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Abstract: Sepsis induces immune alterations which last for months after the cure. The impact of 

this immunological reprogramming on the long-term risk of cancer remains unclear. Using a 

national registry, we observed that sepsis survivors had a lower cumulative incidence of cancers 

than matched controls. We identified the CXCR6+ tissue-resident T cells, mainly composed of 

IL17+ RORgt+ Vg6d T cells, as cells responsible for this decreased tumoral growth after sepsis. 5 

We then identified a chemokine network released from sepsis-trained macrophages that triggers 

tissue residency of T cells via CXCR6 and CCR2 stimulation. The injection of laminarin could 

therapeutically reproduce this protective sepsis consequence. High Cxcr6/Ccr2 gene co-expression 

is associated with prolonged survival in lung adenocarcinoma patients. 

 10 

One-Sentence Summary:  Prolonged immune reprogramming decreases the risk of developing 

cancer in patients cured of sepsis 

 

Main Text:  

Infections are one of the most frequent causes of death worldwide (1), and their reported incidence 15 

increased even before the SARS-CoV2 pandemic (2). Sepsis, defined as life-threatening organ 

dysfunction caused by a dysregulated host response to infection (3), is responsible for most infection-

related deaths. This dysregulated host response belongs to the systemic inflammatory response 

syndrome (SIRS), which is characteristic of an excessive release of inflammatory cytokines that 

activate innate and acquired immunity (4). Of note, SIRS can also be caused by non-septic conditions 20 

such as severe trauma or major surgery (5). With improvement in its early recognition and adequate 

medical management, the risk of sepsis-related death has steadily decreased over the last decades. 

Thus, the number of patients living with potential long-term sequels after sepsis is augmented, with 

increased long-term risks of cardiovascular diseases and dementia (6–8). 

Sepsis induces profound immune system modifications with either increased immune tolerance or 25 

trained innate immunity (9–12). We and others have demonstrated that the immune reprogramming 

observed after sepsis lasts for months (13–15). It is well established that chronic inflammation 

increases the risk of cancer (16); however, the effects of immune reprogramming in patients cured of 

sepsis on tumoral immune surveillance have not been thoroughly investigated. 

We hypothesized that the risk of developing cancer could be altered by the immune reprogramming 30 

observed in sepsis survivors. First, we tested this hypothesis in real-world medical records from the 
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French national administrative health claims data on hospitalization and observed that human sepsis 

survivors had a lower global risk of developing cancer up to ten years after the cure. Hence, studying 

the immune reprogramming after sepsis may reveal mechanistic features governing immune tolerance 

or cancer control. By applying single-cell RNA sequencing in sepsis-cured mice, which showed 

reduced orthotopic lung cancer growth, we discovered a plausible mechanism mediated via trained 5 

alveolar macrophages increasing tissue residency of CXCR6+ T cells, mainly composed of IL17+ 

RORgt+ Vg6d T cells. Our results notably showed that CCR2 stimulation during sepsis increased the 

expression of CXCR6 by T cells, making them suitable for tissue retention by CXCL16+ trained 

alveolar macrophages. Our results comprehensively describe the long-term impact of sepsis on 

immunity and reveal the capacity of resident macrophages to regulate the residency of T cells, which 10 

act as a critical mediator of tumor immune surveillance. Our study identifies a novel and 

therapeutically relevant anti-tumor consequence of sepsis-induced trained immunity. 

 
RESULTS 

Decreased risk of cancer for up to ten years in sepsis survivors. 15 

To investigate the impact of sepsis-induced prolonged immune alterations, we aimed to compare 

cancer risk in humans who have survived sepsis with the relevant-matched controls. For this, we used 

the French national insurance and administrative databases systems (French abbreviation SNDS) that 

gather codes for all claims data on private and public hospitalizations to compare cancer development 

after sepsis in patients hospitalized between January 2010 and December 2016, with an end follow-20 

up in December 2020. French hospital activity is exhaustively included in the SNDS database as a 

comprehensive recording of all hospitalized patients nationwide. There were 5,856,479 adults who 

were hospitalized in France for severe trauma, acute brain injury, or pneumonia (Figure 1A). We 

excluded adults who had a medical history of cancer (n=883,687) or autoimmune disorder 

(n=384,744), died within 6 months of the index admission (n=237,702), had missing sociological data 25 

(n=64,296) or had several episodes of ICU hospitalization (n=474,838). We finally defined two 

groups to investigate the effects of sepsis (cohort 1; n=681,603) and non-septic SIRS (cohort 2; 

n=3,219,609) on cancer risk. We included patients with sepsis (infection and hospitalized in intensive 

care units for life-threatening conditions) or infection (infection and hospitalized in general wards 

without acute organ failure) in cohort 1; and patients with non-septic SIRS (hospitalized for severe 30 

trauma or brain injury, no infection and hospitalized in intensive care units for life-threatening 

conditions) and no-SIRS (hospitalized in a general ward, no infection or acute organ failure during 
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the hospitalization) in cohort 2 (Figure 1A). We were thus able to study the effect on the risks of 

cancer (total and by cause) up to ten years following discharge from hospitalization between sepsis 

vs. infection survivors (Sepsis effect) and between non-septic systemic inflammatory response 

syndrome (SIRS) and no-SIRS survivors (SIRS effect). The demographic description of the cohorts 

is reported in Table S1. 5 

Ten years after discharge from index admission, the cumulative risk of cancer was lower in sepsis-

survivors compared to infection-survivors (Relative Risk 0.93, 95%CI 0.91 to 0.95; p<0.0001, 

Figure S1A). To substantially reduce the biases associated with observational studies, we 

considered differences in patients’ demographic (age, sex, obesity, alcoholism, cause of 

admission), social (coded area of residency), and environmental (coded hospital localization) risk 10 

factors of cancer between groups by individual matching in a 1:1 ratio sepsis-survivors with 

patients cured from infection. Results of the 1:1 matched approach are reported in Table S2. In the 

1:1 matched comparison, the cumulative incidence of cancer remained lower in sepsis-survivors 

compared to infection-survivors (Relative Risk 0.90, 95%CI 0.87 to 0.93; p<0.001, Figure 1B). 

As estimated by the instantaneous relative risk of cancer, the effect of sepsis on the risk of 15 

developing cancer was constant over the five first years of follow-up (Figure 1C and S1B for 

results in the matched population samples). We observed that the effects of sepsis were not cancer-

specific by estimating the relative risks of the ten most frequent sites of cancer (Figure 1D). 

We questioned if the protective effect of severe acute inflammation was specific to sepsis or if it 

could be observed after non-septic SIRS as in cohort 2. Of note, patients of cohort 2 were 20 

approximatively ten years younger than those of cohort 1, and the rates of major cancer risk factors 

(obesity and alcoholism) were lower by almost 10% (Tables S1 and S2), thus precluding any 

comparison of the incidence of cancer between the two cohorts. Contrary to sepsis, non-septic 

SIRS was associated with an increased cancer incidence after ten years of follow-up (Relative Risk 

in the matched sample 1.21, 95%CI 1.17 to 1.26; p<0.0001; Figure S1C-D for results in the crude 25 

and matched populations). This effect remained constant over the study period (Figure 1C) and 

was not cancer-specific (Figure 1D). These data reinforced our hypothesis of a life-long 

immunological reprogramming after sepsis and suggested differences between sepsis and non-

septic SIRS. 

 30 

Sepsis-cured mice control lung cancer numbers, size, and growth 
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Despite the matching strategy, which limited the risk of bias for imbalanced personal, social, and 

environmental risk factors of cancer, other uncontrolled confounding factors could still be 

accounted for the observed reduction of the risk of cancer after sepsis. We thus aimed to test the 

impact of sepsis on the susceptibility to cancer in a controlled mice model. We took advantage of 

a model of non-lethal Escherichia coli (E. coli) pneumonia that recapitulates the human response 5 

to sepsis, including initial lung neutrophil recruitment and weight loss, followed by prolonged 

functional reprogramming of mononuclear phagocytes (13, 15). We investigated the susceptibility 

of sepsis-cured mice to orthotopic Lewis lung carcinoma (LLC) (Figure 2A). While mice are 

considered cured of sepsis as of day 7, we observed that the development of LLC was decreased 

when injected 28 days after sepsis. More precisely, a decrease in the absolute number of tumors 10 

and tumor size was observed in sepsis-cured animals (Figure 2A). These macro-phenotypic 

alterations of tumor growth even four weeks after the curation of sepsis suggest a long-term 

reorganization of the lung immune system.  

 

Single-cell RNA-seq of lung immune populations along with respiratory sepsis progression 15 

and cure. 

Thus, we profiled the single-cell immune landscape throughout lung sepsis to identify the 

molecular and cellular alterations contributing to the reduced cancer development after sepsis. For 

this, we collected the lungs of uninfected mouse as well as 1-, 3- and 7-days post-infection which 

respectively represent the phase prior to infection (Day 0), the acute phase of sepsis (Day 1- Day 20 

3), and the sepsis-cured state (Day 7). Lung tissue was dissociated, and immune cells were enriched 

using CD45 marker-based sorting (Figure S2A). To avoid batch effects due to experimental 

variations between single-cell experiments, all-time points were collected on the same day, labeled 

with hashtag antibodies to identify each time point, and processed in a single cell RNA-sequencing 

(s.c. RNA-seq) experiment. Our analysis included 10,542 cells after quality control, hashtag 25 

demultiplexing, and doublet removal, sampled from two independent experiments with two mice 

at each time point (see methods for processing, quality control, and doublet removal) (Figure 

S2B). We manually annotated cell clusters based on the most differentially expressed genes 

(Figure S2C). Annotation of these clusters revealed the presence of multiple subtypes of 

lymphocytes (T cells, B cells, and natural killer cells), innate immune cells (macrophages, 30 

monocyte-derived cells, and dendritic cells) as well as neutrophils (Figure 2B). We observed a 

rapid reorganization of immune cell populations in the lungs as early as day 1. Immune alterations 
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during E. coli pneumonia (day 1 and day 3) included a notable increase in the frequency of 

neutrophils as expected during sepsis (Figure 2C). The most noticeable change in the immune 

compartment in the sepsis-cured condition (D7) was observed among T cells, specifically with the 

appearance of Cxcr6+ T cells (expressing Cxcr6, CD3g, Il-17 among the top five genes) (Figure 

2C-D and Figure S2C). We confirmed by flow cytometry the increased number of CXCR6+ T 5 

cells in the lungs of sepsis-cured mice (Figure 2E) and observed that it lasted up to 56 days despite 

a progressive decrease (Figure 2F). Significantly, the numbers of CXCR6- T cells changed little, 

suggesting a CXCR6-dependent accumulation of T cells after sepsis.  

 

Local accumulation of CXCR6+ tissue-resident T cells after sepsis decreases cancer 10 

development 

CXCR6 is a marker of tissue-resident T cells (17, 18), known for their ability to mediate cytotoxic 

and cytokinin responses and increase immune control of cancer (19). We confirmed that 

accumulated CXCR6+ T cells of sepsis-cured mice had high membrane expressions of CD103 

(Itgae), CD69, and CD44 (Figure 2G) and low gene expressions of Ccr7 and S1pr1 (Figure S3), 15 

which represent a canonical signature of tissue-resident T cells (18). To validate that CXCR6+ T 

cells are derived from tissue precursors, we labeled in vivo circulating immune cells by intravenous 

injections of PE+ anti-CD45 antibody. We observed that ~15% of CXCR6- T cells were recruited 

from the blood to the lungs during sepsis, but CXCR6+ T cells remained PE– confirming that these 

cells derived from local progenitors rather than being recruited via the bloodstream (Figure 2H). 20 

We thus hypothesized that the reduced cancer growth observed after sepsis was mediated by 

CXCR6-dependent accumulation of tissue resident T cells. Supporting a role for CXCR6, we 

observed that the number of tissue-resident T cells was lower after sepsis in Cxcr6 deficient mice 

than in wild-type mice (Figure 2I). We also noticed that sepsis increased the number of tissue 

resident T cells during LLC development but not in Cxcr6 deficient mice (Figure 2J) and that 25 

LLC growth was not reduced after sepsis in Cxcr6 deficient mice (Figure 2K). This series of 

experiments demonstrate that the resistance to cancer growth observed after sepsis curation is 

mediated by a CXCR6-dependant accumulation of tissue-resident T cells. 

 

Accumulation of CXCR6+ tissue-resident T cells is specific to sepsis, but not E. coli infection 30 

nor to lungs 
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To determine whether the observed accumulation of CXCR6+ T cells was specific to E. coli-

induced sepsis or the lungs, we next analyzed T cell numbers and CXCR6 expression in two other 

models of lung inflammation: cocci gram-positive (Staphylococcus aureus) sepsis and aseptic 

systemic inflammatory response (traumatic brain injury). While we observed a lung accumulation 

of CXCR6+ T cells seven days after Staphylococcus aureus pneumonia (Figure S4A), we did not 5 

observe changes in the CXCR6+ T cell lung compartment in response to traumatic brain injury 

(Figure S4B). We also applied a systemic sepsis-like mice model (iv. injection of the TLR9 

agonist CpG, which is a mimic of bacterial DNA)(20) to test the impact of sepsis on other organs. 

In this CpG systemic sepsis model, we observed an increase in the number and percentage of 

CXCR6+ T cells in the bone marrow and a significant increase in the expression of CXCR6 by T 10 

cells not only in the bone marrow but also in the gut and spleen seven days after the injection 

(Figure S4C). The accumulation of CXCR6+ T cells thus appears specific to sepsis and can be 

detectable in various organs. 

 

CXCR6+ tissue-resident T cells are mainly composed of IL17+ Vg6d T cells after sepsis 15 

We further characterized these CXCR6+ tissue-resident T cells and observed that ~ 50% 

were CD8+ in uninfected mice, while in sepsis-cured mice, the majority belonged to gd T cells 

(Figure 3A and Figure S4D). We also observed that the CXCR6+ gd T cells, equally distributed 

between Vg1, Vg 4, and Vg6 chains (Heilig and Tonegawa nomenclature) in uninfected mice, were 

predominantly composed of IL-17+ RORgt+ Vg6d T cells in sepsis-cured mice (Figure 3B-D).  20 

We also investigated by single-cell TCR sequencing (scTCR-seq) the impact of sepsis on 

the TCR-b repertoire of CXCR6+ conventional T cells. We observed that the most frequent 

clonotypes were found in CXCR6+ T cells of sepsis-cured mice (Figure 3E-F). We concluded that 

sepsis induces an oligoclonal expansion of CXCR6+ tissue-resident CD4 and CD8 T cells and then 

questioned if this TCR selection modulated their functions. To address this question, we compared 25 

the transcriptomic signature of the clonally selected (most frequent clonotypes expressed by at 

least 4 cells) with non-clonally selected CXCR6+ tissue-resident T cells (clonotypes observed in 

only one cell) cells (Figure 3G). This approach found only nine differentially expressed genes 

(DEG), six directly associated with TCR, between clonally selected and non-selected T cells, 

suggesting that the direct recognition of the pathogen did not impact the functional properties of 30 

tissue resident conventional T cells after sepsis. We also aimed to investigate the impacts of sepsis 
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on the production of IFNg by clonally selected T cells. To do so, we induced the formation of 

OVA-specific CD8 tissue-resident memory T cells in CD45.1+ mice by injecting ovalbumin 

(intratracheal) and CD45.2+ OVA-specific OT-I cells (intravenous). Two weeks after the induction 

of OVA-specific tissue-resident CD8 T cells, we induced E. coli pneumonia in mice, and seven 

days later, we analyzed in vivo the immune response to intratracheal OVA challenge (Figure 3H). 5 

We observed that sepsis increased the number of the preexisting OVA-specific CD8 tissue-resident 

T cells but did not alter the production of IFNg in response to OVA stimulation (Figure 3H).  

Finally, we questioned if CXCR6 depletion affects the number of CD4, CD8, and gd tissue resident 

T cells after sepsis and found that the deletion of CXCR6 decreased the number of tissue-resident 

gd T cells but not of tissue-resident conventional CD4 or CD8 T cells (Figure 3I). This observation 10 

correlated with the level of CXCR6 expression on these cell subsets (Figure S4E). From this series 

of experiments, we concluded that the effect of sepsis on tumor growth was mainly independent 

of a prolonged modulation of the TCR signaling but rather caused by the increase in the number 

of CXCR6+ tissue-resident T cells, mainly composed of IL-17+ RORgt+ Vg6d T cells. 

 15 

Sepsis induces a local cytokine and chemokine network that decreases T cells tissue egress 

We thus aimed at deciphering the role of the mediators of the lung microenvironment, TCR-

independent, involved in the accumulation of tissue-resident CXCR6+ T cells after sepsis. 

Identifying receptor-ligand (R-L) pairs from single-cell transcriptomics maps is a powerful tool 

for revealing central signaling mechanisms shaping cell fate (21, 22). We selected the 15 receptors 20 

with the highest gene expression in the CXCR6+ T cell cluster of the sc-RNAseq analysis (Figure 

2B), then performed literature-based research to find their known ligands, and finally evaluated if 

these ligands were expressed in any immune cells (Figure 4A). To expand this bibliographic 

analysis to all potential R-L interactions in available datasets, we bioinformatically filtered all R 

expressed in the CXCR6+ T cell cluster and associated each ligand with its expression profile 25 

across all cells and the sepsis time points to create R-L maps during (Day 3) and after sepsis (Day 

7). We selected L-R pairs based on their correlation of expression, resulting in a graphical 

representation of inter-cellular L-R communications (Figures 4B-C). During sepsis (day 3), this 

unsupervised approach defined the CXCR6-Cxcl16 pairs (ligands mainly expressed by 

macrophages and dendritic cells) and IFNgR1-IFNg (ligands mainly expressed by NK cells) pair 30 

and CCR2-Ccl2/Ccl6/Ccl7/Ccl8 pairs (all ligands expressed by macrophages). After the sepsis 
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cure (day 7), we found five additional pairs, including the TGFbRII-TGFb1/Gdf15 (ligands mainly 

expressed by macrophages and dendritic cells) (Figure 4B).  

We next aimed to functionally confirm the role of these L-R pairs in establishing tissue residency 

of T cells after sepsis. To prioritize exploring L-R pairs specific to CXCR6 T cells, we compared 

intracellular chemokine signaling gene expression between the five T cell clusters defined in the 5 

single-cell RNA-seq (Figures S5-6). While TGFβ imprinting was shown to reduce the functional 

plasticity and increase the longevity of tissue-resident T cell populations in resting conditions (23), 

we observed that its signaling was activated in the CXCR6+ T cell cluster to a similar extent to 

other T cells, suggesting no specific role of TGF-b after sepsis (Figure S6). While we selected the 

IfngR1-Ifng pair, the interferon type II signaling pathway was less activated during and after sepsis 10 

in the CXCR6+ T cell cluster than in the other T cell clusters, suggesting that IFNg has little role 

in shaping the CXCR6+ tissue-resident compartment after sepsis (Figure 4D). We confirmed that 

sepsis increased the number of CXCR6+ tissue-resident cells in mice with deficiency in IFNg 

receptors (Figure 4E), supporting the rationale to study receptor signaling pathways in addition to 

R-L correlations when investigating by single-cell RNA-sequencing the impact of the 15 

microenvironment on a specific cell type fate.  

Among the predicted R-L interactions, we thoroughly studied the Cxcr6-Cxcl16 and Ccr2-

Ccl2/Ccl6 pairs because their signaling pathways were selectively activated in the Cxcr6 T cell 

cluster (Figure S6), and their ligands were found in the macrophage cluster which is the cell cluster 

expressing the greatest number of potential ligands (Figure 4C). We observed that the percentages 20 

of Cxcl16 expressing cells and the Cxcl16 expression level were increased in the 

monocyte/macrophage clusters during and after sepsis (Figure 4F). We confirmed by flow 

cytometry the production of CXCL16 by resident alveolar macrophages during and after sepsis, 

while the number of CXCL16+ inflammatory macrophages rapidly decreased after sepsis (Figure 

4G). To reveal the functional role of macrophages, we treated mice with a blocking anti-CXCL16 25 

antibody from day 0 to day 7 of sepsis. The total number of tissue-resident CXCR6+ T cells was 

lower in sepsis-cured mice treated with anti-CXCL16 blocking antibody than in mice treated with 

isotype control (Figure 4H). Reproducing what was observed in genetically modified mice 

deficient for Cxcr6, the blocking of the CXCL16 mainly reduced the number of tissue-resident 

CXCR6+ gd T cells but did not affect the number of resident CXCR6- T cells (Figure S7A-C). 30 
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Regarding the Ccr2-Ccl6 pair, we observed that the percentages of Ccr2 expressing T cells 

increased during and after sepsis (Figure 4I-J), and the percentage of Ccl6 expressing cells in the 

monocyte/macrophage clusters decreased during sepsis but regained initial levels after the sepsis 

was cured (Figure 4K). The number of tissue-resident CXCR6+ T cells was significantly lower 

after sepsis in genetically modified mice deficient in Ccr2 than in wild-type mice (Figure 4L and 5 

Figures S7D-F). In conclusion, we demonstrated that resident alveolar macrophages develop 

cytokine and chemokine networks during and after sepsis, which induce the local accumulation of 

tissue-resident T cells, mainly oriented toward gd T cells, via CCR2 and CXCR6 receptors. 

 

CCR2 increases CXCR6 expression, which extends T cells tissue residency after sepsis 10 

To investigate the effects of CCR2 and CXCR6 on tissue-resident T cells, we tested whether they 

undergo proliferation in the lungs after sepsis. We found that the proliferation marker Ki67 was 

upregulated in CXCR6+ but not in CXCR6- resident T cells (Figure 5A), supporting the hypothesis 

that lung CXCR6+ T cells proliferated in situ after sepsis. This proliferation was associated with 

CXCR6 and not CCR2, as the expression of Ki67 in tissue-resident T cells was reduced in Cxcr6 15 

deficient mice but not in Ccr2 deficient sepsis-cured mice (Figures 5B-C). Blocking CXCL16 

also reduced the expression of the proliferation marker Ki67 in this population (Figure 5D), 

suggesting that CXCL16 produced by macrophages participates in the local proliferation of 

resident T cells during sepsis. 

The rate of tissue egress needs to be finely tuned to enable the residency of proliferating T cells 20 

(18). We notably found that Ccr7 and S1pr1, two receptors associated with tissue egress (24, 25), 

were not expressed in the CXCR6 cluster (Figure S4). We questioned if sepsis increases the ability 

of the lung tissue to induce T cell residency. To respond to this question, we transferred T cells 

collected from uninfected CD45.2+ wild-type mice into the lungs of control or sepsis-cured 

CD45.1+ recipients; then, we measured the number of transferred T cells in the recipient's lungs 25 

36 hours later (24). We observed that the number of resident T cells from transferred cells retained 

in the lungs was increased in sepsis-cured recipient mice (Figure 5E). We repeated this experiment 

by transferring T cells from Cxcr6 or Ccr2 deficient donor mice into wild-type recipients and 

observed that sepsis did not increase the number of Cxcr6 deficient or Ccr2 deficient T cells 

retained in the lungs (Figure 5F), demonstrating the role of these receptors in the tissue residency 30 

of T cells after sepsis.  
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Taking advantage of the Cxcr6-deficient mice in which EGFP cDNA replaced the Cxcr6 coding 

region, we observed that the expression of the Cxcr6 reporter gene was increased when T cells 

were transferred into the lungs of sepsis-cured mice as compared to those transferred in uninfected 

recipients (Figure 5G). To explore the pathways of the lung microenvironment that increase the 

CXCR6 expression by T cells, we tested the correlation between the receptor expressions in the 5 

Cxcr6 T cell cluster and found that CXCR6 expression level was associated with Ccr2 and Tgfb-

r2, but not in other R-L pairs defined above (Figure 5H). We found that the level of expression of 

CXCR6 by resident T cells was decreased in septic-cured Ccr2-deficient mice (Figure 5I) and 

CCR2 deficient T cells transferred in the lungs of sepsis-cured wild-type mice (Figure 5J), thus, 

demonstrating that CCR2 increases the CXCR6 expression by T cells. These results demonstrated 10 

that the post-septic lung niche makes T cells more suitable for residency via the CCR2-dependent 

upregulation of CXCR6 expression. Finally, we questioned if CXCR6 was only required to initiate 

T cells' residency or for its maintenance. To respond to this question, we transferred resident T 

cells collected in the lungs of sepsis-cured wild-type or Cxcr6 deficient CD45.2+ mice into the 

lungs of CD45.1+ uninfected recipients. We observed that the retention of Cxcr6 deficient 15 

transferred cells decreased (Figure 5K), demonstrating that CXCR6 was required to sustain the 

tissue residency of T cells.  

 

Trained macrophages trigger the residency of T cells during secondary immune stimulation 

While the number of CXCR6+ tissue-resident T cells picked on day seven after sepsis and then 20 

decreased afterward (Figure 2F), we have observed that these cells were higher during tumor 

growth in mice infected up to 56 days before (Figure 2J). The accumulation of tissue-resident 

CXCR6+ T cells during immune re-stimulation was not specific to cancer since we observed a 

similar phenomenon during secondary pneumonia (Figures 6A). These observations suggested 

that the lung tissue does not continuously maintain a high number of CXCR6+ tissue-resident T 25 

after sepsis but can trigger these cells' residency in case of a second immune stimulation. 

We questioned if the proportions of other immune cells were also altered during secondary 

immune stimulation or if the post-sepsis signature remains centered on CXCR6+ tissue-resident T. 

To respond to this question, we characterized by sc-RNA sequencing the immune cell composition 

of lung tissue on day 1, day 3, and day 7 of a secondary E. coli lung sepsis. We compared it to the 30 

time course of the immune response to primary E. coli sepsis. This high throughput analysis 

showed that the main difference was a higher proportion of the Cxcr6+ T cell cluster in mice cured 
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of secondary sepsis than in mice cured of primary sepsis (Figure 6B and Figure S8A). In 

secondary sepsis cured mice, these resident CXCR6+ T cells were almost exclusively composed 

of IL17+ Vg6d T cells (Figure 6C-D and Figure S8B), demonstrating an incremental 

specialization of the lung immune response for inducing the residency of tissue-resident Vg6d T 

cells.  5 

We questioned if this observation was caused by some intrinsic capacities of the cells selected 

during the first sepsis or by mediators lingering in the local microenvironment. To respond to this 

question, we aimed to deplete a specific subpopulation of tissue-resident T cells and investigate if 

the microenvironment can reconstitute this cell pool during secondary sepsis. We thus depleted 

CXCR3+ cells in sepsis-cured mice and measured the reconstitution of the CXCR3+ CXCR6+ 10 

resident gd T pool during secondary sepsis (Figure S8C). Despite the efficacy of the depletion, 

the number of resident CXCR3+ CXCR6+ resident gd T cells was not different between sepsis-

cured mice treated with the depleting antibody or isotype control (Figure S8C). This result 

demonstrated that the incremental accumulation of Vg6d T cells was independent of the T cells 

selected during the first sepsis and suggested that the local microenvironment mediators could 15 

restore the tissue-resident T cell number from the reduced cell pooled. 

We thus investigated the immune mediators lingering in the lungs after sepsis, which increase the 

residency of  T cells during a secondary immune challenge. We repeated the approach to create 

the R-L interactions atlas (see Figure 4) to predict the main pathways involved in the CXCR6+ T 

cells residency during secondary sepsis. Compared to the R-L interactions map defined during the 20 

first sepsis, Cxcr6-Cxcl16 and Ccr2-Ccl2/Ccl6/Ccl7 couples were still found in mice cured of 

second sepsis, and macrophages still appeared as the primary source of potential ligands (Figure 

6E and Figure S8D). Supporting the role of Ccr2-Ccl6 interactions, we found that the proportions 

of cells expressing Ccl6 in the monocyte/macrophages cluster and Ccr2 in the T cells compartment 

increased during secondary sepsis (Figure 6F). Regarding the Cxcr6-Cxcl16 couple, the 25 

proportion of Ccl6 expressing monocytes/macrophages and the Cxcr6 expression in the T cells 

compartment increased during the second sepsis (Figure 6G). 

This series of analyses suggested that macrophages' capacity to induce the residency of CXCR6+ 

T cells during an immune challenge is increased in sepsis-cured animals. We hypothesized that 

this could be associated with the concept of trained innate immunity, recently defined as enhanced 30 

responsiveness of innate immune cells to subsequent stimulation after a first activation (11). 
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Trained immunity is characterized by epigenetic regulation of macrophages (26), and we have 

previously reported profound alterations of epigenetic regulation of resident alveolar macrophages 

in sepsis-cured mice (13). Re-analysing this Histone H3 Lysine 27 acetylation (H3K27ac) ChIP-

seq data set, a chromatin mark associated with activation and trained immunity (27), we identified 

in resident alveolar macrophages harvested from sepsis-cured mice that H3K27ac peaks were 5 

increased in the Cxcl16 genomic region (Figure 6H) as well as in the genomic regions of 

chemokines and cytokines from the formerly developed L-R atlas (IL-1a, IL-1b and Inhba which 

is a member of the TGFb family, Figure S9A), or known to be involved in T cell maintenance 

(IL-7, IL-15, Ccl3, Ccl9) (Figure S9B). We confirmed by flow cytometry that the proportion of 

CXCL16+ resident alveolar macrophages was increased during secondary sepsis (Figure 6I). The 10 

production of CXCL16 by inflammatory macrophages was not increased during secondary 

pneumonia, arguing against a role of these cells in the immune lung specialization observed after 

sepsis (Figure 6I). 

Finally, we aimed to therapeutically reproduce the accumulation of tissue-resident CXCR6+ gd T 

cells by injecting laminarin, a purified fraction of b-(1-3)-glucans known to induce trained 15 

immunity. Mice treated or not with laminarin were challenged by E. coli sepsis or LLC 7 days 

later. We observed that the number of resident CXCR6+ gd T cells was increased after sepsis 

(Figure 6J) or during LLC development in mice pre-treated with laminarin (Figure 6K). 

Interestingly, reproducing what was observed after sepsis, the development of lung metastasis was 

decreased in mice pre-treated with laminarin (Figure 6L). This series of experiments demonstrates 20 

that trained macrophages have a sustained ability to increase tissue residency of T cells, specialized 

for gd T cells, via epigenetic regulation of a chemokine and cytokine gene network and that it is 

possible to therapeutically reproduce this phenomenon by injecting b-(1-3)-glucans.  

  

Extrapolation of the immune reprogramming defined in sepsis-cured mice in human lung 25 

tumor immunity 

Given the proposed therapeutic potential of inducing residency of T cells to prevent and treat 

cancer, we aimed to confirm the association between CXCR6+ tissue-resident T cells and cancer 

evolution in humans. CXCR6 can be expressed by T cells or cancer cells (28), and we thus first 

questioned if T cells are the main source of CXCR6. To answer this question, we performed 30 

immune histology analyses of the samples collected in humans surgically operated for lung 
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carcinoma and found co-localization of CD3 and CXCR6 (Figure 7A). We also examined RNA-

seq datasets from publicly available databases of human tissue-resident T cells sorted from lung 

tumors (Gene Expression Omnibus SE111898 for lungs (29)) or the dermis (dataset GSE83637 

(30)). We observed significant correlations between the CXCR6 expression level and gene 

signature of tissue-resident T cells in tumors, lung tissue, and dermis (Figure 7B), supporting the 5 

expression of CXCR6 by tissue-resident T cells in human tissues, including lung cancer. 

We then questioned if the CXCR6 tissue-resident T cell population described in our mice model 

could be extrapolated to T cells infiltrating human lung tumors. To respond to this question, we 

defined a gene signature of tissue-resident T cells infiltrating human lung tumors from a publicly 

available data set (European Genome-Phenome Archive EGAS00001004707)(31). We found that 10 

the projection of this signature overlapped with the CXCR6 T cell cluster in the UMAP 

representation of single-cell RNA-seq of lung tissue from septic-cured mice (Figure 7C). We 

observed a similar result when projecting the gene signature of human dermis tissue-resident T 

cells on the mice dataset (Figure S10A). Considering the risk of bias with the projection of human 

signature on a mice dataset, we tested the expression level of the tissue-resident T cells gene 15 

signature defined in sepsis-cured mice (Figure S10B) in a human dataset. We found that the gene 

signature of tissue-resident T cells developed in sepsis-cured mice was enriched in tissue-resident 

memory T cells infiltrating human lung cancer compared to nonresident T cells (Figure 7D). All 

these results supported the extrapolation in tissue-resident T cells infiltrating human tumors of the 

gene signature of CXCR6+ T cells enriched in septic-cured mice.  20 

Then, we investigated the correlation between the lung tumor tissue-resident memory T cell 

(TRM) signature expression level with markers of tumor-associated macrophages (CD64, CD14, 

and CD68), Cxcl16, and potential CCR2 ligands (Ccl2 and Ccl7) in the human LUAD cancer 

TCGA database (Figure 7E). Cxcl16 expression was homogeneously highly expressed in patients 

and thus did not correlate with lung tumor tissue-resident T cell signature. However, the lung tumor 25 

TRM signature was associated with the tested macrophage markers and CCR2 ligands expression 

levels (Figure 7E). Macrophage markers and CCR2 ligand expression levels were also correlated. 

These correlations supported the role of the chemokine network released by macrophages in the 

accumulation of CXCR6+ tissue-resident T cells in human lung tumors. 

 30 

Ccr2 Cxcr6 co-expression level predicts survival in human cancer patients  
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Further supporting the extrapolation in humans of the role of CCR2 and CXCR6 expressions on 

tissue-resident T cells, we reported that Ccr2 correlated highly with Cxcr6 expression levels in 

LUAD RNA-seq dataset from the TCGA database (Figure 7F). Finally, we also compared the 

survival of humans with lung adenocarcinoma according to the level of expression of Cxcr6 and 

Ccr2 and found that patients with the highest Cxcr6_Ccr2 co-expression levels had a greater 5 

survival probability than the bottom third (Figures 7F). To assess the general relevance of CCR2 

CXCR6 T cells for human cancer, we extended this analysis to several TCGA tumor types 

selecting those whose risks were decreased in the French cohort of sepsis survivors, such as 

cervical squamous cell cancer (pharynx), skin cutaneous melanoma and breast cancer. Hence, Ccr2 

highly correlated with Cxcr6 expressions in these cancers, and Cxcr6high Ccr2 high co-expression 10 

was associated with increased survival (Figure 7G-I).  

 

 

INTERPRETATION 

Sepsis is an overwhelming systemic inflammation induced by infection. This condition, associated 15 

with high mortality risk, demonstrates that developing an immune response mounted to eradicate 

pathogens can negatively impact the host's fitness. While innate immunity is central in the cytokine 

storm observed during sepsis, the training of mononuclear phagocytes, which alters their 

responsiveness to subsequent triggers, can be an essential mechanism for an individual to optimize 

the benefit-risk balance between immunopathology and tolerance throughout an individual’s life.  20 

The immune reprogramming described after sepsis has been associated with susceptibility and 

resistance to secondary infections, depending on the agent causing the primary immune stimulation 

and the delay between the immune priming and the recall. With little information on the impact of 

sepsis-induced trained immunity on the risk of cancer available at the beginning of the project, we 

aimed to avoid implementing a hypothesis-driven approach during the mechanistic investigation 25 

in the mice model. We thus first gained access to and analyzed medical records from the national 

administrative health claims data on hospitalization to find that sepsis cure was associated with 

reduced cancer in humans. Then, bridging the gap between this observation made at a population 

level and experimental evidence, we observed that sepsis curation was associated with tissue 

enrichment of resident T cells, mainly IL17+ RORgt+ Vg6d T cells, and decreased risk of cancer 30 

development for years in humans and months in mice. The anti-tumor effects of sepsis were 

suppressed in CXCR6 deficient animals, in which tissue-resident T cells did not accumulate after 
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sepsis. Our data support a model in which resident alveolar macrophages are locally epigenetically 

trained at the time of sepsis, then develop cytokine and chemokine networks that induce tissue 

residency of proliferating T cells at the time of secondary cancer development. Laminarin, a 

purified fraction of b-(1-3)-glucan, was able to reproduce this protection and represent a novel 

approach to cancer immunotherapy by modulating tissue-resident cell anti-tumor activity. 5 

While the inheritance of trained immunity and infection resistance has been demonstrated in 

mammals (32), bone marrow is proposed to be the primary site of training of the monocytic lineage 

(monocytes/macrophages) after sepsis (14). After respiratory sepsis, the training of resident 

alveolar macrophages lasts for months and is responsible for an early period of 

immunosuppression characterized by low phagocytic capacity (13), followed by a late period of 10 

resistance to bacterial infection through enhanced neutrophilia (33). Although a fraction of resident 

alveolar macrophages derives from the monocytes recruited in the lungs throughout life (34), the 

renewal of these cells develops mainly locally with a minimal contribution from bone-marrow 

precursors (34, 35). The contribution of bone marrow progenitors thus appears facultative to 

induce the training of differentiated residential macrophages. Supporting this hypothesis, the 15 

identity and functions of resident macrophages continuously adapt to the modifications of their 

microenvironment (36), as demonstrated by the transformation of peritoneal macrophages into 

alveolar macrophages after adoptive transfer into lung tissue (37), or the loss of post-septic 

epigenetic regulation after transfer into uninfected recipient (13). We propose that the 

spatiotemporal adaptation of macrophages to their environment is an in vivo mechanism for 20 

inducing trained innate immunity in the periphery independently of bone-marrow progenitors. 

Here, we bring novelty by demonstrating that after sepsis, resident macrophages develop a 

chemokine and cytokine network that induces the residency of T cells, thus linking the concept of 

trained innate immunity with the control of tissue-resident T cell populations. Since regulatory T 

cells and CD8 T cells induce and maintain the training of mononuclear phagocytes via the 25 

production of TGFb (15) and IFN-g , respectively (33), the development of trained immunity in 

peripheral tissue thus appears as a mutual enrichment and refinement of the cross-regulations of 

resident innate and adaptative cells. 

We found that sepsis-curation reduced tumor growth by accumulating tissue-resident CXCR6+  T 

cells. This mechanism, which was demonstrated by the tumoral growth observed in Cxcr6-30 

deficient sepsis-cured mice, which lack tissue-resident T cells, fits with the knowledge that tissue-

resident T cells are important actors in the surveillance and control of subclinical cancer (19). The 
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tissue-resident T cells are heterogeneous, and we found that the main tissue-resident T cells 

accumulating after sepsis were IL17+ RORgt Vg6d T cells. Given the capacity of gd T cells to 

recognize malignant cells, infiltrate tumors, and cytotoxic activity, gd T-cell therapies are being 

tested in humans with cancer (38). In mice treated with b-glucan, increased neutrophil recruitment 

induced by trained granulopoiesis promoted anti-tumoral activities(39), demonstrating that an 5 

inflammatory response boost can be protective in this setting. However, Vg6+Vd1+ T cells promote 

tumor cell proliferation in case of chronic bacterial colonization, notably by increasing the 

recruitment of neutrophils and protracting the inflammatory lung response (40). This discrepancy 

can be explained by the balance between pro-and anti-tumoral effects of IL-17+ gd T cells, which 

are tuned by the host-microbiome interactions and the duration of the inflammatory response. To 10 

unify these observations, we showed that sepsis-induced trained immunity is not associated with 

a permanent and chronic accumulation of tissue-resident IL17+ gd T cells but enables the tissues 

to induce the residency of newly proliferating gd T at the time of a subsequent immune stimulation. 

We propose that this trigger-effect enhances the tissue response to potential cancer development 

without exposing the organs to the adverse effects of chronic inflammation. 15 

While T cell-targeted approaches are highly efficient against several cancer types, increasing the 

capacity of macrophages to induce T cell residency can reduce treatment failure rates or prevent 

cancer in high-risk patients. We observed a CCR2-dependent increase in the membrane expression 

of CXCR6, while CXCR6 subsequently sustains the tissue residency of gd T cells. To propose this 

original chemokine and cytokine network, we have exploited the high throughput characterization 20 

of the immune landscape by sc-RNA-sequencing of lung tissue. This approach has already been 

used to understand basophils' training of alveolar macrophages at birth (22). Here, we repeated 

this approach to develop an atlas of predicted R-L interactions. Given the long list of potential L-

R couples generated here, it is vital to hierarchize the most important ones. Here, we completed 

the observation of L-R correlation with the analyses of the gene ontology in tissue-resident T cells 25 

to confirm the activation of relevant pathways. We notably observed that while IFNgR and IFNg 

were expressed, the interferon-stimulated gene response elements were not increased in CXCR6 

T cells after sepsis, arguing against a role of type II interferon in T cell residency after sepsis. We 

validated this approach by confirming that the number of resident CXCR6 T cells was not altered 

in sepsis-cure mice deficient in IFNgR.  30 
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We show that trained innate immunity regulates several critical immune functions, including tissue 

residency of T cells. Reinforcing this physiological process in patients at high risk of developing 

cancer or recurrency could increase the efficacy of T-cell-targeted therapies. B-glucans are a broad 

family of β-D-glucose polysaccharides naturally found in fungi, bacteria, or vegetal cell walls. 

This capacity of this family to train innate immunity is well recognized (41, 42), yet the broad 5 

heterogeneity of the polysaccharide compositions used in previous studies has precluded the 

development of purified b-glucan as an approved drug for immunomodulation in humans. The 

investigation of the minimal chains and motifs required to maintain the immunostimulant activities 

of b-glucans (43), should help pave the way to an approved drug for cancer treatment. Here, we 

have been able to mimic the effects of sepsis by injecting a low-molecular-weight fraction of 10 

laminarin from the brown seaweed Laminaria digitate. This b-(1,3)-glucan is composed of ~25 

linear glucosyl units (average molecular weight of 4 kDa), with one branched entity randomly 

substituted at a 6-position (44). Further characterizing this fraction of laminarin, we have identified 

that non-reducing mannitol residues, which represent up to 30% of the polysaccharide, had no 

impact on the immunostimulant properties (45–47), while a short sequence of six glucosyl units is 15 

necessary to interact with Dectin-1 efficiently, the primary receptor for the b-(1,3)-glucans (43).  
Our results can be summarized in four main findings: (i) sepsis reduces long-term tumor growth 

by increasing the number of tissue-resident CXCR6+ T cells, IL17+ RORgt+ Vg6d T cells being the 

most likely subset mediating this effect; (ii) trained macrophages develop a cytokine and 

chemokine network that increases tissue residency of T cells during secondary immune trigger 20 

(Graphical abstract); (iii) induction of trained immunity by laminarin may represent a therapeutic 

strategy to increase T cell residency and reduce the risk of tumor recurrence in patients; (iv) Ccr2-

Cxcr6 signature in human tumors can help to predict survival. Our study indicates a new 

mechanism of the long-term immune effects of sepsis, linking trained innate immunity to the 

regulation of tissue-residency of T cells and cancer immune surveillance. 25 
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Supplementary Materials 

Materials and Methods 15 

Population. Every adult patient admitted to a mainland French hospital from January 1st, 2010, to 

December 31st, 2016, for trauma, pneumonia, or stroke was included in the initial sample. We 

ended inclusion in 2016 to ensure a minimum follow-up of 3 years for patients. A list of ICD-10 

codes used to include patients is available in Appendix A. We were interested in whether or not 

the patient was admitted to an intensive care unit (SIRS yes/no) or whether or not the patient was 20 

infected while in the hospital (Sepsis/Aseptic). Infection may be the main reason for admission, or 

it may have been contracted during the stay. Patients with a history of cancer or autoimmune 

disease were excluded, as were patients who developed these conditions within one year of 

inclusion. Patients who died within 6 months of admission were also excluded. Some patients had 

multiple hospital stays during the study period. In order to retain only one stay per patient, we have 25 

first privileged stays with admission in the intensive care unit, if any, and then we retain the oldest 

stay.  

Data. We collected data on age, sex, year, and month of hospitalization, admitting hospital, status 

concerning alcohol dependence, whether or not the patient suffers from obesity, and the time 

between admission and the first hospitalization with cancer as the primary diagnosis (main 30 

outcome) and cancer location. ICD-10 codes are also available in Appendix A for outcomes. 

Socio-economic data of patients' areas of residence were collected: percentage of single-parent 

families among households (average from 2013 to 2016, INSEE - Institut National de la Statistique 
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et des Études Économiques - National Institute of Statistics and Economic Studies), percentage of 

non-graduates people in the working population (average from 2009 to 2016, INSEE), percentage 

of workers in the working population (average from 2009 to 2016, INSEE) and percentage of 

unemployed persons in the working population (average from 2009 to 2016, INSEE). All these 

SNDS data were available from the ATIH data access platform. ATIH is a French public institution 5 

in charge of collecting, hosting, and analyzing data from health care institutions to ensure the 

technical management of the institutions' financing mechanisms. Through this institution, we had 

access to data collected within the PMSI (Programme de Médicalisation des Systèmes 

d’Information - Information systems medicalization program) over the last ten years from the 

acceptance of the study. 10 

Handling of biases. To limit the effect of known or suspected confounding factors when 

comparing the occurrence of cancers outcomes between the groups defined by our main exposure 

factor, i.e., having stayed in an intensive care unit, we performed a 1:1 matching on age (± 5 years), 

sex, year of admission, admitting hospital (exact), alcohol dependence problem, obesity, 

percentage of single-parent families among households (± 5%), percentage of non-graduates 15 

people in the working population (± 5%), percentage of workers in the working population (± 5%) 

and percentage of unemployed persons in the working population (± 5%). This matching design 

allowed us to match a large percentage of the patients of interest while maintaining a geographical 

and socio-economic anchor between septic and infected patients. In this way, controls do not 

necessarily come from the same area of residence as the exposed patients, but from a similar area 20 

in terms of the 4 socio-economic variables mentioned above, and they were admitted to the same 

hospital. The matching process was assessed by looking at the differences in standardized means 

(SMD) of the characteristics between groups. 

Statistical Analyses. Continuous variables are presented as mean plus standard deviation or as 

median plus interquartile range if non-normally distributed. Categorical variables are described as 25 

numbers and percentages. Missing values are systematically presented. Due to the large sample 

sizes, we did not use univariable comparison tests. To answer study objectives, we computed 

cumulative incidence curves and relative risks within groups by taking care to remove from the 

denominator at each time step the patients who died or declared the outcome at the previous time 

step or those for whom the follow-up did not go beyond. P-values for cumulative incidence curves 30 

comparison are obtained using ANCOVA, assuming that they can be interpreted as linear 

regression lines. Analyses were carried out using R software (version 4.0.2, available on ATIH 
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data access platform), mainly using the packages dplyr (https://CRAN.R-

project.org/package=dplyr) and data.table (https://CRAN.R-project.org/package=data.table) for 

data manipulation, tableone for table creation (https://CRAN.R-project.org/package=tableone), 

ggplot2 for visualization, and Matching for propensity score pair-matching 49. 

Mice and treatment. Mice used were C57BL/6J (B6), B6.SJL-PtprcaPep3b/BoyJ (Ly5.1), 5 

B6.129P2-Cxcr6tm1Litt/J (cxcr6-/-), B6.129S4-Ccr2tm1lfc/J (ccr2-/-), C57BL/6-

Tg(TcraTcrb)1100Mjb/Crl (OT-I), B6.129S7-Ifngr1tm1Agt/J (IFNgR1-/-). For technical reasons, 

mice were used for experiments without taking gender into account. Male and female mice were 

maintained in specific-pathogen-free conditions (group-housed) at the UTE-IRS2 Nantes Biotech 

Animal Facility (Nantes, France) following institutional guidelines and were used for experiments 10 

between 6 and 14 weeks of age. Experimental procedures were approved by the Animal Ethics 

Committee of the Pays de la Loire (APAFIS no. 27742-2020101514264674 v4). Laminarin was 

administrated i.v. (1mg/mouse), kindly provided by Drs. Legentil and Ferrieres. 

Induction of pneumonia. Escherichia coli (E. coli. DH5α strain) or Staphylococcus aureus (), 

grown for 18 h in Luria broth medium at 37 °C, were washed twice (1,000g, 10 min, 37 °C), diluted 15 

in sterile isotonic saline and calibrated by nephelometry. Bacteria (75 μl, OD600 = 0.6–0.7) were 

injected intratracheally in anesthetized mice to induce non-lethal acute pneumonia. Pneumonia 

status is defined as ongoing pneumonia (days 1 to 3) and sepsis-cured (Day 7) 13,15. For rechallenge 

experiments, 7 days or 28 days of sepsis-cured animals were subjected to secondary E. coli 

pneumonia for 7 days. 20 

CpG injection. Mice were injected intravenously in the tail vein with 20 nmol of synthetic 

CpG1668 (20mer) 5’-T*C*C*A*T*G*A*C*G*T*T*C*C*T*G*A*T*G*C*T (Bioneer) 

dissolved in 200 μl of PBS. 

Tissues dissociation. Lungs were excised after perfusing with PBS and minced with scissors into 

pieces, and digested 45′ at 37 °C in 5mL RPMI containing 2% fetal calf serum (FCS), 0,7% type-25 

3 collagenase (Worthington, Freehold, USA), and 0.1% DNase I (Sigma Aldrich). Two cm-long 

pieces of the small intestine, after removal of any mesenteric lymph node, were minced with 

scissors into pieces and were digested for 1 hour at room temperature in 2 ml RPMI containing 

2% FCS, 0.7% type-3 collagenase, 0.1% DNase I, and 0.05% Liberase TL (Roche). For cell 

suspensions from both lung and gut, collagenase action was antagonized with EDTA, and the 30 

remaining tissue was disrupted on a 100µm filter using a syringe plunger. Following 

centrifugation, cell pellets were subjected to red blood cell lysis (BioLegend) for 4 min, and cells 
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were resuspended in 2mL of PBS EDTA 2mM BSA 0,5%. Following excision, spleen samples 

were directly disrupted on a 100uM filter as for the lung samples, were treated for RBC lysis, and 

were finally resuspended in 2mL PBS EDTA 2mM BSA 0,1%. To prepare single cells from bone 

marrow, a set of femur and tibia was flushed by 10 ml RPMI containing 2% FCS and homogenized 

by pipetting for one minute. The resulting cell suspension was passed through a 70 µm strainer, 5 

treated for RBC lysis, and suspended in 2mL PBS EDTA 2mM BSA 0.1%. 

Lung tissue preparation for single-cell RNA sequencing. Mouse lung cells were isolated from 

C57BL/6 as described above on day 0 (uninfected), day 1, day 3, and day 7 post-primary 

pneumonia, and from C57BL/6 mice on day 1, 3, and 7 after rechallenging. Cells were stained for 

20 minutes with fixable viability eFluor7870 dye (Fisher Scientific). 300.000 viable single cells 10 

were FACS-sorted in PBS FCS 10% on a BD Aria IIu and processed for single-cell RNAseq 

protocol. 

Cell encapsulation, single-cell libraries preparation, and sequencing for single-cell analysis 

CITE-seq, library preparation, and sequencing were carried out as previously described 50. Briefly, 

cells Cells were counted, washed, and resuspended in 100µL Staining Buffer (PBS with 2% BSA 15 

and 0.01% Tween 20). Cells were incubated with 1µl anti-mouse CD16/CD32 for FcR blocking 

for 10 min in ice. 1µL of anti-mouse TotalseqA Hashtag oligonucleotide (HTO) antibody 

(Biolegend) were then added to each cell suspension with a unique hashtag sequence per time point 

and incubated on ice for 30 min (Table 1). Cells were washed three times 5 min in 1mL of Staining 

buffer at 500g. Cells were counted and pooled according to primary or secondary pneumonia. Cell 20 

viability of 67% was assessed on an ADAM cell counting instrument with Accu-chip kit. A total 

of 48,000 cells per pool were loaded in a Single-cell Chip A (reference PN-1000009) on a 

Chromium Next Controller (10x Genomics Inc. Pleasanton, CA). For the library preparation, we 

followed the Single Cell 3’ v2 User Guide (version CG00052), applying several modifications. 

We adapted the Cell hashing protocol from the New York Genome Center Innovation Lab (Marlon 25 

Stoeckius & Peter Simbert) until the generation of cDNA and HTO libraries. In order to collect 

the HTO fraction at the clean-up step, we added 0.1µM of HTO Cell Hashing cDNA PCR additive 

primer (5’GTGACTGGAGTTCAGACGTGTGCTC) to the reaction mix for the first cDNA 

amplification step. Then we assigned PCR index with a unique i7 sequence to Gex and HTO 

libraries. See Table 2 for Single Index kit T Set A (PN-1000213) and Illumina TruSeq index 30 

assignment for cDNA Gex and HTO libraries, respectively. 
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This strategy was repeated once alongside cells isolated on day 1, day 3, and day 7 after a second 

bacterial infection in cured mice lungs. For each condition, 12,000 cells (with 90% viability) were 

loaded in a Single-cell Chip G (PN-1000120) on a Chromium Next Controller. Libraries were 

prepared following the version CG000206 Rev D of the Next GEM Single-cell 3’ GEM v3.1 

protocol with 3’ feature barcoding technology for cell surface protein (PN-1000121 and PN-5 

1000079). Results were integrated during data analysis (see below). 

Cell preparation for TCRseq assay. Cells suspensions were prepared from three pooled 

uninfected, day 7, day 14 , and day 7  rechallenge lungs. 300,000 viable CD3+ CXCR6+ and CD3+ 

CXCR6- cells were FACS-sorted.  

T cell encapsulation and TCRseq libraries preparation for TCR  10 

CXCR6+ or CXCR6- T cells for day 0 (uninfected) or day 7 post-infection were processed as 

described for single-cell libraries preparation. Specifically for the preparation of single-cell TCR 

(scTCR) libraries and before the cell hashing, each cell suspension was incubated on ice for 20 

min with a Totalseq C Hashtag and 1µL of a Biotin anti-mouse CXCR6 antibody coupled with 

Totalseq C anti-biotin PE (Table 3). At this point, we processed two technical replicates. The cell 15 

viability was assessed as described above and were 79% and 64% for both replicates. A total of 

10,000 cells per replicate were then loaded on a Single-cell chip K (PN-1000286) on a Chromium 

Next Controller, and the preparation of VDJ, Gex, and Cell Surface libraries followed the 

Chromium Next GEM Single-cell 5’ V2 protocol (version CG000330 Rev C) with 5’ feature 

barcoding technology & Immune receptor mapping (PN-1000265 and PN-1000256) (Table 5). 20 

Following the same protocol, we prepared scTCR libraries for CXCR6+ or CXCR6- T cells on 

day 14 post-infection or after a second bacterial infection in sepsis-cured mice lungs. 1uL of anti-

mouse TCR γ/δ Totalseq C antibody (Biolegend) was added to the cells with unique Totalseq C 

Hashtags (Table 4). A total of 12,000 cells per replicates were loaded on a Chromium Next 

Controller, and VDJ, Gex, and Cell surface libraries were prepared (Table4). The cell viability of 25 

both replicates was 96% and 98%, respectively. 

Next-Generation Sequencing of single-cell libraries. 

300pM of pooled libraries were sequenced on a NovaSeq6000 instrument with an S1 100 cycles 

(v1.5) flow-cell kit (Illumina Inc. San Diego, CA). The programs were 29/8/0/101 cycles for 

sequencing scRNA libraries and 26/10/10/77 cycles for scTCR libraries. 30 

Sequencing data analysis 
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Base calls were converted to read pairs and sorted according to libraries with Bcl2fastq2 9v2.20) 

(Illumina). No mismatches were allowed in the sequence of the indexes. The overall quality of the 

sequencing reads was assessed with FASTQC (v0.11.5)(The Babraham Bioinformatics group), 

and the reports were integrated with Multiqc (v1.12) 51. No pre-processings of the sequencing reads 

were necessary. 5 

After the read mapping against the reference genome GRCm38, the cells were called, and the 

unique molecular identifiers (UMI) were counted per gene with Cell Ranger Count for scRNAseq 

libraries (version 5.0.0, 10X Genomics) and Cell Ranger Multi for the scTCRseq libraries. The 

resulting raw expression was then processed with the R package Seurat (version 4.1.2) 52. The first 

set of quality filters was applied. For further analyses, genes were considered if expressed in at 10 

least three cells. Cells expressing less than 200 detected genes and more than 5% sequencing reads 

mapped to mitochondrial genes were considered low-quality and thus removed. The raw 

expression values were log-normalized and hashtags corresponding to the time of sampling after 

infection were then demultiplexed with the function HTOdemux from Seurat package. Cells with 

over 4,000 detected genes or confidently associated with more than one hashtag were considered 15 

doublet and eventually removed. All scRNAseq data were integrated following the Seurat vignette 

defining a set of 2,000 anchor genes shared between the different datasets. Artifact correlations 

between gene expression were corrected by noise regularization 53, and for downstream analyses, 

a threshold of 0,1 was set on normalized expression. 

Cell types were first inferred with the R package SCINA 9v1.2.0)54, taking advantage of cell-type 20 

markers from the Panglao database 55. This annotation of cell types was then manually refined. 

The cluster of Cxcr6+ cells was identified with differential expression analysis comparing multiple 

T cell clusters, and the significance was assessed with the Wilcoxon test. The concomitant 

expression of cytokine receptors in Cxcr6+ cells and cytokines in other immune cells was explored 

based on the KEGG pathway mmu:04060 “Cytokine-cytokine receptor interaction”56, and the 25 

results were represented with the R package iTALK (Wang et al., preprint, bioRxiv). With the 

same rationale, further analyses of cell-cell communication were conducted with the R package 

CellChat (v1.1.3)57. Ligand-receptor interactions were considered when consistently observed in 

a minimum of 5 cells and with a p-value below 0.05. 

The interferon signaling pathway was more deeply investigated with Interferome database 58 and 30 

the Interleukin signaling pathway with WikiPathways 59. 
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To compare the TCR repertoire between Cxcr6+ or Cxcr6- cells and uninfected or infected lungs, 

scTCRseq assays with different sampling time points were integrated with Cell Ranger Aggr 

(v5.0.0), and 200 cells for each condition were selected by random down-sampling. The TCR 

combinations of V, D, and J chains were further studied with VDJtools (v1.2.1)60, computing 

statistics and comparing the different conditions. The transcriptomes of clonally selected or not 5 

selected Cxcr6+ cells were compared, defining two groups of cells based on clonotypes detected 

in a minimum of 4 cells. 

Chromatin immunoprecipitation sequencing data for alveolar macrophages from uninfected and 

sepsis-cured C57BL/6 mice were issued from Roquilly et al. 12. Data were re-analyzed as described 

previously 61, and genome browser tracks were displayed based on normalized H3K27ac 10 

enrichment across the CXCL16 locus with IGV genome browser (v1.12.3)62. 

Resident T cells isolation and analysis. The following conjugated monoclonal antibodies were 

used on cell suspension (provided as name, clone, lot no., supplier and dilution): CD3-bv711, 145-

2C11, 7311597, BD Biosciences, 1/200; CD4-alexaFluor 488, RM4-5, 4133940, BD Biosciences, 

1/200; CD8-alexaFluor 700, RPA-T8, 9025745, BD Biosciences, 1/200; CD44-bv480, IM7, 15 

8227752, BD Biosciences, 1/200; CD69-APC, H1.2F3, 9204727, BD Biosciences, 1/200; CD103-

viobright515, REA789, 5191126445, Miltenyi, 1/100; CXCR6-PE/Dazzle594, SA203G11, 

B266429, BioLegend, 1/100; Fixable Viability Dye-eFluor 780, 2039434, eBioscience, 1:1,000; 

Ki67-bv421, B56, 8296617, BD Biosciences, 1/100; IL17-PE, eBio17B7, 4276914, eBioscience, 

1/100; RORgt-bv421, Q31-378, 8151861, BD Biosciences, 1/100; TCRgd-PeCy7, GL3, B291446, 20 

BioLegend, 1/200. Samples were acquired on an LSR-Fortessa or LSR-II (Becton Dickinson) and 

were analyzed using FlowJo software (TreeStar). Resident T cells were defined as CD3+ CD44+ 

CD69+ cells on a viable single-cell lymphocyte gate. 

In vivo antibody administration. Infected mice were intravenously injected with 10µg of CD45-

PE on days 3 and 5 to evaluate T cell in vivo trafficking. Five minutes before the sample collection, 25 

10µg of CD45-bv480 was intravenously injected to evaluate blood contamination during lung 

excision. To assess the CXCL16 role, CXCL16 antibody (142417, FHY0217111, R&D Systems, 

50µg/mouse) or rat IgG2a isotype control was intravenously administrated in infected mice on 

days 4 and 6. 

Adoptive cell transfers. For T cell adoptive transfers, splenic CD3+ cells were FACS-sorted 30 

(CD3-PE on single viable cells) from wt, cxcr6ko, or ccr2ko mice. For adoptive transfer of lung 

resident T cell, CD3+ CD44+ CD69+ cells were obtained from the lungs of wt or cxcr6ko mice 7-
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days after sepsis. Purity above 95% was achieved, and 1x10^6 cells were intratracheally injected 

into Ly5.1 recipient animals. Resident T cells from donors were analyzed 36 hours later. 

Lung metastasis. B16/F10 expressing ovalbumin (B16ova) and Lewis Lung carcinoma (LLC) 

cell lines were a gift from Louvet Cédric 63 and were maintained in culture in DMEM medium 

complemented with 10% fetal calf serum, penicillin-streptomycin, L-glutamine and sodium 5 

pyruvate and 7,5% sodium bicarbonate. B16ova and LLC were thawed three days before tail-vein 

administration (1x10^6 and 5x10^5 cells/mouse, respectively). Metastasis surface area and flow 

cytometry were performed 23 to 28 days following administration. 

OT-I CD8 resident T cell generation. Naïve CD8+ lymphocytes from OT1 lymph nodes were 

magnetically purified (Miltenyi) and intravenously injected into Ly5.1 animals (2x10^5 10 

cells/mouse) and ovalbumin was subsequently intratracheally administrated (200µg in 75µL PBS) 

to initiate ovalbumin specific CD8 resident T cells. E. coli pneumonia was induced 14 days after 

vaccination, and the ovalbumin challenge (200µg i.t. in 75µL PBS) was performed in sepsis-cured 

mice. 

Immunofluorescence on human lung tumor samples.  15 

Samples of human lung tumors were obtained from the tumor bank of CHU Nantes. The collection 

of human samples was declared to the French Ministry of Health authorization number DC 2011 

– 1399) and was approved by an institutional review board. Written informed consent was obtained 

from patients before conservation. OCT-embedded Human tumors were snapped frozen, and 5 µm 

thick samples were fixed with 4% paraformaldehyde and permeabilized with 0.15% Triton-X100. 20 

Tissues were incubated with rat anti-mouse CD3 (CD3-12, GR3287379-3, Abcam, 1/200), rabbit 

anti-CXCR6 (polyclonal, 6466, Novus Biological, 1/200), primary antibodies, or corresponding 

isotype controls overnight at 4°C, followed by Alexa 488-conjugated donkey anti-rat IgG 

(polyclonal, 2092264, Invitrogen, 1/200) and Alexa 568-conjugated donkey anti-rabbit IgG 

(polyclonal, 2136776, Invitrogen, 1/200) respectively for one hour. Slides were mounted in 25 

Prolong Diamond antifade mounting medium with DAPI (Invitrogen) for nuclei counterstaining. 

Slides were observed under a Zeiss AxioImager Z2 microscope with AxioVision Release 4.8.2 

(06-2010) software (Carl Zeiss). Fields were recorded at the 20x objective N.A. 0,45. Images were 

analyzed using Fiji Is Just ImageJ software (version 1.53c, Java 1.8.0_172, National Institutes of 

Health, Bethesda, MD, USA). 30 

Statistical analysis. Data were plotted using a GraphPad prism. An unpaired t-test with two-tailed 

P values and 95% confidence intervals was used. One-way analysis of variance (ANOVA) with 



 

33 
 

Bonferroni correction (posthoc tests) was used for multiple comparisons. A linear regression test 

investigated correlations. The figure legends can find statistical details of experiments (exact 

number of mice per group, exact P values, dispersion, and precision measures). P < 0.05 for 

statistical significance.  

Definitions of human TRM gene signatures from the literature 5 

Human lung tumor TRM gene signature was defined from the publicly available datasets 

(GSE83637 31,32) by selecting the significantly up-regulated genes (with LFC >2 and adjusted p-

value <0.01) from lung tumor TRM versus lung tumor non-TRM samples 

(JEM_20190249_TableS4.xlsx). Lung TRM signature was defined by selecting significantly up-

regulated genes from normal lung TRM versus normal lung non-TRM samples 10 

(JEM_20190249_TableS2.xlsx). Dermis TRM signature was defined by selecting significantly up-

regulated genes from dermis TRM vs. dermis non-TRM (JEM_20190249_TableS3.xlsx (Clarke, 

2019). To have a non-overlapping set of genes for each signature, the common genes were 

removed in the following manner: 

!"!#$ = &'()	+,-.+//012	13	4ℎ+	67686 15 
:;<=;>!"# = 4?@?1.$%&' − {C?2D$%&' ∪ !"!#$} 
G;HI!"# = C?2D$%&' − {4?@1?.$%&' ∪ !"!#$} 

JK><LM!"# = N+.@0/$%&' − O:;<=;>!"# ∪ G;HI!"#P 
 

TCGA Datasets analyses 20 

Tissue-specific GDC TCGA RNA-Sequencing and corresponding survival clinical data were 

obtained from the UCSC website (https://xenabrowser.net/datapages/). Non-tumor samples were 

removed following the TCGA sample ID convention. The normalized FPKM values were log-

transformed with C1D((&'() + 1) transformation. The signature score for a given set of genes 

from bulk RNAseq for TCGA and human lung tumor data was computed following the approach 25 

described by Keerthivasan et al. 64. The values for each log transformed gene were first z-

transformed across all samples. The resulting z-scores were then averaged across genes to arrive 

at a single signature score for each sample. Pearson correlation coefficient was used for gene 

correlations. The t-test was used for computing significance, and a p-value of less than 0.05 was 

considered statistically significant. For survival analysis of TCGA data, the survival cutoff for 30 

patients was set as ‘low’ with a percentile expression of ≤ 0.33 and as ‘high with a percentile 

expression	≥ 0.66. The R modules survfit and ggsurvplot were used for the Kaplan Meier survival 

plots. 
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Cross-projections of tissue-resident T cell gene signatures.  

For human TRM T cell gene signature, gene expression was computed for 7 patients with a paired 

sample of CD8+CD103+ TRM / CD8+CD103- non-TRM T cells (from EGAS00001004707 33). 

Unique transcript.versionID was matched with the HGNC symbol using the mapping information 

available at https://uswest.ensembl.org/biomart/martview to convert human genes to mice genes. 5 

The counts of duplicate gene symbols were aggregated by taking their sum. The human tumor 

TRM gene signature set was then derived from the differential gene expression analysis of 

CD8+CD103+ TRM vs CD8+CD103- non-TRM population. This differential gene expression 

(DGE) analysis was performed with DESeq2 R package with the design argument set to account 

for patient+population.  10 

The definition of the tissue resident T cells gene signature from sepsis-cured mice was developed 

by performing DEG analysis using FindMarkers on mouse data with Cxcr6 T cells versus all other 

cells from the sc-RNA-seq data with Z[D_ log( &6 > 2  and  -_[ZC_ZNb < 0.05. The gene 

signature score was computed using Seurat’s AddModuleScore function. Common DEG from all 

tested days were retained to define an alternative tissue resident T cells signature geneset. 15 

For the cross-projections, the mice orthologues of human genes were found from the mapping 

information available on the biomart website. The human homologous of mice TRM geneset was 

obtained from the mapping information available on the biomart website. The same mapping 

information was used to reverse map the mice gene orthologues for the TRM geneset identified 

from the human T cell infiltrating lung tumor data or the TRM genesets (see above). All other 20 

downstream analyses were performed using Seurat. 

Data availability 

Single-cell sequencing data supporting this study's findings have been deposited in ENA with the 

PRJEB52332 accession code (https://www.ebi.ac.uk/ena/browser/home). 

 25 

 

Figs. S1 to S11 

Tables S1 to S2 
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Figure 1. Decreased risk of cancer up to ten years after cure from sepsis in humans 
(A) Flow chart of the crude and matched nationwide French cohort 1 (Sepsis effect) and cohort 2 
(non-septic SIRS effect) with a 10-year follow-up. (B) Cumulative incidences of cancers in sepsis 
survivors and infection survivors after ten years of follow-up in the matched sample of cohort 1. 5 
Curves represented as calculated incidence ± SD. (C) Instantaneous relative risk (RR) of cancer in 
sepsis vs. matched infection survivors (green line) and non-septic SIRS vs. no SIRS (orange line) 
at the indicated time after the index medical condition. RR > 1 means increased risk in the severe 
condition, and a RR < 1 means a reduced risk of cancer. (D) Relative risk of the ten most frequent 
cancer localizations in sepsis vs. infection survivors (green line) and non-septic SIRS vs. no SIRS 10 
(orange line) at the indicated time after the index medical condition. RR > 1 means increased risk 
in the severe condition, and a RR < 1 means a reduced risk of cancer.  
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Figure 2. The increase in CXCR6+ tissue-resident memory T cells reduces the cancer growth 
in sepsis-cured mice. 
(A) Respiratory sepsis was induced by intra-tracheal instillation of E. coli. LLC was injected iv. 
in uninfected and sepsis-cured mice (infected 28 days prior), and the number and surface of lung 
metastasis were investigated 4 weeks after. Graphs represent median ± IQR pooled from 3 5 
independent experiments (n=9 for uninfected, =12 for the count in sepsis-cured, and =7 for tumor 
surface in sepsis-cured). (B) UMAP representing the immune cell compartment in mouse lung 
annotated from the scRNA-seq. 10,542 single cells from 2 mice from all time points were analyzed. 
(C) UMAP representation of the immune cell type distribution across time points. (D) Time course 
of the expression level of Cxcr6 in the T cell clusters. (E) Representative plots of CD3 and CXCR6 10 
expressions measured by flow cytometry of single cells obtained after enzymatic digestion of the 
lung tissue harvested in uninfected and E. coli lung sepsis-cured mice (representative of more than 
10 mice/group). (F). Numbers of CXCR6+ CD3+ cells and CXCR6- CD3+ cells in the lungs at the 
indicated time point (n=6 to 10 mice per time point). Graphs represent median ± IQR and are 
pooled data from 3 independent experiments.(G). Expressions of classical markers of tissue-15 
residency on CXCR6+ and CXCR6- CD3+ cells of sepsis-cured mice. Representative of 3 
independent experiments (n > 10 mice per group). (H) PE-conjugated anti-CD45 antibody was 
injected intravenously 3 and 5 days after E. coli sepsis. Brilliant Violet PE (BV)420 conjugated 
anti-CD45 antibody was injected immediately before sampling to remove T cells adherent to the 
endothelium. The percentages of blood recruited (BV420- PE+) CXCR6- and CXCR6+ T cells were 20 
measured on day 7 (n=5 mice per group). Graph represents median ± IQR and is pooled data from 
2 independent experiments. (I) Number of tissue-resident T cells in wild type and Cxcr6-deficient 
mice uninfected or infection cured. Graphs represent median ± IQR and are pooled data from 2 
independent experiments. (n=6 for wild-type groups, and = 8 for Cxcr6-deficient groups). (J) LLC 
was injected in wild-type and Cxcr6-deficient (Cxcr6-/-) mice cured of E. coli lung sepsis. The 25 
number of tissue-resident T cells was investigated 4 weeks after. (n=6 uninfected WT, =8 sepsis-
cured WT, =3 uninfected Cxcr6-/- mice, =6 for sepsis-cured CXCR6-/- mice). Graphs represent 
median ± IQR and are pooled data from 3 independent experiments. (K) LLC were injected in 
wild-type and Cxcr6-deficient (Cxcr6-/-) mice cured of E. coli lung sepsis. The surface of lung 
metastasis was investigated 4 weeks after. Graphs represent median ± IQR and are pooled data 30 
from 2 independent experiments. (n=6 for uninfected and =9 for sepsis-cured CXCR6-/- mice). 
Statistical significance was assessed by the Mann-Whitney test (A), Wilcoxon test (D), and a One-
way analysis of variance with Bonferroni correction was used for multiple comparisons (F, H, I, 
K,).*P ≤ 0.05, **P ≤ 0.01, ***p<0.001. 
 35 
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Figure 3. CXCR6+ IL17+ Vg6d T cells decrease tumoral growth after sepsis 
(A) Percentages of CD4+, CD8+, MAIT, gd T cells, NK1.1+, MAIT, and unclassified cells among 
resident CXCR6+ and CXCR6- CD3+ cells at the indicated time point of sepsis (n = 6 mice/group 
at each time point). Pi-charts represent median ± IQR and are pooled data from 3 independent 5 
experiments. (B) Pi-charts illustrating the distribution of Vg1, Vg4, and Vg6 chains in resident 
CXCR6- and CXCR6+ gd T cells in uninfected or sepsis-cured (day 7 or day 56) mice. (n=6 
mice/group). Data are pooled data from 2 independent experiments. (C-D) Frequencies of RORgt+ 
(C) and IL-17+ (D) cells among CXCR6+ CD3+ cells in sepsis-cured mice (representative of 6 
mice). (E) Pi-charts illustrating the distribution of TCRV-b families in CXCR6+ T cells in 10 
uninfected or sepsis-cured (day 7) mice. (n=4 mice/ group). Data are pooled data from 2 
independent experiments. (F) Frequency of the top 20 TCR clonotypes in CXCR6+ and CXCR6- 
T cells in uninfected or sepsis-cured (day 7) mice. (n=4 mice/ group). Data are pooled data from 2 
independent experiments. (G) Test for differential gene expression between clonally selected 
CXCR6+ T cell (clonotype represented in at least 4 cells) and non-clonally selected (clonotypes 15 
found in only cell) CXCR6+T cells. Significantly differentially expressed genes were highlighted 
in red. (n = 4 mice/group). Data are pooled data from 2 independent experiments. Each group is 
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composed of 82 cells. (H) CD45.2+ OT-I cells (iv) and OVA (intra-tracheal) were injected 14 days 
before the E. coli lung sepsis induction in CD45.1+ recipient mice. Production of IFNg by CD45.2+ 
OVA-specific and CD45.1+ non-OVA specific tissue-resident CD8 T cells in response to OVA 
intratracheal instillation was determined 7 days later. (n = 10-12 mice/group). Data are pooled data 
from 3 independent experiments. (I) Number of resident gd, CD4 and CD8 T cells in uninfected 5 
and septic-cured wild-type and Cxcr6-deficient mice. (n = 6 wild-type mice and =8 Cxcr6-deficient 
mice). Graphs represent mean ± SD and are pooled data from 3 independent experiments. 
Statistical significance was assessed by one-way analysis of variance with Bonferroni correction 
used for multiple comparisons (H, I). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001 
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Figure 4. Local chemokines and cytokines networks expand tissue-resident CXCR6 gd T cells 
after sepsis 
(A) Receptor-ligands (R-L) network in the lungs of uninfected and sepsis-cured mice developed 
by systematic literature research of known R-L interactions. (B) Expression of cytokine receptors 5 
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on CXCR6 T cells and cognate cytokines in the different cell type compartments during (left panel) 
and after (right panel) sepsis. Pairs of cytokine and cytokine receptors were initially extracted from 
the KEGG database. The colors represent the average expression level, and the circle radius 
represents the percentage of expressing cells. (C) R-L map in the lung during (left panel) and after 
(right panel) sepsis. Communication probability between CXCR6 T cells expressing receptors (R) 5 
and other cell types expressing cognate ligands (L). Both receptors and ligands were expressed in 
a minimum of 5 cells, and the curated lists of mouse-specific receptors and ligands were provided 
by the R package CellChat. Communication probabilities with p-values ≤  0.05 were considered 
significant. (D) Expression of the interferon type II pathway effector genes in the T cell 
compartment. The colors represent the cell-cell communication probability for each test R-L and 10 
the circle radius the significance. (E) Number of resident CXCR6+ gd T cells in uninfected and 
sepsis-cured wild-type and IfngR deficient mice. (n =7 wild-type and 11 IfngR deficient mice per 
group). Graphs represent median ± IQR and are representative of 2 independent experiments. (F) 
Percentages of Cxcl16 expressing cells (pi-charts, n = 2 mice per time point) and Cxcl16 RNA 
expression levels (boxplots) in the monocytes/macrophages cluster at the indicated time point after 15 
E. coli pneumonia. The ratio of positive (red) and negative (blue) cells is represented in the upper 
panel.  (n = 2 mice per time point). (G) Number of CXCL16+ resident alveolar macrophages and 
inflammatory macrophages at the indicated time point after E. coli pneumonia. (n = 5 mice per 
group). Graphs represent median ± IQR and are pooled from 2 independent experiments. (H) 
Number of tissue resident CXCR6+  T cells in sepsis-cured mice treated on day 3 and day 5 with 20 
blocking anti-CXCL16 antibody or isotype control. (n = 4-5 mice per group). Graphs represent 
median ± IQR and are representative of 2 independent experiments. (I) Pi-charts representing 
percentages of Ccr2 expressing cells in the T compartment at the indicated time point. (n = 2 mice 
per time point). (J) Percentages of CCR2+ tissue-resident T cells measured by flowcytometry at 
the indicated time after lung sepsis. (n = 2 uninfected and 4 mice during sepsis and sepsis-cured). 25 
Graphs represent median ± IQR from one experiment. (K) Pi-charts represent percentages of Ccl6 
expressing cells and Ccl6 expression levels in the monocytes/macrophages compartment at the 
indicated time point. The ratio of positive (red) and negative (blue) cells is represented in the upper 
panel.  (n = 2 mice per time point). (L) Number of tissue resident CXCR6+ T cells in wild-type 
and Ccr2-deficient mice either uninfected or 7 days after sepsis. Graphs represent median ± IQR 30 
and are pooled data from 2 independent experiments. (n=5 for wild-type groups, and = 8 for Ccr2-
deficient groups). Statistical significance was assessed by the Wilcoxon rank sum test (F, J), 
Mann-Whitney test (H), and one-way analysis of variance with Bonferroni correction was used 
for multiple comparisons (G, K).*P ≤ 0.05, **P ≤ 0.01, ***p<0.001. 
 35 
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Figure 5. Post-septic lung niche increases the tissue residency of proliferating gd T cells via a 
CCR2-dependent upregulation of CXCR6 expression. 
(A) Representative plots and frequencies of Ki67+ cells in CXCR6+ and CXCR6- resident T cells 
in uninfected and sepsis-cured mice. (n=5 mice/group). Graphs represent median ± IQR and are 5 
pooled data from 2 independent experiments. (B-C). Frequencies of Ki67+ cells among resident T 
cells in uninfected and sepsis-cured (B) Cxcr6-deficient or (C) Ccr2-deficient mice (n=5 
mice/group). Graphs represent median ± IQR and are pooled data from 2 independent experiments. 
(D). Frequencies of Ki67+ cells in CXCR6+ and CXCR6- resident T cells in uninfected and sepsis-
cured mice treated on day 3 and day 5 blocking anti-CXCL16 antibody or isotype control. (n=3 10 
mice/group). Graphs represent median ± IQR and are pooled data of 2 independent experiments. 
(E-F). Recipient mice (CD45.1pos) were infected with E. coli, and seven days later, they were 
intratracheally injected with T cells collected from uninfected (E) wild type or (F) Cxcr6-deficient 
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or Ccr2-deficient donors (CD45.2pos). The number of resident T cells issued from transferred cells 
was measured 36 hours later in the lungs of the recipient (n = 9 wild-type mice/condition, 6 Cxcr6-
deficient mice/condition, and 7 Ccr2-deficient mice/condition). Graphs represent median ± IQR 
and are pooled data from 3 independent experiments. (G). Expression of the GFP under the control 
of Cxcr6 promoter after adoptive transfer of Cxcr6-deficient T cells in the lungs of uninfected or 5 
sepsis-cured recipients (n = 5-6 mice per group). Graphs represent median ± IQR and are pooled 
data from 2 independent experiments. (H) Pearson correlations of the stated receptor gene 
expressions with Cxcr6 gene expression in Cxcr6 tissue-resident T cells in sepsis cured mice. (I). 
CXCR6 membrane expression on tissue-resident T cells of uninfected or sepsis-cured wild type or 
Ccr2-deficient mice (n = 5 wild type mice/condition and 7 Ccr2-deficient mice/condition). Graphs 10 
represent median ± IQR and are pooled from 2 independent experiments. (J) CXCR6 expression 
by Ccr2-deficient T cells after adoptive transfer in the lungs of uninfected or sepsis-cured 
recipients (n = 8 wild type/condition mice and =6-8 Ccr2-deficient mice/condition). Graphs 
represent median ± IQR and are pooled data from 2 independent experiments. (K) Resident T cells 
collected from sepsis-cured wild-type or Cxcr6-deficient donors (CD45.2pos) were intratracheally 15 
injected in uninfected wild-type mice (CD45.1pos). The number of transferred cells in the lungs of 
the recipient was measured 30 hours later (n = 2 wild-type donors and =4 Cxcr6-deficient donors). 
Graph represents median ± IQR issued from 1 experiment. 
The correlation was tested by the Pearson test (G), and statistical significance was assessed by the 
Mann-Whitney test (D-F, J) or one-way analysis of variance with Bonferroni correction was used 20 
for multiple comparisons (A-C, H). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001. 
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Figure 6. Epigenetic regulation increases the ability of macrophages to induce residency of 
gd t cells during secondary immune challenge 
(A) Number of CXCR6- or CXCR6+ tissue-resident T cells in uninfected, first-sepsis cured, or 
secondary sepsis cured mice (n = 3 uninfected, =3 primary sepsis-cured and =6 secondary sepsis-5 
cured). Graph represents median ± IQR and is pooled from two independent experiments. (B) 
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UMAP of cell clusters obtained by sc-RNA sequencing of lung immune cells (CD45+) in first-
sepsis (red) or secondary (red) sepsis-cured mice (n=2 independent biological replicate per 
condition). (C) Percentages of gd T cells among CXCR6 resident T cells in primary-sepsis or 
secondary-sepsis cured mice (n=7 mice/group). Graph represents median ± IQR and is pooled of 
two independent experiments. (D) Numbers of CXCR6+ Vg1, Vg4, Vg6 d T cells in secondary 5 
sepsis cured mice (n=3 mice/group). Graph represents median ± IQR and is pooled of two 
independent experiments. (E) Expression of cytokine receptors on CXCR6 T cells and cognate 
cytokines in the different immune cell type compartments of mice cured from secondary sepsis. 
The colors represent the average expression level, and the circle radius represents the percentage 
of expressing cells. Pairs of cytokine and cytokine receptors were initially extracted from the 10 
KEGG database. (F) Pi-chart representing percentages of Ccl6 expressing cells and Ccl6 
expression levels in the monocytes/macrophages cluster (top) and Ccr2 expressing cells in the T 
clusters (bottom) at the indicated time point after primary and secondary sepsis. (n = 2 independent 
biological replicate per time point). (G) Pi-chart representing percentages of Cxcl16 expressing 
cells and Cxcl16 expression levels in the monocytes/macrophages cluster (top) and Cxcr6 15 
expressing cells in the T clusters (bottom) at the indicated time point after primary and secondary 
sepsis. (n = 2 independent biological replicate per time point). (H) Genome browser of median 
H3K27 acetylation of the gene locus corresponding to Cxcl16 in resident alveolar macrophages of 
uninfected (black) or sepsis-cured (red) mice. (I) Number of CXCL16+ resident alveolar 
macrophages in first and secondary sepsis cured mice. (n=5 first sepsis-cured and 9 secondary 20 
sepsis-cured). Graph represents median ± IQR and is pooled of two independent experiments. (J-
K) Mice were treated with b-(1-3)-glucan (laminarin, i.p.) or vehicle, and the number of CXCR6 
tissue-resident gd T cells was determined (J) after sepsis-cure or (K) during LLC development. 
(n=3 mice for laminarin alone, =9 mice for sepsis-cured mice, =5 mice for LLC). Graph represents 
median ± IQR and is pooled of two independent experiments. (L) Mice were treated with laminarin 25 
(i.p.) or vehicle, then injected with LLC (i.v.) 7 days later. The lung tumor surface was measured 
4 weeks later. (n=3 mice for vehicle and 2 for laminarin). Graph represents median ± IQR and is 
pooled of two independent experiments. Statistical significance was assessed by a Mann-Whitney 
test (D, L), Wilcoxon test (G and H), one-way analysis of variance with Bonferroni correction was 
used for multiple comparisons (A-B, E, J-K). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. 30 
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Figure 7. CCR2 CXCR6 co-expression predicts survival in human cancer patients 
(A) Immunostained sections two human lung cancer. Representative of 4 patients. Green: CD3, 
Red: CXCR6, Blue: DAPI. (B) Correlation between CXCR6 level and lung tumor TRM, lung 
TRM, and dermis TRM gene signatures from publicly available datasets GSE111898 31 for lungs 5 
and GSE83637 32 for the dermis. (C) Projection of the gene signature of human tissue-resident T 
cells infiltrating lung tumor (from EGAS00001004707 33) on the UMAP representation of single-
cell RNA-seq of lung tissue from septic-cured mice. (D) Level of expression of the murine CXCR6 
tissue-resident T cells signature in TRM vs. non-TRM T cells infiltrating human lung cancer (from 
EGAS00001004707 33). (n=7 patients). (E) Correlation between lung tumor TRM gene signature, 10 
Cxcl16, macrophage markers (CD64, CD14, CD68), and potential CCR2 ligands (Ccl2, Ccl7) 
from LUAD cancer (TCGA database). (F) Co-expression of CXCR6 and CCR2; and Kaplan-
Meier estimates of overall survival of lung adenocarcinoma (LUAD) patients stratified by scores 
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Co-expression of CXCR6-CCR2. P-values are based on the univariate Cox proportional-hazards 
model (high versus low). Tick marks indicate censoring (death or loss of follow-up). (G-I) As in 
(E) for cervical squamous cell cancer (F), cutaneous skin melanoma (G), and breast cancer (H). 
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B. Numbers of CXCR6- CD3+ and CXCR6+ CD3+ cells in the lungs 7 days after traumatic brain injury (n=3-5 
mice per time point). Graph represents median ± IQR from a single experiment. 

C. Numbers of CXCR6- CD3+ and CXCR6+ CD3+ cells in the bone marrow, the gut, and spleen 7 days after
 CpG i.v. Administration (n=6 mice per time point). Graph represents median ± IQR, pooled data from 2 
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 D. Number of CXCR6- and CXCR6+ tissue resident T cells in uninfected and sepsis-cured mice. (n=6 mice
 per time point). Graph represents median ± IQR, pooled data from 2 independent experiments. 
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 Pearson test (D). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001. 
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A-B. Expression of cytokine and chemokine signaling genes in the T cell compartment during (A) and
 after (B) sepsis. The color gradient represents the level of expression, and the circle radius the percentage of
 expressing cells.
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A-C. Numbers of tissue-resident CXCR6+ (A) γδ, (B) CD4 and (C) CD8 T cells in sepsis-cured mice treated
 on day 3 and day 5 blocking anti-CXCL16 antibody or isotype control. (n = 5 mice per group). 
Graphs represent median ± IQR and are pooled data of 2 independent experiments. 

D-F. Number of tissue-resident CXCR6+ (D) γδ, (E) CD4, (F) CD8 T cells in uninfected and sepsis-cured
 wild-type and Ccr2-deficient mice. (n = 5-7 mice /group). Graphs represent median ± IQR and are pooled 
data of 2 independent experiments. Statistical significance was assessed. 

One-way analysis of variance with Bonferroni correction was used for multiple comparisons.
*P ≤ 0.05, **P ≤ 0.01, ***p<0.001.
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A. UMAP represents the cell distribution in primary (left panel) and secondary (right panel) sepsis. To be 
able to compare UMAPs, 800 cells were randomly selected in both conditions.

B. Percentages of IL17+ cells among resident CXCR6+ γδT cells (n= 4-5 mice/group). Graphs represent 
median ± IQR and are pooled data from 2 independent experiments. 

C. Mice were infected with E. coli; 14 d later, the mice were treated with anti-CXCR3 or isotype control and 
were finally assessed 7 days after the induction of secondary lung sepsis. (Top) Experimental design. 
(Bottom left) Enumeration of CXCR3 CXCR6 resident γδ T cells before the induction of secondary sepsis. 
(Bottom right) and after the cure of secondary sepsis. (n=4 / group). Graphs represent median ± interquartile
 range and are pooled data from 2 independent experiments. 

D. R-L map in the lung after secondary sepsis. Communication probability between CXCR6 T cells expressing 
receptors (R) and other cell types expressing cognate ligands (L). Both receptors and ligands were expressed
 in a minimum of 5 cells, and the curated lists of mouse-specific receptors and ligands were provided by the 
R package CellChat. Communication probabilities with p-value < 0.05 were considered significant. Statistical
 significance was assessed. 
One-way analysis of variance with Bonferroni correction was used for multiple comparisons (B-C).
*P ≤ 0.05, **P ≤ 0.01, ***p<0.001.
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A. Ligands from L-R Atlas

B. Mediators involved in T cell maintenance

A. Promoter and enhancer activity at Il1b and Inhba loci, both genes of the TFG� family, in resident alveolar 
macrophages before (black) and after (red) sepsis. 

B. Promoter and enhancer activity at Il7, Ccl3, and Ccl9 loci in resident alveolar macrophages before (black)
 and after (red) sepsis.
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Upon sepsis-cure

Cure from extracellular bacterial sepsis (for instance, Escherichia coli or Staphylococcus aureus) is associated with the formation of epigenetically reprogrammed 
macrophages (trained) and local accumulation of CXCR6 tissue-resident T cells. 
Upon immune restimulation during cancer growth, trained macrophages release a cytokine and chemokine network that (1) increases the expression of CXCR6 
by T cells via CCR2 stimulation and (2) sustains tissue residency of CXCR6 T cells via the production of CXCL16. (3) Locally expanded CXCR6 tissue-resident T cells, 
mainly composed of IL17+ RORγt+ Vγ6δ T cells, reduce tumoral growth.



Table S1. Demographic characteristics (Crude samples) 
 Cohort 1 - Sepsis effect Cohort 2 - SIRS effect   

 
Sepsis Infection Non-septic SIRS No SIRS  Missing 

Values (%) 
n 66680 614923 89561 3040048   

Cause of hospitalisation, no (%)      0 

   Limb/pelvis trauma 23852 (35.8) 169512 (27.6) 57614 (64.3) 2126633 (70.0)   

   Brain injury 3925 (5.9) 15882 (2.6) 8567 (9.6) 205489 (6.8)   

   pneumonia 22192 (33.3) 429299 (69.8) 0 (0.0) 0 (0.0)   

   stroke 16711 (25.1) 230 (0.0) 23380 (26.1) 707926 (23.3)   

Intensive care, yes, no (%) 66680 (100.0) 0 (0.0) 89561 (100.0) 0 (0.0)  0 

Hospitalization, days, mean (SD) 24.00 [13.00, 41.00] 7.00 [4.00, 12.00] 12.00 [7.00, 21.00] 4.00 [2.00, 9.00]  0 

Age, years, mean (SD) 57.67 (18.06) 70.97 (19.14) 49.10 (19.32) 61.29 (21.83)  0 

Male, no (%) 41190 (61.8) 256899 (41.8) 60950 (68.1) 1529125 (50.3)  0 

Medical history, yes, no (%)       

   Infection 11976 (18.0) 111067 (18.1) 0 (0.0) 0 (0.0)  0 

   Cardiovascular diseases 8322 (12.5) 79944 (13.0) 6256 (7.0) 89902 (3.0)  0 

   Alcohol 15653 (23.5) 54178 (8.8) 13779 (15.4) 185209 (6.1)  0 

   Obesity 15957 (23.9) 104280 (17.0) 12265 (13.7) 244635 (8.0)  0 

Socio-economical in the living area 
[IQR]       

   % working population without high 
degree diploma 

49.75 [38.33, 61.25] 52.25 [40.50, 64.00] 47.75 [36.75, 60.00] 50.50 [39.25, 62.25]  0 

   % mono-parental family 14.25 [11.00, 18.12] 13.50 [10.62, 17.50] 14.12 [10.88, 18.12] 13.62 [10.62, 17.62]  0 

   Unemployment rate 12.50 [9.75, 16.12] 12.38 [9.75, 15.75] 12.12 [9.50, 15.38] 12.25 [9.62, 15.75]  0 

   % unspecialized workers 23.25 [17.71, 29.12] 24.50 [19.00, 30.00] 22.62 [16.88, 28.50] 23.71 [18.25, 29.43]  0 

Outcomes at 9 years 

Cancer, no (%)  6384 (9.6) 65285 (10.6) 6096 (6.8) 186373 (6.1)  0 

   Time to cancer, years, mean [IQR] 3.3 [2.0, 4.9] 3.0 [1.9, 4.7] 3.6 [2.2, 5.4] 3.5 [2.1, 5.2]  93,1 

Death, no (%) 9788 (14.7) 108239 (17.6) 5319 (5.9) 175555 (5.8)  0 

   Time to death, years, mean [IQR]) 3.1 [1.7, 4.8] 3.0 [1.7, 4.7] 3.6 [2.0, 5.4] 3.5 [2.0, 5.3]  92,2 
  



Table S2. Demographic characteristics (Matched samples) 
 Cohort 1 - Sepsis effect              Cohort 2 - SIRS effect    
 Sepsis Infection P SMD Non-septic SIRS No SIRS p SMD Missing 

Values (%) 
n 55,234 55,234   87,164 87,164    

Cause of hospitalisation, no (%)         <0.001 0.167 0 

   Limb/pelvis trauma 19,348 (35.0) 12,896 (23.3) <0.0001 1.008 55,912 (64.2) 61,866 (71.0)    

   Traumatic brain injury 3,096 (5.6) 1,472 (2.7)   8,384 (9.6) 8,442 (9.7)    

   Pneumonia 19,550 (35.4) 40,797 (73.9)   - -    

   Stroke 13,240 (24.0) 69 (0.1)   22,868 (26.2) 16,856 (19.3)    

Intensive care, yes, no (%) 55,234 (100.0) 0 (0.0) - - 87,164 (100.0) 0 (0.0) - - 0 

Hospitalization, days, mean (SD) 23.00 [13.00, 41.00] 6.00 [3.00, 11.00] <0.0001 0.915 12.00 [7.00, 21.00] 3.00 [1.00, 7.00] <0.001 0,771 0 

Age, years, mean (SD) 59 (18) 59 (18) 0.0110 0.015 49 (19) 49 (19) 0.2708 0,005 0 

Male, no (%) 33,838 (61.3) 31,466 (57.0) <0.0001 0.087 59,336 (68.1) 59,129 (67.8) 0.2915 0,005 0 

Medical history, yes, no (%)          
   Infection 10,046 (18.2) 10,494 (19.0) 0.0010 0.021 - - - - 0 
   Cardiovascular diseases 7,065 (12.8) 5,935 (10.7) <0.0001 0.064 5,856 (6.7) 2,784 (3.2) <0.001 0,163 0 

   Alcohol 13,109 (23.7) 10,003 (18.1) <0.0001 0.139 13,507 (15.5) 11,385 (13.1) <0.001 0,072 0 
   Obesity 13,385 (24.2) 11,586 (21.0) <0.0001 0.078 11,879 (13.6) 10,214 (11.7) <0.001 0,057 0 

Socio-economical in the living area [IQR]          

   % non-graduated people 47.75 [37.25, 59.50] 47.75 [37.00, 59.50] 0.6730 0.002 47.25 [36.50, 59.50] 47.25 [36.50, 59.80] 0.6748 0,002 0 

   % mono-parental family 14.38 [11.00, 18.43] 14.50 [11.12, 18.50] 0.0062 0.017 14.12 [10.88, 18.12] 14.12 [10.97, 18.40] 0.0314 0,010 0 

   % unemployed people 12.29 [9.62, 15.88] 12.38 [9.62, 15.88] 0.4770 0.003 12.12 [9.50, 15.38] 12.12 [9.50, 15.40] 0.7824 0,002 0 

   % workers 22.75 [17.00, 28.50] 22.71 [17.00, 28.50] 0.0938 0.009 22.50 [16.88, 28.43] 22.50 [16.90, 28.50] 0.2996 0,006 0 

Outcomes at 9 years   

Cancer, no (%) 5,473 (9.9) 6,126 (11.1) <0.0001 0.039 5,916 (6.8) 4,905 (5.6) <0.001 0,048 0 
   Time to cancer, years, mean [IQR] 3.3 [2.0, 4.9] 3.3 [2.0, 5.0] 0.4071 0.008 3.6 [2.2, 5.4] 3.5 [2.2, 5.2] 0.2947 0,024 92,5 

Death, no (%) 8,496 (15.4) 7,125 (12.9) <0.0001 0.071 5,160 (5.9) 3,576 (4.1) <0.001 0,083 0 

   Time to death, years, mean [IQR] 3.1 [1.7, 4.8] 3.3 [1.9, 5.0] <0.0001 0.087 3.6 [2.1, 5.4] 3.7 [2.2, 5.6] 0.0032 0,062 92,1 

 



!"#$%&'"()* %
%
%
(+&#,%#,"-.)*-'! %
!

/01 % 2340% 2045/677845% 592958/:8% :30/8% ;634<60/% 670<=>8% 30<% $$-* %
"#$ ! %&%'! ()*(+ ! (),,-./ ! "#$ 0,1 ! ,21-- ! 3(4!567,! 78$1.9$9/ 0$! :;<1../,./ !

"#,.=!
>"?"8=@! %&%'! A&BCD!;E&F&6E*(F! AGH,,-1! I&FJ*F&%(F! ,21-- ! 3())E4!567! =K==! :;<,----/L, !

! ! ! ! ! ! ! ! !
%
&-?' %#,"-.)*-'! %

%&+! MFC&! M&C3%EDD'C3! 3NMN3'%*'! *F&%'! OEFC4E&%! ED&4JI'! F&4! 885#! :IIFE*(4E&%!
""G1! %&%'! ;E&G'6'%O! L-L/,$ ! 1PL! ,--C62+&CD'! (3+!Q(+D4'3! ;1//$K, ! :;<1.1--.. ! R:!

"#,/1!>""81@! ST! )E&F'6'%O! ,L-=,- ! H:1-$7,, ! ,21-- ! 3(4!5671)UV! ;1$L,1K ! :;<1=,=/.1 ! R"!
"#,-$ ! BE&)3E6Q4! +EF4'%JE!;E&4'*! ,$- 0,,, 0=.9! 8T:9./ ! ,2,-- ! QC+(%!567,! ! :;<19.$.// ! R"!
"#,,) ! )B=-L! ;E&G'6'%O! ,-,1L9 ! W,29-! ,21-- ! 3(4!5671)UV! ;$,=..- ! :;<1L=LK$, ! R"!
"#,,* ! S'"J9 ! ;E&G'6'%O! ,,9$,. ! AK,. ! ,21-- ! Q(+D4'3!567,UV! ;1/-,L1 ! :;<K/$L=. ! R"!
"#1K! )B9,, ! ;# ! L=$KL-! W,2=/ ! ,21-- ! 3(4!5671)UV! ,,$.,/$ ! :;<19$.1,$ ! R"!
"#$ ! )B9,, ! ;# ! L=$,1$! ,KL01",, ! ,21-- ! Q(+D4'3!567,UV! 9$,,L/9 ! :;<1=.9/LK ! R"!
"#K! (F'X(MFC&3!K..! ;# ! LL9==9! 8WK0L! ,21-- ! 3(4!5671(UV! K,$$/K- ! :;<$/=99/ ! R"!
"#K! ;YZ$/L ! ;# ! L=$9/- ! 7[,\L ! ,21-- ! 3(4!5671)UV! ,-/99$K ! :;<19$.K1= ! R"!
"#KK! )BK.- ! ;# ! L==,,= ! 5W9! ,21-- ! 3(4!5671)UV! .1199L1! :;<19$/L,. ! R"!
"#KL! ST! )E&F'6'%O! ,-$,-= ! $-0R,, ! ,21-- ! 3(4!5671)UV! ;1/K9K1! :;<$,1/9, ! R"!
"#KL! )BK.- ! ;# ! L==-/L ! $-0R,, ! ,21-- ! 3(4!5671)UV! 9,KKL-=! :;<19$/L=L ! R"!

"#KL\, ! S'"J9 ! ;# ! L=-L9. ! :1- ! ,21-- ! 3(4!5671(UV! .,19.,. ! :;<,919K.. ! R"!
"#KL\1! S'3"S0"JL\L! ;# ! LL1/L- ! ,-K ! ,21-- ! 3(4!5671(UV! .,L1.// ! :;<$/KL1. ! R"!
"#=/ ! :S" ! ;# ! L=-=./ ! P,\1R$! ,21-- ! Q(+D4'3!567! /1-K919! :;<,919L-= ! R"!



"#.! ! (F'X(MFC&3!9--! ;# ! LL9/L/ ! 8S:0]. ! ,21-- ! 3(4!5671(UV! /-1L9KL! :;<$/=/L/ ! R"!
"?"G,=! ST! ;# ! L==9K-! 1//1, ! ,2,-- ! 3(4!567,UV! $L---$ ! :;<1.=/.K1 ! R"!
"?"G,=! %&%'! 8^# ! W:;L-$ 0L-- ! ,K1K,9! L-C62+&CD'! 3(4!5671(! RP_-1,9,,, ! :;<119=9L1! R:!

"#,.$! >"?"8$@! %&%'! ;E&G'6'%O! ,1=L$9! "?"8$ 0,9$ ! 1--C6!2!,--C6!EB! (3+!Q(+D4'3!567,V! ;1/1$,K ! :;<1L9,/// ! 5R!
"#,.=!>"?"8=@! ST! )E&F'6'%O! ,L,,-K ! H:-L,#, ! ,21-- ! 3(4!5671)UV! ;1/,/9, ! :;<1L==LK=! R"!
"#,.=!>"?"8=@!! ST!O(``F'!L/K! ;E&G'6'%O! ,L,,,= ! H:-L,#, ! ,2,-- ! 3(4!5671)UV! ;1==K1/! :;<191,9-- ! R"!

RK2.-! (F'X(MFC&3=K9! ;E&G'6'%O! ,1$,,- ! ;W. ! ,21-- ! 3(4!5671(UV! ;$K.,9L ! :;<./$K.- ! R"!
7(4($! )BK1,! ;# ! L=$$K/! GL-0.1$ ! ,2,-- ! +&CD'!567,UV! 9,$,/=- ! :;<19$.,L1 ! R"!
5RA6! (F'X(MFC&3K..! ;# ! LL991K! ?W7,\1! ,2,-- ! 3(4!567,UV! ! :;<$/=.$1 ! R"!
5RA6! ST! ;# ! LLKK,1! ?W7,\1! ,2,-- ! 3(4!567,UV! .1$LL=L! :;<$/L$9= ! R"!

5G0,9: ! ST! 4Q'3+&MEDQ'3! ,1 09,990., ! ';E&,9;9 ! ,2,-- ! 3(4!5671(UV! K19=/,K! !:;<9=$L.1 ! R"!

5G0K! ST! ;# ! LLK$./ !
;Z#K0
,#,, ! ,2,-- ! 3(4!5671)! 9,.-/,- ! :;<$/L$=, ! R"!

VE=9! )BK1,! ;# ! L=1.// ! ;L= ! ,2,-- ! +&CD'!567,UV! .1/==,9 ! :;<1=.=./9 ! R"!
W8, ! ! ! ! ! ! ! ! ! R"!
A[,\, ! )BK1,! ;# ! L=1/1, ! S[,$= ! ,21-- ! +&CD'!5671(UV! 9,=$L$9! :;<191.=.. ! R"!
A[,\, ! ST! ;# ! LL$,=L! S[,$= ! ,21-- ! +&CD'!5671(UV! 9-=/.$K ! :;<$/==9K ! R"!
8a864! )BK1,! ;# ! L=1./K ! b$, 0$9. ! ,2,-- ! +&CD'!5671(UV! .,L,.=, ! :;<1=.9LKL ! R"!
40)'4 ! )BK1,! ;# ! L=$$,. ! aK0K=! ,2,-- ! +&CD'!567,UV! .19LL/, ! :;<1=.9LK$ ! R"!

]"8!)'4( ! S'"J9 ! )E&F'6'%O! ,-/111 ! PL90L/9 ! ,21-- ! Q(+D4'3!567! ;1=.1L/ ! :;<./$=1L ! R"!
]"8!6O! S' 0"J9! )E&F'6'%O! ,,.,1$ ! 7G$! ,21-- ! Q(+D4'3!567! ;1/,KK= ! :;<,,1-KK1$ ! R"!
]AR(! ST! ;# ! LLKK,/! WS=0?]11! ,2,-- ! 3(4!567,! K1$$=K1! KK$=$! R"!

]"8!Z6,\,2"3K ! R5]"! ;E&G'6'%O! ,K,,-K ! 1\,, ! ,21-- ! (3+!Q(+D4'3! ;1=.9./ ! :;<,-=/9-$, ! R"!
]"8!Z61!>Z6K@! ST! ;E&G'6'%O! ,$99-= ! Y"T0,-:= ! ,21-- ! (3+!Q(+D4'3! ;1./L$. ! ]"8!Z61!>Z6K@! R"!

]"8!Z6=! %&%'! _\!_&DQEV(E! %&%'! 5",- 05R9! ,21-- ! +&CD'!567,UV! ! Q&+'0+(O' ! R"!
!
!
)"('$ %



/01 % 2340% 2045/677845% 592958/:8% :30/8% ;634<60/% 670<=>8% 30<% $$-* %
MEX()F'!BE()EFE4J!OJ'! 'MFC&39.-! 4Q'3+&MEDQ'3! =L0-.=L 0,K! %2(! ,2,--- ! %2(! 1-$/K$K! !

+&CD'!576,! ST! 4Q'3+&MEDQ'3! ,1 0K9,K0K1! S$\=\1\.\,! ,2,-- ! +&CD'!576,! T,11KL0,=$$! :;<,/KKK1$ !
+&CD'!5671(UV! )BK1,! ;# ! L=1K$/! 7,LL 0,9. ! ,2,-- ! +&CD'!5671(UV! K,//9$K ! :;<,,,L,/,K !

3(4!5671(UV! ST! 4Q'3+&MEDQ'3! ,1 0K$1,0., ! ';81( ! ,2,-- ! 3(4!5671(UV! T-,==- 0,=$, ! :;<K9--L, !
3(4!5671(U!V! %&%'! 4Q'3+&MEDQ'3! ,= 0K$1,0.L ! ';81( ! L-C62D&C3ED! 3(4!5671(U!V! K$K-$K.! :;<K9-,L9 !

! ! ! ! ! ! ! ! !
D43'I4(BEOE%!! ST! ;# ! LLK-=,! ! ! ! /,1$9/L ! :;<,--L$$1. !

! ! ! ! ! ! ! ! !
"I7!a#A,==. ! ! 5%BEB&6'%! 4F3F0,==. ! ! 1-%W! ! K,,, 09=]! !

+"?"G,=!3'*&+) ! ! A&BCD!;E&F&6E*(F!
A;S10$L,==0

1LC6! ! ! ! [11,,=-., ! !
&B(F)C+E%! ! HE6+(! :9=K, ! ! 1--C6!>E\4\@! ! HG;G/111Z! !

%(EB'!"#.(!]!*'FF!ED&F(4E&%!VE4U!
+&CD'! ! +EF4'%JE! ,$- 0-/= 0LK$! ! ! ! L,/-,1$=,. ! !

! ! ! ! ! ! ! ! !
#&%V'J!(%4E!+&CD'!! (F'X(MFC&3=K9! 5%BE43&6'%! :$,L9, ! ! ,2L-- ! O&%V'J! ,9L9,$- ! :;<,=1LK1 !

O&%V'J!(%4E!3(4! (F'X(FC&3K..! 5%BE43&6'%! :1,1-. ! ! ! O&%V'J! 1-/11=K! :;<,K,9-/ !
O&%V'J!(%4E03())E4! (F'X(MFC&3L=.! 5%BE43&6'%! :,--K1 ! ! ! O&%V'J! 1,$=99=! :;<1L$K-,9 !
+&C%4E%6!+'OEC+! ! 5%BE43&6'%! S$=/=1! ! ! ! 1,9-/.= ! !

I(3(M&3+(FO'QJO'! !

TF'*43&%!WE*3&D*&IJ!
H*E'%*'D! ,L9,K ! ! ! ! ,,-$-. ! !

]3E4&%!?0,-- ! ! HE6+(!:FO3E*Q! ]/1.K 0,--WG! ! ! ! ,,,W---/$Z ! !
! ! ! ! ! ! ! ! !

(3+'%E(%!Q(+D4'3!567,! %&%! ;E&G'6'%O! K--/L/ ! P][... ! 1--C62,--C6 !
(3+!Q(+D4'3!

567,! ;$1,$KK! :;<,,1-$L1/ !
3())E4!567! %&%! )E&4'*Q%'! :; 0,-L 0" ! ! ,21-- ! 3())E4!567! T8,=,/-., ! :;<$LK1==!
3(4!567,! %&%! )E&4'*Q%'! W:;--L ! K$K,K! ,21-- ! 3(4!567,! ":A,-,/-$, ! :;<$L9$K. !



! ! ! ! ! ! ! ! !
;=\,1/S1 0"X*3=4+,GE442c! ! ]Q'!c(*VD&%!G()&3(4&3J! L=/$! ! ! ! ! 5WH8<c:?d--L=/$!
;=\,1/HK 0"*314+,5M*2c! ! ]Q'!c(*VD&%!G()&3(4&3J! K/// ! ! ! ! ! 5WH8<c:?d--K///!

;=\,1/H9 05M%63,4+,:642c!
(!*&%ME3+'3!I(3!

"#]: ! ]Q'!c(*VD&%!G()&3(4&3J! $1.. ! ! ! ! ! 5WH8<c:?d--$1..!
;=\HcG0S4I3*(S'I*)2;&J"3F! ! "Q(3F'D!8EB'3! K/K! ! ! ! ! !

%


