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Abstract 13 

Immunotherapy has revolutionized cancer therapy by reactivating tumor-resident 14 
cytotoxic lymphocytes. More recently, immunotherapy has emerged to restore immunity 15 
against infectious agents, including bacterial infections. Immunotherapy primarily targets 16 
inhibitory pathways in tumor-resident T cells, however interest in other effector populations, 17 
such as natural killer (NK) cells, is growing. We have previously discovered that NK cell 18 
metabolism, proliferation, and activation can be neutralized through the TGF-β 19 
immunosuppressive pathway by inducing plasticity of NK cells and differentiation into ILC1-20 
like subsets. NK cells are also regulated through cytokine-inducible SH2-containing protein 21 
(CIS), which is induced by IL-15 and is a potent intracellular checkpoint suppressing NK cell 22 
survival and function. Targeting these two distinct pathways to restore NK cell function has 23 
shown promise is cancer models, but their application in bacterial infection remains unknown. 24 
Here, we investigate whether enhancement of NK cell function can improve anti-bacterial 25 
immunity, using Salmonella Typhimurium as a model. We identified conversion of NK cells 26 
to ILC1-like for the first time in the context of bacterial infection, however TGF-β signaling 27 
was curiously redundant in this plasticity. Future work should focus on identifying drivers of 28 
ILC1 plasticity and its functional implication in bacterial infection models. We further describe 29 
that CIS-deficient mice displayed enhanced pro-inflammatory function and dramatically 30 
enhanced anti-infection immunity. Inhibition of CIS may present as a viable therapeutic option 31 
to enhance immunity towards bacterial infection.  32 

 33 
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Introduction 37 

Natural killer (NK) cells are cytotoxic innate lymphocytes which have well described 38 

roles in the host defense against viral pathogens and cancer. Yet their ability to contribute to 39 

immunity in many bacterial infections, including Salmonella enterica serovar Typhimurium, 40 

remains unclear. NK cells have the potential to promote anti-Salmonella immunity through 41 

direct killing of infected cells and activation of infected cells through proinflammatory 42 

cytokine production, namely interferon (IFN)-γ. Previous studies in a murine model of S. 43 

Typhimurium infection have indicated that NK cells can contribute to protective IFN-γ and 44 

disease clearance in immunocompromised mice, but are otherwise dispensable when CD4+ T 45 

cells are present (Kupz et al., 2013). The idea of NK cell redundancy when adaptive 46 

lymphocytes are present has also been suggested in human disease (Vély et al., 2016). This 47 

suggests that the standard depletion model using anti-NK1.1 or anti-asialo-GM1 antibodies is 48 

insufficient to gauge the full potential of NK cells to promote antibacterial immunity in 49 

otherwise immunocompetent hosts. Depletion studies do not account for the impact of NK cell 50 

regulation during infection through the action of immunoregulatory cytokines such as 51 

interleukin (IL)-10 and transforming growth factor (TGF)-β, NK cell lymphopenia, and 52 

inhibitory immune checkpoints. Targeting these mechanisms of regulation may allow NK cells 53 

to participate in immunity where they may otherwise have been incapable. 54 

Blockade of immunoregulatory molecules though immunotherapy have revolutionized 55 

cancer therapy. The classical targets are surface immune checkpoint molecules, such as 56 

programmed cell death protein-1 (PD-1), and cytotoxic T-lymphocyte-associated protein-4 57 

(CTLA-4), which bind to their ligand on infected or tumor cells to ablate lymphocyte function. 58 

Blockade of these receptors can reverse this immune suppression and restore lymphocyte 59 

function (Robert, 2020). However, interest is rising in targeting other types of molecules, 60 

including regulatory cytokines and intracellular immune checkpoints. TGF-β is a pleiotropic 61 
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cytokine of the TGF superfamily which has potent regulatory effects on NK cells by repressing 62 

mammalian target of rapamycin (mTOR) (Viel et al., 2016) and converting them to an innate 63 

lymphoid cell (ILC)1-like phenotype (Gao et al., 2017). Also of particular importance in NK 64 

cells is cytokine-inducible SH2-containing protein (CIS), which acts as a negative regulator of 65 

IL-15 signaling to limit NK cell proliferation and pro-inflammatory function (Delconte et al., 66 

2016). Inhibition of these two pathways in bacterial infection may restore the function of NK 67 

cells, allowing them to contribute towards anti-bacterial immunity.  68 

In the face of antimicrobial resistance, which is leading to infections that are increasingly 69 

difficult to treat, immunotherapy is arising as a potential alternative or conjunction to 70 

traditional antimicrobial therapy (McCulloch et al., 2021). In this study, we use a ‘gain of 71 

function’ model to investigate whether NK cell function could be enhanced or restored during 72 

infection to boost anti-bacterial immunity. Our group and others have focused on the 73 

improvement of NK cell function through the deletion of receptors for immunoregulatory 74 

molecules TGF-β (Gao et al., 2017; Rautela et al., 2019; Viel et al., 2016) or  CIS (Delconte et 75 

al., 2016). Here, we investigate whether simultaneous immune checkpoint suppression of TGF-76 

β and CIS signaling in a new transgenic mouse model could act synergistically to increase the 77 

magnitude of NK cell effector function against Salmonella infection.  78 

  79 
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Results 80 

NK cells are depleted and converted to ILC1-like cells during S. Typhimurium infection 81 

To investigate NK cells during S. Typhimurium infection, mice were infected i.p. with 82 

the attenuated mutant, SL32621. This model replicates the chronic, invasive infection seen in 83 

human disease. At day 10 post infection, spleens and livers were removed to observe 84 

phenotypic changes in immune cells. Of note, we observed a phenotypic switch from 85 

conventional NK (cNK) cells to ILC1-like cells, as determined by upregulation of tissue 86 

residence marker CD49a. This occurred in both the spleen (Fig. 1a,b) and liver (Fig. 1c,d) of 87 

infected mice. Furthermore, we also observed significant NK cell lymphopenia in the blood 88 

(Fig. 1e) and spleen (Fig. 1f) of infected mice compared to uninfected. NK cell lymphopenia 89 

was not seen in the liver of infected mice, where normal NK numbers were persevered (Fig. 90 

1g). Collectively, this data indicates that NK cells are considerably affected during S. 91 

Typhimurium infection, characterized by conversion to ILC1-like cells and organ specific 92 

depletion. 93 
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 94 

Figure 1: NK cells are depleted and converted to ILC1-like cells during S. Typhimurium 95 
infection. Group 1 ILCs were analysed by flow cytometry 10 days after infection with S. 96 
Typhimurium. Representative flow cytometry plots showing CD49a and CD49b expression 97 
from one uninfected and one infected mouse spleen (a) and liver (c) are shown, along with 98 
graphs displaying relative percentages of cNK, ILC1-like, and ILC1 within the spleen (b) and 99 
liver (d) (n = 8). Total numbers of NK cells per 100μl of blood prior to infection and at day 10 100 
post infection were determined by flow cytometry (e). At 10 days post infection, numbers of 101 
NK cells in the spleen (f) and liver (g) were determined by flow cytometry. Data from one 102 
experiment. Each symbol represents an individual mouse, graphs show mean value ± SEM. 103 
Statistical p values determined by Mann-Whitney t test, or Wilcoxon rank test for (e). No p 104 
value indicates no significant difference. 105 

 106 
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Deletion of CISH, but not conditional deletion of TgfbRII, results in enhanced anti-108 

bacterial immunity 109 

Conversion of NK cells to ILC1-like cells has previously been shown to contribute to 110 

immune evasion of tumors (Gao et al., 2017), where the conversion is driven primarily by TGF-111 

β (Gao et al., 2017; Viel et al., 2016). Thus, we predicted that conversion to ILC1-like cells in 112 

our infection model could be dampening the ability of NK cells to contribute to bacterial 113 

clearance. To address this, we infected mice with conditional deletion of the TGF-β receptor II 114 

specifically within NK cells (TgfbRIIFL). NK cell mediated bacterial clearance could be further 115 

impacted by the observed lymphopenia. Deletion of the Cish gene, which encodes for the 116 

intracellular checkpoint molecule CIS, has been reported to enhance NK cell function and 117 

proliferation (Delconte et al., 2016, 2020). While deletion of CIS does not lead to increased 118 

NK cell accumulation in the steady state (Delconte et al., 2016), we predicted its deletion could 119 

enhance proliferation to help maintain NK cell numbers during infection. Therefore, we also 120 

infected CIS deficient mice (CishKO). We also infected mice with CIS deficiency and 121 

conditional deletion of TGF-β signaling within NK cells (TgfbRIIFL/CishKO) to determine if 122 

these could have a synergistic effect in improving anti-bacterial immunity. Surprisingly, 123 

TgfbRIIFL mice did not show a reduced bacterial load in either the spleen (Fig. 2a) or the liver 124 

(Fig. 2b) compared to wild-type controls. Conversely, CishKO mice exhibited a significant 125 

reduction in bacterial burden in both organs (Fig, 2a,b). The combination of both NK cell gain 126 

of function genes did not synergize further reduce bacterial burdens (Fig, 2a,b). To investigate 127 

whether the enhanced immunity in CishKO mice was NK cell dependent, CishKO mice were 128 

treated with αNK1.1 to deplete NK cells. No differences were observed in the spleen (Figure, 129 

2c). In the liver, while CishKO was able to significantly reduce bacterial burdens, CishKO with 130 

NK cell depletion did not significantly differ from wild-type or CishKO alone (Figure, 2d). 131 

Further, IL-6 was the only cytokine significantly increased in the plasma of CishKO mice at day 132 
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two compared to wild-type controls (Supplementary Figure 1), suggesting Cish deletion may 133 

primarily act through myeloid cells in this case. No significant increases in cytokine levels 134 

were observed at day nine post infection (Supplementary Figure 2). Thus, we found no 135 

evidence that the reductions in bacterial burdens observed in the livers of CishKO mice was due 136 

to enhancement of NK cell function.  137 
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 139 

Figure 2: Deletion of CISH, but not conditional deletion of TGF-β signalling, results in 140 
reduced bacterial burdens. Ncr1Cre, TgfbRIIFL, CishKO, and TgfbRIIFL/CishKO mice were 141 
infected with S. Typhimurium. At day 10 post infection, spleens and livers were collected to 142 
quantify bacterial burden. Colony forming units (CFU) per spleen (a) and liver (b) are shown 143 
(n = 15-19). Data from two independent experiments. C57BL/6 and CishKO were infected while 144 
simultaneously treated with either anti-NK1.1 depletion antibody, or isotype control. Colony 145 
forming units per spleen (c) and liver (d) are shown (n = 14-16). Data from two independent 146 
experiments. Each symbol represents an individual mouse, graphs show mean value ± SEM. 147 
Statistical p values determined by Mann-Whitney t test, where no p value indicates no 148 
significant difference. 149 

 150 
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Conversion of NK to ILC1-like cells is not TGF-β dependent in S. Typhimurium infection 152 

We found that NK cells are converted to ILC1-like cells during S. Typhimurium 153 

infection (Fig 1a-d), a plasticity which has been previously shown to be dependent primarily 154 

on TGF-β (Gao et al., 2017). However, despite this conversion being well characterized in the 155 

literature to contribute to immune evasion during cancer (Gao et al., 2017; Hawke et al., 2020; 156 

Viel et al., 2016), conditional deletion of TGF-β within NK cells did not appear to improve 157 

anti-bacterial immunity. We postulated this could be due to one of two reasons, either ILC1-158 

like conversion does not restrict NK cell mediated immunity in our model, or TGF-β is not the 159 

sole driver of this conversion. To investigate this, the NK/ILC1-like status was investigated in 160 

TgfbRIIFL mice infected with S. Typhimurium by flow cytometry. Surprisingly, conditional 161 

deletion of TGF-β signaling within NK cells did not prevent conversion to ILC1-like cells in 162 

either the spleen (Fig. 3a,b) or liver (Fig. 3c,d) of infected mice. We also targeted TGF-β 163 

signaling therapeutically using the TGF-β receptor 1 kinase inhibitor galunisertib in infected 164 

mice, however we observed no changes to bacterial burdens (Supplemental Fig. 3a,b), weight 165 

change (Supplemental Fig. 3c), or NK cell to ILC1-like conversion (Supplemental Fig. 3d,e) 166 

in galunisertib treated mice compared to untreated controls. Further, neither conditional 167 

deletion of TgfbrII, deletion of Cish, or a combination were able to prevent NK cell 168 

lymphopenia observed in the blood and spleen of infected mice (data not shown). Taken 169 

together, this data suggests that canonical TGF-β / TGF-bRII signaling is redundant in driving 170 

NK cell to ILC1-like conversion during S. Typhimurium infection. This may explain why no 171 

reduction in bacterial burdens were observed in TgfbRIIFL mice or mice treated with the TGF-172 

bRI inhibitor galunisertib, although whether the conversion limits NK-mediated immunity 173 

during bacterial infection remains unclear. 174 

  175 
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 176 
Figure 3: TGF-β signalling is redundant in NK to ILC1-like plasticity in S. Tyhpimurium 177 
infection. TgfbRIIFL mice, which lack the TGF-β receptor specifically within NK cells, as well 178 
as Ncr1Cre controls, were infected with S. Typhimurium. At day 10 post infection, Group 1 179 
ILCs were analysed by flow cytometry. Representative flow cytometry plots showing CD49a 180 
and CD49b expression from one Ncr1Cre and one TgfbRIIFL mouse spleen (a) and liver (c) are 181 
shown, along with graphs displaying relative percentages of cNK, ILC1-like, and ILC1 within 182 
the spleen (b) and liver (d) (n = 8). Data from one experiment. Each symbol represents an 183 
individual mouse, graphs show mean value ± SEM. Statistical p values determined by Mann-184 
Whitney t test, where no p value indicates no significant difference. 185 

 186 
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Discussion 188 

The purpose of this study was to gain a better understanding of how NK cells are 189 

regulated during bacterial infection. NK cells are increasingly being recognized as a promising 190 

immunotherapy target in settings of cancer (Souza-Fonseca-Guimaraes et al., 2019), however 191 

their efficacy as a target during acute or chronic bacterial infection is unknown. 192 

Immunotherapy for treating bacterial infections, particularly in the case of antibiotic resistance, 193 

is an emerging field (McCulloch et al., 2021), for which NK-mediated immunotherapy may 194 

also show potential. Identification of specific regulatory molecules and checkpoints acting on 195 

NK cells during bacterial infection could uncover novel immunotherapy targets to enhance 196 

NK-mediated bacterial immunity. 197 

Our finding that NK cells were converted to ILC1-like cells during S. Typhimurium 198 

was not unexpected. This conversion has previously been observed in other diseases including 199 

cancer (Gao et al., 2017) and parasitic infection (Park et al., 2019). Further, Salmonella 200 

subspecies are known to actively drive macrophage polarization towards an anti-inflammatory 201 

(or M2-like) phenotype (Stapels et al., 2018), promoting the production of regulatory cytokines 202 

such as IL-10 and TGF-β (Jaslow et al., 2018). However, by using transgenic mice and 203 

therapeutic inhibition, we found that conversion to ILC1-like cells was likely not TGF-β 204 

dependent in our model. The TGF-β superfamily is a large group of over 33 regulatory proteins 205 

which have both distinct and overlapping functions (Morikawa et al., 2016). Therefore it is 206 

reasonable to assume that other members of the TGF-β superfamily could also drive this 207 

conversion, which has already been observed in the case of Activin A (Rautela et al., 2019). 208 

Our findings using the therapeutic inhibitor galunisertib, which targets the TGF-β receptor 1 209 

kinase, may also be hindered by inconsistencies in the literature on the appropriate dosing of 210 

this drug in mouse models. Dosing regimens published in murine studies range from 10 mg/kg 211 
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every second day by i.p. injection (Rautela et al., 2019) to 150 mg/kg twice daily by oral gavage 212 

(Gunderson et al., 2020). Whether underdosing was a defining factor in our results is unknown. 213 

The driving factor, or factors, behind NK to ILC1-like conversion would need to be identified 214 

before definitively determining whether this conversion limits anti-bacterial immunity. 215 

This study also found that deletion of CIS improved control of S. Typhimurium 216 

infection. CIS is a suppressor of cytokine signaling (SOCS) protein which functions as a 217 

negative regulator of cytokine signaling. In the case of NK cells, IL-15 signaling leads to 218 

phosphorylation of Janus kinase (JAK)1 and 3, and subsequent recruitment and 219 

phosphorylation of STAT5. This allows STAT5 to then translocate to the nucleus to transcribe 220 

variety of genes associated with NK cell function and survival (Ma et al., 2006). Also 221 

transcribed is Cish, encoding CIS, which binds to JAK1 and JAK3, targeting them for 222 

proteasomal degradation. In this way, CIS acts as a negative feedback loop to limit IL-15 223 

signaling and NK cell activation (Delconte et al., 2016). However, STAT5 signaling is also 224 

active in other cell types in response to signaling by cytokines other than IL-15, including IL-225 

2 and GM-CSF. CIS also inhibits T cell receptor signaling (Palmer et al., 2015). Thus, CIS has 226 

also been shown to regulate additional immune cells including ILC2s (Kotas et al., 2021),  227 

CD4+ and CD8+ T cells (Palmer et al., 2015; Yang et al., 2013), neutrophils (Louis et al., 2020), 228 

and macrophages (Carow et al., 2017; E. et al., 2021). Considering this was a whole mouse 229 

knockout of CIS, we cannot be sure of which cell type, or combinations of cell types, benefited 230 

from CIS deletion to promote anti-bacterial immunity. We found no evidence to confirm our 231 

initial hypothesis that CIS deletion acted through NK cell enhancement. 232 

Curiously, our results may be somewhat conflicting with other studies. Despite being a 233 

negative regulator of immune function, CIS has previously been shown to mediate early control 234 

of tuberculosis infection in a mouse model (Carow et al., 2017). In humans, single nucleotide 235 

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

The copyright holder for thisthis version posted November 29, 2021. ; https://doi.org/10.1101/2021.11.29.470332doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.470332
http://creativecommons.org/licenses/by/4.0/


13 
 

polymorphisms (SNPs) in Cish have been associated with increased susceptibility to 236 

tuberculosis, malaria, and bacteremia (Khor et al., 2010). However, the functional implications 237 

of these SNPs on immune response were not established in the study. These previous results 238 

may be explained by multiple observations in which excessive inflammation worsens 239 

infectious disease. This can be epitomized by the curious case of anti-PD1 therapy in 240 

tuberculosis, which exacerbates disease severity and reactivates latent infection (Barber et al., 241 

2019; Kauffman et al., 2021). Thus, in the case of tuberculosis, immune enhancement does not 242 

always lead to greater immunity. That we have found CIS deletion enhances anti-Salmonella 243 

immunity, where others have found it impedes anti-tuberculosis immunity, may be explained 244 

by underlying differences in the physiology and pathology of these two pathogens. These 245 

differences must be rigorously examined if any pharmacological targeting of CIS signaling is 246 

to be trialed to treat bacterial infections.  247 

In summary, we have been able to expand the current knowledge of ILC plasticity to 248 

show for the first-time evidence of conversion of NK cells to ILC1-like cells during bacterial 249 

infection. However, the precise driver of conversion as well as the functional relevance this 250 

plasticity has on infection outcome remains elusive. Here, we have also shown that CIS is a 251 

potent immune checkpoint in anti-Salmonella immunity. However, expression of CIS is also 252 

conserved across other immune cell types such as myeloid cells, and thus the exact cell type or 253 

mechanism where CIS acts on to restrict bacterial clearance could not be addressed in this 254 

current study. Future work is warranted to elucidate how CIS inhibition enacts its effects, and 255 

whether pharmacological inhibition of this molecule could enhance anti-bacterial immunity. 256 
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Methods  258 

Mouse models 259 

Ncr1cre/wtTgfbRIIfl/fl mice were used as conditional TgfbRII-deficiency specific to NK 260 

cells, obtained by crossing as previous described by our group (Gao et al., 2017). Cish-/-
 were 261 

maintained on a C57BL/6 background (Delconte et al., 2016). To obtain a double deficient 262 

mouse model, Ncr1cre/wtTgfbRIIfl/fl were back crossed with Cish-/-
 to obtain a Cish-/- 263 

Ncr1cre/wtTgfbRIIfl/fl   mice strain. Ncr1cre/wt mice were considered wild-type controls for some 264 

experiments. Ncr1cre/creMcl1fl/fl mice were used as NK cell deficient controls (Sathe et al., 265 

2014). All experiments were performed using cells from age/sex matched cohort of mice (age 266 

range 8-12 weeks). Cohort sizes are described in each figure legends, where power calculations 267 

were used to estimated sample size needed to achieve statistical significance at a 50% change 268 

in bacterial burden or immune parameters with a power of 0.80 and Type I error (alpha) of 269 

0.05. For infection studies, mice with no detectable bacterial load at the end of the experiment 270 

were considered to have not taken up infection and were excluded from further analysis. All 271 

experiments were approved by the University of Queensland’s Animal Ethics Committees. 272 

Bacterial strains and in vivo infections 273 

 Mice were infected with an attenuated aroA mutant strain of Salmonella enterica 274 

serovar Typhimurium, SL3261 (Hoiseth & Stocker, 1981). For in vivo infection, bacteria were 275 

grown at 37°C with shaking in Lysogeny broth (LB) for 16 to 18 hours. OD600 was used to 276 

enumerate bacteria, before being diluted to the appropriate concentration in PBS. Mice were 277 

infected by intraperitoneal (i.p) injection with  5 x 106 colony forming units (CFU) of SL3261 278 

in 200µl and sacrificed at the described times post-infection. The TGF-β receptor I inhibitor 279 

galunisertib (LY2157299, SelleckChem, Houston TX) was given at a dose of 10mg/kg by i.p 280 

infection, as described previously (Rautela et al., 2019). To deplete NK cells, appropriate mice 281 
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were treated with 100μg of anti-NK1.1 antibody (PK136, BioXCell, Lebanon NH) or isotype 282 

control (2AE, BioXCell) on days -3, 0, 3, and 8 relative to infection.  283 

 284 

Murine tissue collection 285 

Blood samples were taken from mice by retro-orbital bleeds into EDTA-coated tubes. 286 

Tubes were centrifuged at 1,500 g for 15 minutes, and plasma removed from cell pellet. Plasma 287 

samples were stored at -20°C until analysis. At the experimental endpoint, mice were 288 

euthanized by CO2 asphyxiation. Spleens and livers were dissected and held in PBS until 289 

processing. Bacterial counts were enumerated from organs by homogenizing samples in 0.1% 290 

Triton-X (Sigma-Aldrich, Burlington MA) in PBS before serially diluting in PBS and plating 291 

on LB agar plates. 292 

 293 

Flow cytometry 294 

Spleens and livers were passed through a 70µm or 100µm cell strainer, respectively, in 295 

cold fluorescence-activated cell sorting (FACS) buffer (PBS containing 2% fetal bovine serum 296 

and 2mM EDTA). Leukocytes were enriched using 37.5% Percoll solution (GE Healthcare, 297 

Uppsala, Sweden)) and red blood cells lysed with Ammonium-Chloride-Potassium (ACK) 298 

lysis buffer (Biolgend, San Diego CA). Dead cells were stained with Fixable Viability Stain 299 

440UV (1:1000 in PBS, Becton Dickinson, Franklin Lakes NJ) for 15 minutes at room 300 

temperature. Fc receptors were blocked by incubation for 15 minutes in Fc Blocking Reagent 301 

(1:100 in FACS buffer, Miltenyi Biotec, Bergisch Gladbach, Germany). Single-cell 302 

suspensions were stained with the indicated fluorescent antibodies on ice for 45 minutes. For 303 

intracellular cytokine staining, cells were fixed and permeabilized using the 304 

FoxP3/Transcription Factor Staining Buffer Set (eBioscience, San Diego CA), then stained for 305 
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60 minutes with the indicated fluorescent antibodies. Antibodies targeting CD45 (30-F11), 306 

CD4 (GK1.5), CD3 (145-2C11), CD8a (53-6.7), TIGIT (1G9), CD69 (H1.2F3), CD314 (CX5), 307 

CD223 (C9B7W), CD49b (HMa2), CD11b (M1/70), CD44 (IM7), PD-1 (J43), CD49a 308 

(HA31/8) were purchased from Becton Dickinson (Franklin Lakes NK). Antibodies targeting 309 

CD226 (TX42.1), CD335 (29A1.4), KLRG1 (2F1/KLRG1), CD19 (6D5), Ly6G (1A8), F4/80 310 

(BM8), and CD62L (MEL-14) were purchased from Biolegend. Antibodies targeting Tim-3 311 

(RMT3-23), Eomes (Dan11mag), and FoxP3 (FJK-16S) were purchased from eBioscience 312 

(San Diego CA). 313 

 314 

Measurement of cytokines 315 

IFN-γ titers were determined from murine serum samples using a Mouse IFN-γ ELISA 316 

set (Becton Dickinson) as per the manufacturer’s instructions. Other cytokines were 317 

determined using Cytometric Bead Array (Becton Dickinson) as per the manufacturer’s 318 

instructions.  319 

 320 

Statistics 321 

Statistical analysis was performed using GraphPad Prism Software v9 (GraphPad 322 

Software, San Diego CA). Statistical tests were performed for experiments as indicated in 323 

figure legends, and error bars represent SEM. Levels of statistical significance are expressed 324 

as p values. 325 

 326 
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Supplementary Material 473 

 474 
Figure 2 – figure supplement 1: Plasma cytokine levels in transgenic mice at day 2 post 475 
infection. Ncr1Cre, TgfbRIIFL, CishKO, and TgfbRIIFL/CishKO mice were infected with S. 476 
Typhimurium. At day 2, plasma was taken to measure cytokine levels by CBA (a-g) or ELISA 477 
(h). Levels of KC (a), MCP-1 (b), MIP-1β (c), RANTES (d), TNF-α (e), G-CSF (f), IL-6 (g), 478 
and IFN-γ (h) are shown. Data from two individual experiments. Each symbol represents an 479 
individual mouse, graphs show mean value ± SEM. Statistical p values determined by Mann-480 
Whitney t test, where no p value indicates no significant difference. 481 
  482 
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 483 
Figure 2 – figure supplement 2: Plasma cytokine levels in transgenic mice at day 9 post 484 
infection. Ncr1Cre, TgfbRIIFL, CishKO, and TgfbRIIFL/CishKO mice were infected with S. 485 
Typhimurium. At day 9, plasma was taken to measure cytokine levels by CBA (a-g) or ELISA 486 
(h). Levels of KC (a), MCP-1 (b), MIP-1β (c), RANTES (d), TNF-α (e), G-CSF (f), IL-6 (g), 487 
and IFN-γ (h) are shown. Data from two individual experiments. Each symbol represents an 488 
individual mouse, graphs show mean value ± SEM. Statistical p values determined by Mann-489 
Whitney t test, where no p value indicates no significant difference.  490 
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 492 
Figure 3 – figure supplement 1: Galunisertib has no effect on S. Typhimurium infection. 493 
C57BL/6 mice were infected with S. Typhimurium and treated every second day with the TGF-494 
β antagonist, galunisertib. At day 10, spleens and livers were removed to quantify bacterial 495 
burdens and immune parameters. CFU per spleen (a) and liver (b) are shown, along with % 496 
change in weight over the course of infection (c). Flow cytometry was performed to determine 497 
relative percentages of cNK, ILC1-like, or ILC1 within NKp46+ cells in the spleen (d) and 498 
liver (e)(n = 7-8). Data from one experiment. Each symbol represents an individual mouse, 499 
graphs show mean value ± SEM. Statistical p values determined by Mann-Whitney t test, where 500 
no p value indicates no significant difference.  501 
 502 
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