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To evaluate the evidence for CNS inflammasome activation and pyroptosis in MS and EAE 
and determine whether caspase-1 modulation affected neuroinflammation and 
neurobehavioural outcomes using the EAE model  
 
As outlined in Chapter I, inflammasome components have been identified in the serum, CSF, 

and lesions of MS patients, typically in microglia/macrophages. They have also been widely 

implicated in the immunopathogenesis of EAE, through a variety of mechanisms including 

the priming and recruitment of Th1 and Th17 cells, activation of CNS endothelial cells, and 

transmigration of monocytes into the CNS. Several of these mechanisms involve the 

activation and recruitment of circulating immune cells; however, evidence from the cuprizone 

literature suggests the CNS inflammasomes may also play a role in inflammatory 

demyelination independently of their effect on peripheral immunity. This is supported by 

evidence from other neurodegenerative and neuroinflammatory disease models whose 

pathogenesis lacks a peripheral immune component (e.g. AD, PD, epilepsy, and others), but 

in which CNS inflammasome activation plays a key role in the neurodegenerative pathology. 

Pyroptosis, however, has never been characterized in the CNS in either MS or EAE, despite 

widespread cell death in multiple cell types during inflammatory demyelination. Furthermore, 

since the discovery of GSDMD as the executioner of pyroptosis in 2015, no group has 

studied its role in any CNS pathology.  

Inflammasome activation and pyroptosis occur in the CNS during MS and EAE, which can be 
modulated with the caspase-1 inhibitor VX-765 to improve neurobehavioural outcomes and 
reduce neuroinflammation.   
 



Within this chapter, I have provided evidence for CNS inflammasome activation and 

pyroptosis in multiple glial cell types in MS patient white matter. I delineated the 

inflammasome profile at the transcript level within the CNS over time during EAE, and 

provided evidence for pyroptosis in multiple CNS cell types at peak disease using confocal 

microscopy. I also demonstrated that inhibition of inflammasome activation and pyroptosis 

using VX-765 (a caspase-1 inhibitor currently in trials for epilepsy and psoriasis) improved 

outcomes in EAE, reducing both neuroinflammation and neurodegeneration. In vitro 

validation of this inhibitor is provided in Chapter IV.   

 

Earlier studies have reported increased levels of inflammasome components, including IL-1β 

and caspase-1, in CNS tissues from patients with MS244,245. To examine CNS inflammasome 

expression in a systematic manner, a wider panel of inflammasome genes was assessed in 

post-mortem samples from frontal white matter of age- and sex-matched MS and non-MS 

patients [Table 3.1]. Transcript was detectable for all inflammasome-associated genes 

examined in human CNS tissue, with increased IL1B, IL18, CASP1, and GSDMD transcript 

levels in MS compared to non-MS samples [Figure 3.1A]. Similarly, transcripts were 

detectable for all inflammasome sensors examined, including MEFV (encoding pyrin), 

NLRP3, NLRP1, AIM2, and NLRP2 in MS tissue. NLRP3 expression was significantly 

elevated in MS white matter compared to non-MS controls [Figure 3.1B]. AIM2 levels were 

significantly elevated when all patients were included in the dataset; however, upon exclusion 





 





of the highest outlier, AIM2 transcript levels in MS patients only trended upwards compared 

to non-MS controls (p=0.059 with outlier excluded versus p=0.0365 with outlier included). 

IL1B, IL18, CASP1, GSDMD, and NLRP3 retained significance when the high outlier was 

excluded [Figure 3.1A, B].   

  

The above findings prompted further examination of inflammasome-associated proteins in 

the CNS. Comparison of non-MS white matter with MS lesions revealed increased MHC 

Class II immunoreactivity at the border of a demyelinated lesion [Figure 3.1Cii; 

demyelinated area indicated by “D”], indicating the robust recruitment of activated antigen-

presenting cells in MS white matter, which was not observed in non-MS tissue [Figure 

3.1Ci]. IL-1β immunoreactivity was minimal in non-MS white matter [Figure 3.1Di] while 

abundant IL-1β immunopositive cells were observed in MS tissues [Figure 3.1Dii]. Caspase-

1 immunoreactivity was detected in occasional cells in the white matter of non-MS tissue 

[Figure 3.1Ei] but was markedly increased in MS tissues [Figure 3.1Eii]. To assess whether 

pyroptosis was occurring in MS lesions, expression of GSDMD was also investigated. 

Although limited GSDMD immunoreactivity was observed in non-MS white matter [Figure 

3.1Fi], intense GSDMD immunostaining concentrated at the plasma membrane was observed 

in MS white matter [Fig. 3.1Fii, inset], forming a “ring of fire” that is consistent with 

GSDMD’s role as a pore-forming membrane protein during pyroptosis. Quantification of the 

frequency of immunopositive cells verified a robust increase in the number of IL-1β+, 

caspase-1+, and GSDMD+ cells in the white matter of MS compared to non-MS patients 

[Figure 3.1G-I]. As the GSDMD antibody we utilized had not been validated in published 

manuscripts at the time, we confirmed that the antibody detected GSDMD at the correct 



molecular weight (55kDa) in untreated THP-1 cells, and demonstrated that this band was not 

present in two previously validated THP-1 clones in which GSDMD had been knocked out 

using CRISPR/Cas9 technology (kindly provided by Dr. Vijay Rathinam, University of 

Connecticut) [Figure 3.1J].    

In MS lesions, GSDMD immunopositive cells and cellular debris was observed [Figure 

3.2A], with only a few remaining intact nuclei, consistent with widespread death of GSDMD-

positive cells within a demyelinated lesion. Among the intact cells, GSDMD was often 

expressed within microglia/macrophages expressing the myeloid marker Iba-1 [Figure 3.2A, 

insets: GSDMD, red; Iba-1, green; DAPI, blue]. GSDMD was also detected in GST-pi 

immunopositive ODCs in active lesions [Figure 3.2C, insets: GSDMD, red; GST-pi, green; 

DAPI, blue; overlap appears yellow]. To quantify co-expression of GSDMD with these cell 

markers of interest, the proportion of microglia/macrophages (Iba-1+) and ODCs (GST-pi+) 

that were also positive for GSDMD was calculated in a subset of representative patients 

[Figure 3.2B, D]. As indicated, the proportion of GSDMD-immunopositive Iba-1+ 

microglia/macrophages in MS white matter (46%) is significantly higher than the proportion 

(24%) in other-disease control autopsy samples (p<0.0001). This was recapitulated in the 

GST-pi+ ODCs, wherein 53% of ODCs in MS white matter express GSDMD, compared to 

38% in other-disease controls (p<0.0001). The robust and significant increase in the 

proportion of microglia/macrophages and ODCs expressing GSDMD underscored the 

potential impact of inflammasome activation and pyroptosis on MS pathogenesis.       



 



 

Although there is compelling evidence to suggest that inflammasome activation participates 

in the pathogenesis of EAE252,267,268, the implicated genes and their temporal expression 

profiles within the CNS were uncertain. Furthermore, it was imperative to establish whether 

the up-regulation of inflammasome genes observed in MS brains was recapitulated in the 

EAE model before considering CNS-targeted therapies to attenuate inflammasome activation. 

To address this issue, EAE was induced in 10 week old C57/Bl6 female mice using 

CFA/MOG35-55 with pertussis toxin (PTX), as previously reported by our group264,269, 

following which tissues were collected at Days 8 (pre-onset), 10 (onset), 15 (moderate 

disease), and 20 (peak disease) post-induction [Figure 3.3A]. Profiling hindbrain transcript 

levels by RT-PCR revealed a significant up-regulation of prototypical inflammatory genes 

with known contributions to EAE pathology, including the cytokines ifng and tnfa [Figure 

3.3B, C], the macrophage marker f4-80 [Figure 3.3D] and the T-lymphocyte marker cd3e 

[Figure 3.3E]. When inflammasome markers were examined [Figure 3.4], a significant 

increase in nlrp3 gene expression was observed by Day 8, [Figure 3.4C] followed by il1b, 

casp11, and pyrin at the onset of disease (Day 10) [Figure 3.4A, G, I]. Casp1 expression was 

significantly increased at Day 15 [Figure 3.4D] and both gsdmd and asc at Day 20 [Figure 

3.4B, E]. Nlrp1, nlrc4 and aim2 were significantly up-regulated at different points in the 

disease course [Figure 3.4F, H, J] while il18 was modestly up-regulated on Day 15 [Figure 

3.4K]. Nlrp6 was unchanged throughout the disease course [Figure 3.4L].  



 





Spinal cords from CFA and EAE animals were examined for evidence of pyroptosis, 

revealing profound expression of both Iba-1 and GSDMD in spinal cord lesions [Figure 

3.5Aii, Iba-1, red; GSDMD, green, overlap appears yellow/orange] compared to CFA-

exposed controls [Figure 3.5Ai]. GSDMD immunoreactivity was clearly evident in a subset 

of Iba-1 immunopositive myeloid cells [Figure 3.5Aiii; Iba-1, red; GSDMD, green; overlap 

appears yellow/orange) as well as in cells that were not Iba-1 immunopositive [Figure 

3.5Aiv, white arrow]. This suggested that pyroptosis might occur in both myeloid (Iba-1+) 

and non-myeloid (Iba-1-) CNS cells during EAE.  

 

To investigate this finding further, lumbar spinal cord sections were co-labeled with 

antibodies to GSDMD and the ODC marker GST-pi, revealing GST-pi immunopositive cells 

(purple) with GSDMD immunoreactivity at the cell surface (green) in spinal cord lesions 

[Figure 3.5Bi-v]. These double immunopositive cells were often proximal to Iba-1-

immunopositive myeloid cells within the lesion [Figure 3.5Bii, red], some of which were also 

GSDMD-immunopositive (Figure 3.5Biv, green; overlap appears yellow).  

 

As neither inflammasome activation nor pyroptosis had been previously shown in ODCs, we 

next determined whether GSDMD was expressed in ODCs that co-expressed caspase-1, thus 

diminishing the likelihood that GSDMD was playing a non-inflammasome-related role in 

ODCs in vivo. To this end, immunofluorescent triple-labeling was performed to assess 

caspase-1, GSDMD, and GST-pi immunoreactivity simultaneously [Figure 3.5Ci-v], 

revealing multiple GST-pi immunopositive cells [Figure 3.5Ciii, purple] that were also 





positive for both GSDMD [Figure 3.5Civ, green] and caspase-1 [Figure 3.5Cii, orange]. We 

quantified the number of GSDMD+/caspase-1+/GST-pi+ ODCs per field of view, and 

compared this to the number of single-positive or double-negative GST-pi+ ODCs in EAE 

animals. We observed that the majority of GST-pi+ ODCs in the ventral spinal cords from 

EAE animals were immunopositive for both GSDMD and caspase-1 [Figure 3.5D, p<0.001]. 

GSDMD expression was not observed in astrocytes (GFAP-labeled) or neurons 

(neurofilament-labeled) in the ventral columns of the lumbar spinal cord in EAE animals 

[Figure 3.6A, B]. Given that pyroptosis is highly proinflammatory, we hypothesized that this 

cell death modality would propagate the cycle of neuroinflammation in the CNS during 

inflammatory demyelination. This was supported by high magnification confocal microscopy 

[Figure 3.7A], during which we observed cells undergoing pyroptosis within spinal cord 

lesions (red arrows) that appeared to recruit and interact with GSDMD- Iba-1+ reactive 

microglia (green arrows). This observation highlighted that unlike apoptosis, which has been 

well-characterized in MS and EAE lesions, pyroptosis is not immunologically silent.  

 

To test the hypothesis that pyroptosis drives neuroinflammation and neuropathology in EAE, 

it would be ideal to target GSDMD individually; however, GSDMD knock-out mice are still 

not commercially available, and at the time these experiments were performed, no GSDMD 

inhibitors had been developed. Thus, it was not possible to selectively assess the contribution 

of pyroptosis to neuropathology in EAE. Instead, we sought to assess whether caspase-1 

inhibition generally had a protective effect in the EAE model. Our strategy was to use the  

well-validated, clinically well-tolerated, BBB-permeable caspase-1 inhibitor, VX-765, and 

assess multiple endpoints, including neuroinflammation, neurobehavioural signs, and 







neurodegeneration in the CNS. Although we could not selectively inhibit GSDMD, this 

experimental design would allow us to determine whether upstream inhibition of caspase-1 

was protective, and whether pyroptosis in the CNS could be reduced through 

pharmacological intervention.  

  

This experimental design naturally comes with the caveat that caspase-1-mediated activation 

of other proteins, including IL-1β and IL-18, will also be inhibited by VX-765 in addition to 

GSDMD. While this is a clear limitation scientifically, we believe that it presents an 

advantage in the clinical scenario: both IL-1β and IL-18 have known pathological roles in 

MS/EAE, and a drug that could target these cytokines while simultaneously limiting 

proinflammatory cell death in the CNS would be potentially advantageous.  

 

To recapitulate the clinical scenario as well as possible, rather than initiating VX-765 

treatment at induction, treatment was delayed until after the onset of neurobehavioural signs. 

Thus, to determine whether VX-765 treatment influenced disease outcomes, animals with 

EAE were treated with VX-765 (50mg/kg IP) daily or vehicle-treated with PBS/DMSO after 

neurobehavioral deficits were observed (Day 12), and continued until sacrifice.  

 

Morphological analyses of spinal cords from CFA, solvent-treated EAE or VX-765-treated 

EAE animals at peak disease were performed by IHC and IF, concentrating on the ventral 

columns because they largely mediate motor functions. IHC studies revealed that 



columns because they largely mediate motor functions. IHC studies revealed that 

parenchymal Iba-1 immunoreactivity was detected in ventral spinal cord white matter of 

CFA-exposed animals [Figure 3.8Ai] but was markedly increased in EAE animals [Figure 

3.8Aii]. VX-765 treatment attenuated myeloid cell recruitment/activation as indicated by Iba-

1 immunoreactivity [Figure 3.8Aiii]. IL-1β immunoreactivity was minimal in CFA-exposed 

animals [Figure 3.8Bi] and was significantly induced in EAE spinal cords [Figure 3.8Bii], 

compared to VX-765-treated animals [Figure 3.8Biii; p<0.0001, quantified in Figure 3.8E]. 

Caspase-1 immunoreactivity was also limited in CFA-exposed animals [Figure 3.8Ci] and 

increased in vehicle-treated EAE animals [Figure 3.8Cii], but again caspase-1 expression was 

reduced with VX-765 treatment [p<0.0001, quantified in Figure 3.8F]. GSDMD expression 

was minimal in the spinal cords of CFA-exposed animals [Figure 3.8Di] but was enhanced in 

the spinal cords of EAE animals. Notably, cells displayed a rim of GSDMD 

immunoreactivity at the plasma membrane [Figure 3.8Dii inset], consistent with pyroptosis. 

VX-765 treatment suppressed GSDMD immunoreactivity in spinal cords from EAE animals 

[Figure 3.8Diii; p<0.0001, quantified in Figure 3.8G].  

 

Next, the proportions of GSDMD+ microglia/macrophages and ODCs in the ventral spinal 

column were assessed using confocal microscopy. Similar to MS patients, EAE animals 

displayed a significant increase in the proportion of both Iba-1+ microglia/macrophages and 

GST-pi+ ODCs that were immunopositive for GSDMD in the ventral spinal cord, compared 

to CFA controls [Figure 3.9Ai-iii, p<0.0001]. The proportion of GSDMD+ 

microglia/macrophages decreased significantly upon treatment with VX-765 [Figure 3.9B, 









p<0.0001] while the proportion of GSDMD+ ODCs fell to baseline levels [Figure 3.9C]. 

These data support the hypothesis that VX-765 treatment diminishes pyroptosis in multiple 

cell types in the CNS during EAE.  

 

 

Evaluation of transcript levels in spinal cord at Day 20 post-induction revealed that il1b 

[Figure 3.10A], nlrp3 [Figure 3.10B] and casp1 [Figure 3.10C] were highly induced in the 

spinal cords of vehicle-treated EAE animals, but VX-765 treatment abrogated the induction 

of nlrp3 and casp1. Additionally, other induced genes including pyrin, ifng and tnfa were also 

suppressed in VX-765-treated EAE animals [Figure 3.10D]. These data indicated that VX-

765 treatment reduced the expression of several key inflammasome and inflammation-related 

genes in the CNS, pointing to an overall suppression of neuroinflammation.  

 

Axonal integrity was assessed by Bielchowsky silver staining in ventral columns of spinal 

cords from CFA, EAE + PBS, and EAE + VX-765 treatment groups. Densely stained silver-

positive axons were observed in the CFA-exposed animals [Figure 3.10E] while fewer silver-

positive axons were detected in the EAE group [Figure 3.10F]; VX-765 treatment preserved 

axonal density [Figure 3.10G]. Quantification of axonal density demonstrated that vehicle-

treated EAE animals had significantly fewer axons per unit area than CFA-exposed and VX-

765-treated EAE animals [Figure 3.10H]. Collectively, these studies highlighted the 

contribution of inflammasome activation to axonal injury in EAE and highlighted a role for 

VX-765 in neuroprotection.  





 



 

In addition to the molecular and neuropathological findings indicating that inflammasome 

activation in EAE was suppressed by VX-765 treatment, neurobehavioral assessment 

permitted serial analyses of the effects of the therapeutic intervention. VX-765 treatment 

modestly reduced the severity of neurobehavioral deficits by Day 15 (after only 3 days of 

treatment) compared to vehicle-treated EAE animals, which was sustained over several time 

points [Figure 3.10I]. Thus, VX-765 treatment exerted some beneficial effects on EAE-

associated neurobehavioral deficits, in conjunction with reduced CNS inflammasome 

activity. We also quantified the density of motor neurons in the ventral horn as indicated by 

large triangular cell bodies and prominent nucleoli [Figure 3.11B], and observed a loss of 

motor neurons in EAE animals at peak disease, which was prevented by VX-765 treatment 

[Figure 3.11C, p<0.05].     





In this chapter, multiple experimental platforms were utilized to investigate the previously 

unrecognized contributions of CNS inflammasome activation and pyroptosis to inflammatory 

demyelination. Morphological and molecular evidence of pyroptosis was observed in 

multiple glial cell types in both MS and EAE, indicated by GSDMD immunoreactivity and 

accumulation on the plasma membrane. Treatment of EAE animals with VX-765 improved 

multiple outcomes, including neurobehavioral performance, neuropathological severity, and 

molecular indicators of inflammation. Taken together, the present observations defined a 

distinctive CNS inflammasome profile for MS and EAE, yielded the discovery of pyroptosis 

in microglia/macrophages and ODCs during demyelination, and illustrated the potential 

therapeutic impact of caspase-1 inhibition using VX-765.  Pyroptosis in myeloid cells and 

ODCs represents a therapeutically targetable and previously unrecognized mechanism 

driving neuroinflammation and neurodegeneration in MS.  

 

Based on our findings of inflammasome activation in MS/EAE neuropathogenesis [Figure 

3.12], we propose that dying ODCs release DAMPs that activate inflammasomes in resident 

microglia and infiltrating macrophages. These activated myeloid cells release both non-

inflammasome-dependent cytokines (e.g. TNFα) and inflammasome-dependent cytokines 

(IL-1β and IL-18), which drive a persistent inflammatory cascade that activates infiltrating 

lymphocytes and also causes neuronal toxicity. A subset of microglia/macrophages also 

undergoes pyroptosis, which further amplifies pathology through the release of neurotoxic 

and inflammatory mediators (e.g. cytokines, ROS) and intracellular DAMPs, many of which 

have recognized off-target effects on neurons and ODCs. TNFα released from activated





 microglia/macrophages promotes GSDMD up-regulation and pyroptosis in ODCs, further 

exacerbating tissue loss and demyelination [TNFα-dependent pyroptosis of ODCs in vitro 

was demonstrated as part of the MSc thesis of Leina Saito in the Power lab]. We suggest that 

VX-765 blocks inflammasome signaling, reduces cytokine-associated neurotoxicity, and 

prevents GSDMD-mediated pyroptosis in both myeloid cells and mature ODC populations, 

leading to tissue preservation and improved disease outcome.  
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