under a 12-h light/dark 

cycle at 22–24°C with unrestricted access to food and water 

for the duration of the experiment except during fasting tests 

(no more than 16 h). All animal experimental protocols were 

reviewed and approved by the Animal Care Committee of the 

University of Science and Technology of China.

chemical synthesis and formulation
Unless otherwise noted, reagents and solvents were obtained 

from a commercial supplier and were used without further 

purification. Reactions were monitored by thin-layer 

chromatography and were visualized with UV light. Removal 

of solvents was conducted by using a rotary evaporator, 

and residual solvent was removed from nonvolatile 

compounds using a vacuum manifold maintained at 1 torr. 

Chromatography was performed on ISCO CombiFlashRf 

200 with prepacked silica-gel cartridges (RediSepRf 

Gold High Performance). Preparative high-pressure liquid 

chromatography was performed on a Waters Symmetry C18 

column (19 × 50 mm, 5 µM) using a gradient of 5%–95% 

methanol in water containing 0.1% trifluoacetic acid over 

8 min (10-min run time) at a flow rate of 20 ml/min. 1H 

nuclear magnetic resonance (NMR) and 13C NMR spectra 

were obtained on a BrukerUltrashield Plus-600 (600-MHz) 

spectrometer. Chemical shifts are reported in parts per 

million (δ) relative to residual undeuterated solvent as an 

internal reference. Coupling constants (J) are reported in 

hertz. Spin multiplicities are described as s (singlet), brs (broad 

singlet), t (triplet), q (quartet), and m (multiplet). Purities of 
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assayed compounds were in all cases >95%, as determined 

by reverse-phase high-performance liquid chromatographic 

analysis. C172 and CY-09 were prepared according to a 

reported procedure (Sonawane and Verkman, 2008). With 

the formulation of DMA :EL :HP -β -CD (10%, wt/vol) = 

5:5:90 (vol/vol/v), CY-09 achieved a concentration of 1 

mg/ml at pH 7.4. Using the formulation of DMSO :Solutol 

HS 15:saline = 10%:10%:80% (vol/vol/v), CY-09 reached 

a concentration of 5 mg/ml at pH 9.0. For the in vivo 

experiments, CY-09 was formulated in a vehicle containing 

10% DMSO, 10% Solutol HS 15, and 80% saline.

c172
1H NMR (600 MHz, DMSO-d6) δ 8.12–8.08 (m, 2H), 7.98–

7.96 (brs, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.90 (s, 1H), 7.85–

7.79 (m, 4H); 13C NMR (150 MHz, DMSO-d6) δ 193.85, 

166.72,166.60, 136.77, 135.89, 133.32, 132.34, 131.23, 

130.65, 130.58, 130.22, 130.05 (q, J = 31.5 Hz), 126.42 (q, J 
= 4.5 Hz), 126.03 (q, J = 3.0 Hz), 125.66, 124.68 (q, J = 270 

Hz); MS (ESI) m/z: 410 [M+H]+.

cY-09
1H NMR (600 MHz, DMSO-d6) δ 8.07 (d, J = 12.0 Hz, 2H), 

7.91 (s, 1H), 7.77 (d, J = 12 Hz, 2H), 7.74 (s, 1H), 7.67 (d, J = 

12 Hz, 1H), 7.62–7.57(m, 2H), 5.33 (s, 2H); 13C NMR (150 

MHz, DMSO-d6) δ 193.62, 167.07, 166.69, 136.70, 136.26, 

132.66, 132.12, 131.77, 130.71, 130.22, 129.82, 129.28 (q, J = 

31.5 Hz), 124.68 (q, J = 4.5 Hz), 124.61 (q, J = 4.5 Hz), 124.10 

(q, J = 270 Hz), 54.93, 46.87; MS (ESI) m/z: 424 [M+H]+.

Biotin–cY-09
1H NMR (600 MHz, DMSO-d6) δ 7.92 (s, 1H), 7.79–7.71 

(m, 4H), 7.71–7.66 (m, 1H), 7.66–7.57 (m, 4H), 6.42 (s, 1H), 

6.36 (s, 1H), 5.35 (s, 2H), 4.34–4.28 (m, 1H), 4.16–4.10 (m, 

1H), 3.69–3.45 (m, 8H), 3.13–3.06 (m, 1H), 3.06–2.97 (m, 

2H), 2.82 (dd, J = 12.4, 5.1 Hz, 1H), 2.58 (d, J = 12.4 Hz, 1H), 

2.39–2.25 (m, 2H), 2.04 (t, J = 7.4 Hz, 2H), 1.65–1.58 (m, 

1H), 1.55–1.44 (m, 5H), 1.42–1.35 (m, 2H), 1.33–1.22 (m, 

4H); 13C NMR (150 MHz, DMSO-d6) δ 194.0, 172.3, 171.3, 

168.7, 167.5, 163.1, 138.1, 136.7, 134.4, 133.0, 132.2, 131.2, 

130.2, 129.7 (q, J = 31.7 Hz), 128.6, 125.1 (q, J = 3.6 Hz), 

125.0 (q, J = 3.7 Hz), 124.5 (q, J = 270.7 Hz), 124.0, 61.5, 

59.7, 55.9, 47.3, 38.7, 35.7, 32.7, 29.5, 28.7, 28.5, 26.6, 25.8, 

24.9; MS (ESI) m/z: 832 [M+H]+.

reagents
MSU, nigericin, ATP, PMA, BHB, DL-sulforaphane, 

poly(dA:dT), and glucose were purchased from Sigma- 

Aldrich. MCC950 was acquired from Selleck. BAY 11-7082, 

isoliquiritigenin, parthenolide, flufenamic acid, and mefenamic 

acid were acquired from Topscience. Human recombinant in-

sulin was bought from Novo Nordisk. The One Touch Ultra 

Blood Glucose Test System kit was bought from Roche. Ul-

trapure LPS, Pam3CSK4, MitoTracker, and MitoSOX were 

obtained from Invitrogen. Protein G agarose and streptavi-

din-coated beads were respectively supplied by Millipore and 

Pierce Biochemicals. ATP-coupled beads were from Bio-

World Company. Anti-mouse caspase-1 (p20; AG-20B-0042) 

and anti-NLRP3 (AG-20B-0014) were from Adipogen.  

Anti-ASC (sc-22514-R) and anti-NEK7 (SC-50756) were 

from Santa Cruz. Anti-β-actin (P30002) was bought from 

Abmart. Anti-human caspase-1 was from Cell Signaling Tech-

nology. Anti-human cleaved IL-1β (A5208206) was from San-

gon Biotech. Anti-mouse IL-1β (p17; AF-401-NA) was from 

R&D Systems. Anti-Flag (F2555) and anti-Mcherry (V4888) 

were from Sigma-Aldrich. Recombinant human NLRP3 was 

from Novus Biologicals. A standard HFD (D12492, 60% kcal 

fat) was from Research Diet Company.

Human samples
Adult peripheral blood samples were obtained from healthy 

donors at Hefei Blood Bank, and the experimental protocol 

was performed according to the approved guidelines estab-

lished by the Institutional Human Research Subjects Protec-

tion Committee of the Ethics Committee of the University 

of Science and Technology of China. Synovial fluid was ob-

tained from five patients with gout with serum uric acid levels 

>500 μmol/l and knee effusion. To use these clinical mate-

rials for research purposes, prior patient written informed 

consent and approval from the Institutional Research Eth-

ics Committee of Anhui Provincial Hospital were obtained 

(approval no. 20160167).

Protein expression and purification
To produce purified recombinant proteins, HEK-293T cells 

were transiently transfected with plasmids encoding Flag-

tagged NLRP3, NLRP3 Walker A mutant, NLRP3 Walker 

B mutant, NOD2, NLRC4, RIG-1, and NLRP1. 48 h after 

transfection, the cells were washed twice in cold PBS and 

collected by lysing cells in a buffer containing 50 mM Hepes, 

150  mM NaCl, and 0.4% CHA PS. The insoluble fraction 

was removed by centrifugation at 14,000 rpm for 15 min 

at 4°C. Supernatants were incubated with Flag-M2 mono-

clonal antibody–agarose for 2.5  h at 4°C on rotation and 

then washed with wash buffer A (50  mM Hepes, pH 7.4, 

150 mM NaCl, 2 mM DTT, 2 mM ATP, and 0.1% CHA PS) 

twice and another two times with wash buffer B (50 mM 

Hepes, pH 7.4, 200 mM NaCl, and 0.1% CHA PS). For elu-

tion of Flag-tagged proteins, beads were incubated in elu-

tion buffer (50  mM Hepes, pH 7.4, 500  mM NaCl, 0.1% 

CHA PS, and 100 mg/ml Flag peptide) for 90 min at 4°C 

on rotation. Eluted fractions were pooled and concentrated 

by centrifugation before ultrafiltration device (UFC910024; 

Merck Millipore) to remove proteins <100 kD. To further 

purify the Flag-tagged proteins, they were subjected to sec-

ond round of Flag-M2 monoclonal antibody–agarose binding 

and Flag peptide elution.

For producing purified GFP-NLRP3 protein, His-

GFP-NLRP3 plasmid was transiently transfected into HEK-

293T cells. After 48 h, the cells were collected and lysed in 
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lysis buffer (50 mM Hepes, pH 7.4, 150 mM NaCl, and 0.4% 

CHA PS) for 30 min. After sonication, the insoluble fraction 

was removed by centrifugation at 14,000 rpm for 15 min 

at 4°C. The His-GFP-NLRP3 protein was initially purified 

by incubation with nickel–nitrilotriacetic acid matrices (QIA 

GEN) for 45 min at room temperature. Histidine pull-down 

products were eluted in elution buffer after washing twice 

with lysis buffer. The eluted fractions were filtered through a 

0.45-µm syringe filter and concentrated by the ultrafiltration 

device (Merck Millipore) to remove proteins <10 kD. After-

ward, 5,000 µl of the final eluted fractions was injected into 

a Superdex 200 10/300 GLcolumn (GE Healthcare). Protein 

was further purified in 50 mM Hepes, pH 7.4, and 150 mM 

NaCl on an AKTA purifier (GE Healthcare). Each tube of 

fraction (10 µl each) was resolved by SDS-PAGE gels and de-

tected by anti-His antibody. Solution in the tubes containing 

His-GFP-NLRP3 protein was collected together and sub-

jected to concentration by ultrafiltration device (UFC910024; 

Merck Millipore) to remove proteins <100 kD.

MSt assay
The KD value was measured using the Monolith NT.115 in-

strument (NanoTemper Technologies). A range of concentra-

tions of CY-09 (from 0.025 mM to 1.2 nM) were incubated 

with 200 nM of purified His-GFP-NLRP3 protein for 40 

min in assay buffer (50 mM Hepes, 10 mM MgCl2, 100 mM 

NaCl, pH 7.5, and 0.05% Tween 20). The samples were loaded 

into the NanoTemper glass capillaries, and MST was per-

formed using 100% LED power and 80% MST power. The 

KD value was calculated using the mass action equation via the 

NanoTemper software from duplicate reads of an experiment.

Microsomal stability
Microsomal stability was determined in Crown Bioscience 

CY-09 or control compound DMSO stock solution (10 mM) 

diluted with 50% methanol to a concentration of 100 µM. 6 µl 

of 100 µM compound solution was combined with 534 µl of 

liver microsome solution (0.7 mg protein/ml potassium phos-

phate buffer) to produce the compound working solution. A 

90-µl aliquot of this working solution was incubated at 37°C 

for 10 min before the addition of NAD PH regenerating sys-

tem (10 µl) to start the reaction. Reactions were stopped at 

0, 10, 30, and 60 min by addition of 300 µl cold acetonitrile 

(containing tolbutamide as internal standard at 500 nM) and 

centrifuged at 4,000 rpm for 20 min. The supernatant (100 µl) 

was added to water (300 µl) and analyzed by liquid chroma-

tography/tandem mass spectrometry. The ratio of peak area of 

test compound remaining/internal standard was used to deter-

mine reduction in concentration of test compound over time. 

The t1/2 and hepatic clearance (CLhep) were then calculated.

determination of the pharmacokinetic 
properties of cY-09 in mice
The pharmacokinetics of CY-09 were determined after single 

i.v. and oral administration in C57BL/6J mice (n = 3 at each 

time point) at doses of 5 and 10 mg/kg, respectively. Blood 

samples were collected at 0.08, 0.25, 0.5, 1, 2, 4, 8, 10, and 

24 h (i.v.) and 0.25, 0.5, 1, 2, 4, 8, 10, and 24 h (oral) after 

administration. Then the samples were quantified by liquid 

chromatography/tandem mass spectrometry, and data analysis 

was conducted using WinNonlin v.6.3.

cell preparation and stimulation
Human THP-1 cells were cultured in RPMI 1640 medium, 

supplemented with 10% FBS and 50  µM 2-mercaptoetha-

nol. Differentiated THP-1 cells were acquired by coculturing 

with 100 nM PMA for 3 h. Human PBMCs were isolated 

using Ficoll-Paque. BMDMs were collected from mice tibia 

and femoral bone marrow as described elsewhere (Yan et 

al., 2015) and cultured in DMEM complemented with 10% 

FBS, 1  mM sodium pyruvate, and 2  mM l-glutamine in 

the presence of 15% L929 culture supernatants. HEK-293T 

cells were cultured in DMEM supplemented with 10% FBS. 

THP-1, L929, and HEK-293T cells were from ATCC and 

were routinely tested for mycoplasma contamination. Human 

PBMCs were isolated from freshly drawn peripheral venous 

blood with Human Lymphocyte Separation Medium (cata-

log no. P8610-200; Solarbio) according to the manufacturer’s 

instructions. PBMCs were cultured overnight before stimula-

tion in RPMI 1640 medium containing 10% FBS and anti-

biotics. The fresh isolated SFCs were centrifuged and washed 

with PBS three times and then incubated with RPMI 1640 

medium containing 1% FBS for 20 h.

To induce NLRP3 inflammasome activation, 5 × 105/

ml BMDMs and 6 × 106/ml PBMCs were plated in 12-well 

plates. The following morning, the medium was replaced, 

and cells were stimulated with 50 ng/ml LPS or 400 ng/

ml Pam3CSK4 (for noncanonical inflammasome activation) 

for 3  h. After that, CY-09 or other inhibitors were added 

into the culture for another 30 min, and then the cells were 

stimulated for 4 h with MSU (150 µg/ml), Salmonella typh-
imurium (multiplicity of infection) or for 30 min with ATP 

(2.5 mM) or nigericin (10 µM). Cells were transfected with 

poly(dA:dT) (0.5 µg/ml) for 4 h or LPS (500 ng/ml) over-

night using Lipofectamine 2000 (Invitrogen). Cell extracts 

and precipitated supernatants were analyzed by immunoblot.

confocal microscopy
Confocal analysis was performed as previously described (Yan 

et al., 2015). In brief, 2 × 105/ml BMDMs were plated on 

coverslips (Thermo Fisher Scientific). On the following day, 

the medium was replaced with Opti-MEM (1% FBS) con-

taining LPS (50 ng/ml) for 3 h, and then the indicated doses 

of CY-09 were added for another 30 min. BMDMs were then 

used for stimulation and staining with MitoTracker Red (50 

nM) or MitoSOX (5  µM). After three times washing with 

ice-cold PBS, the cells were fixed with 4% PFA in PBS for 

15 min at room temperature and then washed with PBS with 

Tween 20 three times. Confocal microscopic analyses were 

performed using a Zeiss LSM700.
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eLI SA
Supernatants from cell culture, tissue culture, or serum were 

assayed for mouse IL-1β, IL-6, TNF-α, MCP-1, and human 

IL-1β or TNF-α (R&D Systems) according to the manufac-

turer’s instructions. Fasted plasma insulin level was detected 

by using a mouse insulin ELI SA kit supplied by Crystal 

Chemical (catalog no. 90080).

MSu-induced peritonitis
C57BL/6J mice were injected i.p. with 40 mg/kg CY-09 or 

vehicle 30 min before i.p. injection of MSU (1 mg MSU 

crystals dissolved in 0.5 ml sterile PBS). After 6 h, mice were 

killed, and peritoneal cavities underwent lavage with 10 ml 

ice-cold PBS. Peritoneal lavage fluid was assessed by flow cy-

tometry with the neutrophil markers Ly6G and CD11b for 

analysis of the recruitment of polymorph nuclear neutrophils. 

IL-1β production in serum or peritoneal lavage fluid was 

determined using ELI SA.

Intracellular potassium or chloride detection
For accurate measurement of intracellular potassium, BMDMs 

were plated overnight in 6-well plates and then primed with 

50 ng/ml LPS for 3  h. After that, cells were treated with 

CY-09 for 30 min and then stimulated with nigericin for 30 

min. Culture medium was thoroughly aspirated and lysed 

with 65% ultrapure HNO3. Intracellular K+ measurements 

were performed by inductively coupled plasma optical emis-

sion spectrometry with a PerkinElmer Optima 2000 DV 

spectrometer using yttrium as the internal standard.

For accurate measurement of the intracellular chloride, 

BMDMs were plated overnight in 12-well plates and then 

primed with 50 ng/ml LPS for 3  h. After that, cells were 

treated with CY-09 or MCC950 for 30 min and then stimu-

lated with nigericin for 15 min. The supernatants of 12-well 

plates were removed, ddH2O was added (200 µl/well), and 

the supernatants were kept 15 min at 37°C. The lysates were 

transferred to 1.5-ml EP tube, and centrifuged at 10,000 g 

for 5 min. 160-µl supernatants were then transferred to a new 

1.5-ml EP tube and mixed with 40 µl MQAE (10 µM). Ab-

sorbance was tested using BioTek Multi-Mode Microplate 

Readers (Synergy2). A control was settled in every experi-

ment to determine the extracellular amount of chloride re-

maining after aspiration, and this value was subtracted.

Immunoprecipitation (IP) and pulldown assay
For the endogenous IP assay, BMDMs were stimulated and 

lysed with NP-40 lysis buffer with complete protease inhib-

itor. The cell lysates were incubated overnight at 4°C with 

the primary antibodies and Protein G Mag Sepharose (GE 

Healthcare). The proteins bound by antibody were precipi-

tated by protein G beads and subjected to immunoblotting 

analysis. For the exogenous IP assay, HEK-293T cells (3 × 

105/ml) were transfected with plasmids in 6-well plates via 

polyethylenimine. After 24 h, cells were collected and lysed 

with NP-40 lysis buffer. Protein extracts were immunopre-

cipitated with anti-Flag antibody–coated beads and then as-

sessed by immunoblot analysis.

For pull-down assay, BMDMs or 293T lysates were 

collected and centrifuged at 8,000 rpm. The supernatant was 

transferred to another tube and the cell debris thoroughly dis-

carded. Prewashed streptavidin beads were added into the su-

pernatant, allowing 2 h preincubation with motion at 4°C and 

centrifuging at 8,000 rpm. The supernatant was transferred to 

another tube, and the streptavidin beads were discarded to re-

move unspecific binding proteins. The pretreated supernatant 

and purified human recombinant NLRP3 proteins (dissolv-

ing in the lysis buffer) were incubated with indicated doses 

of free CY-09, followed by incubation with indicated doses 

of biotin–CY-09 for 1 h. After that, the samples were then 

incubated with prewashed streptavidin beads overnight. Beads 

were respectively washed twice with 0.1% Tween 20 in PBS 

and 1% NP-40 in PBS to remove unspecific binding proteins 

and boiled in SDS buffer.

nLrP3 AtPase activity and AtP binding assay
For ATPase activity assay, purified recombinant human pro-

teins (1.4 ng/µl) were incubated at 37°C with indicated 

concentrations of CY-09 for 15 min in the reaction buf-

fer. ATP (25 µm, Ultra-Pure ATP) was then added, and the 

mixture was further incubated at 37°C for another 40 min. 

The amount of ATP converted into adenosine diphosphate 

(ADP) was determined by luminescent ADP detection with 

ADP-Glo Kinase Assay kit (Promega, Madison, MI, USA) 

according to the manufacturer’s protocol. The results were 

expressed as percentage of residual enzyme activity to the 

vehicle-treated enzyme.

For ATP binding assay, purified NLRP3 protein (0.1 ng/

µl) were incubated with ATP binding agarose for 1 h and then 

different concentrations of CY-09 was added and incubated for 

2 h with motion at 4°C. Beads were washed and boiled in load-

ing buffer. Samples were subjected to immunoblotting analysis.

ASc oligomerization assay
BMDMs were seeded at 1 × 106/ml in 6-well plates. The fol-

lowing day, the medium was replaced, and cells were primed 

with 50 ng/ml LPS for 3 h. The cells were treated with CY-09 

for 30 min and then stimulated with nigericin for 30 min. The 

supernatants were removed, cells were rinsed in ice-cold PBS, 

and then cells were lysed by NP-40 for 30 min. Lysates were 

centrifuged at 330 g for 10 min at 4°C. The pellets were washed 

twice in 1 ml ice-cold PBS and resuspended in 500 µl PBS. 

2 mM disuccinimydyl suberate was added to the resuspended 

pellets, which were incubated at room temperature for 30 min 

with rotation. Samples were then centrifuged at 330 g for 10 

min at 4°C. The cross-linked pellets were resuspended in 30 µl 

sample buffer and then boiled and analyzed by immunoblotting.

Sdd-AGe
The oligomerization of NLRP3 was analyzed according to a 

published protocol (Hou et al., 2011). Cells were lysed with 
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Triton X-100 lysis buffer (0.5% Triton X-100, 50 mM Tris-

Hcl, 150 mM NaCL, 10% glycerol, 1 mM PMSF, and protease 

inhibitor cocktail), which were then resuspended in 1× sam-

ple buffer (0.5× TBE, 10% glycerol, 2% SDS, and 0.0025% 

bromophenol blue) and loaded onto a vertical 1.5% agarose 

gel. After electrophoresis in the running buffer (1× TBE and 

0.1% SDS) for 1 h with a constant voltage of 80 V at 4°C, 

the proteins were transferred to Immobilon membrane (Mil-

lipore) for immunoblotting. 1× TBE buffer contains 89 mM 

Tris, pH 8.3, 89 mM boric acid, and 2 mM EDTA.

Human nLrP3 homology modeling and docking calculation
The human NLRP3 model was prepared by ModWeb Server, 

which uses the MOD ELL ER program in homology mod-

eling. One chain from crystal structure of rabbit NOD2 

bound with ADP (Protein Data Bank accession no. 5IRM) 

was used as template structure. Small-molecule docking was 

done by AutoDock with AutoDockTools. The search space 

was set near the ADP-binding site of rabbit NOD2, and 

the Lamarckian genetic algorithm was used. The model was 

defined as rigid, while the ligand was flexible. The model 

with the best conformation of ligand was further optimized 

by molecular dynamics simulation using Gromacs. After 

that, docking was repeated once again. Molecular graph-

ics was prepared by PyMOL.

MWS mouse model
Nlrp3A350VneoR mice were crossed with LysM-Cre mice 

(B6.129P2-Lyz2tm1(cre)Ifo/J). CY-09 (20 mg/kg) or MCC950 

(20 mg/kg) were administered orally every day starting 

at day 4 after birth. The weight and survival of mice were  

monitored every day.

HFd and cY-09 treatment
WT or Nlrp3−/− mice at the age of 6 wk, with similar plasma 

glucose levels and body weights were randomized into differ-

ent groups. For generation of HFD-induced diabetic mice, 

mice were fed with HFD for 14 wk. The diabetic mice were 

treated with CY-09 (i.p.) at a dose of 2.5 mg/kg once a day 

for 6 wk. The mice were maintained with HFD when used 

for CY-09 treatment and the subsequent experiments.

Blood glucose assay
Glucose levels in blood collected from the tail vein were 

determined using a OneTouch Ultra Blood Glucose 

Test System kit (Roche).

Glucose tolerance and insulin tolerance tests
Glucose tolerance tests were performed via i.p. injection of 

glucose at 1.5  g/kg after 14  h fasting from the beginning 

of dark cycle. Insulin tolerance tests were performed via i.p. 

injection of human recombinant insulin (Novo Nordisk) at a 

dose of 0.75 U/kg after 4 h fasting. Blood glucose levels were 

measured from the tail veil at 0, 15, 30, 60, 90, and 120 min 

after glucose or insulin injection.

cytochrome P450 inhibition
Cytochrome P450 inhibitory effects of CY-09 against five 

major CYP isozymes (1A2, 2C9, 2C19, 2D6, and 3A4) were 

determined at Wuxi AppTech. A working stock solution of 

CY-09 (10 mM in DMSO) was diluted using phosphate buf-

fer to a concentration of 100 µM. Five inhibitor stock solu-

tions were prepared at a concentration of 3 mM in DMSO: 

α-naphthoflavone, sulfaphenazole, N-3-benzylnirvanol, 

quinidine, and ketoconazole. The inhibitor stocks were di-

luted using phosphate buffer to a concentration of 30 µM. 

A cocktail of substrates (phenacetin, diclofenac, S-mepheny-

toin, dextromethorphan, and midazolam) for five major CYP 

isozymes (1A2, 2C9, 2C19, 2D6, and 3A4) was prepared by 

dilution of methanol stock solutions using phosphate buffer. 

CY-09, known inhibitor, or blank solution (20 µl of working 

stock solution) and substrate cocktail solution (20 µl) were in-

cubated at 37°C with human liver microsomes (158 µl 0.253 

mg/ml in phosphate buffer) for 10 min before addition of the 

cofactor NAD PH (20 µl 10 mM solution in 33 mM MgCl2). 

Incubation was continued, and aliquots were removed at 0, 5, 

10, 20, 30, and 60 min and then mixed with cold acetonitrile 

(containing tolbutamide as internal MS standard at 200 ng/ml)  

and centrifuged at 4,000 rpm for 20 min. The supernatant 

was analyzed by liquid chromatography/tandem mass spec-

trometry to determine the peak area of metabolite and in-

ternal standard. Peak areas determined in the presence and 

absence of test compound were used to determine percent-

age inhibition. SigmaPlot v.11 was used to plot percentage 

control activity versus the test compound concentrations and 

for nonlinear regression analysis of the data. IC50 values were 

determined using a three-parameter logistic equation. IC50 

values were reported as “>50 µM” when percentage inhibi-

tion at the highest concentration (50 µM) was <50%.

herG channel assay
The manual patch-clamp method (QPatchHTX) was used 

at WuXiAppTech to evaluate the effects of CY-09 on the 

hERG potassium channel. CHO cells that stably express 

hERG potassium channels from Aviva Biosciences were used. 

The inhibition of CY-09 and amitriptyline as positive control 

on whole-cell hERG currents were determined.

Histological analysis
Mouse tissues were postfixed in 4% PFA for 24  h at 4°C 

and sectioned after embedding in paraffin. The sections were 

prepared and stained with H&E using standard procedures. 

Slides were examined under a Nikon ECL IPSE Ci biolog-

ical microscope, and images were captured with a Nikon 

DS-U3 color digital camera.

Statistical analyses
All values are expressed as the mean and SEM. Statistical anal-

ysis was performed using the unpaired t test for two groups 

or two-way ANO VA (GraphPad Software) using for multiple 

groups with all data points showing a normal distribution. No 
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exclusion of data points was used. The researchers were not 

blinded to the distribution of treatment groups when per-

forming experiments and data assessment. Sample sizes were 

selected on the basis of preliminary results to ensure an ad-

equate power. P-values < 0.05 were considered to indicate 

statistical significance.

online supplemental material
Fig. S1 includes additional data related to Fig.  2, indicat-

ing that CY-09 has no effect on LPS-induced priming in 

BMDMs and blocks nigericin-induced BMDM death. Fig. 

S2 includes additional data related to Fig.  3, showing that 

apart from CY-09 and MCC950, the other inhibitors have 

broad anti-inflammatory activity. Fig. S3 includes addi-

tional data related to Fig.  5, indicating that CY-09 directly 

binds to NLRP3. Fig. S4 includes additional data related to 

Fig. 9, showing that CY-09 had no effect on the metabolic 

parameters and serum chemistry of normal lean mice. Fig. 

S5 includes additional data related to Fig. 10, indicating that 

CY-09 can suppress the preactivated NLRP3 inflammasome 

in SFCs from four patients with arthritis. Table S1 shows the 

microsomal stability of CY-09. Table S2 indicates the effect 

of CY-09 on CYP. Table S3 shows the effect of CY-09 on 

the hERG channel. Table S4 indicates the pharmacokinetic 

properties of CY-09 in mice.
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