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Abstract

Purpose: To investigate the effect of tetraspanin8 (Tspan8, also known as TM4SF3 or CO-029) on
lipopolysaccharide (LPS)-induced acute lung injury (ALI) and the related signaling pathways.

Methods: Treatment with LPS was used to induce lung damage in mice and a lung epithelial cell line.
The wet-to-dry weight ratio of lung tissue, hematoxylin and eosin (H&E) staining, and quantification of
cytokine concentrations were conducted to validate the model. Enzyme-linked immunosorbent assays
(ELISA) and quantitative polymerase chain reaction (QPCR) were used to measure levels of tumor
necrosis factor alpha, interleukin (IL)-1B, and IL-6. Tspan8 levels were knocked down using shRNAs.
Mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NF-kB) pathway levels were
assessed after LPS-induced injury in this cellular model.

Results: Levels of Tspan8 were upregulated in the LPS-induced ALI model. Additionally, LPS treatment
of mouse lung epithelial cells resulted in Tspan8 upregulation. Tspan8 knockdown alleviated the effects
of LPS on lung epithelial injury by inhibiting the upregulation of MAPK and NF-kB signaling pathways.
Conclusion: The upregulation of Tspan8 may promote the progression of ALI.
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INTRODUCTION alveolar capillary barriers, diffuse alveolar, and

pulmonary interstitial edema [2]. Additionally, the
Acute lung injury (ALI) involves injury to both main pathophysiological features of ALl are
alveolar epithelial cells and pulmonary capillary decreased lung compliance and decreased lung
endothelial cells caused by non-cardiac factors volume [3]. The causes of ALI include shock,
[1]. Pathological features of ALl include impaired trauma, pneumonia, and other internal and
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external pulmonary factors [4]. Respiratory
distress and refractory hypoxemia are clinical
characteristics of ALI that can worsen without
intervention [2]. Despite progress in the
diagnosis and treatment of ALl in recent years,
the disease still has a high mortality rate of 38.5
% [3]. To improve treatment and outcomes for
patients with ALI, detailed studies of its
pathogenesis are needed, including the related
regulatory proteins.

Although multiple pathologies can induce the
onset of ALI, such as sepsis, pneumonia, gastric
content inhalation, severe trauma, and acute
pancreatitis, gram-negative bacteria-induced
sepsis is the most common [4] [5]. While the
advantages of lipopolysaccharide (LPS)-induced
ALI for research include high repeatability and
sensitivity, the main disadvantage is that LPS
may contain impurities [5]. Therefore, the
concentration of LPS and the route of
administration should be carefully researched
when building relevant animal models.

Tetraspanin 8 (Tspan8, also known as TM4SF3
or CO-029), a member of transmembrane 4
superfamily proteins, has been studied for its role
in the progression and metastasis of a wide
variety of cancers [6][7]. High expression of
Tspan8 in several types of cancers, such as
esophageal cancer and liver cancer, correlated
with the prognosis [8]. Tspan8 is also a novel
therapeutic target in cancer for monoclonal
antibody therapy [8]. However, the role of
Tspan8 in the progression and pathogenesis of
ALl is still unclear.

In this study, LPS was used to generate an ALl
model in mice and cell culture, and a correlation
between the upregulation of Tspan8 and LPS-
induced ALI was observed. These data further
confirm a critical role of Tspan8 in the
progression of ALI.

EXPERIMENTAL
Animals

The animal experiments were conducted in
accordance with the National Institutes of Health
Laboratory Animal Care and Use Guidelines and
World Medical Association Declaration of
Helsinki. Animal studies in this paper were
performed according to the guidance of the
Ethics Committee of The First Hospital of Jiaxing
(approval no. LS2020-008). Mice were
purchased from Slac (Shanghai, China) and
housed in Plexiglass cages at a temperature of
22 + 1°C with a12 h dark-light cycle. The mice
had free access to feed and water.

LPS-induced acute lung injury

Mice were administrated with 100 mg/kg
ketamine and 5 mg/kg xylazine by intraperitoneal
injection. Then, the mice were intratracheally
instilled with 1 mg/kg LPS (E. coli 055:B5, sigma,
St. Louis, MO, USA) for 24 h. The lungs were
excised, weighed immediately, and then heated
in an oven at 60°C for 3 days before measuring
complete dry weight.

H&E staining

Freshly excised lung tissues were fixed with 10
% formalin, embedded with paraffin, and sliced
into 5 pym sections. The sliced sections were
deparaffinized, and treated with hematoxylin and
eosin (Sigma-Aldrich). To evaluate the extent of
lung injury, grades were given for the following
pathological features: 0 for normal lung, 1 for
congestion, 2 for edema, 3 for interstitial
inflammation, and 4 for inflammatory cell
infiltration. Individual scores for each group were
added together to calculate total lung injury
score.
Enzyme-linked immunosorbent
(ELISA)

assays

The lungs were lavaged with 1 ml Ca?*/Mg?* free
HBSS after sacrificing the mice. The collected
solution was centrifuged at 3,000 rpm for 5 min
and the pellet was discarded. Concentrations of
tumor necrosis factor alpha (TNF-a), interleukin
(IL)-1B, and IL-6 in bronchoalveolar lavage fluid
(BALF) were measured using ELISA Quantikine
kit (R & D Systems).

Immunoblot analysis

Protein samples from tissues and cells were
extracted using lysis buffer (Beyotime, China)
and separated through electrophoresis on
sodium dodecylsulfate-polyacrylamide gels and
transferred to polyvinylidene difluoride
membranes. After blocking with 5 % milk in
TBST (20 mM Tris, 500mM NaCl, pH 7.5, 0.1 %
Tween 20) for 1 h at room temperature, the
membranes were incubated with either anti-
Tspan8  antibody (1:1000), anti-GAPDH
(1:10000), anti-lkBa(1:1000), anti-p-IkBa
(1:1000), anti-p65 (1:2000), anti-p-p65 (1:1000),
anti-ERK (1:1000), or anti-p-ERK (1:1000) at 4°C
overnight. The membranes subsequently were
washed in TBST 3 times and incubated with
secondary antibody with horseradish peroxidase
(Sigma) at room temperature for 1 h. The
membranes were analyzed with ECL reagent
(Sigma).
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Cell culture and Cell Counting Kit-8 (CCK-8)
assay

Mouse lung epithelia cells, MLE-12, were
cultured in DMEM/Ham's F-12 (HyClone, USA)
supplemented with supplied with 10 % FBS
(Biological Industries, Israel) and 1 %
penicillin/streptomycin  (Biological  Industries,
Israel) at 37 °C. The MLE-12 cells were seeded
into 96-well plates, incubated for 24 h, then
treated with LPS at concentrations of either 0.1,
0.2, or 0.5 pg/mL for 24 h. For the CCK-8 assay,
cells treated with LPS were supplemented with
CCK-8. Cell concentrations were assayed with a
microplate reader with an absorbance of 490 nm.

Tspan8 knockdown

Plasmids containing either Tspan8 shRNA or a
scrambled shRNA were obtained from Santa
Cruz Biotechnology, Inc. and introduced into
MLE-12 cells with Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's protocol. A cell line with a stable
knockdown of Tspan8 was generated by
selection with 10 pg/mL of puromycin for 2
weeks. Single clones were isolated and cultured.

Flow cytometry

Cells were placed into 96-well plate and treated
as indicated in the figure legends. Then the cells
were fixed and labeled with 50 ug/mL propidium
iodide at room temperature for 30 min in the
dark. The treated cells were washed using
centrifugation, resuspended and analyzed on a
BD FACSCanto Il (BD Biosciences).

Quantitative PCR

Total RNA was extracted using TRIzol
(Invitrogen, Waltham, MA, USA). RNA was
reverse-transcribed into cDNA using Moloney
Murine Leukemia Virus Reverse Transcriptase
(Promega, Madison, WI, USA). Fast Start
Universal SYBR Green Master kit (Roche, Basel,
Switzerland) was used for quantitative mRNA
detection on ABI StepOne system (Applied
BioSystems, Foster City, CA, USA). The levels of
targeted genes were determined using the 2-24CT

Table 1: Primers for quantitative PCR

method [9]. The primers used are listed in Table
1.

Statistical analyses

Data are presented as mean = standard
deviation. The data was analyzed with GraphPad
Prism. p values were derived by Student’s t test
and a value <0.05 was considered statistically
significant.

RESULTS

Tspan8 was upregulated in LPS-induced ALI
in mice

Intratracheal injections of LPS were used to
model ALI in mice. The ratio of wet weight to dry
weight of the lung tissue weight and H&E
staining were used to assess ALl. After LPS
induction, the wet-to-dry ratio of lung tissue
weight increased (Figure 1A). In the LPS-induced
lung injury group, histological analysis revealed
LPS administration induced ALl (Figure 1B).
After LPS treatment, concentrations of TNF-a, IL-
1B, and IL-6 were significantly increased (Figure
1C). Furthermore, Tspan8 protein levels
significantly increased in the LPS injected group
compared to controls (Figure 1D). These findings
indicate that Tspan8 levels are elevated in LPS-
induced ALI.

>

o
‘ ¥

-

Lung wetidry weight ratio

Sham  LPS
g

D% 10
S=08 T
g

Sham LPS

O

TNF-a (ng/mi} L6 (pgimi)
Bty

IL-1B (pgimi)
0 +

2

§zu 800 g 5 ia
g1s 2a

8 400 g0
=10 400 0.2
§

k-] 200 0.0
E

g

e = 600

' _Sham LPS
o Topant s a_—
Sham LPS = ——
GAPDH - —

b S il

T 0 T
Sham LPS Sham LPS

Figure 1: Tspan8 is upregulated in LPS-induced ALI
in mice. (A) The lung wet-to-dry weight ratio in Sham
and LPS treated mice. (B) H&E staining of lung tissue
in Sham and LPS-treated mice. (C) IL-6, IL-1B, and
TNF-a concentrations in BALF of mice treated with
Sham or LPS. (D) Immunoblot assay and
quantification of the levels of Tspan8 in Sham and
LPS-treated mice. **p < 0.01

Genes Forward primers Reverse primers

TNF-a GAACTGGCAGAAGAGGCACT GGTCTGGGCCATAGAACTGA
IL-6 CTGATGCTGGTGACAACCAC CAGAATTGCCATTGCACAAC
IL-18 TGGACCTTCCAGGATGAGGAC GTTCATCTCGGAGCCTGTAGTG
GAPDH AGTATGACTCCACTCACGGC CACCAGTAGACTCCACGACA
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Elevated Tspan8 levels in LPS-induced MLE-
12 cells

MLE-12 cells were used to further confirm the
changes in protein levels of Tspan8 after LPS
induction. Treatment with increasing
concentrations of LPS reduced MLE-12 cell
viability in a dose dependent manner (Figure 2A).
Additionally, LPS treatment increased cell
apoptosis compared to controls (Figure 2B). After
LPS treatment, TNF-a, IL-18, and IL-6
concentrations were significantly increased in
MLE-12 cells (Figure 2C). Furthermore, Tspan8
protein levels increased after LPS induction in
MLE-12 cells (Figure 2D). These results suggest
that LPS can induce Tspan8 expression in MLE-
12 cells.
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Figure 2: Tspan8 is elevated in LPS treated MLE-12
cells. (A) Relative cell viability of MLE-12 cells with or
without LPS addition. (B) Detection of cell death in
MLE-12 cell populations treated with varied
concentrations of LPS. (C) IL-6, IL-1B, and TNF-a
mRNA levels in MLE-12 cells treated with varied
concentrations of LPS. (D) Immunoblot assay detected
the level of Tspan8 in MLE-12 cells treated with varied
concentrations of LPS. **p < 0.01

Tspan8 knockdown alleviates LPS-induced
lung epithelial cell injury

To explore the potential role of Tspan8
expression in lung epithelial cells, Tspan8 levels
were depleted in MLE-12 cells. Immunoblot
assays confirmed the efficiency of shRNA
knockdown of Tspan8 in MLE-12 cells (Figure
3A). Tspan8 knockdown ameliorated both the
decreased cell viability and increased cell death
observed after LPS treatment (Figure 3B, C).
Knockdown of Tspan8 also blocked the secretion
of IL-6, IL-1B, and TNF-a cytokines induced by
LPS in lung epithelial cells (Figure 3D). These
data suggest Tspan8 depletion can prevent LPS-
induced damage to lung epithelial cells.

Tspan8 knockdown inhibits MAPK and NF-kB
signaling pathway

Mitogen-activated protein kinase (MAPK) and
nuclear factor kappa B (NF-kB) signaling

pathways are vital in LPS-induced ALl [10].
Moreover, LPS stimulation induces
phosphorylation of MAPKSs, including ERK, p38
MAPK, and JNK pathways. The addition of LPS
to MLE-12 cells activated MAPK and NF-kB. LPS
treatment effectively enhanced p-lkB-a, p-p65, p-
ERK and p-p38 expression (Figure 4). However,
Tspan8 knockdown significantly inhibited p-l1kB-
a, p-p65, p-ERK, and p-p38 expression (Figure
4). Interestingly, after LPS treatment IkB-a levels
were reduced, but Tspan8 knockdown elevated
IkB-a levels (Figure 4). These findings suggest
that Tspan8 knockdown inhibits MAPK and NF-
kB signaling pathways.
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Figure 3: Tspan8 knockdown alleviates LPS-induced
lung epithelial cell injury. (A) Immunoblot assay of
Tspan8 knockdown in MLE-12 cells. (B) Relative cell
viability in control, LPS, and Tspan8 knockdown in
LPS-treated MLE-12 cells. (C) Cell apoptosis in
control, LPS, and Tspan8 knockdown with LPS-treated
MLE-12 cells. (D) IL-6, IL-1B, and TNF-a mRNA levels
in control, LPS, and Tspan8 knockdown in LPS-
treated MLE-12 cells. *p < 0.05, **p < 0.01
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Figure 4: Tspan8 knockdown inhibits MAPK and
NF-kB signaling pathways. Immunoblot assay of
protein levels of p-lkB-a, |kB-a, p-p65, p65, p-
ERK, ERK, and p-p38 in control, LPS, and
Tspan8 knockdown in LPS-treated MLE-12 cells.
**p < 0.01
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DISCUSSION

ALl can lead to acute respiratory distress
syndrome, multiple organ dysfunction syndrome,
or even death in severe cases [11]. ALI
pathogenesis is usually due to injury of alveolar
epithelial cells and capillary endothelial cells [12].
ALI can be initiated by multiple factors, such as
pneumonia, pulmonary aspiration, inhalation of
toxic gases, and ischemia-reperfusion injury [13].
Elucidation of ALI pathogenesis and identification
of the key proteins that regulate its progression
are needed to improve the survival rate of
patients. In this study, a transmembrane 4
superfamily protein, Tspan8, was found to be
upregulated in both an LPS-induced ALI mice
model and LPS-treated mouse lung epithelial
cells. Interestingly, the depletion of Tspan8
resulted in the alleviation of the observed injury
to lung epithelial cells after LPS treatment.
Therefore, Tspan8 is likely involved in the
progression of ALI.

Confirmed by immunohistochemistry, this study
successfully established a mouse model of ALI
using LPS treatment. Advantages of this model
include increased reproducibility and decreased
cost compared to other models. Furthermore,
LPS has less direct toxicity to cells in vitro.
Disadvantages of this model include the fact that
LPS usually contains pollutants, which can affect
its biological activity. This model can be used for
subsequent gene function analysis and
phenotype detection. The sensitivity and the
route of administration of LPS in laboratory
animals was very important for successful
construction of this model.

Previous work has found that blocking toll-like
receptor 4 (TLR4) or using TLR4-knockout mice
in the LPS-induced ALI model can significantly
suppress the NF-kB signaling pathway, reduce
the release of inflammatory mediators, and
reduce the degree of lung injury [14]. Together,
this suggests that inhibition of inflammatory
signaling pathways can alleviate lung injury. In
further support of this conclusion, this study
found that knockdown of Tspan8 can slow down
lung injury through the inhibition of inflammation
related signal pathways, including MAPK and
NF-kB.

As a member of the transmembrane 4
superfamily proteins, Tspan8 has been reported
not only to play an important role in both the
occurrence and development of a variety of
tumors but also to affect tumor progression
through different regulatory mechanisms and
signaling pathways [15]. For example, Tspan8
drives dermal invasion by melanoma cells via

contributing to the activation of promatrix
metalloproteinase-9 and the proteolysis of the
basement membrane in a keratinocyte-
dependent manner [16].

Tspan8 could promote colorectal cancer cell
growth and migration in lysine-specific
demethylase 1-dependent manner or via [3-
catenin pathways. However, there are few
reports on its non-tumor related functions. A
previous study showed that Tspan8 could
mediate  endothelial cell and fibroblast
remodeling, which mainly relied on the target
cell-selective response [17]. Joint features and
complementarities of Tspan8 and CD151 were
also revealed [18]. In this study, Tspan8
depletion alleviated LPS-induced lung epithelial
injury in mice via suppression of MAPK and NF-
kKB signaling pathways. However, the precise
molecular mechanisms need further study.

CONCLUSION

Levels of Tspan8 are elevated in a LPS-induced
ALl mouse model, as well as in LPS-treated
mouse lung epithelial cells. Furthermore, Tspan8
knockdown alleviates LPS-induced lung epithelial
injury and suppresses MAPK and NF-kB
signaling pathways. Thus, these data confirm the
critical role of Tspan8 in the progression of ALI.
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