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GHS-R1a deficiency mitigates lipopolysaccharide-induced lung injury in mice
via the downregulation of macrophage activity
by

Ryota Tanida

Abstract

Acute respiratory distress syndrome (ARDS) is a critical illness syndrome
characterized by dysregulated pulmonary inflammation. Currently, effective
pharmacological treatments for ARDS are unavailable. Ghrelin, an endogenous ligand
for the growth hormone secretagogue receptor type 1a (GHS-R1a), has a pivotal role
in regulating energy metabolism and immunomodulation. The role of endogenous
ghrelin in ARDS remains unclear. Herein, | investigated the role of endogenous ghrelin
signaling by using GHS-R1a-null (ghsr’) mice and lipopolysaccharide (LPS)-induced
ARDS model. Ghsr’- mice survived longer than controls after LPS-induced lung injury.
Ghsr’- mice showed lower levels of pro-inflammatory cytokines and higher oxygenation
levels after lung injury. The peritoneal macrophages isolated from ghsr’- mice exhibited
lower levels of cytokines production and oxygen consumption rate after LPS
stimulation. My results indicated that endogenous ghrelin plays a pivotal role in
initiation and continuation of acute inflammatory response in the LPS-induced ARDS
model by modulating macrophage activity, and highlighted endogenous GHS-R1la

signaling in macrophage as a potential therapeutic target in this relentless disease.



Chapter 1

Introduction

Acute respiratory distress syndrome (ARDS) is a critical illness characterized by
excessive acute inflammatory responses in lung parenchyma complicated with severe
arterial hypoxia[l]. Excessive lung inflammation response greatly affects mortality in
patients with ARDS|[2]. Dysregulated lung inflammation leads to alveolar-capillary
barrier disruption[3], which results in an excessive influx of neutrophils and
macrophages in the alveoli and the development of fibrotic scarring.

In the initial phase of ARDS, macrophages have pivotal roles in initiating and
maintaining the inflammatory response[4]. Macrophages recognize pathogen-
associated molecular patterns (e.g. lipopolysaccharide (LPS)) through plasma
membrane-anchored receptors such as toll-like receptors (TLRs). The binding of
pattern recognition receptors (PRRs) activates the nuclear factor (NF)-kB pathway,
which leads to a robust immune response via the induction of pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a), interleukin-1beta (IL-1B), and
IL-6. Increased level of pro-inflammatory cytokines evokes alveolar-capillary barrier
disruption, alveolar flooding, and alveolar infiltration of neutrophils[5].

Ghrelin is a 28-amino-acid peptide discovered as an endogenous ligand of
growth hormone secretagogue receptor type la (GHS-R1a)[6]. In addition to its
stimulatory action on growth hormone release, ghrelin is known to have multifactorial
effects on the stimulation of food intake, provoking adiposity and the modulation of
various immune responses[7]. Regarding ghrelin’s anti-inflammatory effects on lung

inflammation, ghrelin administration mitigated lung edema, neutrophil infiltration, and



inflammatory cytokine levels by inhibiting the NF-kB pathway in a rat model of
hemorrhagic shock-induced acute lung injury[8]. Conversely, in mice with dextran
sulphate sodium (DSS)-induced colitis, the GHS-R1la deletion lowered pro-
inflammatory cytokine production, macrophage infiltration, and TLR4 expression[9].
These findings led me to hypothesize that the role of endogenous ghrelin in the
inflammatory mechanism of ARDS would differ from that of exogenous ghrelin
treatment.

Here, | studied the role of endogenous ghrelin in the switching and expanding
inflammatory responses by using a murine model of LPS-induced lung injury. My
results revealed that an endogenous ghrelin signal is essential in initiating proper

immune reaction after lung injury by modulating macrophage mitochondrial respiration.



Chapter 2

Materials and Methods

2.1. Animals

Control (C57BL/6J) mice bred in my laboratory were used. The ghsr”-mice were
kindly provided by Dr. Roy G. Smith (Baylor College of Medicine, TX, USA). In all
experiments, we used 8- or 9-week-old mice (22-28 g). Both the C57BL/6J and ghsr~~
mice were maintained under a constant light-dark cycle (light on at 8:00 and off at
20:00) and temperature (23+1°C). Water and standard laboratory chow were
available ad libitum. All procedures strictly follow the Animal Care and Use Committee

of Miyazaki University.

2.2. LPS-induced Lung Injury

Mice were anesthetized by an intraperitoneal injection of a mixture of three
anesthetics: medetomidine hydrochloride (0.3 mg/kg), midazolam (4 mg/kg), and
butorphanol tartrate (5 mg/kg). Mice were intratracheally (i.t.) injected 5 mg/kg or 10

mg/kg of LPS (E. coli O55:B5; Sigma-Aldrich, St. Louis, MO).

2.3. Plasma Ghrelin Determination
Samples for the ghrelin analysis were collected as we have described[10].
Plasma ghrelin concentration was measured with an AIA-600 Il immunoassay analyzer

(Tosoh, Tokyo).



2.4. Histology

The lungs and stomachs were fixed in 4% paraformaldehyde phosphate buffer
solution (FUJIFILM Wako, Osaka, Japan) at 4°C overnight and then embedded in an
OCT compound. Lung sections (4 um) and stomach sections (6 um) were mounted on
the slides and stained for hematoxylin and eosin (H&E) or immunostaining with an

antibody recognizing ghrelin (sc-517596, Santa Cruz Biotechnology, CA).

2.5. Murine Bronchoalveolar Lavage (BAL) Experiment

At 24 hours after the LPS installation, mice were subjected to bronchoalveolar
lavage (BAL) experiments as previously described[10]. The BAL fluid (BALF) from
each animal was centrifuged at 1,000 rpm for 5 min, and the supernatant was stored
at -80°C until assay. Cell differentials were determined by Diff-Quick staining. Alveolar
barrier permeability was determined by measurement of total protein in the BALF

supernatant measured by Bradford assay.

2.6. Measurement of Arterial Oxygen Saturation

| collected blood samples from the left ventricle of the anesthetized mouse. The
partial pressure of arterial oxygen (PaO2) levels were measured by a blood gas
analyzer (ABL9, Radiometer, Tokyo) according to the manufacturer’s instructions. The
PaO:q/fraction of inspiratory oxygen (FiO2) ratio was calculated while the mice breathed

room air (FiO2 = 0.21).

2.7. Quantitative Real-time PCR
The total RNA of mouse lungs and isolated peritoneal macrophages was

extracted using TRIzol reagent (Invitrogen, Carlsbad, CA). First-strand complementary



DNA was synthesized using a High-Capacity RNA-to-cDNA kit (Applied Biosystems,
Foster City, CA). | used TagMan Fast Universal PCR Master Mix (Thermo Fisher
Scientific, Waltham, MA) and a Thermal Cycler Dice Real-Time System Il (Takara Bio,
Shiga, Japan) to detect the gene expression and calculated it by the AACT method.
The used primers are as follows: /I-6, Mm00446190_m1; Tnf-a, Mm00443258 m1, C-
C motif chemokine2 (Ccl2), Mm00441242_m1, chemokine (C-X-C motif) ligand
2/macrophage inhibitory protein-2 (Cxcl2/MIP2), Mm00436450 m1; and Gapdh

(glyceraldehyde 3-phosphate dehydrogenase), Mm99999915 g1.

2.8. Western Blotting

| conducted western blotting using antibodies recognizing the following proteins:
TGF-beta-activated kinase 1 and MAP3K7-binding protein 2 (TAB2), IkB, NF-kB (Cell
Signaling Technology, Danvers, MA), and B-actin (Sigma-Aldrich Japan, Tokyo). The
protein expression was quantified by densitometry using Fusion FX software (Vilber

Lourmat, Collégien, France).

2.9. Enzyme-linked Immunosorbent Assay (ELISA)
The concentrations of IL-6, TNF-a, IL-1B, CCL2 and CXCL2/MIP2 in the BALF
were determined by the respective mouse ELISA kits (R&D Systems, Minneapolis,

MN).

2.10. Isolation of Mouse Peritoneal Macrophage
| sacrificed mice and injected 5 ml of phosphate-buffered saline (PBS) that
contained 3% fetal bovine serum (FBS) into the peritoneal cavity. | then collected the

peritoneal cavity cells using an 18-ga. needle. The red blood cells were lysed using
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ACK lysis buffer (Lonza, Walkersville, MD) after centrifugation at 1,000 rpm for 3 min.
Isolated cells were seeded with a proper cell number for each experiment and cultured

with RPMI-1640 medium at 37°C in a CO2 incubator.

2.11. Mitochondrial Respiration Assays
I monitored the real-time oxygen consumption rate (OCR) and the extracellular
acidification rate (ECAR) in mouse peritoneal macrophages by using XFp Analyzer

(Agilent Technologies, Santa Clara, CA) according to the manufacturer’s instruction.

2.12. Statistical Analyses

All statistical analyses were performed using GraphPad PRISM 9 software
(Graph Pad Software, La Jolla, CA). The data were analyzed by a one-way or two-way
analysis of variance (ANOVA) followed by the Tukey-Kramer method for multiple
comparisons. | conducted a Kaplan-Meier analysis for the survival data. All data are
expressed as the mean * standard error of the mean (SEM). Probability (P)-values <

0.05 were considered significant.

-11 -



Chapter 3

Results

3.1. Ghsr’- mice showed strong resistance to LPS-induced lung injury

To determine the significance of endogenous GHS-R1a expression in acute lung
injury, | intratracheally injected LPS into ghsr”= mice. Surprisingly, ghsr”- mice
survived significantly longer than the control mice after LPS administration (Figure 1).
The survival rates of the ghsr”- mice and control mice at 72 hours after LPS

administration were 92.3% and 23%, respectively.
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Figure 1: The survival rate after LPS-induced lung injury. Kaplan-Meier survival

curves at 72 hours after the challenge with 10 mg/kg of LPS or PBS under ad libitum
feeding (n = 13 per group).Values are mean = SEM. *** P < 0.001.
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3.2. Determination of experimental time course

I confirmed the /-6 mMRNA expression levels in the mice’s lungs after LPS
administration at 0, 1, 3, 6, and 24 hours to determine a proper time point for my study
hereafter. The /-6 MRNA expression levels gradually increased and peaked at 24
hours, but a significant increase was not observed in ghsr”- mice (Figure 2). The
mice’s food intake and body weight were comparable in both genotypes at 24 hours

(Figure 3A and B). Given these results, | selected 24 hours as the analysis time point.
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Figure 2: The alteration of 1I-6 mRNA expression levels in the lungs at
different time point after LPS administration. The mice were received i.t.

administration of 5 mg/kg of LPS or PBS (n = 3 per group). Values are mean *
SFM **** P < () 0001 n s not sianificant
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Figure 3: Alteration in the food intake amount and body weight. (A) The food
intake, (B) body weight changes with LPS administration of 5 mg/kg of LPS
(Control-LPS: n = 5; ghsr-LPS: n = 6). Values are mean = SEM, n.s. not
significant.
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3.3. Ghrelin production in the stomach and plasma ghrelin levels after LPS
administration

| confirmed endogenous ghrelin production and serum levels 24 hours after LPS
administration. As Figure 4 shows, LPS administration significantly reduced the
number of ghrelin-positive cells in the stomach tissues of control mice. Although the
LPS administration significantly reduced the plasma ghrelin levels in both genotypes,

declining levels were lower in the ghsr”-mice (Figure 5).
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Figure 4: Ghrelin production in the stomach after LPS administration.
Representative profiles of ghrelin immunohistostaining (green) from 4 mice per
group. 4’, 6’-diamino-2-phenylindole (DAPI) was used in the counterstaining of the

nucleus (blue). Scale bar, 100 um. Values are mean = SEM. **** P < 0.0001.
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Figure 5. Plasma ghrelin concentration after LPS administration. Plasma
ghrelin concentration at 24 hours after the administration of 5 mg/kg of LPS or PBS

(Control-PBS, n = 5; Control-LPS, n = 6; ghsr”-LPS, n = 6). Values are mean *
SFM ** P< 001 *** P <0001
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3.4. GHS-R1a deficiency ameliorated lung inflammation and disruption of the
alveolar barrier after LPS-induced lung injury

I next assessed the influence of GHS-Rla deficiency on inflammatory cell
infiltration and lung vascular permeability after lung injury. The BALF collected from
LPS-administered control mice showed dark pink, indicating rich protein content in the
BALF caused by disruption of alveolar barrier integrity after injury. In contrast, the
BALF of the ghsr”~mice was almost transparent (Figure 6A). The protein level in the

BALF of ghsr”-mice was significantly lower than that of control mice (Figure 6B).
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Figure 6: The BALF samples from the LPS-administered mice. (A) Photographs
of the BALF collected 24 hours after LPS administration (representative BALF from

8 mice per group). (B) Total protein concentration (Control-PBS, n = 8; ghsr”--PBS,
n = 8; Control-LPS, n = 14; ghsr”--LPS, n = 14) in the BALF of control and ghsr-

mice. Values are mean = SEM. * P < 0.05, **** P < (0.0001, n.s. not significant.

Histologically, the lungs of the ghsr~-mice showed minor degree of interalveolar
edema after lung injury (Figure 7A). Although the numbers of total cells and neutrophils
infiltrated into the alveoli were similar in both genotypes, the macrophage numbers in
the BALF of ghsr”-mice were significantly lower than those of control mice (Figure 7B).
The PaO2/FiO2 ratio of LPS-administered control mice was significantly lower than

PBS-administered control mice (Figure 8). This PaO2/FiO2 ratio value in the LPS-
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injected control mice corresponds to moderate ARDS in humans[11]. The oxygenation
level in LPS-administered ghsr~~ mice was significantly higher than the counterpart of

control mice, and comparable to that of PBS-injected ghsr~~mice.
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Figure 7: Lung morphological change and immune cell infiltration after LPS
administration. (A) Hematoxylin-eosin (HE) staining of lung sections from control
mice (left panels) and ghsr™= (right panels) mice after the administration of PBS
(upper panels) or 5 mg/kg of LPS (lower panels). The data are representative lung
sections from 6 mice per group. (scale bar: 50 um). (B) Cell counts (Control-PBS,
n = 3; ghsr”=-PBS, n = 3; Control-LPS, n = 7; ghsr”=-LPS, n = 7) in the BALF of
control and ghsr- mice. Values are mean = SEM. * P < 0.05, ** P < 0.01, ** P <
0.001, n.s. not significant, n.d. not detected.
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M Control-LPS
B ghsr+-LPS

Figure 8: The oxygenation level after LPS administration. A blood gas analysis
was conducted 24 hours after LPS administration to determine the ratio of partial
pressure (PaO2) to fractional inspired oxygen (FiO2) (Control-PBS, n = 3; ghsr7--

PBS, n = 3; Control-LPS, n = 4; ghsr”--LPS, n = 4). Values are mean £ SEM. * P
< 0.05. * P < 0.01. n.s. not sianificant.
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3.5. Muted firing of inflammatory responses in ghsr” mice after lung injury

The increase in the pNF-kB/NF-kB ratio of the ghsr7~ mice was significantly lower
than that of the control mice after LPS administration. The IkB protein levels increased
in the lungs of control mice, whereas the counterpart of ghsr7- mice was not changed
after lung injury (Figure 9). A previous report applying mathematical modeling of NF-
KB signaling revealed that upregulation of IkB occurs as negative feedback for NF-
kKB[12]. In LPS-administered mice, IL-6, TNF-a, IL-13, and CCL2 values were

significantly lower in the ghsr”- mice compared to the control (Figure 10).
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Figure 9: NF-kB signaling activity in the lungs after LPS administration.
Immunoblots of the NF-kB and IkB protein levels in the lysates of whole lung tissue
from 5 mg/kg LPS- or PBS-injected mice. The quantitative comparisons were
performed by using total NF-kB and B-actin as loading controls, respectively (n = 3

per group). Values are mean = SEM. * P < 0.05, *** P < 0.001, n.s. not significant.
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Figure 10: The cytokine levels in the BALF. Concentration of IL-6, TNF-a, IL-13,
CXCL2, and CCL2 protein in the BALF (Control-PBS, n = 3; ghsr”-PBS, n = 3;

Control-LPS, n = 7; ghsr”--LPS, n = 7). Values are mean * SEM. * P < 0.05, ** P
<0.01, **** P < 0.0001, n.s. not significant, n.d. not detected.
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3.6. Loss of GHS-R1a signal altered cytokine expression and inflammatory
signaling activity in macrophages

The immune response triggered by macrophage activation plays a pivotal role in
the initial phase of ARDS[4]. I, therefore, focused on the role of GHS-R1a signaling in
macrophages under LPS stimulation.

The mRNA levels of pro-inflammatory cytokines and chemokines were elevated
in the LPS-stimulated isolated macrophages. Among the LPS-stimulated macrophage,
induction levels of cytokines and chemokines were suppressed in ghsr7~ mice. The I/-

10 mRNA levels were higher in ghsr~- mice compared to the control mice (Figure 11).
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Figure 11: The cytokine expression levels in macrophages after LPS
stimulation. Relative mRNA expression levels of /-6, Tnf-a, II-18, Ccl2, Cxcl2, and
/I-10 in peritoneal macrophage cells at 2 hours after LPS stimulation. Gene

expressions were normalized with Gapdh (n = 3, per group). Values are mean *
SEM. * P < 0.01, **** P < 0.0001, n.s. not significant.
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Moreover, [D-Lys3]-GHRP6, a GHS-Rla antagonist, treatment suppressed the

activation of TAB2 and NF-kB in isolated macrophages from control mice (Figure 12).
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Figure 12: Inflammatory signals in macrophages after LPS stimulation.
Immunoblots of the pNF-kB/NF-kB and pTAB2/TAB2 ratio in peritoneal
macrophage (n = 3 per group). The macrophages were pretreated with GHS-R1a
inhibitor (DLS, 100nM) for 1 hour and then treated with LPS (1pg/ml) for 30 min.

DLS = [D-Lys3]-GHRP6; Mix = DLS-LPS. Values are mean £ SEM. * P < 0.05, **
P <0.01, ** P <0.001, n.s. not sianificant.
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3.7. GHS-R1a deficiency lowers LPS-induced mitochondrial respiration

LPS-activated macrophages are known to convert the tricarboxylic acid cycle into
the glycolytic pathway as an energy source to sustain the cells’ high secretory and
phagocytic functions[13]. To investigate the mitochondrial bioenergetic change in LPS-
stimulated macrophages, | measured the OCR sequentially, an indicator of
mitochondrial respiration.

In unstimulated peritoneal macrophages, the parameters of the OCR were
comparable between the two genotypes. In contrast, the macrophages isolated from
ghsr”= mice showed a drastic reduction of mitochondrial respiration and ATP

production after LPS stimulation (Figure 13).
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Figure 13: OCR alteration in macrophages after LPS stimulation. The real-
time oxygen consumption rate (OCR) in peritoneal macrophage cells at 2 hours
after LPS stimulation (n=3 per group). The LPS concentration was 1 ug/ml in all
peritoneal macrophage experiments. The mitochondrial stress test was assessed
by recording OCR after injection of oligomycin (Oligo, 1 uM), carbonyl cyanide-4-
(trifluoromethoxy), phenylhydrazone (FCCP, 0.7 uM), and rotenone (ROT, 1 uM)
plus antimycin (Ant, 1 uM). Values are mean+SEM. *p<0.05, **p<0.01,
***p<0.001, n.s. not significant.
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The macrophages isolated from ghsr”= mice also showed decreased glycolytic
capacity after LPS stimulation (Figure 14). These data indicated that the endogenous

GHS-R1a signal has a pivotal role in maintaining LPS-induced mitochondrial metabolic
reprogramming.
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Figure 14: Glycolytic capacity in macrophages after LPS stimulation. The
real-time extracellular acidification rate (ECAR) in peritoneal macrophage cells at
2 hours after LPS stimulation (n=3 per group). The LPS concentration was 1 ug/mi
in all peritoneal macrophage experiments. The mitochondrial stress test was
assessed by recording ECAR after injection of oligomycin (Oligo, 1 uM), carbonyl
cyanide-4-(trifluoromethoxy), phenylhydrazone (FCCP, 0.7 pM), and rotenone
(ROT, 1 yM) plus antimycin (Ant, 1 uM). Values are mean £ SEM. *p<0.05.
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Chapter 4

Discussion

Uncontrolled systemic inflammatory response occurring during the course of
ARDS is closely associated with an infiltration of inflammatory cells into the lungs, an
excessive release of pro-inflammatory cytokines, and subsequent parenchymal
damage. However, anti-inflammatory approaches, including corticosteroids, have not
shown clinical efficacy as treatments in patients with ARDS[1]. In the present study, |
explored the influence of the deletion of ghrelin~GHS-R1a signaling on LPS-induced
lung injury. The null mutation of GHS-R1a significantly improved the survival rate
associated with alleviated lung inflammation and protected alveolar barrier integrity in
LPS-treated mice. GHS-R1a deficiency specifically blocked macrophage accumulation
in the lungs after LPS administration. Notably, macrophages lacking GHS-Rla
exhibited reduced expressions of pro-inflammatory cytokines and production of
mitochondrial ATP. My results indicated that deletion of GHS-R1a signaling, especially
macrophage-specific antagonism, may be a potential therapeutic target for ARDS.

| demonstrated that GHS-R1a-knockout mice are protected from LPS-induced
lung injury. My finding is consistent with prior studies demonstrating the mitigation of
DSS-induced colitis and high-fructose corn syrup-induced adipose inflammation in
GHS-R1a-deficient mice[9,14]. GHS-R1a-knockout mice showed a lower disease
severity index, lower inflammatory cytokine production, and less macrophage
infiltration in DSS-induced colitis. The levels of IL-6 and TNF-a released from LPS-
stimulated peritoneal macrophages of GHS-R1a-knockout mice are significantly lower

than those of wild-type mice[9]. GHS-R1la knockdown in a macrophage cell line
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suppressed LPS-induced pro-inflammatory cytokine expression[14]. In contrast, in
several injury models, exogenous ghrelin administration protects from excessive
inflammation and tissue damage, including LPS-induced lung injury[15,16].

Regarding the opposite result observed between endogenous GHS-R1a-ablated
condition and exogenous ghrelin treatment against LPS-induced inflammation, we
focused on the role of GHS-R1a in macrophage mitochondrial bioenergetic function.
Exogenous ghrelin treatment activates mitochondrial function, including mitochondrial
respiration[17,18]. On the other hand, it is known that mitochondrial respiration
declined in skeletal muscles in GHS-R1a-knockout mice[19]. Activated macrophages
stimulated by LPS run metabolic reprogramming from oxidative phosphorylation to
glycolysis, producing pro-inflammatory cytokines efficiently[13]. The reprogramming of
cellular metabolism is a beneficial response to generate ATP rapidly. The cellular
metabolic reprogramming is vital for the generation of redox equivalents as well as
precursor molecules such as amino acids, lipids, and nucleotides, sustaining a burst
in pro-inflammatory mediator production[13,20]. My present results demonstrated that
the glycolytic capacity of the macrophages and ATP level isolated from ghsr”~ mice
were significantly lower than those of the control mice. The suppressed glycolytic
capacity would reflect the blockade of a metabolic pathway shift from oxidative
phosphorylation to aerobic glycolysis, which may contribute to the suppression of lung
inflammation in ghsr7- mice.

| showed that GHS-R1a deletion significantly suppressed the NF-kB pathway
activity and induction of pro-inflammatory cytokines in the lungs after LPS injection. |
also showed that GHS-R1a antagonism abrogated LPS-induced NF-kB activation in

isolated macrophages. Since NF-kB signaling is a master regulator of pro-inflammatory
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cytokine induction, GHS-R1a inhibition might mitigate lung inflammation via
downregulation of NF-kB activation in macrophage.

In this study, | did not reveal whether GHS-R1a expression directly or indirectly
modulates TLR4 signaling activity. GHS-R1a is known to form heterodimers with other
GPCRs, including somatostatin receptor subtype 5, dopamine receptor subtype 1, and
serotonin 2C receptor[21]. The heterodimerized GHS-Rla regulates signal
transduction of the linked GPCR in the absence of ghrelin[21]. In the present study, |
showed NF-kB activation after LPS stimulation was suppressed in both isolated
macrophages from ghsr7- mice and GHS-R1a antagonist treatment in wild-type mice.
Future studies are required to clarify whether GHS-Rla influences the signal
transduction of PRRs, including TLRA4.

There are some important limitations to address in this study. It is unclear whether
GHS-R1a ablation in macrophages preferentially mitigates LPS-induced lung
inflammation. GHS-Rla is expressed in various cells other than macrophages,
including T lymphocytes, neutrophils and alveolar epithelial cells[22,23]. In this study,
| present two lines of data suggesting that loss of GHS-Rla expression in
macrophages plays a major role in mitigating LPS-induced lung inflammation. First, in
the isolated macrophages, GHS-R1a blockage suppressed the pro-inflammatory
cytokine induction and NF-kB activation after LPS stimulation, similar to what was seen
in whole lung tissue in ghsr”- mice. Second, in ghsr”- mice, the accumulation of
macrophages in the lungs was selectively suppressed after LPS administration. These
data suggest that the GHS-R1a inhibition in macrophages contributes to mitigating
LPS-induced lung inflammation.

| obtained differing results regarding the Cxcl2 expression level due to GHS-R1a

deficiency between whole lung tissue of LPS-injected mice and LPS-stimulated
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macrophages. In the entire lung tissue, GHS-R1a deficiency did not affect Cxcl/2
expression in LPS-administered mice. However, in the macrophages, loss of GHS-
Rla signaling resulted in a decreased expression of Cxcl2. CXCL2 is produced
downstream of TLRs in both macrophages and neutrophils in response to a wide range
of bacterial pathogens[24]. In the present study, the number of macrophages that
infiltrated the alveolar space was suppressed in ghsr7- mice compared to control mice,
whereas the number of neutrophils was similar between the two genotypes. These
data indicated that the influence of GHS-R1a deficiency on cellular functions, such as
infiltration and cytokine production, may differ between macrophages and neutrophils.

In conclusion, the present study demonstrated that GHS-R1la deficiency
effectively reduced lung inflammation, maintained respiratory status, and improved the
survival rate in LPS-injected mice. The underlying mechanisms of these phenomena
can be expected to be related to impaired production activity of inflammatory cytokines
in macrophages. My findings indicate that GHS-R1a inhibitors specific to macrophages

may be a promising candidate for treating ARDS.
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