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Abstract 17 

NLRP3 forms a multiprotein inflammasome complex to initiate the inflammatory response 18 

when macrophages sense infection or tissue damage, which leads to caspase-1 activation 19 

and maturation and release of the inflammatory cytokines interleukin-1β (IL-1β) and IL-18, 20 

and Gasdermin-D (GSDMD) mediated pyroptosis. NLRP3 inflammasome activity must be 21 

controlled as unregulated and chronic inflammation underlies inflammatory and autoimmune 22 

diseases. Several findings uncovered that NLRP3 inflammasome activity is under the 23 

regulation of centrosome localized proteins such as NEK7 and HDAC6, however, whether 24 

the centrosome composition or structure is altered during the inflammasome activation is not 25 

known. Our data show that levels of the centrosomal scaffold protein pericentrin (PCNT) are 26 

reduced upon NLRP3 inflammasome activation via different activators in human and murine 27 

macrophages. PCNT loss occurs in the presence of membrane stabilizer punicalagin, 28 
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suggesting this is not a consequence of membrane rupture. We found that PCNT loss is 29 

dependent on NLRP3 and active caspases as MCC950 and pan caspase inhibitor ZVAD 30 

prevent its degradation. Moreover, caspase-1 and GSDMD are both required for this 31 

NLRP3-mediated PCNT loss because absence of caspase-1 or GSDMD triggers an 32 

alternative regulation of PCNT via its cleavage by caspase-3 in response to nigericin 33 

stimulation. PCNT degradation occurs in response to nigericin, but also other NLRP3 34 

activators including lysomotropic agent L-Leucyl-L-Leucine methyl ester (LLOMe) and 35 

hypotonicity. Our work reveals that the NLRP3 inflammasome activation affects centrosome 36 

composition and structure which may deepen our understandings of how activated NLRP3 37 

inflammasomes are involved in the pathogenesis of inflammatory diseases. 38 

Key words: Centrosome, NLRP3 Inflammasome, Pyroptosis, Caspases 39 

 40 

Introduction  41 

Inflammasome activation in macrophages is an early event occurring at the initiation of an 42 

inflammatory response. Inflammasomes, formed by sensor proteins such as NLRP3, 43 

assemble in response to pathogenic or damage signals leading to the activation of caspase-44 

1 which is responsible for the cleavage of pro-IL1β and pro-IL18 into their active forms [1, 2] 45 

as well as for the cleavage of GSDMD, which N-terminal domain forms pores in the 46 

membrane required for IL-1β and IL-18 release [3]. GSDMD cleavage is also required for the 47 

induction of pyroptosis, a programmed lytic cell death induced upon inflammasome-48 

caspase-1 activation [4].  49 

 50 

Subcellular localization of NLRP3 inflammasome is important for its function. Several 51 

organelles contribute to NLRP3 regulation and activation either by acting as assembly 52 

platforms or as sensors of NLRP3 activating stimuli that mediate inflammasome assembly 53 

[5]. The centrosome is one of such organelles. Centrosome associated proteins MARK4, 54 

HDAC6, NEK7, PLK1 and PLK4 contribute to either the trafficking of NLRP3 to the 55 

centrosome or to regulation of NLRP3, mediating its activation [6,7,8,9,10]. However, little is 56 
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known about how changes to the centrosome composition and integrity are related to 57 

inflammasome activation. 58 

 59 

The centrosome is a dynamic organelle which plays important roles in microtubule 60 

organisation and in cell cycle but also in stress and damage responses [11, 12]. 61 

Centrosomes are formed by the centrioles and a cloud of proteins around them called the 62 

pericentriolar material (PCM) [13]. Pericentrin (PCNT) is one of the main components of the 63 

PCM of the centrosome. In humans it presents two main isoforms PCNT-A (220 kDa) and 64 

PCNT-B (also known as kendrin, 340 kDa) and that shares its N-terminal end with PCNT-A 65 

[14]. The composition of the centrosome is altered during the cell cycle [15] as well as in 66 

response to stresses such as DNA damage [16] or heat shock [17]. Sensing of pro-67 

inflammatory stimuli including the bacterial component LPS induces cell cycle arrest in G1 68 

[18]. Moreover, LPS increases the accumulation of pericentriolar components at the PCM 69 

including PCNT and γ-tubulin reflecting an alteration of the PCM [19]. Interestingly 70 

monocytes from febrile patients with a fever or subjected to heat stress present a reversible 71 

loss of integrity of the centrosome [17].  72 

 73 

Pyroptosis and apoptosis are different forms of programmed cell death. Pyroptosis, unlike 74 

apoptosis, does not depend on apoptotic caspases (caspase-3, -9, etc.) activation [20] but 75 

on proinflammatory caspases (e.g., caspase-1) and the assembly of the GSDMD pore at the 76 

plasma membrane [21]. Pyroptosis is a lytic cell death where contents are released to the 77 

extracellular environment and contribute to inflammation [22]. It is become clear however, 78 

that in the absence of GSDMD and hence pyroptosis, caspase-1 activation triggered by 79 

NLRP3 inflammasome leads to caspase-3 activation and consequently apoptosis [23, 24]. 80 

This process is followed by caspase-3 mediated cleavage of Gasdermin E, that eventually 81 

also leads to a pyroptotic event [23, 24]. Moreover, cells lacking caspase-1 are also able to 82 

trigger incomplete pyroptosis via caspase-3, highlighting a tight cross-regulation between 83 

these two types of cell death and caspases [25].  84 
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 85 

The centrosome can assemble and disassemble in response to specific stimuli and this is 86 

essential for appropriate cell division. Here, PCNT is cleaved by separase, a member of the 87 

Cell Death family of cysteine proteases, which also includes caspases [26]. PCNT cleavage 88 

by separase occurs at R2231 (leading to a 275kDa fragment), and mutations in this site 89 

suppresses centriole disengagement and subsequent centriole duplication [27]. Cleavage of 90 

PCNT can also be mediated by caspase-3 in response to apoptotic stimuli. Seo and Rhee 91 

(2018) demonstrated that treatment of HeLa cells with apoptotic agents led to the cleavage 92 

of PCNT while no cleavage of γ-tubulin was detected [28]. The specific PCNT cleavage sites 93 

targeted by caspase-3 remain to be identified. However, it remains unclear whether the 94 

centrosome is targeted by caspase-1 in pyroptotic cells and how this is governed. 95 

 96 

Here, we investigated the relationship between centrosome and inflammasome activation in 97 

macrophages. We found that centrosome structure and PCNT protein are lost in response to 98 

NLRP3 activators nigericin, LLOMe, and hyptonocity and that this is dependent on the 99 

NLRP3/caspase-1/GSDMD signalling axis. This work highlights that the centrosome is 100 

altered and dysfunctional in the pyroptotic environment formed by NLRP3 inflammasome 101 

activation.  102 

 103 

Materials and Methods  104 

Reagents and antibodies 105 

LPS (Escherichia coli 026:B6); Nigericin (N7143); protease inhibitor cocktail (P8340); 106 

phorbol 12‐myristate 13‐acetate (PMA, P8139); penicillin–streptomycin (Pen/Strep, P4333); 107 

Punicalagin (P0023); Caspase-1 Inhibitor IV (YVAD, 400015); MG-132 (M7449); Bovine 108 

Serum Albumin (A7906) and Formaldehyde solution (50-00-0) were from Sigma. Dulbecco’s 109 

Phosphate Buffered Saline (PBS, D8537); DAPI (28718-90-3); Pepstatin A Methyl Ester 110 

(Pepstatin A, 516485) and MCC950 (256373-96-3) were purchased from Merck. Ultrapure™ 111 

DNase/RNase-Free Distilled Water (10977035) was from Invitrogen. Zeocin (J67140-8) and 112 
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MeOH (67-56-1) was sourced from Thermo Scientific. Foetal bovine serum (FBS, S181H-113 

500) was from Gibco. Fluorescence Mounting Medium (S3023) was obtained from Agilent. 114 

CA-074 methyl ester (CA-074, S7420) was from Selleckchem. Z-VAD-FMK (ZVAD, 001) 115 

was from R&D Systems. Z-DEVD-FMK was obtained from APExBIO. E-64-D (BML-PI107) 116 

was sourced from Enzo Life Sciences. L-Leucyl-L-Leucine methyl ester (LLOMe, 16008) 117 

was from Cayman. DMSO (7726) was from Bio-Techne. 118 

Primary antibodies used for Western blot assays were as follows: anti-pericentrin (1:500, 119 

rabbit polyclonal, Abcam, ab4448), anti-pericentrin (1:200, rabbit polyclonal, Invitrogen, PA5-120 

115736), anti-γ-tubulin (1:1000, mouse monoclonal, Merck, T6557), anti-caspase-1 p20 121 

(1:500, rabbit monoclonal, Cell Signalling Technology, 3866), anti-caspase-3 (1:500, rabbit 122 

monoclonal, Abcam, ab32351), anti-NLRP3 (1 μg/ml, mouse monoclonal, Adipogen, AG-123 

20B-0014) and anti‐β‐actin‐HRP (0.2 μg/ml, mouse monoclonal, Sigma, A3854). HRP 124 

conjugated secondary antibodies used for Western blot were anti‐rabbit‐HRP (0.25 μg/ml, 125 

goat polyclonal, Dako, P0448) and anti‐mouse‐HRP (1.3 μg/ml, rabbit polyclonal, Dako, 126 

P0260).  127 

Primary antibodies used for immunofluorescence were: anti-pericentrin (rabbit polyclonal, 128 

Abcam, ab4448), anti-pericentrin (rabbit polyclonal, Invitrogen, PA5-115736), anti-ASC 129 

(mouse, Biolegend, 676502), anti-ASC (rabbit polyclonal, AdipoGen Life Science, AG-25B-130 

0006-C100), anti-ninein (mouse monoclonal, Santa Cruz, sc-376420), Anti-NLRP3 (mouse 131 

monoclonal, AdipoGen Life Science, AG-20B-0014) at 1:1000 dilution or anti-γ-tubulin 132 

(mouse monoclonal, Merck, T6557) at 1:500 dilution. 133 

Cell Culture and treatments 134 

THP1ATCC, THP1Caspase1-/- and THP1GSDMD-/- cells were maintained in complete RPMI-1640 135 

(with 2 mM L-glutamine, 10% FBS and Pen/Strep (100 U/ml)). THP1Null2 and THP1NLRP3 PYD 136 

deficient cells (THP1NLRP3-/-) were also cultured in complete RPMI-1640 plus Zeocin (100 137 

μg/mL). THP1ATCC cell line was sourced from ATCC. THP1Null2 and THP1NLRP3-/- cell lines 138 

were purchased from Invivogen. THP1Caspase1-/- cells were a gift from Prof Veit Hornung 139 

(Ludwig Maximilian University of Munich). THP1GFP-NLRP3 and THP1GSDMD-/- cells were 140 
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generated in the Lopez-Castejon’s lab as previously described [29, 35]. All cultures were 141 

maintained in humidified incubators at 37�°C, 5% CO2.  142 

For Bone Marrow Derived macrophages (BMDMs) isolation, femur and tibia from 6-8 months 143 

old C57BL/6J mice were removed. Bone marrow was flushed out, resuspended in DMEM 144 

supplemented with 20% L929 supernatant, 10% FBS and 1% Pen/Strep (100 U/ml), then 145 

cultured for 6 days until differentiation into macrophages. The resulting BMDMs were 146 

detached with cold PBS and seeded on cell culture plates for use next day.   147 

THP1 cells were plated at a density of 1×106 cells/ml and differentiated with 0.05 μM PMA. 148 

After 24 h, media were removed and replaced with fresh media. Experiments were carried 149 

out the following day. During stimulation, cells were kept in E-total buffer (147 mM NaCl, 10 150 

mM Hepes, 10 mM D-glucose, 2 mM KCl, 2 mM CaCl2, 1 mM MgCl2, buffered to pH 7.4). 151 

Cell death Assay 152 

Cell death was measured using quantitative assessment for the release of lactate 153 

dehydrogenase (LDH) into cell supernatants, after a centrifugation step of 1 min at 13,000 154 

×g at 4°C, to remove any dead/floating cells. CytoTox 96® Non‐Radioactive Cytotoxicity 155 

Assay (Promega, G1780) was used according to the manufacturer's instructions. 156 

Absorbance values were recorded at 490 nm and the results were expressed as a 157 

percentage of LDH release relative to the total cells lysed. 158 

Caspase-1 activity Assay 159 

Caspase-1 activity was measured in the supernatants using Caspase-Glo® 1 Inflammasome 160 

Assay (Promega G9951). Briefly, cell supernatants were combined with Z-WEHD 161 

aminoluciferin substrate for 0.5 h before recording luminescence. The results were 162 

expressed as a fold change relative to untreated cells. 163 

Cathepsins activity Assay 164 

The activity of cathepsin B and cathepsin D was measured using Abcam Fluorometric 165 

Activity Assay Kits (ab65300 and ab65302 for cathepsin B and cathepsin D, respectively). 166 

Briefly, cell lysates were incubated with reaction mix including reaction substrate and buffer 167 
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at 37 °C for 90 min following the manufacturer’s instructions. Fold change from the untreated 168 

cells control was calculated for all experimental groups. 169 

Proteasome activity Assay 170 

Proteasome activity was measured in cell lysates using the Proteasome-Glo™ 3 Substrate 171 

System (Promega, G8531). Corresponding reagents for testing as chymotrypsin-like, 172 

trypsin-like, and caspase-like activity of the of proteasome are included in this kit. 173 

Manufacturer’s instructions were followed. 30 min after adding the individual Proteasome-174 

Glo™ Reagents separately, luminescence was recorded as relative light units (RLU) on a 175 

GloMax® 96 Microplate Luminometer. 176 

Enzyme‐Linked Immunosorbent Assay (ELISA) 177 

Levels of human IL‐18 and mouse IL-1β were measured in the cell supernatants using 178 

ELISA kits from R&D Systems (DY318) and (DY401-05), respectively. ELISAs were 179 

performed following the manufacturer's instructions.  180 

Western Blot 181 

Cells were lysed for at least 20 min on ice using a RIPA lysis buffer (50 mM Tris–HCl, pH 8, 182 

150 mM NaCl, 1% NP‐40, 0.5% sodium deoxycholate and 0.1% sodium dodecyl sulphate, 183 

SDS), supplemented with a protease inhibitor cocktail (1:100). Lysates were then 184 

centrifuged at 13,000 ×g for 10 min to remove the insoluble fraction. Protein concentration 185 

was measured by BCA assays (Thermo Scientific Pierce, 23225), following the 186 

manufacturer's guidelines, and an equal amount of protein was loaded for each sample. Cell 187 

supernatants were centrifuged at 500 ×g for 5 min to remove dead cells and concentrated 188 

with 10 kDa MW cut‐off filters (Amicon, Merck Millipore), as described by the manufacturer. 189 

In cases where the whole well lysate was assayed, the cells were directly lysed in the well 190 

by the addition of 1% (vol/vol) Triton X100 with a protease inhibitor cocktail (1:100). Whole 191 

well lysates were then centrifuged at 21,000 xg for 10 min to remove the insoluble fraction. 192 

Lysates, supernatants and whole well lysates were diluted in Laemmli buffer containing 1% 193 

2‐mercaptoethanol, heated at 95°C for 10 min and resolved by SDS–PAGE.  194 
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Separated proteins were transferred onto nitrocellulose membranes and blocked in 5% Milk 195 

PBS‐Tween (0.1%) for 1 h at room temperature (RT). Membranes were then incubated with 196 

the specific primary antibody in blocking buffer for 1 h at RT. Then, membranes were 197 

washed three times in PBS‐Tween (PBS-T, 0.1%) for 10 min per wash and subsequently 198 

incubated for 1 h at RT with a horseradish peroxidase‐conjugated secondary antibody. 199 

Membranes were then washed as before and visualised using Clarity™ Western ECL 200 

Blotting Substrate (Bio‐Rad, 1705061) in a ChemiDoc™ MP Imager (Bio‐Rad). 201 

Semiquantitative densitometry analysis of the western blot for PCNT were performed using 202 

ImageJ. 203 

Immunofluorescence 204 

PMA-differentiated THP1 seeded and stimulated on coverslips were fixed with 4% 205 

formaldehyde for 10 min at RT, and followed by ice-cold 100% MeOH permeabilization at -206 

20°C for 10 min. Cells were blocked for 30 min with 1% BSA previous 1h incubation at RT 207 

with the primary antibody rabbit anti-pericentrin (Abcam, ab4448), rabbit anti-pericentrin 208 

(Invitrogen, PA5-115736), mouse anti-ASC (Biolegend, 676502), rabbit anti-ASC (AdipoGen 209 

Life Science, AG-25B-0006-C100), mouse anti-ninein (Santa Cruz, sc-376420) and mouse 210 

anti NLRP3 (AdipoGen Life Science, AG-20B-0014) at 1:1000 dilution or mouse anti-γ-211 

tubulin (Merck, T6557) at 1:500 dilution. Coverslips were then incubated for 1h at RT with 212 

the appropriate Alexa Fluor conjugated secondary antibody (Invitrogen, 1:300 dilution), 213 

incubated for 10 min with DAPI at 1μg/mL in PBS and mounted on slides using Dako 214 

Fluorescence Mounting Media. 215 

For quantification, images were acquired on an Olympus IX83 inverted microscope using UV 216 

(395 mM), Cyan (470 nm) and red (640 nm) Lumencor LED excitation, a 20x UPlanSApo 217 

(oil) objective and the Sedat QUAD filter set (Chroma [89000]). The images were collected 218 

using a R6 (Qimaging) CCD camera with a Z optical spacing of [0.2 μm]. Maximum intensity 219 

projections are shown in the results. Four different fields per image (200-300 total cells per 220 

condition) were used in quantification. Number of cells positive for the protein of interest (in 221 
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ImageJ) was counted and expressed relative to total number of nuclei as an indication of 222 

total number of cells.  223 

Statistical Analysis  224 

GraphPad Prism 9 software was used to carry out all statistical analysis. One‐way ANOVA 225 

with the Dunnett’s test or two‐way ANOVA with the Tukey’s test were applied in multiple 226 

comparisons. Data are shown as mean +/- standard deviation (S.D.). ns is considered as not 227 

statistically significant. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001. 228 

 229 

Results  230 

 231 

Nigericin treatment of THP-1 cells results in loss of centrosomal integrity. 232 

To investigate whether NLRP3 activation influences the integrity of the centrosome we used 233 

PMA-differentiated THP1 cells and treated them with the well-known NLRP3 activator 234 

nigericin [30] at time points as indicated. We have previously shown that LPS priming has 235 

minimal effect on NLRP3 inflammasome activation in THP1 cells and to reduce complexity in 236 

the experimental system, we did not LPS-prime THP1 cells here. We found that nigericin 237 

induced cell death, caspase-1 activation as well as IL-18 release overtime (Fig. 1A-C). We 238 

then looked at the expression of PCNT in cell lysates by Western blot. We detected three 239 

main different bands for PCNT; PCNT-A (220 kDa) and PCNT-B (340 kDa) as well as a 240 

band corresponding to the separase-cleaved PCNT-B (275kDa) in untreated cells. We found 241 

that levels of PCNT started decreasing after 15 min of nigericin treatment (Fig. 1D). 242 

Expression of another PCM component, γ-tubulin was however unchanged as was β-actin 243 

which was used as loading control (Fig. 1D). To determine if the decrease in PCNT levels 244 

were due to its release we concentrated the supernatants from those cells and ran western 245 

blots for the same three proteins. We could not detect PCNT in these supernatants however 246 

γ-tubulin and β-actin were present after 30 min of treatment corresponding to an increase in 247 

cell death and protein release (Fig. 1E). To further examine that this reduction in PCNT 248 
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levels was not due to the release of this protein we performed the same nigericin time-249 

response experiment but collected lysates and supernatants together (whole well lysate). 250 

Here we found again that PCNT levels decreased over time after nigericin treatment while γ-251 

tubulin and β-actin levels remained unchanged (Fig. 1F).  252 

 253 

To further investigate the effect of nigericin on centrosomal integrity we performed 254 

immunofluorescence on PMA differentiated THP1 cells, in response to nigericin treatment 255 

for 45 and 90 min, for the PCM proteins PCNT, γ-tubulin, and the centriole distal appendix 256 

protein ninein [31] and ASC, to determine inflammasome activation (Fig. 1G-K). In line with 257 

our western blot data, we found that PCNT centrosomal signal was lost after nigericin 258 

treatment (Fig. 1G, J). A decrease in centrosomal γ-tubulin and ninein stain was also 259 

observed (Fig. 1H, I, J). We found that centrosomal loss was mainly observed in cells that 260 

presented ASC specks, indicating that the ASC-speck remains intact in cells despite loss of 261 

centrosome integrity (Fig. 1K). This indicates that nigericin treatment and inflammasome 262 

activation leads to loss of centrosomal integrity in macrophages.  263 

 264 

Centrosomal disorganization triggered by nigericin is NLRP3 dependent.  265 

To determine if this PCNT loss was dependent on NLRP3 we treated PMA-differentiated 266 

THP1 cells either WT (parental THP1Null2) or expressing an endogenous PYD-deficient 267 

NLRP3 (THP1NLRP3-/-) with nigericin (10 µM, 45 min). We found that PCNT protein level was 268 

reduced in response to nigericin in the parental THP1 cell line and that this did not occur in 269 

THP1NLRP3-/- (Fig. 2A-C). Nigericin treatment of THP1NLRP3-/- cells did not result in increased 270 

cell death, caspase1 activation or IL-18 release (Fig. 2D, Fig. S1A, B) after nigericin 271 

treatment unlike WT cells, confirming deficient function of NLRP3 inflammasome. These 272 

results suggest that centrosome is perturbed after the NLRP3 inflammasome is activated. 273 

 274 
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To further discount that our observation on PCNT downregulation was due to its release due 275 

to pyroptosis, we used punicalagin (50 µM, 15 min) to inhibit membrane permeability as 276 

punicalagin allows for NLRP3 inflammasome activation but not IL-18 release [29]. We also 277 

pre-treated THP1 cells with ZVAD a pan caspase inhibitor to prevent consequences of 278 

NLRP3 activation (caspase activation and IL-18 release). We found that, while ZVAD 279 

prevented loss of PCNT in response to nigericin, punicalagin treatment did not prevent loss 280 

of PCNT in response to NLRP3 activation (Fig. 2E-G). This is despite of punicalagin and 281 

ZVAD inducing a reduction in cell death (Fig. 2H) as well as in active caspase-1 and IL-18 282 

release in response to nigericin (Fig. S1C, D). We further confirmed these results by 283 

measuring PCNT signal and ASC-speck formation by immunofluorescence after nigericin 284 

treatment in the presence of ZVAD, punicalagin and the NLRP3 inhibitor MCC950 (Fig. 2I-285 

K). As before we found that centrosomal loss after nigericin treatment was mainly observed 286 

in cells that presented ASC specks. We found that punicalagin treatment did not alter PCNT 287 

loss induced by nigericin (Fig. 2I, J). We also found that in cells treated with ZVAD, and 288 

where ASC specks were able to form, no loss of PCNT occurred (Fig. 2I-K). Finally, 289 

treatment with MCC950 prevented assembly of the inflammasome indicated by the absence 290 

of ASC specks and no loss of PCNT stain was observed here (Fig. 2I, J).  291 

 292 

We next tested if other NLRP3 inflammasome activators also triggered PCNT loss. First, we 293 

established that LPS priming of PMA-differentiated THP1 cells did not alter PCNT loss 294 

described in unprimed cells (Fig. S2). We found that LPS-primed THP1 cells still lost PCNT 295 

signal after 45 min nigericin treatment and this was prevented by the NLRP3 inhibitor 296 

MCC950 (Fig. S2). We then assessed the effect of LLOMe on PCNT loss. LLOMe mediates 297 

NLRP3-inflammasome activation by destabilizing the lysosomal membrane [32, 33]. We 298 

treated PMA-differentiated LPS-primed THP1 cells with LLOMe (1 mM, 1 h) and observed 299 

increased cell death and caspase-1 activity as expected. While ZVAD blocked caspase-1 300 

activity it only partially blocked cell death (Fig. S3D, E). Like nigericin, LLOMe triggered 301 

PCNT loss, however, that was not prevented by treatment with ZVAD (Fig. S3A-C). Next, we 302 
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tested the effect of NLRP3 activation via cell volume regulation [34] in PCNT regulation. For 303 

this we treated PMA-differentiated LPS-primed THP1 cells with a hypotonic solution for 1 304 

and 3 h. We found that, as previously described, hypotonic shock led to caspase-1 activation 305 

and cell death at these time points (Fig. S3I, J). This was matched by loss of PCNT levels in 306 

the cell lysates at both time points (Fig. S3F-H).  307 

 308 

In order to determine if PCNT loss occurred in a different cell type, we used murine BMDMs.  309 

As BMDMs require priming for appropriate NLRP3 inflammasome activation we treated 310 

these cells with LPS 1µg/ml for 4 h prior to nigericin treatment. We observed that as in THP1 311 

cells, treatment of BMDMs with nigericin led to reduced PCNT expression and this was 312 

prevented by MCC950. However, unlike un-primed THP1 cells ZVAD failed to rescue the 313 

induced cell death and in these conditions PCNT levels were not recovered (Fig. S4). All of 314 

this suggests that PCNT loss is a general response when the NLRP3 inflammasome is 315 

activated. 316 

 317 

Nigericin leads to NLRP3 localization at centrosomal and non-centrosomal locations. 318 

As we had observed that nigericin triggered PCNT disruption in cells with an active 319 

inflammasome and given that the centrosome could be a place of assembly for the NLRP3 320 

inflammasome, we next studied the relationship between the centrosome and NLRP3-321 

location using a THP1 cell line stably expressing GFP-NLRP3 in an NLRP3 deficient 322 

background (THP1GFP-NLRP3) [35]. Upon NLRP3-activation with nigericin 30 min, to minimise 323 

centrosomal loss, we found that GFP-NLRP3 formed NLRP3-ASC-specks indicating active 324 

inflammasome platforms as expected, mainly at non-centrosomal locations. We also 325 

observed NLRP3 accumulation at the centrosome as GFP-NLRP3 co-localised with the 326 

pericentriolar material component PCNT, however these NLRP3-structures did not co-327 

localise with ASC, suggesting this NLRP3 is non active. Both types of NLRP3-structures 328 

could be found simultaneously within the same cell (Fig. 3A). Nigericin treatment of THP1 329 

cells expressing GFP alone in a WT background (GFP-THP1) did not lead to GFP re-330 
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location to the centrosome demonstrating that the observed effect is very likely driven by 331 

NLRP3 (Fig. S5). We next treated THP1GFP-NLRP3 cells with nigericin in the presence of the 332 

NLRP3 inhibitor MCC950 and ZVAD. We found that MCC950 prevented assembly of non-333 

centrosomal NLRP3-ASC specks however did not alter the ability of NLRP3 to move to the 334 

centrosome (Fig. 3A). Pan-caspase inhibitor ZVAD did not prevent assembly of NLRP3-335 

ASC-specks or NLRP3-association to the centrosome (Fig. 3A). In this experimental system 336 

we also detected PCNT loss after inflammasome activation as shown by quantification (Fig. 337 

3B-D). Quantification of a time course of nigericin treatment in this cellular system showed 338 

similar results to those obtained in wild type THP1 cells indicating an increase in PCNT loss 339 

proportional to NLRP3-ASC-speck formation that was prevented by MCC950 (Fig. 3E). In 340 

these conditions, accumulation of NLRP3 at the centrosome occurred in the presence and 341 

absence of MCC950 (Fig. 3E, F). These data confirm that NLRP3 can be directed to the 342 

centrosome although in apparently a non-functional state, and that this directed localization 343 

occurs in parallel to inflammasome activation.  344 

 345 

PCNT loss induced by NLRP3 inflammasome is dependent on caspase-1 activation. 346 

Having shown that PCNT loss depends upon NLRP3 activation and that it can be prevented 347 

by pan caspase inhibitor ZVAD in THP1 cells we next considered the specific effect of 348 

caspase-1 in PCNT loss, initially using the caspase-1 inhibitor YVAD (36). YVAD pre-349 

treatment blocked caspase-1 activity and IL-18 release but only partially decreased cell 350 

death (Fig. 4D-F) induced by nigericin. This is reflected in YVAD treatment partially rescuing 351 

the downregulation of PCNT induced by nigericin in vehicle treated cells (Fig. 4A-C). To 352 

further confirm the contribution of caspase-1 to PCNT degradation we used THP1 cells 353 

deficient for caspase-1 (THP1Caspase1-/- cells).  We found that nigericin treatment of these cells 354 

did not induce pyroptosis or IL-18 release (Fig.4H-J). When looking at PCNT expression we 355 

found that in the absence of caspase-1 PCNT levels were not reduced in response to 356 

nigericin. However, we detected a cleaved band of around 200kDa that would correspond to 357 

the size of caspase-3 mediated cleavage of PCNT previously described [36] since nigericin 358 
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triggered activation of caspase-3 in these cells (Fig. 4G). Our data suggest that caspase-1 359 

activation contributes to PCNT degradation when NLRP3 inflammasome is activated by 360 

nigericin in THP1 cells.  361 

 362 

Proteasomal and lysosomal activity does not affect NLRP3-induced PCNT loss. 363 

We next wanted to understand what controlled the described loss of PCNT. As proteasome 364 

inhibition regulates levels of PCM proteins including PCNT [36] we first tested the role of the 365 

proteasome in PCNT loss. For this we treated THP1 PMA differentiated cells with 366 

proteasome inhibitor MG132 (10 µM) for 2 h prior to nigericin treatment. We found that 367 

nigericin treatment increased proteasome activity, and that this was blocked by MG132 368 

treatment (Fig. S6A). We found that total PCNT levels were increased when cells were 369 

treated with MG132 alone, indicating PCNT regulation by the proteasome (Fig. 5A). 370 

However, when treated with nigericin, these cells still lost PCNT in the presence of MG132 371 

(Fig. 5A). Overall, these data suggest that PCNT degradation induced by nigericin is not 372 

mediated by proteasomal regulation.  373 

 374 

We next explored the links between lysosome and PCNT loss. Lysosomal cathepsins have 375 

been linked to inflammasome activation mediated by nigericin [32]. We tested the role of 376 

cathepsins by using the cathepsin inhibitor E-64-D (20 µM) for 2 h, the cathepsin B inhibitor 377 

CA-074 (50 µM) for 15 min, or the cathepsin D inhibitor pepstatin A (10 µM) for 15 min 378 

before nigericin stimulation. We confirmed activity of these inhibitors as we found that E-64-379 

D and CA-074 decreased cathepsin B activity, and pepstatin A reduced cathepsin D activity 380 

in THP1 cells (Fig. S6B-D). We found that these inhibitors did not affect cell death, caspase1 381 

activity or IL-18 release levels induced by nigericin (Fig. 5F-H, J-L, N-P). Similar to what was 382 

observed with MG132 treatment, nigericin stimulation resulted in PCNT degradation even in 383 

the presence of these inhibitors (Fig. 5E, I, M) suggesting that cathepsins are not required 384 

for the PCNT degradation. 385 

 386 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 22, 2023. ; https://doi.org/10.1101/2023.11.22.568260doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.22.568260
http://creativecommons.org/licenses/by-nc-nd/4.0/


GSDMD is required for PCNT disruption triggered by pyroptosis but not by apoptosis. 387 

Caspase-1 activation triggered by NLRP3 inflammasome results in GSDMD cleavage and 388 

consequently assembly of GSDMD pores in the plasma membrane triggering pyroptosis 389 

[37]. These pores have also been described as conduits for release of IL-1β. To examine the 390 

link between GSDMD and pyroptosis in PCNT loss we compared expression of PCNT in 391 

THP1WT and THP1GSDMD-/- cells pre-treated with vehicle or ZVAD and followed by nigericin 392 

activation (10 µM, 45 min). GSDMD deficiency led to reduced cell death (Fig. 6A) and 393 

extracellular caspase-1 activity (Fig. 6B) compared to WT cells, as caspase-1 release was 394 

prevented in these cells. Despite the presence of active caspase-1, nigericin treatment of 395 

THP1GSDMD-/- did not lead to PCNT loss as in WT cells, but to PCNT processing indicative of 396 

caspase-3 mediated cleavage (Fig. 6C) (as in caspase-1 deficient THP1 cells) given that 397 

GSDMD deficiency leads to a switch from pyroptosis to apoptosis in response to nigericin 398 

with activation of caspase-3 [23, 24]. Activation of caspase-3 and caspase-1 was confirmed 399 

in the lysates of WT and GSDMD deficient cells (Fig. 6D). We confirmed that the observed 400 

caspase-3 mediated PCNT cleavage was prevented by ZVAD (Fig. 6C) and that was also 401 

blocked by caspase-3 inhibitor Z-DVED confirming this processing is caspase-3 dependent 402 

(Fig. 6E-G). Furthermore, nigericin treatment in the presence of Z-DVED not only prevented 403 

caspase-3 mediated PCNT cleavage, but partially recovered the PCNT loss as observed in 404 

WT cells. 405 

 406 

Discussion  407 

In recent years the centrosome has been proposed as an important player in NLRP3 408 

inflammasome activation by acting as a cellular location for inflammasome assembly [6, 7] 409 

as well as for regulating activation via centrosomal proteins like PLK1 [9] and PLK4 [10]. Our 410 

data adds to this knowledge by showing that the centrosome is disrupted after 411 

inflammasome activation. Here we have found that NLRP3 inflammasome activation by 412 

different triggers, nigericin, LLOMe and hypotonicity, leads to loss of centrosomal proteins 413 

and centrosomal disorganization. This disruption is dependent on caspase-1 and GSDMD 414 
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and we show that pyroptosis, but not membrane rupture, is driving this centrosomal loss in 415 

human and murine macrophages.  416 

 417 

Pyroptosis is a characteristic type of cell death driven by inflammasome activation [22]. 418 

GSDMD and ninjurin-1 are two important mediators in this cellular mode of cell death. 419 

GSDMD cleavage and pore formation in response to inflammasome activation are required 420 

for IL-1β and IL-18 release [38, 39], as well as driving pyroptotic cell death, while ninjurin-1 is 421 

responsible for the plasma membrane rupture that follows GSDMD pore formation [40, 41]. 422 

Our observation that treatment with the membrane stabiliser punicalagin did not prevent 423 

centrosomal loss or inflammasome activation, but just cytokine release, suggests that this 424 

PCNT loss is intrinsically associated to the pyroptotic process and not membrane rupture. 425 

GSDMD deficient cells treated with nigericin, are still able to form an active inflammasome, 426 

like cells treated with punicalagin. However, GSDMD deficient cells do not die of pyroptosis 427 

but apoptosis mediated by caspase-3 despite caspase-1 still being active. In these 428 

conditions, PCNT was prevalently cleaved by caspase-3 suggesting that although caspase-1 429 

is involved in centrosomal disruption, this is not directly mediating PCNT loss. 430 

 431 

We observed that, except in the case of punicalagin or GSDMD deficient cells, PCNT-loss 432 

was proportional to the release of LDH that occurred after activation. This was more obvious 433 

after the use of ZVAD or YVAD. We found that in LPS-treated cells (THP1 and BMDMs) 434 

ZVAD was active and able to block IL-18 and IL-1β release, however, had no major effect on 435 

LDH release. This differential effect of YVAD and ZVAD has been previously described [42]. 436 

Here the authors showed that these compounds fail to block the cleavage of the effector 437 

molecule GSDMD by caspase-1 and hence prevent LDH release [42] while still able to block 438 

cleavage of IL-1β and IL-18.  This provides yet another link between the pyroptotic process 439 

and PCNT loss. Why we mainly observed this in LPS treated cells we still do not understand 440 

and would require further studies. 441 

 442 
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We have found that nigericin treatment leads to the accumulation of non-active GFP-NLRP3 443 

at the centrosome and active NLRP3-GFP at non-centrosomal locations. These 444 

observations agree with a recent report showing that NLRP3 tagged with neon Green 445 

(NLRP3-mNG) aggregate at both centrosomal and non-centrosomal localizations in THP1 446 

cells [43]. The centrosome acts as a signalling hub where proteins come in and out to tightly 447 

regulate cellular processes such as DNA damage [15] or cell cycle entry [16]. Hence one 448 

could think that NLRP3 accumulates at the centrosome before becoming fully functional as a 449 

way of controlling unwanted excessive activation. Whether NLRP3 is then degraded or 450 

released to form an active inflammasome is currently unknown. When we looked at 451 

endogenous ASC-speck formation we found that the centrosome was not the predominant 452 

ASC-speck localization, although could be observed in some cells. Although this differs from 453 

the reports of Li [6] and Magupalli [7], this is consistent with our data using GFP-NLRP3 as 454 

well as recent work from Liu Y, et al. (2023), which found that although ASC-specks are 455 

closer to the microtubule organizing centre (MTOC), they do not co-localize with this 456 

organelle markers [44]. It is possible that localization of ASC-specks at the centrosome is 457 

very transient and considering the disruption of the centrosome described here it might be 458 

difficult to detect such cellular positioning.  459 

 460 

Centrosome plasticity is manifested during inflammation. LPS priming of macrophages 461 

induces recruitment of PCM components such as PCNT and γ-tubulin to the centrosome and 462 

is important for cytokine secretion [19]. This process reminds of centrosome amplification 463 

but occurs during interphase and independently of PLK1 [19]. Similarly in microglia LPS 464 

leads to the recruitment of microtubule nucleating material to the centrosome [45]. This 465 

might be linked to the ability of LPS to arrest cells in G0/1 state, altering cell cycle [18, 46] 466 

and hence centrosomal composition [19]. Centrosomal restructuring has also been reported 467 

in monocytes from febrile patients. This occurred by proteasomal mediated degradation at 468 

the centrosome induced by heat shock.  Interestingly, this process mediated by Hsp70, was 469 
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reversible [17]. Although authors propose that this is a process important for the immune 470 

response, whether macrophages function during inflammation is affected when centrosome 471 

is re-structured remains to be assessed. Heat shock induced centrosomal disruption 472 

resembles what we have observed in macrophages after inflammasome activation. Our 473 

study adds to the evidence that alterations on centrosomal composition occur during the 474 

inflammatory response. In our experimental conditions we observed an increase in 475 

proteasome activity after nigericin treatment that was prevented by proteasome inhibitor 476 

MG132. However, this did not prevent centrosomal disruption indicating that the 477 

mechanisms of regulation between these two processes are different. Proteasomal proteins 478 

can traffic in and out of the centrosome and can be degraded via other pathways such as 479 

autophagy and lysosomal degradation [47]. However, we failed to impair centrosomal loss or 480 

inflammasome activation by blocking either proteasome or lysosomal cathepsins. This 481 

suggests that there must be an alternative mechanism of degradation or compensatory 482 

pathways.  483 

 484 

Microtubules are important for inflammasome function. Trafficking along microtubules to 485 

different locations in the cells, including the centrosome, is important for inflammasome 486 

activation [6, 7]. Microtubule remodelling is also an important event in cell death. During 487 

apoptosis, microtubules are reformed organizing an apoptotic microtubule network important 488 

for maintaining plasma membrane integrity and cell morphology during the execution phase 489 

of apoptosis. Disruption of this network is however linked to secondary necrosis [48]. 490 

Disorganization of the cytoskeleton also occur during pyroptosis. Infection with Salmonella 491 

typhimurium induced loss of cytoskeletal marker α-tubulin, which was prevented in caspase-492 

1 knock out cells [49]. Calcium entry triggered by inflammasome activation leads to calpain-493 

mediated vimentin cleavage and release and disruption of intermediate filaments 494 

contributing to loss of cytoskeleton stability in THP-1 cells [38]. However, neither calpain 495 

inhibition nor EGTA treatment to chelate calcium prevented loss of actin filaments, 496 

microtubules, or nuclear lamina indicating that these proteins are regulated by a different 497 
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mechanism that occurs in parallel to vimentin cleavage. Our data add to this showing that 498 

not only microtubules, but also the main microtubule organising centre is disrupted upon 499 

pyroptosis, suggesting that maybe centrosome disruption is the first step leading to 500 

cytoskeletal disassembly and rupture. This centrosomal disorganization could facilitate 501 

release of ASC-speck to the extracellular environment to propagate inflammation to 502 

neighbouring cells [50, 51].  503 

 504 

Despite the importance of the centrosome in cell homeostasis and recent advances around 505 

inflammasome activation and the centrosome, little is known about the role of this organelle 506 

in macrophage function during inflammation. Here we have reported the disruption of the 507 

centrosome upon NLRP3-inflammasome activation. However, when does this centrosome 508 

remodelling commences and how this is regulated, we still do not understand. Additionally, 509 

how LPS, or other priming signals, alter centrosomal composition and how this contributes to 510 

different priming events, have not yet been explored. Moreover, the implications for NLRP3 511 

presence at the centrosome after sensing NLRP3-activators are not understood and this 512 

deserves further studies. 513 
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 672 

 673 

Figure Legends 674 

 675 

Fig.1 Nigericin treatment of THP-1 cells results in loss of centrosomal integrity. 676 

THP1ATCC cells were left untreated or treated with nigericin (10 µM) at the indicated time 677 

points to activate the NLRP3 inflammasome, then cell lysates and supernatants were 678 

analyzed for PCNT, γ-tubulin, and β-actin expression by western blot (A-F, N=3). Lysates 679 

were analyzed for PCNT and γ-tubulin as well as loading control β-actin (42 kDa) (D), and 680 

supernatants (E) and whole well lysates (F) were also analyzed for those proteins. Cell 681 

death was measured by LDH assay and shown as percentage relative to total cell death (A). 682 

Caspase-1 activity in supernatants was measured and shown as fold change relative to 683 

control (B). IL-18 in the supernatants was measured by ELISA (C). THP1ATCC cells were 684 

stimulated with nigericin (10 µM) for 45 min or 90 min. (G-K, N=3). Immunofluorescence was 685 

used to analyze the centrosomal proteins including PCNT (G), γ-tubulin (H) and ninein (I) as 686 

well as ASC to determine the NLRP3 inflammasome activation. Percentages of ASC speck, 687 

PCNT, γ-tubulin or ninein positive cells relative to total cells (J) and PCNT, γ-tubulin or ninein 688 

positive cells in ASC positive cells (K) were quantified by the Image J. Independent 689 

experiments. For multiple comparisons, one‐way ANOVA with the Dunnett’s test for time 690 

response in THP1ATCC cells was applied. Data was shown as mean ± S.D., *p < 0.05, **p < 691 

0.01, ***p < 0.001, ****p < 0.001 were considered statistically significant.  692 
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 693 

Fig.2 Centrosomal disorganization triggered by nigericin is NLRP3 dependent. 694 

THP1Null2 and THP1NLRP3-/- cells were stimulated with nigericin (10 µM, 45 min) (A-D, N=4). 695 

Lysates were analyzed for PCNT as well as loading control β-actin by western blot (A). 696 

Densitometry analysis of relative expression of full length PCNT-B (340 kDa) (B) and 697 

cleaved PCNT-B (275kDa)/PCNT-A (220kDa) (C) compared to the control (β-actin) by the 698 

Image Lab 6.0. Cell death was measured as described above and shown as percentage 699 

relative to total cell death (D). THP1Null2 (E-H) or THP1ATCC (I-K) cells were left untreated or 700 

treated with punicalagin (50 µM, 15 min) prior to treatment with ZVAD (50 µM, 40 min), after 701 

which cells were stimulated with nigericin (10 µM, 45 min) to activate the NLRP3 702 

inflammasome (N=3). Lysates were analyzed for PCNT expression as well as loading 703 

control β-actin (E). Relative expression of full length PCNT-B (F) and cleaved PCNT-704 

B/PCNT-A (G) compared to the control were quantified as described above. Cell death was 705 

measured and shown (H). Immunofluorescence was used to analyze PCNT and ASC (I). 706 

Percentages of PCNT or ASC speck positive cells relative to total cells (J) and both PCNT 707 

and ASC positive cells or only ASC speck positive cells in total cells (K) were quantified by 708 

the Image J. Independent experiments. For multiple comparisons, one‐way ANOVA with the 709 

Dunnett’s test in THP1Null2 (E-H) and two‐way ANOVA with the Tukey’s test for comparing 710 

nigericin treated THP1Null2 and THP1NLRP3-/- were applied. Data was shown as mean ± S.D., 711 

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001 were considered statistically significant. 712 

 713 

Fig.3 Nigericin leads to NLRP3 localisation at centrosomal and non-centrosomal 714 

locations. 715 

THP1GFP-NLRP3 cells were left untreated or treated with ZVAD (50 µM, 40 min) or MCC950 (10 716 

µM, 15 min) prior to treatment with nigericin (10 µM, 45 min) to activate the NLRP3 717 

inflammasome (A-D). Images show NLRP3 (green), ASC (Red) and PCNT (purple). Nuclei 718 

are shown in blue. ASC speck positive cells were quantified and plotted as percentages 719 

versus total number of cells (B). Percentages of cells with NLRP3 at centrosome relative to 720 
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cells with centrosome and cells with no PCNT in total cells were calculated respectively (C, 721 

D). THP1GFP-NLRP3 cells were left untreated or treated with MCC950 (10 µM, 15 min) before in 722 

response to nigericin (10 µM) at different time points as indicated (E, F). Percentages of 723 

cells with ASC specks, or with NLRP3 and PCNT, or no PCNT in total cells were calculated. 724 

300 cells were counted and analyzed per experiment, N=3, Independent experiments. 725 

 726 

Fig.4 PCNT loss induced by NLRP3 inflammasome is dependent on caspase-1 727 

activation. 728 

THP1Null2 cells were left untreated or treated with YVAD (50µM, 40 min), then stimulated with 729 

nigericin (10 µM, 45 min) (A-F, N=3). Lysates were analyzed for PCNT as well as loading 730 

control β-actin by western blot (A). Relative expression of full length PCNT-B and cleaved 731 

PCNT-B/PCNT-A compared to the β-actin was quantified respectively (B, C). Cell death (D), 732 

caspase-1 activity (E) and IL-18 (F) were measured as described above. THP1ATCC and 733 

THP1Caspase-1-/- cells were directly stimulated with nigericin (10 µM, 45 min) (G-J, N=4). 734 

Lysates were analyzed for PCNT, caspase-1 and caspase-3 as well as loading control β-735 

actin (G). Cell death (H), caspase-1 activity (I) and IL-18 (J) were measured as described 736 

above. Independent experiments. For multiple comparisons, one‐way ANOVA with the 737 

Dunnett’s test for YVAD in THP1Null2 cells and two‐way ANOVA with the Tukey’s test for 738 

comparing nigericin treated THP1ATCC and THP1Caspase-1-/- cells were applied. Data was 739 

shown as mean ± S.D., *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001 were considered 740 

statistically significant. 741 

 742 

Fig.5 Inhibition of proteasomal and lysosomal activity does not affect NLRP3-induced 743 

PCNT loss. 744 

PMA differentiated THP1ATCC cells were left untreated or treated with MG132 (10 µM, 2 h), or 745 

E-64-D (20 µM, 2 h), or Ca-074Me (50 µM, 15 min), or pepstatin A (10 µM, 15 min) before 746 

stimulation with nigericin (10 µM, 45 min) (A-P). Lysates were analyzed for PCNT as well as 747 

loading control β-actin by western blot (A, E, I, M). Cell death (B, F, J, N), caspase-1 activity 748 
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(C, G, K, O) and IL-18 (D, H, L, P) were measured as described above. Data was shown as 749 

mean ± S.D., *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001 were considered statistically 750 

significant. 751 

 752 

Fig.6 GSDMD is required for PCNT disruption triggered by pyroptosis but not by 753 

apoptosis. 754 

THP1ATCC and THP1GSDMD-/- cells were left untreated or treated with ZVAD (50 µM, 40 min) or 755 

Z-DEVD (20 µM, 2 h), after which cells were stimulated with nigericin (10 µM, 45 min) to 756 

activate the NLRP3 inflammasome (A-G). Caspase-1 activity was measured by caspase-1 757 

assay and shown as fold change relative to control (A, E). Cell death was measured as 758 

described above and shown as percentage relative to total cell death (B, G). Lysates were 759 

analyzed for PCNT, caspase-1 and caspase-3 as well as loading control β-actin (C, D, G). 760 

Data was shown as mean ± S.D., *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001 were 761 

considered statistically significant. 762 
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