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In response to microbes and other danger signals, the NLRP3 inflammasome in immune 

cells triggers the activation of the protease caspase-1, which mediates the maturation of the 

inflammatory cytokine IL-1β. Here, we investigated how the NLRP3 inflammasome is regulated. 

We found that its activation in primary mouse macrophages induced the Src family kinase Lyn to 

phosphorylate NLRP3 at Tyr918, which correlated with a subsequent increase in its ubiquitination 

that facilitated its proteasome-mediated degradation. NLRP3 tyrosine phosphorylation and 

ubiquitination was abrogated in Lyn-deficient macrophages, which produced increased amounts 

of IL-1β. Furthermore, mice lacking Lyn were more susceptible to LPS-induced septic shock in an 

NLRP3-dependent manner. Our data demonstrate that Lyn-mediated tyrosine phosphorylation is a 

prerequisite for the ubiquitination that dampens NLRP3 inflammasome activity.

INTRODUCTION

Inflammasomes are multimeric protein complexes and their components are supposedly 

assembled upon recognition of microbes and endogenous danger signals (1). Activation 

of inflammasomes leads to the recruitment and autoactivation of caspase-1, which in 

turn mediates the cleavage of inactive pro-IL-1β and pro-IL-18 into bioactive forms and 

pyroptosis (2–5). The best characterized inflammasome is the NLRP3 inflammasome which 

plays a critical role in host defense responses to microbes such as E. coli and influenza 

virus (6, 7). In addition to microbes, host-derived stimulatory particles such as monosodium 

urate (MSU), cholesterol crystals, and islet amyloid-polypeptides damage the membrane of 

phagolysosomes, causing persistent activation of NOD-like receptors (NLR) family pyrin 

domain containing 3 (NLRP3) inflammasomes, leading to severe inflammatory diseases 

such as gout, atherosclerosis and type II diabetes (1, 8, 9). Moreover, NLRP3 mutations 

underlie conditions such as familial cold autoinflammatory syndrome (FCAS) (10, 11). 

To date, NLRP3 function has been characterized as mediating a rather “hard-wired” pro-

inflammatory response. However, the current literature provides increasing evidence that 

pathogen recognition receptors (PRRs) must be regulated to enable site-specific host defense 

without causing excessive systemic inflammation.

Post-translational modifications such as phosphorylation and ubiquitination have emerged as 

the critical regulatory mechanisms for many physiological processes. It has been shown 

that phosphorylation of NLRP3 at Ser194 and Ser293 by JNK-1 and protein kinase D 

(PKD), respectively, is required for its activation (12, 13). However, phosphorylation of 

NLRP3 at Ser5, within the PYD domain, hinders the recruitment of ASC via the charge-

charge interaction between NLRP3 PYD and ASC PYD, thus preventing the assembly 

of the NLRP3 inflammasome (14). Additionally, tyrosine phosphorylation of NLRP3 

seems to down-regulate its activation (15). It has also been shown that NLRP3 undergoes 

ubiquitination which inhibits its activation (16–18). Here, we sought to uncover the protein 

tyrosine kinase (PTK) that phosphorylates NLRP3 and investigated the relationship between 

NLRP3 tyrosine phosphorylation and ubiquitination in cultured immune cells and in vivo.
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RESULTS

Tyrosine phosphorylation of NLRP3 mediated by Src family PTK(s) is a prerequisite for its 
ubiquitination

We first explored how NLRP3 tyrosine phosphorylation inhibits its activation. Previously, 

we reported that C57BL/6 (B6) BMDMs undergo ubiquitination at 5 min after ATP 

stimulation, and IL-1β production at 30 min after ATP stimulation (18). Therefore, 

we measured NLRP3 tyrosine phosphorylation and ubiquitination at 5 min after ATP 

stimulation, and IL-1β production at 30 min after ATP stimulation. To determine whether 

and how tyrosine phosphorylation regulates NLRP3 inflammasome activation, BMDMs 

from B6 mice were primed with LPS, pretreated with the pan-Src PTK inhibitor Src-I1 or 

the selective Syk inhibitor Bay 61–3606, and then stimulated with the canonical NLRP3 

inflammasome activators ATP, nigericin, MSU, or silica. Pretreatment of Src-I1 but not Bay 

61–3606 significantly augmented IL-1β production in BMDMs stimulated with ATP and 

nigericin, but had no effect on IL-1β production induced by MSU and silica (Fig. 1A, left 

panel). These data suggest that inhibition of NLRP3 tyrosine phosphorylation induced by 

soluble canonical NLRP3 inflammasome stimuli activates the NLRP3 inflammasome. In 

support of this notion, we observed marked tyrosine phosphorylation of NLRP3 induced by 

ATP and nigericin, which was inhibited by Src-I1 (Fig. 1B). No tyrosine phosphorylation 

of NLRP3 was observed in BMDMs primed by LPS and stimulated by MSU and silica 

(fig. S1A). Src-I1 also potentiated disuccinimidyl suberate (DSS) crosslinking-induced ASC 

oligomerization (Fig. 1C). Note that Src-I1 treatment did not affect poly (dA:dT)- and 

flagellin-induced IL-1β production (Fig. 1A, right panel), suggesting that Src-I1 does not 

affect the activation of AIM-2 and NLRC4 inflammasomes. Similar results were obtained 

in peritoneal macrophages and THP-1 cells (fig. S1B). These data collectively suggest that 

tyrosine phosphorylation of NLRP3 negatively regulates NLRP3 inflammasome activity, 

and that one or more Src family PTKs is responsible for phosphorylating NLRP3 which 

facilitates its ubiquitination.

Lyn is the PTK that phosphorylates NLRP3

Several PTKs including Lyn, Src, Hck, Yes, and c-Fgr are expressed in macrophages (19). 

To determine which PTK(s) specifically phosphorylates NLRP3, we primed BMDMs with 

LPS, and stimulated them with ATP for 5 min. The BMDM lysates were incubated with 

GST-NLRP3 and the GST-NLRP3-binding proteins were subjected to mass spectrometric 

analysis. We found that Lyn was the only PTK associated with NLRP3 on the top 

list over 95% probability legend in both LPS priming and LPS priming/ATP-stimulated 

BMDM samples (Fig. 2A and data file S1). To confirm this result, we performed a co-

immunoprecipitation assay. We stimulated LPS-primed BMDMs with ATP for 5 and 15 

min and lysed them in 0.5% NP40 lysis buffer. The cell lysates were immunoprecipitated 

with anti-NLRP3 and blotted with antibodies against Lyn. We found that Lyn constitutively 

associated with NLRP3, and this association was increased at 15 min after ATP stimulation 

(Fig. 2B). These data suggest that the Lyn SH3 domain may bind to the proline-rich 

region of NLRP3, and once NLRP3 is tyrosine phosphorylated, it binds to Lyn via the Lyn 

SH2 domain. To determine whether Lyn associates with NLRP3 in the absence of LPS 

stimulation, we transfected HEK293T cells with Flag-tagged NLRP3 and Lyn and lysed the 
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cells in 0.5% NP40 lysis buffer. The cell lysates were immunoprecipitated with antibody to 

Lyn and blotted with antibody to Flag. In support of this notion, we found that Lyn bound to 

NLRP3 in the absence of LPS signal 1 (Fig. 2C)

To verify this finding, we transfected Lyn–/– BMDMs with plasmids encoding LynWT 

or LynY397F, a Lyn kinase dead mutant. As predicted, Lyn deficiency abrogated NLRP3 

tyrosine phosphorylation, and reconstituting Lyn–/– BMDMs with LynWT, but not LynY397F, 

rescued NLRP3 tyrosine phosphorylation (Fig. 2D). A recent report showed that LPS 

priming induces NLRP3 tyrosine phosphorylation, while ATP stimulation results in the 

dephosphorylation of NLRP3 (15). These data are contradicted by our observations. To 

determine whether this discrepancy is due to different priming times or cell types used, 

we primed WT and Lyn–/– BMDMs and BMDCs with LPS for 12 hours, as described 

(15), or 4 hours, and then stimulated the cells with or without ATP. Indeed, priming 

BMDMs and BMDCs for 12 hours induced NLRP3 tyrosine phosphorylation, whereas 

this phosphorylation disappeared upon ATP stimulation (fig. S2A) as reported (15). This 

data is in sharp contrast with our data (fig. S2B). The failure to detect the basal level of 

NLRP3 tyrosine phosphorylation in our study is likely due to the different priming time 

used. It is possible that prolonged priming with LPS activates the non-canonical NLRP3 

inflammasome, and additional triggering of the NLRP3 inflammasome with ATP may 

facilitate the activation of PTPN22 which dephosphorylates NLRP3. This notion is further 

supported by the fact that FITC-conjugated LPS was markedly co-localized with caspase-11 

when priming WT BMDMs with FITC-conjugated LPS for 12 hours (fig. S2C). It has been 

shown that LPS undergoes spontaneous internalization without transfection (20) and that 

LPS priming induces the expression of caspase-11 protein, which is dependent on TRIF (6).

To further confirm these data, we performed an in vitro Lyn kinase assay using GST- NLRP3 

as a substrate. To this end, B6 BMDMs were primed with LPS, and stimulated with ATP for 

5, 15, 30, and 60 min, and lysed in 1% Triton-X100 lysis buffer as previously described (21). 

The cell lysates were immunoprecipitated with anti-Lyn, incubated with GST-NLRP3 in 

kinase buffer in the presence of ATP, and then detected using an EnzyChrom™ kinase assay 

kit. Indeed, Lyn phosphorylated NLRP3 at 5 min after ATP stimulation (Fig. 2E) which 

correlated with Lyn autophosphorylation at Tyr397 (Fig. 2E). Therefore, our data strongly 

indicate that Lyn is the PTK responsible for phosphorylating NLRP3.

Lyn inhibits NLRP3 inflammasome activation by facilitating NLRP3 degradation in the 
proteasome

Both Lyn and Syk have been shown to facilitate malarial hemozoin-induced NLRP3 

inflammasome activation via an unknown mechanism (22). To further define the 

physiological effect of Lyn on the NLRP3 inflammasome activation, we first silenced 

the Lyn gene in B6 BMDMs using Lyn-specific siRNA. Lyn gene silencing abrogated 

ATP-induced NLRP3 tyrosine phosphorylation, ubiquitination, and degradation (Fig. 3, A 

and B), which correlated with heightened IL-1β production in the culture supernatants (Fig. 

3C). Lyn deficiency did not alter the production of TNF-α and IL-6, or the expression of 

NLRP3, during LPS priming (fig. S3, A and B). To further confirm these data, we generated 

BMDMs from Lyn–/– mice. We primed WT and Lyn–/– BMDMs with LPS and stimulated 
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them with ATP. As expected, Lyn deficiency completely abrogated NLRP3 tyrosine 

phosphorylation, ubiquitination, and subsequent degradation (Fig. 3D and E), and Lyn–/– 

BMDMs produced significantly higher IL-1β than WT BMDMs (Fig. 3F). Lyn deficiency 

did not affect AIM-2 and NLRC4 inflammasomes as revealed by comparable IL-1β 
production by BMDMs from mice deficient or sufficient for Lyn stimulated with flagellin 

and poly(dA:dT) (Fig. 3G), consistent with the data described above (Fig. 1). Previously, it 

has been shown that autophagasome induction can degrade tyrosine-phosphorylated NLRP3 

within the NLRP3/ASC complex (23). To determine whether NLRP3 undergoes proteasomal 

degradation in the soluble NLRP3 fraction versus the insoluble NLRP3 inflammasome 

complex, we primed BMDMs with LPS in the presence of caspase-1 inhibitor VX-765, 

which prevents cell death triggered by caspase-1 (pyroptosis) and retains all of the NLRP3 

within the cells (24) (Fig. 3, H and I). The primed BMDMs were then stimulated with 

ATP and soluble and insoluble cellular fractions were isolated. NLRP3 was degraded in 

the absence of MG-132 in the soluble fraction, whereas MG-132 treatment facilitated 

the translocation of NLRP3 from the soluble fraction to insoluble fraction (Fig. 3I). 

This suggests that NLRP3 mainly undergoes proteasome-mediated degradation before it 

assembles the complex with ASC and caspase-1. Therefore, our data collectively indicate 

that Lyn keeps NLRP3 inflammasome in check by phosphorylating NLRP3 which facilitates 

its ubiquitination and proteasome-mediated degradation. The discrepancy between our 

findings and those reported by others (22) may be due to different stimuli used.

We previously demonstrated that K63- and K48-linked ubiquitination of NLRP3 by RNF125 

and Cbl-b restrains LPS-induced endotoxemia (18). We then wanted to address whether 

tyrosine phosphorylation of NLRP3 results in a specific K63- or K48-linked ubiquitination. 

To this end, we primed WT and Lyn–/– BMDMs with LPS and stimulated them with 

ATP. We found that both K63- and K48-linked ubiquitination of NLRP3 was abrogated in 

BMDMs lacking Lyn (fig. S4). These data suggest that tyrosine phosphorylation of NLRP3 

induced by Lyn facilitates RNF125 and Cbl-b to associate with NLRP3, thus targeting 

NLRP3 for ubiquitination.

Lyn phosphorylates NLRP3 at Tyr918 and controls NLRP3 ubiquitination

It has been shown that the NLRP3 leucine-rich repeat (LRR) domain is a major 

domain harboring the ubiquitin chain (16). To further define which tyrosine residue(s) is 

phosphorylated by Lyn, we used the NetPhos 3.1 server to predict the potential tyrosine 

phosphorylation sites of NLRP3. Two potential phosphorylation sites were found to have 

high confidence within NLRP3 LRR domain (Tyr861 and Tyr918). We mutated them 

individually or in combination to phenylalanine to generate NLRP3Y861F, NLRP3Y918F, 

and NLRP3Y861F/918F mutants. To determine whether these tyrosine residues are the 

phosphorylation sites of NLRP3, we utilized Nlrp3–/– mice which avoid any effect of 

endogenous NLRP3. We reconstituted Nlrp3–/– BMDMs with Flag-tagged NLRP3WT, 

NLRP3Y861F, NLRP3Y918F, or NLRP3Y861F/Y918F, primed them with LPS, and stimulated 

them with ATP. Reconstitution of Nlrp3–/– BMDMs with NLRP3WT or NLRP3Y861F, 

but not NLRP3Y918F or NLRP3Y861F/Y918F restored NLRP3 tyrosine phosphorylation and 

ubiquitination (Fig. 4A), further confirming that Tyr918 of NLRP3 is the phosphorylation 

site. In support of these data, increased IL-1β production was observed in Nlrp3–/– BMDMs 
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reconstituted with NLRP3Y918F mutant (Fig. 4B) which abrogated NLRP3 degradation (Fig. 

4C). Thus, our data indicate that Tyr918 is the tyrosine residue phosphorylated by Lyn. It has 

been reported that Tyr861 is the phosphorylation site of NLRP3 when PTP22N is inhibited 

(15); however, the reason for this discrepancy is currently unknown.

Lyn–/– mice are highly susceptible to LPS-induced septic shock via a NLRP3-dependent 
manner

To determine whether Lyn is indeed a negative regulator of the NLRP3 inflammasome, we 

generated Lyn–/– mice on a C57BL/6 background using CRISPR-Cas technology (Fig. 5A 

and B). We utilized LPS-induced septic shock as a model since we and others have shown 

that LPS-induced septic shock is NLRP3-dependent (18, 25). To test whether Lyn regulates 

NLRP3 inflammasomes in vivo, we challenged WT and Lyn–/– mice with a sub-lethal dose 

of LPS (5 mg/kg) (E. coli 0111:B4; Sigma) by intraperitoneal injection. Although WT mice 

all survived 40 hours after LPS injection, all Lyn–/– mice died within 24 hours after LPS 

injection (Fig. 5C). Serum IL-1β was increased at 2–6 hours post-injection in the Lyn–/– 

mice compared to WT mice, and TNF-α was significantly higher in the Lyn–/– mice than 

WT mice at 2 hours (Fig. 5D and E). To determine whether heightened activation of the 

NLRP3 inflammasome is the major cause of the LPS-induced lethality observed in Lyn–/– 

mice, we injected Lyn–/– mice with MCC950, a specific NLRP3 inhibitor, prior to LPS 

challenge. Inhibiting NLRP3 prevented the death of Lyn–/– mice after LPS injection (Fig. 

5C). This prevention was associated with attenuated serum levels of IL-1β and TNF-α (Fig. 

5D and E). Serum IL-6 levels also peaked at 2 hours after LPS injection in WT and Lyn–/– 

mice, but no difference observed between WT and Lyn–/– mice upon LPS injection, and 

MCC950 treatment (Fig. 5F). Therefore, our data collectively indicate that Lyn inhibits the 

NLRP3 inflammasome in vivo.

DISCUSSION

It has been shown that the NLRP3 inflammasome is essential for host defense against 

certain pathogen infections, but aberrant NLRP3 inflammasome activation is associated 

with development of neurodegenerative, metabolic, and autoimmune/autoinflammatory 

diseases as well as cancers (1, 3, 26, 27). Although the positive regulation of the NLRP3 

inflammasome has been extensively studied during the last several years, the negative 

control of NLRP3 inflammasome activity is less so. In this study, we unveiled a new role 

of tyrosine phosphorylation of NLRP3 by Lyn, which is a prerequisite for its ubiquitination, 

thus controlling NLRP3 inflammasome activity.

Phosphorylation of NLRP3 has been shown to positively or negatively regulate NLRP3 

inflammasome activation. Recent studies suggested that tyrosine phosphorylation of NLRP3, 

when PTPN22 is inhibited, down-regulates NLRP3 inflammasome activation possibly via 

an autophagasome-dependent mechanism (15, 23). Furthermore, the PTK(s) responsible for 

phosphorylating NLRP3, and the relationship between NLRP3 tyrosine phosphorylation 

and ubiquitination, are unknown. Using GST-NLRP3 pull-downs coupled with mass 

spectrometric analysis we found that Lyn is the PTK with the highest probability. Indeed, we 

confirmed that NLRP3 associates with Lyn in macrophages using a co-immunoprecipitation 
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assay, and that this association is enhanced upon NLRP3 inflammasome stimuli such 

as ATP. Because Lyn contains an SH3 and an SH2 domain that mediate protein-protein 

interactions (28), it is possible that Lyn may associate with NLRP3 via Lyn’s SH3 domain 

and the proline-rich region within NLRP3. Once NLRP3 is tyrosine phosphorylated, the 

phospho-tyrosine residues of NLRP3 may interact with Lyn’s SH2 domain. We further 

confirmed that Lyn is the PTK that phosphorylates NLRP3 by showing (i) that reconstituting 

Lyn–/– BMDMs with LynWT, but not LynY397F, restores NLRP3 tyrosine phosphorylation 

upon LPS priming and ATP stimulation and (ii) that Lyn directly phosphorylates NLRP3 by 

an in vitro Lyn kinase assay. Notably, we identified NLRP3 Tyr918 as the site that is tyrosine 

phosphorylated by Lyn by showing that mutation of Tyr918 abrogates NLRP3 tyrosine 

phosphorylation. In support of a role for Lyn in phosphorylating NLRP3, Lyn deficiency 

results in heightened IL-1β production by macrophages upon NLRP3 inflammasome 

activation. These data are further supported by the fact that the NLRP3 Y918F mutation, 

which abrogates its tyrosine phosphorylation, elicits aberrant IL-1β production. Our data 

are contradicted by those by Spalinger et al. (15) in which they found that NLRP3 is 

tyrosine phosphorylated in BMDCs during LPS priming, and that ATP stimulation induces 

PTPN22-mediated NLRP3 dephosphorylation (15). One possibility is that these authors 

primed BMDCs with LPS for 12 hours. Under this condition, LPS not only primes 

BMDCs to induce NLRP3 expression, but also undergoes endocytosis which triggers 

caspase-11, a cytosolic sensor for LPS, and activates caspase-11-dependent non-canonical 

NLRP3 inflammasome. Additional stimulation with ATP may activate PTPN22 under this 

specific condition which dephosphorylates NLRP3. In support of this notion, we found that 

priming of BMDMs and BMDCs with LPS for 12, but not 4, hours induces the tyrosine 

phosphorylation of NLRP3.

It has been shown that ASC also undergoes tyrosine phosphorylation by Syk (29). However, 

we do not know whether Lyn phosphorylates ASC. ASC is not among the target proteins 

identified in our mass spectrometry data. It is possible that Lyn may not directly act on ASC. 

In our ASC oligomerization assays, 5 min was determined to be the optimal time point at 

which to observe clear ASC oligomerization. We also believe that ASC oligomerization, 

measured by either microscopy or biochemical methodology, is sufficient to support the 

conclusion. Our data indicate that 30 to 60 min of ATP stimulation results in the degradation 

of a significant amount of NLRP3 (18). Therefore, these time-points are not ideal for ASC 

oligomerization. Gasdermin D (GSDMD) is cleaved by both caspase-11 and caspase-1. It 

is expected that GSDMD cleavage is increased in Lyn–/– BMDMs upon ATP stimulation 

because canonical NLRP3 inflammasome activation is heightened in Lyn–/– BMDMs upon 

LPS priming and ATP stimulation. GSDMD cleavage is beyond the scope of our current 

study.

It has been evident for many years that there are multiple connections between 

phosphorylation and ubiquitination, and that they can act either positively or negatively 

in both directions to regulate these processes (30). Using a Src kinase inhibitor, we 

found that inhibition of Src kinases results in the abrogation of NLRP3 ubiquitination 

in macrophages triggered by ATP. Indeed, Lyn deficiency, which completely diminishes 

NLRP3 tyrosine phosphorylation, also abrogates its ubiquitination. In keeping with this 

datum, NLRP3 Y918F mutation abrogates its ubiquitination. Notably, mice lacking Lyn 
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were highly susceptible to LPS-induced septic shock in an NLRP3-dependent manner. 

Therefore, our data collectively indicate that NLRP3 tyrosine phosphorylation is required 

for its ubiquitination, which provides the molecular mechanism by which NLRP3 tyrosine 

phosphorylation negatively regulates NLRP3 inflammasome activation. It is possible that 

tyrosine phosphorylation at Tyr918 may recruit RNF125 and Cbl-b to NLRP3, resulting in 

its ubiquitination and proteasome-mediated degradation. This notion is supported by the 

fact that both K63- and K48-linked ubiquitination of NLRP3 is compromised in BMDMs 

lacking Lyn upon LPS priming and ATP stimulation. The reason for the discrepancy 

relating to the tyrosine residue that we identified is currently unknown (15). It is possible 

that deficiency of PTPN22 may lead to aberrant activation of other PTK(s), which 

phosphorylate NLRP3 at Tyr861, whereas under normal conditions this tyrosine residue is 

not phosphorylated.

In summary, we have unveiled a previously uncharacterized function of Lyn which 

phosphorylates NLRP3 at Tyr918. This phosphorylation event is critical for NLRP3 

ubiquitination, thus dampening the NLRP3 inflammasome activity (Fig. 6). Therefore, Lyn 

is essential for keeping the NLRP3 inflammasome in check both in vitro and in vivo.

Materials and Methods

Mice

C57BL/6J (B6) mice and Nlrp3−/− mice were purchased from the Jackson Laboratory 

(Bar Harbor, ME). Lyn−/− mice (31) were kindly provided by Dr. Anthony L. DeFranco 

(University of California at San Francisco, San Francisco, CA). We also generated additional 

Lyn−/− mice using CRISPR-Cas9 technology. The mouse Lyn gene has 13 exons, which 

appear to generate different mRNA and protein isoforms. To efficiently knockout all the 

isoforms, we chose to target exon 11, so that all the isoforms would be targeted, and any 

frameshift insertions/deletions are expected to result in nonsense-mediated mRNA decay 

(NMD). We selected a 21-nucleotide sequence in exon 11 of mouse Lyn as the target 

sequence [5’-atctgcgagctgctaacgtcc-3’ (Pam:tgg)]. The target sequence is highly specific, 

as shown by lacking any off-targets with mismatches of <4 nucleotides in the mouse 

genome. Microinjection of the sgRNA (50 ng/μl) and Cas9 mRNAs (from 100 ng/μl) into 

the cytoplasm of fertilized C57BL/6 eggs and embryo transplantation was performed in the 

Northwestern University Transgenic and Targeted Mutagenesis Facility. Founder mice were 

genotyped by a direct PCR-sequencing approach. Two intronic primers flanking the exon 

11 (mLyn-E11F: 5’-catgacagcctatctagaatac-3’; mLyn-E11R: 5’-cacaagcctgcagtgagatgg-3’) 

were used for PCR amplification of the mouse tail DNA samples. The 246 bp PCR 

fragment was directly analyzed by Sanger sequencing. In 12 pups (24 alleles), we identified 

20 targeted alleles, which involved insertions/deletions of 1–15 bp. The founder mice 

with out-of-frame insertion/deletion mutations were maintained for the generation of the 

homozygous knockout mice. The Lyn homozygous knockout mice with an 11bp deletion 

(delCTAACGTCCTG) were used in this study. All mice were 8 to12 weeks of age when 

used, and both male and female mice were used in this study. All animal experimentation 

involving LPS injection and in vivo delivery of MCC950 was approved by the Institutional 

Animal Care and Use Committees (IACUCs) of the University of Iowa.
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Antibodies and reagents

The following antibodies (Abs) were purchased from Santa Cruz Biotechnology, Inc. (Santa 

Cruz, CA): rabbit anti-caspase-1 Ab (P10) (M20; sc-514), mouse anti-ubiquitin mAb (P4D1; 

sc-8017), rabbit anti-Lyn Ab (sc-15), Mouse anti-IL-1β mAb (3A6; #12242) Mouse anti-

phospho-tyrosine mAb (P-Tyr-100) (#9411) was purchased from Cell Signaling Technology, 

Inc. (Danvers, MA). Rabbit anti-Flag (M2) mAb (F2555), Src-I1 inhibitor (S2075), and 

BAY 61–3606 (B9685), and FLAG® M Purification Kit (CELLMM2) were obtained from 

Sigma-Aldrich (St. Louis, MO). Mouse anti-actin was purchased from Millipore (1A4; 

113200) (Massachusetts, MA). Rabbit anti-caspase 11 mAb (ab180673), Rat monoclonal 

anti-mouse kappa light chain (HRP) (ab99632), and mouse monoclonal anti-rabbit IgG light 

chain (HRP) (ab99697) were obtained from Abcam (Cambridge, MA). HRP-conjugated 

goat anti-rabbit IgG or rabbit anti-mouse IgG were purchased from Kirkegaard & Perry 

Laboratories (Gaithersburg, MD). Protein G-Sepharose and Gutathione Sepharose beads 

were purchased from GE Healthcare (Piscataway, NJ). ELISA kits for mouse IL1β, TNF-

α, and IL-6, and recombinant mouse GM-CSF were purchased from BioLegend (San 

Diego, CA). Lyn siRNA was purchased from Dharmacon RNA Technologies. Lipofectamine 

2000 kit (#18324012) and Alex Fluor Plus 594-conjugated goat anti-rabbit IgG (H+L) 

(A32740) were purchased from Invitrogen (Carlsbad, CA). MCC950 was purchased from 

InvivoGen (San Diego, CA). Cytotoxicity Detection KitPlus (LDH) was purchased from 

Roche (#04744926001; Mannheim, Germany). EnzyChromTM Kinase Assay Kit was 

obtained from BioAssay Systems (EKIN-400; Hayward, CA)

Generation of bone marrow-derived macrophages (BMDMs) and bone marrow-derived 
dendritic cells (BMDCs)

Bone-marrow (BM) cells from WT and various knockout mouse strains were harvested from 

the femurs and tibias of mice. Cells were cultured in Iscove’s modified Dulbecco’s medium 

(IMDM) containing 10% FBS and 50% conditioned medium from L929 cells expressing 

M-CSF as described (32). After one week of culture, non-adherent cells were removed, and 

adherent cells were 80–90% F4/80+CD11b+ as determined by flow cytometric analysis.

BMDCs were generated as previously described (33). In brief, BM cells from WT and 

various knockout mouse strains were harvested from the femurs and tibias of mice. Cells 

were cultured in RPMI1640 containing 10% FBS and 20 ng/ml GM-CSF and added an 

additional 20 ng/mL GM-CSF at day 3. Then half of the media were removed and same 

volume of fresh RPMI1640 containing 10% FBS and 20 ng/ml GM-CSF were added on day 

6. The cells were harvested on day 10, were 80% CD11c+ as determined by flow cytometric 

analysis.

Plasmids and transfection

Flag-tagged NLRP3 plasmids were kindly provided by Dr. Fabio Martinon (University 

of Lausanne, Switzerland). NLRP3Y861F, NLRP3Y918F, and NLRP3Y861F/918F mutants 

were generated at the Mutagenex Inc. (Suwanee, GA). The murine Lyn expression 

plasmids pCA-Lyn and kinase-inactive mutant pCA-LynY397F were provided by Dr. M. 

Hibbs (Monash University, Melbourne, Australia). Nlrp3−/− or Lyn–/– BMDMs were 

transfected with constructs expressing Flag-tagged NLRP3, NLRP3Y861F, NLRP3Y918F, or 
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NLRP3Y861F/918F , or WT Lyn or LynY397F (1 μg/106 cells) by 2 μl Lipofectamine 2000 

reagent according to the manufacturer’s instructions for 24 hours. For determination of Lyn 

and NLRP3 association in the absence of LPS signaling, HEK293T cells were transfected 

with Flag-tagged NLRP3 by calcium precipitation as described (18, 34).

Differentiation of THP-1 cells into macrophages by PMA

THP-1 cells were cultured in 24-well plates for 3 hours with 300 ng/ml PMA at a density 

of 5 or 6 × 105 cells per well, then cells were washed in PBS and cultured for 3 days in 

complete RPMI 1640 containing 10% FBS and 1% L-glutamine.

Isolation of murine peritoneal macrophages

Peritoneal macrophages were isolated according to the protocol previously described (35). 

The peritoneal cells (4 × 105) in DMEM/F12–10 medium were added to 24-well plates, and 

cultured for 2 hours at 30°C. Nonadherent cells were removed by gently washing three times 

with warm PBS. The adherent macrophages were used for the experiments.

Activation of NLRP3 inflammasomes

LPS-primed BMDMs were stimulated with ATP (2.5 mM) for 30 min, nigericin (20 μM) for 

3 hours, MSU (200 μg/ml) for 4 hours, and silica (500 μg/ml) for 6 hours. Poly(dA:dT) (1 

μg/106 cells, for 6 hours) and flagellin (6.25 μg/106 cells, for 4 hours) were transfected by 2 

μl Lipofectamine 2000 reagent according to the manufacturer’s instructions.

ELISA and cell death assay

Cell culture supernatants and serum were assayed by ELISA for IL-1β, IL-6 and TNF-α 
using kits from BioLegend, and cell death was measured by a lactate dehydrogenase (LDH) 

assay kit from Roche, each according to kit protocols.

Immunoprecipitation and Western blot analysis

BMDMs from various groups of mice were primed with LPS (100 ng/ml) for 4 hours and 

pretreated with Src-I1 (44 nM), Bay 61–3606 (10 nM) for 1 hour, and then stimulated with 

ATP (2.5 mM) for 5 min. Cells were lysed in RIPA buffer containing 2% SDS, sonicated, 

heated to 95°C, and then diluted to 0.2% of SDS. The cell lysates were immunopreciptated 

with antibody to NLRP3 and blotted with antibodies to phospho-tyrosine (pTyr) and 

ubiquitin. To detect the active forms of caspase-1 and mature IL-1β in the supernatants, 

cell supernatants were chloroform-methanol precipitated as described (36). Samples were 

analyzed by SDS-PAGE. Immunoblot analysis were done with Abs to Caspase-1 p10 

(1:1000), IL-1β p17 (1:1000). The cell lysates treated with LPS (100 ng/ml, 4 hours) and 

ATP (2.5 mM, 5 min) were determined by immunoblot with Abs against NLRP3 (1:1000), 

Lyn (1:1000) and actin (1:3000).

For the co-immunoprecipitation assay, B6 BMDMs were primed with LPS (100 ng/ml) for 

4 hours and stimulated with ATP (2.5 mM) for various times. Cells were lysed in 0.5% 

NP40 lysis buffer in order to better keep protein-protein interaction. The cell lysates were 

immunoprecipitated with antibody to NLRP3 and blotted with antibody to Lyn (1:500). In 
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some experiments, lysates of HEK293T cells transfected with Flag-tagged NLRP3 were 

immunoprecipitated with antibody to Lyn and blotted with antibody to Flag (1:1000).

Confocal microscopy

WT BMDMs were primed with FITC-conjugated LPS (100 μg/ml) for 12 or 4 hours. 

The cells were fixed in 1% paraformaldehyde, permeabilized in 0.05% saponin, and 

intracellularly stained with antibody to caspase-11 (1:250), followed by Alex Fluor Plus 

594-conjugated goat antibody to rabbit IgG (1: 300) and then DAPI. Imaging was performed 

on a Leica TCS SPE confocal microscope (Buffalo Grove, IL).

Preparation of GST-NLRP3 fusion protein

GST-NLRP3 protein was purified from the GST Fusion Protein Purification kit as described 

previously (34). Briefly, T7 Express Competent E. Coli cells were transformed with 100 ng 

GST-NLRP3 plasmid. When the OD reached 0.6, 0.1 mM IPTG was added to induce the 

expression of GST-NLRP3. Then the bacteria were shaken at 25˚C overnight. The bacteria 

pellets were lysed in lysis buffer and sonicated. Soluble proteins were purified with fast flow 

glutathione sepharose beads (GE Healthcare).

In vitro kinase assay

In vitro Lyn kinase assays were performed using EnzyChromTM Kinase Assay Kits 

(EKIN-400; BioAssay Systems, Hayward, CA). WT BMDMs were primed with 100 ng 

LPS for 4 hours, and stimulated with 2.5 mM ATP at 5, 15, 30, and 60 min, and lysed in 

ice-cold 1% Triton X-100 lysis buffer containing 10 mM Tris (pH 7.5), 150 mM NaCl, 2 

mM EGTA, 50 mM β-glycerophosphate, 2 mM Na3VO4, 10 mM NaF, 1 mM DTT, 1 mM 

PMSF, 10 μg/ml leupeptin, and 10 μg/ml apoptinin (21). The cell lysates were incubated 

for 1 hour at 4°C with antibody to Lyn and further reacted with protein G agarose for an 

additional 1 hour at 4°C. Lyn immunoprecipitates were washed three times with lysis buffer, 

and twice with kinase buffer [20 mM HEPES (pH 7.5), 20 mM MgCl2, 20 mM MnCl2, 2 

mM DTT, 25 mM β-glycerophosphate, and 100 nM Na3VO4], then resuspended in kinase 

assay buffer. Immunoprecipitates of Lyn were incubated with 2 μg GST-NLRP3 and 100 

μM ATP in kinase buffer at room temperature for 30 min in the dark. The working reagents 

to detect ADP provided in the kinase assay kit were added and fluorescence intensity at 

lexc = 530 nm and lem = 590 nm were measured 10 minutes later. The kinase activity was 

calculated accordingly to fluorescence intensity. An aliquot of the kinase reaction mixtures 

was resolved by SDS-PAGE. The membranes were blotted with antibodies to phospho-Lyn 

(Tyr397) and Lyn, respectively.

Detection of ASC oligomerization

For detection of ASC oligomerization, 2 × 106 cells were primed with LPS (100 ng/ml), 

pretreated with Srcl-1 (44 nM) and BAY61–3606 (10 nM) for 1 hour, and stimulated with 

ATP (2.5 mM) for 5 min. The cells were washed twice with PBS, scraped from the plate and 

sheared 30 times through a 21-gauge needle. The cell lysates were washed twice with PBS 

and centrifuged at 5,000 x g to pellet ASC oligomers. The cell lysates were resuspended 

in 50 μl CHAPS buffer (20 mM HEPES-KOH, pH 7.5, 5 mM MgCl2, 0.5 mM EGTA, 0.1 
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mM PMSF, 0.1% CHAPS). 4 mM disuccinimidyl suberate (DSS; AA39267, Thermo Fisher 

Scientific; Waltham, MA) was added, and incubated the reaction mixture for 30 min at room 

temperature. The reactions were quenched by adding 2x protein loading buffer, then heated 

for 5 min at 99 °C. The samples were separated by SDS-PAGE and immunoblotted with 

antibody to ASC (37, 38).

Isolation of soluble and insoluble fractions

The soluble and insoluble proteins were extracted by using the FOCUS™ Soluble & 

Insoluble Protein Extraction kit (Cat. #786–247; G-Biosciences, St. Louis, MO). In brief, 

BMDMs were washed twice with PBS, scraped from the plate and centrifuged. SPE 

Buffer was added and the cells were incubated 30 min on ice, followed by sonication. 

The lysates were centrifuged, and the supernatant was regarded as soluble fraction. The 

pellets were suspended in FPS Buffer and vortexed to solubilize the insoluble proteins. After 

centrifugation, the clear supernatants were collected for analysis as the insoluble fraction. 

The soluble fraction was concentrated before analysis. The purities of soluble and insoluble 

fractions were determined by tubulin and vimentin immunoblotting, respectively (24).

Identification of PTKs that binds to NLRP3

To identify NLRP3-binding PTKs, we incubated GST and GST-NLRP3 proteins with lysates 

from WT BMDMs primed by LPS and stimulated by ATP for 5 min, followed by incubation 

with glutathione-sepharose beads as described (18).

Suspension trapping filters for cleanup and digestion

Home-made Suspension Trapping filters were fashioned from 8 × 3mm punches of QM-A 

Whatman quartz discs, stacked above two layers of C18 resin (Empore C18, 3M) in a 200 

μl pipet tip (39). This was filled with 100 mM Tris-HCl (pH 7.4.) in methanol. The sample 

was solubilized with SDS (4% wt/vol), 20 mM DTT and incubated at 95°C for 5 min then 

alkylated with chloroacetamide in the dark for 30 min. Phosphoric acid was added to 3% 

and the sample transferred to the Trapping pipet. Proteins were captured on quartz fibers as 

a fine dispersion while MS-incompatible materials pass through the tip. The stack was then 

rinsed and refilled with cold trypsin in 50 mM AmBiC and set to digest at 47°C for 2 hours. 

Peptides were eluted with 300 μl of 50% ACN, 0.1% TFA, lyophilized and stored at −20°C.

LC-MS/MS

Full MS1 profile data were acquired on a Q-Exactive hf (Thermo Fisher) from 380 to 1700 

m/z at a resolution of 60,000 (40). The 10 most abundant precursors were selected with a 

mass window of 2 Th and subjected to higher-energy collisional dissociation (HCD) at 37% 

activation efficiency. A 30 second dynamic exclusion improved selection of lower abundant 

ions. Fragmentation data was acquired in centroid at 30,000 resolution.

Initial spectral searches were performed with both Mascot version 2.6.2 (MatrixScience) and 

Byonic search engines (Protein Metrics ver. 2.8.2) against the 2/06/2016 UniprotKB and 

reverted entry database for mouse. With 5 and 10 ppm tolerance for precursor and fragments 

respectively, searches assume fixed Cys modifications of 57 Da, as well as variable mods of 
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16 (M), 80 (S, T) and 114 (K) Th. Final discriminant scores were determined by Scaffold Q 

+ S ver. 4.7 (Proteome Software) at 1.2% False Discovery Rate (FDR).

In vitro knock down of Lyn

WT BMDMs were plated at 10 cm dish and transiently transfected with 12 μg Lyn Accell 

siRNA or nonsense siRNA (Dharmacon) plus 30 μl Lipofectamine 2000 according to 

manufacturer’s protocol. Cells were harvested 36 hours later and lysed for Western blotting 

analysis.

LPS-induced septic shock

WT and Lyn–/– mice (n = 5) at 8–12 weeks of age were injected i.p. with a sub-lethal dose 

of LPS (5 mg/kg) (E. coli 0111:B4), and monitored for the survival rate for 40 hours. One 

group of Lyn–/– mice were injected by i.p. with MCC950 (50 mg/kg) 1 hour prior to LPS 

injection. For serum pro-inflammatory cytokines, 1 mg/kg of LPS was injected i.p., and 

serum was collected at 0, 2, 6, 12, and 24 hours.

Data analysis and statistical analysis

ELISA data were analyzed by using the Student’s t-test. Survival data were analyzed by 

using the Kaplan–Meier log-rank test. Differences were considered significant at p < 0.05. 

No animals were excluded from the analysis. Mice were allocated to experimental groups 

based on their genotypes and were randomized within their sex- and age-matched groups. 

No statistical method was used to predetermine sample size. It was assumed that normal 

variance occurs between the experimental groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. NLRP3 tyrosine phosphorylation is required for its ubiquitination.
(A) ELISA detection of IL-1β in the supernatants from LPS-primed BMDMs treated as 

indicated with ATP（2.5 mM, 30 min), nigericin (20 μM, 3 hours), MSU (200 μg/ml, 4 

hours), silica (500 μg/ml, 6 hours), poly(dA:dT) (1 μg/106 cells, 6 hours), or flagellin (6.25 

μg/106 cells, 4 hours), each either alone or in the presence of Src-I1 (Src-I; 44 nM, 1 hour) 

or BAY 61–3606 (BAY-I; 10 nM, 1 hour). Below, Western blotting for caspase-1 (Casp-1) 

p10 and IL-1β p17 in the same supernatants (sup) and their pre-processed “pro” forms in 

whole cell extracts (CL). (B) WT BMDMs were primed with LPS and stimulated with ATP 

or nigericin in the presence of Src-I1 or BAY 61–3606, then lysed in RIPA buffer. The cell 

lysates were either immunoprecipitated with antibody to NLRP3 and blotted with antibodies 

to pTyr and ubiquitin, or they were immunoprecipitated with antibody to pTyr and blotted 

with antibody to NLRP3. (C) Western blotting for ASC in cell lysates (either cross-linked 

with DSS or not) from LPS-primed WT BMDMs pretreated with Src-I1 or BAY 61–3606 
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and stimulated with ATP. Input control (CL) is from pre-crosslinked aliquots. The data are 

from a representative one of three (A and B) or 4 (C) independent experiments. *P< 0.05, 

student t test.
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Fig. 2. Lyn directly phosphorylates NLRP3.
(A) LS-MS analysis of GST-NLRP3 pull-down proteins. Spectral counts of high confidence 

proteins are listed at the right. Thirty-four peptides with confidence >95% are assigned 

to two Lyn isoforms. Coverage of Lyn increased from 44% to 66% with ATP in addition 

to LPS. (B) Lysates from LPS-primed BMDMs treated with ATP at indicated time-points 

were immunoprecipitated with antibody to NLRP3 and blotted with antibodies to Lyn 

and NLRP3. (C) Lysates from HEK293T cells transfected with Flag-tagged NLRP3 and 

Lyn, were immunoprecipitated with antibody to Lyn and blotted with antibody to Flag. 

(D) Lysates from Lyn–/– BMDMs were transfected with the constructs expressing WT 

Lyn or a kinase-dead Lyn (LynY397F) upon LPS priming and ATP stimulation were 

immunoprecipitated with antibody to NLRP3 and blotted with antibody to pTyr. Whole cell 

lysates were immunoblotted with antibodies to Lyn and actin. (E) Lysates from LPS-primed 

BMDMs treated with ATP at indicated time-points were immunoprecipitated with antibody 

to Lyn, incubated with GST-NLRP3 in kinase buffer in the presence of ATP, and then 
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detected using an EnzyChrom™ kinase assay kit. An aliquot of kinase reaction mixture was 

blotted with antibodies to phospho-Lyn (Tyr397) and Lyn. Data are from a representative one 

of two (A and D) or three (C, B and E) independent experiments. **P< 0.01, student t test
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Fig. 3. Lyn suppresses the activation of NLRP3 inflammasome.
(A) WT BMDMs were transfected with Ctr siRNA or Lyn siRNA by lipofectamine 2000, 

primed with LPS for 4 hours, then stimulated with ATP for 5 min, and lysed in RIPA buffer. 

The cell lysates were immunoprecipitated with anti-NLRP3 and blotted with antibodies 

to pTyr and ubiquitin. (B) WT BMDMs treated with siRNA and primed as in A, and 

then stimulated with ATP for 30 min. The expression of NLRP3 was determined by 

immunoblot analysis. (C) Immunoblot analysis for caspase-1 (Casp-1) p10 and IL-1β p17 

pre-processed “pro” forms in whole cell extracts (CL) from (B) and their cleaved form in 

the same supernatants (sup). IL-1β production in supernatants under the same conditions 

was measured by ELISA. (D) BMDMs from WT and Lyn–/– mice, primed with LPS, and 

stimulated with ATP. The cell lysates were immunoprecipitated with antibody to NLRP3 and 

blotted with antibodies to pTyr and ubiquitin. (E) Immunoblot analysis for NLRP3 in cell 

lysates from LPS-primed WT and Lyn–/– BMDMs stimulated with ATP. (F) Immunoblot 
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analysis for caspase-1 (Casp-1) p10 and IL-1β p17 pre-processed “pro” forms in whole 

cell extracts (CL) from (E) and their cleaved form in the same supernatants (sup). IL-1β 
production in supernatants under the same conditions was measured by ELISA. (G) ELISA 

detection of IL-1β in the supernatants from LPS-primed BMDMs from WT and Lyn–/– mice 

treated as indicated with ATP or ATP with Ac-YVAD-cmk, nigericin, MSU, poly(dA:dT), 

and flagellin. (H) LDH assay of LPS-primed BMDMs and stimulated with ATP in the 

presence of VX765 or VX765 plus MG132. (I) Immunoblot analysis for NLRP3 in cell 

lysates (both solube and insoluble fractions) from LPS-primed WT BMDMs treated as in 

(H). The purity of soluble and insoluble fractions was determined by immunoblotting with 

tubulin and vimentin, respectively. The data are from a representative one of three (A to F), 

two (G and H), or four (I) independent experiments. Data are mean ± SD for IL-1β in (C, G, 

and H). *P< 0.05; **P< 0.01, student t test.
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Fig. 4. Src kinase Lyn phosphorylates NLRP3 at Tyr 918, which facilitates NLRP3 ubiquitination 
and subsequent degradation.
(A) Nlrp3–/– BMDMs were reconstituted with the constructs expressing pCMV6, 

NLRP3WT, NLRP3Y861F, NLRP3Y918F and NLRP3Y861F/918F, primed with LPS, stimulated 

with ATP. The cell lysates were immunoprecipitated with antibody to NLRP3, and blotted 

with antibodies to pTyr and ubiquitin, respectively. The cell lysates were blotted with 

antibodies to Flag and actin, respectively. (B) Nlrp3–/– BMDMs were reconstituted with the 

constructs expressing NLRP3WT and NLRP3Y918F, primed with LPS, and stimulated with 

ATP. The IL-1β in the supernatants was determined by ELISA. (C) Nlrp3–/– BMDMs were 

reconstituted with the constructs expressing NLRP3WT and NLRP3Y918F, primed with LPS 

and stimulated with ATP. The cell lysates were blotted with antibodies to NLRP3 and actin. 

Data are representative of three independent experiments (A to C). **P< 0.01, student t test.
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Fig. 5. Loss of Lyn increases the susceptibility of mice to sublethal LPS-induced septic shock via 
a NLRP3-dependent manner.
(A) Generation of Lyn–/– mice by CRISPR Cas9 technology. Lyn–/– mice were generated by 

CRISPR-Cas9-mediated targeting of exon11 of mouse Lyn. The DNA sequence for specific 

gRNA is shown in red, and the PAM sequence in blue (top panel). Arrow indicates the 

Cas9 cleavage site. Amino acids are shown below the respective codes. The sequence of a 

targeted allele with 11-nucleotide deletion is presented (lower panel). The frameshift and an 

immediate premature stop codon TGA [X] are shown. The Lyn homozygous knockout mice 

with the 11bp deletion (delCTAACGTCCTG) were used in this study. (B) Splenocytes from 

two WT and two Lyn–/– mice were lysed and blotted with antibodies to Lyn and actin. (C) 

Kaplan-Meier Survival curve of WT and Lyn–/– mice injected with a sub-lethal dose of LPS 

(5 mg/kg) in the presence or absence of MCC950 (50 mg/kg) pretreatment. N = 5 each. 

***P< 0.001 (Lyn–/– + LPS vs WT + LPS or Lyn–/– + LPS/MCC950), by log rank test. (D 
to F) ELISA of serum IL-1β, TNF-α, and IL-6 levels from WT and Lyn–/– mice injected 
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with LPS (1 mg/kg) with or without MCC950 pretreatment. N = 5. *P< 0.05（WT + LPS vs 

Lyn–/– + LPS; Lyn–/– + LPS vs Lyn–/– + LPS/MC950, by student’s t-test. In (B to F), data 

are representative of three independent experiments.
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Fig. 6. A schematic model for Lyn in NLRP3 inflammasome activation.
When macrophages from WT mice are primed with LPS, and stimulated with soluble 

stimuli such as ATP, Lyn is activated, and then phosphorylates NLRP3 at Tyr 918 which 

is a prerequisite for NLRP3 ubiquitination and subsequent degradation in the proteasome. 

In the absence of Lyn, NLRP3 tyrosine phosphorylation and subsequent ubiquitination is 

abrogated, which results in heightened NLRP3 protein expression, and activation.

Tang et al. Page 26

Sci Signal. Author manuscript; available in PMC 2022 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	RESULTS
	Tyrosine phosphorylation of NLRP3 mediated by Src family PTK(s) is a prerequisite for its ubiquitination
	Lyn is the PTK that phosphorylates NLRP3
	Lyn inhibits NLRP3 inflammasome activation by facilitating NLRP3 degradation in the proteasome
	Lyn phosphorylates NLRP3 at Tyr918 and controls NLRP3 ubiquitination
	Lyn–/– mice are highly susceptible to LPS-induced septic shock via a NLRP3-dependent manner

	DISCUSSION
	Materials and Methods
	Mice
	Antibodies and reagents
	Generation of bone marrow-derived macrophages (BMDMs) and bone marrow-derived dendritic cells (BMDCs)
	Plasmids and transfection
	Differentiation of THP-1 cells into macrophages by PMA
	Isolation of murine peritoneal macrophages
	Activation of NLRP3 inflammasomes
	ELISA and cell death assay
	Immunoprecipitation and Western blot analysis
	Confocal microscopy
	Preparation of GST-NLRP3 fusion protein
	In vitro kinase assay
	Detection of ASC oligomerization
	Isolation of soluble and insoluble fractions
	Identification of PTKs that binds to NLRP3
	Suspension trapping filters for cleanup and digestion
	LC-MS/MS
	In vitro knock down of Lyn
	LPS-induced septic shock
	Data analysis and statistical analysis

	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Fig. 6.

