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PTPRO; Background: Protein tyrosine phosphatase receptor type O (PTPRO) belongs to the PTP (pro-
apoptosis; tein tyrosine phosphatase) family and is widely expressed in parenchymal cells, such as breast
inflammation; and lung epithelial cells. PTPRO has been shown to enhance inflammatory responses and has
lipopolysaccharide; been implicated in the pathogenesis of inflammation-associated diseases. The role of PTPRO
HFL1; in pneumonia was investigated.

TLR4/NF-«kB; Methods: Human embryonic lung fibroblasts (HFL1) were treated with increasing concentra-
pneumonia tions of lipopolysaccharide at 5, 10, or 20 pug/mL to induce inflammatory and apoptotic inju-

ries. Expression of PTPRO was detected by western blot. Inflammation and apoptosis were
assessed by ELISA and flow cytometry assays, respectively.

Results: Lipopolysaccharide induced decreased cell viability, and increased inflammation
and apoptosis in HFL1. PTPRO was upregulated in HFL1 post lipopolysaccharide treatment,
and silencing of PTPRO enhanced lipopolysaccharide-induced cell viability of HFL1, and sup-
pressed the inflammation and apoptosis. However, overexpression of PTPRO aggravated lipo-
polysaccharide-induced cytotoxicity in HFL1. Overexpression of PTPRO upregulated protein
expression of TLR4 and p-p65 in lipopolysaccharide-induced HFL1, while knockdown of PTPRO
reduced the level of p-lkBa to downregulate levels of TLR4 and p-p65.

Conclusion: PTPRO contributed to pro-inflammatory and pro-apoptotic effects on lipopolysac-
charide-induced HFL1 through activation of TLR4/NF-«B signaling.
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Introduction

Pediatric pneumonia is one of the most common diseases in
infants with increasing incidence and morbidity." Pediatric
pneumonia with the main symptoms of dyspnea, fever,
cough, and shortness of breath can lead to long duration
and severe extra pulmonary complications in infants and
young children.? Bacterial and viral infections induce distal
airway inflammation in infants, and result in alteration of
pulmonary circulation, pulmonary cell damage, and inter-
ference of normal respiratory mechanism during the devel-
opment of pediatric pneumonia.® Antibiotic therapies are
the first-line treatment for pediatric pneumonia. However,
drug resistance limits the clinical use of the therapies.*
Therefore, novel strategies for the prevention of pediatric
pneumonia are urgently needed.

Protein tyrosine phosphatase receptor type O (PTPRO)
is a receptor-type PTP that is widely expressed in multi-
ple organs, including breast, liver, lung, brain, and kidney.>
PTPRO with the conserved intracellular PTP domain cat-
alyzes dephosphorylation of tyrosine peptides in target
genes, thus participating in biological processes, such as
apoptosis, differentiation, and proliferation.® PTPRO was
also found to be associated with immune infiltration in
distinct cancers,”® and functioned as a tumor suppressor®
through polarization of macrophages into M1-like tumor-
associated macrophages.'® Moreover, PTPRO also plays a
role in inflammation-associated tissue damage. For exam-
ple, knockout of PTPRO in mice reduced bile-duct liga-
tion or carbon tetrachloride administration-induced liver
fibrosis and tissue remodeling through downregulation of
inflammatory factors."" PTPRO promoted NF-«B activation
and contributed to fulminant hepatitis.'”> However, the role
of PTPRO in pneumonia is unclear.

TLRs function as pattern-recognition receptors to rec-
ognize pathogen-associated molecular patterns and acti-
vated multiple downstream inflammatory pathways.” In
pneumonia, activation of TLR4/NF-kB signaling was essen-
tial for lipopolysaccharide-induced inflammatory and apop-
totic injuries,14 and inhibition of TLR4/NF-xB signaling
ameliorated pneumonia-associated injuries.15 Therefore,
PTPRO might promote progression of pneumonia through
activation of TLR4/NF-xB signaling. The effects of PTPRO
on cell apoptosis and inflammation in lipopolysaccharide-
induced HFL1 were investigated.

Materials and Methods
Cell culture and treatment

Human lung fibroblasts (HFL1) (ATCC, Manassas, VA, USA)
were cultured in DMEM medium containing 10% fetal bovine

Table 1 Primers.

serum (Life Technologies, Gaithersburg, MD, USA). HFL1 cells
were treated with 5, 10, or 20 ug/mL lipopolysaccharide
(Sigma-Aldrich, St. Louis, MO, USA) for 12 hours to induce
injury.

Cell transfection

HFL1 cells were seeded in 96-well plates, and treated with
5 pg/mL lipopolysaccharide. Full length of PTPRO was
subcloned into pcDNA vector (Thermo Fisher Scientific,
Waltham, MA, USA). shRNA targeting PTPRO (shPTPRO) and
the negative control (shNC) were acquired from Genepharma
(Suzhou, China). Lipopolysaccharide-induced HFL1 cells were
transfected with pcDNA vectors (300 ug) or shRNAs (50 nM)
via Lipofectamine 2000 (Thermo Fisher Scientific).

Cell viability and apoptosis assays

Lipopolysaccharide-induced HFL1 with or without transfec-
tions were incubated with 5 mg/mL MTT (10 ulL) (Beyotime,
Beijing, China) for 4 hours. Microplate reader (Thermo
Fisher Scientific) was used to detect absorbance at 490 nm.
For cell apoptosis analysis, HFL1 cells were resuspended
in binding buffer of Annexin Fitc Pi Staining Kit (Thermo
Fisher Scientific), and then stained with 5 pL of Pl and 5 pL
of FITC-labeled annexin V. The apoptotic ratio was evalu-
ated by FACS flow cytometer (Life Technologies).

ELISA

Culture supernatants of HFL1 were harvested, and the lev-
els of TNF-a, IL-1B, and IL-18 were detected by ELISA kits
(Pharmingen, San Diego, CA, USA).

qRT-PCR

RNAs were extracted from HFL1 via TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and then synthesized into
cDNAs. The mRNA expression of TNF-a., IL-183, and IL-18 were
analyzed under SYBR® premix Ex Tagq™ kit (Takara, Dalian,
China). The primers are shown in Table 1, and the expression
levels were normalized to B-actin using the 24 ¢ method.

Western blot

HFL1 cells were lysed in RIPA buffer (Beyotime) and the iso-
lated proteins were separated by 10% SDS-PAGE. Samples
were transferred onto nitrocellulose membranes, and mem-
branes were blocked in 5% bovine serum albumin. The mem-
branes were probed with specific antibodies: anti-PTPRO

Genes Forward

Reverse

B-actin (NG_007992.1)
IL-18 (NG_028143.1)
IL-1B (NG_008851.1)
TNF-a (NG_007462.1)

5-TGTGATGGTGGGAATGGGTCAG-3’
5’-GGCATTTGCGAGCTGCCAAATTCC-3'
5'-CCAGCTTCAAATCTCACAGCAG-3'
5-CCGAGTGACAAGCCTGTAGC-3’

5-TTTGATGTCACGCACGATTTCC-3'
5-CTTGTTGTGTCCTGGAACACG-3'
5-CTTCTTTGGGTATTGCTTGGGATC-3'
5-AGGAGGTTGACCTTGGTCTG-3'
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(@b150834) and anti-pB-actin (ab179467) (1:2000; Abcam,
Cambridge, MA, USA); anti-p-IxkBa (ab133462) and anti-
IkBa (ab97783) (1:2500, Abcam); anti-p-p65 (ab28856) and
anti-p65 (ab16502) (1:3500, Abcam); and anti-TLR4 (ab13556)
and anti-GAPDH (ab9485) (1:4000, Abcam). The membranes
were then washed and incubated with horseradish peroxi-
dase-conjugated secondary antibody (ab205718 or ab97240)
(1:4500, Abcam). Immunoreactivities were visualized using
enhanced chemiluminescence (Sigma-Aldrich). Protein sig-
nals were quantified using B-actin and GAPDH as references.

Statistical analysis

All the data with at least triple replicates were expressed as
mean + SEM. Shapiro-Wilk and Levene’s tests were used to
detect the normality and homogeneity of data. The data were
analyzed by student’s t-test or one-way analysis of variance
followed by Tukey’s post hoc analysis under SPSS software.
A p-value of < 0.05 was considered as statistically significant.

Results

Lipopolysaccharide induced elevation of
PTPRO in HFL1

HFL1 was incubated with lipopolysaccharide to induce
injury. Results showed that cell viability of HFL1 was
decreased by lipopolysaccharide in a dose-dependent man-
ner (Figure 1A). Protein expression of PTPRO was upregu-
lated in HFL1 by lipopolysaccharide in a dose-dependent
manner (Figure 1B), demonstrating that PTPRO might be
involved in lipopolysaccharide-induced injury in HFL1.

PTPRO contributed to lipopolysaccharide-induced
apoptosis in HFL1

To investigate cytotoxicity of PTPRO, HFL1 cells were trans-
fected with pcDNA-PTPRO or shPTPRO to increase or decrease
PTPRO expression, respectively (Figure 2A). Overexpression of
PTPRO reduced cell viability of HFL1 (Figure 2B) and promoted
cell apoptosis (Figure 2C). However, cell viability (Figure 2B)
and apoptosis (Figure 2C) were not affected by the silencing
of PTPRO. Lipopolysaccharide-induced HFL1 cells were also
transfected with pcDNA-PTPRO or shPTPRO. Transfection with
pcDNA-PTPRO reduced the cell viability of lipopolysaccha-
ride-induced HFL1, while transfection with shPTPRO enhanced
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Figure 2 Cytotoxicity of PTPRO in HFL1. (A) Transfection
with pcDNA-PTPRO or shPTPRO increased or decreased PTPRO
expression, respectively. (B) Overexpression of PTPRO reduced
cell viability of HFL1, while silencing of PTPRO did not affect
cell viability. (C) Overexpression of PTPRO promoted cell
apoptosis of HFL1, while silencing of PTPRO did not affect cell
apoptosis. *p < 0.05, **p < 0.01.

cell viability (Figure 3A). Moreover, overexpression of PTPRO
increased cell apoptosis of lipopolysaccharide-induced HFL1,
while transfection with shPTPRO inhibited cell apoptosis
(Figure 3B and C). These results showed the anti-apoptotic
effect of PTPRO silencing against pneumonia.

PTPRO contributed to lipopolysaccharide-induced
inflammation in HFL1

Lipopolysaccharide promoted the expression of TNF-q,
IL-18, and IL-18 in HFL1 (Figure 4A and B). The expressions
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Lipopolysaccharide induced the elevation of PTPRO in HFL1. (A) Incubation with lipopolysaccharide reduced cell

viability of HFL1 in a dose-dependent way. (B) Incubation with lipopolysaccharide enhanced protein expression of PTPRO in HFL1

in a dose-dependent way. *p < 0.05, ***p < 0.001.
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Figure 3 PTPRO contributed to lipopolysaccharide-induced
apoptosis in HFL1. (A) Transfection with pcDNA-PTPRO
reduced the cell viability of lipopolysaccharide-induced HFLI1,
while transfection with shPTPRO enhanced cell viability.
(B) Overexpression of PTPRO increased cell apoptosis of
lipopolysaccharide-induced HFL1, while transfection with
shPTPRO inhibited cell apoptosis. (C) The apoptotic ratio of
lipopolysaccharide-induced HFL1 that was transfected with
pcDNA-PTPRO or shPTPRO. #p < 0.05; #""p < 0.01; ***##p < 0.001.

of TNF-a, IL-1B, and IL-18 in lipopolysaccharide-induced HFL1
were enhanced by the overexpression of PTPRO, and reduced
by PTPRO silencing (Figure 4A and B), revealing the anti-
inflammatory effect of PTPRO silencing against pneumonia.

PTPRO contributed to lipopolysaccharide-induced
activation of TLR4/NF-«B in HFL1

Protein expressions of TLR4 and p-p65 were upregulated in
HFL1 by lipopolysaccharide (Figure 5). Lipopolysaccharide
also induced upregulation of p-lxBa in HFL1 (Figure 5).
The expressions of TLR4, p-p65, and p-lkBa in lipopoly-
saccharide-induced HFL1 were increased by PTPRO over-
expression, and decreased by PTPRO silencing (Figure 5),
indicating that the silence of PTPRO suppressed the activa-
tion of TLR4/NF-«xB to protect against pneumonia.

Discussion

PTPs catalyze the dephosphorylation of target genes,
thus being implicated in the pathogenesis of several dis-
eases, such as obesity, diabetes, and cancer.' PTP, PTP-
CPS4B, was identified as a potential drug candidate for the
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Figure 4 PTPRO contributed to lipopolysaccharide-induced
inflammation in HFL1. (A) mRNA expressions of TNF-a, IL-18,
and IL-18 in lipopolysaccharide-induced HFL1 were enhanced
by PTPRO overexpression, while they were reduced by PTPRO
silence. (B) Protein expressions of TNF-«, IL-1B, and IL-18 in
lipopolysaccharide-induced HFL1 were enhanced by PTPRO
overexpression, while they were reduced by PTPRO silence.
“p < 0.05; **#""p < 0.01; *****"p < 0.001.
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Figure 5 PTPRO contributed to lipopolysaccharide-induced
activation of TLR4/NF-xB in HFL1. (A) Protein expressions of
TLR4, p-p65, and p-lkBa in lipopolysaccharide-induced HFL1 were
increased by PTPRO overexpression, while they were decreased
by PTPRO silence. #"p < 0.05; *"p < 0.01, "“##p < 0.001.
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prevention of Streptococcus pneumonia.'” This study identi-
fied that PTPRO, a novel target for pneumonia, intensified
lipopolysaccharide-induced apoptosis and inflammation in
HFL1.

Previous studies have shown that lipopolysaccharide, a
potent endotoxin, induced inflammatory response in lung
fibroblast (HFL1) through production of TNF-a and IL-1B."®
Lipopolysaccharide-induced HFL1 cells were used as cell
models of infantile pneumonia.19 In this study, HFL1 cells
were also treated with lipopolysaccharide, and the results
showed that the cytotoxicity of lipopolysaccharide on
HFL1 was achieved through decreasing of cell viability and
increasing of cell apoptosis.

Pathogenic infections, such as bacterial and viral
infections, induce cell apoptosis in the initial stage of
pneumonia.? Inhibition of lipopolysaccharide-induced cell
apoptosis of HFL1 alleviated the progression of infantile
pneumonia.’” PTPRO aggravated oxidized low-density lipo-
protein-induced cell apoptosis in RAW264.7 cells.? This
study confirmed that knockdown of PTPRO protected HFL1
against lipoprotein-induced cytotoxicity through increasing
of cell viability and decreasing of cell apoptosis.

Patients with Pneumocystis jirovecii pneumonia demon-
strated higher expression of pro-inflammatory cytokines,
including MCP-1, IL-8, IL-6, IL-1B, and TNF-a than the nor-
mal people.? Bacterial and viral infections induce recruit-
ment of polymorphonuclear neutrophils into the alveoli,
and promote cell death and multiorganic failure through
the secretion of pro-inflammatory cytokines during the
development of pneumonia.?® Therefore, anti-inflammatory
options, such as TLR antagonists, macrolides, statins, and
corticosteroids, showed promising prevention effects for
patients with pneumonia.?* PTPRO has been reported to
induce the expression of proinflammatory cytokines, such
as TNF-a, IL-1B, and IL-6, in lipopolysaccharide-induced
macrophages.”>  Similarly, lipopolysaccharide-induced
upregulations of TNF-a, IL-1B, and IL-18 in HFL1 were
reversed by silencing the PTPRO. Therefore, knockdown of
PTPRO protected against lipoprotein-induced cytotoxicity
in HFL1 through anti-apoptotic and anti-inflammatory abil-
ities. Moreover, patients with severe pneumonia showed
alteration in oxidative stress status with deficit of antiox-
idants and increased lipid peroxidation.?¢ Oxidative stress
is implicated in the pathogenesis of pneumonia.?’ PTPRO
aggravated oxidized low-density lipoprotein-induced oxida-
tive stress in RAW264.7 cells through decreasing of SOD,
and increasing of ROS and MDA.?' Therefore, knockdown of
PTPRO might exert anti-oxidant effect on lipopolysaccha-
ride-induced HFL1.

Lipopolysaccharide has been shown to induce activa-
tion of TLR4/NF-kB signaling, and promote inflammatory
and apoptotic lung injury.?® Inhibition of TLR4/NF-kB sig-
naling reduced lipopolysaccharide-induced lung inflam-
mation.? PTPRO promoted the activation of TLR4/NF-xB
signaling through increasing of TLR4, p-p65, and IkBa to
exaggerate inflammatory response in ulcerative colitis.?
Moreover, PTPRO also interacted with TLR4, and promoted
TLR4-mediated carcinogenesis and progression of hepa-
tocellular carcinoma through the activation of NF-«xB sig-
naling.>® Here, knockdown of PTPRO reduced the protein
expression of TLR4, p-p65, and p-lkBa in lipopolysaccha-
ride-induced HFL1 to suppress the inflammation.

In conclusion, PTPRO promoted lipopolysaccharide-
induced apoptosis and inflammation in HFL1. Knockdown
of PTPRO inhibited the activation of TLR4/NF-xB signal-
ing to attenuate lipopolysaccharide-induced apoptosis
and inflammation in HFL1, revealing that PTPRO might be
a novel target for the prevention of pneumonia. However,
the effect of PTPRO on animal model of pneumonia should
be investigated in further research.
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