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barrier permeability via CX3CL1

HUIYUAN YAN!, JUNSONG WU? and HUILIAN YAN?

1Department of Internal Medicine, Children's Hospital of Fudan University, Shanghai 201102;

Medical College, Qinghai University, Xining, Qinghai 8§10016; 3Fenyang College,
Shanxi Medical University, Taiyuan, Shanxi 030604, P.R. China

Received September 14,2022; Accepted February 16,2023

DOI: 10.3892/etm.2023.12018

Abstract. Acute lung injury (ALI) is associated with increased
lung inflammation and lung permeability. The present study
aimed to determine the role of inactive rhomboid-like protein 2
(iIRHOM?2)in ALIinlipopolysaccharide (LPS)-induced pulmo-
nary microvascular endothelial cell model. Human pulmonary
microvascular endothelial cells (HPMVECs) were transfected
with small interfering RNA targeting iRHOM?2 and C-X3-C
motif chemokine ligand 1 (CX3CL1) overexpression plasmids
and treated with LPS. Cell viability was detected using a
Cell Counting Kit-8 assay, while levels of TNFa, IL-1p, IL-6
and p65 were measured by reverse transcription-quantitative
PCR and western blotting. Apoptosis levels were measured
using a TUNEL assay. Endothelial barrier permeability was
detected, followed by analysis of zonula occludens-1, vascular
endothelial-cadherin and occludin by immunofluorescence
staining or western blotting. The interaction of iRHOM?2
and CX3CLI1 was analyzed using an immune-coprecipitation
assay. Through bioinformatics analysis, it was found that
CX3CL1 was upregulated in the LPS group compared with the
control. Kyoto Encyclopedia of Genes and Genomes pathway
analysis demonstrated that the TNF signaling pathway
affected by iRHOM2 and cytokine-cytokine receptor interac-
tion, including CX3CL1, served a key role in ALI. HPMVECs
treated with LPS exhibited a decrease in cell viability and an
increase in inflammation, apoptosis and endothelial barrier
permeability, while these effects were reversed by iRHOM?2
silencing. However, CX3CL1 overexpression inhibited the
effects of iRHOM?2 silencing on LPS-treated HPMVECs.
The present study demonstrated a novel role of iRHOM?2 as a
regulator that affects inflammation, apoptosis and endothelial
barrier permeability; this was associated with CX3CL1.
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Introduction

Acute lung injury (ALI) is an acute progressive hypoxic
respiratory failure caused by external and external patho-
genic factors other than cardiogenesis. ALI is a syndrome of
increased lung inflammation and permeability (1). On one
hand, LPS stimulation increases the permeability of human
pulmonary microvascular endothelial cells (HPMVECs) and
causes protein exudation and edema. On the other hand, lipo-
polysaccharide (LPS) stimulates endothelial cells to secrete
inflammatory cytokines and other adhesion molecules, which
induces aggregation of a large number of neutrophils and leads
to oxidative damage and the inflammatory response in lung
tissue, promoting the development of lung injury (2-4). TNF-a,
IL-1p and IL-6 are the primary pro-inflammatory factors in the
early development of ALI, which not only directly cause lung
injury, but also activate other signaling pathways and promote
expression of inflammatory factors, leading to lung injury (5).

Inactive rhomboid-like protein 2 (iIRHOM2) is a member
of the rhomboid protein family, of which >10 members have
been identified (6). iRHOM?2 promotes atherosclerosis by
inducing macrophage inflammation and oxidative stress;
interfering with iRHOM2 decreases obesity by increasing
thermogenesis (7,8). In addition, iRHOM?2 is involved in
promoting particulate matter 2.5-induced chronic kidney
injury and promotes lupus nephritis via TNFoa and EGFR
signaling (9). iRHOM2 silencing decreases LPS-induced
inflammatory release of cardiomyocytes (10). A previous
study demonstrated that iRHOM?2 alleviates lung injury
caused by intestinal ischemia-reperfusion (11). Therefore, the
present study aimed to explore if iRHOM2 is involved in lung
microvascular endothelial cell injury.

Materials and methods

Bioinformatics analysis

Data source. The National Center for Biotechnology
Information-Gene Expression Omnibus database (ncbi.nlm.
nih.gov/geo/) is a free database of microarray/gene profile and
next-generation sequencing data from which gene expression
profile data (accession no. GSE5883) of human lung microvas-
cular endothelial cells exposed to LPS were obtained in the
present study.
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Identification of differentially expressed genes (DEGs).
DEGs were identified between the LPS 4 hrs and CTL 4 hrs
groups in the aforementioned dataset using the ‘limma’
R package as previously described (12). Statistically
significant DEGs were determined with adjusted P-value
(adj.P-value)<0.01 as the cut-off criterion. The analysis results
were presented using a volcano plot and heatmap.

Biological function analysis. Using Gene Ontology (GO)
enrichment analysis (http://geneontology.org/docs/go-enrich-
ment-analysis/), the biological function, pathway or cell
location of enriched genes was identified. The GO annotation
contains three aspects of biological content: i) Biological
process (BP); ii) cellular component (CC) and iii) molecular
function (MF). By analyzing the genes in the Kyoto
Encyclopedia of Genes and Genomes (KEGG, https://www.
kegg.jp/) signaling pathways, the pathways that were altered
under disease conditions were identified. The present study
used R package ‘Org.Hs.eg.db’ (13) to perform GO func-
tional annotation and KEGG pathway analysis of differential
expressed immune-related genes (DEIRGS).

Construction of the protein-protein interaction (PPI)
network. Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) (14) online database was used
to develop the PPI network. iRHOM?2 and C-X3-C motif
chemokine ligand 1 (CX3CLI) were uploaded to the STRING
database and isolated nodes were removed from the network.

Cell culture. Immortalized HPMVECs were purchased from
Sigma-Aldrich (cat. no. 540-05A; Merck KGaA) and cultured
in RPMI-1640 medium (Thermo Fisher Scientific, Inc.) supple-
mented with 1% penicillin-streptomycin and 10% fetal bovine
serum (HyClone; Cytiva) at 37°C with 5% CO,. The cells were
treated with LPS (10 ug/ml) for 12,24 or 48 h at 37°C.

Cell transfection. For knockdown of iRHOM2, the
specific small interfering (si)RNA targeting iRHOM?2
(siRNA-iRHOM2#1, 5'-GCGUGAGAUGGUUGGUUA
AGG-3"; siRNA-iRHOM2#2, 5'-GACGAUGUCUCAUGG
AUUAAA-3") and corresponding negative control (NC) siRNA
(5-UUCUCCGAACGUGUCACGU-3") were synthesized by
Shanghai GenePharma Co., Ltd. To overexpress CX3CLI1,
pc-DNA3.1 vector containing the whole length of CX3CL1
(Ov-CX3CL1) and empty vector (Ov-NC) were synthesized
by Shanghai GeneChem Co., Ltd. A total of 100 nM recombi-
nants were transfected into HPMVECs for 48 h at 37°C using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
After 48 h, cells were collected for further assay.

Reverse transcription-quantitative PCR (RT-qPCR).
RT-qPCR was used to detect mRNA expression levels. Total
RNAs were extracted from 1x10* HPMVECs using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions. All primers were designed and
synthesized by Shanghai Sangong Pharmaceutical Co., Ltd. RT
of first-strand cDNAs was performed by using PrimeScript™
RT Master Mix (Perfect Real Time; Takara Bio, Inc.),
according to the manufacturer's instructions. Amplification of
cDNA was performed using qPCR using the SYBR Premix Ex
Taq™ II kit (Takara Bio, Inc.). The following thermocycling

conditions were used for qPCR: Initial denaturation at 95°C
for 2 min, followed by 40 cycles of denaturation at 95°C for
15 sec, amplification at 53°C for 20 sec and extension at 60°C
for 3 sec. The following primer pairs were used: iRHOM2:
Forward, 5"TGGCCTGGAGCTGTCTATCT-3' and reverse,
5-GTGATGGAGAGGTTGGGTGG-3'"; TNFa: Forward,
5'-CTGGGCAGGTCTACTTTGGG-3" and reverse, 5'-CTG
GAGGCCCCAGTTTGAAT-3"; IL-1p: Forward, 5-AACCTC
TTCGAGGCACAAGG-3' and reverse, 5'-AGATTCGTA
GCTGGATGCCG-3'; IL-6: Forward, 5"-TCCACAAGCGCC
TTCGGTC-3' and reverse, 5'-GGTCAGGGGTGGTTATTG
CAT-3'; CX3CLI1: Forward, 5-TCCGATATCTCTGTCGTG
GC-3' and reverse, 5S"TGTCTCGTCTCCAAGCAGC-3' and
GAPDH: Forward, 5'-GGGAAACTGTGGCGTGAT-3' and
reverse, 5'-GAGTGGGTGTCGCTGTTGA-3'. GAPDH was
used as an internal reference and relative expression levels of
target mRNASs were quantified using the 2244 method (15).

Western blotting. Total protein of HPMVECs was extracted
using RIPA buffer (Hunan Auragene Biotech Co., Ltd) and
quantified using the BCA Protein Assay Kit (Beijing Dingguo
Changsheng Biotechnology Co., Ltd.). The protein (20 ug
per lane) in cell lysates was separated by 8% SDS-PAGE
(Bio-Rad Laboratories, Inc.) and transferred onto PVDF
membranes (MilliporeSigma; Merck KGaA). Subsequently,
membranes were blocked in 5% non-fat milk for 1.5 h at
room temperature and incubated with primary antibodies
against iRHOM2 (1:1,000; cat. no. MAB10048; R&D Systems
China Co., Ltd.), TNFa (1:1,000; cat. no. ab183218; Abcam),
IL-1B (1:1,000; cat. no. ab216995; Abcam), IL-6 (1:1,000;
cat.no.ab233706; Abcam), phosphorylated p65 (p-p65; 1:1,000;
cat. no. ab76302; Abcam), p65 (1:1,000; cat. no. ab32536;
Abcam), Bax (1:1,000; cat. no. ab32503; Abcam), Bcl-2
(1:1,000; cat. no. ab32124; Abcam), Cleaved caspase 3
(1:500; cat. no. ab32042; Abcam), zonula occludens-1 (ZO-1;
1:1,000; cat. no. ab221547; Abcam), vascular-endothelial
(VE)-cadherin (1:1,000; cat. no. ab205336; Abcam), occludin
(1:1,000, cat. no. ab242202; Abcam), CX3CL1 (1:1,000,
cat. no. ab25088; Abcam) or GAPDH (1:1,000, cat. no. ab8245;
Abcam) overnight at 4°C. Following primary antibody incu-
bation, membranes were incubated with HRP-conjugated
anti-mouse (1:2,000; cat. no. ab6789; Abcam) or anti-rabbit
(1:2,000; cat. no. ab6721; Abcam) secondary antibodies
at 37°C for 2 h. Then, protein bands were visualized using
ECL Detection Reagent (Shanghai Yeasen Biotechnology Co.,
Ltd.) and densitometry analysis was performed using ImageJ
software (version 1.49; National Institutes of Health).

Cell Counting Kit-8 (CCK-8) assay. HPMVECs were added
to 96-well plates at a density of 5x10° cells/well. The cells
were placed in an incubator at 37°C with 5% CO, for 24 h.
Subsequently, 20 ul CCK-8 reagent (Beyotime Institute of
Biotechnology) was added to each well. After 4 h, the absor-
bance at 450 nm was measured using a microplate reader.

TUNEL assay. TUNEL assay was used to detect apoptotic
cells using a TUNEL kit (cat. no. C1082; Beyotime Institute
of Biotechnology), according to the manufacturer's protocol.
HPMVECs were fixed with 4% paraformaldehyde at room
temperature for 15 min and permeated with 0.1% Triton
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X-100 for 5 min at room temperature. Subsequently, cells were
incubated with TUNEL at 37°C for 1 h and cell nuclei were
counterstained with DAPI (10 mg/ml; Koritai Biotechnology)
for 5 min at room temperature. A total of five fields of view
were randomly selected from each slice. The number of
positive cells was mounted with fluorescent mounting media
(Beijing Solarbio Science & Technology Co., Ltd.) and the
observation was conducted under a fluorescence microscope
(Nikon Corporation). The cell apoptosis rate (%) was calcu-
lated as follows: Number of apoptotic positive cells/total
number of cells.

Measurement of endothelial barrier permeability.
Transendothelial electrical resistance (TEER) is a key
indicator for the detection of the integrative function of the
monolayer cell barrier. It reflects the change in monolayer
cell permeability by detecting the voltage difference between
the inside and outside of the cell (16). TEER of HPMVECs
was detected using a Millicdl ESR-2 cell resistance instru-
ment (Millipore). TEER was determined using the following
formula: TEER=(TEER ,-TEER,,,,) X S,.cmbranes Where A is the
TEER value for each Transwell filter and S is the area of
the filter membrane (S=x X r; r=6 mm).

membrane

Immunofluorescence (IF) assay. HPMVECs were fixed
with 4% paraformaldehyde at 4°C for 15 min and permea-
bilized with Triton X-100 at 37°C for 30 min. Subsequently,
cells were incubated with primary antibodies against ZO-1
(1:100; cat. no. ab221547; Abcam) at 4°C overnight, and then
incubated with Alexa Fluor 488-conjugated goat anti-rabbit
IgG H&L secondary antibodies (1:500; cat. no. ab150077,
Abcam) for 1 h at room temperature. Nuclei were stained
with 1 ug/ml DAPI solution at room temperature for 15 min.
The images were observed under a fluorescence microscope
(magnification, x100).

Immunoprecipitation (IP) assay. The association between
iRHOM2 and CX3CL1 was detected using IP assay.
HPMVECs were collected and lysed using RIPA lysis buffer
(Thermo Fisher Scientific, Inc.). Antibodies against iRHOM?2
(1:500; cat. no. orb386934, Biorbyt, Ltd.), CX3CL1 (1:500;
cat. no. 14-7986-81; Invitrogen; Thermo Fisher Scientific, Inc.)
and IgG (1:200; cat. no. ab205718; Abcam) were added to the
lysate for incubation at 4°C overnight. Then, 40 ul Protein A/G
PLUS-Agarose beads (Invitrogen; Thermo Fisher Scientific,
Inc.) were added and incubated at room temperature for
another 2 h. Then, the beads were rinsed with lysis buffer for
three times and the collected by centrifugation at 12,000 x g
for 2 min at 4°C. Following the final wash, the supernatant was
aspirated and discarded, then the precipitated proteins were
re-suspended in 2 x SDS-PAGE loading buffer, boiled for
S5min, and rinsed from the beads. The products from immuno-
precipitation were collected for the analysis of iRHOM?2 and
CX3CLI expression.

Statistical analysis. GraphPad Prism 8.0 statistical software
(GraphPad Software, Inc.; Dotmatics) was used for statistical
analysis. Data are presented as the mean + standard devia-
tion of three independent experiments. Differences between
multiple groups were analyzed using one-way ANOVA
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followed by Tukey's post hoc test. R software version 3.6.3 was
used for bioinformatics analysis (17). P<0.05 was considered
to indicate a statistically significant difference.

Results

Identification of DEGs. Using adj. P-value <0.01 as the cut-off
criterion, 203 DEGs were extracted from the expression profile
dataset GSE5883, including 187 up- and 16 downregulated
genes in the LPS 4 hrs group compared with the CTL 4 hrs
group (Fig. 1A). A heatmap of the top 30 upregulated DEGs,
which included CX3CL1, is shown in Fig. 1B. In the BP group,
DEGs were mainly enriched in ‘response to lipopolysaccha-
ride’, ‘response to molecule of bacterial origin’ and ‘response
to tumor necrosis factor’ (Fig. 1C-F). In the CC group, DEGs
were primarily enriched in ‘membrane raft’, ‘membrane micro-
domain’ and ‘membrane region’. In the MF group, DEGs were
primarily enriched in ‘cytokine activity’, ‘cytokine receptor
binding’ and ‘receptor ligand activity’. KEGG pathway
analysis revealed that the DEGs were primarily enriched in
‘TNF signaling pathway’, ‘cytokine-cytokine receptor interac-
tion’, ‘Rheumatoid arthritis’, ‘IL-17 signaling pathway’ and
‘NF-kappa B signaling pathway’.

Identification of the interaction between iRHOM?2 and
CX3CLI using a PPI network. To investigate the interaction
between the gene iRHOM?2 and CX3CL1, the STRING online
tool was used to construct a PPI network (Fig. 1G). There was
no direct association between iRHOM?2 and CX3CLI.

iRHOM? silencing increases HPMVEC viability induced by
LPS. To analyze the role of iRHOM2 in ALI, HPMVECs were
treated with LPS for 12, 24 or 48 h. LPS treatment induced
a time-dependent increase in iRHOM2 expression at both
mRNA and protein levels compared with that in the control
group (Fig. 2A and B). HPMVEC viability was decreased
by LPS treatment in a time-dependent manner (Fig. 2C).
iRHOM?2 silencing was induced in HPMVECs using siRNA
targeting iRHOM?2. The mRNA and protein expressions
of iRHOM?2 were decreased following iRHOM?2 silencing
compared with that in the siRNA-NC group (Fig. 2D and E).
HPMVEC viability following LPS treatment was increased
in the iRHOM?2 silencing group compared with that in the
siRNA-NC group (Fig. 2F).

iRHOM? silencing decreases inflammation, apoptosis and
endothelial barrier permeability in LPS-treated HPMVECs.
The present study examined if iRHOM?2 serves a role in
inflammation and apoptosis associated with ALI. TNF-a,
IL-1B and IL-6 levels were measured by RT-qPCR and
western blotting. iIRHOM2 silencing decreased the levels
of TNF-a, IL-1p and IL-6 compared with those in the
siRNA-NC group (Fig. 3A-B). As Fig. 3C depicted, the
increased expression of p-p65 in LPS group was decreased
by iRHOM?2 silence. In addition, apoptosis levels were
decreased in the iRHOM2 silencing group compared with
those in the siRNA-NC group (Fig. 4A). Furthermore, the
iRHOM?2 silencing group showed increased Bcl-2 expres-
sion but decreased Bax and cleaved caspase3 expression
compared with the siRNA-NC group (Fig. 4B). To determine
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the role of iRHOM2 in endothelial barrier permeability
and expression levels of ZO-1, VE-cadherin and Occludin,
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of tight junction proteins, were performed. A decrease in
TEER was observed following LPS induction compared with
that in the control group and this effect was recovered by
iRHOM?2 silencing (Fig. 5A). Increased ZO-1 staining was
observed, accompanied by the upregulation of expression
levels of ZO-1, VE-cadherin and occludin in the LPS and
siRNA-iRHOM2 co-treatment group compared with the LPS
and siRNA-NC co-treatment group (Fig. 5B and C).

iRHOM?2 interference inhibits CX3CLI expression in
LPS-induced HPMVECs. The present study investigated if
the aforementioned effects of iRHOM?2 were due to changes
in CX3CL1 expression. CX3CL1 expression was measured
using RT-qPCR and western blotting. Upregulation of
CX3CL1 expression at both mRNA and protein levels
was observed in HPMVECs in response to LPS treatment
(Fig. 6A and B). Furthermore, iRHOM2 silencing promoted
CX3CL1 expression compared with the siRNA-NC group
of LPS-treated HPMVECs (Fig. 6C and D). Furthermore,
there was an interaction between iRHOM?2 and CX3CL1
(Fig. 6E and F).

iIRHOM? interference alters cell viability, inflamma-
tion, apoptosis and endothelial integrity via CX3CLI.
To determine the regulatory role of iRHOM?2 in cell

viability, inflammation and apoptosis, CX3CL1 overex-
pression was induced by transfection of Ov-CX3CLI into
HPMVECs. Increased expression levels of CX3CL1 were
observed following Ov-CX3CL1 transfection compared
with those in the control (Fig. 7A and B). The present
study examined whether CX3CL1 mediated the role of
iRHOM?2 in LPS-induced HPMVECs. It was found that
the viability in LPS + siRNA-iRHOM?2 group was reduced
after overexpressing CX3CL1 (Fig. 7C). Compared with
LPS + siRNA-iRHOM2 + Ov-NC group, CX3CL1 over-
expression increased the expressions of TNF-a, IL-1f
and IL-6 in LPS-induced HPMVECs transfected with
siRNA-iRHOM2 (Figs. 7D-E). The decreased mRNA
and protein expressions of p-p65 in LPS-induced due to
iRHOM2 silence were increased by CX3CL1 overexpres-
sion (Fig. 7F). Compared with LPS + siRNA-iRHOM2 +
Ov-NC group, CX3CL1 overexpression promoted the cell
apoptosis, accompanied by decreased Bcl-2 expression
and increased expressions of Bax and cleaved caspase3
(Figs. 8A-B). However, this effect was reversed in the LPS,
siRNA-iRHOM?2 and Ov-CX3CLI1 co-treatment groups.
Furthermore, CX3CL1 overexpression reversed the effect
of iRHOM2 silencing on TEER levels and expression levels
of ZO-1, VE-cadherin and occludin (Fig. 9A-C), suggesting
that iRHOM?2/CX3CL1 affected endothelial integrity.
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Figure 5.iIRHOM2 silencing maintains endothelial integrity. (A) Analysis of endothelial barrier permeability using TEER measurement. (B) Immunofluorescence
staining assay for ZO-1 protein expression (Magnification, x100). (C) Protein expression of ZO-1, VE-cadherin and occludin was increased by iRHOM2
silencing following LPS challenge. Data are presented as the mean + standard deviation of three independent experiments performed in triplicate. ““P<0.001
vs. control. #P<0.01, ##*P<0.001 vs. LPS + siRNA-NC. ZO-1, zonula occludens-1; iRHOM?, inactive thomboid-like protein 2; siRNA, small interfering RNA;
NC, negative control; LPS, lipopolysaccharide; VE, vascular-endothelial; TEER, transendothelial electrical resistance.

Discussion

CX3CLI is a unique chemokine that can exist in a soluble
form, as a chemotactic cytokine, or in a membrane-attached
form that serves as a binding molecule (18). A previous
study demonstrated that Baicalin, a type of flavonoid,
exerts protective effects against LPS-induced ALI by regu-
lating the CX3CL1/CX3CRI1 axis and NF-«B pathway in
CX3CLI1-knockout mice (19). The present bioinformatics
analysis showed that CX3CLI1 expression was upregulated
in the LPS group compared with that in the control group.
KEGG pathway analysis demonstrated that the TNF signaling
pathway affected by iRHOM2 and cytokine-cytokine receptor
interaction, including CX3CL1, was involved in ALI. To
the best of our knowledge, however, the specific roles of
CX3CLI in ALI and the association between CX3CL1 and
iRHOM2 have not reported yet. iIRHOM?2 is a key cofactor
for TNF-a-converting enzyme, the metalloprotease that
removes both the proinflammatory cytokine TNF-a and
TNF receptors (TNFRs) from the cell surface (20). PPI
network analysis revealed no direct association between
iRHOM2 and CX3CLI1. However, the present study showed
that iRHOM2 could interact with CX3CL1 by IP assay. The
present study demonstrated that, following LPS induction
and iRHOM2 silencing, HPMVECs exhibited enhanced cell
viability, decreased pro-inflammatory factor expression and

apoptosis levels and improved endothelial barrier permeability
compared with HPMVECs only treated with LPS. However,
CX3CLI overexpression counteracted the effects of iRHOM2
silencing on LPS-induced HPMVECs. Given the interaction
of iIRHOM2 and CX3CL1, LPS treatment led to inflammation,
apoptosis and the alteration of endothelial barrier permeability
that were potentially associated with iRHOM?2 upregulation
and CX3CL1 downregulation. The present study used the total
form of VE-cadherin to evaluate VE cell permeability (21-23).
p-VE-cadherin may also be a marker of VE cell permeability
and should be detected in future studies (24,25).

The present study demonstrated that iRHOM?2 silencing
led to decreased levels of TNFa, IL-1§ and IL-6 in HPMVECs
stimulated with LPS, accompanied by decreased phosphory-
lation of p65. Previous studies have shown that iRHOM?2
participates in the regulation of inflammation (7,26,27). A
recent report demonstrated that inhibition of iRHOM?2/NF-«xB
signaling is involved in suppressing inflammation (28). The
present study identified an interaction between iRHOM?2 and
CX3CLI and found that CX3CL1 overexpression inhibited the
protective effects of iIRHOM?2 silencing against LPS-induced
cell injury. In response to LPS stimulation, endothelial
cells overproduce pro-inflammatory chemokines, including
CX3CLI1 (29). Adult patients with sepsis exhibit increased
CX3CL1 expression, which is positively associated with
inflammatory cytokines, such as IL-6, IL-1p and TNF-a (30).
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Figure 6. CX3CL1 expression is decreased by iRHOM?2 interference in LPS-treated human pulmonary microvascular endothelial cells. (A) RT-qPCR analysis
of CX3CL1 expression in response to LPS stimulation. (B) Western blot analysis of CX3CL1 in response to LPS stimulation. (C) Reverse transcription-quan-
titative PCR analysis was performed to measure mRNA expression of CX3CL1. (D) Western blot assay was performed to measure protein levels of CX3CLI.
(E) Immunoprecipitation assay showed the existence of CX3CLI in anti-iRHOM?2. (F) Immunoprecipitation assay showed the existence of iRHOM?2 in
anti-CX3CLI. association between iRHOM2 and CX3CL1. Data are presented as the mean + standard deviation of three independent experiments performed in
triplicate. “P<0.01, "“P<0.001 vs. control. ""P<0.001 vs. LPS + siRNA-NC. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CX3CL1,
C-X3-C motif chemokine ligand 1; iRHOM2, inactive rhomboid-like protein 2; siRNA, small interfering RNA; NC, negative control; LPS, lipopolysaccharide.

CX3CLI1 blockade leads to alleviation of lung injury in cecal  receptor inhibitors to block the effects of CX3CL should be
ligation and puncture-induced sepsis (30). However, the present  explored in future studies. Moreover, the effects of CX3CL on
study did not use CX3CL receptor inhibitors; use of CX3CL  iRHOM?2-regulated ALI should also be investigated in further
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Figure 7. iRHOM?2 interacts with CX3CL1 to affect cell viability and inflammation and apoptosis in response to LPS. (A) Reverse transcription-quantitative
PCR analysis was performed to measure mRNA expression of CX3CL1. (B) Western blot assay was performed to measure protein levels of CX3CL1. **P<0.001
vs. Ov-NC. (C) Cell Counting Kit-8 assay showed cell viability. (D) RT-qPCR analysis of TNF-a, IL-18 and IL-6 expressions. (E) Western blot analysis of
TNF-a, IL-1f and IL-6 expressions. (F) Western blot analysis of the p-p65 and p65 protein levels. Data are presented as the mean + standard deviation of
three independent experiments performed in triplicate. ““P<0.001 vs. control. “*P<0.001 vs. LPS. *P<0.05, **P<0.01 and ***P<0.01 vs. LPS + siRNA-iIRHOM2
+ Ov-NC. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CX3CLI1, C-X3-C motif chemokine ligand 1; iRHOM2, inactive rhom-
boid-like protein 2; siRNA, small interfering RNA; NC, negative control; LPS, lipopolysaccharide; Ov-, overexpression; p, phosphorylated.

study. In addition, to the best of our knowledge, the majority of  treat cells (31-33). Thus, the present study used 12,24 and 48 h
LPS-associated experiments use 12-48 h for LPS treatment to  as LPS treatment duration. Moreover, the present study found
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Figure 9. iRHOM?2 interacts with CX3CL1 to affect endothelial integrity in LPS-induced human pulmonary microvascular endothelial cells. (A) Analysis
of endothelial barrier permeability using TEER measurement. (B) Immunofluorescence staining for ZO-1 protein expression. (magnification, x100).
(C) Western blot assay was performed to analyze protein expression of ZO-1, VE-cadherin and occludin. Data are presented as the mean + standard devia-
tion of three independent experiments performed in triplicate. ““P<0.001 vs. control. #P<0.01 and "#P<0.001 vs. LPS. *P<0.05, **P<0.01 and ***P<0.01 vs.
LPS + siRNA-iRHOM?2 + Ov-NC. ZO-1, zonula occludens-1; iRHOM?2, inactive rhomboid-like protein 2; siRNA, small interfering RNA; NC, negative
control; LPS, lipopolysaccharide; VE, vascular-endothelial; TEER, transendothelial electrical resistance.
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that iRHOM2 regulated CX3CL1 expression and iRHOM?2
silencing affected inflammation and endothelial barrier
permeability via CX3CL1 but did not test the expression of
iRHOM?2 in CX3CLI-overexpressing cells. Therefore, further
studies on the association between iRHOM?2 and CX3CL1
and the role of iRHOM2 in CX3CL1-regulated cells should be
performed in future.

In conclusion, the present data indicated that targeting
iRHOM?2/CXCLI1 therapeutically may ameliorate the inflam-
mation and improve endothelial barrier permeability. Further
study of the mechanism of iRHOM?2/CXCLI1 will determine
the regulatory role of these molecules in inflammation and
endothelial barrier permeability.
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