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List of nonstandard abbreviations: 

AMA: Antimycin A 

BAK: B-cell lymphoma 2 antagonist killer 

BAX: B-cell lymphoma 2 associated X 

BID: BH3 interacting domain death agonist 

BMDMs: Bone marrow derived macrophages 

DAMP: Damage-associated molecular pattern 

DAPI: 4’,6-diamidino-2-phenylindole 

DMSO: Dimethyl sulfoxide 

GSDM: Gasdermin 

GSDMNT: Amino-terminal of gasdermins 

GSDMDNT: Amino-terminal of gasdermin D 

HMGB1: High mobility group box 1 

IL: Interleukin 

LDH: Lactate dehydrogenase 

LPS: Lipopolysaccharide 

mtROS: Mitochondrial reactive oxygen species 

MOMP: Permeabilization of the mitochondrial outer membrane 

NLRP3: Nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain containing 3 

SPN: Supernatant 

tBid: Truncated-BID 

TcdB: Toxin B of Clostridium difficile 

TOMM20: Translocase of outer mitochondrial membrane 20  
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ABSTRACT  

Pyroptosis and intrinsic apoptosis are two forms of regulated cell death driven by active caspases 

where plasma membrane permeabilization is induced by gasdermin pores. Caspase-1 induces 

gasdermin D pore formation during pyroptosis whereas caspase-3 promotes gasdermin E pore 

formation during apoptosis. These two types of cell death are accompanied by mitochondrial outer 

membrane permeabilization due to BAK/BAX pore formation in the external membrane of 

mitochondria, and to some extent this complex also affects the inner mitochondrial membrane 

facilitating mitochondrial DNA relocalisation from the matrix to the cytosol. However, the detailed 

mechanism responsible for this process has not been investigated. Herein, we reported that 

gasdermin processing is required to induce mitochondrial DNA release from cells during pyroptosis 

and apoptosis. Gasdermin targeted at the plasma membrane promotes a fast mitochondrial collapse 

along with the initial accumulation of mitochondrial DNA in the cytosol and then facilitates the DNA’s 

release from the cell when the plasma membrane ruptures. These findings demonstrate that 

gasdermin action has a critical effect on the plasma membrane and facilitates the release of 

mitochondrial DNA as a damage-associated molecular pattern.   
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INTRODUCTION 

Pyroptosis is a form of regulated cell death characterized by plasma membrane rupture mediated by 

gasdermin D (GSDMD) pores and the release of inflammatory intracellular molecules  (1, 2). This 

type of cell death is triggered by pathogens or by perturbances on cell homeostasis that induceing 

canonical inflammasome dependent caspase-1 activation or non-canonical activation of murine 

caspase-11 or human caspase-4/-5  (3). Caspase-1, -4, -5 and -11 proteolytically process GSDMD 

in their interdomain loop thus generating an amino-terminal GSDMD (GSDMDNT) that binds to the 

plasma membrane and generates oligomeric pores responsible for plasma membrane 

permeabilization  (4–6). A similar process may also occur during the execution of other types of cell 

death, like apoptosis, where caspase-3 cleavages GSDME, another member of the gasdermin protein 

family, and GSDMENT forms pores in the plasma membrane  (7, 8). In addition, active caspase-3 

inactivates GSDMD by processing in the middle of GSDMDNT  (9). Both types of cell death involve 

the permeabilization of the mitochondrial outer membrane (MOMP), this being an initial step of the 

intrinsic apoptotic pathway. MOMP occurs through the oligomerization of B-cell lymphoma 2 

associated X (BAX) and B-cell lymphoma 2 antagonist killer (BAK) proteins in the mitochondrial outer 

membrane, which forms pores and allows the release of cytochrome C to the cytosol. Cytosolic 

cytochrome C facilitates the assembly of the apoptosome, thus leading to the activation of caspase-

9 and the subsequent activation of caspase-3  (10, 11). BAX/BAK oligomerization is initiated when 

BH3 interacting domain death agonist (BID) is processed by caspase-1 and -8  (12, 13). 

Even though plasma membrane permeabilization is the most studied effect of amino-terminal 

gasdermin (GSDMNT) pores, cell organelle membranes have also been recently described as targets 

of these proteins. In neutrophils, the main targets of GSDMDNT are azurophilic granules, the nuclei 

and LC3+ autophagosomes, thus allowing the release of IL-1b in the absence of plasma membrane 

rupture and inducing neutrophil death by NETosis  (14, 15). GSDMDNT and GSDMENT can also form 

pores in the external membrane of mitochondria and thus facilitate the release of cytochrome C  (16). 

Therefore, during pyroptosis and apoptosis, different pathways can target the mitochondria. 

Super-resolution imaging has shown that BAK/BAX pores in the external membrane of mitochondria 

facilitate mitochondrial DNA release during intrinsic apoptosis  (17, 18). However, none of these 
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studies considered the role of GSDMNT and plasma membrane permeabilization in this process. In 

the current study, we describe the inhibition of mitochondrial DNA release into the cytosol in Gsdmd-

deficient macrophages during the canonical induction of pyroptosis, despite mitochondrial damage 

by the activation of caspase-1. The MOMP generated by caspase-1 activation is not enough to induce 

morphological changes in the mitochondrial network in the absence of GSDMNT and plasma 

membrane permeabilization. GSDMNT influenced plasma membrane permeabilization and 

mitochondrial DNA release during pyroptosis and intrinsic apoptosis, both of which were dependent 

on GSDMDNT and GSDMENT respectively. The treatment of macrophages with punicalagin, a 

compound that blocks plasma membrane permeabilization during pyroptosis  (19), inhibits 

mitochondrial DNA release from the cells during pyroptosis, whereas the presence of glycine, a 

cytoprotector that prevents plasma membrane rupture but allows their permeabilization  (20), 

produces an accumulation of mitochondrial DNA over time in the cytosol. Therefore, our study 

demonstrates that GSDMs are critical to facilitating the fragmentation of the mitochondrial network 

and the release of mitochondrial DNA during pyroptosis and apoptosis by plasma membrane 

permeabilization. 
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MATERIALS AND METHODS 

Reagents, plasmids and cells.  

Key reagents and their sources were as follows: ATP, antimycin A (AMA), DAPI, digitonin, 

Escherichia coli LPS serotype 055:B5, glycine, MitoTEMPO, nigericin sodium salt and staurosporine 

were from Sigma-Aldrich (Spain). Toxin B was from Clostridium difficile (ENZO Life Science, USA). 

HPLC-purified punicalagin was from Probelte Biotechnology S.L. Pluronic acid was from Merck-

Millipore (Spain). MitoSOXTM Red and Yo-Pro-1 iodide were from Thermo Fisher Scientific (USA). 

The composition of the physiological buffer (ET buffer) used in all experiments to stimulate 

macrophages was (in mM): 147 NaCl, 10 HEPES, 13 D-glucose, 2 KCl, 2 CaCl2, and 1 MgCl2; pH 

7.4.  

HEK293T cells (ATCC CRL-11268) were cultured in DMEM:F-12 media (1:1; Lonza) supplemented 

with 10% of fetal calf serum (Life Technologies, Spain) and 2 mM Glutamax (Life Technologies, 

Madrid, Spain). For transfection experiments, HEK293T cells were seeded overnight over coverslips 

on 24-well plates at a density of 35 × 103 cells per well. The next day, cells were transfected with 250 

ng of plasmid DNA using Lipofectamine 2000 (2 μL/mL) as per the manufacturer’s indications 

(Invitrogen, Spain) in 0.3 mL of Opti-MEMTM (Fischer Scientific, Spain) per well. Plasmid coding for 

human full length GSDMD and N-terminal GSDMD (1-275) were inserted in modified pCS2-3xFlag 

as described  (4) and human N-terminal GSDME (1-270) were inserted in pEGFPN1 as described, 

with a stop codon to avoid EGFP expression  (7). 

 

Mice.   

C57BL/6 wild type mice were purchased from Harlan. P2X7 receptor-deficient (P2rx7−/−)  (21), 

NLRP3-deficient (Nlrp3−/−)  (22), double caspase-1/11-deficient (Casp1/11−/−)  (23) and GSDMD-

deficient (Gsdmd−/−) mice were all in C57BL/6 background. For all experiments, mice between 8-10 

weeks of age bred under SPF conditions were used in accordance with the Spanish national (RD 

1201/2005 and Law 32/2007) and EU (86/609/EEC and 2010/63/EU) legislation. No procedure was 

performed on the animals as they were sacrificed for tissue (bone marrow) and the animal 
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experimentation committee of the University of Murcia approved the use of the animals with reference 

CEEA 5/2014. 

 

Differentiation and in vitro stimulation of macrophages from mouse bone marrow precursors.   

Bone marrow derived macrophages (BMDMs) were obtained as described  (24). Cells were primed 

4 h with LPS at 10 ng/ml then washed three times with physiological buffer before being added with 

the treatments specified in the figure legends in either physiological buffer or Opti-MEM media (for 

staurosporin treatments). In some experiments, stimulation with nigericin and punicalagin was 

stopped after 15 min, cells were washed twice and incubated for further 10 min in physiological buffer 

at 37ºC before cell fixation. Supernatants were collected and clarified by centrifugation and stored at 

-80ºC. Cells were ruptured immediately in lysis buffer (50 mM Tris-HCl pH8.0, 150 mM NaCl, 2% 

Triton X-100) supplemented with 100 μl/ml of protease inhibitor mixture (Sigma) for 30 min on ice and 

then cell debris was removed by centrifugation at 16,000g for 15min at 4 °C.  

 

Lactate dehydrogenase (LDH) determination.  

Presence of LDH in cell-free supernatants was used as marker for cell death and was measured 

using the Cytotoxicity Detection kit (Roche, Barcelona, Spain) following the manufacturer’s 

instructions and read in a Synergy Mx plate reader (BioTek, USA). Values were expressed as a 

percentage of total cellular LDH content. 

 

Enrichment of cytosolic and organelle fractions.  

To determine cytochrome C release from mitochondria, cytosolic and organelle fractions were 

enriched from 2 x106 cells per sample primed with LPS and exposed to different stimuli for various 

times or left untreated as indicated in the figure legends. Cells were harvested in 100 µl phosphate-

buffered saline and lysed by adding 100 µl of a digitonin (17.5 µg/ml) /sucrose (500 mM) solution 

under vigorous vortexing for 30 seconds. Cytosolic fractions were quickly isolated from organelles 

and cell debris by centrifugation at 14,000g for 5 min at 4°C. As a reference for the cytochrome C 

content of the cells, organelle-comprising fractions of cells were lysed in buffer (50 mM Tris-HCl 
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pH8.0, 150 mM NaCl, 2% Triton X-100) supplemented with 100 μl/ml of protease inhibitor mixture for 

30 min on ice and then separated from cell debris by centrifugation at 16,000g for 15min at 4 °C. 

Mitochondrial fractions were enriched by ultracentrifugation following the protocol described  (25) or 

by based-antibodies method following the protocol described in the Mitochondria Isolation Kit for 

mouse tissue (Miltenyi Biotech) to determine GSDMDNT in this organelle. 

 

Western blots.  

Cells lysates, organelle fractions and precipitated cell-free supernatants were resolved in 4–12% 

precast Criterion polyacrylamide gels (Biorad) and transferred to nitrocellulose membranes (Biorad) 

by electroblotting, as described in  (26). Membranes were probed with different antibodies: anti-

NLRP3 mouse monoclonal (Cryo-2, AG-20B-0014, Adipogen), anti-cytochrome c mouse monoclonal 

(7H8.2C12, ab13575, Abcam), anti-BID rat monoclonal (#91508, MAB860, R&D), anti-alpha tubulin 

rabbit polyclonal (ab4074, Abcam); anti-cleaved caspase-3 rabbit polyclonal (#9661,Cell signalling), 

horseradish peroxidase-anti-b-actin (C4; sc-47778HRP,Santa Cruz), anti-Flag M2 mouse monoclonal 

(Clone M2, F3165, Sigma-Aldrich), anti-caspase-1 p10 rabbit polyclonal (M-20, sc-514, Santa Cruz), 

anti-Tomm20 rabbit monoclonal (EPR15581-54, ab186735, Abcam), anti-GSDMD rabbit monoclonal 

(EPR19828, ab209845, Abcam) and anti-GSDME rabbit monoclonal (EPR19859, ab215191, Abcam).  

 

ELISA assay.  

Individual culture cell-free supernatants were collected, clarified by centrifugation and the 

concentration of IL-1b was tested by ELISA following the manufacturer’s instructions (R&D Systems). 

HMGB1 was also tested in cell-free supernatants by ELISA following the manufacturer’s instructions 

(IBL International). 

 

MitoSOXTM Red and YoPro-1 uptake assays.  

Superoxide production was measured using MitoSOXTM Red fluorescent probe (Thermo Fisher 

Scientific, USA) as described in (27). Briefly, BMDMs grown in black multiwell plates (105 cells per 

well) were primed or not for 4h with LPS at 10 ng/ml. Cells were then washed twice with physiological 
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buffer before being incubated for 10 min at 37 ºC with 5µM of MitoSOXTM Red. After incubation, cells 

were washed twice before adding different stimuli or being left untreated as indicated in the figure 

legends. The fluorescence was monitored in physiological buffer by an automatic fluorescence plate 

reader (Synergy Mx; BioTek) for 60 min at 1 min intervals at a wavelength excitation of 510 nm 

(bandwitdth:9nm) and a wavelength emission of 595 nm (bandwidth:20 nm). 

MitoSOXTM Red and YoPro-1iodide fluorescence was parallel monitored in physiological buffer by an 

automatic fluorescence plate reader (Synergy Mx; BioTek, USA) every 20 s for 50 min at 37 ºC before 

and after the addition of nigericin or digitonin at the concentration indicated in the figure legends. 

Fluorescence of DNA-bound YoPro-1 was measured at 485±9 nm excitation and 515±9 nm emission 

and MitoSOXTM Red at a wavelength excitation of 510±9 nm and a wavelength emission of 595±20 

nm. The assay was performed in the same plate but with different wells for MitoSOXTM Red and 

YoPro-1. 

 

Mitochondrial DNA release assay.  

Mouse mitochondrial DNA was isolated from the supernatant or cytosolic fraction of different 

genotypes of BMDM stimulated as described in the figures using a DNeasy Blood &Tissue Kit 

(QIAGEN). The same kit was also used to isolate human mitochondrial DNA from the supernatant of 

transfected HEK293T cells. The standard mouse mitochondrial DNA was obtained from mitochondria 

isolated from BMDM C57BL/6 using the Mitochondria Isolation Kit for mouse tissue (Miltenyi Biotec, 

Bergisch Gladbach, Germany) as described by the manufacturer. The standard human mitochondrial 

DNA was obtained from mitochondria isolated from HEK293T cells using the protocol described by  

(25). The standard curve of mitochondrial DNA was obtained in each assay for absolute quantification 

of mitochondrial DNA. Quantitative PCR was employed to measure mitochondrial DNA using TB 

Green TM Premix Ex Taq (TAKARA BIO INC, Japan) in an iQ5 Real-Time PCR System (Bio-Rad). 

The following primer was used: mouse mitochondrial cytochrome c oxidase I (F: 5´-

GCCCCAGATATAGCATTCCC-3´ and R: 5´-GTTCATCCTGTTCCTGCTCC-3´); human 

mitochondrial cytochrome b (F: 5’-CCCCACAAACCCCATTACTAAACCCA-3’ and R 5’-

TTCATCATGCGGAGATGTTGGATGG-3`). 
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Microscopy.  

BMDMs were seeded on coverslips. After treatment, the cells were fixed for 15 min at room 

temperature with 4% formaldehyde in PBS, and were then washed six times with PBS. Nonspecific 

binding in cells was blocked with 0.5% bovine serum albumin (Sigma) and cells were permeabilized 

for 40 min at room temperature with 0.15% TritonX100 (Sigma) in PBS before incubation for 2 h at 

room temperature with the primary antibody anti-Tomm20 rabbit monoclonal IgG (1:500 dilution; 

EPR15581-54, ab186735, Abcam) or anti-DNA mouse monoclonal IgM (1:10 dilution AC-30-10, 

CBL186, Merck). Cells were washed with PBS and were then incubated for 1 h at room temperature 

with the appropriate fluorescence-conjugated secondary antibody (1:800 dilution; Alexa Fluor 488 

donkey anti-rabbit IgG, Molecular Probes by Life Technology, Madrid, Spain). Alexa Fluor 647 goat 

anti-mouse IgM mu chain (Abcam, Cambridge, UK) was then rinsed in PBS and incubated for 10 min 

with DAPI (1 µg/ml). All coverslips were mounted on slides with Fluorescence mountain solution 

(DAKO). Images were acquired with a Nikon Eclipse Ti microscope equipped with a × 40 S Plan Fluor 

objective (numerical aperture, 0.6) and a 60 × /0.60S Plan Fluor objective and a digital Sight DS-

QiMc camera (Nikon, Tokio, Japan) with a Z optical spacing of 0.4 μm and 387-nm/447-nm, 472-

nm/520-nm, 543-nm/593-nm and 650-nm/668-nm filter sets (Semrock). Deconvolved maximum-

intensity projection of images was achieved with ImageJ software and a 3D parallel iterative 

deconvolution plugin (US National Institutes of Health). 

 

Statistical analysis.  

All data are shown as mean values and the error bars represent standard error from the number of 

independent assays indicated in the figure legend. For two-group comparisons, Mann-Whitney test 

was applied using Prism software (Graph-Pad Software, Inc.). p value is indicated as ***p < 0.001; 

**p > 0.001 < 0.01; *p > 0.01 < 0.05; p > 0.05 not significant (ns). 
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RESULTS 

NLRP3 inflammasome activation induces GSDMD-dependent mitochondrial network 

fragmentation 

NLRP3 inflammasome activation with ATP or nigericin induced the generation of truncated-BID (tBid) 

in macrophages and tBid generation is dependent on caspase-1 (Fig. 1A). However, we observed 

that GSDMD deficiency did not affect tBid generation (Fig. 1A). As a control for GSDMD function, we 

found that the release of interleukin (IL)-1b and lactate dehydrogenase (LDH) after NLRP3 

inflammasome activation decreased in both Gsdmd−/− and Casp1/11−/− macrophages (Supplementary 

Fig. S1A,B). Detection of LDH enzymatic activity in supernatant suggests a severe rupture of the 

plasma membrane in this cellular model because LDH (tetramer complex) is not able to pass through 

GSDMD pores  (28, 29). We then found that tBid could be damaging mitochondria because we 

detected the presence of cytochrome C in the enriched cytosol after NLRP3 inflammasome activation 

in wild type and also in Gsdmd−/− macrophages, but not in Casp1/11−/− macrophages (Fig. 1B). The 

outer membrane mitochondrial integral protein TOMM20 and the cytosolic a-tubulin protein show that 

the organelle enriched fraction was minimally contaminated with cytosol and vice versa 

(Supplementary Fig. S1C). However, we cannot rule out the presence of other organelles in cytosolic 

fractions or the possibility of obtaining pure fractions with the protocol used. These results confirm 

the presence of MOMP induced by caspase-1 activation independently of GSDMDNT generation, 

revealing that caspase-1 could simultaneously induce different signaling pathways associated with 

mitochondrial damage  (13). 

In agreement with a recent study  (16), we detected GSDMDNT in the enriched organelle fraction (Fig. 

1B) and specifically in the enriched mitochondrial fractions obtained from macrophages treated with 

ATP or nigericin using either ultracentrifugation or an antibody-based method to enrich mitochondria 

(Supplementary Fig. S1D,E). To examine whether GSDMD promote mitochondrial damage beyond 

BAX/BAK MOMP, we studied mitochondrial morphology and mitochondrial network by staining with 

the mitochondrial marker TOMM20. Activation of NLRP3 inflammasome by ATP or nigericin resulted 

in characteristic morphological features of pyroptotic cells such as the condensation of the nucleus  

(30), and also in a fragmentation of the mitochondrial network (Fig. 1C and Supplementary Fig. S1F), 
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where sections of the mitochondrial network appeared rounded (64.34 ± 2.18 % of cells with rounded 

mitochondria). Mitochondrial sphericity was not present in Casp1/11−/− or Gsdmd−/− macrophages 

after NLRP3 inflammasome stimulation (Fig. 1C and Supplementary Fig. S1F), even though GSDMD 

deficiency was not preventing cytochrome C release (Fig. 1B). This suggests that caspase-1 induced-

MOMP is not reflected in morphological changes to the mitochondrial network. 

 

GSDMD induces mitochondrial DNA release after NLRP3 inflammasome activation 

Loss of mitochondrial membrane integrity is usually associated with the generation of mitochondrial 

reactive oxygen species (mtROS)  (31). We used MitoSOX as a marker of mitochondrial superoxide 

production to test whether mitochondrial damage dependent on caspase-1 activation is involved in 

mtROS production. As expected, MitoSOX fluorescence increased after ATP or nigericin treatment 

of wild type macrophages, but did not in either Casp1/11−/− or Gsdmd−/− macrophages (Fig. 2A). This 

suggests that the association of MitoSOX fluorescence increases with the activity of caspase-1 and 

GSDMD. As a control, treatment with antimycin A, a mitochondrial complex III inhibitor, showed an 

increase in MitoSOX fluorescence independent from caspase-1 and GSDMD (Fig. 2A). Similarly, the 

treatment of unprimed macrophages with ATP or nigericin failed to increase MitoSOX fluorescence 

(Supplementary Fig. S2A) and this is to be expected because NLRP3 priming is essential for 

caspase-1 activation (32) and the subsequent induction of mitochondrial damage. Antimycin A 

increased MitoSOX fluorescence in both primed (Figure 2A) and non-primed macrophages 

(Supplementary Fig. S2A), but failed to induce cytochrome C release to the cytosol (Fig. 1B). The 

use of the mitochondrial-targeted antioxidant MitoTEMPO reduced the increase in MitoSOX 

fluorescence during nigericin stimulation (Supplementary Fig. S2B), showing that MitoSOX 

fluorescence increase may not depend only on mtROS caused by caspase-1 mitochondrial damage. 

In fact, given that cytochrome c was released from mitochondria in Gsdmd−/− macrophages, and 

cytochrome c release has been associated with increased superoxide production (33), we next 

localized MitoSOX cellular staining and found that it was not only associated with mitochondria, but 

also with cytosol and nuclei (Supplementary Fig. S2C). MitoSOX is a lipophilic fluorescent molecule 

with a positively charged moiety that allows it to be located within the mitochondrial matrix for mtROS 
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detection (34) and also allows it to interact with nucleic acids to increase its fluorescence (35, 36). 

Therefore, we hypothesized that increased MitoSOX fluorescence could also be due to the presence 

of nucleic acids such as mitochondrial DNA in the cytosol during GSDMD-mediated cell death. 

To test this hypothesis, we specifically measured mitochondrial DNA in the cytosolic fraction and 

found that the activation of NLRP3 induced a significant increase in mitochondrial DNA in the cytosol 

dependent on both caspase-1 and GSDMD (Fig. 2B), suggesting that GSDMD plays a role in the 

release of mitochondrial DNA from damaged mitochondria. In addition, treatment with nigericin 

induced the presence of mitochondrial DNA-containing nucleoids associated with rounded 

mitochondria during mitochondrial network fragmentation (Fig. 2C). This morphology has been 

previously found during apoptosis-induced mitochondrial DNA release processes (17, 18). 

Furthermore, NLRP3 stimulation also resulted in a GSDMD-mediated release of mitochondrial DNA 

in cellular supernatants (Fig. 2D). These results confirm that mitochondrial DNA relocalisation to the 

cytoplasm during pyroptosis requires caspase-1 and GSDMD, with caspase-1-induced MOMP being 

insufficient for this process. 

 

Pyrin inflammasome activation and GSDMDNT induce mitochondrial DNA release 

To investigate if the activation of other inflammasomes beyond NLRP3 could also promote 

mitochondrial DNA release, we triggered in Nlrp3−/− macrophages the pyrin inflammasome with the 

toxin B of Clostridium difficile (TcdB). The use of NLRP3-deficient macrophages ensured that this 

inflammasome would not be activated during the initial steps of pyroptosis. TcdB induced the 

generation of tBid and GSDMDNT (Fig. 3A) in parallel with the release of IL-1b and LDH (Fig. 3B). As 

with NLRP3 activation, pyrin induction also resulted in a mitochondrial network fragmentation 

dependent on caspase-1 (Fig. 3C). Importantly, mitochondrial DNA was also released during pyrin 

inflammasome-induced pyroptosis (Fig. 3D). 

To study if GSDMDNT by itself was able to induce mitochondrial damage independently of caspase-1 

and inflammasome activation, we expressed GSDMDNT in HEK293T cells (Supplementary Fig. S3A). 

The expression of GSDMDNT also induced mitochondrial network fragmentation and a condensation 

of the nucleus (Fig. 3E), suggesting that these cells present pyroptotic features. Release of HMGB1 
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in the GSDMDNT-expressing cells (Fig. 3F) also confirmed cell permeabilization. In cells expressing 

GSDMDNT, mitochondrial DNA significantly increased in the supernatant (Fig. 3F). Therefore, 

GSDMDNT is able to directly facilitate mitochondrial network fragmentation and the release of 

mitochondrial DNA, independently of the stimulation of inflammasome or caspase-1 induced MOMP.  

 

Mitochondrial DNA release is also promoted by GSDMENT 

We then aimed to investigate if other activated GSDMs could also be promoting mitochondrial DNA 

release, so we stimulated macrophages with staurosporine, a nonselective inhibitor of several kinases 

that induced caspase-3 activation through intrinsic apoptosis independently of BAX/BAK pores  (37). 

Caspase-3 is able to induce cleavage of GSDME, switching apoptosis into pyroptosis-like cell death  

(7). However, since treatment of macrophages with staurosporin also induces caspase-1 activation  

(38), the use of wild type macrophages would make it difficult to differentiate the potential contribution 

of GSDME to mitochondrial DNA release induced by staurosporine; therefore, we used non-primed 

Casp1/11−/− macrophages. In this cellular context, we found caspase-3 activation and GSDME 

processing after 4 h of staurosporine treatment (Fig. 4A), as has been described  (7, 8, 16). In addition, 

in this context, caspase-1 and GSDMD activation was avoided (Fig. 4A).  

We then aimed to investigate the role of GSDME processing in plasma membrane permeabilization 

by using the DNA staining YoPro-1, which is cell impermeant and enters the cell on permeabilization 

of the plasma membrane. Cellular YoPro-1 uptake experiments showed efficient cell permeabilization 

in LPS-primed macrophages after 30 minutes of nigericin treatment and in non-primed Casp1/11−/− 

macrophages treated with staurosporine for 4 h (Supplementary Fig. S3B). In parallel, we observed 

that Casp1/11−/− macrophages treated for 4 h with staurosporine presented other features of 

pyroptosis and membrane permeabilization such as a significant release of LDH and HMGB1 (Fig. 

4B), similar to that which was observed in parallel experiments using wild type macrophages and in 

which GSDMD pyroptosis was induced (Fig. 4B). Also, staurosporine treated macrophages showed 

the same mitochondrial network fragmentation detected during GSDMD-mediated pyroptosis (Fig. 

4C) and significant release of mitochondrial DNA (Fig. 4D), thus supporting the idea that plasma 

membrane permeabilization produced by GSDMENT could also facilitate mitochondrial DNA release. 
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To confirm the role of GSDMENT in inducing mitochondrial DNA release, we expressed GSDMENT in 

HEK293T cells (Supplementary Fig. S3C). GSDMENT induced a significant release of HMGB1 in the 

supernatant (Fig. 4E), confirming effective plasma membrane permeabilization. Also, GSDMENT 

expression induced mitochondrial network fragmentation (Fig. 4F) and significant mitochondrial DNA 

release (Fig. 4G). These data show that GSDME-mediated pore formation induces the release of 

damage-associated molecular patterns (DAMPs), not only HMGB1, but also mitochondrial DNA. This 

process could be triggered by GSDME during intrinsic apoptosis in macrophages. 

 

GSDMD promotes mitochondrial DNA relocalisation to the cytosol in the absence of cell lysis 

The loss of plasma membrane integrity and pyroptosis downstream from caspase-1 activation can be 

prevented by glycine, a cytoprotectant that allows GSDMD pore formation but prevents cell lysis  (29). 

Parallel increase of YoPro-1 uptake and MitoSOX fluorescence was found in LPS-primed 

macrophages treated with nigericin in the presence of glycine (Fig. 5A), suggesting potential 

mitochondrial damage in parallel to plasma membrane permeabilization and in the absence of cell 

death, as the use of glycine prevented LDH release, but not IL-1b release (Fig. 5B). In this situation, 

glycine was not able to prevent nigericin-induced release of cytochrome C to the cytosol (Fig. 5C), 

nor mitochondrial network fragmentation (Fig. 5D). However, we detected a significantly lower amount 

of mitochondrial DNA released in the supernatant from cells treated with glycine (Fig. 5E), whereas 

the amount of mitochondrial DNA detected in the cytosolic fraction accumulated over-time in glycine 

treated cells (Fig. 5E). Therefore, pyroptotic cell lysis with a severe rupture of the plasma membrane 

is required for cellular mitochondrial DNA release, but not for mitochondrial damage and DNA 

relocalisation to the cytosol. 

 

GSDMDNT plasma membrane pore activity is required for mitochondrial damage 

In order to determine if GSDMD-induced plasma membrane pore formation could critically contribute 

to mitochondrial damage and DNA release, in addition to direct GSDMDNT permeabilization of the 

mitochondria, we used punicalagin as a polyphenolic compound able to impair plasma membrane 

pore formation and IL-1b release after caspase-1 activation  (19). Here, we found that after NLRP3 
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activation, punicalagin did not affect GSDMDNT generation (Fig. 6A) nor the MOMP because 

cytochrome c was found in cytosolic enriched fractions (Fig. S4A). However, as expected, it did 

prevent YoPro-1 uptake (Fig. 6B), suggesting the inhibition of plasma membrane GSDMDNT pore 

activity. Likewise, cell death and the release of mitochondrial DNA to cell supernatants was also 

blocked by punicalagin (Fig. 6C). The presence of punicalagin, despite the presence of intracellular 

GSDMDNT, also protected mitochondria network structure and prevented the increase of MitoSOX 

fluorescence upon nigericin treatment (Fig. 6D and E). Punicalagin washout quickly resulted in a 

mitochondrial sphericity, mitochondrial network fragmentation and intense staining of released 

mitochondrial DNA (Fig. 6D). These data suggest that pores of GSDMDNT in the plasma membrane 

could be contributing to mitochondrial damage and mitochondrial DNA relocalisation to the cytosol. 

To further support this hypothesis, we used melittin, a bee venom toxin, to form pores in the plasma 

membrane (39). Melittin was able to induce an alteration in the mitochondria (Supplementary Fig. 

S4B). In addition, a low concentration of digitonin, which allows the analysis of mitochondrial function 

in situ  (40, 41), was able to induce YoPro-1 uptake with a parallel increase in MitoSOX fluorescence 

(Supplementary Fig. S4C). Furthermore, plasma membrane permeabilization with digitonin induced 

a similar mitochondrial network fragmentation to the one found during pyroptosis (Supplementary Fig. 

S4D) and mitochondrial DNA release (Supplementary Fig. S4E). Taken together, our study 

demonstrates that plasma membrane permeabilization by GSDMNT contributes to the release of 

mitochondrial DNA in two steps: an initial step that induces the relocalisation to the cytosol during 

fragmentation of the mitochondrial network, and a second step that facilitates its cellular release after 

severe plasma membrane destabilization during pyroptosis and intrinsic apoptosis.  
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DISCUSSION 

In the present study, we provide evidence of the important role played by GSDMs in inducing plasma 

membrane permeabilization and cellular mitochondrial DNA release during two forms of regulated 

cell death, pyroptosis and intrinsic apoptosis, which confirms GSDMs as a common pathway for the 

cellular secretion of DAMPs. 

Extracellular mitochondrial DNA is a well-recognized DAMP which participates in the inflammatory 

response by activating neutrophils and endothelial cells (42–44) and is also found circulating in 

plasma from patients with different pathologies. Here we found that GSDM processing during 

pyroptosis or apoptosis helps to induce the release of mitochondrial DNA to the extracellular space, 

thus suggesting a potential pathophysiological role for GSDMs in arthritis, type 2 diabetes, and 

cardiovascular or lupus-like diseases  (45–48). In addition, cellular mitochondrial DNA release is 

accompanied by an initial relocalisation to the cytosol that activates the production of type I interferon 

through the cGAS-STING signaling pathway, although the subsequent downstream activation of 

caspases and GSDMD pores suppresses this immunological response  (44, 49, 50). It might be 

possible that other GSDMs that are less active in the plasma membrane and activated in the absence 

of caspases  (1, 2) amplify this pathway. Our study also supports the possibility that GSDMDNT might 

impair intracellular cGAS-STING, as has been proposed  (51) by facilitating the release of 

mitochondrial DNA from the cytosol to the extracellular medium and decreasing the accumulation of 

cytosolic DNA during effective pyroptotic cell lysis.  

We show that caspase-1 activation could damage mitochondria by different pathways, one being the 

cleavage of BID to induce the release of MOMP and cytochrome C into the cytosol  (12, 13). Our data 

show caspase-1-dependent BID cleavage after activation of NLRP3 and pyrin inflammasome in 

macrophages and demonstrate that MOMP is induced independently of GSDMD activation and pore 

formation. However, we identify GSDMD as a critical player in severe fragmentation of the 

mitochondrial network after caspase-1 activation, where the mitochondrial network appears rounded 

instead of filamentous. We do not observe these morphological changes in the mitochondrial network 

of GSDMD-deficient macrophages despite observing BID cleavage and cytosolic cytochrome C 

release upon caspase-1 activation, indicating that GSDMD would contribute to the collapse of the 
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mitochondrial network. It has been proposed that MOMP induced by BAX/BAK pores would facilitate 

the release of mitochondrial DNA into the cytosol  (17, 18); however, in those studies caspases are 

routinely blocked by a pan-caspase inhibitor. In contrast, our data show the inhibition of mitochondrial 

DNA release into the cytosol in the absence of GSDMD despite observing BID cleavage after 

caspase-1 activation. It is unclear whether the stimulation time on Gsdmd−/− macrophages was 

insufficient to detect mitochondrial DNA relocalisation due to MOMP in the presence of active 

caspase-1; however, our results indicate that GSDMD contribute to the acceleration and facilitation 

of mitochondrial DNA relocalisation during pyroptosis where active caspases are present. 

Recent studies have shown that other members of the GSDM protein family lead to plasma 

membrane permeabilization after proteolytic processing by active caspases. Specifically, GSDME is 

processed by caspase-3, thus switching apoptosis to a pyroptosis-like phenotype and leading to 

plasma membrane permeabilization and facilitating the release of DAMPs  (7, 8). Our data suggest 

that GSDMENT facilitates the cellular release of HMGB1 and mitochondrial DNA, as well as inducing 

mitochondrial network fragmentation in two cellular models independently of caspase-1 activation. 

This is in agreement with recent work showing GSDMENT targeting the mitochondria and inducing 

cytochrome C release  (16), suggesting that the release of mitochondrial DAMPs could be a general 

consequence of the action of GSDMNT. However, our data suggest that the GSDMNT permeabilization 

of the plasma membrane could also be a key step for mitochondrial damage. 

Plasma membrane permeabilization induced by pore-forming proteins or toxins generates ruptures 

in plasma membrane because of the release of large intracellular molecules such as the tetrameric 

LDH enzyme, which cannot directly permeate through the formed pores  (19, 28, 29).The lytic cell 

death produced by pneumolysin, a bacterial toxin produced by Streptococcus pneumonia, activates 

the immunological system through mitochondrial DNA release from epithelial cells and also produces 

morphological alterations in the mitochondrial network  (52); likewise in the present study we also 

show that another pore-forming toxin, the bee venom peptide melittin, induces mitochondrial network 

fragmentation. In line with these results and with the data we obtained after using GSDMs to induce 

plasma membrane permeabilization, we observed the same phenomena of mitochondrial network 

fragmentation induced by plasma membrane permeabilization with low concentrations of digitonin, a 
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treatment that allows the analysis of mitochondrial function in situ without the isolation of organelles  

(40). Therefore, the changes in ionic homeostasis produced by plasma membrane permeabilization 

accompanied by ruptures in the plasma membrane (induced either by GSDM pores or non-selective 

pores) might contribute to mitochondrial collapse and thus encourage the relocalisation of 

mitochondrial DNA to the cytosol. The use of the cytoprotective agent glycine while GSDMDNT was 

generated by activation of caspase-1 resulted in a cytosolic accumulation of mitochondrial DNA in 

the absence of massive plasma membrane rupture. This indicates that GSDMD pores are not big 

enough to allow mitochondrial DNA to be released from the cell, but are big enough to induce its 

release from the mitochondrial matrix. This suggests a two-step mechanism for mitochondrial DNA 

release (and probably for the release of other mitochondrial DAMPs too) induced by GSDMsNT  (53), 

with the first step being the accumulation of mitochondrial DNA in the cytosol and then its cellular 

release. Similarly, it has recently been shown that GSDMDNT induces NETosis formation in 

neutrophils, first helping to permeabilize the nuclear membrane and then allowing nuclear DNA 

release from the cell  (15). 

The inhibition of GSDMDNT plasma membrane permeabilization by punicalagin also inhibits 

mitochondrial network morphological alterations and mitochondrial DNA relocalisation into the cytosol 

despite the intracellular activation of caspase-1 and GSDMD processing. These data support the 

hypothesis that plasma membrane permeabilization might play an important role in mitochondrial 

collapse alongside MOMP and the mitochondrial localization of GSDMDNT. In addition, punicalagin 

blocks the release of pro-inflammatory cytokines such as IL-1b  (19). In line with our findings, the 

recent development of drugs that block GSDM pore formation is an attractive strategy for controlling 

mitochondrial DNA release and other DAMPs and cytokines during regulated cell death and thus 

curbing the inflammatory response triggered by damaged tissue in many different diseases  (54). 

In conclusion, our study provides data on the mechanism involved in mitochondrial DNA release from 

the mitochondria matrix during pyroptosis and intrinsic apoptosis and in doing so highlights the role 

of GSDMsNT in permeabilizing the plasma membrane, which together with MOMP facilitates the 

efficient release of mitochondrial DNA.  
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FIGURE LEGENDS 

Figure 1. NLRP3 inflammasome activation induces GSDMD-dependent mitochondrial network 

fragmentation 

A, B Different genotypes from mouse macrophages (as indicated) were primed for 4 h with LPS (10 

ng/ml) and then stimulated for 20 min with ATP (3 mM), nigericin (5 µM) or with antimycin A (10 

µM). Whole cell lysates (A), or cytosolic and organelle fractions (B) were analyzed by immunoblot 

for the proteins indicated. 

C Deconvolved maximum intensity projections of z-stack images of macrophages primed for 4 h 

with LPS (10 ng/ml) and then stimulated for 10 min with nigericin (5 µM) and stained with 

TOMM20 antibodies (green) and DAPI (blue). Scale bar represents 8 μm. 

 

Data information: All immunoblots and microscopy images are representative of three independent 

experiments.  

 

Figure 2. GSDMD induces mitochondrial DNA release after NLRP3 inflammasome activation 

A Kinetic of MitoSOX fluorescence from macrophages with different genotypes (as indicated) 

primed for 4 h with LPS (10 ng/ml). Then fluorescence was monitored for 50 min while stimulating 

with ATP (3 mM), nigericin (5 µM) or antimycin A (10 µM). 

B Quantification of mitochondrial DNA presence in the cytosolic fraction from macrophages with 

different genotypes (as indicated) primed as in A and stimulated for 20 min with nigericin (10µM). 

C Deconvolved maximum intensity projections of z-stack images of macrophages primed as in A 

and stimulated or not for 10 min with nigericin (5 µM) and then stained with anti-DNA antibodies 

(red), TOMM20 antibodies (green) and DAPI (blue). Scale bar represents 5 μm. 

D Quantification of mitochondrial DNA release in supernatant (SPN) from macrophages with 

different genotypes (as indicated) primed as in A and stimulated for 20 min with nigericin (10 

µM). 
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Data information: Data in A are means ± SEM of three independent experiments and were normalized 

with 100% considered the average fluorescence of antimycin A at 45 min. Data in B and D are means 

± SEM of four-five independent experiments. Statistical analyses were performed using non-

parametric Mann–Whitney t-tests. Data were considered significant when * P < 0.05. Microscopy 

images of panel C are representative of three independent experiments. 

 

Figure 3. Pyrin inflammasome activation and GSDMDNT induce mitochondrial DNA release 

A Macrophages with different genotypes (as indicated) were primed for 4 h with LPS (10 ng/ml) 

and then stimulated at indicated times with nigericin (5 µM) or with the toxin B from Clostridium 

difficile (TcdB) (1 µg/ml). Cell extracts were analyzed using immunoblot for the proteins indicated.  

B IL-1b and LDH release detected in cell-free supernatants from Nlrp3−/− macrophages primed and 

stimulated with TcdB as indicated in A. 

C Deconvolved maximum intensity projections of z-stack images of Nlrp3−/− and Casp1/11−/− 

macrophages primed and stimulated with TcdB as indicated in A and stained with TOMM20 

antibodies (green) and DAPI (blue). Scale bar represents 8 μm. 

D Mitochondrial DNA release detected in cell-free supernatants from Nlrp3−/− macrophages primed 

and stimulated with TcdB as indicated in A. 

E Deconvolved maximum intensity projections of z-stack images of HEK293T after 16 h 

transfected with plasmids encoding for human full-length GSDMD or GSDMDNT (1-275) and 

stained with TOMM20 antibodies (green) and DAPI (blue). Scale bar represents 10 μm. 

F Quantification of HMGB1 and mitochondrial DNA released in cell free supernatant obtained from 

HEK293T transfected as in E. 

 

Data information: Data in panels B, D and F are means ± SEM from four-five independent experiments. 

Statistical analyses were performed using non-parametric Mann–Whitney t-tests. Data were 

considered significant when *P < 0.05, **P < 0.01. Immunoblots in panel A and microscopy images 

of panels C and E are representative of three independent experiments. 
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Figure 4. Mitochondrial DNA release is also promoted by GSDME 

A Wild type macrophages were primed for 4 h with LPS (10 ng/ml) and then stimulated with 

nigericin (10µM), Casp1/11−/− macrophages were treated with DMSO or staurosporin (1 µM) 

during the indicated times. Cell lysates were analyzed by immunoblot for the indicated proteins. 

B Macrophages of different genotypes (as indicated) were primed and stimulated as in A. LDH and 

HMGB1 release was determined in cell-free supernatant. 

C Deconvolved maximum intensity projections of z-stack images of Casp1/11−/− macrophages 

treated for 4 h with DMSO or staurosporin (1 µM) and stained with TOMM20 antibodies (green) 

and DAPI (blue). Scale bar represents 10 μm. 

D Quantification of mitochondrial DNA released in cell free supernatant obtained from 

macrophages stimulated as in A. 

E Quantification of HMGB1 released in cell free supernatant obtained from HEK293T expressing 

human GSDMENT (1-270) for 16 h. 

F Deconvolved maximum intensity projection of z-stack image of HEK293T expressing human 

GSDMENT as in E and stained with TOMM20 antibodies (green) and DAPI (blue). Scale bar 

represents 10 μm. 

G Quantification of mitochondrial DNA released in cell free supernatant obtained from expressing 

human GSDMENT as in E. 

 

Data information: Immunoblots in panel A and microscopic images in panels C and F are 

representative of three independent experiments. For panels B, D, E and G, data are means ± SEM 

from at least four independent experiments. Statistical analyses were performed using non-

parametric Mann–Whitney t-tests. Data were considered significant when *P < 0.05, **P < 0.01, or 

***P < 0.001.  
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Figure 5. GSDMD promotes mitochondrial DNA relocalisation to the cytosol in the absence of 

cell lysis 

A Kinetic of YoPro-1 uptake and MitoSOX fluorescence in wild type macrophages primed for 4 h 

with LPS (10 ng/ml) and then stimulated with nigericin (5 µM, as shown by the arrow) in the 

presence or not of glycine (5 mM). Glycine was added 15 min before and during stimulation.  

B IL-1b and LDH was determined in cell-free supernatant of macrophages stimulated as in A but 

after 20 or 40 min of nigericin as indicated. 

C Cytosolic and organelle fraction of macrophages stimulated as in B were analyzed by 

immunoblot for the indicated proteins. 

D Deconvolved maximum intensity projections of z-stack images of wild type macrophages primed 

with LPS as in A and then stimulated for 20 or 40 min with nigericin (5 µM) in presence or not of 

glycine (5 mM), and stained with TOMM20 antibodies (green) and DAPI (blue). Scale bar 

represents 10 μm. 

E Quantification of mitochondrial DNA in supernatants and cytosol of macrophages primed and 

stimulated as in B. 

 

Data information: Data in panel A are means ± SEM from three independent experiments. Data in 

panels B and E are means ± SEM from three-six independent experiments. Statistical analyses were 

performed using non-parametric Mann–Whitney t-tests. Data were considered significant when *P < 

0.05, **P < 0.01. Immunoblots of panel C and microscopy images of panel D are representative of 

three independent experiments. 

 

Figure 6. GSDMDNT plasma membrane pore activity is required for mitochondrial damage 

A Wild type macrophages were primed for 4 h with LPS (10 ng/ml) and then stimulated for 20 min 

with nigericin (5 µM) in the presence or not of punicalagin (50 µM). Punicalagin was added 10 

min before and during nigericin stimulation. Cell lysates were analyzed by immunoblot for the 

indicated proteins. 
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B Kinetic of YoPro-1 uptake in macrophages primed and stimulated as in A. Nigericin was added 

as shown by the arrow. 

C LDH and mitochondrial DNA presence in cell-free supernatants from macrophages primed and 

stimulated as in A.  

D Deconvolved maximum intensity projections of z-stack images of wild type macrophages primed 

and stimulated as in A, but using 25 µM of punicalagin. In the images indicated, nigericin and 

punicalagin were removed from the cell culture after 15 min of stimulation and cells were fixed 

after 10 min washout. Cells were stained with DNA antibodies (red), TOMM20 antibodies (green) 

and DAPI (blue). Scale bar represents 10 μm. 

E Kinetic of MitoSOX fluorescence in macrophages primed and stimulated as in A. Nigericin was 

added as shown by the arrow. 

 

Data information: Immunoblots in panel A and microscopy images in panel D are representative of 

three independent experiments. Data in panels B and E are means ± SEM from three independent 

experiments. Data in panel C represent means ± SEM from three-five independent experiments. 

Statistical analyses were performed using non-parametric Mann–Whitney t-tests. Data were 

considered significant when *P < 0.05, **P < 0.01 
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Supplementary Figure S1. GSDMD activation mediates macrophage pyroptosis and 
mitochondrial damage 
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A, B Different macrophage genotypes (as indicated) were primed for 4 h with LPS (10 ng/ml) and 
then stimulated for 20 min with ATP (3 mM) or nigericin (5 µM). IL-1b (A) or LDH (B) were 
detected in the cell-free supernatants. 

C Immunoblot for TOMM20 and a-tubulin in cytosolic enriched fraction and organelle enriched 
fraction obtained from different macrophage genotypes (as indicated) primed and activated as 
in A. 

D Immunoblot for TOMM20, GSDMD and a-tubulin in cell lysates and mitochondria fraction 
obtained from wild type macrophages primed and activated as in A. Mitochondrial fraction was 
isolated with ultracentrifugation. 

E Immunoblot for TOMM20, GSDMD and a-tubulin in cell lysates and mitochondria fraction 
obtained from wild type macrophages primed as in A and then stimulated with nigericin (10 µM). 
Mitochondrial fraction was isolated with an antibody-based kit. 

F Different genotypes of macrophages (as indicated) were primed and activated as in A. Maximum 
intensity projections of z-stack images of macrophages stained with TOMM20 antibodies (green) 
and DAPI (blue) are shown. Scale bar represents 8 μm. 

 
Data information: Data in panel A and B are means ± SEM from at least ten independent experiments. 
Statistical analyses were performed using non-parametric Mann–Whitney t-tests. Data were 
considered significant when ***P < 0.001. Immunoblots in panels C, D and E are from n=1 
independent experiment. Microscopy images in panel F are representative of three independent 
experiments. 
  



 
Supplementary Figure S2. MitoTEMPO partially blocks MitoSOX fluorescence 
A Kinetic of MitoSOX fluorescence of unprimed wild type macrophages stimulated with ATP (3 

mM), nigericin (5 µM) or antimycin A (10 µM).   
B  Kinetic of MitoSOX fluorescence of macrophages primed for 4 h with LPS (10 ng/ml) and then 

stimulated with nigericin (5 µM) in presence or absence of MitoTEMPO (250 mM). Cells treated 
with inhibitors were incubated 10 min before and during stimulation of the cells. 

C Images of macrophages stained with MitoSOX. Scale bar represents 10 μm. 
 
 
Data information: Data are means ± SEM from at least three independent experiments. Microscopy 
image of panel B is representative of 2 independent experiments. 
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Supplementary Figure S3. GSDMDNT and GSDMENT expression  
A Immunoblot for Flag (GSDMD and GSDMDNT) and b-Actin in cell lysates of HEK293T 

transfected for 12 h with a plasmid encoding human GSDMD or human GSDMDNT (1-275). 
B YoPro-1 uptake of wild type macrophages primed for 4 h with LPS (10 ng/ml) and stimulated 

with nigericin (10 µM), or Casp1/11−/− macrophages treated with DMSO or staurosporin (1 µM). 
YoPro-1 fluorescence was measured at the indicated times. 

C Immunoblot for GSDME and b-Actin in cell lysates of HEK293T transfected for 12 h with a 
plasmid encoding for human GSDMENT (1-270) or with a control empty vector (pcDNA). 

 
Data information: Immunoblots in panels A and C are representative of three independent 
experiments. Data in panel B are means ± SEM from three-four independent experiments in triplicates. 
Statistical analyses were performed using non-parametric Mann–Whitney t-tests. Data were 
considered significant when ***P < 0.001 or ****P < 0.0001 
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Supplementary Figure S4. Plasma membrane permeabilization induces mitochondrial network 
fragmentation 
A Immunoblot for cytochrome c, TOMM20 and a-tubulin in cytosolic enriched fraction and 

organelle enriched fraction obtained from macrophages primed for 4 h with LPS (10 ng/ml) and 
then treated for 20 min with nigericin (5 µM) or antimycin A (10 µM), in the presence or absence 
of punicalagin (25 µM). 

B Maximum intensity projections of z-stack images of Casp1/11−/− macrophages treated as in A 
and stained with TOMM20 antibodies (green) and DAPI (blue). Scale bar represents 10 μm. 

C Kinetic of MitoSOX fluorescence and YoPro-1 uptake in wild type macrophages primed for 4 h 
with LPS (10 ng/ml) and then treated with digitonin (50 µg/ml) when indicate by the arrow  

D Maximum intensity projections of z-stack images of wild type macrophages treated as in C and 
stained with TOMM20 antibodies (green) and DAPI (blue). Scale bar represents 10 μm. 

E Mitochondrial DNA presence in cell-free supernatants from macrophages primed and 
stimulated as in C. 
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Data information: Immunoblots in panel A are from n= 1 experiments. Microscopy image in panel B 
is representative of 3 independent experiments. Data in panel C are means ± SEM from three 
independent experiments. Microscopy image of panel D is representative of three independent 
experiments. Data in panel E are means ± SEM from 3 independent experiments. Statistical analyses 
were performed using non-parametric Mann–Whitney t-tests. Data were considered significant when 
*P < 0.05. 


