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Abstract  21 

Sepsis is a systemic inflammatory response to infection and a leading cause of death. 22 

Mucosal-associated invariant T (MAIT) cells are innate-like T cells enriched in mucosal 23 

tissues that recognize bacterial ligands. We investigated MAIT cells during clinical and 24 

experimental sepsis, and their contribution to host responses. In experimental sepsis, 25 

MAIT-deficient mice had significantly increased mortality and bacterial load, and 26 

reduced tissue-specific cytokine responses. MAIT cells of WT mice expressed lower 27 

levels of IFN-γ and IL-17a during sepsis compared to sham surgery, changes not seen 28 

in non-MAIT T cells. MAIT cells of patients at sepsis presentation were significantly 29 

reduced in frequency compared to healthy donors, and were more activated, with 30 

decreased IFN-γ production, compared to both healthy donors and paired 90-day 31 

samples. Our data suggest that MAIT cells are highly activated and become 32 

dysfunctional during clinical sepsis, and contribute to tissue-specific cytokine responses 33 

that are protective against mortality during experimental sepsis.  34 
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Introduction 35 

Sepsis is a life threatening syndrome caused by dysregulated host responses to 36 

infection resulting in organ dysfunction (1). It is a leading cause of death worldwide, 37 

accounting for 5.3 million deaths annually (2). Sepsis is characterized by a systemic 38 

acute pathologic hyper-inflammatory response and an opposing anti-inflammatory 39 

response that can occur concurrently (3). Hallmarks of sepsis include a decreased 40 

ability to eliminate primary pathogens and an increased susceptibility to secondary 41 

nosocomial infections (4). In addition, it is associated with a protracted 42 

immunosuppressed state that contributes to morbidity and mortality (5). Unfortunately, 43 

clinical trials over the past 3 decades of interventions targeting the hyper-inflammatory 44 

state of sepsis have largely failed to consistently improve clinical outcomes (6-8), and 45 

effective treatments are needed.  46 

 47 

Many components of host responses are altered during sepsis, including activation of 48 

innate effector cells such as platelets, neutrophils, epithelial cells, and endothelial cells. 49 

In some settings, cellular activation is associated with dysfunctional responses and 50 

adverse clinical outcomes. Studies on immunosuppression in sepsis have largely 51 

focused on exhaustion, apoptosis, and reprogramming of a broader range of effector 52 

cells, including T cells, B cells, neutrophils, and other antigen-presenting cells (9). 53 

Unconventional T cells, such as invariant NKT (iNKT) cells, γδ T cells, and mucosal-54 

associated invariant T (MAIT) cells, bridge the innate and adaptive arms of the immune 55 

response, and have the capacity to contribute to both early-phase inflammation and 56 

late-phase immunosuppression. 57 
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 58 

MAIT cells are innate-like T cells restricted by MHC-related molecule 1 (MR1) and MAIT 59 

ligands belong to a class of transitory intermediates of the riboflavin synthesis pathway 60 

(10). They express an invariant T cell receptor (TCR) TRAV1-2 (or Vα7.2) in humans 61 

and TRAV-1 (or Vα19) in mice and a variable, but restricted, number of TRAJ and TCR 62 

β chains. MAIT cells are abundant in mucosal tissues such as the liver, lung, and 63 

mesenteric lymph nodes and gut lamina propria. In humans, they constitute 1-10% of 64 

peripheral blood T lymphocytes, up to 10% of intestinal T cells, and up to 40% of T cells 65 

in the liver (11, 12). Recent studies have highlighted the protective role of MAIT cells in 66 

host antibacterial responses in vivo (13-15). It has also been shown that in patients with 67 

sepsis, MAIT cell frequencies are decreased in circulation compared to healthy control 68 

donors and uninfected critically-ill patients (16). Septic patients with persistent MAIT cell 69 

depletion also have a higher incidence of secondary, ICU-acquired infections (16). 70 

However, detailed phenotypic and functional MAIT cell changes during sepsis, as well 71 

as the mechanisms by which MAIT cells contribute to host immune responses in sepsis, 72 

are not known. In this work, we used complementary, longitudinal studies in sepsis 73 

patients and in a relevant murine sepsis model to study the role of MAIT cells in sepsis 74 

pathology. We examined immune responses in C57BL/6 wild type (WT) or MR1 knock-75 

out (Mr1-/-; i.e. MAIT depleted) mice using the cecal ligation and puncture (CLP) model 76 

of polymicrobial sepsis. Additionally, we evaluated the phenotype and function of human 77 

MAIT cells during acute sepsis and at 3 months after sepsis. 78 

 79 

  80 
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Results 81 

MAIT cells have decreased expression of effectors during experimental sepsis. 82 

To assess MAIT cell effector function during sepsis, we examined MAIT cells in the 83 

lungs of WT mice undergoing CLP, a polymicrobial model of sepsis, or sham surgery. 84 

We chose lungs given the frequent association of lung injury with clinical sepsis (17, 85 

18), and because it is among the most abundant site of MAIT cells in mice (19). While 86 

we noted similar frequencies of MR1-5OP-RU-tetramer+ (from here on, referred to as 87 

MR1-tetramer+) MAIT cells in CLP mice as in sham mice (Figure 1A and B), we found in 88 

sorted MAIT cells that gene expression of MAIT effectors Ifng (P = 0.04) and Il17a (P = 89 

0.02) were significantly lower (and GzmB trended lower, P = 0.14) in septic mice 90 

compared to sham mice (Figure 1C). Conversely, in non-MAIT TCRβ+CD3+ T cell 91 

populations, Ifng (P = 0.06), Il17a (P = 0.16) and Gzmb (P = 0.49) mRNA expression 92 

levels were similar between septic mice and sham mice (Figure 1D).  93 

 94 

To further confirm that MAIT cell effector function is impaired during experimental 95 

sepsis, we evaluated IFNγ, TNFα, IL-17a, GM-CSF and IL-10 protein expression in 96 

MAIT cells of lung tissue using flow cytometry. We found that similar to Ifng mRNA 97 

expression, percentage frequencies of MAIT cells expressing IFNγ were significantly 98 

lower (P = 0.04) in septic mice compared to sham mice (Figure 2A). Mean fluorescent 99 

intensity (MFI) of IFNγ staining in TCRβ+ MR1-5OP-RU-tetramer+ MAIT cells was also 100 

significantly reduced (P = 0.02) in septic mice compared to sham mice (Figure 2B). 101 

Conversely, in non-MAIT TCRβ+CD3+ T cell populations, IFNγ protein expression was 102 

significantly higher (P = 0.0005) in septic mice compared to sham mice (Figure 2C). No 103 
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significant differences were observed in IFNγ expression in iNKT and TCRγδ cells 104 

(Figure 2D and E). No significant differences were observed in frequencies of TNFα, IL-105 

17a, GM-CSF and IL-10 between the groups.   106 

 107 

MAIT deficiency increases bacterial burden and mortality during experimental 108 

sepsis. 109 

We examined whether the absence of MAIT cells altered survival outcomes in vivo 110 

during experimental sepsis. In the CLP model of polymicrobial sepsis (20, 21), we saw 111 

that MR1-deficient mice (Mr1-/-) which lack MAIT cells, had significantly increased 112 

sepsis-related mortality compared to WT mice (Figure 3A). The majority (11/15, ~73%) 113 

of Mr1-/- mice died 24 to 48 hours following induction of sepsis, while the majority (13/15, 114 

~87%) of WT mice survived up to 100 hours after sepsis (Figure 3A). On examining 115 

bacterial counts 18 hours following CLP, we found that Mr1-/- mice had a significantly 116 

higher burden of bacteria in blood compared to WT mice (Figure 3B). The microbiota 117 

associated with Mr1-/- mice may differ from wild-type mice (22); therefore, we examined 118 

whether such differences affect susceptibility to sepsis. In experiments in which bedding 119 

was transferred between Mr1-/- and WT cages (23) prior to CLP, we found that Mr1-/- 
120 

mice had significantly increased mortality compared to WT mice (Figure 3C).  To extend 121 

these findings to a setting of sepsis due to a single pathogen, we induced sepsis via 122 

intraperitoneal injection of a clinical strain of extraintestinal pathogenic Escherichia coli 123 

(ExPEC). As we observed in the CLP, polymicrobial model of sepsis, Mr1-/-  mice had 124 

significantly higher mortality from ExPEC sepsis, compared to WT mice (Figure 3-figure 125 

supplement 1). 126 
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 127 

MAIT deficiency is associated with reduced lung cytokine responses in 128 

experimental sepsis. 129 

To determine the contribution of MAIT cells to sepsis-induced tissue inflammatory 130 

responses, we evaluated MAIT-associated cytokines (24) in lung homogenates after 131 

CLP. Compared to WT mice, Mr1-/-  mice had significantly reduced levels of lung IFN-γ, 132 

TNFα, IL-17A, IL-10 and GM-CSF: cytokines produced by MAIT cells (24) (Figure 4). 133 

Interestingly, serum, liver and gut cytokines were less affected than lung cytokines in 134 

Mr1-/-  mice following sepsis (Figure 4- figure supplement 1-3).  135 

 136 

MAIT deficiency is associated with reduced tissue-specific interstitial 137 

macrophages and monocytic dendritic cell frequencies.  138 

MAIT cells can contribute to cytokine release from macrophages (25) and have shown 139 

to promote inflammatory monocyte differentiation into dendritic cells during pulmonary 140 

infection (26). Thus, we next sought to determine the cause of reduced tissue cytokine 141 

production of Mr1-/- mice during sepsis. We approached this by determining how an 142 

absence of MAIT cells influences the frequencies of lung innate immune cells, including 143 

alveolar macrophages (AMs), interstitial macrophages (IMs), monocytic dendritic cells 144 

(moDCs) and plasmocytoid DCs (pDCs). As compared to WT mice, Mr1-/- mice had a 145 

significantly lower proportion of IMs (Siglec-F- CD24- MHCII+ CD11c+ CD11b+ CD64+ 
146 

cells; Figure 5A) and moDCs (Siglec-F- MHCII+ CD11c+ CD11b+ Ly-6C+ cells; Figure 147 

5B) following CLP. Loss of MAIT cells did not influence AMs, pDCs or neutrophils, 148 

however, following CLP (Figure 5C -E). To investigate the possible mechanism by 149 
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which MAIT cells are protective, we performed ex vivo expansion of lung MAIT cells 150 

from WT mice using 5-OP-RU/MR1 artificial antigen presenting cells (27) and co-151 

cultured them with Ly6C+ CD11b+ monocytes, also isolated from WT mice, for 18 hours. 152 

We found significantly higher amounts of IFNγ (Figure 5-figure supplement 1A) and GM-153 

CSF (Figure 5-figure supplement 1B) in co-cultures stimulated with 5-amino-6-D-154 

ribitylaminouracil (5-A-RU) and methylglyoxal (MeG) (28) compared to unstimulated and 155 

monocyte only controls indicating that MAIT cells in lung can interact with monocytes to 156 

produce effector cytokines. 157 

 158 

We next examined whether loss of MAIT cells altered the frequencies of other 159 

unconventional T cells such as invariant natural killer T cells (iNKT) (29, 30) and γδ T 160 

cells (31, 32) in sepsis. We observed that frequencies of iNKT and γδ T cells in lungs 161 

were reduced during sepsis, consistent with prior studies showing that frequencies of 162 

iNKT (29, 30) and γδ T cells (31, 32) are modulated in response to polymicrobial sepsis. 163 

However, there were no differences in frequencies of iNKT or γδ T cells between Mr1-/- 164 

and WT mice (Figure 5-figure supplement 2). 165 

 166 

Consistent with murine sepsis studies, MAIT cell frequency, activation, and 167 

effectors are altered in septic patients. 168 

We examined MAIT cells isolated from the blood of 33 septic patients (16 female and 17 169 

male, mean age 59 +/- 2.7years, mean SOFA score 4.6) within 48 (+ 24) hours of ICU 170 

admission for sepsis (day 1, D1). In 12 of these same patients (6 female and 6 male, 171 

mean age 60.5 +/- 4 years), we repeated MAIT phenotyping again approximately 90 172 
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days after their ICU admission for sepsis. We compared them to 21 age- and sex-173 

matched healthy donors (HD) (10 female and 11 male, mean age 51 +/- 3.8 years). The 174 

identified causes of sepsis included pneumonia, urinary tract, intra-abdominal, and soft-175 

tissue infections. Upon ICU admission, septic patients showed lower frequencies of 176 

MR1-tetramer+ MAIT cells within the T cell (CD3+) compartment compared to healthy 177 

donors (HD) (Figure 6, A and B). At 90 days after sepsis, MAIT cell frequencies were 178 

not statistically different from day 1 septic patients and HD (Figure 6B and C). 179 

 180 

Next, we evaluated markers of MAIT cell activation, exhaustion, and intracellular 181 

cytokine expression in a subset of surviving septic patients and for which paired 182 

samples at both Day 1 and Day 90 were available (n=12). Upon ICU admission (Day 1), 183 

the expression of MAIT cell activation markers, including CD69, CD38, and CD137, was 184 

significantly higher in septic patients compared to HD (Figure 6D). However, when 185 

assessed again in these same septic patients on Day 90, the expression of MAIT cell 186 

activation markers had returned to levels comparable to HD (Figure 6D). Upon ICU 187 

admission, we also found a higher expression of TIM-3 (P = 0.03), and LAG-3 (trend 188 

with P = 0.14), inhibitory receptors associated with T cell exhaustion, in MAIT cells of 189 

septic patients compared to HD (Figure 6E). As with MAIT cell activation markers, 190 

exhaustion markers LAG-3 and TIM-3 in septic patients at Day 90 had returned to levels 191 

similar to that of HD (Figure 6E). Of note, PD-1 expression was lower (but not 192 

statistically significant, P = 0.11) in septic patients compared to HD (Figure 6E).  193 

 194 
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We then examined MAIT cell effector functions by analyzing the intracellular expression 195 

of MAIT-associated inflammatory cytokines (IFN-γ, IL-17 and TNF-α) and granzyme B 196 

after ex vivo TCR stimulation using E. coli (33). Upon ICU admission, MAIT cells from 197 

septic patients showed significantly less IFN-γ production after E. coli stimulation, 198 

compared with HD. As with MAIT cell activation and exhaustion markers, IFN-γ 199 

production returned to levels comparable with HD at Day 90 (Figure 7A). No significant 200 

differences were observed in IL-17 (Figure 7B), TNF-α (Figure 7C) and granzyme B 201 

(Figure 7D) expression in MAIT cells among the groups.  202 

 203 

Overall, these data demonstrate that during clinical sepsis, MAIT cell frequencies are 204 

lower, highly activated, and less capable of mounting IFN-γ responses upon stimulation. 205 

Moreover, at 90 days following sepsis, MAIT cell activation and IFN-γ responses have 206 

returned to levels comparable with matched HD. 207 

 208 

  209 
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Discussion 210 

Recent reports provide evidence that MAIT cells play an important role in antibacterial 211 

responses (34, 35). Despite this, very little is known about this unconventional T cell in 212 

sepsis. Our study reveals major alterations in activation, function, and dysfunction of 213 

MAIT cells in both clinical and experimental models of sepsis. We show that acutely 214 

during clinical sepsis, MAIT cells are highly activated, lower in frequency, and have an 215 

altered functional phenotype evidenced by reduced IFN-γ cytokine expression. 216 

Moreover, at 90 days after sepsis, these changes in MAIT cells have resolved as 217 

compared to matched healthy subjects. Using relevant animal models of sepsis, we 218 

show similarly that tissue-resident MAIT cells are dysfunctional during sepsis. Moreover, 219 

our experimental data indicate that MAIT cells are protective during sepsis, as a 220 

deficiency of MAIT cells resulted in significantly higher bacterial burden and mortality. 221 

These results indicate that despite being rendered dysfunctional, MAIT cells may 222 

augment host immune responses and therefore outcomes during sepsis. 223 

 224 

In both a polymicrobial model of sepsis (i.e. CLP) and a monomicrobial model using a 225 

clinical isolate of ExPEC, we found that MAIT-deficient (Mr1-/-) mice have higher 226 

mortality, and that this is associated with a higher bacterial burden. Our experimental 227 

data from the ExPEC model of sepsis, as well as from experiments where bedding was 228 

transferred between Mr1-/- and WT mice, suggest that the differences in mortality 229 

observed with CLP are unlikely to be due to differences in the microbiota. We also 230 

found that Mr1-/- mice had lower levels of tissue cytokines (IFN-γ, TNF-α, IL-17, GM-231 

CSF) than that in WT mice following induction of sepsis. We hypothesize that MAIT 232 
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cells plays a protective role against sepsis pathology by regulating cytokine expression 233 

and maintaining a balance in immune response following sepsis to minimize tissue 234 

injury. As MAIT cells are capable of bridging the innate and adaptive immune systems, 235 

it has also been postulated that their actions are mediated in part by their interaction 236 

with macrophages or monocyte-derived dendritic cells. Interestingly, we found that in 237 

sepsis, MAIT-deficient mice produce less GM-CSF and have lower frequencies of lung 238 

interstitial macrophages and monocytic dendritic cells compared to WT mice. These 239 

observations are concordant with previous work demonstrating MAIT cell promotion of 240 

early pulmonary GM-CSF production, and differentiation of inflammatory monocytes into 241 

moDCs during pulmonary infection (26). Our co-culture experiments showing that MAIT 242 

cells produce higher amounts of GM-CSF upon stimulation with the MAIT ligand 5-A-RU 243 

further confirms this hypothesis. Further work to examine whether tissue-resident MAIT 244 

cells have protective effects against sepsis pathology is warranted.  245 

 246 

Our finding of decreased MAIT cell frequencies during severe sepsis are consistent with 247 

a previous study demonstrating that MAIT cells are decreased in patients with severe 248 

sepsis, a decrease that was not seen in other T cell populations examined, including 249 

iNKT and γδ T cells, suggesting cell-specific, rather than global, depletion (16). To 250 

extend this work, we found that at approximately 90 days after sepsis MAIT cell 251 

frequencies had returned to similar levels observed in matched healthy donors. 252 

Furthermore, we found that MAIT cells express elevated levels of activation markers in 253 

septic patients, and that these markers also return to similar levels as in healthy donors 254 

following recovery from sepsis. The depletion of MAIT cells from circulation in septic 255 
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patients is similar to what has been observed in other infections (36) (37) (38), and may 256 

be a result of apoptotic cell death, TCR internalization, or migration to peripheral 257 

tissues, although the underlying mechanisms remain to be elucidated. 258 

 259 

Previous work had shown an association of MAIT cell frequency with protection against 260 

secondary infection in the ICU (16). In this study, we found that in D1 sepsis patients, 261 

ex-vivo stimulated MAIT cells had a depressed IFN-γ response compared to healthy 262 

donors and patients reassessed 90 days following admission for sepsis. A similar 263 

decrease in IFN-γ response was also seen in MAIT cells in the lung tissue of mice 264 

undergoing CLP compared to mice undergoing sham surgery. Together with an 265 

increase in expression of co-inhibitory receptors on human MAIT cells, our data suggest 266 

that during clinical sepsis, MAIT cells are dysfunctional. This may prevent MAIT cells 267 

from mounting an optimal response against microbial pathogens, a hypothesis 268 

consistent with our experimental data indicating that loss of MAIT cells results in 269 

increased bacterial burden and mortality during sepsis. Previous work has shown that 270 

superantigens from bacterial pathogens such as Staphylococcus spp. and 271 

Streptococcus spp. can directly trigger rapid activation of MAIT cells to mount IFN-γ, 272 

TNF-α, and IL-2 responses in an MR1-independent manner (37), and that MAIT cells 273 

primed by superantigens are exhausted and anergic to cognate antigens such as E.coli.  274 

 275 

Our study has a number of limitations. Firstly, our co-culture experiments demonstrating 276 

the production of GM-CSF by ligand stimulation of expanded lung MAIT cells in 277 

presence of lung monocytes were performed ex vivo. Further experiments on the 278 



14 
 

protective role of MAIT-derived GM-CSF during sepsis are needed. Secondly, our study 279 

of patients was not powered to detect differences in MAIT cells between causes of 280 

sepsis. Larger studies are needed to examine differences in MAIT cell activity and 281 

function between different causes. Lastly, our experiments demonstrated decreases in 282 

lung interstitial macrophages and monocytes, along with GM-CSF production, are 283 

associated with response to CLP in Mr1-/- mice. But whether these deficient responses 284 

resulted in increased lung injury remains to be investigated further. 285 

 286 

In conclusion, we demonstrate that MAIT cells undergo functional and phenotypic 287 

changes during clinical and experimental sepsis. We found that MAIT deficient mice 288 

have higher microbial burden, lower tissue cytokine production, and higher mortality 289 

during sepsis. Despite this dysfunction, our data provide new insights into the potential 290 

protective role of MAIT cells, and their contribution towards tissue-specific cytokine 291 

responses, during sepsis. Defining MAIT cells as a critical therapeutic target during 292 

sepsis, and defining the mechanisms that regulate MAIT cell function, will potentially 293 

enable the development of novel translational strategies targeted to enhance MAIT cell 294 

functionality to improve outcomes in sepsis.    295 

 296 

  297 
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Materials and methods 298 

Key Resources Table 

Reagent 
type 
(species) 
or 
resource 

Designation 
Source or 
reference 

Identifiers 
Additional 
information 

Antibody 
FITC anti-mouse 
CD3 antibody (rat 
monoclonal) 

 Biolegend 
 Cat# 
100203 

 (1:50) 

Antibody 
Brilliant Violet 510™ 
anti-mouse NK-1.1 
(mouse monoclonal) 

 Biolegend 
 Cat# 
108738 

 (1:50) 

Antibody 
BV711 anti-mouse 
CD49b (hamster 
monoclonal) 

 BD 
 Cat# 
740704 

 (1:100) 

Antibody 

PE/Cyanine7 anti-
mouse TCR γ/δ 
(hamster 
monoclonal) 

 Biolegend 
 Cat# 
118123 

 (1:100) 

Antibody 
BV421 anti-mouse 
TCRβ (hamster 
monoclonal) 

  Biolegend 
 Cat# 
109229 

 (1:100) 

Antibody 

PE/Cyanine5 anti-
mouse/human 
CD45R/B220 (rat 
monoclonal) 

 Biolegend 
 Cat# 
103209 

 (1:100) 

Antibody 

 Brilliant Violet 650™  
anti-mouse/human  
CD44 (rat 
monoclonal) 

 Biolegend 
 Cat# 
103049 

   (1:100) 

Antibody 
Alexa Fluor® 700 
anti-mouse CD45 
(rat monoclonal) 

 Biolegend 
  Cat# 
103127 

 (1:200) 
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Antibody 

FITC anti-
mouse/human 
CD11b (rat 
monoclonal) 

 Biolegend 
 Cat# 
101205 

 (1:200) 

Antibody 

PE/Cyanine7 anti-
mouse CD11c 
(hamster 
monoclonal) 

 Biolegend 
 Cat# 
117317 

 (1:100) 

Antibody 
BV711 anti-mouse 
Siglec-F (rat 
monoclonal) 

 BD 
 Cat# 
740764 

 (1:100) 

Antibody 

Brilliant Violet 605™ 
anti-mouse CD64 
(FcγRI) (mouse 
monoclonal) 

 Biolegend 
 Cat# 
139323 

 (1:50) 

Antibody 
PE anti-mouse 
CD24 (rat 
monoclonal) 

 Biolegend 
 Cat# 
101807 

 (1:100) 

Antibody 
PerCP/Cyanine5.5 
anti-mouse Ly-6G 
(rat monoclonal) 

 Biolegend 
 Cat# 
127616 

 (1:100) 

Antibody 
BV510 anti-mouse 
CD103 (hamster 
monoclonal) 

 Biolegend 
Cat# 
121423 

(1:50) 

Antibody 
APC anti-mouse 
CD86 (rat 
monoclonal) 

 Biolegend 
 Cat# 
105011 

 (1:100) 

Antibody 
PE/Dazzle™ 594 
anti-mouse Ly-6C 

(rat monoclonal) 
 Biolegend 

 Cat# 
128043 

 (1:100) 

Antibody 
Brilliant Violet 421™ 
anti-mouse I-A/I-E 
(rat monoclonal) 

 Biolegend 
 Cat# 
107631 

 (1:100) 

Antibody 

Alexa Fluor® 700 
anti-human CD137 
(4-1BB) (mouse 
monoclonal) 

 Biolegend 
 Cat# 
309816 

 (1:100) 
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Antibody 
BUV395 Mouse 
Anti-Human CD3 

 BD 
 Cat# 
563548 

 (1:200) 

Antibody 

Anti-human CD8 
Monoclonal Antibody 
(3B5), PE-
Cyanine5.5 

ThermoFisher 
Scientific 

 Cat# 
MHCD0818 

 (1:200) 

Antibody 
BUV496 Mouse 
Anti-Human CD4 

 BD 
 Cat# 
612937 

 (1:100) 

Antibody 

Brilliant Violet 711™ 
anti-human TCR 
Vα7.2 (mouse 
monoclonal) 

Biolegend 
Cat# 
351731 

(1:50) 

Antibody 

Brilliant Violet 785™ 
anti-human CD223 
(LAG-3) (mouse 
monoclonal) 

Biolegend 
Cat# 
369321 

(1:50) 

Antibody 
Brilliant Violet 650™ 
anti-human CD25 
(mouse monoclonal) 

Biolegend 
Cat# 
302633 

(1:100) 

Antibody 

Brilliant Violet 605™ 
anti-human CD279 
(PD-1) (mouse 
monoclonal) 

Biolegend 
Cat# 
329923 

(1:100) 

Antibody 
Brilliant Violet 510™ 
anti-human CD161 
(mouse monoclonal) 

Biolegend 
Cat# 
339921 

(1:100) 

Antibody 
PE/Cyanine5 anti-
human CD69 
(mouse monoclonal) 

Biolegend 
Cat# 
310907 

(1:100) 

Antibody 
FITC anti-human 
HLA-DR  

Biolegend 
Cat# 
980402 

(1:50) 

Antibody 

Brilliant Violet 421™ 
anti-human CD366 
(Tim-3) (mouse 
monoclonal) 

Biolegend 
Cat# 
345007 

(1:50) 
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Antibody 
PE/Cyanine7 anti-
human CD38 
(mouse monoclonal) 

Biolegend 
Cat# 
303515 

(1:100) 

Antibody 
FITC anti-human IL-
17A Antibody 
(mouse monoclonal) 

Biolegend 
Cat# 
512303 

(1:100) 

Antibody 
PE/Cyanine7 anti-
human IFN-γ 
(mouse monoclonal) 

Biolegend 
Cat# 
502527 

(1:200) 

Antibody 

Anti–human TNF 
alpha Monoclonal 
Antibody (MAb11), 
eFluor 450 

ThermoFisher 
Scientific 

Cat# 
48-7349-42 

(1:100) 

Antibody 
Alexa Fluor® 700 
anti-human/mouse 
Granzyme B 

Biolegend 
Cat# 
372221 

(1:100) 

 299 

Mice 300 

10-14 weeks old male C57BL/6J wild type mice were obtained from Jackson 301 

laboratories and Mr1-/- mice, which were back-crossed to the C57BL/6N background (10 302 

generations) and then the C57BL/6J background (10 generations) (22), were obtained 303 

from Siobhan Cowley (US FDA). All mice were bred in pathogen-free facility at the 304 

University of Utah. The animals were kept at a constant temperature (25°C) with 305 

unlimited access to pellet diet and water in a room with a 12 h light/dark cycle. All 306 

animals were monitored daily and infected animals were scored for the signs of clinical 307 

illness severity as previously described (20). Animals were ethically euthanized using 308 

CO2.  309 

 310 

Mouse models of sepsis  311 
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C57BL/6 mice were anesthetized with ketamine/xylazine (100 mg/kg and 10 mg/kg, i.p., 312 

respectively), and sepsis was induced by cecum ligation and puncture (CLP) as 313 

previously described (Hubbard et al., 2005). After surgery, the animals received 314 

subcutaneous sterile isotonic saline (1 mL) for fluid resuscitation. Sham-operated mice 315 

were subjected to identical procedures except that CLP was not done. The animals 316 

were followed for 5 days after the surgical procedure for determination of survival. 317 

Bacterial loads were determined by serial dilution and plating of lung homogenates and 318 

blood on LB agar plates. 319 

 320 

To examine monomicrobial sepsis, mice were injected intraperitoneally with 200 μl of 321 

PBS containing ~1x106 cfu of Extraintestinal pathogenic Escherichia coli (ExPEC) 322 

clinical strain F11 (39). Bacteria (F11) was grown from frozen stocks in static modified 323 

M9 media at 37°C for 24 hours prior to use in the sepsis model. Mice were monitored 324 

for 5 days for determination of survival.  325 

 326 

Bedding transfer procedure 327 

Bedding transfer procedure was followed as previously described (23). Briefly, bedding 328 

transfers were performed among Mr1-/- cages and WT cages. Bedding was mixed at 3–4 329 

days and at 8–10 days following these cage changes (as fresh bedding is provided 330 

every 14 days, this represents bedding transfers performed twice within each two-week 331 

cycle). At each of these time points, roughly one-quarter of soiled bedding was collected 332 

from each cage and the bedding from all cages was mixed in an autoclaved sterile 333 

container, followed by redistribution across all cages. Soiled bedding was collected and 334 
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mixed within a freshly cleaned biological safety cabinet within the room where animals 335 

were housed. After 4-5 weeks of bedding transfers, polymicrobial sepsis was induced 336 

using CLP. 337 

 338 

Lung mononuclear cell isolation 339 

For lung digestion and preparation of single cell suspensions, lungs were perfused 340 

using sterile phosphate-buffered saline. After removal, the lung dissociation protocol 341 

(Miltenyi Biotec, Bergisch Gladbach, Germany) was performed using the mouse Lung 342 

Dissociation Kit (Miltenyi Biotec) and the gentleMACS Dissociator (Miltenyi Biotec) as 343 

per manufacturer’s instructions. After dissociation, cells were passed through a 70 µm 344 

cell strainer and washed with RPMI with 10 % FBS. Red blood cells were lysed with red 345 

blood cell lysis buffer. Lung mononuclear cells were then washed twice in RPMI with 10 346 

% FBS before use in subsequent experiments. 347 

 348 

Tetramer and surface-staining of lung single cell suspensions 349 

From each group of animals, 1-2 million cells aliquots were prepared and to exclude 350 

dead cells from analysis cells were first stained with the fixable viability dye eFluorTM 351 

780 (eBioscience) for 15 min. at room temperature (RT). Cells were incubated with anti-352 

mouse CD16/CD32 Fc Block antibody (BD Biosciences, USA), for 20 min at 4 °C. Cells 353 

were then stained for 30 min at RT with appropriately diluted PE conjugated 5-OP-RU-354 

loaded species-specific MR1-tetramers or α-GalCer (PBS-44)–loaded CD1d tetramer 355 

conjugated to APC, anti-CD3-FITC (Biolegend), anti-CD161-BV510 (Biolegend), anti-356 

CD49b-BV711 (BD), anti-TCRγδ-PE-Cy7 (Biolegend), anti-TCRβ-BV421 (Biolegend), 357 
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anti-CD45R-PE-Cy5 and anti-CD44-BV650 (Biolegend). To evaluate different antigen 358 

presenting cells, after Fc Block incubation, cells were also surface stained with anti-359 

CD45 AF700 (Biolegend), anti-CD11b-FITC (Biolegend), anti-CD11c-PE Cy-7 (BD), 360 

anti-Siglec-F- BV711 (BD), anti-CD64-BV605 (Biolegend), anti-CD24-PE (Biolegend), 361 

anti-Ly-6G-PerCP-Cy5.5 (Biolegend), anti-CD103-BV510 (Biolegend), anti-CD86-APC 362 

(Biolegend), anti-Ly6C (PE dazzle 594) and anti-MHC II BV421 (Biolegend) for 30 min 363 

at 4 °C. Total 106 gated events per sample were collected using Fortessa flow 364 

cytometer (Becton Dickinson, San Diego, CA), and results were analyzed using FlowJo 365 

10.4.2 software. 366 

 367 

Quantitation of MAIT cytokine transcripts by real-time PCR 368 

MAIT cells (CD3+ CD44+ TCRβ+ MR1-5-OP-RU tetramer+) and non-MAIT (MR1-5-OP-369 

RU tetramer- TCRβ+) CD3+ T cell populations were sorted into 350 µl RLT plus buffer 370 

from the Qiagen Allprep DNA/RNA micro kit. Nucleic acid extraction was performed 371 

according to manufacturer’s instructions (Qiagen Allprep RNA/DNA).  cDNA was 372 

synthesized using SuperScript VILO cDNA Synthesis Kit and qRT-PCR analysis on 373 

Ifng, Il17a, Gzmb and Prf1 genes was performed with specific TaqMan primers and 374 

TaqMan Fast Advanced Master Mix (Applied Biosystems). The mRNA levels of specific 375 

genes were determined by the relative standard curve method, normalized against 376 

housekeeping ribosomal protein L32 levels. ΔCT was calculated as CTgene – 377 

CThousekeeping and ΔΔCT was calculated as ΔCTCLP – ΔCTsham. 378 

 379 

Mouse cytokines 380 
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Following lung dissociation, cells were passed through a 70-μm nylon mesh. Cells and 381 

debris were removed from the suspension via centrifugation at 300 x g for 10 min and 382 

supernatant were collected and stored at -80°C for later use. Lung cytokine levels were 383 

assessed from the supernatant samples via LEGENDplex (mouse inflammation panel 384 

13-plex; BioLegend) kit per manufacturer’s instructions. Serum samples were 2-fold 385 

diluted and cytokine levels were assessed using same kit as per manufacturer’s 386 

instructions. Cytokine levels were acquired using a FACSCanto II flow cytometer (BD 387 

Biosciences, San Jose, CA), and analyses were performed using LEGENDplex data 388 

analysis software (BioLegend). 389 

 390 

Ex vivo co-culture of lung Ly6C+ CD11b+ monocytes with MAITs 391 

Lung MAITs  were expanded ex vivo using a previously published method for expansion 392 

of human MAIT cells (27). Briefly, lung homogenates from healthy WT mice were 393 

cultured for 14 days in presence of mouse recombinant IL-2 and sulfate latex beads of 394 

5-OP-RU/MR1 artificial antigen-presenting cells. To isolate monocytes, lung cells from 395 

healthy WT mice were surface stained with anti-CD45 AF700 (Biolegend), anti-CD11b-396 

FITC (Biolegend), anti-Siglec-F- BV711 (BD), and anti- Ly6C (PE dazzle 594) for 30 min 397 

at 4 °C. We obtained CD45+ Siglec-F- Ly6C+ CD11b+ monocytes by flow sorting on a 398 

FACS Aria II (BD, Franklin Lakes, NJ, USA). We incubated 20,000 MAITs with 10,000 399 

monocytes for 18 hours, in a total volume of 200µl in a 96-well U-bottom plates. MAIT-400 

monocyte co-culture was stimulated with 200nM 5-A-RU and 50µM MeG (28) in RPMI 401 

1640 with 10% FBS with 1% penicillin/streptomycin and 1% HEPES. MAIT cells that 402 

were stimulated/unstimulated and monocytes that were stimulated/unstimulated were 403 
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kept as controls. After 18 hours, cell supernatant was collected and stored at -20°C. We 404 

measured IFN-γ and GM-CSF levels in supernatants using ELISA as per 405 

manufacturer’s instruction in Biolegend ELISA MAX™ standard sets for mouse IFN-γ 406 

and for mouse GM-CSF. 407 

 408 

Human Subjects 409 

Patients admitted to an academic medical intensive care unit (ICU) with a primary 410 

diagnosis of severe sepsis or septic shock were prospectively enrolled within 48 (±24) 411 

hours of ICU admission. Sepsis was defined using the consensus criteria (40, 41)  at 412 

the time this study was actively recruiting, defined as suspected or confirmed systemic 413 

infection and organ dysfunction as defined by a sequential organ failure assessment 414 

(SOFA) score ≥2 above baseline. Septic shock was defined as sepsis and an elevated 415 

lactate > 2mmol/L or the need for vasopressors. Blood samples were collected from 416 

septic patients upon study enrollment (Day 1, after ICU admission for sepsis) and again 417 

in the same subjects ∼90 days after enrollment (Day 90). Venous blood was collected 418 

and centrifuged over a Ficoll-Hypaque density gradient using the standard protocol to 419 

isolate peripheral blood mononuclear cells (PBMCs), which were either cryopreserved 420 

or used directly. Samples from healthy donors were collected and processed following 421 

the same procedure.  422 

 423 

Analysis of MAIT cytokine expression by flow cytometry. 424 

For phenotypic analysis of MAIT cells, PBMCs were thawed from -80ºC and were 425 

stained for surface markers: anti-CD137-Alexa Fluor 700 (Biolegend), anti-CD3-426 
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BUV395 (BD biosciences), anti-CD8-PE-Cy5.5 (Molecular Probes), anti-CD4-BUV496 427 

(BD Biosciences), anti-Vα7.2-BV711 (Biolegend), anti-LAG3-BV785 (Biolegend), anti-428 

CD25-BV650 (Biolegend), anti-PD-1-BV605 (Biolegend), anti-CD161-BV510 429 

(Biolegend), anti-CD69-PE-Cy5 (Biolegend), anti-HLA-DR-FITC (Biolegend), anti-TIM3-430 

BV421 (Biolegend), anti-CD38-PE-Cy7 (Biolegend), and anti-human MR1 5-OP-RU 431 

Tetramer (NIH Tetramer Core Facility). PBMCs that were cultured and stimulated with 432 

1100-2 E. coli (E. coli Genetic Stock Center (CGSC),Yale University) at multiplicity of 433 

infection (MOI) of 10 for 18 hours were stained for surface markers: anti-human MR1 5-434 

OP-RU Tetramer (NIH Tetramer Core Facility), anti-CD3-BUV395 (BD biosciences), 435 

anti-CD8-PE-Cy5.5 (Molecular Probes), anti-CD4-BUV496 (BD Biosciences), anti-436 

Vα7.2-BV711 (Biolegend), anti-LAG3-BV785 (Biolegend), anti-CD25-BV650 437 

(Biolegend), anti-PD-1-BV605 (Biolegend), anti-CD161-BV510 (Biolegend), anti-CD69-438 

PE-Cy5 (Biolegend) and intracellularly stained for: anti-IL-17A-FITC (Biolegend), anti-439 

IFN-γ-PE-Cy7 (Biolegend), anti-TNFα-ef450 (Molecular Probes), anti-Granzyme B-440 

Alexa Fluor 700 (Biolegend). All samples were acquired using a 5-laser BD 441 

LSRFortessa II flow cytometer (BD Biosciences) and analyzed using FlowJo software 442 

v10 (Tree Star, Inc. Ashland, Oreg). Unstimulated controls were used to define positive 443 

population. 444 

 445 

Statistics and power calculations 446 

Comparisons between independent groups were performed with unpaired t test. The 447 

Mann-Whitney U test was used for comparison of continuous variables between two 448 

groups and results of lung cytokine analysis were presented as mean ± standard 449 



25 
 

deviation. For comparisons of more than two groups, one-way ANOVA with Tukey’s 450 

multiple comparison test was used.  451 

 452 

For comparisons of healthy subjects with day 1 or day 90 septic patients Mann-Whitney 453 

U test was used and for comparisons of paired day 1 and day 90 samples Wilcoxon test 454 

was used. GraphPad Prism 8.3.0 software was used for all statistical analysis and p < 455 

0.05 was considered statistically significant. 456 

 457 

We used Cox proportional-hazards (coxph) model with non-bedding-transferred mice as 458 

reference for determining power calculation for the number of mice needed in the 459 

bedding transfer experiment. Formula used was: coxph(formula = Surv(t, event) ~ 460 

group, data = exp) with coef = 2.1525, exp(coef) = 8.6065, se(coef) = 0.7724, z = 2.787 461 

and p group = 0.00532. Likelihood ratio test = 11.35 on 1 df, p=0.0007563, n= 30, 462 

number of events= 13. In order to observe the hazard ratio from this study (8.6065) with 463 

80% power and type I error 0.05, we need to observe 7 deaths. In order to determine 464 

sample size, we divided 7 by the expected rate of death overall. For an expected death 465 

rate of 50%, we needed a sample size of 14; for an expected death rate of 25%, we 466 

needed a sample size of 28.  467 

 468 

Study approval: Each patient or a legally authorized representative provided written, 469 

informed consent. The institutional review board approved this study. All animals were 470 

maintained and experiments were performed in accordance with The University of Utah 471 
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and Institutional Animal Care and Use Committee (IACUC) approved guidelines 472 

(protocol # 18-10012). 473 
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 486 

Figure Legends 487 

 488 

Figure 1. Sepsis induces MAIT-specific changes in inflammatory cytokine 489 

expression. (A) Gating strategy for isolation of MAIT cells. In first plot, lymphocytes 490 

with CD45R- B cells were excluded by electronic gating and CD44+ CD3+ T cells were 491 

gated  to define MAIT cells as TCRβ+ MR1-5OP-RU-tetramer+ cells. (B) Percentage of 492 

TCRβ+ MR1-tetramer+ MAIT cells, of CD3+ T cells in WT mice after 18 hours of CLP or 493 

sham operation. (C) Gene expression in MAIT cells isolated using flow cytometric 494 
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sorting of homogenized lung tissue after CLP or sham operation (n = 5 per group), as 495 

determined by qRT-PCR for Ifng,  Il17a and GzmB genes, (D) Ifng, Il17a, and GzmB 496 

mRNA expression in non-MAIT (MR1-tetramer- TCRβ+) CD3+ T cell populations. Data 497 

are expressed as mean + SD, and unpaired t-test was used for comparisons (data 498 

passed Shapiro-Wilk normality test). 499 

 500 

Figure 2. Sepsis induces lower IFNγ  production in MAIT cells. (A) Percentage  501 

frequencies of IFNγ expression in MAIT cells of  lung tissue, 18 hours after CLP or 502 

sham  operation (n = 7 per group), as determined by intracellular cytokine staining and 503 

flow cytometry. (B) MFI of IFNγ staining in MAIT cells. (C) Percentage frequencies of 504 

IFNγ expression in  NON MAIT cells of lung tissue. (D and E) Percentage frequencies 505 

of IFNγ expression in iNKT and TCRγδ cells. Data are expressed as mean + SD, and 506 

unpaired t-test was used for  comparisons (data passed Shapiro-Wilk normality test). 507 

 508 

Figure 3. Mr1-/- mice had higher sepsis-induced mortality and bacterial burden 509 

compared to wildtype  mice. (A) Age matched Mr1-/- and WT mice (n = 15 per group) 510 

underwent CLP to induce polymicrobial sepsis. Survival was recorded over a period of 511 

4-5 days (WT versus Mr1-/- mice, *** p = 0.0007). Data represents two independent 512 

experiments. Statistical analysis was performed using Log-rank (Mantel-Cox) test. (B) 513 

Blood was collected from WT and Mr1-/- mice (n = 8-10 per group) 18 h post CLP, and 514 

serial dilutions were plated on Luria Broth (LB) agar plates. Colony-forming units (CFU) 515 

were determined 24 h after plating and were expressed as CFU/ml. Statistical analysis 516 

was performed using Mann-Whitney test. (C) Bedding transfer procedure (detailed in 517 
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methods section) was used to exchange gut microbiome between age matched Mr1-/- 
518 

and WT mice (total n = 31 for Mr1-/-  mice and total n = 30 for WT mice) before inducing 519 

sepsis by CLP. Survival was recorded over a period of 4-5 days (WT versus Mr1-/- mice, 520 

* p = 0.03). Data represents three independent experiments. Statistical analysis was 521 

performed using Log-rank (Mantel-Cox) test. 522 

 523 

Figure 4. Mr1-/- mice had significantly lower  levels of cytokines in lung tissue at 524 

18 h post CLP. Levels of (A) IFN-γ, (B) IL-17A, (C) TNF-α, (D) IL-10, and (E) GM-CSF 525 

were assessed in lungs isolated from WT and Mr1-/- mice at 18 h post CLP or sham 526 

operation, using a bead-based immunoassay kit. Bars represent mean cytokine levels + 527 

SD. The graphs represent two independent experiments (WT n= 8, Mr1-/- n = 7). The 528 

statistical significance was determined by the nonparametric Mann–Whitney test. 529 

 530 

Figure 5. Lower frequencies of interstitial macrophages and monocytic dendritic  531 

cells in lungs of Mr1-/- mice at 18 h post CLP. Lung cells were obtained from WT 532 

(n=5) and Mr1-/- mice (n = 5-6) at 18 h post CLP or sham operation, stained for surface  533 

markers and analyzed using flow cytometry. Percentage frequencies of (A) interstitial  534 

macrophages, (B) monocytic dendritic cells, (C) alveolar macrophages and (D)  535 

plasmacytoid dendritic cells and (E) neutrophils were compared between the groups by 536 

nonparametric Mann–Whitney test. Data were expressed as mean + SD of two  537 

independent experiments. 538 

 539 
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Figure 6. Altered frequency and phenotype of human MAIT cells in sepsis 540 

compared to healthy donors (HD). (A) Gating strategy for isolation of MAIT cells from 541 

PBMCs. (B) Percentage of MR1-tetramer+  MAIT cells in CD3+ T cells, (C) 542 

Representative flow plots and percentage of MAIT cells in paired Day 1 and Day 90 543 

septic patients (n = 12 per group), (D) Representative flow plots and surface expression 544 

of activation markers as percentage of MAIT cells, (E) Surface expression of inhibitory 545 

receptors, as percentage of MAIT cells. Data were expressed as mean + SD of two 546 

independent experiments. Mann-Whitney test was used to compare HD with septic 547 

patients and Wilcoxon test was used for comparisons of paired D1 and D90 samples. 548 

***P < 0.001, **P < 0.01, *P < 0.05. NS, P > 0.05. 549 

 550 

Figure 7. Lower frequencies of IFNγ+ MAIT cells in day 1 septic patients compared 551 

to HD and day 90 paired septic patients. PBMCs obtained from septic patients and 552 

healthy donors (n = 12 per group) were stimulated with E.coli at moi of 10 and 553 

intracellular expression of (A) IFN-γ, (B) IL-17, (C) TNF-α and (D) granzyme B by MAIT 554 

cells were analyzed using flow cytometry (open circle shows unstimulated and closed 555 

circle  shows stimulated data). Data were expressed as mean + SD of two independent 556 

experiments. Mann-Whitney test was used for comparisons of HD with septic patients 557 

and Wilcoxon test was used for comparisons of paired D1 and D90 samples. ***P < 558 

0.001, **P < 0.01, *P < 0.05. NS, P >  0.05. 559 

 560 

Supplementary Figure Legends 561 

 562 
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Figure 3 – figure supplement 1. Mr1-/- mice had significantly higher mortality from 563 

ExPEC sepsis, compared to WT mice.   Graph shows survival curves after 564 

intraperitoneal injection with 1x106 cfu of Extraintestinal pathogenic Escherichia coli 565 

(ExPEC) F11 strain. Statistical analysis was performed using Log-rank (Mantel-Cox) 566 

test.  567 

 568 

Figure 4-figure supplement 1. Mr1-/- mice had reduced IFNγ and TNFα but similar 569 

levels of other cytokines in serum at 18 h post CLP. Levels of (A) IFN-γ, (B) IL-17A, 570 

(C) TNF-α, (D) IL-10, and (E) GM-CSF were assessed in serum of WT and Mr1-/- mice 571 

at 18 h post CLP using a bead-based immunoassay kit. Bar represent mean cytokine 572 

level + SD. The graphs represents average of two independent experiment (WT n = 7-8, 573 

Mr1-/- n = 6-7). The statistical significance was determined by the nonparametric Mann–574 

Whitney test. 575 

 576 

Figure 4-figure supplement 2. Mr1-/- mice had reduced IL-10 but similar levels of other 577 

cytokines in liver at 18 h post CLP. Levels of (A) IFN-γ, (B) IL-17A, (C) TNF-α, (D) IL-10, and 578 

(E) GM-CSF were assessed in liver of WT and Mr1-/- mice at 18 h post CLP using a bead-based 579 

immunoassay kit. Bar represent mean cytokine level + SD. The graphs represents one 580 

experiment (WT n = 5, Mr1-/- n = 4). The statistical significance was determined by the 581 

nonparametric Mann–Whitney test. 582 

 583 
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Figure 4-figure supplement 3. Mr1-/- mice had similar levels of other cytokines in 584 

gut at 18 h post CLP. Levels of (A) IFN-γ, (B) IL-17A, (C) TNF-α, (D) IL-10, and (E) 585 

GM-CSF were assessed in gut of WT and Mr1-/- mice at 18 h post CLP using a bead-586 

based immunoassay kit. Bar represent mean cytokine level + SD. The graphs 587 

represents one experiment (WT n = 5, Mr1-/- n = 4). The statistical significance was 588 

determined by the nonparametric Mann–Whitney test. 589 

 590 

Figure 5-figure supplement 1. Higher amounts of IFN-γ and GM-CSF production in 591 

ex-vivo stimulated MAIT-monocytes coculture. Ex-vivo expanded lung MAITs were 592 

cultured with Ly6C+ CD11b+  monocytes isolated from lungs of WT mice for 18 hours. 593 

Levels of (A) IFN-γ and (B) GM-CSF in supernatants were measured using Biolegend 594 

ELISA MAX™ standard sets for mouse IFN-γ and for mouse GM-CSF. Data shown are 595 

mean +  SD, and statistical significance was determined by using unpaired t-test (data 596 

passed Shapiro-Wilk normality test). 597 

 598 

Figure 5-figure supplement 2. Frequencies of other unconventional T cells such 599 

as invariant natural killer T cells (iNKT) and γδ T cells post CLP. Lung cells were 600 

obtained from WT and and Mr1-/- mice at 18 h post CLP or sham operation, stained for 601 

surface markers and analyzed using flow cytometry. Percentage frequencies of (A) 602 

iNKT cells and (B) γδ T cells were compared between the groups using one-way 603 

ANOVA with Tukey’s multiple comparison test.  604 

 605 
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