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ABSTRACT

Inflammasome activation is a robust innate immune mechanism that promotes inflammatory
responses through the release of alarmins and leaderless cytokines, including IL-1a., IL-1f3, and
IL-18. Various stimuli, including infectious agents and cellular stress, cause inflammasomes to
assemble and activate caspase-1. Then, caspase-1 cleaves targets that lead to pore formation and
leaderless cytokine activation and release. Toxoplasma gondii has been shown to promote
inflammasome formation, but the cell types utilizing caspase-1 and the downstream effects on
immunological outcomes during acute in vivo infection have not been explored. Here, using
knockout mice, we examine the role of caspase-1 responses during acute 7. gondii infection
globally and in Cx3cril-positive populations. We provide in vivo evidence that caspase-1
expression is critical for, IL-18 release, optimal interferon-y (IFN-y) production, monocyte and
neutrophil recruitment to the site of infection, and parasite control. Specifically, we find that
caspase-1 expression in Cx3cri-positive cells drives IL-18 release, which potentiates CD4" T cell
IFN-y production and parasite control. Notably, our Cx3cr-Caspl knockouts exhibited a selective
T cell defect, mirroring the phenotype observed in ///8 knockouts. In further support of this
finding, treatment of Cx3cri-Caspl knockout mice with recombinant IL-18 restored CD4" T cell
IFN-y responses and parasite control. Additionally, we show that neutrophil recruitment is
dependent on IL-1 receptor accessory protein (IL-1RAP) signaling but is dispensable for parasite
control. Overall, these experiments highlight the multifaceted role of caspase-1 in multiple cell
populations contributing to specific pathways that collectively contribute to caspase-1 dependent

immunity to 7" gondii.
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AUTHOR SUMMARY

When a cell undergoes inflammatory cell death, termed pyroptosis, cellular content is released and
has the potential to stimulate immune responses. Our work highlights that in the context of 7
gondii infection, distinct cell populations undergo pyroptosis each of which has different impacts
on how the immune system responds. These findings suggest a collaborative effort of multiple cell
types undergoing pyroptosis for optimal immunity to infection. Using a cell-type specific knockout
to render macrophages incapable of undergoing pyroptosis, we find that macrophage pyroptosis
reinforces adaptive immune cell function, while other population’s pyroptosis stimulates the
recruitment of innate immune cells into the infected tissue. We go on to identify a specific
molecule, IL-18, is released from macrophage pyroptosis that reinforces adaptive immune cell
function. By reintroducing IL-18 into the macrophage knockout mice, we successfully restored
adaptive immune cell function thereby facilitating the recovery of parasite control. This study
outlines the impact of pyroptosis on immunity to 7 gondii and stratifies the effects from separate

cell populations and their associated downstream pathways.
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INTRODUCTION

Innate pathogen sensing via pattern recognition receptors (PRRs) instructs and mobilizes the
immune system in response to infections. The diversity of PRRs and the molecules they recognize
tailor the immune response generated. These PRRs include toll-like receptors (TLR), Nod-like
receptors (NLR), and C-type lectin receptors (1). Specifically, activation of some NLRs triggers
the formation of a multi-protein complex known as the inflammasome. The effector protein of the
inflammasome is caspase-1, which cleaves substrates including those that create pores in the cell
membrane. Consequently, this process prompts inflammatory cell death and the release of
immune-activating cytosolic contents, including leaderless cytokines which do not leave the cell
through conventional secretion pathways and rely on proteolytic cleavage for activation (2, 3).
Currently, it remains unclear how inflammasome activation is orchestrated across cell types during
an infection and whether each cell type has the same ability to activate the inflammasome and
release inflammatory cargo. To investigate this question, we employed an in vivo mouse model of
Toxoplasma gondii infection, in which the activation of the inflammasome has been reported to

result in the release of various immunostimulatory molecules.

T. gondii is an obligate intracellular parasite that can infect nearly all nucleated cells. The parasite
replicates throughout the body of the host during the acute phase of infection and then resides in
the brain for the duration of the host’s life as a chronic infection. Host survival depends on the
adaptive immune system’s ability to produce interferon gamma (IFN-y) (4-7). IFN-y signaling
stimulates the expression and production of proteins that facilitate intracellular pathogen-killing
mechanisms, enabling the control of the parasite (8-10). The dependence on IFN-y underscores the
vital role of innate immune sensing, which initiates production of cytokines like IL-12 and IL-18

that bridge the innate the adaptive immune system. In mice, TLR11/12 molecules on dendritic cells
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85  recognize T. gondii profilin resulting in MyD88-dependent IL-12 release (11-14). IL-12 acts on
86  natural killer (NK) and T lymphocyte cells to promote an IFN-y response (15-17). Of note, humans
87 lack functional TLR11/12 and can still mount an effective immune response to 7. gondii,
88  suggesting that other innate sensors recognize and respond to the parasite. One such sensor is the
89 inflammasome, which has been suggested to promote protective immunity during acute infection
90 in humans, rats, and mice (18-22). At present, in vitro studies and survival studies have been
91  performed but which cells utilize caspase-1 at various stages of 7. gondii infection and the

92  immunological consequences have not been defined.

93  The inflammasome mediates the release of cytoplasmic cytokines (leaderless cytokines) and
94  premade immunostimulatory molecules (alarmins). /n vitro and in vivo studies have shown that 7.
95  gondii infection promotes the release of leaderless cytokines IL-1a, IL-1p, IL-33, and IL-18 and
96  the alarmin s100all (18, 19, 21, 23-28). A recent study by Lopez-Yglesias, et. al demonstrated
97  that in the absence of TLR11, inflammasome effector proteins caspase-1/11 promote CD4" T cell
98  IFN-y production (20). Another study observed that enhancing IL-18’s ability to bind cell surface
99  receptors can promote stronger CD4" T cell and NK cell IFN-y production during 7. gondii
100  infection (29). Additionally, it was reported that during acute infection IL-1 signaling onto its
101 cognate receptor IL-1R is required for neutrophil recruitment to the site of infection, but this signal
102  was dispensable for IFN-y responses (24). Furthermore, during acute infection, the alarmin
103 sl100all promotes a Cc/2-mediated monocyte recruitment to the site of infection. Together, these
104  studies indicate that caspase-1/11 may play a role in multiple facets of the immune response to 7.
105  gondii. However, it remains uncertain whether caspase-1 specifically is necessary and whether
106  caspase-1 in distinct cell types performs specific roles in inflammasome activity or if a single

107  population is responsible for the release of multiple leaderless cytokines and alarmins.
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108

109  To investigate caspase-1-mediated immunity against 7. gondii, we used whole-body and cell-type-
110  specific knockout mice. Using this approach, we report that caspase-1 is required for optimal
111 parasite control, promoting CD4" T cell IFN-y production and enhancing neutrophil and monocyte
112 recruitment to the initial site of infection. In particular, we find that Cx3cri-positive cells use
113 caspase-1 to release IL-18, which reinforces IFN-y production. On the other hand, monocyte and
114  neutrophil responses were intact in these mice, which suggests that caspase-1 activity in additional
115 cell types regulates these innate responses. Our studies demonstrate that in the context of in vivo
116 T gondii infection caspase-1 is utilized in distinct cell populations to carry out non-overlapping

117  and specific downstream effects of caspase-1-mediated immunity to 7. gondii.

118

119 RESULTS

120  Caspase-1 mediates aspects of innate and adaptive immunity to T. gondii.

121

122 The initial studies examining the role of inflammasomes in 7. gondii infection were performed in
123 double knockout mice, in which expression of both Caspl and -1/ were ablated and immunity
124  against the parasite was impaired (18-20). We hypothesized that the caspase-1 canonical
125  inflammasome pathway would be sufficient to drive multiple aspects of protective immunity
126  towards T. gondii. Therefore, we infected Casp! single knockout mice with 10 cysts of Me49 type
127 1 strain parasite by intraperitoneal (i.p.) infection (30). Then, we performed peritoneal lavage at
128  eight days post-infection (8 dpi) and found that the parasite burden was 3.6-fold greater in Casp

129  deficient mice compared to WT controls (Fig 1a). Additionally, during chronic infection at six
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130  weeks post-infection (6 wpi), we found a 1.4-fold increase in parasite burden in the brains of Casp
131 KO mice relative to control mice (Sla Fig). Surprisingly, Caspl and Caspl/11 KO mice had
132 similar long-term survival post-infection compared to WT mice (S1b Fig), but consistently had
133 higher parasite burdens. To test if the increased parasite burden at day 8 was due to an
134 immunological defect, we performed ELISAs on the serum of WT and Casp! KO mice. We found
135  that Caspl KO mice had a 25% reduction in IFN-y levels compared to WT controls (Fig 1b) but
136 had comparable IL-12 serum levels (Fig 1c). On the other hand, we found that IL-18 serum levels
137  in Caspl KO mice were nearly half of what was measured in WT controls (Fig 1d). We were
138  unable to detect IL-1a or IL-1B in the serum at this timepoint, consistent with prior reports (19,
139 20, 31).

140

141 As IFN-y is a major regulator of immunity to 7. gondii, we then aimed to identify cell populations
142 where IFN-y production was impacted by Casp! deficiency. We harvested spleen and peritoneal
143 exudate cells at 8 days post-infection and used spectral flow cytometry to identify IFN-y-producing
144 cell populations. We found fewer CD4" T cells that produced IFN-y within the spleen in Caspl
145 KO mice in comparison to WT controls (Fig 1d-f). Caspl was dispensable for splenic CD8" T
146  cells, NK cells, and ICL1/NK T cells IFN-y production (Slc-Sle Fig). Additionally, in the
147  peritoneum 8 dpi, no consistent defect was seen in IFN-y production by CD4* and CD8" T cells or
148 by NK/ ILC1 and NK T cells (S1f-S1i Fig). Together these data highlight a defect in IFN-y
149 production specific to splenic CD4" T cells in mice lacking Casp].

150

151  Beyond a defect in IFN-y production, we observed a dramatic decrease in the number of

152 neutrophils (CD11b"Ly6G™) and monocytes (CD11b" Ly6G™ Ly6C") recruited to the peritoneum
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153  in Caspl KO mice compared to WT mice (Fig 1h-1). Corresponding to the decreased monocyte
154  infiltration, in the peritoneum we found decreased levels of the mRNA for the monocyte
155  chemoattractant, Ccl2, in the peritoneum of Caspl KO mice compared to WT (Fig 1j). Similarly,
156 mRNA levels of Cxcll and Cxcl2, major chemokines for neutrophil attraction, were decreased in
157  whole-body Caspl KO peritoneal lavage fluid (Fig 1m). Together these data demonstrate that
158  Caspl deficiency leads to innate and adaptive immune defects that are associated with an inability
159  to fully control parasite levels during acute 7. gondii infection.

160

161  IL-18 promotes CD4" T cell IFN-y production but is dispensable for myeloid cell recruitment to
162 the initial site of infection.

163

164  We hypothesized that the decreased IL-18 serum levels in whole-body Casp/ knockout mice
165  impaired CD4" T cell IFN-y production. Thus, we infected ///8 KO and WT control mice to gain
166  insight on which immune responses downstream of caspase-1 activation were dependent on IL-
167  18. Mice were infected with 10 cysts Me49 followed by analysis of peritoneal exudate cells and
168  spleens at eight days post-infection. Similar to Casp! deficient mice, //18 deficient mice displayed
169  an increased parasite burden in the peritoneal cavity and decreased serum IFN-y levels (Fig 2a and
170  Fig2b). Likewise, //18 deficiency had no effect on serum IL-12 levels (Fig 2c¢). In the spleens of
171 1118 deficient mice, IFN-y production by CD4" T cells was impaired (Fig 2d-f), but IFN-y
172 production by CD8" T cells was unimpaired (S2a Fig). In the peritoneal cavity of 7//8 KO mice a
173 defect in IFN-y production by CD4" and CD8" T cells was also observed (S2b-d Fig). These data
174  suggest that IL-18 promotes CD4" T cell IFN-y production during the acute phase of 7. gondii

175  infection and is consistent with results observed in Casp/ deficient mice. On the other hand, when
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176 we assayed myeloid cell responses in the peritoneum, neutrophil and monocyte numbers were
177  comparable between //18 deficient and WT controls (Fig 2g-j). Together, these results suggest that
178  IL-18 is essential for full parasite control and likely represents one arm of the caspase-1-dependent
179  immune response during the acute stage of 7. gondii infection.

180

181  Given the specificity of the IL-18 response, we next examined IL-18 receptor (IL-18R) expression
182  to begin to understand why IFN-y production is specifically impaired in splenic CD4" T cells in
183  Il18-deficient mice at day 8 post-infection. We quantified IL-18R-positive CD4" and CD8" T cells
184  in the spleen and peritoneal cavity at 8 days post-infection (S2e Fig). Approximately 30% of CD4*
185 T cells in the spleen and nearly 80% of CD4" T cells in the peritoneum expressed IL-18R, while
186  only a small fraction of CD8" T cells expressed the receptor (S2f Fig). To understand if IL-18R
187  expression on T cells is infection-dependent, we compared IL-18R expression between naive and
188  infected mice. We found that few splenic T cells express IL-18R at baseline (S2g Fig). These data
189  suggest that CD4" T cells are more responsive to IL-18, due to infection-induced upregulation of
190 IL-18R.

191

192 IL-1Rap mediates neutrophil recruitment but is dispensable for parasite control at the site of

193 infection.

194  IL-18 is one of many molecules that can be released downstream of caspase-1. To broadly test if
195  the loss of other leaderless cytokine signaling could recapitulate whole-body capase-1 deficiency
196  during acute 7. gondii infection, we utilized IL-1 receptor accessory protein (Il1rap) knockout
197  mice. IL-1RAP is a necessary receptor subunit for IL-1, IL-33, and IL-36 receptor signaling. We

198  infected //1rap WT and KO mice with 10 cysts Me49 and performed peritoneal lavage at eight
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199  days post infection. We observed no difference in parasite burden between ///rap KO and WT
200  control mice at this site (Fig 3a). Furthermore, we observed no difference in IFN-y serum levels or
201  splenic CD4" T cell IFN-y production (Fig 3b-d). In the peritoneum, ///rap KO mice had
202  comparable monocyte responses (Fig 3e-g). However, there was a severe impairment in neutrophil
203  recruitment to the site of infection in ///rap KO mice (Fig 3h-j). These results are in line with a
204  previous report showing that IL-1R signaling is required for neutrophil recruitment during acute
205 infection and is dispensable for IFN-y responses (24). Taken together, these data suggest that IL-
206  1RAP signaling is critical for neutrophil responses but is dispensable for parasite control in the

207  presence of IFN-y and monocytes.

208

209  Caspase-1 in Cx3crl-expressing cells is necessary for parasite control and optimal production of
210  IFN-yby CD4" T cells

211

212 To begin to address how caspase-1 activation shapes immunity to 7. gondii, we sought to identify
213 which cells type(s) are involved. We aimed to identify the population responsible for caspase-1-
214  mediated IFN-y production and parasite control. To this end, we utilized a single-cell RNA
215  sequencing dataset that examined gene expression in the spleen at day 14 post-infection with 7.
216  gondii. We focused on cell types that express IL-18, as the release of this cytokine is significantly
217  decreased in Caspl deficient mice. At this timepoint, we confirmed that macrophages are a major
218  source of //18 and Caspl expression (S3a-S3b Fig). We hypothesized that caspase-1 activity in
219  macrophages would be necessary for parasite control, optimal cytokine production, and cellular
220  recruitment to the peritoneal cavity. To test this hypothesis, we crossed mice that constitutively

221  express cre recombinase under the Cx3crl promoter to a Caspase-1"" background (32, 33). We
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222 infected Cx3cri®®* x Caspase 1" and Cx3cri™* x Caspase 171 littermate controls with 10 cysts
223 Me49 and at eight days post infection we harvested tissues. For simplicity, we have abbreviated
224 Cx3crl®* x Caspase 171 as macrophage (M®) Caspl KO, given that macrophages represent a
225  large portion of the Cx3crI* population (32, 34). In the peritoneum, we saw a ~3-fold increase in
226  parasite burden in the macrophage Caspl KO mice compared to control mice (Fig 4a), which was
227  associated with a greater cyst burden in the brains of these mice at 6 weeks post-infection (6wpi)
228  (S3c Fig). At day eight post-infection, we performed ELISAs on the serum and found that
229  macrophage Caspl KO mice had decreased IFN-y levels, comparable 1L-12 levels, and decreased
230  IL-18 levels compared to WT mice (Fig 4b-d). These data suggest that a Cx3CrI* cell population
231  promotes IL-18 release and enhances IFN-y production. Using spectral cytometry, we found that
232 macrophage Caspl KO mice had impaired production of IFN-y in splenic CD4" T cells (Fig 4e-
233 g). IFN-y production by splenic CD8" T cell was unimpaired, as was IFN-y production by
234 peritoneal CD4" and CD8" T cells (S3b-S3d Fig). When we examined neutrophil and monocyte
235  recruitment to the peritoneal cavity, both responses were intact and comparable to WT levels (Fig
236  4h-m). These data show that macrophage Caspl KO mice exhibited a selective T cell defect are
237  nearly identical in phenotype to the ///8 knockout mice.

238

239  Recombinant IL-18 administration rescues CD4" T cell IFN-y production and parasite control in
240  macrophage caspase-1 deficient mice.

241

242 Macrophage Caspl KO mice had decreased serum IL-18 levels and phenocopied /L-/8 KO mice
243 with both having selective impairment in CD4" T cell IFN-y production. Thus, we hypothesized

244  that the decreased IL-18 levels in macrophage Caspl KO mice leads to decreased CD4" T cell
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245  IFN-y production and parasite control. To test this hypothesis, we performed a rescue experiment,
246  where we administered recombinant IL-18 (rIL-18) at 10ug/kg or PBS to macrophage Caspl
247  deficient mice at 1 hour post-infection and on days 1, 3, 5, and 7 post-infection (Fig 5a). We
248  confirmed that the rIL-18 treatment restored IL-18 serum levels (Fig 5b). As expected, parasite
249  burden was greater in macrophage Caspl KO mice that received PBS treatment compared to WT
250  controls. However, in macrophage Caspl KO mice that received rIL-18, parasite burden was
251  comparable to levels seen in WT mice (Fig 5¢). Furthermore, we found that rIL-18 treatment was
252 able to rescue IFN-y serum levels while leaving IL-12 levels unchanged (Fig 5d and Fig Se).
253 Together, these data demonstrate that administering rIL-18 in macrophage Caspl KO mice was
254  sufficient to restore [IFN-y production and ultimately recuperate parasitic control. We hypothesized
255  that the recovery of IFN-y serum levels in mice that received rIL-18 administration would coincide
256  with a recovery in frequency and number of splenic CD4" T cells making IFN-y. Indeed, when
257  flow cytometry was performed on splenic cells at 8 dpi, we found that rIL-18 was able to restore
258  IFN-y production to splenic CD4" T cells in macrophage Casp! KO mice (Fig 5f-h). Thus,
259  administration of rIL-18 was sufficient to rescue CD4" T cell IFN-y production and parasite control
260  in mice lacking caspase-1 production in Cx3crl” expressing cells. Taken together, these results
261  highlight the importance of caspase-1 in Cx3cri-positive populations to promote IL-18 release.
262  These studies demonstrate the varied contributions of caspase-1-mediated pathways during an
263  infection. One arm of the caspase-1 response mediates IL-18 release to impact T cell cytokine
264  production and pathogen control, while other arms stimulate signaling (including through IL-
265  1RAP), to mediate cellular recruitment to the site of infection.

266

267  DISCUSSION
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268

269  Prior studies on caspase-1/11 during 7. gondii infection have revealed the capacity of
270  inflammasomes to release various molecules in vivo and in vitro (18-20, 23, 35). However, prior
271  to the current study, the necessity of caspase-1 rather than caspasel/11 and the specific cell types
272 utilizing caspase-1 and the immunological responses triggered by caspase-1 activity in vivo were
273 unknown. Traditionally, studies on caspase-1 have employed in vitro cultures utilizing a single cell
274  type. The development of caspase-1""" mice has allowed for a more detailed exploration of
275  caspase-1 activity in vivo (33). This study presents evidence indicating that distinct cell populations
276  use caspase-1 to support different facets of immunity to 7. gondii. Specifically, Cx3cri-positive
277  populations utilize caspase-1 to promote IL-18 release, which facilitates CD4" T cell IFN-y
278  production. In contrast, another population(s) leverages caspase-1 for neutrophil recruitment
279  through IL-1RAP signaling and monocyte recruitment via induction of the chemokine CCL2.

280

281  We identified a caspase-1/IL-1RAP signaling axis as a necessary component of neutrophil
282  recruitment to the site of infection. The role of neutrophils during acute 7. gondii has been an active
283  area of investigation. A previous report using an anti-Gr-1 antibody to deplete neutrophils suggests
284  that neutrophils are critical for parasite control (36). Anti-Gr-1 is not specific to neutrophils and
285  results in the depletion of inflammatory monocytes, making it difficult to interpret the importance
286  of neutrophils during acute 7. gondii infection. Interestingly, a recent in vitro study showed that 7.
287  gondii-induced neutrophil extracellular trap (NET) formation promoted the migration and cytokine
288  response of T cells, suggesting that neutrophils can promote a more robust adaptive immune
289  response (37). A third study using an antibody targeting Ly6G to obtain a more selective depletion

290  of neutrophils found no role for neutrophils in parasite control or IFN-y levels in orally infected
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291  mice (38). Similarly, our study using ///rap KO mice which only had a defect in neutrophil
292 recruitment to the site of infection suggests that neutrophils are not necessary for 7. gondii control
293 or IFN-y production. Interestingly, both IL-33 signaling (ST2) and IL-1 signaling (IL-1R1) utilize
294  IL-1RAP and have been associated with neutrophil recruitment during acute 7. gondii infection
295 (24, 39). In both of these studies the knockout of each respective receptor brought neutrophil levels
296  drastically down. Thus, although neutrophil recruitment is regulated through caspase-1 and IL-
297  1RAP signaling, this specific immunological response to 7. gondii appears to be dispensable for
298  parasite control and is in agreement with studies that used anti-Ly6G antibodies to deplete
299  neutrophils. Whether caspase-1 mediates the release of 1L-33, IL-1P3, and/or IL-1a to promote
300 neutrophil recruitment remains unresolved. Caspase-1 cleavage of IL-33 is suggested to inactive
301  the cytokine (40) but the mechanism of IL-33 release is still under investigation (41). Recent
302  studies have identified that IL-33 is released from cells via gasdermin D pore formation, but the
303  protease activating gasdermin D varied with the stimulus used to induce 1L-33 release (42, 43).
304  Thus, whether caspase-1 liberates IL-33 or inactivates 1L-33 during 7 gondii infection is of
305 interest.

306

307  Our study on /l/rap KO mice not only provided insight the role of neutrophils during 7. gondii
308 infection but also on monocyte recruitment. As both ///8 KO and /l/rap KO mice had no defect
309 in monocyte recruitment, our data suggests an additional signal is promoting monocyte recruitment
310  to the site of 7. gondii infection. Our study aligns with a recent report describing how monocytes
311 are recruited to the site of infection. Specifically, Safronova, et al. recently described that the
312 alarmin S100all mediates Ccl2 expression and monocyte recruitment to the peritoneal cavity

313 following infection. In accordance, they found that S100all release was caspase-1/11-dependent,
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314  both in vitro and in vivo (23). Together with our study, this suggests that a population (s) other than
315  macrophages is driving caspase-1/S100al1-/CCL2-dependent monocyte recruitment.

316

317  Our study is also in accordance with a recent study from Clark et. al., which describes that IL-18
318  and its regulation impacts the ability of CD4" T cells to make IFN-y (29). Although, initially we
319  were surprised to see that the NK cell IFN-y response is intact in Casp/ and /18 KO mice, Lopez-
320  Yglesias, et. al. also showed that Casp1/11 deficiency had no impact on NK cell IFN-y responses.
321  One likely explanation is that the timing of IL-18 interaction with NK cells is critical. It has been
322 observed thatif an NK cell interacts with IL-12 before interacting with IL-18, IL-18 will not impact
323 NK cell IFN-y production (44). During 7. gondii infection IL-12 levels are detected and increase
324  before IL-18 levels (45-47), thus NK cells may encounter IL-12 well before IL-18, explaining why
325 IL-18 has minimal impact on NK cell activation. We were also surprised by the specificity of the
326  IFN-y defects in splenic CD4" T cells and not CD8" T cells in Casp1, 1118, and macrophage Caspl
327  knockouts. These results can be explained by the preferential upregulation of IL-18R on CD4* T
328  cells at day 8 post-infection. Interestingly, the report by Clark et. al. demonstrates that CD8"* T cells
329  upregulate IL-18R expression at day 10 post-infection (29). Thus, the expression of IL-18R on
330 CDS8' T cells is tightly regulated by an unknown cue. Similarly, we found that NK cell/ILC1 cell
331  population expression of IL-18R is absent at baseline and present at day eight post-infection,
332 whereas, in accordance with Clark et. al., the NK T cell population expressed IL-18R at baseline
333 and at day eight (29). Interestingly, our study and the study from Clark et. al. showed that
334  exogenous addition of IL-18 did not impact NK cell IFN-y production, but Clark et. al. showed
335  that when a recombinant IL-18 resistant to inhibition by IL-18 binding protein was exogenously

336  added, NK cell responses and IFN-y production were enhanced. These data suggest that the
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337  response of NK cells to IL-18 is highly regulated. Overall, these data suggest that IL-18 release
338 and IL-18R expression are exquisitely controlled and ultimately influence the quality of CD4" T
339  cell production of IFN-y.

340

341  While the current study has identified the importance of caspase-1 activity in specific cell
342  populations, the signal(s) that leads to inflammasome activation remain unclear. Additionally, as
343  multiple inflammasome sensors have shown to be triggered by 7. gondii, it is possible that in the
344  Cx3crl-positive and other populations, caspase-1 is activated by distinct mechanisms and sensors.
345  Invitro, both direct T. gondii infection and extracellular signaling cascades have been proposed to
346  initiate the inflammasome (18, 27, 48, 49). Cell-intrinsic signals and cellular stress are also
347  possible modes of inflammasome activation (50, 51). Although, during in vivo T. gondii infection,
348 it is unclear whether direct invasion of the parasite and/or an infection-associated trigger is
349  necessary for caspase-1 activation. A recent study by Wang, et. al., identified that in bone marrow
350  derived macrophages (BMDMs) from the Lewis rat, NLRP1-dependent pyroptosis is mediated by
351  direct infection and three parasite dense granule proteins GRA35, 42, and 43 (27). In the human
352 monocyte cell line (THP-1) cell cultures infected with 7. gondii, the AIM2 inflammasome sensor
353  has been shown to be activated by 7. gondii DNA that has been liberated by guanylate binding
354  protein (GBP) activity (48, 52). A third study using primary mouse peritoneal macrophages and
355 BMDMs identified that NLRP3 was activated by extracellular ATP signaling released from
356  parasite infected cells (49). Our data along with these in vitro experiments raise the question of
357  whether certain cell types can activate multiple inflammasome sensors and release multiple
358  leaderless cytokines or DAMPs. In the single cell data set we analyzed, the splenic macrophage

359  population containing IL-18 expressed AIM2 more than other inflammasome sensors (29). We did
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360  not observe prominent expression of NLRP3 within the splenic macrophage population which is
361  consistent with work from Lopez-Yglesias et. al., which showed that NLRP3 does not impact
362  CD4" T cell IFN-y production during acute 7. gondii infection (20). NLRP1 which has been shown
363  to confer resistance to 7. gondii infection in humans and rats (18, 21, 35) and has been reported to
364  modulate IL-18 release in mice (19), was expressed in only a small percentage of splenic 1L-18-
365  expressing cells. Ultimately, whether one sensor or multiple sensors contribute to the distinct
366  caspase-1 activities remains an open question.

367

368 In addition, the responses downstream of inflammasome activity are influenced by cellular
369  expression of leaderless cytokines, leaderless cytokine receptors, and the chemokines a receptive
370  cell can produce. Furthermore, the spatial location of these interactions likely influences the effects
371  of inflammasome activity. For instance, IL-1a and IL-1p are regulated by a soluble receptor
372  antagonist (IL-1R antagonist) which competes with surface receptors. Thus, efficient IL-1
373  signaling may require local proximity of a IL-1R1-expressing cell (53). Similarly, IL-18 is
374  regulated by IL-18BP, making the proximity of IL-18 release near responding CD4" T cells critical
375  for optimal IFN-y production. To parse out this complex and specific interplay, high-dimensional
376  spatially-resolved data sets will be of value. In this study, we were able to use a previously
377  published single-cell RNA sequencing dataset to aid in the identification of a putative cell
378  population capable of activating caspase-1 and releasing IL-18. The use of spatial transcriptomics
379 and its ability to identify cells harboring leaderless cytokines and identify proximal cells able to
380 respond to the cytokine will be advantageous for future studies on the orchestration of local
381 inflammasome responses. The current study also demonstrates that distinct cell types use caspase-

382 1 to impact innate and adaptive immune responses, which may provide an advantage to the host.


https://doi.org/10.1101/2024.01.29.577694
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.29.577694; this version posted January 31, 2024. The copyright holder for this preprint
(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
available under aCC-BY 4.0 International license.

383  The separation of the potent effects of caspase-1 activity across multiple cell types with differential
384 inflammasome activation capacity likely acts as a checkpoint to prevent excess inflammation.
385 Having a layered regulation of inflammasome activation in vivo allows for a broad range of
386 activators to elicit specific and non-redundant responses.

387

388  As our study focused on the role of caspase-1 during acute 7. gondii infection, it is unclear if a
389  similar paradigm of cell-type specificity occurs in the brain during chronic 7. gondii infection. As
390 the brain contains long-lived cells which do not regenerate, the control of inflammation in this
391  tissue is critical. A layered regulation of caspase-1 activity in the CNS would be advantageous for
392 controlling 7 gondii without promoting excess deleterious inflammation. A recent study by our
393  group (24) identified that microglia, a Cx3crl-positive cell population, releases IL-1a to promote
394  myeloid cell recruitment into the infected brain and control parasite. This contrasts with acute
395 infection where a population(s) other than Cx3cri-positive cells contributes to myeloid
396  recruitment. This highlights a significant difference in caspase-1 biology in the infected CNS and
397 raises the important question of whether the CNS contains multiple cell types capable of activating
398  caspase-1 to carry out unique aspects of immunity. Given that Caspl and Casp1/11 deficient mice
399  have higher parasite burdens in the CNS, it suggests that inflammasome activity is necessary in
400  the brain and likely regulates local immune responses.

401

402 METHODS
403 Animals and Infection

404 WT (CS57TBL/6)), Caspase-17- (#32662) (30), Caspasel/Il”- (#016621) (54), Cx3Criceer

405 (#025524) (32), 11187 ( #004130) (55) and Il1rap™-( #003284) (56) strains were obtained from
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171 mice were

406  The Jackson Laboratory and maintained within our animal facility. Caspase-
407  provided by R. Flavell (33). Cx3CrI¢®* mice were cross-bred with Caspase-17"mice to generate
408  Cx3Cri®* x Caspase-1"1. The type II 7. gondii strain Me49 was maintained in Swiss Webster
409  mice (#024, Charles River Laboratories) and passaged through CBA/J mice (Jackson Laboratory).
410  For experiments, tissue cysts were collected from chronically infected (>4 weeks) CBA/J mice. 7—
411  10-week-old age and sex-matched mice were injected intraperitoneally with 10 cysts of Me49 in
412 200 pL of 1X PBS. Sham-infected mice were injected with an equal volume of 1X PBS. For rIL-
413 18 experiments, 10 pg/kg or PBS of equivalent volume was given to mice on day 0, 1, 3, 5, and 7
414  post-infection with 7. gondii. Mice used for endpoint studies were euthanized if they showed
415  weight loss greater than 20% of their pre-infection bodyweight. All procedures involving animal

416  care and use were approved by and conducted in accordance with the University of Virginia’s

417  Institutional Animal Care and Use Committee (IACUC) under protocol number 3968.
418
419 T gondii qPCR

420  Parasite genomic DNA was isolated from mouse peritoneal exudate cells and whole brain using
421  the Isolate II Genomic DNA Kit (Bioline, BIO-52067). Prior to isolation, brain was first
422  homogenized in 1X PBS using the Omni TH tissue homogenizer (Omni International).
423 Amplification of 7. gondii 529 bp repeat region using the SensiFAST Probe No-ROX Kit (Bioline,
424  BIO-86005) and CFX384 Real-Time System (Bio-Rad) was performed as previously described
425  (57) Tissue DNA (500 ng or 1ug) was loaded into each reaction. 7. gondii isolated from human
426  foreskin fibroblasts was used to make a serial standard curve from 3 to 300,000 genome copies

427  and determine the number of 7. gondii genomes per pg of tissue DNA.
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428

429  Tissue processing

430 Immediately after sacrifice a peritoneal lavage was performed with 3 mL of 1X PBS. Peritoneal
431  material was pelleted, resuspended in 700 uL. complete RPMI media (cRPMI; 10% FBS [Gibco],
432 1% penicillin/streptomycin [Gibco], 1% sodium pyruvate [Gibco], 1% non-essential amino acids
433 [Gibco], and 0.1% 2-Mercaptoethanol [Life Technologies]). Subsequently, blood was collected
434  from the superior vena cava, allowed to clot, and then spun down at 15 x g for 25 minutes. Serum
435  was collected and stored at -70° C until further use. Then, transcardiac perfusion with 20 mL cold
436  1X PBS was performed. Spleens were taken and placed in 2 mL complete RPMI media. Spleens
437  were then mechanically passed through a 40 pum filter (Corning, Ref 352340), spun down at 6,000
438  rpm for 3 min, and resuspended in red blood cell lysis buffer (0.16 M NH4Cl) for 2 minutes. The
439  cells were then washed with cRPMI, pelleted, and resuspended in 5 mL cRPMI. For intracellular
440  cytokine staining, cells were resuspended in 50 pL. cRPMI with Brefeldin A (Selleckchem

441  Cat#S7046) for 5 hours at 37° C before staining.

442

443 Flow cytometry

444  For myeloid cell panels, single cell suspensions were resuspended in Fc Block, made in FACS
445  buffer (1X PBS, 0.2% BSA, and 2 mM EDTA) with 0.1 ug/ml 2.4G2 Ab (BioXCell, Cat#CUS-
446  HB-197) and 0.1% rat gamma globulin (Jackson Immunoresearch, Cat#012-000-002) for 10
447  minutes. Cells were stained for surface markers and eBioscience fixable live/dead viability dye
448  efluor506 (1:800 Cat#65-0866-14) for 30 min at 4° C. Cells were then washed twice with 100 uL.

449  FACS buffer. For intracellular staining, cells were fixed with fixation/permeabilization solution
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450  (eBioscience, 00-5123-43 and 00-5223-56) for 15 min at room temperature. Cells were then
451  washed twice with 100 pL permeabilization buffer (eBioscience, 00-8333-56) and stained for
452 intracellular markers in 1X perm buffer for 20 min at 4° C and subsequently washed with 1X perm
453 buffer. Finally, cells were resuspended in 200 puL. FACS buffer and acquired using a 3 laser Cytek
454  Aurora Flow Cytometry System. Data was analyzed using FlowJo software v10.9.0. For myeloid
455  panels the following antibodies at 1:200 were used: CD45-FITC (eBioscience, Cat#11-0451-82),
456  CDI11b-APC-efluor780 (eBioscience, Cat#47-0112-82), CD11c-PerCP-Cyanine5.5 (eBioscience,
457  Cat#45-0114-82), iNOS-APC (eBioscience, Cat#17-5920-82), Ly6G-Pacific Blue (Stemcell
458  Technologies, Cat#60031PB), Ly6C-Pe-Cy7 (Biolegend, Cat#128018). For T cell and cytokine
459  panels the following antibodies at 1:200 were used: CD4-efluor450 (eBioscience, Cat#2114200),
460  CD3-FITC (eBioscience, Cat#2159105), CD8a-PerCP-Cyanine5.5 (eBioscience, Cat#2410098),
461  T-bet-PE-Cyanine7  (eBioscience, Cat#2410093), CD44-APC-efluor780 (eBioscience,
462  Cat#2373711), IFN gamma-APC (eBioscience, Cat#2175632), CD218a (IL-18r)-PE (BioLegend,
463  Cat#157903), CD62L-BV650 (BioLegend, Cat#104453), NK1.1-Super Bright 780 (eBioscience,

464  Cat#78-5941-82).

465

466  ELISA

467  Serum cytokine levels were detected according to R&D systems instructions using either DuoSet
468  ELISAkits (IFN-y, Cat# DY485-05) (IL-18, Cat# DY 7625-05) with the DuoSet Ancillary Reagent

469  Kit 2 (Cat# DY008B) or Quantikine ELISA (IL-12, Cat#M1240).

470

471 RT-gPCR
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472  Peritoneal exudate cells were homogenized in Trizol. RNA was extracted according to the
473  manufacturer’s (Invitrogen) protocol. cDNA was then generated using a High-Capacity Reverse
474  Transcription Kit (Applied Biosystems). Quantitative PCR was performed using 2X Taq based
475  Master Mix (Bioline) and Tag Man gene expression assays (Applied Biosystems). Samples were
476  run on a CFX384 Real-Time System thermocycler (Bio-Rad Laboratories). Genes were
477  normalized to murine Hprt. The 2 42D method was used to report relative expression(58). The
478  following ThermoFisher mouse gene probes were used: Hprt (Mm00446968 ml), Ccl2

479  (Mm00441242 ml), Cxc/l (Mm04207460 ml), and Cxc/2 (Mm00436450 ml).
480
481  Single cell sequencing analysis

482  The publicly available count matrix from GSE207173 (Clark et al., 2023) was imported into a
483  Python environment and processed using Scanpy. For quality thresholds, cells with less than 1k
484  counts, cells greater than 25k counts, or cells containing greater than 20% mitochondrial RNA
485  content were filtered and excluded from the analysis. The data matrix was normalized and
486  logarithmized, and PCA was used for dimensionality reduction using the ARPACK wrapper.

487  Unsupervised clustering was performed using the leiden algorithm, with a resolution set to 0.6.
488
489  Statistical analysis

490  All data was graphed in GraphPad Prism 9. To account for the biological variability between
491 infections, data from experiment replicates was analyzed in R using a randomized block ANOVA.

492 This analysis models experimental groups as a fixed effect and experimental day as a random effect
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493 (59). Outliers were identified and removed using ROUTs method with a Q value of 1 (60). p

494  values are indicated, with ns = not significant, p < 0.05 (*), p <0.01 (**), and p <0.001 (***).
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661  Figure 1. Caspase-1 mediates innate and adaptive immune responses to 1. gondii.

662  (a) qPCR analysis of 7. gondii parasite load 8 days post-infection (8 dpi) in the peritoneum of
663  wildtype WT C57BL/6 (n=13) and Casp! Knockout (Caspl KO) (n=10) mice, three experiments.
664  (b-d) Serum cytokine levels 8 dpi, three experiments for (b) IFN-y: WT (n=13), Caspl KO (n=9);
665 (c) IL-12: WT (n=10), Caspl KO (n=8); and (d) IL-18: WT (n=13), Caspl KO (n=9). (e-g) Flow
666  cytometry of CD3" CD4" IFN-y" T cells in spleen at 8 dpi, three experiments, WT (n=14), Caspl
667 KO (n=10). (e) Representative flow cytometry plot. (f) Frequency of CD4" T cells IFN-y". (g)
668  Number of CD4" T cells producing IFN-y. (h) Representative flow cytometry plots of CD45"
669 CDI11b*Ly6C" monocytes in the peritoneum 8dpi. (i) Number of CD45" CD11b* Ly6C* monocytes
670 in WT (n=10), Caspl KO (n=7), two experiments. (j) RT-qPCR analysis of peritoneal Ccl2
671  expression in WT (n=7) and Caspl KO (n=7), two experiments. (k) Representative flow cytometry
672  plotof CD45"CD11b" Ly6G™ neutrophils in the peritoneum at 8 dpi. (1) Number of CD45"CD11b"
673  Ly6G" neutrophils in WT (n=15), Caspl KO (n=9), three experiments. (m) RT-qPCR analysis of
674  peritoneal Cxcll and Cxcl2 expression in WT (n=7) and Caspl KO (n=7), two experiments. Data
675  are mean % s.e.m., ns= not significant, * p <0.05, ***p <0.001 by randomized-block ANOVA and

676  post-hoc Tukey test (a-d,f-g,i-j, and I-m).

677
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679  Figure 2. IL-18 promotes CD4" T cell IFN-y production but is dispensable for myeloid cell
680  recruitment to the initial site of infection.
681  (a) qPCR analysis of 7. gondii parasite load 8 days post-infection (8 dpi) in the peritoneum of
682  wildtype (WT) C57BL/6 (n=15) and /18 KO (n=12) mice, three experiments. (b,c) Serum
683  cytokine levels 8 dpi, two experiments for (b) IFN-y: WT (n=10), //18 KO (n=8); (c) IL-12: WT
684  (n=10), 1118 KO (n=8). (d-f) Flow cytometry of CD3"CD4" IFN-y" T cells in spleen at 8 dpi, three
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685  experiments, WT (n=15), 1118 KO (n=13). (d) Representative flow cytometry plot. (¢) Frequency
686  of CD4" T cells IFN-y". (f) Number of CD4" T cells producing IFN-y. (g) Number of CD45"
687 CDI11b" Ly6G" neutrophils in WT (n=15), /18 KO (n=13), three experiments. (h) RT-qPCR
688 analysis of peritoneal Cxcll and Cxcl2 expression in WT (n=7) and /I-18 KO (n=9), two
689  experiments. (i) Number of CD45"CD11b* Ly6C* monocytes in WT (n=15), 7118 KO (n=13), three
690  experiments. (j) RT-qPCR analysis of peritoneal Ccl2 expression in WT (n=10) and 7//8 KO (n=9),
691  two experiments. Data are mean =+ s.e.m., ns= not significant, * p < 0.05,** p < 0.01 by

692  randomized-block ANOVA and post-hoc Tukey test (a-c and e-j).

693
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694
695  Figure 3. IL-1RAP signaling mediates neutrophil recruitment to the sight of infection but is

696  dispensable for parasite control during acute T. gondii infection.

697  (a) qPCR analysis of 7. gondii parasite load 8 days post-infection (8 dpi) in the peritoneum of

698 Illrap KO and wildtype (WT) mice, C57BL/6 (n=10) and [llrap KO (n=10) mice, two
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699  experiments. (b) Serum cytokine levels 8 dpi, two experiments for IFN-y: WT (n=10), /l1rap KO
700  (n=10). (c-d) Flow cytometry of CD3" CD4" IFN-y" T cells in spleen at 8 dpi, two experiments,
701 WT (n=9), ll1rap KO (n=10). (¢) Frequency of CD4" T cells IFN-y*. (d) Number of CD4" T cells
702  producing IFN-y. () Representative flow cytometry plots of CD45" CD11b" Ly6C* monocytes in
703  the peritoneum at 8dpi. (f) Number of CD45" CD11b" Ly6C*" monocytes in WT (n=10), Il1rap KO
704  (n=10), two experiments. (j) RT-qPCR analysis of peritoneal Ccl2 expression in WT (n=7) and
705 Illrap KO (n=7), two experiments. (h) Representative flow cytometry plot of CD45" CD11b"
706  Ly6G" neutrophils in the peritoneum at 8 dpi. (i) Frequency and (j) Number of CD45" CD11b"
707  Ly6G" neutrophils in WT (n=10) and ///rap KO (n=10), two experiments. Data are mean + s.e.m.,
708  ns = not significant, **** p < (0.0001, randomized-block ANOVA and post-hoc Tukey test (a-d,f-

709 g, andi-)).
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712 Figure 4. Caspase-1 in Cx3crl-expressing cells is necessary for parasite control and optimal
713 CD4"T cell production of IFN-y

714  (a) qPCR analysis of 7. gondii parasite load 8 days post-infection (8 dpi) in the peritoneum of
715 Cx3crl™ Caspase I (WT) (n=13) and Cx3crI®®* Caspase 1" (M® Caspl KO) (n=10) mice,
716  three experiments. (b-d) Serum cytokine levels 8 dpi, three experiments for (b) [FN-y: WT (n=13),
717 M® Caspl KO (n=8); (c) IL-12: WT (n=12), M® Caspl KO (n=8); and (d) IL-18: WT (n=10),
718  M® Caspl KO (n=9). (e-g) Flow cytometry of CD3" CD4" IFN-y" T cells in spleen at 8 dpi, two
719  experiments, WT (n=8), M® Caspl KO (n=9). (¢) Representative flow cytometry plot. (f)
720  Frequency of IFN-y-producing CD4" T cells (g) Number of CD4" T cells producing IFN-y. (h)
721  Representative flow cytometry plots of CD45" CD11b* Ly6C* monocytes in the peritoneum 8 dpi.
722 (i) Number of CD45" CD11b" Ly6C" monocytes in WT (n=8) and M® Caspl KO (n=8), two
723 experiments. (j) RT-qPCR analysis of peritoneal Ccl2 expression in WT (n=7) and M® Caspl KO
724 (n=10), two experiments. (k) Representative flow cytometry plot of CD45" CD11b" Ly6G™*
725  neutrophils in the peritoneum at 8 dpi. (1) Number of CD45" CD11b* Ly6G™ neutrophils in WT
726  (n=8), M® Caspl KO (n=9), two experiments. (m) RT-qPCR analysis of peritoneal Cxcll and
727  Cxcl2 expression in WT (n=6) and M® Caspl/ KO (n=10), two experiments. Data are
728  mean =+ s.e.m. ns= not significant, * p <0.05, ** p <0.01 by randomized-block ANOVA and post-

729  hoc Tukey test (a-d, f-g, i-j, and I-m).
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732 Figure 5. Recombinant IL-18 administration rescues CD4" T cell IFN-y production and parasite

733 control in macrophage caspase-1 deficient mice.

734  (a) Schematic of experimental design. (b) Serum cytokine levels of IL-18, two experiments, WT
735  +PBS (n=8), M® Caspl KO + PBS (n=8), and M® Casp! KO + rIL-18 (n=8). (c) qPCR analysis
736  of parasite load in peritoneal cavity, three experiments, WT + PBS (n=11), M® Caspl KO + PBS
737  (n=12), and M® Caspl KO + rIL-18 (n=10). (d) Serum cytokine levels of IFN-y, three
738  experiments, WT + PBS (n=13), M® Caspl KO + PBS (n=12), and M® Caspl KO + rIL-18
739  (n=12). (e) Serum cytokine levels of IL-12, two experiments, WT + PBS (n=8), M® Caspl KO +
740  PBS (n=8), and M® Caspl KO + rIL-18 (n=8). (f-h) Flow cytometry of CD3" CD4" IFN-y" T cells
741  in spleen at 8 dpi, three experiments, WT + PBS (n=13), M® Casp! KO + PBS (n=12), and M®
742 Caspl KO +rIL-18 (n=12) . (f) Representative flow cytometry plot. (g) Frequency of CD4" T cells
743 IFN-y". (h) Number of CD4" T cells producing IFN-y. Data are presented as mean =+ s.e.m., ns=
744  not significant, * p <0.05, ** p <0.01 by randomized-block ANOVA and post-hoc Tukey test (b-

745 e, g-h).

746


https://doi.org/10.1101/2024.01.29.577694
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.01.29.577694; this version posted January 31, 2024. The copyright holder for this preprint
(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
available under aCC-BY 4.0 International license.

a b
Parasite load 6wpi brain 100+ .
10000 * . ' ' s
© 80+ L|
< 8000_ - % T _ WT _20
Z 2 60 =
D 6000 = i —— Casp1 KO, n=8
@ N 8 40 —— Casp1/11 KO, n=8
2 4000 T
S e 8 204
&, 2000 7
0 | | | | |
- 0 15 30 45 60 75
WT Casp1 KO Days Post Infection
Spleen day 8 post infection
NK/ ILC1 cell
ns IFN y+ IFN y+
30000 50000 ns s
T 25000
* 40000 | .
¢ 20000 -
© 20000 o = =2 30000 %) 3
D e8 8 . 3 15000 *
b " 3 200004 ee ©
10000 = 10000
10000 + ﬁ 50004
0- 0- .
T Casp1 KO WT Casp1 KO WT Casp? KO
Peritoneum day 8 post infection
CD4 IFN y+ CDS8 IFN y+ NK/ ILC1 cell _ NK T cell
f g IFN y+ [ IFN y+
ns
500000 ns 50000~ ns 8000+ ns 2000+
[ ]
., 400000 . 400004 ® ! s000{ s ool .
- [2])
D 3000004 e a 2 30000- - T . 3 * =
o ge S nm O 4000+ O 1000
* 200000 3 20000 ** * .
[ |
100000 E 10000 2000 500
0- 0- 0 0-
T Casp1 KO T Casp? KO WT Casp? KO Casp1 KO

747

748  Supplemental Figure 1. Parasite load during chronic infection, survival, and acute cytokine

749 production in Caspl KO mice.
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750  (a) qPCR analysis of 7. gondii parasite load 6 weeks post-infection (6wpi) in the brain of wildtype
751  WT C57BL/6 (n=9) and Casp! KO (n=10) mice, two experiments. (b) Ethical end-point curve WT
752 (n=20), Caspl KO (n=8), and Caspl/11 KO (n=8). (c¢) Flow cytometry of CD3" CD8" IFN-y" T
753 cells in spleen at 8 dpi, three experiments, WT (n=14) and Casp! KO (n=10). (d) Flow cytometry
754 of CD3" NK1.1" T-bet" IFN-y" NK cells and or ILC1 cells in spleen at 8 dpi, two experiments WT
755  (n=10), Caspl KO (n=7). (¢) Flow cytometry of CD3" NK1.1" T-bet” IFN-y" NK T cells in spleen
756  at 8 dpi, two experiments WT (n=10), Caspl KO (n=7). (f-g) Flow cytometry of CD3" (f) CD4",
757  and (g) CD8" IFN-y" T cells in peritoneum at 8 dpi, three experiments, WT (n=14), Caspl KO
758  (n=10). (h) Flow cytometry of CD3~ NKI1.1" T-bet" IFN-y" NK cells and or ILC1 cells in
759  peritoneum at 8 dpi, two experiments WT (n=9), Caspl KO (n=6), one outlier removed from WT
760  and one from Caspl KO. (i) Flow cytometry of CD3" NK1.1" T-bet” IFN-y" NK T cells in
761  peritoneum at 8 dpi, two experiments WT (n=10), Caspl KO (n=7). Data are presented as
762  mean =+ s.e.m., ns= not significant, * p < 0.05 by randomized-block ANOVA and post-hoc Tukey

763  test (a,c-1) or log-rank (Mantel Cox) test (b).
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776  Supplemental Figure 2. Cytokine production in 1118 KO mice and IL-18R expression

777  (a) Flow cytometry of CD3" CD8" IFN-y" T cells in spleens 8 dpi, three experiments, WT (n=15)
778  and 1118 KO (n=13). (b,c) Flow cytometry analysis of frequency (b) and number (¢) of CD3* CD4"
779 IFN-y" T cells in peritoneum 8 dpi, three experiments, WT (n=15) and /18 KO (n=13). (d) Flow
780  cytometry number of CD3* CD8" IFN-y" T cells in peritoneum 8 dpi, three experiments, WT
781  (n=15) and /118 KO (n=13). (e) Flow-gating strategy for IL-18 receptor (IL-18R) expression in
782  CD4"and CD8" T cells. (f) Flow cytometry analysis of splenic CD3" CD4" and CD8" T cells IL-

783 18R expression, two experiments, (#=20). (g) Flow cytometry analysis of peritoneal CD3" CD4"
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784  and CD8" T cell IL-18R expression, one experiment, (n=10). (h) Flow cytometry analysis of
785  splenic CD3" CD4" and CD8" T cells, NK cells and or ILC1 cells (CD3- NK1.1+ Tbet+) and NK
786 T cells (CD3+ NK1.1+ Tbet+) IL-18R expression in naive (#=5) and infected mice (n=5). Data
787  are presented as mean =+ s.e.m., ns= not significant, * p <0.05, *** p <0.001, **** p <0.0001 by

788  randomized-block ANOVA and post-hoc Tukey test (a-d,f) or Student’s t-test (g-h).
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792 Supplemental Figure 3. Expression of cell death-related genes using single-cell RNAseq and

793 parasite burden and cytokine production in macrophage Caspl KO mice

794  (a-b) Analysis of single cell RNA sequencing of the spleen on day 14 post-infection from (29)(a)
795  Cell cluster segmentation markers (b) Cell type expression of manually selected inflammasome
796  and cytokine related genes. (c) Cyst counts of 7. gondii parasite load 6 weeks post-infection (6wpi)
797  in the brain of wildtype WT (n=9) and M® Caspl! KO (n=11) mice, two experiments. (d) Flow
798  cytometry of CD3* CD8" IFN-y" T cells in spleen at 8 dpi, two experiments, WT (n=8) and M®
799  Caspl KO (n=9). (e-f) Flow cytometry of CD3" (e¢) CD4" (f) CD8" IFN-y" T cells in peritoneum
800 at 8 dpi, two experiments, WT (n=10) and M® Caspl KO (n=7). Data are presented as
801  mean + s.e.m., ns= not significant, ** p < 0.01 by randomized-block ANOVA and post-hoc Tukey

802  test (c-f).
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