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acute lung injury; Objective: To explore the role of Y-box binding protein 1 (YBX-1) in the lipopolysaccharide
MAPK; (LPS)-stimulated inflammation and oxidative stress of BEAS-2B cell line and clarify the under-
oxidative stress; lying mechanism.

sepsis; Methods: LPS-stimulated BEAS-2B cells were used as a cell model of sepsis-stimulated acute
YBX-1 lung injury (ALIl). Immunoblot and quantitative polymerase chain reaction assays were used to

detect the expression of YBX-1 in LPS-stimulated BEAS-2B cells. 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide, TdT-mediated dUTP nick end labeling, and immunoblot
assays were conducted to determine the effects of YBX-1 on cell survival. JC-1 staining and
adenosine triphosphate production were used to detect the effects of YBX-1 on mitochondrial
function. Immunostaining and enzyme-linked immunosorbent serologic assay were performed
to examine the effects of YBX-1 on the inflammation and oxidative stress of cells. Immunoblot
assay was conducted to confirm the mechanism.

Results: YBX-1 was lowly expressed in LPS-stimulated BEAS-2B cells and enhanced the sur-
vival of LPS-stimulated lung epithelial cells. In addition, YBX-1 improved mitochondrial func-
tion of LPS-stimulated BEAS-2B cells. YBX-1 inhibited the inflammation and oxidative stress of
LPS-stimulated BEAS-2B cells. Mechanically, YBX-1 inhibited mitogen-activated protein kinase
(MAPK) axis, thereby alleviating sepsis-stimulated ALI.

Conclusion: YBX-1 alleviated inflammation and oxidative stress of LPS-stimulated BEAS-2B cells
via MAPK axis.
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Introduction

Sepsis is a type of multi-organ dysfunction disease caused
by a disturbance of immune response.! Sepsis leads to
increased vascular permeability, further resulting in organ
failure. The excessive inflammation and tissue damage
caused by sepsis can increase susceptibility to secondary
infections, which greatly aggravates the patient's condition
and may ultimately lead to death.? Although sepsis is con-
sidered as a leading cause of death worldwide, its poten-
tial molecular mechanisms remain unclear.® Acute lung
injury (ALIl) is a progressive lung disease caused by sepsis
and is featured by uncontrolled inflammation and increased
oxidative stress.*> Therefore, it is of great significance to
investigate the pathogenesis of inflammation caused by
sepsis and the mechanism of ALI.

Y-box binding protein 1 (YBX-1), as a transcription fac-
tor, regulates transcription and translation processes by
acting as a DNA-RNA binding protein.® YBX-1 regulates gene
transcription by binding to promoters with Y-box motifs.’
Previous studies have found that YBX-1 is involved in tumor
regulation. For example, overexpression of YBX-1 can pro-
mote the growth of pancreatic ductal adenocarcinoma
and inhibit cell apoptosis by up-regulating of GSK3p axis.®
YBX-1 also plays an important role in regulating cell growth
and embryonic development.” Moreover, YBX-1 regulates
self-renewal and neuronal differentiation of neuronal pro-
genitor cells.” Oxidized low-density lipoprotein (ox-LDL)
reduces YBX-1 expression in macrophages, enhances inflam-
mation by promoting mitogen-activated protein kinase
(MAPK) and nuclear factor kappa B (NF-xB) pathways, and
enhances lipid uptake via contributing to CD36 messenger
RNA (mRNA) decay, thereby aggravating atherosclerosis.
YBX-1 can also indirectly target heterochromatin by regu-
lating CBX5 mRNA, thereby inhibiting the transcription of
inflammatory genes involved in apoptosis.”? However, YBX-1
has been less reported in sepsis, and the underlying mech-
anism is unclear.

This study aimed to elucidate the role of YBX-1 in sep-
sis-induced lung injury. We discovered that YBX-1 is lowly
expressed in lipopolysaccharide (LPS)-stimulated BEAS-2B
cell line, and increased YBX-1 can inhibit LPS-stimulated
apoptosis, mitochondrial damage, inflammation, and oxi-
dative stress by inhibiting MAPK pathway, thus playing a
protective role in the lungs.

Materials and methods
Cell culture and transfection

Human lung epithelial BEAS-2B cells were obtained from
ATCC (Manassas, VA, USA) and cultured in Dulbecco's modi-
fied eagle medium (DMEM) (Gibco, Miami, FL, USA) supplied
with 10% fetal bovine serum (FBS; Gibco, USA) in 5% CO, at
37°C. Cells were treated with LPS (2.5, 5, and 10 pg/mL;
Sigma, St. Louis, MO, USA) for 24 h. Lipofectamine®3000
reagent (Invitrogen, Carlsbad, CA, USA) was used to trans-
fect both plasmid cloning DNA (pcDNA)3.1-vector and
pcDNA3.1-YBX-1.

MTT assay

Cells were plated into 96-well plates (3x10° cells/well).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) solution was added to cells (Beyotime,
Beijing, China) and incubated for 4 h, followed by washing
with PBS. Then, the OD 490 value was assessed.

Immunoblotting

Proteins were separated with 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (Beyotime),
and transferred onto polyvinylidene fluoride (PVDF)
membranes. Then the membranes were blocked with 5%
bovine serum albumin (BSA), followed by overnight incuba-
tion at 4°C with primary antibodies against YBX-1 (1:1000
K107045P; Solarbio, Beijing, China), phosphorylated-
extracellular signal-regulated kinase (p-ERK, 1:1000
ab201015; Abcam, Cambridge, UK), ERK (1:1000 ab184699;
Abcam), phosphorylated c-Jun N-terminal Kinase (p-JNK,
1:500 ab215208; Abcam), JNK (1:500 ab110724; Abcam),
p-p38 antibody (1:1000 ab17886; Abcam), p38 antibody
(1:1000 ab170099; Abcam), and beta-actin (1:3000 ab8226;
Abcam). Then the membranes were incubated with horse-
radish peroxidase (HRP)-conjugated secondary antibodies
(Abcam) at a ratio of 1:1000 for 2 h at room temperature.
The signals were detected with enhanced chemilumines-
cence (ECL) detection kit (Beyotime).

Terminal deoxynucleotidy! transferase (TdT)-
mediated dUTP nick end labeling (TUNEL) assay

Cell apoptosis was detected using TUNEL assay following
manufacturer’s protocol (Roche Diagnostics, IN, USA).

Real-time quantitative polymerase chain reaction
(RT-gPCR)

SYBR Taq Il (Takara, Japan) was used for RT-qPCR, and
quantitative-RT-PCR (gqRT-PCR) was performed by Bio-Rad
CFX-96. Total RNA was reverse-transcribed into comple-
mentary DNA (cDNA) using M-MLV reverse transcriptase
(Promega Corporation, Madison, WI, USA). YBX-1 expression
was analyzed by 2t method. Primer sequences were as
follows: YBX-1 forward: 5-GATAAATTTAAACCTGAAAA-3’,
reverse: 5’-ATCTTGTTTCTATCTTCCAA-3’, glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) for-
ward: 5’-GCTCATTTGCAGGGGGGAG-3’, reverse:
5-GTTGGTGGTGCAGGAG GCA-3’.

ROS immunostaining

The cells upon the indicated treatment were fixed and
blocked with goat serum for 1 h. Cells were further incu-
bated with dichlorofluorescein-reactive oxygen species
(DCF-ROS) detection kit (ab238535; Abcam) using man-
ufacture’s guidelines. Cell nuclei were labeled with
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4',6-diamidino-2-phenylindole (DAPI). After washing with
PBS, the photos were captured.

YBX-1 immunostaining

The cells after indicated treatment were fixed and blocked
with goat serum for 1 h. Cells were further incubated with
antibodies against YBX-1 (1:200, K107045P; Solarbio) using
manufacture’s guidelines. Cell nuclei were labeled with
DAPI. After washing with PBS, the photos were captured.

JC-1 staining

Cells were plated and cultured for 24 h for cell adhesion.
Then the cells were incubated with 2-uM JC-1 (Beyotime)
for 30 min at 37°C in the dark. Cell nuclei were labeled
with DAPI. Finally, cells were analyzed using fluorescent
microscope.

Enzyme-linked Immunosorbent serologic assay
(ELISA)

The concentrations of superoxide dismutase (SOD), glutathi-
one peroxidase (GSH-px), interleukin (IL)-18, tumor necro-
sis factor (TNF)-a, and IL-6 in cell lysates were measured
with ELISA kits (Abcam) following manufacturer’s protocoll.
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YBX-1 was low-expressed in LPS-stimulated lung epithelial cells. (A) gPCR assays exhibited the mRNA levels of YBX-1
in BEAS-2B cells upon the treatment of LPS (0, 2.5, 5, and 10 ug/mL) for 24 h. (B) Immunoblot exhibited the expression of YBX-1
in BEAS-2B cells upon the treatment of LPS (0, 2.5, 5, and 10 ug/mL) for 24 h. The relative expression of YBX-1 was compared.
(C) IHC exhibited the expression of YBX-1 in BEAS-2B cells upon the treatment of LPS (0, 2.5, 5, and 10 pg/mL) for 24 h. Red panel
indicates YBX-1. Scale bar, 100 pm. **P < 0.01; ns: no significance.
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Figure 1.

Biotin-conjugated primary antibodies were added and fol-
lowed by avidin-conjugated HRP. Subsequently, enzyme
substrate was used for color reaction.

Statistical Analysis

Data were represented by mean * standard deviation (SD).
Statistical analysis was performed using GraphPad. The
Student’s t-test was used for comparisons between two
groups; P < 0.05 was considered as statistically significant.

Results

YBX-1 was lowly expressed in LPS-stimulated
BEAS-2B cells

To uncover the effects of YBX-1 on the progression of sep-
sis and ALI, we first constructed an LPS-stimulated model
using BEAS-2B cells. Subsequently, we detected the mRNA
and protein levels of YBX-1. qPCR assay results showed that
the mRNA levels of YBX-1 decreased with the treatment of
LPS for 24 h (Figure 1A). Further, immunoblot and immu-
nostaining assays indicated the low expression of YBX-1
in LPS-stimulated BEAS-2B cells (Figures 1B,C). Therefore,
YBX-1 was lowly expressed in LPS-stimulated lung epithelial
cells.
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YBX-1 enhanced survival of LPS-stimulated
BEAS-2B cells

Then we investigated the effects of YBX-1 on the survival
of BEAS-2B cells after the treatment of LPS. YBX-1 over-
expression plasmids were transfected into BEAS-2B cells
to overexpress YBX-1. LPS decreased the expression of
YBX-1 whereas the transfection of its plasmids increased
its expression in control or LPS-stimulated BEAS-2B cells
(Figure 2A). Through MTT assays, we confirmed that LPS
suppressed the survival of BEAS-2B cells, while overex-
pression of YBX-1 improved the survival of LPS-stimulated
BEAS-2B cells (Figure 2B).

The effects of YBX-1 on cell apoptosis were further
detected in BEAS-2B cells through TUNEL assays. LPS stim-
ulated the apoptosis of BEAS-2B cells, with increased per-
centage of TUNEL-positive cells (Figure 2C). Overexpression
of YBX-1 decreased the apoptosis of LPS-stimulated
BEAS-2B cells (Figure 2C). Therefore, YBX-1 enhanced the
survival of LPS-stimulated lung epithelial cells.

YBX-1 improved mitochondrial function in LPS-
stimulated BEAS-2B cells

Mitochondrial function is critical in the pathology of sep-
sis-stimulated ALIl. Therefore, we detected mitochondrial
function after transfection of YBX-1 overexpression plas-
mids in LPS-stimulated BEAS-2B cells. Through JC-1 staining
assays, LPS increased the monomer of JC-1 and decreased

the aggregates of JC-1, suggesting the suppression of mito-
chondrial function (Figure 3A). However, YBX-1 overexpres-
sion decreased JC-1 monomer and increased its aggregates
in LPS-stimulated BEAS-2B cells (Figure 3A). Our results fur-
ther confirmed that LPS restrained the adenosine triphos-
phate (ATP) production capacity of BEAS-2B cells, and YBX-1
overexpression increased the ATP production levels in LPS-
stimulated BEAS-2B cells (Figure 3B). Collectively, YBX-1
improved mitochondrial function in LPS-stimulated cells.

YBX-1 blocked inflammation and oxidative stress
in LPS-stimulated lung epithelial cells

Next, we detected the effects of YBX-1 on the inflamma-
tion and oxidative stress, two key processes in ALl pro-
gression, of LPS-stimulated BEAS-2B cells. First, ROS levels
were detected by immunostaining assays. We noticed that
LPS increased the ROS staining intensity whereas overex-
pression of YBX-1 suppressed ROS levels in LPS-stimulated
BEAS-2B cells (Figure 4A). ELISA exhibited that the secretion
of SOD and GSH-px, two markers of oxidative stress, was
decreased in LPS-stimulated BEAS-2B cells whereas overex-
pression of YBX-1 increased the secretion of these markers
in LPS-stimulated BEAS-2B cells (Figure 4B). Similarly, ELISA
further showed that overexpression of YBX-1 contributed
to the secretion of inflammatory cytokines, including IL-15,
IL-6, and TNF-o in LPS-stimulated BEAS-2B cells (Figure
4C). Therefore, YBX-1 inhibited inflammation and oxidative
stress in LPS-stimulated lung epithelial cells.
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Figure 2. YBX-1 enhanced survival of LPS-stimulated lung epithelial cells. (A) Immunoblot exhibited the expression of YBX-1
in BEAS-2B cells upon the treatment of LPS (10 ug/mL) and transfection of YBX-1 overexpression plasmids for 24 h. The relative
expression of YBX-1 was compared. (B) MTT assays exhibited the survival of BEAS-2B cells upon the treatment of LPS (10 pg/mL)
and transfection of YBX-1 overexpression plasmids for 24 h. The OD 490 value was calculated. (C) TUNEL assays exhibited the
apoptosis levels of BEAS-2B cells upon the treatment of LPS (10 pg/mL) and transfection of YBX-1 overexpression plasmids for 24 h.
The percentage of TUNEL-positive cells per field was calculated. Scale bar, 100 um. *P < 0.05, **P < 0.01; ns, no significance.
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Figure 3. YBX-1 improved mitochondrial function in LPS-stimulated lung epithelial cells. (A) JC-1 staining exhibited the levels of
monomer and aggregates of JC-1 in BEAS-2B cells upon the treatment of LPS (10 ng/mL) and transfection of YBX-1 overexpression
plasmids for 24 h. (B) ATP production was detected in BEAS-2B cells upon the treatment of LPS (10 ng/mL) and transfection of
YBX-1 overexpression plasmids for 24 h. Scale bar, 50 um. *P < 0.05, **P < 0.01; ns, no significance.
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Figure 4. YBX-1 blocked inflammation and oxidative stress in LPS-stimulated lung epithelial cells. (A) ROS levels were detected
by immunostaining in BEAS-2B cells upon the treatment of LPS (10 pg/mL) and transfection of YBX-1 overexpression plasmids for
24 h. Scale bar, 50 um. (B) ELISA exhibited the secretion of SOD and GSH-px in BEAS-2B cells upon the treatment of LPS (10 pg/mL)
and transfection of YBX-1 overexpression plasmids for 24 h. (C) ELISA exhibited the secretion of TNF-a, IL-6, and IL-1B in BEAS-2B
cells upon the treatment of LPS (10 ng/mL) and transfection of YBX-1 overexpression plasmids for 24 h. *P < 0.05, **P < 0.01; ns,
no significance.
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Figure 5. YBX-1 restrained MAPK signaling pathways in LPS-stimulated lung epithelial cells. (A) Immunoblot exhibited
the expression and phosphorylation levels of ERK, P38, and JNK in BEAS-2B cells upon the treatment of LPS (10 ug/mL) and
transfection of YBX-1 overexpression plasmids for 24 h. (B) Immunoblot exhibited the expression and phosphorylation levels of
NF-xB in BEAS-2B cells upon the treatment of LPS (10 pg/mL) and transfection of YBX-1 overexpression plasmids for 24 h. The
related phosphorylation levels were calculated. *P < 0.05, **P < 0.01; ns, no significance.

YBX-1 restrained MAPK signaling pathways in
LPS-stimulated lung epithelial cells

Finally, the mechanism underlying YBX-1 alleviating
sepsis-stimulated ALl at cellular levels was detected.
Immunoblot assays demonstrated that LPS stimulated the
phosphorylation levels of ERK, P38, JNK, and NF-«B in
BEAS-2B cells, suggesting the activation of MAPK pathway
(Figures 5A,B). However, the overexpression of YBX-1 sup-
pressed the phosphorylation levels of these regulators in
MAPK pathway, suggesting the suppression of this pathway
in control and LPS-stimulated BEAS-2B cells (Figures 5A,B).
Collectively, YBX-1 restrained MAPK signaling pathways in
LPS-stimulated lung epithelial cells.

Discussion

The lungs are the most vulnerable target organs of sepsis,
and ALl appears earliest. In the process of ALI, the body
releases a variety of pro-inflammatory cytokines and inflam-
matory mediators, causing inflammatory responses.*'> A
variety of anti-inflammatory cytokines appears simultane-
ously in the body, and the balance between pro-inflamma-
tory cytokines and inflammatory mediators is to maintain
the stability of internal environment. If there is an imbal-
ance between these two, the result is uncontrolled sys-
temic inflammatory response syndrome (SIRS).! The onset
of SIRS is a key link in the pathogenesis of sepsis-stimulated
ALl, which determines whether the body develops lung
injury and is the basis for the occurrence of ALI.> Herein,
we revealed that YBX-1 inhibits LPS-stimulated apoptosis,
mitochondrial damage, inflammation, and oxidative stress,
thus playing a lung-protective role in the sepsis-stimulated
ALl model.

YBX-1 is a cold shock protein with extensive nucleic
acid-binding properties. As a DNA- and RNA-binding protein,

YBX-1 is involved in a variety of cellular processes, such
as transcription.™ This protein is also critical in microRNA
(miRNA) processing.” This protein is secreted and functions
as an extracellular mitogen' Abnormal expression of this
protein is associated with cancer proliferation in many tis-
sues.!” Our data confirmed that YBX-1 was lowly expressed
in LPS-stimulated lung epithelial cells, contributed to the
cell survival, and thus could serve as a target of sepsis and
ALI.

Oxidative stress is critical in the progression of
sepsis and is related to ALI. Excessive ROS causes ALl,
results in cell damage, activation of pro-apoptotic sig-
naling pathway, and ultimately leads to the death of
alveolar epithelial cells and endothelial cells.”® Under
stress conditions, NF-xB initiates the transcription of
cytokines, and activate inflammatory cells, which are
positively regulated by inflammatory mediators, form-
ing a cascaded effect, amplifying and aggravating the
inflammatory response.”

We here revealed that YBX-1 inhibits cellular inflamma-
tion and oxidative stress in LPS-stimulated lung epithelial
cells, a cell model of ALI. However, we determined that
MAPK, not NF-kB pathway, is critical in this process.

Mitochondrial dysfunction has been shown to be a
major cause of death in sepsis.?? Under pathological stress,
mitochondria produce large amounts of ROS and release
apoptotic factors, leading to cell damage and apoptosis.
In the pathological process of sepsis, excess free radicals
lead to oxidative stress and mitochondrial DNA damage,
which in turn lead to impaired mitochondrial protein syn-
thesis and respiratory function.?! Therefore, early repair
of mitochondrial function restores redox balance, counters
the imbalance of antioxidant defense system in sepsis, and
reduces cell damage.

In our study, we demonstrated that YBX-1 improved
mitochondrial function in LPS-stimulated lung epithe-
lial cells, which was confirmed by JC-1 staining and
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immunoblot. In addition, it was reported that myocardial
mitochondrial were swollen, ATP content was significantly
decreased, and mitochondrial biosynthesis was increased
in mice with sepsis. After treatment, mitochondrial swell-
ing was reduced, ATP content was increased, and mito-
chondrial biosynthesis was further increased, proving that
mitochondrial biosynthesis could improve mitochondrial
dysfunction caused by sepsis and relieve myocardial dam-
age in sepsis.

The MAPK pathway is one of the common intersec-
tion pathways mediating cell stress, inflammation, differ-
entiation, apoptosis, and other pathways.? It was widely
reported that MAPK pathway is important in the progres-
sion of sepsis.?>* Interestingly, we here revealed that YBX-1
inhibits the MAPK signaling pathway, thus relieving sep-
sis-stimulated ALl. However, the precise mechanism needs
further study.

The limitation of our study is was that only a cell model
was constructed. However, the ALl model constructed at
the animal level was required to confirm the effect of YBX-1
on ALI. In addition, further mechanism studies are required
for confirmation. Therefore, further related experiments
are to be conducted to screen the downstream proteins by
multidimensional omics.

Conclusion

In summary, the study reveals that YBX-1 alleviates sepsis-
stimulated ALl in an LPS-stimulated lung epithelial cell
model via mediating MAPK pathway. We believe that it can
act as a promising target for sepsis-stimulated ALI.
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