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Summary

Inflammasome signalling induces the processing and secretion of

interleukin (IL)-1b and IL-18 which, coupled with pyroptosis, activate

further the inflammatory response. In the present study we evaluated the

expression of genes involved in inflammasome signalling pathways in septic

patients, their interaction networks and the predicted functions modulated

in survivors and non-survivors. Twenty-seven patients with sepsis secondary

to community-acquired pneumonia admitted to intensive care units from

three general hospitals in S~ao Paulo were included into the study. We

performed a polymerase chain reaction (PCR) array encompassing 35 genes

related to the nucleotide-binding oligomerization domain and leucine-rich

repeat-containing (NLR)-inflammasome in peripheral blood mononuclear

cells obtained at admission and after 7 days of follow-up. Eleven healthy

volunteers were used as the reference group. Increased NLRC4 and NLRP3

and decreased nucleotide-binding oligomerization domain (NOD1), and

NLRP1 expression was observed in septic patients compared to healthy

individuals; the IL-1b and IL-18 expression levels were also high in the

patients. The gene expression changes followed the same patterns in

surviving and non-surviving patients, with higher magnitudes observed in

non-survivors. Functional analyses revealed, however, that activation and

inhibition intensity for representing functions were different in survivors

and non-survivors, as for production of reactive oxygen species, synthesis of

nitric oxide and for the control of bacterial infections. Our results showed

that the genes involved in the activation of the NLR-inflammasome cascades

were altered substantially in septic patients, with a higher number of altered

genes and a higher intensity in the disturbance of gene expression found

among patients dying of sepsis.
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Introduction

Sepsis has been defined as a systemic inflammatory

response syndrome (SIRS) triggered by an infection [1].

This concept has been reviewed recently, and sepsis is now

defined as a life-threatening organ dysfunction caused by a

dysregulated host response to infection [2].

Bacterial sensing and induced cell signalling are modu-

lated during sepsis, with up- and down-regulated functions

observed during the ongoing infection process [3].

The nucleotide-binding oligomerization domain and

leucine-rich repeat-containing (NLR) proteins are intracel-

lular receptors that signal for pathogen-associated molecu-

lar patterns (PAMPs) and damage or danger signals

(DAMPs) [4]. The inflammasome is a multi-protein com-

plex composed of NLR or interferon (IFN)-inducible pro-

tein or ALR member absent in melanoma 2 (AIM2), an

adaptor protein [an apoptosis-associated speck-like protein

containing a CARD domain (ASC)] and proinflammatory
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caspases [5]. Following stimulation, NLRs recruit and acti-

vate caspase 1, leading to the conversion of pro-interleukin

(IL)-1b and pro-IL-18 into their active forms [6,7]. Inflam-

masome signalling also induces pyroptosis that further

activates the inflammatory response [8].

Interactions exist between Toll-like receptors (TLR) and

NLR signalling. NLRP3 activation requires two signals; the

first is dependent upon nuclear factor kappa B (NF-jB)

activation, which is induced through the TLR or

nucleotide-binding oligomerization domain (NOD)

receptors, and the second is triggered by one of the

NLRP3-activating stimuli, such as extracellular adenosine

triphosphate (ATP) [8]. Bacterial flagellin is recognized at

the cell surface by TLR-5, leading to NF-jB activation,

whereas the NLRC4 inflammasome senses flagellin in the

cytosol, resulting in caspase-1 activation [9]. The TLR sig-

nalling pathways have been studied extensively in experi-

mental models and in clinical sepsis [3,10,11], and there is

increasing interest in evaluating inflammasome activation

in these settings.

Disturbances in inflammasome activation have been

implicated in the pathogenesis of several diseases, including

diabetes and atherosclerosis [12]. Conflicting results have

been reported in septic patients [13,14].

In this study, we evaluated the expression of genes

involved in the NLR-inflammasome signalling pathways in

septic patients. To avoid patient heterogeneity, we selected

patients with community-acquired pneumonia as a source

of sepsis. Gene expression was evaluated at admission and

after 7 days of follow-up in the surviving and non-

surviving patients.

Material and methods

Septic patients and healthy volunteers

Patients with a clinical diagnosis of severe sepsis and septic

shock admitted to the intensive care units of three large

hospitals in S~ao Paulo, Brazil, were enrolled prospectively

into the cohort [15]. This study was approved by the ethics

committees of the participating hospitals, S~ao Paulo Hospi-

tal (study number 1477/06), Albert Einstein Hospital

(study number 07/549) and Sirio Libanes Hospital (study

number 2006/27). The diagnosis was made according to

the American College of Chest Physicians/Society of Criti-

cal Care Medicine consensus [1,16], and corresponded

approximately to the revised concepts of sepsis and septic

shock [2]. Samples were obtained within 48 h of the first

organ dysfunction or shock and after 7 days, after informed

consent was obtained from the donor or relative. Patients

less than 18 years old, on immunosuppressive therapy, with

AIDS or end-stage chronic disease or on experimental ther-

apy were excluded. After approval by the ethics committee,

we selected patients with sepsis secondary to community

pneumonia and healthy volunteers for the present study.

Isolation of peripheral blood mononuclear cells
(PBMCs)

PBMCs were isolated using the Ficoll gradient method

[17,18] (Ficoll-Paque PLUS; GE Healthcare, Uppsala,

Sweden) and stored in liquid nitrogen prior to use.

Reverse transcription–polymerase chain reaction
(RT–PCR) array

Gene expression was evaluated using the RT–PCR array

(Qiagen, Valencia, CA, USA) in customized plates consist-

ing of 35 genes involved in the NLR-inflammasome path-

ways. The selected genes and their functions are described

in Supporting information, Table S1. Amplification, data

acquisition and melting curve analysis were performed

using the Applied Biosystems 7500 RT–PCR System

(Applied Biosystems, Carlsbad, CA, USA). The SUGT1

gene was used as an internal control. The fold change ratio

for each gene (2(–DDCt)) was compared between the septic

groups and healthy controls, and was considered relevant

when it was� 1�5. The P-values are calculated based on a

Student’s t-test of the 2(–DCt) values for pairwise compari-

son between the control group and septic group (http://

pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php).

Analysis of variance (ANOVA) followed by Dunnett’s post-hoc

multiple comparisons test was used to compare the results

between septic groups (survivors and non-survivors, D0 and

D7) against the control group. Gene expression was consid-

ered modulated differentially compared to the healthy vol-

unteers when the fold change was� 1�5 and the P-value

was� 0�05.

Hierarchical cluster analysis was performed using Gene-

sis (http://genome.tugraz.at). Ingenuity pathway analysis

(IPA) (Ingenuity Pathway Knowledge Database, Redwood

City, CA, USA) was used for the functional analysis.

Validation of IL-18 and IL-1b

IL-18 and IL-1b were measured in plasma samples using

ELISA (MBL-Immunotech; Nagoya, Japan) and cytometric

bead array (CBA) (BD Biosciences, San Jose, CA, USA),

respectively, according to the manufacturer’s instructions.

Results

Patients and healthy volunteers

Twenty-seven patients with sepsis secondary to

community-acquired pneumonia were enrolled into the

study. The hospital mortality rate was 29�6%. Eleven

healthy volunteers, matched for age (56�4 years 6 22) and

gender (72�7% male), were included as the control group

(Table 1).

Inflammasome in septic patients
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Gene expression in septic patients

Gene expression was analysed in the septic patients at D0

and at D7, and according to the patients’ outcomes (survi-

vors and non-survivors).

Among the 35 genes evaluated, 10 presented with

increased fold change (FC� 1�5) in patients at D0 compared

with the healthy volunteers. When gene expression was ana-

lysed according to the outcomes, a similar pattern was found

in the surviving patients, who presented 10 up-regulated

genes. In contrast, 19 genes showed increased fold changes

in the non-surviving patients: 12 were up-regulated, six with

P� 0�05, and seven were down-regulated, five with P� 0�05.

At D7, seven genes were expressed differentially in the septic

patients, six of which were up-regulated. Similar results

(eight genes) were observed in the surviving patients on D7,

whereas in the non-surviving patients 13 genes presented

altered fold changes, with 10 up-regulated (four with

P� 0�05) (Table 2).

NOD1 was expressed at a lower level in the septic

patients and was down-regulated significantly in the non-

surviving patients at D0. NOD2 did not show differences

between the patients and healthy volunteers. Among the

genes related to the NOD signalling pathway, TRAF6,

IKBKB and MALT1 were down-regulated in the non-

surviving patients. NLRP1 showed lower expression in the

septic patients; this down-regulation was more pronounced

and significant in the non-surviving patients. In contrast,

the flagellin sensors NLRC4 and TLR5 were up-regulated in

the septic patients. NLRP3 was up-regulated in the septic

patients at D0 and D7, with a higher FC and significance

(D0) in the non-surviving patients. The IL-1b and IL-18

cytokines were up-regulated, again with more robust regu-

lation in the non-surviving patients (Table 2).

Overall, the gene expression changes followed the same

pattern in the surviving and non-surviving patients, with

higher changes observed in non-survivors. This result is

illustrated in the clustergram (Fig. 1), which segregated the

surviving and non-surviving patients and demonstrated

that few genes showed divergent regulation.

Table 2. Fold change ratios of gene expression in septic patients

compared to the healthy volunteers at admission and after 7 days of

follow-up and according to the outcomes

Total patients

n 5 27 Survival n 5 19

Non-survival

n 5 8

Genes D0 D7 D0 S D7 S D0 NS D7 NS

BCL10 1�2852a 1�1625 1�2866 1�0937 1�2823 1�3623

CARD6 1�7259 1�7322 1�699 1�6294 1�7847 2�031

CARD8 21�0865 21�014 21�119 21�0508 21�0207 1�0818

CARD9 1�1883 1�1182 1�1291 1�0502 1�3248 1�3164

CASP1 1�1385 1�1853 1�0595 1�1655 1�3265 1�2383

CASP5 1�6884 1�2059 1�6287 1�0388 1�8226 1�7768

CASP8 21�1404 21�2408 21�0067 21�216 21�4862 21�3078

CASP9 1�2352 1�0748 1�3021 1�1089 1�1041 21�009

CD40 21�3963 21�3183 21�2715 21�2805 –1�7037 21�4217

CHUK 1�3304a 1�3166a 1�33 1�2731 1�3313a 1�437a

CIAPIN1 21�1318 21�1084 21�0605 21�0289 21�2996 21�3452a

ERBB2IP 21�2545 21�1564 21�1756 21�0748 21�4403 21�399

NDUFA13 21�2554 21�446 21�091 21�2525 –1�6916 –2�1008

HSP90AA1 1�0541 21�0323 1�0337 21�0007 1�099 21�1191

IKBKB 21�3712a21�2313a21�2572 21�231 –1�649a 21�2321

IKBKG 21�0041 21�034 1�0893 1�1095 21�2146 21�4778

IL-10 2�451 1�282 2�7971 1�3173 1�851 1�1946

IL-18 1�8261a 1�7549a 1�5988 1�6802 2�4223a 1�9648a

IL-1b 4�1022a 4�2624 3�0019 2�9438 7�9654a 11�1579a

MALT1 21�4651 21�2681 21�3045 21�2153 –1�8751a 21�4164

NAIP 1�4891 1�1998 1�5794 1�2226 1�3138 1�1423

NFKB1 1�1827 1�0914 1�1759 1�2177 1�1973 21�2182

NFKB2 1�0346 21�1139 1�1035 21�059 21�1084 21�2704

NLRC4 1�976a 1�7127 1�9406 1�5586 2�0535 2�1883

NLRP1 –1�6496 –1�5266 21�373 21�364 –2�4362a –2�0461

NLRP3 2�375 1�943 1�9546 1�6138 3�5931a 3�1486

NOD1 21�481a 21�373 21�3405 21�2786 –1�8303a –1�6524

NOD2 1�2297 1�0907 1�1524 1�1157 1�4119 1�0284

PSTPIP1 1�0881 1�0785 1�1441 1�1392 21�0224 21�0689

PYCARD 1�4954a 1�2964 1�4645a 1�2265 1�5632a 1�4975

RIPK2 1�3811 1�3609 1�2448 1�2229 1�7223a 1�7973

TLR-5 1�4752a 1�2241 1�3831 21�0024 1�6918a 2�0839a

TNF 2�5498 2�8503 1�9068 2�2815 4�7281a 5�0841a

TNFAIP3 1�6389 1�7467 1�5695 1�6243 1�7967 2�1098

TRAF6 21�2829 21�1356 21�1577 21�0951 –1�5958a 21�2482

D0 represent total septic patients after admission and D7 repre-

sent after 7 days. We further separated the gene fold changes on the

basis of survival (D0S and D7S) and non-survival (D0NS and

D7NS). The bold letters show fold change � 1�5; aP-value � 0�05.

Table 1. Demographic data and outcomes from septic patients

included into the study

Septic patients (n 5 27)

Age [mean (s.d.)] 62�7 (20�7)

Gender [n (%)]

Male 19 (70�4)

Female 8 (29�6)

Stages of sepsis [n (%)]

Sepsis 9 (33�3)

Septic shock 18 (66�7)

SOFA D0 score [mean] 7�5 6 3�55

APACHE II score [mean] 19 6 6�46

In-hospital mortality [n (%)]

Survivors 19 (70�4)

Non-survivors 8 (29�6)

Outcome accordingly to stage at enrolment [n (%)]

Sepsis

Survivors 8 (42�2)

Non-survivors 1 (12�5)

Septic shock

Survivors 11 (57�8)

Non-survivors 7 (87�5)

SOFA 5 sepsis-related organ failure assessment; APACHE

II 5 acute physiology and chronic health evaluation;

s..d. 5 standard deviation.
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Network and biological functions altered in septic
patients

The network analysis showed that tumour necrosis factor

(TNF), IL-18, T helper type 1 (Th1) cytokines and NLRP3

occupied central NODS in the septic patients. Several genes

related to NLRP signalling and NF-jB signalling were iden-

tified in the network analysis. NLRC4, NLRP3, CARD6,

Casp5 and IL-18 were up-regulated in the septic patients,

whereas NLRP1 was down-regulated. When the analyses

were performed according to the outcomes, a wider gene

alteration was illustrated clearly in non-survivors than in

survivors at day 0 (Supporting information, Fig. S1). The

changes in gene expression in the admission samples in

septic patients resulted in the activation of various func-

tions, such as macrophage cell death, apoptosis, proinflam-

matory response, nitric oxide (NO) synthesis, macrophage

activation, and a cellular immune response that inhibited

bacterial infections (Fig. 2a). When we differentiated the

expression profiles based on the final outcome, most of the

altered functions were common in both the surviving and

non-surviving patients. However, the activation and inhibi-

tion intensities (Z-scores) representing the functions were

different (e.g. for reactive oxygen species (ROS) produc-

tion, NO synthesis, pyroptosis and control of bacterial

infections) (Fig. 2b,c). Most of the functional pattern alter-

ations were similar in the follow-up samples, but had dif-

ferent activation or inhibition Z-scores (data not shown).

IL-18 and IL-1b protein expression levels

We observed higher IL-18 and IL-1b expression at the gene

level in the septic patients, and measured their plasma lev-

els. IL-18 plasma levels were significantly higher in septic

patients at D0 and D7 than in the healthy volunteers

(Fig. 3). No significant differences were detected between

the surviving (981�4 pg/ml; range: 363�6–3464�2 pg/ml)

and non-surviving patients (936�0 pg/ml; range: 362�6–

3097�6 pg/ml). IL-1b was not detected in plasma of septic

patients.

Discussion

Our results show that the genes involved in the activation

of the NLR-inflammasome cascades are altered substan-

tially in septic patients. Increased expression of the NLRC4

and NLRP3 receptors and decreased expression of NOD1

and NLRP1 were observed in the septic patients compared

to the healthy individuals. Importantly, IL-1b and IL-18, as

well as TNF-a, showed high expression levels in the

patients. This scenario summarized the general disturbance

in inflammasome-related genes that we found in clinical

sepsis; the relevance of these results for recovery or disease

progression was supported by the remarkable differences

between the surviving and non-surviving patients, with a

higher number of altered genes and a higher magnitude of

gene regulation found among the patients dying of sepsis.

The inflammasome has emerged as a key modulator of

the immune response and has been related to the pathoge-

nesis of inflammatory and infectious diseases through the

release of proinflammatory cytokines and pyroptic cell

death [8]. Bacterial recognition by the inflammasome is

fundamental for the restriction of bacterial growth and

host survival [9,19]. Nevertheless, few studies have

addressed NOD and NLR-inflammasome signalling in clin-

ical sepsis.

We found that NLRP3 gene expression was up-regulated

in septic patients, with higher expression in non-surviving

patients than in survivors compared with healthy volun-

teers. ROS and NO are mediators that can induce the

NLRP3-inflammasome [8,9]. Accordingly, we have shown

previously that ROS and NO generation was increased in

monocytes and neutrophils from septic patients [20],

including patients belonging to the same cohort in this

study [21], even in the presence of suppressed TNF-a and

IL-6 production [22]. ROS-driven NLRP-3 activation may

be derived from the nicotinamide adenine dinucleotide

phosphate (NADPH)-oxidase, which we found to be

Fig. 1. Hierarchical clustering of differentially expressed genes when

compared with healthy volunteers. D0S represents survival day 0,

D0NS represents non-survival day 0, D7S represents survival after

day 7 and D7NS represents the day 7 non-survival group. The red

colour indicates up-regulation and green indicates down-regulation.

The colour intensity depends upon the change ratio; the higher the

ratio, the higher the intensity.

Inflammasome in septic patients
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Fig. 2. Identification of altered functions in septic patients (a), survival (b) and non-survival (c) septic patients by ingenuity pathway analysis

(IPA). Samples were obtained at D0. The node colour intensity represents activation (orange with positive Z-score) and inhibition (blue with

negative Z-score) of functions, while genes up-regulation is shown in red and down-regulation in green.

K. F. Esquerdo et al.

236 VC 2017 British Society for Immunology, Clinical and Experimental Immunology, 189: 232–240



assembled in PBMCs from septic patients [22] or from dys-

functional mitochondria [23], which are reported com-

monly to be present in septic patients [24,25]. Accordingly,

in a previous study of patients with sepsis secondary to

community-acquired pneumonia, we found differences in

the expression profiles of genes related to the mitochon-

drial electron transport chain (ETC) I–V between survivors

and non-survivors [26].

There are consistent data showing the induction of the

NLRP3-inflammasome in experimental sepsis. Garcia and

co-workers demonstrated the interaction of NF-jB and

NLRP3, which led to a proinflammatory and pro-oxidant

status in the heart tissues of septic mice [27]. Kebaier et al.

[28] showed that NLRP3 inflammasome activation was

deleterious rather than protective to the lung tissues during

pneumonia.

NLRC4 and TLR5 were up-regulated in septic patients,

again with more robust regulation in the non-surviving

patients. Thus, these important membrane and cytosolic

sensors of flagellin are up-regulated similar to NLRP3 and

may contribute to the conversion of IL-1b and IL-18 into

mature proteins and to pyroptosis. The increased TLR5

gene expression was supported by a previous work in which

we found that TLR-5 detection on the cell surface was

higher among septic patients than healthy volunteers [29].

Interestingly, pretreatment of monocytes from human vol-

unteers with lipopolysaccharide (LPS)-induced tolerance

to LPS and macrophage-activating lipopeptide-2 (MALP-

2) (a TLR-2/6 agonist), but did not change the intracellular

detection of IL-6 after challenge with flagellin. The recogni-

tion of flagellin by NLRC4 (in addition to TLR-5) was pro-

posed as one possible explanation for this finding [30].

TLR-5 and NLRC4 in combination are required for maxi-

mal protective lung innate mucosal immunity against Pseu-

domonas aeruginosa. A significant increase in mortality was

shown in TLR-5/NLRC42/2 mice, which was associated

with an increase in P. aeruginosa colony-forming units

(CFUs) in the lung and systemic bacterial dissemination

[31].

IL-1b and IL-18 gene expression was up-regulated in

septic patients, again with more robust modulation in the

non-surviving patients. We were unable to detect circulat-

ing IL-1b in the plasma samples, due possibly to the

kinetics of the cytokine and the preservation of the sam-

ples. Increased levels of IL-1b have been reported previ-

ously in septic patients [32,33]. IL-18 was detected in

higher levels in the plasma from septic patients than in the

plasma from the healthy volunteers, as reported previously

[34,35]. Both cytokines play major roles in the differentia-

tion of T lymphocytes into the Th1 and Th17 subpopula-

tions [36]. Accordingly, the network analysis predicted

differentiation of T lymphocytes as one of the functions

modulated in septic patients. In our previous work, we

found an increased proportion of Th17 cells and a

decreased proportion of Th1 cells in septic patients in the

context of decreased T lymphocyte cell numbers [37]. We

were unable to evaluate the expression of IL-33, a member

of the IL-1 family which shows similarity to IL-18 [38].

Madouri et al. demonstrated the reduced production of IL-

33 through caspase-1 and NLRP3 activation in allergic lung

inflammation [39]. Furthermore, IL-33 activates neutro-

phils by inhibition of G protein-coupled receptor kinase

(GRK2) through TLR signalling and maintains the level of

CXCR2 for pathogen clearance [40].

In contrast to NLRC4, NOD1 was down-regulated in the

septic patients, again with a more robust disturbance in

the non-surviving patients. The same was true for NLRP1.

The NOD1 and NOD2 receptors recognize peptides

derived from PGN, which is present in the bacterial cell

wall. This complex recruits the inhibitor of NF-jB (IKK),

leading to NF-jB activation [41]. NF-jB gene expression

was unaltered in our present study, whereas IKBKB was

down-regulated in the non-survivor admission samples.

NLRP1 is a component of the originally described inflam-

masome and is characterized by its activation by the

anthrax lethal toxin [8].

Thus, our results show up (NLRP3 and NLRC4)- and

down (NOD1 and NLRP1)-regulation of NLRs in patients

with sepsis. Previous studies have led to conflicting inflam-

masome activation results in critically ill and septic

patients. In the study by Fahy and co-workers, decreased

NALP1 and CASP1 gene expression was found in septic

shock patients compared with critically ill patients and

healthy volunteers, whereas NOD1, NOD2 and NALP3

expression was similar between the groups. The authors

concluded that the changes in the inflammasome were part

of the monocyte deactivation process that occurred in

Fig. 3. Detection of interleukin (IL)-18 in septic patients. Plasma

levels were measured by enzyme-linked immunosorbent assay

(ELISA) and values are expressed in pg/ml. The data are represented

as box-plot, where D0 and D7 represent the days of sample

collection. *P� 0�05 compared to healthy volunteers.

Inflammasome in septic patients
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septic patients [13]. In contrast, Dolinay and co-workers

reported increased CASP1, IL-1b and IL-18 expression in

septic patients with ARDS compared to SIRS [14]. Simi-

larly, increased IL-18 plasma levels were found recently in

septic patients, with higher levels in non-surviving patients

[42].

Pattern recognition receptors (PRRs) co-operate to rec-

ognize a variety of microbial infections by sensing micro-

bial or danger molecules [4]. The same is true for the

diverse NLR-inflammasomes that play redundant and com-

plementary roles, as shown for NLRC4 and TLR-5 [31] and

NLRP3 and NLRC4 [43]. Thus, one of the most relevant

contributions of the present work derives from the network

analysis showing gene interactions and the predicted acti-

vation and inhibition of cellular functions. This analysis is

particularly important because we found up- and down-

regulation of diverse NLR genes. The functional analyses

indicated macrophage activation, NO synthesis, apoptosis,

pyroptosis and control of bacterial infections in septic

patients. The individual gene expression analyses showed

that the differences between survivors and non-survivors

were related mainly to the magnitude and duration of the

disturbance.

Limitations

Sepsis is a complex syndrome with several primary sources

of infection. To avoid patient heterogeneity, we selected

patients with sepsis secondary to community-acquired

pneumonia from a cohort of septic patients [15]. Thus, our

data might not be representative of the spectrum of septic

patients or even of patients with less severe pneumonia. To

illustrate this issue, we found differential proteomic

responses in septic patients secondary to community and

hospital-acquired pneumonia in a preliminary analysis of

plasma proteomics in septic patients [44]. Our primary

focus was to study genes which are participating actively in

inflammasome signalling. Thus, our data are based on the

gene expression profile of 35 selected genes. Despite the

limited number of genes, we tried to identify affecting sig-

nalling and function using IPA from significant differen-

tially expressed genes. Nevertheless, our networking

analysis and predicted cell functions are consistent with

previous functional studies in sepsis. Finally, the sample

size was small, even though a single source of sepsis was

investigated.

Conclusion

Previous studies evaluating inflammasome gene expression

in septic patients have led to conflicting results. In this

study, evaluating a broad array of genes involved in inflam-

masome signalling, we show NLR up-regulation (NLRP3

and NLRC4) and down-regulation (NOD1 and NLRP1) in

patients with sepsis, with more intense disturbances in

non-survivors than in survivors. The functional analysis

showing gene interactions and the predicted activation and

inhibition of cellular functions showed that the activation

of ROS production, NO synthesis and inhibition of bacte-

rial infections was higher in survivors than in non-

survivors.
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Supporting information

Additional Supporting information may be found in the

online version of this article at the publisher’s web-site:

Fig. S1. Identification of functional networks for sepsis

patients after admission in the intensive care unit (ICU)

(a), classified further in survival patients (b) and non-

survival patients (c) septic patients by ingenuity pathway

analysis (IPA). The cellular movement, hematological sys-

tem development and function, immune cell trafficking

functions in septic patients after admission are repre-

sented. Furthermore, cell death and survival, hematologi-

cal disease, immunological disease in survivals and

cellular function and maintenance, hematological system

development and function, cell death and survival is also

represented. The intensity of node colour represents up-

regulation (red), down-regulation (green) or no regula-

tion (no colour).

Table S1. List of selected genes and their functions.
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