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ABSTRACT: Inflammation plays an important role in the development of sepsis−acute
respiratory distress syndrome (ARDS). Olink inflammation-related biomarker panels were
used to analyze the levels of 92 inflammation-related proteins in plasma with sepsis−ARDS
(n = 25) and healthy subjects (n = 25). There were significant differences in 64 inflammatory
factors, including TNFRSF11B in sepsis−ARDS, which was significantly higher than that in
controls. Functional analysis showed that TNFRSF11B was closely focused on signal
transduction, immune response, and inflammatory response. The TNFRSF11B level in
sepsis−ARDS plasma, LPS-induced mice, and LPS-stimulated HUVECs significantly
increased. The highest plasma concentration of TNFRSF11B in patients with sepsis−
ARDS was 10−20 ng/mL, and 10 ng/mL was selected to stimulate HUVECs. Western blot
results demonstrated that the levels of syndecan−1, claudin−5, VE−cadherin, occludin,
aquaporin−1, and caveolin−1 in TNFRSF11B-stimulated HUVECs decreased, whereas that
of connexin-43 increased in TNFRSF11B-stimulated HUVECs. To the best of the authors’
knowledge, this study was the first to reveal elevated TNFRSF11B in sepsis−ARDS associated with vascular endothelial dysfunction.
In summary, TNFRSF11B may be a new potential predictive and diagnostic biomarker for vascular endothelium damage in sepsis−
ARDS.
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■ INTRODUCTION
Acute respiratory distress syndrome (ARDS) is a progressive
and destructive disease caused by various intra- or extrapulmo-
nary factors, and its treatment and rehabilitation are relatively
difficult. The main features of ARDS include vascular
endothelium injury, inflammatory cell aggregation, and
mesenchymal edema.1 Vascular endothelium plays an important
role in inflammatory cell aggregation and pulmonary interstitial
edema.2,3 Endothelial permeability includes trans- and para-
cellular permeability. Glycocalyx, a negatively charged gelati-
nous substance, is the first barrier between endothelium and
blood, containing more heparan sulfate and syndecan-1 (SDC-
1).4 Glycocalyx damage leads to dysfunction of transcellular and
paracellular permeability, which results in permeable change,
leukocyte adhesion, and blood flow disorder.5

Transcellular permeability is mainly achieved by caveolae-
mediated transcellular transport. Caveolae accounted for 15% of
the endothelium volume and 95% of cell surface vesicles.
Caveolin-1 is the surface marker protein of caveolae, and it is
necessary for maintaining the structure and function of
caveolae.6 Zhu et al. showed that glycocalyx suppressed
caveolin-1-dependent endothelial transcytosis to improve
blood−brain barrier integrity in ischemic stroke.7 Aquaporins
(AQPs) are hydrophobic proteins that regulate the water
balance of pulmonary vessels in physiological or pathological

states. AQPs include 1−5, among which AQP-1 is mainly
distributed in pulmonary microvascular endothelium.8 Down-
regulation of AQP-1 expression leads to aggravation of edema,
whereas upregulation of AQP-1 expression alleviates acute
pulmonary edema.9 Chen et al. demonstrated that gold
nanoparticle-mediated AQP-1 induction is dependent on
caveolin-1, but it requires the repression of ERK activity.10

Intercellular transport mediated by tight, adherent, and gap
junctions is the main mechanism for endothelial intercellular
permeability. Occludin, claudin-5, and zonula occludens 1 (ZO-
1) are the key components of a tight junction; the down-
regulation of the tight-junction protein regulated inflammatory
signal transduction and lung endothelial permeability during
lung injury.11,12 VE-cadherin, a core component of the adherent
junction, plays an important role in endothelial permeability.13

Zhu et al. demonstrated that inflammatory mediator interleukin-
1β disrupted VE-cadherin localization in the cell surface to
impair endothelial stability.14 In addition, studies have shown
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that the connexin-43 (CX-43) protein elevation of gap junctions
in ARDS endothelium exacerbated lung vascular permeabil-
ity.15,16

Tumor necrosis factor (TNF) receptor superfamily 11B
(TNFRSF11B, TNFRSF11B is also called OPG), a member of
the TNF receptor superfamily, is originally known to participate
in bone homeostasis and found to play an important role in lung
diseases.17 Miyake et al. found that knockout of TNFRSF11B
reduced airway inflammation in mouse models of asthma.18 To
et al. found that TNFRSF11B was related to the severity or
progression of COPD and could be used as a potential
biomarker of COPD.19 Kemperman et al. showed that the
level of plasma TNFRSF11B was higher in patients with sepsis
and septic shock than in those without sepsis.20 Patients with
high TNFRSF11B concentrations at intensive care unit (ICU)
admission had a higher risk of dying within 30 days than patients
with low TNFRSF11B concentrations.20 However, the level and
role of TNFRSF11B in patients with sepsis−ARDS remain
unclear.
This study aimed to identify whether TNFRSF11B is a

potential predictive and diagnostic biomarker for sepsis−ARDS
with endothelial dysfunction by exploring the level of
TNFRSF11B in patients with sepsis−ARDS and its function
of transcellular and paracellular permeability in human umbilical
vein endothelial cells (HUVECs).

■ MATERIALS AND METHODS

Materials

Lipopolysaccharide (LPS, Escherichia coli 055:B5) was pur-
chased from Sigma−Aldrich (St. Louis, MO). Anti-SDC-1
(ET1703−42), anticaveolin-1 (ET1603−1), anti-AQP-1
(ET1703−34), antioccludin (R1510−33), anticlaudin-5
(ET1703−58), and anticonnexin-43 (HA721312), anti-
GAPDH (ET1601−4), HRP-conjugated goat antimouse IgG
(HA1006), and HRP-conjugated goat antirabbit IgG (HA1001)
were obtained from HUABIO (Zhejiang, China). The BCA
protein assay kit (PC0020) and anti-ZO-1 (K001718P) were
purchased from Solarbio (Beijing, China). Anti-TNFRSF11B
(sc-390518) was obtained from Santa Cruz Biotechnology
(Dallas). TNFRSF11B ELISA kits of human (EK0480) and
mouse (EK0481) were supplied by Boster (Wuhan, China).
Human Subjects

Patients with sepsis-induced ARDS (n = 25) and control
subjects (n = 25) in this study from the Shandong Provincial
Qianfoshan Hospital were enrolled. Table 1 shows the clinical
characteristics of patients. Those with sepsis−ARDS were
diagnosed on the basis of the diagnostic criteria for sepsis revised
by the European Society of Intensive Care Medicine and the
Society of Critical Care Medicine in 2016 and the Berlin
definition used to diagnose ARDS in 2012.21,22 The control
subjects came to the physical examination center, and they were
ruled out of inflammation-related diseases. Blood samples were
taken from all patients after obtaining informed consent. Every
individual had approximately 3 mL of peripheral venous blood
taken and placed into a sterile tube. Subsequently, the plasma
was extracted at 1000g for 30 min and stored in a −80 °C
refrigerator. This study was approved by the First Affiliated
Hospital of Shandong First Medical University & Shandong
Provincial Qianfoshan Hospital ethics committee [2023
(S423)].

Olink Inflammation-Related Biomarker Analysis
Plasma samples from sepsis−ARDS (n = 25) and control
subjects (n = 25) were evaluated using the Olink inflammation
panels, which allow for simultaneous analysis of 92 inflamma-
tion-related biomarkers. In summary, the target protein binds
with great specificity to the double-oligonucleotide-labeled
antibody probe, and the oligonucleotide sequence is quantified
via microfluidic real-time PCR amplification.
Bioinformatics Analysis
The differentially expressed proteins (DEPs) were assigned to
each Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) database term or pathway. Subse-
quently, the findings of the enrichment analysis were compared
on the basis of the setting of DEPs in the Olink inflammatory
panel. In addition, Spearman’s correlation analysis was used to
explore the correlation between TNFRSF11B and DEPs.
Protein−protein interactions (PPI) were used to visualize the
network of TNFRSF11B with DEPs.
Animal Grouping
Male C57BL/6 mice (six/group, 7−8 weeks old, weighing 18−
20 g; Jinan Pengyue Animal Feeding Co., Ltd.) were randomly
divided into LPS and control groups. All mice were housed at the
Animal Experiment Center of the Shandong Provincial
Qianfoshan Hospital. The LPS group was injected intra-
peritoneally with LPS (20 mg/kg) to stimulate the cells for 6
h. The control group was injected intraperitoneally with the
same amount of normal saline. Mouse lungs were isolated for
TNFRSF11B detection. Mouse blood was centrifuged at 4 °C
1000g for 20 min, and the supernatant was used to detect the
TNFRSF11B level.
Histopathology
Lung sections (5 μm thickness) were stained with hematoxylin
and eosin (HE) after dewaxing and dehydration. The lung injury

Table 1. Baseline Characteristics Stratified by Sepsis−ARDS
Patients and Normal Status1

characteristic normal sepsis−ARDS
number 25 25
T (°C) 36.3 [36.1−36.4] 38.2 [36.6−38.8]
HR (times/min) 72.0 [64.0−79.5] 110.0 [94.0−120.5]
RR (times/min) 16.0 [15.5−17.0] 26.0 [20.0−31.0]
SBP (mmHG) 131.0 [119.0−137.5] 96.0 [75.0−104.5]
WBC (10*9/L) 6.40 [5.40−7.20] 15.66 [12.42−22.02]
PCT (ng/mL) <0.04 9.55 [0.87−128.11]
P/F (mmHG) >300 160.00 [90.85−225.30]
plasma albumin (g/L) 43.2 [41.9−45.6] 27.5 [23.1−33.5]
D-dimer (mg/L) 0.20 [0.15−0.46] 6.33 [2.42−18.45]
LAC (mmol/L) NA 5.3 [2.6−10.9]
IL-6 (pg/mL) 2.38 [1.22−3.94] 89.68 [32.34−858.20]
CD3 + T cells (%) 69.05 [62.31−73.36] 67.89 [51.56−76.36]
CD3 + CD4 + T cells (%) 39.34 [31.93−44.88] 42.01 [26.92−51.95]
CD3 + CD8 + T cells (%) 24.12 [19.30−31.15] 21.66 [10.61−28.79]
CD4 + T/CD8 + T 1.66 [1.22−2.23] 1.64 [1.19−2.96]
CD19 + B cells (%) 12.08 [8.30−19.88] 20.65 [12.55−36.48]
CD16 + CD56 + NK cells 18.61 [11.18−22.80] 9.20 [4.91−17.31]
CRP (mg/L) <3.34 136.00 [85.86−249.43]
platelets (10*9/L) 216 [197−248] 50 [27−114]
1Data are expressed as the median (interquartile range). HR, heart
rate; RR, respiratory rate; SBP, systolic blood pressure; WBC, white
blood cell; P/F, PaO2/FiO2; LAC, lactic acid; CRP, C-reactive
protein; NA, not available.
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evaluation was consistent with the previous description criteria,

which mainly included alveolar hyperemia, infiltration of

inflammatory cells into the alveolar wall, and alveolar wall

thickening.15

Cell Culturing

The HUVECs were obtained from Shanghai Zhong Qiao Xin

Zhou Biotechnology Co., Ltd. and cultured in complete culture

medium (10% fetal bovine plasma, 100 U/mL penicillin, and 0.1

Figure 1. All DEPs in inflammation-related biomarkers between the sepsis−ARDS and control groups. (A) Protein expression in the sepsis−ARDS (n
= 25) and control groups (n= 25). (B) Volcanic visualization of DEPs based on 92 inflammation-related biomarkers, includingOPG (TNFRSF11B) in
sepsis−ARDS, was significantly higher than that in controls. (C) Heatmap of 92 inflammation-related proteins.
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Figure 2.GO and KEGG enrichment analyses of DEPs. (A) GO enrichment analysis with a scatter plot based on the background of 92 inflammation-
related proteins. (B) KEGG enrichment analysis with a scatter plot based on the background of 92 inflammation-related proteins. (C) GO enrichment
analysis with a bar plot based on the background of 92 inflammation-related proteins. (D) KEGG enrichment bar plot analysis with a bar plot based on
the background of 92 inflammation-related proteins.
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mg/mL streptomycin) in an incubator with a humidified
atmosphere of 95% air and 5% CO2 at 37 °C.
The HUVECs were further divided into control and LPS

groups for detecting TNFRSF11B. The control group was
cultured in a culture medium without treatment, whereas the
LPS group was treated with LPS (1 μg/mL) for 6 h stimulation.
Then, the cells and cell supernatant were used for detecting
TNFRSF11B.
The HUVECs were further divided into TNFRSF11B and

control groups for detecting the TNFRSF11B function. The
TNFRSF11B group was treated with TNFRSF11B (10 ng/mL)
for 6 h stimulation. Finally, HUVECs were used for the

detection of occludin, claudin-5, VE-cadherin, SDC-1, con-
nexin-43, ZO-1, caveolin-1, and AQP-1.
Western Blot Analysis

The HUVECs or lungs were lysed in ice-cold RIPA buffer
containing protease inhibitors, and the protein concentrations
were measured with a BCA protein assay kit. The protein
samples in 10% separation gel were electrophoresed and
transferred onto PVDF membranes. The PVDF membranes
were incubated with 5% nonfat milk at room temperature for 1 h
and then incubated with primary antibody (anti-SDC-1,
anticaveolin-1, anti-AQP-1, anti-ZO-1, antioccludin, anticlau-
din-5, anticonnexin-43, anti-VE-cadherin, anti-TNFRSF11B,
and anti-GAPDH) overnight. On the following day, the PVDF

Figure 3. (A) Correlative analysis between DEPs in sepsis−ARDS and control groups. (B) Visualization of the correlation between OPG
(TNFRSF11B) and DEPs. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. NS, not significant.
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membranes were washed three times with TBST and incubated
at room temperature with HRP-conjugated goat antimouse IgG
or HRP-conjugated goat antirabbit IgG for 1.5 h. Finally,
enhanced chemiluminescence was used to detect protein bands,
and the intensities of the bands were quantified by using ImageJ.
mRNA Sequencing

The treated and pretreated HUVEC cells and lungs were stored
in a refrigerator at −80 °C. The HUVEC cells and lungs were
extracted and purified, and sample libraries were constructed.
The sample library was sequenced using the Illumina Hiseq
sequencing platform by Shanghai Bioatlas Technology Co., Ltd.
(Shanghai, China).
Statistical Analysis

Statistical analysis was completed on GraphPad Prism version
9.0. The results are expressed as the means± standard deviation
(SD). A t-test orMann−WhitneyU test was used to evaluate the
statistical significance in the two groups. The Spearman rank
correlation test was used to analyze the correlation of
TNFRSF11B. The cutoff level of plasma TNFRSF11B was
determined by the area under the curve (AUC) analysis of
receiver operating characteristics (ROCs). p < 0.05 was
considered statistically significant.

■ RESULTS

Elevated TNFRSF11B in Olink Inflammation-Related
Biomarker Analysis

The characteristics of patients with or without sepsis−ARDS are
displayed in Table 1. TheOlink inflammation-related biomarker
technology was used to evaluate the expression levels of
inflammation-related proteins (n = 92) between sepsis−ARDS
and control groups. Figure 1A shows the protein expression
levels in all human plasma samples. A total of 64 different
proteins were identified between the sepsis−ARDS and control
groups, including 47 proteins with upregulated expression and
17 proteins with downregulated expression in the sepsis−ARDS
group, among which TNFRSF11B was significantly elevated
(Figure 1B). Figure 1C shows a heatmap containing differ-
entially expressed inflammation-related proteins.
Functional Enrichment Analysis of DEPs

GO andKEGGenrichment analyses based on the background of
92 inflammation-related proteins were performed to investigate
the potential effects of DEPs. The results showed that these
protein functions focus on signal transduction, immune
response, and inflammatory response and that these functions
may be related to the cytokine−cytokine receptor interaction
and MAPK and TNF signaling pathways (Figure 2A−D). In
addition, correlation analyses between proteins were performed

Figure 4. (A) PPI network analysis between TNFRSF11B and CCL2, FGF23, TNFSF10, and IL7. (B) Visualization of the PPI network analysis of
DEPs.

Journal of Proteome Research pubs.acs.org/jpr Article

https://doi.org/10.1021/acs.jproteome.3c00576
J. Proteome Res. XXXX, XXX, XXX−XXX

F

https://pubs.acs.org/doi/10.1021/acs.jproteome.3c00576?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jproteome.3c00576?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jproteome.3c00576?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jproteome.3c00576?fig=fig4&ref=pdf
pubs.acs.org/jpr?ref=pdf
https://doi.org/10.1021/acs.jproteome.3c00576?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


to explore the interactions between the different proteins. As
shown in Figure 3, IL18R1, CCL20, MCP-1, MCP-3, IL-6, IL-8,
and IL-10 were significantly positively correlated with
TNFRSF11B, whereas TNFRSF11B was significantly negatively
correlated with SCF, TNFB, DNER, and CD6. In addition,
TNFSF10 had a higher degree score in the PPI network,
suggesting that it may play an important role in sepsis−ARDS
(Figure 4A,B).
Elevated TNFRSF11B in Human Sepsis−ARDS Plasma,
LPS-Induced Mice, and LPS-Stimulated HUVECs

Figure 5A shows the level distribution of TNFRSF11B on the
basis of the expression of the Olink inflammation related
biomarkers. The AUC of TNFRSF11B was 0.9792 (95% CI:
0.9465−1.000, P < 0.0001) according to the ROC curve analysis
that was based on the TNFRSF11B level in human sepsis−
ARDS plasma (Figure 5B). The optimal cutoff value based on
the Youden index was 0.88, with sensitivity and specificity of
0.88 and 1, respectively. TNFRSF11B was selected as a new
potential predictive biomarker for ARDS for further validation,
combined with the above results. The ELISA results showed that
the TNFRSF11B level in the plasma of the sepsis−ARDS group
was significantly higher than that in the control group, consistent

with the trend observed in Olink data (Figure 5C). The AUC of
TNFRSF11B was 0.9600 (95% CI: 0.9149−1.000, P < 0.0001)
according to the ROC curve analysis that was based on the
TNFRSF11B concentration in human sepsis−ARDS plasma
(Figure 5D). The optimal cutoff value based on the Youden
index was 0.76, with sensitivity and specificity of 0.88 and 0.88,
respectively. HE results showed that alveolar hyperemia,
infiltration of inflammatory cells into the alveolar wall, and
alveolar wall thickening in LPS-induced mice were more serious
than the control group (Figure 5E). The mRNA level of
TNFRSF11B in LPS-stimulated mice or HUVECs increased
(Figure 5F,G). The protein level of TNFRSF11B in LPS-
stimulated mice increased, whereas that in LPS-stimulated
HUVECs did not (Figure 5H−5K). The level of TNFRSF11B in
LPS-stimulated mouse plasma or LPS-stimulated HUVECs
culture medium increased (Figure 5L,5M).
Validation of TNFRSF11B Function by
TNFRSF11B-Stimulated HUVECs

The highest concentration of TNFRSF11B in sepsis−ARDS
plasma was found to be 10−20 ng/mL by ELISA (Figure 5).
Therefore, HUVECs were treated with TNFRSF11B (10 ng/
mL) for stimulation for 6 h. The proteins occludin, claudin-5,

Figure 5.Validation of TNFRSF11B in human sepsis−ARDS serum, LPS-inducedmice, and LPS-stimulatedHUVECs. (A)Olink data visualization of
TNFRSF11B. (B) Receiver operating characteristic (ROC) curve of serum TNFRSF11B in sepsis−ARDS and control groups. (C) Validation of
TNFRSF11B concentration in sepsis−ARDS and control groups. (D) ROC curve of TNFRSF11B concentration in sepsis−ARDS and control groups.
(E) Lung injury was evaluated byHE staining. (F)mRNA level of TNFRSF11B in LPS-induced ARDSmice. (G)mRNA level of TNFRSF11B in LPS-
stimulated HUVECs. (H) Protein level of TNFRSF11B in LPS-induced ARDS mice. (I) Protein level of TNFRSF11B in LPS-stimulated HUVECs.
(J) TNFRSF11B intensity in LPS-induced ARDS mice. (K) TNFRSF11B intensity in LPS-stimulated HUVECs. (L) TNFRSF11B concentration of
serum in LPS-induced ARDS mice. (M) TNFRSF11B concentration of cell culture medium in LPS-stimulated HUVECs. Data are expressed as the
means ± SD of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. NS, not significant.
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VE-cadherin, SDC-1, connexin-43, ZO-1, caveolin-1, and AQP-
1 were used to evaluate the role of TNFRSF11B in HUVECs.
TheWestern blot results demonstrated that occludin, claudin-5,
VE-cadherin, SDC-1, caveolin-1, and AQP-1 decreased
significantly, connexin-43 increased significantly, and ZO-1
did not increase significantly after TNFRSF11B stimulation

(Figure 6). These results indicated that TNFRSF11B caused
serious damage to the vascular endothelium of glycocalyx,
caveolae transport, and tight, adherent, and gap junctions in
patients with sepsis−ARDS, and thus aggravated pulmonary
edema.
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■ DISCUSSION
The endothelial structural injury by inflammatory cytokines is
the main pathological feature of sepsis-induced ARDS. The
Olink proteomics can identify inflammatory biomarkers
associated with sepsis-induced ARDS subjects. This study
showed that the level of plasma TNFRSF11B with sepsis-
induced ARDS increased. Moreover, TNFRSF11B significantly
aggravated the endothelial barrier damage.
TNFRSF11B binds to TNFSF11 and inhibits TNFSF11/

TNFRSF11A signaling in bone resorption and homeostasis.23

TNFRSF11B was recently revealed to be engaged in the
immune system and vascular biology, both of which are involved
in the pathophysiology of sepsis.24 Zauli et al. suggested that a
pathological increase in plasma TNFRSF11B may play an
important role in promoting leukocyte or endothelial cell
adhesion.25 Shimamura et al. implied that a high plasma
TNFRSF11B level is associated with unfavorable outcomes in
ischemic stroke.26 Wen et al. showed plasma TNFRSF11B as a
potential mechanism of endothelial dysfunction in patients with
obstructive sleep apnea.27 However, the role of TNFRSF11B in
sepsis-induced ARDS remains to be understood. In the present
study, plasma TNFRSF11B in patients with sepsis-induced
ARDS was found to be elevated, and TNFRSF11B induced the
HUVEC dysfunction of glycocalyx and transcellular and
paracellular permeability. Hence, a high expression of
TNFRSF11B in sepsis-induced ADRS could be considered a
negative predictor.
TNFSF11 binds to TNFRSF11A to activate the NF-κB

signaling pathway, and NF-κB is a key transcription factor in
inflammatory signaling.28 Gregorczyk et al. reported that
TNFRSF11B effectively blocked the TNFSF11/TNFRSF11A
system and reduced airway inflammation.29 However, Miyake et
al. uncovered that OPG deficiency by gene knockout in
asthmatic mice relieves the inflammatory response.18 In this
study, TNFSF11 was found to be significantly decreased in
patients with sepsis−ARDS, whereas TNFRSF11B significantly
increased. However, the mRNA level of TNFSF11 was not
changed in LPS-induced mice or HUVECs than in the control
(data not shown). These results might imply that TNFRSF11B,

as a pathogenic inflammatory factor, led to the impairment of
HUVEC function through a certain signaling pathway.
SDC-1, as an important component of glycocalyx, operated as

a physical barrier on endothelium, preventing solutes from
readily moving through the transcellular and paracellular
space.30 Our previous research showed that protecting the
glycocalyx greatly reduced tight-junction damage in LPS-
induced ARDS.31 Mensah et al. demonstrated that glycocalyx
degradation disrupted endothelium gap junction CX-43,
blocking the molecular transport that maintains endothelium
homeostasis.32 Zhu et al. demonstrated that glycocalyx sup-
pressed caveolin-1-dependent endothelial transcytosis for
improving blood−brain barrier integrity in ischemic stroke.7
Siddiqui et al. showed that caveolin-1 is necessary for adherent
junction assembly or maintenance.33 The present study results
showed that TNFRSF11B can reduce the expression of
occludin, claudin-5, VE-cadherin, caveolin-1, and SDC-1 and
increase that of connexin-43, which may be one of the reasons
why TNFRSF11B can aggravate LPS-induced ARDS.
With in-depth studies on TNFRSF11B, TNF-related

apoptosis-inducing ligands, SDC-1 and glycosaminoglycans,
regulate the biological functions of TNFRSF11B.34−37 Ben-
slimane-Ahmin et al. revealed that the proangiogenic properties
of TNFRSF11B are mediated by the proteoglycan SDC-1.38

Standal et al. study showed that TNFRSF11B binding to SDC-1
on the surface of myeloma cells may remove TNFRSF11B from
the osteoblast−osteoclast interface, where TNFRSF11B plays a
major role.35 Standal et al. in a study also showed that soluble
SDC-1 does not affect TNFRSF11B activity by using Chinese
hamster ovary cells transfected with TNFRSF11A and
stimulated with soluble TNFSF11.35 The results of this study
support the idea that TNFRSF11B induces SDC-1 shedding, but
the shedding of SDC-1 does not affect the signaling of
TTNFRSF11B binding with SDC-1 on the surface of cells and
then leads to cell permeability damage.
Water channel obstruction is one of the important

mechanisms leading to pulmonary edema in lung injury.39

AQP-1 is a subtype of the AQPs family that drives water through
the membrane barrier in the lungs.40 ARDS is associated with

Figure 6. Validation of the TNFRSF11B function in HUVECs. (A) Western blot detection of occludin, claudin-5, VE-cadherin, SDC-1, Cav-1, and
AQP-1, CX-43, and ZO-1 proteins. (B) Relative protein intensity in TNFRSF11B-stimulatedHUVECs. Data are expressed as the means± SD of three
independent experiments. *p < 0.05, **p < 0.01. NS, not significant.
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decreased AQP-1 protein expression, decreased ability to clear
pulmonary edema, and increased pulmonary vascular perme-
ability. The present study results showed that TNFRSF11B can
reduce AQP-1 expression in HUVECs and then adjust water
channel transportation.
This study has some limitations. The Olink test is relatively

expensive, and the sepsis−ARDS (n = 25) and normal (n = 25)
subjects were included in accordance with the inclusion and
exclusion diagnostic criteria due to economic reasons.

■ CONCLUSIONS
TNFRSF11B seriously affects the vascular endothelial function
of sepsis−ARDS. Adding TNFRSF11B to the clinical model
could significantly improve the prediction ability in patients with
sepsis−ARDS.
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