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Background: Pyroptosis is closely relevant to sepsis. However, the molecular mechanisms of pyroptosis in 
pneumonia-induced sepsis are still not fully understood. Thus, this study aimed to find the specific molecular 
pathways associated with pyroptosis and explore their relationship in pneumonia-induced sepsis.
Methods: First, significant signaling pathways related to pneumonia-induced sepsis were screened by 
bioinformatics analysis based on GSE48080. The peripheral blood samples from patients with pneumonia-
induced sepsis and healthy subjects were collected. Pneumonia-induced sepsis rat models were also 
established. Then, inflammatory response, pyroptosis, and regulatory T cells (Tregs)/T-helper 17 (Th17), 
Th1/Th2, and M1/M2 cell ratios in pneumonia-induced sepsis were evaluated.
Results: IL-17 signaling pathway was significantly related to pneumonia-induced sepsis by bioinformatics 
analysis. Compared with healthy groups, the higher of Th17/Treg, Th1/Th2 and M1/M2 cell radios in 
the patients and sepsis rat model indicated that pneumonia-induced sepsis caused a severe inflammatory 
response. This result was confirmed by higher levels of pro-inflammatory factors (IL-6, TNF-α, IL-1β, 
and IL-18) and an inflammation indicator (LDH), as well as pyroptosis occurrence in sepsis. Additionally, 
the up-regulation of key molecules (HMGB1, RAGE, IL-17A, TRAF6 and NK-κB) in the IL-17 signaling 
pathway suggested the IL-17 pathway was activated. Moreover, the release of IL-1β and IL-18 and the levels 
of the molecules (NLRP3, NLRC4, Cleaved caspase-1, and Cleaved GSDMD) associated with caspase-1-
dependent pyroptosis were up-regulated in pneumonia-induced sepsis.
Conclusions: As NK-κB activation can promote the development of caspase-1-dependent pyroptosis, 
these findings suggested that the activation of the IL-17 signaling pathway could promote pyroptosis in 
pneumonia-induced sepsis. 
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Introduction

Sepsis is a life-threatening infection syndrome complicated 
by organ dysfunction and systemic inflammation (1). It 
affects approximately 30 million patients worldwide with 
high rates of morbidity and mortality as well as great 
financial cost (2). Sepsis, a response to an infection, can 

occur in different sits such as urinary tract, digestive system, 
and respiratory tract (3). Thereinto, the respiratory tract is 
found to be the focus site of infection in septic patients (4).  
For instance, community-acquired pneumonia (CAP) 
remains a major cause of mortality among infectious 
diseases, because CAP can cause local and systemic 
inflammation, frequently leading to a dysregulated host 
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response and ultimately to severe sepsis or death (5). 
Despite the increased understanding of pathogenesis and 
the intensive advances in modern treatment technology 
such as appropriate antibiotics, aggressive resuscitation and 
organ support, high mortality rates caused by severe sepsis 
remain a serious issue (6,7). Therefore, elucidating the 
underlying mechanism to search for effective therapeutic 
targets for pneumonia-induced sepsis is quite essential.

Recently, pyroptosis is discovered as a new form of 
programmed cell death relying on cytosolic inflammasomes 
activation, accompanied by the release of a large number of 
pro-inflammatory factors (8). Pyroptosis can be triggered 
by microbial infections (e.g., Legionella, Francisella or 
Salmonella) and non-infectious stimuli (e.g., myocardial 
infarction, cancer, or stroke) (9). Pyroptosis can protect 
multicellular host organisms against bacterial and microbial 
infection (10). However, pyroptosis when overactivated 
becomes detrimental, even leading to sepsis, septic shock, 
multiple organ dysfunction syndrome (MODS), or increased 
risk of secondary infection (11). Although several studies 
have reported the relationship between pyroptosis and 
sepsis (12), the precise mechanisms underlying pyroptosis in 
pneumonia-induced sepsis are still not fully understood.

In the present study, significant signaling pathways 
related to pneumonia-induced sepsis were screened by 
bioinformatics analysis. Then, inflammatory response and 
pyroptosis as well as T-helper 17 (Th17)/regulatory T cells 
(Tregs), Th1/Th2, and M1/M2 cell ratios in pneumonia-
induced sepsis were investigated in vivo and in vitro, 
which was beneficial to understanding the pathogenesis of 
pneumonia-induced sepsis.

Methods

Bioinformatics analysis

The gene expression profile data GSE48080 from patients 
with sepsis secondary to community-acquired pneumonia 
(CAP) were obtained from the Gene Expression Omnibus 
(GEO) repository (http://www.ncbi.nlm.nih.gov/geo/). 
A total of 13 samples were obtained from this dataset, 
including 10 mononuclear cells samples from sepsis patients 
and 3 mononuclear cells samples from healthy controls. 
The raw downloaded data from GEO were corrected 
background, normalized and calculated expression using 
the Bioconductor package (version 3.6) in R language 
(version 3.4.3). After preprocessing of raw data, the edgeR 
package in R was utilized to screen differentially expressed 

genes (DEGs) between sepsis and normal samples. The 
thresholds were defined as false discovery rate (FDR) <0.05 
and |log fold change (FC)| >1 (13). Then based on the top 
200 DEGs, Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis was carried out using 
ClusterProfiler with the thresholds of P value less than 0.05.

Clinical sample collection

This study obtained ethical approval from the Ethics 
Committee of The First Affiliated Hospital, China 
Medical University (Approval Number: AF-SOP-07-1). A 
total of 20 peripheral blood samples were collected from 
septic patients secondary to CAP in our hospital between 
October 2017 and October 2018. In addition, peripheral 
blood samples from 15 paired healthy subjects were 
extracted. Written informed consent from all participants 
was obtained. All patients were adults and enrolled within 
48 h of the first occurrence of organ dysfunction indicative 
of severe sepsis. The selection indicators: APACHE II 
scores from 7 to 23 (14) and SOFA scores from 2 to 11 (15). 
Exclusion criteria were listed as follows: participants under 
18 years old; patients with AIDS or end stage chronic 
illness; patients submitted to immunosuppressive therapy, 
or any other experimental therapy.

Animal model and grouping

Approval from the local animal Ethics Committee of the 
animal laboratory center was obtained prior to experiments. 
Healthy male Sprague-Dawley (SD) rats (120–150 g) 
were used for the following experiments after one week 
of acclimation. Totally, 20 SD rats were randomly and 
equally assigned to two groups: control group and model 
group. Pneumonia-derived sepsis rat models were induced 
with 0.3 mL Klebsiella pneumoniae (4×1010 colony forming  
units/mL, American Type Culture Collection, Manassas, 
VA, USA) by intravenous injection (14). Rats with control 
group were treated with 0.3 mL saline solution. Peripheral 
blood samples and the lung tissues were obtained for the 
following experiments.

Enzyme-linked immune-sorbent assays (ELISA)

Peripheral blood samples from patients and rats were 
measured by commercial ELISA kits (Boster, Wuhan, 
China) for the concentrations of interleukins (IL)-17A, 
IL-1β, IL-18, IL-6, and tumor necrosis factor (TNF)-α 
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according to the manufacturer's instructions. Briefly, serum 
samples (100 μL) were incubated in a 96-well plate which 
coated with antigen in each well at 37 ℃ for 1.5 h, followed 
by incubation with biotinylated antibody (100 μL) at  
37 ℃ for 1 h. Afterwards, each well was added with avidine 
peroxidase (100 μL) at 37 ℃ for 30 min, substrate solution 
(90 μL) in the dark at 37 ℃ for 15 min, and stopping 
solution (50 μL) in turn. Lastly, absorbance at 450 nm was 
detected by a microplate reader (Thermo, Philadelphia, PA, 
USA) to calculate the level of each cytokine.

Isolation of plasma and peripheral blood mononuclear cells 
(PBMCs)

Peripheral blood was collected in EDTA-treated tubes, 
layered on the Ficoll-Paque media solution (Ficoll-
Histopaque®-1077, Sigma-Aldrich, St. Louis, MO, USA) 
and centrifuged at 400 g for 30 min at 18 ℃. Plasma in the 
upper layer was collected, and the mononuclear cell in the 
next layer was collected for further analysis.

Lactate dehydrogenase (LDH) detection

Serum LDH was detected to determine cytotoxicity by the 
commercially available kit (Thermo scientific, Middletown, 
VA, USA) according to the manufacturer’s instructions. 
Absorbance at 340 nm was used to calculate LDH level by a 
microplate reader (Thermo).

Western blotting

Total proteins from PBMCs were isolated using RIPA Lysis 
Buffer (Beyotime, Shanghai, China). Then proteins were 
separated and transferred onto PVDF membranes. After 
blocked in 5% skim milk, membranes were probed with 
primary antibodies against tumor necrosis factor receptor-
associated factor (TRAF6), high-mobility group box 1 
(HMGB1), receptor for advanced glycation end products 
(RAGE), nuclear factor (NF)-κB, Nod-like receptor 
pyrin domain containing 3 (NLRP3), NLRC4, Cleaved-
caspase1, Cleaved-gasdermin D (GSDMD) (1:1,000, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and GAPDH 
(1:1,000, Santa Cruz), followed by reacted with secondary 
antibody (1:10,000, Santa Cruz) and Clarity western ECL 
substrate (Bio-Rad). The band quantification was performed 
using Image J software.

Flow cytometry

For surface staining, peripheral blood samples were 
incubated with anti-CD4, anti-CD4, or F4/80 (eBioscience, 
San Diego, CA, USA) at 4 ℃ for 30 min. Then, cells were 
permeabilized for intracellular staining, which stained with 
anti-FOXP3, anti-IL-17A, anti-IFNγ, anti-IL-4, anti-
inducible nitric oxide synthase (iNOS), and anti-CMAF 
(Santa Cruz) for Treg, Th17, Th1, Th2, M1 and M2 
detections, respectively. Cells were acquired on Canto II 
flow cytometer (BD Biosciences), and data were analyzed 
with FlowJo v.9.5.2 software (Tree Star). Lastly, labeled 
cells were enumerated by Canto II flow cytometer (BD 
Biosciences, San Jose, CA, USA). Data were analyzed by 
BD FACSDiva™ Software 6.0 (BD).

Transmission electron microscopy (TEM)

Peripheral blood mononuclear cells (PBMCs) were fixed 
using glutaraldehyde (3%) in PBS (pH=7.35) at 4 ℃ for 
2 h, followed by washing with PBS and post-fixation 
with osmium tetroxide (1%) for 2 h. After underwent 
dehydration and embedding, the sections (thickness of 
50–60 nm) were cut, and then performed electron-staining 
(uranyl acetate and lead citrate in turn). Ultimately, the 
sections were observed under a TEM (HT7700, 80 kV, 
Hitachi, Tokyo, Japan).

Statistical analysis

GraphPad Prism 6 software was used for data statistical 
analysis. Data were expressed as the mean ± SD and 
analyzed by one-way ANOVA. A value of P<0.05 was 
considered significant.

Results 

Signaling pathways related to pneumonia-induced sepsis 
by bioinformatics analysis

KEGG analysis showed that the top 200 DEGs between 
sepsis and normal samples were primarily responsible for 
the top 5 pathways, including IL-17 signaling pathway, 
transcriptional misregulation in cancer, AGE-RAGE 
signaling pathway in diabetic complications, malaria, and 
PID API pathway (Figure 1). IL-17 signaling pathway was 
selected for the following experiments.
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Figure 1 The functional enrichment analyses of the top 200 differentially expressed genes between sepsis and normal samples.
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According to the KEGG website, the graph of the 
IL-17 signaling pathway was listed in Figure S1. In 
addition, previous literature suggests that the IL-17 family 
interacts with their correspondent receptors and activates 
downstream pathways such as NF-κB to induce the 
secretion of many pro-inflammatory mediators, including 
IL-6, TNF-α, and IL-1β (16-18). NF-κB activation 
and high expression of IL-1β are key components of 
pyroptosis (19). Inspired by these findings, we firstly 
detected the inflammatory response at the cellular level 
and then explored the effect of IL-17 signaling pathway on 
pyroptosis in pneumonia-induced sepsis.

Th17/Treg, Th1/Th2, and M1/M2 cell ratios in patients 
with pneumonia-induced sepsis

To identify inflammatory response in patients with 
pneumonia-induced sepsis at the cellular level, we used to 
detect the Th17/Treg, Th1/Th2, and M1/M2 cell ratios 
using flow cytometry. The gating strategy of flow cytometry 
has been listed in Figures S2,S3. As shown in Figure 2A, the 
percentages of Treg cells (CD4+, FOXP3+) were obviously 
lower in patients with pneumonia-induced sepsis than those 
in the control group (6.13% vs. 11.2%). However, the 
percentages of Th17 cells (CD4+, IL-17+) were significantly 
higher than those in the control group (13.4% vs. 9.69%).

Figure 2B  indicates that the percentages of Th1 
cells (CD4+, IFNγ+) greatly increased in patients with 

pneumonia-induced sepsis compared with the control group 
(14.1% vs. 7.98%). In contrast, the percentages of Th2 
cells (CD4+, IL-4+) obviously decreased in the patients as 
compared to the control group (2.05% vs. 4.43%).

Additionally, compared with the control group, Figure 2C  
shows that the percentages of M1 cells (F4/80+, iNOS+) 
were higher in patients with pneumonia-induced sepsis 
(19.1% vs. 11.1%), while the percentages of M2 cells 
(F4/80+, Cmaf+) were lower (3.85% vs. 10.7%).

Collectively, The Th17/Treg, Th1/Th2 and M1/M2 
radios were up-regulated in the patients compared with 
the control group. There was a higher frequency of IL-
17, IFNγ, and iNOS production and a lower frequency 
of FOXP3, IL-4, and Cmaf production. Hence, the radio 
imbalance indicated that there was a severe inflammatory 
response in patients with pneumonia-induced sepsis.

Inflammatory response and pyroptosis in patients with 
pneumonia-induced sepsis

To explore the effect of IL-17 signaling pathway on 
pyroptosis in patients with pneumonia-induced sepsis, 
we detected the changes of upstream and downstream 
molecules (HMGB1, RAGE, IL-17A, TRAF6 and  
NK-κB) in the IL-17 signaling pathway. The other pro-
inflammatory factors (IL-6, TNF-α, IL-1β, IL-18) and an 
inflammation indicator (LDH, Lactate dehydrogenase) 
were also measured.
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Figure 2 Treg/Th17, Th1/Th2, and M1/M2 cell ratios in sepsis patients with pneumonia-induced sepsis. (A) The numbers of Treg and 
Th17 cells in patients with pneumonia-induced sepsis and normal samples detected by flow cytometry; (B) the numbers of Th1 and Th2 
cells in patients with pneumonia-induced sepsis and normal samples detected by flow cytometry; (C) the numbers of M1 and M2 cells in 
patients with pneumonia-induced sepsis and normal samples detected by flow cytometry.
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Firstly, the higher expression levels of IL-6, TNF-α, 
IL-1β, IL-18 and LDH were observed in patients with 
pneumonia-induced sepsis when compared with the control 
group (Figure 3A,B). Secondly, TEM showed PBMCs 
with plasma-membrane rupture, cell lysis, and more pore 
formation in the patients compared with the control 
group, indicating the occurrence of pyroptosis (Figure 3C). 
These results further confirmed that there was a severe 

inflammatory response in the patients.
Thirdly,  compared with the control group, the 

expression levels of HMGB1, RAGE, IL-17A, TRAF6 and 
NK-κB were obviously higher in the patients, indicating 
the activation of the IL-17 signaling pathway (Figure 3A,D). 
Moreover, pyroptosis is regulated via a caspase-1-dependent 
or caspase-1-independent mechanism, both of which lead 
to the release of IL-1β and IL-18 (19). Besides, NK-κB 
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Figure 3 Inflammatory response and pyroptosis in patients with pneumonia-induced sepsis. (A) The expression levels of inflammatory 
cytokines, including IL-1β, IL-18, IL-6, IL-17A, and TNF-α, in patients with pneumonia-induced sepsis and normal blood samples by 
enzyme-linked immune-sorbent assays; (B) serum lactate dehydrogenase (LDH) level in patients with pneumonia-induced sepsis and normal 
blood samples by the commercial kit; (C) peripheral blood mononuclear cells (PBMCs) from peripheral blood in patients with pneumonia-
induced sepsis and normal blood samples by transmission electron microscopy; (D) the protein molecules (HMGB1, RAGE, TRAF6 and 
NK-κB) in the IL-17 signaling pathway as well as pyroptosis-related proteins, including NLRP3, NLRC4, Cleaved Caspase1, and Cleaved 
GSDMD, in patients with pneumonia-induced sepsis and normal samples by western blotting. **, P<0.01, ***, P<0.001 and ****, P<0.0001 
compared with NC group.

activation is critical for promoting caspase-1-dependent 
pyroptosis (18). Figure 3D also indicated that the expression 
levels of the proteins (NLRP3, NLRC4, Cleaved caspase1, 
and Cleaved GSDMD) associated with caspase-1-dependent 
pyroptosis were up-regulated in the patients as compared 
to the control groups. Hence, we speculated that the 
activation of the IL-17 signaling pathway could promote 
the pyroptosis in patients with pneumonia-induced sepsis.

Th17/Treg, Th1/Th2, and M1/M2 cell ratios in 
pneumonia-induced sepsis rat models

To further validate the above findings, the Th17/ Treg, 
Th1/Th2, and M1/M2 cell ratios in pneumonia-induced 
sepsis rat models were also determined by flow cytometry. 
The gating strategy of flow cytometry has been listed in 
Figures S4,S5. Compared with the control rats, Figure 4A 
indicates that the percentages of Treg cells (CD4+, FOXP3+) 
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Figure 4 Treg/Th17, Th1/Th2, and M1/M2 cell ratios in pneumonia-induced sepsis rat models. (A) The numbers of Treg and Th17 cells 
in pneumonia-induced sepsis rats and normal rats detected by flow cytometry; (B) the numbers of Th1 and Th2 cells in pneumonia-induced 
sepsis rats and normal rats detected by flow cytometry; (C) the numbers of M1 and M2 cells in pneumonia-induced sepsis rats and normal 
rats detected by flow cytometry.

in pneumonia-induced sepsis rats were significantly down-
regulated (6.36% vs. 10.5%), while the percentages of Th17 
cells (CD4+, IL-17+) were obviously up-regulated (13.2% vs. 
8.06%).

Figure 4B shows that the percentages of Th1 cells (CD4+, 
IFNγ+) had a relatively high level in pneumonia-induced 
sepsis rats as compared to the control rats (13.5% vs. 8.4%), 
whereas the percentages of Th2 cells (CD4+, IL-4+) in 
pneumonia-induced sepsis rats showed a relatively low level 

(2.36% vs. 3.27%).
In addition, Figure 4C indicates that the percentages of 

M1 cells (F4/80+, iNOS+) in pneumonia-induced sepsis rats 
were higher than that in the control rats (21.8% vs. 14.3%). 
In contrast, the percentages of M2 cells (F4/80+, Cmaf+) in 
pneumonia-induced sepsis rats were lower than that in the 
control rats (4.69% vs. 11.1%).

Therefore, there was a high value of Th17/Treg, Th1/
Th2 and M1/M2 radios in pneumonia-induced sepsis rats 



Li et al. Pyroptosis in pneumonia-induced sepsis

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(11):674 | http://dx.doi.org/10.21037/atm-19-1739

Page 8 of 12

5000
4500
4000
3500
3000
2500 

Control

Model

Control Model

Control

Model
R

el
at

iv
e 

pr
ot

ei
n 

le
ve

ls
 

(fo
ld

 o
f c

on
tr

ol
)

8

6

4

2

0

***

***

****

****

****

***

**
**

TRAF6

HMGB1

NF-κB

RAGE

NLRP3

NLRC4

Cleaved caspase 1

Cleaved GSDMD

GAPDH

M
od

el
 

C
on

tr
ol

S
er

um
 L

D
H

 (U
/L

)

200

150

100

50

0

NC

Sep
sisIL-

1β
IL-

18 IL-
6

IL-
17

A

TN
F-
α

***

***
***

***

***

***

2 μm

2 μm

C
yt

ok
in

es
 le

ve
ls

 (p
g/

m
L)

600

400

200

0

Clea
ve

d ca
sp

as
e 1

Clea
ve

d G
SDM

D

NLR
C4

NLR
P3

RAGE

NF-
κB

HM
GB1

TR
AF6

CA

D

B

Figure 5 Inflammatory response and pyroptosis in pneumonia-induced sepsis rat models. (A) The expression levels of inflammatory 
cytokines, including IL-1β, IL-18, IL-6, IL-17A, and TNF-α, in pneumonia-induced sepsis rats and normal rats by enzyme-linked immune-
sorbent assays; (B) serum lactate dehydrogenase level (LDH) in pneumonia-induced sepsis rats and normal rats by the commercial kit; 
(C) peripheral blood mononuclear cells (PBMCs) in pneumonia-induced sepsis rats and normal rats by transmission electron microscopy; 
(D) the protein molecules (HMGB1, RAGE, TRAF6 and NK-κB) in the IL-17 signaling pathway as well as pyroptosis-related proteins, 
including NLRP3, NLRC4, Cleaved Caspase1, and Cleaved GSDMD, in pneumonia-induced sepsis rats and normal rats by western 
blotting. **, P<0.01, ***, P<0.001, and ****, P<0.0001 compared with Control group

compared with the control rats. Additionally, there was a 
higher frequency of IL-17, IFNγ, and iNOS production and 
a lower frequency of FOXP3, IL-4, and Cmaf production. 
Hence, the radio imbalance also indicated that there was a 
severe inflammatory response in pneumonia-induced sepsis 
rats, and the model of pneumonia-induced sepsis rats had 
been successfully established.

Inflammatory response and pyroptosis in pneumonia-
induced sepsis rat models

Similar to the results of clinical samples, the expression 
levels of IL-1β, IL-18, IL-6, IL-17A, TNF-α, and LDH 
were significantly increased in pneumonia-induced sepsis 
rats when compared with normal rats (Figure 5A,B, P<0.05). 
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Moreover, TEM also found PBMCs with plasma-membrane 
rupture, cell lysis, and more pore formation in pneumonia-
induced sepsis rats compared with normal rats, indicating 
the occurrence of pyroptosis (Figure 5C). Western blotting 
also showed that the protein expression levels of the key 
molecules (HMGB1, RAGE, TRAF6 and NK-κB) in the 
IL-17 signaling pathway, as well as pyroptosis-related 
proteins, including NLRP3, NLRC4, Cleaved Caspase1, 
and Cleaved GSDMD, were all prominently up-regulated 
in pneumonia-induced sepsis rats compared with normal 
rats (Figure 5D, P<0.05). Therefore, these findings further 
confirmed that the activation of the IL-17 signaling pathway 
could promote pyroptosis in pneumonia-derived sepsis and 
cause a severe inflammatory response.

Discussion

The current study found that IL-17 signaling pathway was 
significantly related to the development of pneumonia-
induced sepsis by bioinformatics analysis. Compared 
with healthy groups, the higher of Th17/Treg, Th1/Th2 
and M1/M2 cell radios in patients and sepsis rat model 
indicated that pneumonia-induced sepsis caused a severe 
inflammatory response. This result was further confirmed 
by the higher levels of pro-inflammatory factors (IL-1β, 
IL-18, IL-6, IL-17A, and TNF-α) and LDH, as well as 
pyroptosis occurrence in pneumonia-induced sepsis. In 
addition, the up-regulation of the upstream and downstream 
molecules (HMGB1, RAGE, IL-17A, TRAF6 and NK-κB)  
in the IL-17 signaling pathway suggested the IL-17 
signaling was activated. Moreover, the release of IL-1β and 
IL-18 and the levels of the molecules (NLRP3, NLRC4, 
Cleaved caspase-1, and Cleaved GSDMD) associated 
with caspase-1-dependent pyroptosis were up-regulated 
in pneumonia-induced sepsis. As NK-κB activation 
can promote the development of caspase-1-dependent 
pyroptosis, we speculated that the activation of the IL-17 
signaling pathway could promote pyroptosis in pneumonia-
induced sepsis. 

It is well known that innate immune cells such as 
monocytes and macrophages can be activated by pathogen-
associated molecular patterns molecules, thereby activating 
inflammatory cells and increasing the levels of pro-
inflammatory cytokines (20). This study found that higher 
Th17/Treg, Th1/Th2 and M1/M2 cell ratios in pneumonia-
induced sepsis. CD4+ T cell subsets consist of Th1, Th2, 
Treg and Th17 cells, which participate in the advancement 
of immunoinflammatory diseases (21,22). Treg cells, mainly 

express Foxp3, can release anti-inflammatory cytokine IL-
10 and exhibit immunosuppressive effect (23). Th17 cells 
can induce autoimmune inflammatory reactions by secreting 
IL-1β, IL-18, IL-6, IL-17A, and TNF-α (23). The relative 
balance of Th17 and Treg cells is considered as a critical 
indicator to induce pro- or anti-inflammatory reactions and 
maintain immune homeostasis (23). It has been shown that 
Th17 cells play important roles in several lung diseases, 
such as chronic obstructive pulmonary disease (24), lung  
cancer (25), tuberculosis (26), and asthma (27), and the 
number of Th17 cells is obviously increased in sepsis (28). 
Additionally, T-helper 1 (Th1) and Th2 cells, two classical 
subsets of CD4+ T cells, are critical for immune-related 
disorder (29). Previous study has found the increased pro-
inflammatory Th1 cell and decreased anti-inflammatory 
Th2 cells according to the elevated level of IFNγ and 
the reduced level of IL-4 in sepsis (30). Furthermore, 
macrophages can differentiate into the classically activated 
phenotype (M1) and the alternatively activated phenotype 
(M2), responsible for immune-inflammatory diseases (31). 
M1 cells have pro-inflammatory effect, characterized by up-
regulated CD11c, CD86, and iNOS; conversely, M2 cells 
have anti-inflammatory reactions, characterized by release 
of CD163, CD206, arginase 1, and Cmaf (32). M1/M2 
polarization has been reported to be associated with various 
pathological conditions such as infection and inflammation 
(33,34). The increase M1 cells and decrease M2 cells were 
found in sepsis mouse model, which inferred from the 
higher release of cytokines (IL-6 and TNF-α) from M1 cells 
and the lower release of cytokine (IL-10) from M2 cells (35). 
Therefore, the imbalance of Th17/Treg, Th1/Th2, and M1/
M2 in the present study could promote the occurrence and 
development of sepsis, and their higher cell ratios indicated 
that there was a severe inflammatory response caused by 
pneumonia-induced sepsis. Furthermore, IL-6, TNF-α, IL-
17A, IL-1β, and IL-18 are known as key pro-inflammatory 
factors (36), and serum LDH and pyroptosis are regarded 
as important indicators of inflammation (10,37). In this 
study, the higher levels of IL-6, TNF-α, IL-17A, IL-1β, 
IL-1, and LDH, as well as pyroptosis occurrence further 
confirmed that there was a severe inflammatory response in 
pneumonia-induced sepsis.

Pyroptosis is a proinflammatory form of regulated cell 
death that relies on cytosolic inflammasome activation (10).  
Besides, pyroptosis can be stimulated by plenty of 
pathological stimuli, mainly including microbial infection, 
heart attack, cancer, or stroke (38). Accumulating evidence 
suggests that pyroptosis is regulated by a caspase-1-
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dependent or caspase-1-independent mechanism, both of 
which can lead to the release of IL-1β and IL-18 (19). In 
caspase-1-dependent pyroptosis, caspase-1 is activated by 
inflammasome-initiating sensors (e.g., NLRP3, NLRC4) 
on recognition of danger- or pathogen-associated molecular 
patterns, which is considered as canonical inflammasome 
activation (19). NLRP3 inflammasome is one of the known 
inflammasome complexes, and it can be activated and then 
induce caspase-1 activation during pyroptosis (39,40). 
Similarly, NLRC4 inflammasome is another inflammasome 
complex regardless of the Nlrp3 inflammasome, which 
is also involved in the inflammation response to bacterial 
infection, thereby contributing to pyroptosis dependent on 
caspase-1 activation (41). Importantly, GSDMD protein is 
cleaved by the inflammatory caspase to trigger pyroptosis, 
which results in pore formation in the plasma membrane 
and lytic cell death (42). In the present study, IL-1β, IL-18, 
NLRP3, NLRC4, cleaved GSDMD and cleaved caspase-1 
showed a relatively high level in pneumonia-induced sepsis 
compared with the control groups, and thus pyroptosis had 
largely appeared in pneumonia-induced sepsis.

The upstream and downstream molecules in the IL-17 
signaling pathway mainly include HMGB1, RAGE, IL-
17A, TRAF6 and NK-κB (16,17). HMGB1 (High-mobility 
group box 1 protein), an evolutionarily conserved and 
chromatin-binding protein that is released by inflammatory 
cells or necrotic cells, can bind to multiple receptors such as 
RAGE (advanced glycation end products) to trigger IL-17A 
production (16,43). IL-17A interacts with the association 
of the IL-17-binding receptor with Act1 (44). Act1 
rapidly recruits and ubiquitinates TRAF6 (TNF-receptor 
associated factor 6), and then triggers NF-κB activation 
(17,45). Moreover, NF-κB can bind to TLR4 and NLRP3 
promoter region and elevate GSDMD transcription, 
thereby promoting pyroptosis (18). In the present study, 
the experimental results revealed the high expression of key 
molecules (HMGB1, RAGE, IL-17A, TRAF6 and NK-
κB) of the IL-17 signaling pathway in pneumonia-induced 
sepsis. Therefore, we speculated that the activation of 
the IL-17 signaling pathway could promote pyroptosis in 
pneumonia-induced sepsis.

Conclusions

In summary, there was a severe inflammatory response in 
pneumonia-induced sepsis, and the activation of the IL-17 
signaling pathway could promote pyroptosis. These results 
can provide a new insight for understanding the molecular 

mechanism of the inflammatory response in pneumonia-
induced sepsis. Of course, the present work is a preliminary 
study and the roles of the IL-17 signaling pathway on 
pyroptosis in pneumonia-induced sepsis need to further 
validate by many basic biological experiments, animal 
experiments and clinical tests.
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Figure S1 The graph of the IL-17 signaling pathway in KEGG database.

Supplementary



Figure S2 The gating strategy of flow cytometry for detecting Treg cells and Th17 cells from patients with pneumonia-induced sepsis.



Figure S3 The gating strategy of flow cytometry for detecting Th1 cells and Th2 cells from patients with pneumonia-induced sepsis.



Figure S4 The gating strategy of flow cytometry for detecting Treg cells and Th17 cells from pneumonia-induced sepsis rat models.



Figure S5 The gating strategy of flow cytometry for detecting Th1 cells and Th2 cells from pneumonia-induced sepsis rat models.
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