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Abstract
Background: Septic lung injury is associated with excessive neutrophil activation, while neu-
trophil extracellular traps formation contributes to inflammatory lung injury in sepsis. C1q/
tumor necrosis factor–related protein-6 (CTRP6) is a paralog of adiponectin and exerts anti- 
inflammatory and antioxidant properties. The role of CTRP6 in sepsis-associated inflammatory 
lung injury was investigated in this study.
Methods: Mice were injected with lipopolysaccharides (LPS) intraperitoneally to establish the 
mouse sepsis model. They were first tail-vein injected with adenovirus-mediated overexpres-
sion CTRP6 (Ad-CTRP6) and then subjected to the LPS injection. Pathological changes in lungs 
were detected by hematoxylin and eosin staining. Inflammation cytokine levels in bronchoal-
veolar lavage fluid were assessed by qRT-PCR and ELISA. Flow cytometry was used to detect 
the number of neutrophils in bronchoalveolar lavage fluid, and immunofluorescence was per-
formed to assess neutrophil extracellular traps.
Results: Lipopolysaccharides induced pulmonary congestion, interstitial edema, and alveolar 
wall thickening in the lungs, as well as upregulated lung histology score and wet/dry weight 
ratio. CTRP6 was reduced in lung tissues of septic mice. Injection with Ad-CTRP6 ameliorated 
extensive histopathological changes in LPS-induced mice and decreased lung histology score 
and wet/dry weight ratio. Overexpression of CTRP6 reduced the levels of TNF-α, IL-6, and IL-1β 
in septic mice. Injection with Ad-CTRP6 also decreased the number of neutrophils and down-
regulated Cit-H3 and myeloperoxidase polymers in septic mice. Protein expression of p-ERK in 
septic mice was reduced by overexpression of CTRP6.
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Introduction

Sepsis is a life-threatening multi-organ dysfunction disease 
caused by the host’s disorder of immune response to infec-
tion.1 Lung injury and acute respiratory distress syndrome 
(ARDS) refer to common sepsis-associated multi-organ 
dysfunction and contribute to increased mortality.2 Each 
year, about 20 million people suffer from sepsis-associated 
organ dysfunction worldwide, leading to 5 million deaths.3 
(The Global Epidemiology of Sepsis. Does It Matter That 
We Know So Little?). In China, at least 5.68 million people  
suffer from sepsis-associated organ dysfunction each year  
with a mortality of 0.24–0.83 per 100,000 patients.4 (Current 
epidemiology of sepsis in mainland China). 

Neutrophils are the most abundant circulating granu-
locytes, and represent the first barrier against pathogenic 
infection.5 Neutrophils eliminate the pathogens through 
phagocytosis, degranulation, and neutrophil extracellular 
trap formation.5 Therefore, neutrophils play a critical role in 
both adaptive and innate immune systems.5 Previous stud-
ies have shown that a large number of neutrophils infiltrate 
into lungs, andwhich promote secretion of pro-inflammatory 
cytokines, thus damaging the epithelium and endothelium 
of lungs, resulting in pulmonary edema during the devel-
opment of sepsis-associated lung injury.6 Suppression of 
neutrophilic inflammation ameliorated acute lung injury.7 
Hub immune genes involved in sepsis-associated organ 
dysfunction were identified through bioinformatics analy-
sis (Iidentification of key immune genes for sepsis-induced 
ARDS based on bioinformatics analysis). Therefore, genes 
involved in neutrophilic immunoreaction might be potential 
targets for sepsis.

Neutrophil extracellular traps are net-like extracellular 
structures, composed of DNA, histones, myeloperoxidase 
(MPO), and neutrophil elastic cell enzymes.5 Neutrophil 
extracellular traps could trap, neutralize, and kill patho-
gens to prevent dissemination, while excessive neutrophil 
extracellular traps could also induce epithelial and endo-
thelial cells during acute lung injury.5,8 Neutrophil extra-
cellular traps stimulated infiltration of neutrophils into 
lungs and induced tissue injury through secretion of pro- 
inflammatory cytokines in sepsis-associated lung injury.9,10 
Inhibition of neutrophil extracellular traps formation allevi-
ated sepsis-associated lung injury.11

C1q/tumor necrosis factor-related protein-6 (CTRP6) 
is a paralog of adiponectin that regulates energy metab-
olism.12 For example, CTRP6 is involved in glucose and fat 
metabolism, and mediate insulin resistance.13 This protein 
function as an endogenous complement regulator to inhibit 
rheumatoid arthritis.14 It reduces myofibroblast differentia-
tion to alleviate post-infarct cardiac fibrosis.15 Moreover, it 
is also associated with inflammatory responses in adipose 

Conclusion: CTRP6 attenuated septic lung injury, exerted anti-inflammatory effect, and sup-
pressed neutrophil extracellular traps formation against sepsis through inactivation of extra-
cellular signal-regulated kinase signaling.
© 2022 Codon Publications. Published by Codon Publications.

tissues.13 CTRP6 reduces oxygen–glucose deprivation and 
reperfusion-induced oxidative stress and inflammation to 
attenuate cerebral ischemia/reperfusion injury.16 However, 
the role of CTRP6 in inflammation of sepsis-associated lung 
injury remains unknown.

In this study, the effects of CTRP6 on inflammation 
and neutrophil extracellular traps formation in septic mice 
were investigated. The results might provide potential tar-
get for sepsis.

Materials and Methods

Animal model

Female C57BL/6J mice (n = 24; 8–10 weeks old), weighing 
20–25 g, were acquired from Shanghai Slack Laboratory 
Animal Co., Ltd (Shanghai, China). Mice acquired stan-
dard chow and water in a pathogen-free room. This study 
was approved by the Laboratory Animals Welfare Ethics 
Committee of Shanxi Bethune Hospital (Shanxi Academy of 
Medical Sciences), and is in accordance with the National 
Institute of Health, Laboratory Animal Care and Use 
Guidelines. Mice were divided into four groups: Sham (n = 
6), lipopolysaccharide (LPS; n = 6), LPS + Ad-NC (n = 6), 
and LPS + Ad-CTRP6 (adenovirus-mediated overexpression 
CTRP6; n = 6). Mice in the Sham group were intraperito-
neally injected with 100 μL sterile saline, and those in the 
LPS group were injected with 30 mg/kg LPS (Sigma-Aldrich, 
St. Louis, MO, USA). Ad-NC and Ad-CTRP6 were purchased 
from Genepharm (Shang, China). Mice were injected with 
100 μL adenovirus (107 particles/L) via tail vein 7 days 
before LPS injection. Mice in each group were anesthetized 
for 6 h after LPS administration. Lung tissues were col-
lected for histologic examination, and saline was injected 
into tracheal cannula to collect bronchoalveolar lavage 
fluid for the analysis of neutrophils.

Histologic examination

Lung tissues were fixed in 10% formalin and embedded in 
paraffin. The tissues were sliced into 5 μm sections, and 
these sections were then deparaffinized in toluene and 
hydrated in gradient concentrations of alcohol. The sec-
tions were stained with hematoxylin and eosin (Sigma-
Aldrich) and observed under microscope (Olympus, Tokyo, 
Japan). Lung histology score was evaluated by pathologists 
that were blind to image information. Five random areas in 
lung parenchyma were scored based on the following crite-
ria: 0 for absence, 1 for light, 2 for moderate, 3 for strong, 
and 4 for intense for the four parameters (neutrophil 
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ELISA

Lung tissues were lyzed in RIPA buffer (Beyotime, Beijing, 
China), and then centrifuged at 12,000 g for 60 min at 4°C to 
collect tissue lysates. Levels of TNF-α, IL-6, and IL-1β were 
determined using commercial ELISA kits (MultiSciences 
Biotech Co., Ltd., Wuhan, China). The level of MPO in bron-
choalveolar lavage fluid was also evaluated using ELISA kit.

Flow cytometry

The isolated bronchoalveolar lavage fluids were filtered with 
40 μm filter, and cells were harvested by centrifugation. 
The cells were incubated with fluorescence-activated cell- 
sorting buffer containing PE-labeled Ly6G and analyzed under 
BD flow cytometer (BD Pharmingen, San Diego, CA, USA).

Immunofluorescent staining

Lung sections were incubated in citrate buffer and perme-
abilized with 0.1% Triton X-100. The sections were blocked 
in 5% bovine serum albumin and probed with rabbit against 
mice anti-Cit-H3 (1:100; Abcam, Cambridge, MA, USA) and 
rabbit against mice anti-MPO (1:100; Abcam) antibodies. 
The sections were treated with goat anti-rabbit fluorescein 
isothiocyanate–conjugated IgG and observed under Zeiss 

infiltration, alveolar hemorrhage, thickness of alveolar 
septa, and size of alveolar spaces).

Lung edema

Left lung from each group was gently dried and weighed. 
The tissues were dried at 60°C for 3 days and weighed. The 
ratio of wet weight to dry weight was calculated as an indi-
cator of lung edema.

qRT-PCR

Lung tissues were lyzed in Trizol (Invitrogen, Carlsbad, 
CA, USA) to isolate total RNAs. RNAs were reverse- 
transcribed into cDNAs, and cDNAs were subjected to qRT-
PCR analysis with SYBR Green Master (Roche, Mannheim, 
Germany). GAPDH (Forward: 5’-GGATTTGGTCGTATTGGG-3’ 
and Reverse: 5’-GGAAGATGGTGATGGGATT-3’) was used as  
endogenous control. Expressions of CTRP6 (Forward: 5’-CCA 
TCCTGAAAGGTGACAAAGG-3’ and Reverse: 5’-AGTAATGCGT 
CTGGCACGAG-3’), TNF-α (Forward: 5’-ACTGAACTTCGGGGT 
GATTG-3’ and Reverse: 5’-GCTTGGTGGTTTGCTACGAC-3’), 
IL-6 (Forward: 5’-TGATGGATGCTTCCAAACTG-3’ and Reverse:  
5’-GAGCATTGGAAGTTGGGGTA-3’), and IL-1β (Forward: 5’-CA 
CCTTCTTTTCCTTCATCTTTG-3’ and Reverse: 5’-GTCGTTGC 
TTGTCTCTCCTTGTA-3’) were determined by 2-∆∆Ct method.

Figure 1  CTRP6 ameliorated septic lung injury. (A) CTRP6 mRNA was downregulated in lungs of septic mice, while injection 
with Ad-CTRP6 enhanced expression of CTRP6. (B) CTRP6 protein was downregulated in lungs of septic mice, while injection with 
Ad-CTRP6 enhanced expression of CTRP6. (C) Lipopolysaccharide induced pulmonary congestion, interstitial edema, and alveolar 
wall thickening in the lungs of septic mice, while overexpression of CTRP6 attenuated extensive histopathological changes in lungs 
of septic mice. (D) Lipopolysaccharide induced upregulation of lung histology score, while overexpression of CTRP6 reduced lung 
histology score in septic mice. (E) Overexpression of CTRP6 attenuated lipopolysaccharide-induced increase of wet/dry weight 
ratio in mice. *** vs Sham, P < 0.001. ### vs Ad-NC, P < 0.001.

(A) (B)

(C)

(D) (E)
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of septic mice (Figures 1A and 1B). Lipopolysaccharides 
induced pulmonary congestion, interstitial edema, and 
alveolar wall thickening in the lungs of septic mice (Figure 
1C), as well as upregulated lung histology score (Figure 1D) 
and wet/dry weight ratio (Figure 1E). Mice were adminis-
tered Ad-CTRP6 and were subjected to LPS treatment. 
Injection with Ad-CTRP6 enhanced expression of CTRP6 
(Figures 1A and 1B). The overexpression of CTRP6 attenu-
ated extensive histopathological changes in lungs of septic 
mice (Figure 1C) and reduced lung histology score (Figure 
1D) and wet/dry weight ratio (Figure 1E) to protect against 
sepsis-associated lung injury.

CTRP6 ameliorated septic inflammation

Expression levels of TNF-α, IL-6, and IL-1β were upregulated in 
lungs of septic mice (Figures 2A and 2B). However, injection 
with Ad-CTRP6 reduced TNF-α, IL-6, and IL-1β (Figures 2A and 
2B) thus inhibiting inflammation in septic mice.

CTRP6 suppressed neutrophil extracellular traps 
formation

The number of Ly6G+ neutrophils was increased (Figure 3A) 
and MPO was also upregulated (Figure 3B) in bronchoalve-
olar lavage fluids of septic mice. Overexpression of CTRP6 
reduced the number of Ly6G+ neutrophils (Figure 3A) and 

LSM 510 Confocal Imaging System (Zeiss, Jena, Germany) 
with DAPI counterstaining.

Western blot

Supernatant of lung tissues was segregated using SDS-
PAGE and transferred onto nitrocellulose membranes. 
Membranes were blocked in 5% bovine serum albumin and 
incubated with primary antibodies: anti-CTRP6 and anti- 
β-actin (1:2000), anti-p-ERK and anti-ERK (1:3000). The 
membranes were then incubated with secondary antibodies 
(1:4000), and subjected to chemiluminescence reagent kit 
(Beyotime). All the proteins were purchased from Abcam.

Statistical Analysis

All data were expressed as mean ± SEM and analyzed by 
Student’s t test or one-way analysis of variance. P < 0.05 
was considered statistically significant.

Results

CTRP6 ameliorated septic lung injury

To induce sepsis, mice were injected with 30 mg/kg LPS. 
Results showed that CTRP6 was downregulated in lungs 

Figure 2  CTRP6 ameliorated septic inflammation. (A) Overexpression of CTRP6 attenuated lipopolysaccharide-induced increase 
of TNF-α, IL-6, and IL-1β mRNAs in mice. (B) Overexpression of CTRP6 attenuated lipopolysaccharide-induced increase of TNF-α, 
IL-6, and IL-1β proteins in mice. *** vs Sham, P < 0.001. ### vs Ad-NC, P < 0.001.

(A)

(B)
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peripheral neuropathy,19 while CTRP6 deficiency enhanced 
complement activation and contributed to development  
of inflammatory diseases.14 This study found that CTRP6 
exhibited anti-inflammatory effect to protect against sepsis- 
associated lung injury and inhibited neutrophil extracellu-
lar traps formation.

Previous studies have shown that LPS induced exces-
sive vascular permeability and inflammation of lungs, and 
LPS-induced mice was widely used as septic models.20 This 
study also established the septic model through administra-
tion with LPS. Lipopolysaccharide stimulated histopatho-
logical changes in lungs of mice and enhanced lung edema. 
CTRP6 was found to be downregulated in lungs of septic 
mice. Injection with Ad-CTRP6 ameliorated histopatholog-
ical changes in lungs of septic mice and reduced the lung 
edema. Therefore, CTRP6 showed protective effect against 
sepsis-associated lung injury.

Pathogenic infection has been shown to evoke pulmo-
nary inflammation through excessive production of pro- 
inflammatory cytokines (IL-1β, IL-6, TNF-α) and facilitate 

decreased the level of MPO (Figure 3B) in septic mice. 
Lipopolysaccharide induced co-localization of MPO with Cit-
H3 in lungs of septic mice (Figure 3C), whereas overexpres-
sion of CTRP6 reduced co-staining of MPO and Cit-H3 (Figure 
3C) to inhibit neutrophil extracellular traps formation.

CTRP6 inhibited activation of extracellular signal-
regulated kinase (ERK) signaling in septic mice

Protein expression of p-ERK was elevated in lungs of septic 
mice (Figure 4). However, overexpression of CTRP6 reduced 
p-ERK expression in septic mice (Figure 4) to inhibit activa-
tion of ERK signaling.

Discussion

CTRPs were implicated in inflammatory responses.17,18 CTRP3  
exerted anti-inflammatory effect to protect against diabetic  

Figure 3  CTRP6 suppressed neutrophil extracellular traps formation. (A) Overexpression of CTRP6 attenuated lipopolysaccharide-
induced increase of number of Ly6G+ neutrophils in bronchoalveolar lavage fluids of mice. (B) Overexpression of CTRP6 attenuated 
lipopolysaccharide-induced increase of MPO in bronchoalveolar lavage fluids of mice. (C) Overexpression of CTRP6 attenuated  
lipopolysaccharide-induced increase of double staining for MPO and Cit-H3 in lungs of mice. ***vs Sham, P < 0.001. ###vs Ad-NC, P < 0.001.

(A) (B)

(C)
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lung injury and inhibit neutrophil extracellular traps forma-
tion through inactivation of ERK signaling.

Collectively, our results showed that CTRP6 exerted 
anti-inflammatory effect and reduced neutrophil extracellu-
lar traps formation via downregulation of ERK signaling, thus 
ameliorating septic lung injury. Therefore, CTRP6 might be a 
potential target for sepsis-associated lung injury.
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for impairment of capillary endothelial barrier during the 
development of septic lung injury.20 Suppression of alveo-
lar inflammation ameliorated lung injury.21 Results showed 
that LPS induced upregulation of IL-1β, IL-6, and TNF-α in 
lungs. However, overexpression of CTRP6 reduced mRNA 
and protein expression of IL-1β, IL-6, and TNF-α in septic 
mice, suggesting that CTRP6 exerted anti-inflammatory 
effect to attenuate sepsis-associated lung injury. Moreover, 
oxidative stress was involved in pathogenesis of sepsis, and 
antioxidant therapies showed promising effect in clinical 
trials of septic patients.22 CTRP6 was reported to reduce 
oxidative stress to alleviate cerebral ischemia or reper-
fusion injury.16 Therefore, CTRP6 might exert antioxidant 
effect to attenuate sepsis-associated lung injury.

Neutrophil extracellular traps exhibited pro-inflammatory  
effect to aggravate lung injury and pulmonary infiltration 
of neutrophils during development of sepsis.9 Inhibition of 
LPS-stimulated neutrophil extracellular traps formation 
alleviated sepsis-associated lung injury.23 Flow cytometry 
demonstrated that CTRP6 reduced the number of Ly6G+ 
neutrophils and decreased the level of MPO in septic mice. 
Moreover, co-staining of cit-H3 and MPO in lungs of sep-
tic mice was also repressed by overexpression of CTRP6. 
The above results indicated that CTRP6 reduced excessive 
neutrophil extracellular traps formation to protect against 
sepsis-associated lung injury.

ERK signaling is implicated in various cellular processes, 
including cell survival, apoptosis, stress response, motility, 
differentiation, and proliferation.24 Activation of ERK con-
tributed to septic lung injury by promoting inflammatory 
response.25 Moreover, ERK signaling was also involved in MPO- 
mediated activation of neutrophil elastase, promoted chro-
matin decondensation, and was associated with neutrophil 
extracellular traps formation.5 Inhibition of ERK phosphor-
ylation ameliorated septic lung injury through suppression 
of neutrophil extracellular traps formation.26 CTRP6 regu-
lated lipogenesis in myoblasts through ERK signaling27 and 
reduced phosphorylation of ERK in TGF-β-induced fibro-
blasts.28 Results of this study demonstrated that overex-
pression of CTRP6 reduced protein expression of p-ERK in 
septic lungs, indicating that CTRP6 might attenuate septic 

Figure 4  CTRP6 inhibited activation of ERK signaling in septic mice. Overexpression of CTRP6 attenuated lipopolysaccharide-
induced increase of p-ERK expression in lungs of mice. *** vs Sham, P < 0.001. ### vs Ad-NC, P < 0.001.
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