.M Experimental
Lung
L Research

Experimental Lung Research

ISSN: (Print) (Online) Journal homepage: informahealthcare.com/journals/ielu20

Taylor & Francis

Taylor & Francis Group

Inhibition of GBP5 activates autophagy to alleviate

inflammatory response in LPS-induced lung injury
in mice

Jialin Li, Kexuan Liu, Wenjuan He, Wencai Zhang & Yongchao Li

To cite this article: Jialin Li, Kexuan Liu, Wenjuan He, Wencai Zhang & Yongchao Li
(2024) Inhibition of GBP5 activates autophagy to alleviate inflammatory response
in LPS-induced lung injury in mice, Experimental Lung Research, 50:1, 106-117, DOI:
10.1080/01902148.2024.2339269

To link to this article: https://doi.org/10.1080/01902148.2024.2339269

© 2024 The Author(s). Published with
license by Taylor & Francis Group, LLC.

@ Published online: 20 Apr 2024.

\J
C;/ Submit your article to this journal &

||I| Article views: 345

A
& View related articles &'

PN

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=ielu20


https://informahealthcare.com/action/journalInformation?journalCode=ielu20
https://informahealthcare.com/journals/ielu20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1080/01902148.2024.2339269
https://doi.org/10.1080/01902148.2024.2339269
https://informahealthcare.com/action/authorSubmission?journalCode=ielu20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ielu20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1080/01902148.2024.2339269?src=pdf
https://informahealthcare.com/doi/mlt/10.1080/01902148.2024.2339269?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/01902148.2024.2339269&domain=pdf&date_stamp=20 Apr 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/01902148.2024.2339269&domain=pdf&date_stamp=20 Apr 2024

EXPERIMENTAL LUNG RESEARCH
2024, VOL. 50, NO. 1, 2339269
https://doi.org/10.1080/01902148.2024.2339269

Taylor & Francis
Taylor &Francis Group

B OPEN ACCESS ) Gheckorpastes

Inhibition of GBP5 activates autophagy to alleviate inflammatory response

in LPS-induced lung injury in mice

Jialin Li®t, Kexuan Liu®f, Wenjuan He®, Wencai Zhang® and Yongchao Li¢

aDepartment of Emergency, The Central Hospital of Shaoyang, Shaoyang City, Hunan Province, PR. China; Physiatry Department, The
First People’s Hospital of Chenzhou, Chenzhou City, Hunan Province, PR. China; ‘Department of Critical Care Rehabilitation, The First
People’s Hospital of Chenzhou, Chenzhou City, Hunan Province, PR. China

ABSTRACT

Background: Pulmonary emphysema is a condition that causes damage to the lung tissue
over time. GBP5, as part of the guanylate-binding protein family, is dysregulated in mouse
pulmonary emphysema. However, the role of GBP5 in lung inflammation in ARDS remains
unveiled.

Methods: To investigate whether GBP5 regulates lung inflammation and autophagy regulation,
the study employed a mouse ARDS model and MLE-12 cell culture. Vector transfection was
performed for the genetic manipulation of GBP5. Then, RT-gPCR, WB and IHC staining were
conducted to assess its transcriptional and expression levels. Histological features of the lung
tissue were observed through HE staining. Moreover, ELISA was conducted to evaluate the
secretion of inflammatory cytokines, autophagy was assessed by immunofluorescent staining,
and MPO activity was determined using a commercial kit.

Results: Our study revealed that GBP5 expression was altered in mouse ARDS and LPS-induced
MLE-12 cell models. Moreover, the suppression of GBP5 reduced lung inflammation induced
by LPS in mice. Conversely, overexpression of GBP5 diminished the inhibitory impact of LPS
on ARDS during autophagy, leading to increased inflammation. In the cell line of MLE-12,
GBP5 exacerbates LPS-induced inflammation by blocking autophagy.

Conclusion: The study suggests that GBP5 facilitates lung inflammation and autophagy
regulation. Thus, GBP5 could be a potential therapeutic approach for improving ARDS
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treatment outcomes, but further research is required to validate these findings.

Introduction

Acute Respiratory Distress Syndrome (ARDS) is
a severe respiratory condition affecting millions
worldwide. According to recent epidemiological
data, ARDS is responsible for approximately 10%
of all intensive care unit admissions and is linked
to a mortality rate of up to 40%."* Various factors,
including pneumonia, sepsis, trauma, and inha-
lation injury, can cause the disease. The patho-
physiology of ARDS involves an overly aggressive
inflammatory response occurring in the lungs,
leading to alveolar damage and impaired gas
exchange. This inflammatory response is charac-
terized by secreting pro-inflammatory cytokines,

chemokines, and reactive oxygen species, which
can cause tissue damage and impair lung func-
tion.>* Despite advances in critical care manage-
ment, the mortality rate of ARDS remains high,
and there is currently no specific treatment for
the disease. Hence, it is crucial to pinpoint novel
therapeutic targets and create efficient treatments
for ARDS. In this regard, several studies have
shown that inhibiting inflammation can alleviate
ARDS.> In this context, pulmonary inflamma-
tion has been identified as a key pathological
feature of ARDS, and targeting inflammation has
been proposed as a potential therapeutic strategy
for the disease.
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Maintaining cellular homeostasis is crucial, and
autophagy is a cellular process that helps achieve
this by eliminating damaged organelles and pro-
teins. This process has been found to protect
ARDS by eliminating damaged cellular compo-
nents, preventing the build-up of toxic substances,
reducing inflammation, and promoting tissue
repair.%® Numerous studies have demonstrated
the protective role of autophagy in ARDS. One
such study found that administering phencycli-
dine hydrochloride can enhance autophagy in
BEAS-2B cells, thereby reducing inflammation
and apoptosis associated with ARDS.!® Autophagy
is a process of intracellular digestion that is an
adaptive response to lung injury caused by expo-
sure to stress agents such as sepsis, hypoxia, and
xenobiotics. This injury can manifest as asthma,
acute lung injury (ALI), ventilator-induced lung
injury (VILI), or pulmonary fibrosis.!!

GBP5, also known as Guanylate-binding protein
5, is one of the guanylate-binding proteins. This
cluster of proteins involves various cellular signaling,
including cell proliferation, responses to inflamma-
tion, and cell apoptosis. GBP5 is mainly found in
immune cells, particularly in dendritic cells as well
as macrophages, and has been found to regulate
inflammation. Research has shown that GBP5 can
exacerbate rosacea-like skin inflammation by skew-
ing macrophage polarization toward the M1 pheno-
type through the NF-kB signaling pathway.'?
Additionally, studies have found that knocking out
GBP5 can improve liver injury and inflammation
induced by D-galactosamine/lipopolysaccharide
(GaIN/LPS). This suggests that GBP5 may have a
general pro-inflammatory effect in different cells and
diseases. However, no studies have yet found whether
GBP5 can regulate the inflammatory response in
ARDS."® Moreover, The GBP5 protein triggers the
activation of the NOD-like receptor family, NLRP3
inflammasome responses to specific agents, and its
absence impairs host defense and inflammatory
responses. This was observed in a study where mice
without the GBP5 gene showed defects in IL-1p/
IL-18 and caspase-1 cleavage and NLRP3-dependent
inflammatory responses."* Previous research has
confirmed that enhancing autophagy can help inhibit
the inflammatory response and alleviate ARDS,!*!>16
but the mechanism of GBP5 regulating autophagy
function remains unclear.
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In the current research, we pursued the role of
GBP5 in ARDS and its impact on autophagy func-
tion by utilizing the ARDS mouse model and GBP5
gene manipulation in vitro. Our data indicated that
high levels of GBP5 can worsen the inflammatory
response in ARDS by negatively affecting autophagy
function. This suggests that targeting GBP5 could be
a potential treatment strategy for ARDS. These find-
ings offer new insights into the underlying mecha-
nisms of pulmonary emphysema and ARDS and
could pave the way for new treatments for these
conditions. Overall, this study underscores the
importance of understanding the molecular mecha-
nisms behind ARDS and the potential benefits of
targeting GBP5 as a therapeutic approach to this
life-threatening disease.

Methods and materials
Animal procedure and ARDS mouse model

C57BL/6 mice aged 8-12 week were purchased
from Jackson Laboratory (Cat#: 000664). Animal
attending was performed following the guidelines
of the Animal Committee of Kangtai medical
inspection service Hebei Co., LTD (Ethical
Approval NO. MDL2022-12-12-03). The study
received approval from "The Chinese Board for
Animal Experiments." Animals were weighed
daily and removed from the study if their body
weight dropped by 20% or more from the base-
line or if there was a weight loss of over 10%
between measurements. In addition, animals were
eliminated from the study if they displayed severe
dehydration, lack of movement, skin lesions, con-
tinuous tremors, or respiratory failure. Throughout
the study, animals had unlimited access to food
and water.

To establish the mouse model of ARDS, this
study used Lipopolysaccharides from Escherichia
coli O111:B4 (LPS, Cat. No. L2630, Sigma-Aldrich)
stimulation to induce ARDS mouse model, using
a previously established protocol.’” The mice were
randomly separated into the LPS group and the
control group. The LPS group was given an intra-
peritoneal injection of LPS (5mg/kg) to trigger
ARDS, whereas the control group was adminis-
tered saline. After 24h, lung tissues were gath-
ered for further examination. The animals were
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kept in a pathogen-free environment with a 12-h
light/dark cycle and given standard rodent chow
and water ad libitum.

Cell culture and treatment

Here, we constructed an ARDS cell model to
mimic aspects of the ARDS environment at the
cellular level. Briefly, MLE-12 cells (ATCC,
Shanghai, China) were grown in DMEM/F12
medium with 10% FBS and 1% penicillin/strepto-
mycin. The cells were seeded in 6-well plates and
left to adhere for 24h. Fresh medium was added
every 2-3days. After attaching, the cells were
treated with LPS at a concentration of 1pg/mL
for 24h. All of this was done in a humidified
atmosphere of 5% CO2 at 37°C."* To maintain
optimal growth, cells were passaged once they
reached 80-90% confluence. 0.25% trypsin-EDTA
(T4049, Sigma-Aldrich) was used for cell dissoci-
ation. In Figure 4, a concentration of 1uM
Rapamycin (Cat. No. 1292, Tocris) was included.

Plasmid transfection for knockdown and
overexpression of GBP5

To unveil the molecular mechanism of GBP5 in
the pathogenesis of ARDS, we performed knock-
down and overexpression experiments in MLE-12
cells using plasmid transfection. Specifically, we
designed and constructed sh-NC (negative control),
sh-GBP5, and OV-GBP5 (overexpression of GBP5)
plasmids customized from Addgene, respectively.
The sequences of sh-GBP5 are as follows: Sense:
5-CAAGCTGACCCTGAAGTTCAT-3', Anti-sense:
5GCTCGGCTTTACTTAAGGATA-3'. RT-qPCR
and WB analysis confirmed the knockdown effi-
ciency of sh-GBP5, as well as the overexpression
efficiency of OV-GBP5. According to the manufac-
turer’s instructions, we transfected the plasmids into
MLE-12 cells using Lipofectamine 3000 (L3000001,
Thermofisher).

RT-gPCR

To obtain RNA from MLE-12 cells, TRIzol reagent
(T9424, Sigma-Aldrich) was used per the manufac-
turer’s instructions. The concentration of RNA was
assessed using a NanoDrop spectrophotometer

Table 1. Primer sequences for qRT-PCR.

Gene Forward (5’-3') Reverse (5'-3')
TNF-a  CCCCAGGGACCTCTCTCTAA TGAGGTACAGGCCCTCTGAT
IL-1B CGATGCACCTGTACGATCAC TCTTTCAACACGCAGGACAG

IL-6 TCGAGGCTGTGCAGATTAGT
GBP5  GCCATTACGCAACCTGTAGTTGTG
GAPDH AGGTCGGAGTCAACGGATTTG

ACAGGTTTCTGACCAGAGGAG
CATTGTGCAGTAGGTCGATAGCAC
GTGATGGCATGGACTGTGGTC

(2000 series, Thermo Scientific). Samples with an
A260/A280 ratio ranging from 1.8 to 2.0 were used
for further analysis. PrimeScript RT reagent kit was
used to synthesize cDNA from 1pg of total RNA,
which was then diluted with nuclease-free water.
The expression levels of GBP5 and other target
genes were determined using RT-qPCR, the SYBR
Green PCR Master Mix (A46109, ThermoFisher),
and the ABI 7500 Real-Time PCR System (4351107,
Applied Biosystems™). The PCR conditions were as
follows: 95°C for 10min, followed by 40 cycles of
95°C for 15s and 60°C for 1min. The specificity
of the PCR products was confirmed by melting
curve analysis. The 2A-AACt method was used to
calculate the relative expression levels of the target
genes, with GAPDH as the internal control. All
experiments were conducted in triplicate, and sta-
tistical methods were used to analyze the results.
The primer sequences for RT-qPCR were listed in
Table 1.

Western blot (WB)

After extracting total protein from the cells, we
separated equal amounts using SDS-PAGE and
transferred them onto PVDF membranes
(GVWPO02500, Sigma-Aldrich). After blocking the
membranes with 5% nonfat milk in TBST buffer,
we incubated them overnight at 4°C with pri-
mary antibodies against GBP5 (ab96119, Abcam).
We then washed the membranes with TBST buf-
fer and incubated them with HRP-conjugated
secondary antibodies for an hour at room tem-
perature. Using an ECL detection system, we
visualized the protein bands and quantified them
using Image] software.

Histopathological staining

The lung tissue samples were preserved using
4% paraformaldehyde and embedded in paraf-
fin blocks. To carry out HE and IHC staining,
4-um-thick sections of the blocks were cut. The



tissue slices were then deparaffinized and rehy-
drated with xylene and graded ethanol solutions.
Hematoxylin was applied (H3136, Sigma-Aldrich)
for 5min, and the sections were washed with
distilled water. Eosin was then applied (45260,
Sigma-Aldrich) for 2min and the sections were
washed with distilled water. The sections were
cleared in a 1% HCI solution in 70% alcohol.
For THC staining, paraffin lung sections were
dewaxed with xylene and rehydrated with etha-
nol. Endogenous peroxidase activity was blocked
by incubation with 0.3% hydrogen peroxide.
The sections were then probed with primary
antibodies against GBP5 (ab96119, Abcam) or
CD68 (sc-7084, Santa Cruz Biotechnology) over-
night and then incubated with a horseradish
peroxidase-conjugated secondary antibody for
0.5h. Finally, the sections were mounted using a
coverslip and mounting medium. The histological
features of the lung tissue and protein expression
of GBP5 and CD68 were analyzed under a light
microscope.

Immunofluorescent staining

To prepare tissue samples, we used 4% PFA.
Afterward, we embedded the samples at —80°C.
Using a cryostat, we cut sections of 6um thick-
ness, which we mounted on a glass slide. MLE-12
cells were also fixed with 4% paraformaldehyde for
15min and permeabilized with 0.1% Triton X-100.
Both the slices and cells were then subjected to
incubation with primary antibody against LC3B
(ab192890, Abcam) overnight at 4°C. Subsequently,
we incubated them with secondary antibodies con-
jugated with fluorescent dyes (Goat Anti-Rabbit
IgG H&L, ab150077, Abcam) for 60min in the
dark at room temperature. After washing the sec-
tions with PBS, we mounted them with a coverslip
using a mounting medium. Finally, we used a flu-
orescent microscope (OLYMPUS, 1X71) to photo-
graph the samples.

Mmeasurement of myeloperoxidase (MPO) activity

Determination of MPO was conducted by previ-
ous protocols.”* To achieve this, lung samples
were homogenized and then centrifuged at
12,000g for 20 min at 4°C. The supernatants were
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collected and used in an MPO Detection Kit
from Nanjing Jiancheng Bioengineering Institute
in Nanjing, China. The assay was conducted by
measuring absorbance at 460nm using a plate
reader after adding the supernatants to a 96-well
plate. MPO activity was presented as U/g of total
protein, which was calculated using the BCA pro-
tein assay Kkit.

ELISA

The levels of inflammatory cytokines TNF-a and
IL-1B in BALF were detected using the ELISA
assay, as per the manufacturer’s instructions. A
microplate reader was used to measure the absor-
bance at 450nm. The levels of TNF-a and IL-1p
were calculated based on standard curves gener-
ated with known concentrations of recombinant
cytokines. To collect lung tissues and BALF from
mice, CO, inhalation was used to euthanize the
animals. The chest cavity was opened, and the
lungs were perfused with 1mL of PBS through
the right ventricle to remove blood. Using a tis-
sue homogenizer, the left lung was homogenized
in 1mL of PBS, and the homogenates were cen-
trifuged at 12,000g for 10min at 4°C. The super-
natants obtained were collected and stored at
—-80°C for further analysis.

The trachea was exposed and cannulated with
a 20-gauge catheter for BALF collection. The
lungs were then lavaged three times with 0.5mL
of PBS, and the recovered BALF was centrifuged
at 500g for 10min at 4°C. The supernatants
obtained were collected and stored at —80°C for
further analysis. The ELISA assay was used to
determine TNF-a, IL-1f, and IL-6 levels in the
lung tissues and BALF.

Statistical analysis

The statistical analysis for this research was con-
ducted on SPSS version 25.0 by IBM Corp. in
Armonk, NY, USA. The data is presented as
mean + standard deviation (SD). To compare the
means of multiple groups, we used one-way anal-
ysis of variance (ANOVA) followed by Tukey’s
post hoc test. For comparing the standards of
two groups, a simple student t-test was used. In
order to assess the significance of differences
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between the experimental groups, a p-value of
less than 0.05 was used as the threshold for sta-
tistical significance.

Results

Upregulation of GBP5 in LPS-induced mouse
model and at the cellular level

According to prior studies regarding GBP5
regulating autophagy,!* we predict that GBP5
expression may be altered in response to vari-
ous inflammatory stimuli during ARDS. GBP5
may control immune responses and inflamma-
tion in the lung during ARDS. To investigate
the expression of GBP5 in mouse ARDS, we
used an LPS-induced mouse model (n=5) and
collected lung tissue and BALF for analysis. The
mice were equally grouped into Control and LPS
groups. We conducted RT-qPCR to measure the
mRNA levels of GBP5 in both lung tissue and

Figure 1. GBP5 Expression was altered in mouse ARDS models.

BALFE. Our results showed that in BALE the
mRNA level of GBP5 in the LPS group was seven
times higher than in the control group (Figure
1 A). In lung tissue, GBP5 expression increased
by four times in the LPS group (Figure 1 B).
We also performed IHC to detect GBP5 in lung
tissue and found it was significantly upregulated
in ARDS lung tissue (Figure 1 C). To further
investigate GBP5 expression in ARDS cells, we
used LPS-stimulated MLE-12 cells to create an
ARDS cell model. RT-qPCR and WB were used
to measure GBP5 expression and it found that
both mRNA and protein levels of GBP5 were
elevated in the LPS group (Figure 1 D and E).
Collectively, these findings indicate an upregula-
tion of GBP5 in response to LPS-induced inflam-
mation in both a mouse model and cell culture
of ARDS, suggesting its potentially pivotal role
in mediating the immune response and inflam-
mation during ARDS.

(A) Bar graphs showing population data of GBP5 mRNA levels in LPS and control groups from lung tissue of ARDS mice model (n = 5). (B) Same as (A),
but in BALF. (C) Example images of IHC staining for GBP5 in lung tissue. (D) Population data of GBP5 mRNA levels in an ARDS cell model established by
LPS-induced MLE-12 cell lines. (E) Same as (D), but in protein levels. Structures represent mean+SD. The asterisk indicates p <0.05.



Knockdown of GBPS5 inhibits LPS-induced lung
inflammation in mice

Considering our earlier discovery that GBP5
expression is altered in mouse models of ARDS,
we sought to explore the potential therapeutic
benefits of modulating GBP5 expression in ARDS.
We employed gene manipulation and gene edit-
ing techniques to increase and decrease GBP5
expression and observed the effects on ARDS.
Based on our earlier findings, we predicted that
reducing GBP5 levels could inhibit LPS-induced
lung inflammation in mice. We wused an
LPS-induced mouse model of ARDS (n=5) and
collected lung tissue and BALF for analysis. We
examined the role of GBP5 in the development
of ARDS by using shRNA to reduce GBP5 expres-
sion in the lung tissue of LPS-treated mice. Our
results revealed that shRNA-mediated reduction
of GBP5 in lung tissue significantly inhibited
LPS-induced upregulation of GBP5 expression.
Specifically, the mRNA levels of GBP5 in the
sh-GBP5 group returned to normal levels, similar
to those in the control group without LPS treat-
ment, and were three times lower than those in
the LPS+sh-NC group (Figure 2A).

Additionally, LPS treatment caused significant
pathological changes in lung tissue, including dam-
age to lung structure, thickening of alveolar septa,
infiltration of inflammatory cells, hemorrhage in
alveoli, and edema in interstitial and alveolar spaces.
Reducing GBP5 levels significantly  inhibited
LPS-induced pathological changes in lung tissue, as
demonstrated by population data showing a 2.68-fold
decrease in the sh-GBP5 group compared to the
LPS+sh-NC group (Figure 2B). We also measured
MPO activity to assess the activation and accumula-
tion of neutrophils in lung tissue. Our findings indi-
cate that the activity of MPO was increased
significantly by LPS, whereas inhibiting GBP5 levels
resulted in a significant reduction of LPS-induced
MPO activity (Figure 2C), which was similar to the
variation trending GBP5 mRNA levels observed in
Figure 2A. Additionally, reducing GBP5 levels sig-
nificantly inhibited LPS-induced expression of CD68
in lung tissue, a macrophage activation marker
(Figure 2D). Furthermore, reducing GBP5 levels sig-
nificantly inhibited the secretion of inflammatory
cytokines (TNF-a and IL-1B) in BALE which was
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decreased by 3.36-fold and 2.48-fold compared to
the LPS+sh-NC group, respectively (Figure 2E). To
date, our findings indicate that GBP5 plays a crucial
role in the development of ARDS by regulating
inflammatory responses and immune cell activation,
reducing GBP5 levels may reverse pathological and
cellular damage derived from ARDS.

Downregulation of GBP5 enhances autophagy
inhibited by LPS in ARDS mice

As our findings revealed that excessive GBP5
facilitated the pathogenesis of ARDS, and autoph-
agy is involved in regulating inflammation and
tissue repair in ARDS,>!* we aimed to investigate
the potential connection between GBP5 and auto-
phagy. To this end, we used a mouse model of
ARDS and collected lung tissue from three groups
of mice: Control, LPS + sh-NC, and LPS + sh-GBP5.
We utilized immunofluorescence staining to
detect the expression of LC3B, a widely used
autophagy marker that reflects autophagosome
formation and the extent of autophagy activ-
ity.?»*? Our results showed that the fluorescence
signal of LC3B was significantly increased in the
LPS +sh-GBP5 group compared to the LPS +sh-NC
group, indicating that knockdown of GBP5 may
enhance autophagy in the lung tissue of
LPS-treated mice (Figure 3). The upregulation of
LC3B in response to knockdown of GBP5 is con-
sistent with previous studies that have shown
LC3B to be a reliable marker of autophagy activ-
ity in various cell types and tissues.”

GBPS5 exacerbates inflammation in LPS-treated
MLE-12 cells by inhibiting autophagy

In our continued investigation into the role of
GBP5 in ARDS, we aimed to examine the effects
of increasing GBP5 expression in an ARDS cell
model. We divided the cells into four groups:
Control, LPS+OV-NC (overexpression of negative
control), LPS+OV-GBP5 (overexpression of GBP5),
and LPS+OV-GBP5+RAP (overexpression of
GBP5 with rapamycin treatment, an autophagy
activator). We first performed RT-qPCR and WB
assay to measure GBP5 expression. Our results
revealed that overexpressing GBP5 further increased
the high expression of GBP5 induced by LPS in
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Figure 2. Reducing GBP5 levels inhibited lung inflammation induced by LPS in mice.

(A) Bar graph showing population data of GBP5 levels in BALF for the Control, LPS+sh-NC, and LPS+sh-GBP5 groups. n = 5 mice. (B) HE staining images
showing pathological changes in lung tissue. (C) Bar graph showing the results of MPO activity assay. (D) Representative images of IHC staining for CD68
in lung tissue. (E) Spread dot plot showing ELISA measurements of inflammatory factors TNF-a and IL-1B in BALF. Structures represent mean+SD. **

p<0.01, ** p<0.001.

MLE-12 cells. The addition of rapamycin (RAP),
an autophagy activator, did not affect GBP5 expres-
sion. In the OV-GBP5 and OV-GBP5-RAP groups,
GBP5 expression was 15 times upregulated, but
there was no difference between the OV-GBP5 and
OV-GBP5-RAP groups (Figure 4A-B), indicating
that RAP did not further alter GBP5 expression.
Additionally, we performed immunofluorescence to
detect LC3B, a marker of autophagy activity. Figure
4C showed that LC3B signal fluorescence intensity
was slightly enhanced in the control group than in
the LPS+OV-GBP5+RAP group, significantly pro-
nounced than in the LPS+OV-NC group, and

lowest in the LPS+OV-GBP5 group. However, RAP
reversed the inhibitory effect of OV-GBP5 on
LC3B. Furthermore, we found that overexpressing
GBPS5 increased the secretion of inflammatory fac-
tors induced by LPS. However, The pro-inflammatory
effect of OV-GBP5 was reversed by RAP, resulting
in a decrease in the secretion of inflammatory fac-
tors back to the level observed in the NC group.
This decrease amounted to approximately 1.5 times
(Figure 4D-E). These findings suggest that increas-
ing GBP5 may promote the secretion of inflamma-
tory factors and that RAP can reverse this effect by
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Figure 3. Decreasing GBP5 expression increased autophagy that LPS suppressed in ARDS mice.
(A) Representative immunofluorescence images showing LC3B for the Control, LPS+sh-NC, and LPS+sh-GBP5 groups.

activating autophagy without changing the tran-
scription level of GBPS5.

Discussion

In this study, high levels of GBP5 can exacerbate
the inflammatory response in ARDS by negatively
affecting autophagy function. A possible treat-
ment approach for ARDS could be to target
GBP5, as it may improve autophagy function and
reduce inflammation.

ARDS is a critical condition marked by severe
inflammation and fluid buildup in the lungs,
resulting in respiratory failure and high mortality
rates. Despite progress in critical care medicine,
managing ARDS remains challenging, and new
treatment approaches are needed. Understanding
the pathophysiology of ARDS is a multifaceted
process that involves various mechanisms like
inflammation, oxidative stress, endothelial dys-
function, and impaired clearance of alveolar
fluid.** The inflammatory response in ARDS is
characterized by the release of cytokines such as
TNF-a, IL-1B, and IL-6, which can damage lung
tissue and impair gas exchange.” In recent years,
our understanding of the pathophysiology of
ARDS has improved significantly, resulting in
new treatment approaches. For instance, prone

positioning, which involves placing patients face
down to improve oxygenation, has decreased
mortality in patients with severe ARDS.*
Additionally, extracorporeal membrane oxygen-
ation (ECMO), which provides temporary sup-
port for failing lungs, has also been shown to
improve outcomes in patients with severe ARDS.”

Despite these advances, much remains unknown
about the pathophysiology of ARDS, and further
research is needed to identify new treatment
approaches. One area of research that has gained
attention recently is the role of autophagy in
ARDS. Maintaining cellular balance and eliminat-
ing damaged organelles and proteins is a vital
function of autophagy, a crucial cellular process.
If this process is not regulated properly, it can
lead to the development of various illnesses,
including ARDS.?® Recent findings have indicated
that enhancing autophagy can reduce inflamma-
tion and improve outcomes in animal models of
ARDS.?? In this study, we examined the role of
GBP5 in ARDS and its impact on autophagy
function.

GBP5 belongs to the GBP family, and it serves
as an essential part of the innate immune response
to viral and bacterial infections.”® Recent studies
have suggested that GBP5 regulates inflammation
in various diseases, such as sepsis, rheumatoid
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Figure 4. GBP5 Increased inflammation in LPS-stimulated MLE-12 cells by suppressing autophagy.

ARDS cell model established by LPS-induced MLE-12 cell lines (n=3). (A) Bar graphs showing RT-gPCR measurements of GBP5 mRNA levels in LPS-stimulated
MLE-12 cells used to create an ARDS cell model. Groups: Control, LPS+OV-NC, LPS+OV-GBP5, LPS+OV-GBP5+RAP. (B) Same as (A), but showing protein
levels from WB. (C) Graph showing population data of immunofluorescence detection of autophagy-related protein LC3B. (D-E) Population data of RT-gPCR
and ELISA measurements of TNF-q, IL-1B, and IL-6. Structures represent mean+SD.* p<0.05, ** p<0.01.

arthritis, and cancer.***® In our study, we exam-
ined how GBP5 in ARDS impacts autophagy
function. There are conflicting results in the
research on the part of GBP5 in regulating

autophagy and inflammation. While some studies
have suggested that GBP5 can promote promot-
ing inflammation 14, 37, 38, another study has
indicated that GBP5 can inhibit inflammation by



promoting autophagy-mediated degradation 31.
These findings suggest that the role of GBP5 in
regulating autophagy and inflammation is com-
plex and requires further investigation.

Our results indicated that high levels of GBP5
can exacerbate the inflammatory response in
ARDS by negatively affecting autophagy function
(Figure 3). This aligns with previous research
tindings that GBP5 can promote inflammation by
activating the NF-xB signaling pathway and
increasing the secretion of cytokines such as
TNF-a and IL-6.>* Additionally, GBP5 is upregu-
lated in various inflammatory diseases.'** Herein,
our results showed that GBP5 interacts with
autophagy-related pathways, leading to inhibition
of autophagy, as evidenced by the decreased
expression of LC3B, a marker of autophagosome
formation, upon GBP5 overexpression. Conversely,
the knockdown of GBP5 enhances autophagy, as
indicated by increased LC3B expression. The
molecular mechanism through which GBP5
inhibits autophagy likely involves interactions
with components of the autophagy machinery,
although the precise interactions remain to be
fully elucidated. Collectively, our findings support
GBP5 as a potential therapeutic target for ARDS
by modulating autophagy to alleviate inflamma-
tion. Previous work also supports this by showing
that targeting GBP5 can reduce inflammation and
improve outcomes in animal models 33. However,
additional research is needed to fully elucidate
the specific molecular interactions via which
GBP5 influences autophagy pathways.

The process of autophagy is crucial in keeping
cellular balance and has been proven to possess
anti-inflammatory properties. Several studies have
shown that autophagy can suppress inflammation
by removing damaged organelles and proteins,
thereby preventing the activation of inflammatory
pathways.**?” While research on the role of GBP5
in regulating autophagy is limited, recent studies
have suggested that GBP5 may mediate autophagy-
mediated inflammation. For instance, a study
showed that GBP5 facilitates the assembly and
activation of the NLRP3 inflammasome through
interactions with NLRP327. Since the NLRP3
inflammasome is a crucial mediator of inflamma-
tion, these findings suggest that GBP5 may regu-
late inflammation through its effects on autophagy.
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This study indicates that inhibition of GBP5 may
control inflammation by promoting the clearance
of pro-inflammatory cytokines through activating
autophagy.

While the study has shown encouraging out-
comes, it is crucial to acknowledge that some limita-
tions need attention and resolution. For one, the
research was conducted on a mouse model, and it is
still being determined whether the findings can be
applied to humans. Additionally, clinical data is nec-
essary to allow our understanding of how these
results relate to human disease. Moreover, the
long-term effects of manipulating GBP5 were not
examined, and future research is needed to deter-
mine if the observed impacts are sustainable. Lastly,
while this study focused on the role of GBP5 in reg-
ulating lung inflammation and autophagy, its poten-
tial involvement in other aspects of ARDS
pathogenesis warrants further investigation. In sum-
mary, while these findings are encouraging, addi-
tional research is necessary to validate and expand
upon them.

Conclusion

This study presents compelling evidence that the
protein GBP5 significantly regulates lung inflam-
mation and autophagy in ARDS. The results sug-
gest that targeting GBP5 could be a potential
therapeutic strategy for treating ARDS and provide
new insights into the pathogenesis of pulmonary
emphysema and ARDS. Overall, this study high-
lights the potential of targeting GBP5 as a novel
therapeutic approach for ARDS and provides a
foundation for further research in this area.
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