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Introduction: Severe inflammatory response leads to poor prognosis of acute lung injury
(ALI), the role of gypenosides (GPs) on ALI is not fully clear. The study aimed at
investigating the effects of GPs on ALI.

Methods: We firstly established LPS-induced ALI mice model. Then, we tested whether GPs
contributed to alleviate inflammatory response and lung injury of ALI in vivo. In order to identify
specific mechanisms of the phenomenon, we conducted a bioinformatic analysis of LPS-induced
ALI mice based on GEO database to identify hub differentially expressed genes (DEGs). PPI
network of the DEGs was used to find hub-genes. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis were conducted based on the DAVID database to
identify which pathways the genes enriched. Then, we tested whether GPs inhibited lung injury
and inflammatory response via the enriched pathways. We also tested whether GPs inhibited the
apoptosis of endothelial and epithelial cells secondary to severe inflammation.

Results: We found GPs significantly alleviated lung injury and improved the survival rate of
LPS-induced ALI mice in vivo. Bioinformatic analysis identified 20 hub-genes from DEGs,
they were mainly enriched in NF-kB and TNF-a pathways. GPs could reduce the lung injury
and inflammatory response via inhibiting NF-xB and TNF-a pathways in vivo. Our results
indicated that GPs also inhibited inflammatory response of epithelial and endothelial cells via
NF-xB and TNF-o pathways in vitro. Severe inflammatory response could also lead to
apoptosis of endothelial and epithelial cells. Our results indicated that GPs effectively
inhibited the apoptosis of endothelial and epithelial cells.

Conclusion: Our study suggested GPs contributed to alleviated lung injury in vivo and
inhibited inflammation and apoptosis of endothelial and epithelial cells in vitro, providing
novel strategies for the prevention and therapy for ALIL

Keywords: gypenosides, lipopolysaccharide, acute lung injury, inflammatory response,
apoptosis

Introduction

Acute lung injury (ALI) is a devastating respiratory disorder and is associated with
a high mortalityrate, up to 40%—60%.' Numerous causes may result in ALI, such as
sepsis,” multibacterial pneumonia, severe trauma with shock and multiple transfu-
sions, etc.'" Two major separate barriers protect the lungs from injury during the
development of ALI, the alveolar-capillary barrier, the microvascular endothelium
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and alveolar epithelium. The critical importance of
endothelial and epithelial injury during ALI has been
well recognized.® Once the barriers are seriously impaired,
the injury becomes out of control, eventually leading to
pulmonary edema or even death. Thus, it is important to
seek out novel molecular mechanisms involving preven-
tion and treatment of ALI. In animal experiments, directly
intratracheal administrated lipopolysaccharide (LPS, an
endotoxin produced by gram-negative bacteria) to induce
ALI model is widely used.*> LPS activates multiple
inflammatory pathways, regulating the release of inflam-
matory mediators,’ leading to a series of inflammatory
damage to cells and tissues. LPS challenge is also closely
associated with apoptosis of pulmonary endothelial and
epithelial cells, while inhibited the apoptosis of endothelial
and epithelial cell significantly decreased the lung injury
and mortality of ALL"®

(GPs) are
Gynostemma pentaphylla. GPs exert many pharmacologi-

Gypenosides major ingredients of
cal properties. Recently, researchers raise increasing inter-
ests in studying the pharmacological effects of GPs.
Researches suggested that GPs’ attenuated neuro-inflam-
matory level induced by microglial activation via M1/M2
phenotypic alteration.” A research also indicated GPs had
protective effects on autoimmune optic neuritis.'® But they
have not provided specific mechanisms. A network phar-
macology analysis revealed the anti-inflammatory effects
of GPs were mainly enriched in the Janus kinase/signal
transducers and activators of transcription (JAK-STAT)
pathway and provided potential therapeutic targets of
GPs on inflammatory response.'' The progress of ALI is
accompanied by various inflammatory pathways activated
and constantly magnified, eventually leading to poor prog-
nosis. Some studies have revealed GPs inhibited the apop-
tosis induced by oxidative stress.''> Whether GPs
improve lung injury during ALI and the mechanism
remains unclear. The study was conducted to investigate
potential therapeutic mechanisms of GPs on ALI and
provide novel treatments for ALIL

Materials and Methods

Materials and Reagents

GPs were purchased from Jiatian Biotech Co., Ltd (Xi’an,
China). The Dulbecco’s Modified Eagle’s Medium (DMEM)
or RPMI 1640, fetal bovine serum (#10099-141, Gibco) and
penicillin and streptomycin (#15070-063) were purchased
from Thermo Fisher Scientific (Walthm, MA, USA). The

mouse TNF-o ELISA kit (#1217202) and mouse IL-6
ELISA kit (#1210602) were purchased from Dakewe
Biotech Co., Ltd. (Shenzhen, China). The TRizol reagent
and cDNA synthesis kit were purchased from Takara
(Kusatsu, Japan). The BCA Assay kit and the BeyoClick™
EdU-488 Cell Proliferation Kit (#C0071S) were purchased
from Beyotime Biotech Co., Ltd (Shanghai, China).
Antibodies of p-p65 (# 3033, 1:1000), p65 (# 8242,
1:1000), cleaved caspase-3 (#9661S, 1:1000), and caspase-
3 Antibody (#9662S, 1:1000) were purchased from Cell
Signaling Technology (Boston, MA, USA). Bax Antibody
(#50599-2-Ig) and Bcl-2 Antibody (#12789-1-AP) were pur-
chased from Proteintech (Chicago, IL, USA). Anti-GAPDH
antibody (ab181602, 1:3000) was obtained from Abcam
(Cambridge, UK). Ammonium pyrrolidinedithiocarbamate
(PDTC, #P8765-1G) was obtained from Sigma-Aldrich (St.
Louis, MO, USA). The CCKS8 assay kit (# C0038) was
obtained from Dojindo Laboratories (Japan). The Annexin
V-FITC Apoptosis Detection Kit (#556547) was purchased
from BD Pharmingen™ (Franklin Lakes, NJ, US).

Animals

Specific pathogen-free adult male C57BL/6 mice weighing
20-25 g (SPF grade) were obtained from Cyagen
Biosciences (Suzhou, China). The mice were housed
under the controlled temperature and humidity with a
standard day-night cycle, free access to food and water.
All procedures were conducted in accordance with the
Guide for the Care and Use of Laboratory Animals.
Animal experiments were approved by the the Animal
Use Committee of Shanghai General Hospital (No.
2019AW009).

Cell Culture

The human pulmonary microvascular endothelial cells
(HPMEC) and the MLE-12 (murine lung epithelial cells)
were kindly provided by Stem Cell Bank, Chinese
Academy of Sciences (Shanghai, China). The cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
or RPMI 1640 supplemented with 10% fetal bovine serum
and 1% penicillin and streptomycin at 37°C, 95% humidity,
and 5% CO, incubator.

Histopathological Analysis

LPS-induced ALI mice model was established by intratra-
cheal administration of LPS (5 mg/kg, dilute into 50ul
PBS) under inhalation anesthesia with sevoflurane, as a
previous study described.'* Mice were sacrificed and lung
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tissues were collected 8h after LPS challenge. The lower
lobes of right lung were collected and fixed in (v/v) 4%
paraformaldehyde for 24 h, and then embedded in paraffin,
sectioned at 4-um thickness, stained with H&E solution
(Sigma-Aldrich) and then examined under a microscope.
The semi-quantitative scoring system was applied to eval-
uate the intensity of lung injury.'> Two researchers scored
the lung injury accordingly, they were blinded to the
grouping information.

Measurement of Wet-to-Dry (W/D)

Ratio of the Lungs

The wet/dry (W/D) weight ratio of the upper lobe of right
lung was also calculated to evaluate the severity of ALIL
Upper lobe of the right lung was removed and weighed as
wet weight. Next, the lungs were incubated at 60°C for 3
days to remove all moisture and weighed for dry weight,
the W/D ratio was finally calculated.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The blood samples were collected and immediately placed
into sterile ethylenediaminetetraacetic acid test tubes, cen-
trifuged at 3000g for 15 min. The serum was separated and
stored in a freezer at —80°C for further assaying. The
serum levels of TNF-a and IL-6 were measured by
ELISA method according to the manufacturer’s protocols.

Identification of Potential Targets of ALI

Based on Bioinformatics Analysis

In order to identify the potential mechanisms of GPs on
ALI, we identified differentially expressed genes
(DEGs) in LPS-induced ALI mice model based on
GEO database. The Linear Model
Analysis R package (limma; version 3.30.11) was used
to identify DEGs. Genes were identified as DEGs with
an adjusted P-value < 0.01 and absolute value of fold-

for Microarray

change [logFC| >1.5."° Overlapped genes between the
datasets were obtained using a Venn diagram web-tool
(https://bioinfogp.cnb.csic.es/tools/venny/index.html).

The DEGs were mapped to the STRING database
(http://string-db.org/). The protein-protein interaction

(PPI) pairs were extracted with median confidence
more than 0.4."" The PPI network was visualized by
Cytoscape software (version 3.4.0, http://www.cytos

cape.org/). Nodes with higher degree of connectivity
tend to be more essential in maintaining the stability

of the entire network. The plugin-CytoHubba was used
to calculate the degree of each protein node, which
indicates the intensity of the protein. Top hub genes
were identified by Venn diagram based on the ranking
methods of Degree, MCC and Betweenness.'”"'® Gene
(GO)
Encyclopedia of Genes and Genomes (KEGG) pathway

Ontology annotation analysis and Kyoto
enrichment analysis of the hub-genes in the study were
conducted based on the DAVID database (https://david.
nciferf.gov/). P < 0.01 and gene counts >10 were con-

sidered statistically significant.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)

Total RNA was isolated from upper lobe of left lung
tissues, the HPMEC and MLE-12 cells using TRizol
reagent (Takara, Kusatsu, Japan), followed by manufac-
turer’s instructions. Purified RNA concentrations were
determined via NanoDrop LITE (Thermo Scientific), then
used to reverse transcript into cDNA using commercial
cDNA synthesis kit (Takara). Gene expression were mea-
sured by real-time PCR with Connect™ Real-Time PCR
System (Bio-Rad, Hercules, CA, USA). The relative
change in gene expression was determined according to

2*AACT

formula. Primer sequences are list in

Supplementary Table 1.

Western-Blot Analysis

Lower lobe of left lung, the HPMEC and MLE-12 cells
were lysed and homogenized in ice-cold RIPA buffer (NCM
Biotech, Suzhou, China) and centrifuged at 12,000 g for 15
min at 4°C. Protein concentrations were determined using
BCA Assay kit according to manufacturer’s instructions,
and equal amounts of protein samples were separated in
SDS-PAGE and transferred onto polyvinylidene difluoride
(PVDF) membranes (Solarbio Life Sciences, Beijing,
China). The PVDF membranes were incubated with respec-
tive primary antibodies at 4 °C overnight, after blocked with
5% non-fat milk for 2 h. Immunoreactive bands were visua-
lized by a BIO-RAD ChemiDoc XRS system and densito-
metric analysis was determined by Image J software
(National Institutes of Health, Bethesda, MD, USA).

Cell Viability
The HPMEC were seeded at a density of 10,000 cells per well
in 96-well plates and culture in 5% CO,, at 37°C for 24h.
Confluent cells were treated with different concentrations of
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Figure | Establishment of ALI mice model. (A) Brief description of the experimental process. Mice were treated with intratracheal administration of LPS (5 mg/kg) for ALI
model establishment. (B) Representative lung H&E staining of mice (n = 3) treated with PBS or LPS. The histopathologic lung injury scores of mice treated with LPS were
significantly higher than that of PBS. (C) The lung W/D weight ratios of mice treated with LPS were also higher than that of PBS. *P < 0.05.

LPS (0.01, 0.05, 0.1, 0.5, 1 ug/mL) and GPs (1, 2.5, 5, 10, 50
png/mL) for 8h. The cell viability was evaluated using CCKS8
assay followed by the manufacturer’s instructions. The absor-
bance value was measured at 570 nm in a microplate spectro-
photometer Epoch reader (Landon, Biotek, UK). The
percentage of viable cells was determined using the following
formula: % of viable cells = [(absorbance of untreated cells-
absorbance of treated cells)/absorbance of untreated cells] x
100. All the experiments were repeated 3 times under the same
conditions.

Edu Assay

Cell proliferation was measured by 5-ethynyl-29-deoxyuridine
(Edu) assay using BeyoClick™ EdU-488 Cell Proliferation
Kit according to manufacturer’s instructions. HPMEC cells
seeded into plates with a density of 10 x 10° cells/well. Cells
were incubated with 50 uM EdU buffer for 2 h at 37°C, then
fixed with 4% formaldehyde for 0.5 h and permeabilized with

0.1% Triton X-100 for 20 min at room temperature. DNA
contents were stained with Hoechst 33342 for 10 min at
room temperature. Then the results were visualized by a fluor-
escence microscope.

Flow Cytometry

The HPMEC cells were digested with 0.25% trypsin and
centrifuged at 2,000 rpm for 10 min at room temperature.
Cell apoptosis was tested using Annexin V-FITC Apoptosis
Detection Kit according to the manufacturer’s instructions.
Cells were washed with ice-cold PBS and resuspended with
Binding buffer (300 pL), then added 5 pL annexin V-FITC and
incubated for 15 min at room temperature, adding propidium
iodide (PI) staining 5 min before detection.

Statistical Analysis
All data were presented as mean + SD. Statistical analysis
was performed by GraphPad Prism (version 8.2.0, San
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Diego, CA, USA). For comparisons between two groups,

the Student’s #-test (unpaired and paired) was applied.

Multiple comparisons were performed by one- or two-
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Figure 2 GPs alleviated lung injury and improved the survival ratio of ALl mice. (A) Brief description of the experimental process. Mice received intraperitoneal injection of
GPs (100 mg/kg) + intratracheal administration of LPS (5 mg/kg) for 8h. (B and C) H&E staining of lung tissue (n = 3) and comparison of histopathologic lung injury scores
and W/D ratio. The H&E staining, histopathologic lung injury scores and W/D ratio suggested that GPs alleviated severity of alveolar epithelial and capillary endothelial cells
injury, thickening of alveolar membrane. (D) GPs decreased the serum concentrations of TNF-a and IL-1p in vivo. (E) Survival curve between four groups (n = 14). GPs
improved the survival rate of ALl mice. Survival rates between groups were analyzed by Log-rank (Mantel-Cox) test, Chi square = 4.218, P = 0.0400. Data are presented as
means = SD. **P < 0.01; *P < 0.05.
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Table | Accession Information for Datasets Downloaded from the GEO Database

GEO Accession Platform Sample Species Country Year
GSE2411 GPL339 6/6 Affymetrix Mouse Expression 430A Array USA 2005
GSE17355 GPL4865 3/9 Affymetrix Human Genome U133 Plus 2.0 Array USA 2009
GSE18341 GPLI261 4/4 Affymetrix Mouse Genome 430 2.0 Array USA 2009
Results bioinformatics analysis based on GEO database and three

Established LPS-Induced ALI Model

Mice were treated with intratracheal administration of LPS
under sevoflurane inhalational anesthesia to establish ALI
model as previously described'® (Figure 1A). The mice
challenged with LPS exhibited more severity of lung
injury then those treated with PBS (Figure 1B and C),
that the ALI

indicating model

established.

was successfully

GPs Alleviated Lung Injury and Improved

the Survival Ratio of ALI Mice

Studies suggested that GPs exerted an anti-inflammatory
response in various inflammatory disease.'*?° But whether
GPs improve lung injury during ALI and its mechanisms
remain unclear. Mice were randomly divided into PBS,
LPS, GPs and GPs + LPS groups (n = 3). Mice received
intratracheal administration of PBS (50ul), intratracheal
administration of LPS (5§ mg/kg, in 50ul PBS), intraper-
itoneal injection of GPs (100 mg/kg, in 300ul PBS),?! or
intraperitoneal injection of GPs + intratracheal administra-
tion of LPS, respectively. A brief description of the experi-
mental process is described in Figure 2A. The H&E
staining suggested that GPs alleviated severity of alveolar
epithelial and capillary endothelial cells injury, thickening
of alveolar membrane, the W/D ratio in LPS + GPs group
was also lower than that in LPS group (Figure 2B and C).
The serum levels of TNF-a and IL-6 were also lower than
that in LPS group, indicating GPs inhibited the inflamma-
tory cytokines release during ALI (Figure 2D). In addition,
we also recorded the survival rate of groups (n = 14), the
survival rate in LPS group was similar to the previous
study.'* However, GPs helped to reduce the mortality in
ALI mice (Figure 2E).

|dentification of DEGs and Potential

Pathways Involving LPS-Induced ALI Mice
Multiple inflammatory pathways may be activated during
ALL In order to identify specific mechanisms of GPs in
improving lung injury during ALI, we conducted a

gene expression profiles (GSE2411, GSE17355, and
GSE18344) were selected (Table 1). Overlapping of 106
DEGs across the datasets were identified by Venn diagram
(Supplementary Figure S1). In order to identified hub-genes
in the DEGs, we established PPI network of the DEGs by
Cytoscape software 3.6.1. The plugin CytoHubba was used
to calculate the degree and score of each protein node, which

indicates the intensity of protein (Figure 3A). Top hub genes
were identified by Venn diagram based on the ranking meth-
ods of Degree, MCC and Betweenness (Figure 3B).'”'®
Finally, we identified 20 hub-genes, Figure 3C shows the
expression levels of the hub-genes in the datasets. The hub-
genes were mainly enriched in NF-xB and TNF-a signaling
pathway (Figure 3D).

Validation of Hub-Genes

Relative mRNA expression of the 20 hub genes above was
analyzed by qRT-PCR. Of the 20 hub-genes, 19 were up-
regulated (Figure 4), which was in line with their expres-
sion levels in the GEO datasets.

GPs Alleviated Inflammatory Response
via NF-kB and TNF-a Pathways in vivo

Since the hub-genes were mainly enriched in the NF-xB
and TNF-a signaling pathways, we next tested whether
GPs alleviated inflammatory response via NF-xB and
TNF-o pathways. The Western-Blot results suggested
that GPs inhibited the phosphorylation of p65
(Figure 5A). The mRNA levels of TNF-a, IL-1B, IL-6
were also significantly decreased in GPs + LPS group
(Figure 5B), suggesting that the GPs exerted anti-inflam-
matory effects via inhibiting the NF-xB and TNF-a path-
way in ALI mice.

GPs Alleviated Inflammatory Response in
Endothelial via NF-xB and TNF-a
Pathways

During the development of ALI, pulmonary microvascular
endothelial cells experienced significant injury, causing
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Name Score  Name  Score [Name I Score Degree MCC
IL6 52 IL1B 1.54E+12 IL1B 1095.62
IL1B 49 IL6 1.54E+12 L6 1053.43
TLR2 46 TLR2 1.54E+12 TLR2 657.78
MYD88 38 ICAM1 1.54E+12 CXCL10 454.20
CXCL10 38 CXCL1 1.54E+12 IRF7 398.44
ICAM1 37 CXCL10 1.54E+12 VCAM1  371.99
IRF7 34 CSF2 1.54E+12 SELP 340.40
CXCL1 34 VCAM1 1.53E+12 ICAM1 315.26
VCAM1 32 CCL4 1.53E+12 MYD88  314.50
CcCL5 31 CcCL2 1.52E+12 CMPK2 25387
CCL2 30 CCL5 1.52E+12 GCH1 227.71
ccL4 28 CXCL2 151E+12 SOCS3  215.99
CXCL2 28 CXCL5 1.50E+12 CXCL1 188.54
NFKBIA 27 CSF1 1.42E+12 CD14 178.10
CSF2 27 TIMP1 1.41E+12 LCP2 173.49
SOCS3 24 CCL17 1.31E+12 USP18 139.80
TNFAIP3 23 MYD88 1.22E+11 CCL4 125.96
TIMP1 22 SELP 9.34E+10 CCL5 121.13
CCL3 21 CCL3 2.07E+10 GBP2 110.68
CXCL5 21 CD274 1.96E+10 NFKBIA 105.89
CSF1 21 NFKBIA 1.46E+10 OASL 105.11
OASL 19 IRF7 1.40E+10 CTPS1 96.37
GBP2 19 SOCS3 1.64E+09 CSF2 94.24
SELP 19 LCN2 4.79E+08 SPHK1 85.39
CD274 19 TNFAIP3 1.60E+08 TNFAIP3 82.26
IFIT2 18 NFKB2 3999984 CCL2 77.20
LCN2 18 FPR2 3634568 SLC7A2 74.26
IFIT3 17 PTX3 772320 IFIT2 70.73
RSAD2 17 IFIT2 251904 RSAD2 67.11 Betweeness
NFKB2 17 RSAD2 249962 CXCL2 60.71
CXCL2 Count
CXCL1 NF-kB signaling pathway [ ] e 5
CXCL10 Malaria [ ]
CCL2 Legionellosis [ ] . 10
TNFAIP3 Salmonella infection [ ] . 15
Chagas disease
SOCS3 6 gas di [ ]
IFIT2 . Measles o - Log10_Pvalue
SELP Cytosolic DNA-sensing pathway [ ]
RSAD2 [&) Hematopoietic cell lineage [ ] 15
L
ccL4 - 2 Amoebiasis [ 10
- Osteoclast differentiation [ ] 5
CSF2 :
Toxoplasmosis [ ]
TLR2 4 African trypanosomiasis{ ®
IL-1B S
TNF-a signaling pathway
IL-6 CCR interaction .
IRF7 Influenza A .
ICAM1 TLR signaling pathway .
MyD88 Chemokine signaling pathway .
CCL5 NLR signaling pathway [ ]
VCAM1 1 2 Rheumatoid arthritis [ ]
NF-kBIA Herpes simplex infection [ ]
GSE2411 GSE17355 GSE18341 8 12 16
Gene Ratio

Figure 3 Bioinformatics analysis of DEGs. (A) The top 30 ranked DEGs identified by the ranking methods of Degree, MCC and Betweenness by a plugin of CytoHubba
software. (B) Venn diagram of hub genes, including CXCL2, CXCLI, CXCLI0, CCL2, TNFAIP3, SOCS3, IFIT2, SELP, RSAD2, CCL4, CSF2, TLR2, IL-1, IL-6, IRF7, ICAMI,
Myd88, CCLS5, VCAMI, NF-kB. (C) Heat-map of the 20 hub-genes in the selected datasets. (D) KEGG pathway enrichment of the 20 hub-genes, they were mainly enriched

in TNF-o and NF-xB signaling pathway.

pulmonary congestion and edema.*” In order to mimic the
ALI model in vivo, the HPMEC cells were treated with
different concentrations of LPS (0.01 —1 pg/mL) for 8h to
determine an optimal dose of LPS. After LPS stimulation,
the levels of p-p65 was increased dose dependently

(Figure 6A). In line with the results of GPs in vivo, LPS
co-treated with GPs could inhibit the expression of p-p65,
just as ammonium pyrrolidinedithiocarbamate (PTDC), a
widely used NF-kB pathway inhibitor*>** (Figure 6B and
C) and the cytokines of TNF-a, IL-1B, IL-6, VCAMI in
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Figure 4 Relative mRNA expression of 20 hub genes. In LPS induced ALI mice, 19 of the hub genes were up-regulated, compared to PBS group. Data are presented as
means + SD. **P < 0.001; **P < 0.01; *P < 0.05.
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Figure 5 GPs inhibited the inflammatory response in vivo. (A) LPS stimulation significantly increased the expression of p-p65, while GPs inhibited the effects in vivo. (B) GPs also
inhibited the mRNA expression of cytokines of TNF-a, IL- I, IL-6, indicating that GPs alleviated the lung injury and inflammatory response in vivo. Data are presented as means + SD.
**P < 0.01; *P < 0.05.
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HPMEC (Figure 6D), indicating GPs reduced the cytotoxi-
city of LPS to HPMEC.

GPs Alleviated Inflammatory Response in
Epithelial Cells via NF-xB and TNF-a

Pathways

Alveolar epithelial cells could also be significantly damaged
during the progress of ALL.* Based on the above results, we
then hypothesized that GPs may alleviate the inflammatory
response level of alveolar epithelial cells. Interestingly, GPs
also alleviated the expression levels of p-p65 (Figure 7A) and
TNF-0, IL-1B, IL-6, VCAM1 (Figure 7B) in the MLE-12,
which were similar to the results of the HPMEC.

GPs Improved the Cell Viability and
Proliferation of Endothelial Cells Impaired
by LPS

Lung endothelium comprised about 50% of all lung cells.”®
The integrity of pulmonary endothelial cells played an indis-
pensable role during the repair of ALL. The HPMEC were
treated with different concentrations of LPS for 8 h, we found
that the cell viability was decreased at 0.1 pg/mL, and
reached the worst at 1 ug/mL (Figure 8A). While GPs inhib-
ited the cell viability only at a higher concentration of 50 pg/
mL (Figure 8B). Therefore, we treated HPMEC with 1 pg/
mL LPS and 10 pg/mL GPs for 8 h. Then, we tested the
proliferation levels of HPMEC by Edu assay. The results
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Figure 6 GPs alleviated inflammatory response in endothelial cells. (A) HPMEC cells were treated with different concentrations of LPS (0.01, 0.05, 0.1, 0.5 and | pg/mL) for
8 h. The results suggested that LPS increased the expression of p-p65 in a dose independent way. (B) LPS (I pg/mL, 8 h) stimulation significantly increased the expression of
p-p65, while LPS co-treated with GPs (I, 5 and 10 pg/mL, 8 h) reduced the level of p-p65. (C). The expression of p-p65 was inhibited by PTDC (a widely used NF-xB
pathway inhibitor) and GPs induced by LPS challenge. (D) LPS (I pg/mL, 8 h) co-treated with GPs (10 ug/mL, 8 h) inhibited the expression of cytokines induced by LPS.
Indicating that GPs could alleviate the inflammatory response of endothelial cells. Data are presented as means * SD. **P < 0.01; *P < 0.05.

Drug Design, Development and Therapy 2021:15

submit your manuscript

297

Dove


http://www.dovepress.com
http://www.dovepress.com

Tu et al Dove
8y | o .
GPs (10pg/ml) - -+  + 2 " M
8 . ———
LPS (1 pg/mL) - + - + o
£
kel
p-P65 - | 65kDa £ 4
0
©
o
PoS | M A A | G5 kD2 5
© 2
o
oy
GAPDH | M 4 s s | 36 kDa
0 -
GPs (10 pg/mL) - - + +
LPS (1 pg/mL) - + - +
| ——— | *
" p —_—
T *x 1 o T **
40 - o 209 T 1 400 = = 25
’3)? —r— § . § —
g g % 8 ”0. -
§2% 58 15 5 8 301 s¢
2o = 3 < 25
09 o= 5 05 15
s> s S5 =2
X 207 - X' = 101 X' o0 X T
) — o 5 T e
28 5 2B 2% 28 1o
5O 5 n 5 S
T 101 09 5 — S F 1o o=
4 o [ * rXs s
LZL A @ — E
Z = = o
0- 0- 0- = o

GPs (10 pg/mL) -
LPS (1 pyg/mL) -

+ +

+

Figure 7 GPs alleviated inflammatory response in epithelial cells. (A) GPs (10 pg/mL, 8 h) contributed to inhibit the p-p65 and (B) the cytokines in the MLE-12 induced by
LPS (I pg/mL, 8 h), indicating that GPs could alleviate the inflammatory response in epithelial cells. Data are presented as means + SD. **P < 0.01; *P < 0.05.

suggested GPs alleviated the inhibitory effect of LPS on the
proliferation of HPMEC (Figure 8C).

GPs Inhibited the Apoptosis of
Endothelial and Epithelial Cells Induced by
LPS Challenge

Severe inflammatory response leads to the apoptosis of
endothelial and epithelial cells during ALL’® Since
GPs attenuated the LPS-induced decreased viability
of endothelial cells, we then tested whether GPs inhib-
ited the apoptosis of endothelial and epithelial cells
induced by LPS challenge. LPS increased the expres-
sion of Bax and cleaved caspase-3, decreased the
expression of Bcl-2 (Figure 9A), indicating LPS
induced apoptosis of HPMEC. We then tested whether
GPs inhibited the apoptosis of of HPMEC. The results
indicated that GPs could effectively inhibit the apop-
tosis of HPMEC LPS
(Figure 9B and C).

secondary to challenge

Since we found that GPs alleviated the apoptosis of
HPMEC, we hypothesized GPS may also inhibit the apop-
tosis of epithelial cells. The expression of Bax and cleaved
caspase-3 increased when treated with LPS in MLE-12,
which was in line with the previous study.® The result also
suggested that GPs could decrease the expression of Bax
and cleaved caspase-3, which indicated GPs also inhibited
the apoptosis of the MLE-12 induced by LPS (Figure 9D),
which provided a novel prevention and treatment of alveo-
lar epithelial apoptosis during ALI.

Discussion

ALI is pathologically characterized by widespread lung
inflammation response and loss of epithelial and endothelial
integrity.”” Macrophages also plays an important role during
the development of ALI In fact, the essence of ALI under-
lies a series of infectious or non-infectious factors leading to
excessive and uncontrolled inflammatory response of alveo-
lar epithelial cells and capillary endothelial cells, leading to

alveolar capillary and epithelial damage, eventually
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Figure 8 GPs improved the cell viability and proliferation of endothelial cells impaired by LPS. (A) HPMEC cells treated with LPS at different concentrations for 8 h showed
decreased cell viability at higher concentrations when compared to untreated control cells. (B) HPMEC cells exposed to different concentrations of GPs for 8 h showed
decreased cell viability only at higher concentrations (50 pg/mL) when compared to untreated control cells. (C) Edu assay indicated that LPS (I pg/mL, 8 h) significantly
inhibited the proliferation of HPMEC, while GPs (10 pg/mL, 8 h) alleviated the inhibitory effect. Data were represented as mean = SD (n = 3). ¥*P < 0.01, *P < 0.05.

resulting in pulmonary edema and acute respiratory distress
syndrome.”® So, in the study, we mainly focus on the
endothelial and epithelial cells. The alveolar epithelium is
regarded as the primary host defense, comes to form robust
barrier during serious inflammatory response caused by
pathogens in ALL**° Studies suggested that lung injury
and inflammatory response may result in apoptosis of
endothelial and epithelial cells.”® While inhibition of cell
apoptosis significantly decreases the lung injury and mor-
tality of ALL>' Despite the improvements in treating the
disease, the mortality of ALI is still in high level. Thus,
novel approaches for ALI therapy are necessitated. GPs
exert pharmacological effects, such as anti-inflammatory,
anti-oxidative stress, etc.'"?® Actually, inflammatory
response plays a significant role in endotoxin induced ALI,
and severe inflammatory response also leading to apoptosis
of endothelial and epithelial cell during ALI, impairing the

integrity of alveolar-capillary barrier and the microvascular

endothelium and alveolar epithelium barrier. In the study,
LPS induced severe injury of lung tissue, and serious
expression of inflammatory cytokines in vivo, while GPs
effectively alleviated lung injury and improved the survival
ratio of ALI mice. Thus, GPs exerted therapeutic effects for
ALI Further, we conducted a bioinformatics analysis of
LPS-induced ALI mice to identify hub-genes that could be
the potential targets in treating ALI. In the study, we identi-
fied the 20 potential targets of LPS-induced ALI, they were
mainly enriched in NF-kB and TNF-a signal pathways. In
view of this, we hypothesized that GPs may have potential
therapeutic effects on ALI via inhibiting NF-xB and TNF-a
pathways. Next, we found that GPs inhibited the expression
of p-P65 cytokines (TNF-a, IL-1f, IL-6, VCAM1) induced
by LPS in vivo, indicating that GPs exerted anti-inflamma-
tory effects via inhibiting NF-kB and TNF-a pathways.
Pulmonary vascular endothelial injury is also a hallmark
event during ALI, which leads to pulmonary congestion,

Drug Design, Development and Therapy 2021:15

submit your manuscript

299

Dove


http://www.dovepress.com
http://www.dovepress.com

Tu et al

Dove

Figure 9 GPs inhibited the apoptosis of endothelial and epithelial cells induced by LPS challenge. (A) HPMEC cells were treated with LPS (0.1, 0.5 and | pg/mL) for 8 h, LPS
increased the expression of Bax and cleaved caspase-3, while decreasing the expression of Bcl-2 in HPMEC. (B) LPS (I pg/mL, 8 h) co-treated with GPs (10 ug/mL, 8 h)
decreased expression of Bax and cleaved caspase-3 induced by LPS challenge in HPMEC cells. (C) GPs (10 pug/mL, 8 h) inhibited the apoptosis of HPMEC induced by LPS (I
ug/mL, 8 h) challenge. (D) GPs (10 ug/mL, 8 h) inhibited the expression of Bax and cleaved caspase-3 in the MLE-12 induced (I pg/mL, 8 h). Data were represented as mean
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Figure 10 Schematic drawing to illustrate the inhibitory effect of GPs on NF-kB and TNF-a signal pathway and inhibitory of apoptosis of endothelial and epithelial cells. GPs
could inhibit the phosphorylation of NF-kB, strain the nuclear translocation of NF-kB, thus inhibiting the release of cytokines, such as TNF-q, IL-1, IL-6 and VCAMI. GPs
also help to inhibit the apoptosis of endothelial and epithelial cells induced by LPS challenge, which may play a significant role in the repairment of ALl

pulmonary edema and respiratory distress eventually.*>
Therefore, we tested the inflammatory response level in
HPMEC (human pulmonary microvascular endothelial
cells line). LPS dose dependently increased the expression
of p-p65 and inflammatory cytokines. However, our results
demonstrated that GPs could also alleviate the inflammatory
response in HPMEC via inhibiting NF-kB and TNF-a path-
ways. Inflammation related injury and repair process of
alveolar epithelial cells are integral to the pathogenesis of
ALL*®* A series of inflammatory response may damage
epithelial cells.'*** We next hypothesized that it may also
inhibit the inflammatory response in alveolar epithelial
cells. The results suggested GPs effectively inhibited the
inflammatory response in MLE-12. Thus, our study sug-
gested that GPs could alleviate inflammatory response
induced by LPS in endothelial and epithelial cells via inhi-
biting NF-kB and TNF-a pathways.

Studies also suggested that GPs induced apoptosis of
cancer cells in a high dosage.*® In our study, we found GPs
inhibited the cell viability of HPMEC at a dosage of

50 pg/mL. But we did not know the specific mechanism.
Research indicated that higher dosage of GPs impaired
integrity of cell membrane and membrane potential, finally
leading to apoptosis.”® However, lower dosage of GPs
exerted an anti-apoptosis effect.'>'* The present study
revealed that GPs at 10 pg/mL effectively restrained the
apoptosis of the HPMEC and MLE-12 induced by LPS
challenge. LPS challenge up-regulated the expression of
Bax (a pro-apoptotic protein) and cleaved caspase-3 (an
apoptotic effector protein), down-regulated Bcl-2 (an anti-
apoptotic protein) in HPMEC, indicating LPS-induced
apoptosis in HPMEC. However, the results of Western
blots and flow cytometry suggested GPs effectively inhib-
ited the apoptosis of the HPMEC and MLE-12, indicating
GPs exerted an anti-apoptosis effects in endothelial and
epithelial cells during ALI. But, we are not sure that the
protective effects of GPs against apoptosis were directly
related to the regulation on NF-«B pathway. However,
inhibiting inflammation may reduced the apoptosis of
endothelial and epithelial cells during ALIL***’ Figure 10
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provides a brief schematic drawing to illustrate the inhibi-
tory effect of GPs on NF-kB and TNF-a signal pathways
and inhibitory of apoptosis of endothelial and epithelial
cells.

In spite of positive results of potential therapeutic effects
of GPs in ALI in the study, there also existed some limita-
tions. The dosage of intraperitoneal GPs of 100 mg/kg in vivo
was applied as previously described,”' maybe the dosage was
not optimal. In order to be consistent with in vivo experi-
ments, the HPMEC and MLE-12 were stimulated for 8h,
while some experiments detected p-p65 expression in LPS-
stimulated cells only after 30 min. However, we detected the
high level of p-p65 expression after 8h LPS stimulation in the
MLE-12 and HPMECs, which suggested that the high level
of inflammatory response. According to the pharmacological
components, GPs had similar skeleton and components as
ginsenosides, while ginsenosides could enter the cytoplasm
by way of pinocytosis.*® For this phenomenon, we speculated
that GPs could also enter the cytoplasm by way of pinocyto-
sis, other than the way of second messenger, but the potential
mechanism was still unknown. During the development of
ALI, many inflammatory pathways activated, including NF-
kb and TNF-a pathways. However, there were no existing
studies of the effects of GPs on ALI. Our study firstly found
that GPs reduced the inflammatory response and intensity of
lung injury. In order to figure out the specific effects of GPs on
ALI, we conducted a bioinformatic analysis of LPS-induced
ALI, NF-kb and TNF-o pathways were the top pathways
involved LPS-induced ALI, so we only tested the effects of
GPs on these two pathways. Actually, many inflammatory
pathways couldbe activated, whether GPs also inhibited other
pathways still needs more study to justify. We identified 20
hub-genes, they were mainly enriched in NF-«B and TNF-a
pathways, then we tested whether GPs may inhibit these
pathways during ALI. Actually, GPs may have therapeutic
effect on ALI through a certain specific gene (maybe one of
the 20 hub-genes identified in this study), more studies are
needed to prove it. A recent study suggested GPs could
inhibitcarbon tetrachloride induced liver fibrosis in rats.*
Actually, pulmonary fibrosis is a common phenomenon dur-
ing the progress of ALI Therefore, studies should be con-
ducted to provide more evidence of GPs on pulmonary
fibrosis.

Conclusion

The present study revealed that GPs inhibited the inflam-
matory response and apoptosis of endothelial and epithe-
lial cells during ALI. Therefore, the results of our study

provided novel approaches for the prevention and therapy
of ALI But the further and specific mechanisms of GPs on
ALI are still worth studying.
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