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Purpose: Chronic obstructive pulmonary disease (COPD) is associated with a complex
inflammatory regulatory network. Resistin-like molecule B (RELMP) is highly expressed in
the lungs of COPD patients. We aimed to investigate the proinflammatory effect of RELMf
on airway epithelial cells in COPD.

Methods: First, a GEO dataset was used to analyze the expression of the RELMf gene in
the COPD and control groups as well as the protein levels of RELMf in the sera of
outpatients with COPD and normal control subjects in our hospital. We also stimulated
16HBE bronchial epithelial cells with recombinant RELMJ protein and analyzed the expres-
sion of IL-8 and IL-1p. We upregulated and downregulated the gene expression of RELMf3
in 16HBE cells and analyzed the expression of the inflammatory cytokines IL-8 and IL-1f.
In addition, we also examined the mechanism by which the p38 MAPK signaling pathway
contributed to the regulation of IL-8 and IL-1p expression by RELMp.

Results: RELMP expression was increased in COPD tissues in different data sets and in the
serum of COPD patients in our hospital. IL-8 and IL-1f expression was also increased in
COPD tissues with high RELMP gene expression in different data sets. The RELMP gene
was mainly related to inflammatory factors and inflammatory signaling pathways in the PPI
regulatory network. Experiments at the cellular level showed that RELMp promoted the
expression of the inflammatory cytokines IL-8 and IL-1p, and this regulation was mediated
by the p38 MAPK signaling pathway.

Conclusion: RELMJ can promote the expression of the inflammatory cytokines IL-8 and
IL-1pB in bronchial epithelial cells of patients with COPD and exert inflammatory effects.
RELMp may be a potential target for the treatment of COPD.

Keywords: resistin-like molecule beta/RELMJ, chronic obstructive pulmonary disease, p38
MAPK, IL-8, IL-1P

Introduction

The prevalence of chronic obstructive pulmonary disease (COPD) in China is 8.6%
in people over 20 years of age and 13.7% in people over 40 years of age, and there
are approximately 100 million COPD patients in China;' in addition, the prevalence
of COPD is increasing.” Although new drugs are constantly entering the clinic to
benefit more patients, the disease burden of patients with COPD is still increasing.’
Approaches for inhibiting the progression of COPD are unclear. Airway inflamma-
tion likely dominates the pathogenesis and progression of COPD.* The pathological

changes associated with COPD include repeated airway inflammatory infiltration,
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inflammatory cell accumulation in different parts of the
lung, and oxidative stress resulting from slight airway
injury and lung parenchyma destruction. Subsequently,
pathological changes in COPD include airflow limitation,
abnormal gas exchange, and decreased lung function.’™®
Therefore, an in-depth study of the specific mechanisms
underlying airway inflammation in COPD is of great sig-
nificance for the diagnosis and treatment of COPD.
RELMB also known as found in the inflammatory zone
family (FIZZ2), is specifically expressed in human lung
tissue, promotes lung cell mitosis and proliferation, and
participates in inflammatory and immune responses.’
RELMP plays an essential role in pulmonary diseases,
such as pulmonary hypertension, asthma, and pulmonary
fibrosis.” !' Hypoxia and inflammation are among the
main causes of the high expression of RELMJ in
It has been shown that RELMP is highly
expressed in lung tissues of patients with hypoxia-

airways.'”

mediated pulmonary hypertension and is observed in
remodeled vascular endothelial cells, vascular smooth
muscle cells, macrophages and fibroblasts.'® In addition,
RELMp overexpression in mice causes hemodynamic
changes, including increased mean proper ventricular sys-
tolic pressure, right heart hypertrophy, and small pulmon-
ary artery constriction.* The current understanding of the
mechanism by which RELMf contributes to pulmonary
inflammation is mainly derived from studies of RELMa,
which is highly homologous to RELMB.'® In a study of rat
alveolar epithelial cell inflammation in response to tobacco
smoke extract, IL-8 secretion into the supernatant was
correlated with RELMa expression in a time-dependent
manner.'® Studies by Yamaji-Kegan et al showed that IL-4
expression was significantly elevated in the lungs of wild
mice treated with RELMa, while RELMa treatment of
pulmonary microvascular endothelial cells stimulated cell
proliferation, and that this process was dependent on the
IL4/IL-4Ro. system.'? In addition, some investigators
observed that both RELMa and RELMp increased IL-6
expression in lung epithelial cells and increased the peri-
vascular aggregation of IL-6-expressing macrophages in
mouse lungs.'® These findings suggest that RELMa. plays
an essential role in mediating chronic pulmonary inflam-
mation. However, the role of RELM in chronic airway
inflammation has been poorly studied.

In our study, we observed that RELMfJ mRNA expres-
sion was increased in patients with COPD compared with
normal individuals. Therefore, we hypothesized that the
RELMp gene might be an essential regulatory factor in the

chronic inflammatory network of COPD patients. We
observed the expression of inflammatory cytokines after
up- or downregulating RELMf gene expression in bron-
chial epithelial cells to test our hypothesis. The experi-
mental findings suggest that RELMP can promote the
expression of inflammatory cytokines.

Materials and Methods

Transcriptional Expression Profile and
Patients from the GEO Database

We obtained RELMf mRNA expression data from the Gene
Expression Omnibus (GEO) database (http://www.ncbi.nlm.
nih.gov/geo). We screened two datasets, GSE106986 and
GSES56766, by searching for differential RELMB mRNA
expression in patients with COPD from the GPL570 micro-
array platform. We further analyzed the differential RELMf
mRNA expression in control and COPD tissues in these two

different datasets by probe ID conversion. In addition, we
analyzed the differences in the high and low mRNA expres-
sion of RELMp and the expression of the inflammatory
factors IL-8 and IL-1f in different microarray platforms
(platform number GPL13243, GSE37147; platform number
GPL570, GSE 56766). Serum was obtained from 20 control
subjects and 27 patients with COPD, according to the Global
Initiative for Chronic Obstructive Lung Disease criteria.'

Protein-Protein Interactions (PPls)
Network Construction and Enrichment
Analysis

The PPIs network analysis is a prediction of the genes
associated with the molecule for the purpose of analysis of
previous studies and on the basis of previous studies. The
PPIs were obtained using the Search Tool for the Retrieval
of Interacting Genes (STRING; http://string-db.org) online
database. Gene Ontology (GO) and Kyoto Encyclopedia of

Genes and Genomes (KEGQ) signal pathway enrichment
analyses of RELMp and inflammatory factors were con-
ducted with Cytoscape (V.3.6.0) software. We acquired the
enrichment analysis maps from the online data analysis
website (http://www.bioinformatics.com.cn/).

Cell Lines and Transfection of Small
Interfering RNA

Human 16HBE bronchial epithelial cells were obtained from
Sun Yat-sen University. The cell line was cultured using high-
glucose DMEM containing 10% FBS at 37°C in a 5% CO2
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thermostatic cell culture incubator. The cells were cultured
using antibiotic-free medium and plated in 6-well plates to
ensure that the cell confluence for transfection was approxi-
mately 50-70% after 24 h. Transfection reagent
LipoFectMax™(ABP Bioscience, Wuhan, China) and diluted
RELMPB small interfering RNA (siRNA) (GenePharma,
Shanghai, China) were added to the Opti-MEM transfection
medium at a specific ratio. The transfection mixture was
discarded after six hours and replaced with completely fresh
medium, and the cells were cultured and tested after 2448 h.

Reverse Transcription-PCR (RT-PCR) and
Real-Time Quantitative PCR (Q-PCR)

Total RNA was extracted from bronchial epithelial cells using
TRIzol reagent (Invitrogen, San Diego, CA) and reverse
transcribed into cDNA using a reverse transcription kit
(TsingKe, China). The PCR amplification reaction was then
performed. The amplification conditions were 98°C for 3 min
and annealing at 60°C for 10-15 s, and the products were
collected after 30-35 cycles. Then, the products were separate
by agarose gel horizontal electrophoresis. GAPDH was used
as the loading control. cDNAs were amplified by quantitative
PCR using a CFX instrument (BioRad, Hercules, CA).

ELISA and Western Blotting Analysis

Cell supernatants were used for ELISA. The supernatants
were harvested, and 100 pL of antibody dilutions
(RELMB, Abcam, Cambridge, UK; IL-1p, Abcam,
Cambridge, UK; IL-8, Abcam, Cambridge, UK) were
added to each well and incubated for 1 h. The secondary
antibodies were added, and the reaction was terminated
with the termination solution. A wavelength of 450 nm
was used to measure the absorbance.

For the Western blotting assay, after the total protein

concentration was determined, we separated equal
amounts of proteins from each well by vertical electro-
phoresis using SDS-PAGE. We transferred the proteins to
polyvinylidene fluoride membranes, followed by immuno-
blotting. IL-8 and IL-1B primary antibodies were pur-

chased from Abcam (Cambridge, UK).

Statistical Analysis

Data are expressed as the mean =+ s.d. The rest of the data
were analyzed using the Kruskal-Wallis test or one-way
ANOVA. P <0.05 was considered statistically significant.

Results
RELMp Expression Was Increased in

COPD
RELMS(, an analog of RELMa in humans, has been
primarily studied as an inflammatory factor in gastro-

intestinal diseases'’ !’

and has been less frequently stu-
died in airway diseases. In the current study, we
analyzed RELMf expression in the GEO database
using bioinformatics methods, and the results are
shown in Figure 1. The GEO database is a public plat-
form database. RELMf mRNA levels were significantly
higher in COPD samples in the microarray datasets
GSE106986 and GSE56766. RELMB, a secretory pro-
tein, can be secreted into the blood. We measured the
RELMS level in the sera of patients with COPD from
our outpatient clinic using the ELSA method. The
results suggested that serum RELMp levels were also
higher in 27 patients with COPD than in control sub-

jects (details of which are listed in Table 1).
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Figure | RELMp expression was significantly increased in patients with COPD. (A) RELMB mRNA expression in patients with COPD and normal controls in the GEO
database. (B) RELMp protein expression in the sera of patients with COPD and control individuals.*p<0.05, **p<0.01, ****p<0.0001.
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Table | Demographics on the Volunteers

Disease Group | Age (Y) | Sex (M/F) | Smoking (No/Yes)
Control Group 47-76 1713 15/5
COPD Group 55-81 21/6 14/13

Abbreviation: COPD, chronic obstructive pulmonary disease.

RELMB Regulates Inflammatory

Networks

COPD is associated with a complex inflammatory regula-
tion network.?’ Inflammatory factors exert inflammatory
effects and inflammatory amplification effects by recruit-
ing and activating inflammatory cells. We analyzed the
inflammatory factors associated with RELM[ through the
STRING online database, and this analysis revealed 16
genes involved in RELM regulation (Figure 2A). The
genes associated with RELMp comprise the PPIs network
indicating that RELMJ is mainly associated with the reg-
ulation of inflammatory factors in disease-related regula-
tion, suggesting that RELMf may be mainly involved in
inflammatory diseases. We analyzed the possible enriched
signaling pathways and gene ontology through an online
enrichment analysis tool (http://www.bioinformatics.com.
cn), and the results showed that RELMf was related. We
show the signal pathway of enrichment analysis top 10.

The results showed that the inflammatory factors asso-
ciated with RELMp regulation were mainly enriched in
signaling pathways such as cytokine interaction and Jak-
STAT. In contrast, the molecular functional enrichment
analysis in gene ontology showed that the genes were
functionally concentrated in protein linkage and cytokine
receptor activation (Figure 2C). Cellular components
mainly focused on extracellular regions and extracellular
space. Biological processes were mainly involved in reg-
ulating immune protein production and the type 2 immune
response. The analysis results described above indicated
that the inflammatory factors associated with RELMP are
mainly related to the inflammatory response pathway.

To further analyze the correlation between RELMf
expression and gene expression of the inflammatory fac-
tors mentioned above in COPD, we retrieved the expres-
sion data of inflammatory factors in patients in the
GSE5676 and GSE37147 datasets of the GEO database.
The cytokine IL-8 is an essential neutrophil-associated
inflammatory factor in late inflammation. The IL-1B is
a more important proinflammatory factor.”” We chose IL-
8 and IL-1P as the subjects of our study. The results
showed that in the two different datasets, the expression

of the inflammatory factor IL-8 was higher in the high
RELMp mRNA expression group than in the low RELMf
mRNA expression group. Similarly, we investigated the
mRNA expression of IL-1B in patients with chronic
obstructive pulmonary disease, and our results showed
higher IL-1p mRNA expression in the high RELMJ
mRNA expression group than in the low RELMJ mRNA
expression group. Our data analysis suggests that RELMp
may be further involved in regulating the inflammatory
factors IL-8 and IL-1P and regulating airway inflammation
in COPD.

RELMpB Promotes the Expression of the

Inflammatory Factors IL-8 and IL-1f3

The results described above indicate that RELMf} expres-
sion is regulated by a complex network in the context of
inflammatory regulatory networks. To further analyze the
RELMB-mediated inflammatory effects, we stimulated
in vitro cultured 16HBE bronchial epithelial cells with
RELMp protein
(thRELMB). After stimulation with increasing concentra-

commercial recombinant human
tions of rthRELMJ, the expression levels of the inflamma-
tory factors IL-8 and IL-1p gradually increased
(Figure 3A1 and A2). Moreover, the ELLSA results
showed that the IL-8 and IL-1p protein levels in the cell
supernatants increased with the concentration of hRELMp
(Figure 3B1 and B2). What’s more, RELMf and CSE have
additive effects on the expression of IL-8 and IL-1f pro-
tein. In addition, we generated a stable strain of 16HBE
cells overexpressing RELMp. We infected 16HBE cells
with a lentiviral plasmid containing pLV.O-RELMp and
the control plasmid pLV.O. Our results showed that the
mRNA and protein levels of RELMP were significantly
higher in the 16HBE cell line overexpressing the RELMf
gene than in the null and parental control cell lines
(Figure 3CI1-C3). These results also indicated that
RELMp was stably expressed in 16HBE cells. Then, we
further analyzed, in the case of RELMP gene overexpres-
sion, the regulation of the inflammatory factors IL-8 and
IL-1P. At both the mRNA and protein levels, the expres-
sion of the inflammatory factors IL-8 and IL-1p was sig-
nificantly elevated in the group overexpressing the
RELMSP gene compared to the parental and null control
groups (Figure 3D1-D3). Our results show that RELMp
promotes the expression of the inflammatory factors IL-8
and IL-1B at the mRNA and protein levels.
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inflammatory factors IL-8 and IL-1f into cell supernatants. (C1-C3) Using RT-PCR and Western blotting, we found that RELMP expression was increased in 16HBE cells
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To further investigate the regulatory effect of RELMf
on the inflammatory factors IL-8 and IL-1B, we
decreased the gene expression of RELMP by gene inter-
ference. After knocking down the RELMf gene, even
under stimulation with cigarette smoke extract, the
expression of RELMP was significantly decreased at
both the mRNA and protein levels compared to the
exposure to tobacco smoke extract alone (Figure 3E1-
E3). This result indicates that we successfully decreased
the gene expression of RELMP. The expression of the
inflammatory factors IL-8 and IL-1p was significantly
higher in the tobacco smoke extract stimulation group
than in the parental control group. However, after suc-
cessfully decreasing with RELMJ gene expression, the
expression of these factors was significantly downregu-
lated compared to control cells stimulated with tobacco
smoke extract alone (Figure 3F1 and F2), indicating that
RELMS can regulate the expression of the inflammatory
factors IL-8 and IL-1pB. Our results suggest that RELMf
promotes inflammatory effects at both the mRNA and
protein levels.

RELMpB Promotes the Activation of the
Phosphorylated p38 MAPK Signaling
Pathway

To further investigate the signaling pathways involved
the regulation of RELMJ expression during the airway
inflammation associated with COPD, we analyzed the
extracellular regulated protein kinase 1/2(ERK1/2), ser-
ine/threonine protein kinase B (PKB, also known as
AKT) AKT,
activated protein kinase (SAPK/JNK), and p38 mitogen-
activated protein kinase (p38 MAPK) signaling pathway

stress-activated protein kinase/stress-

activation in response to RELMp. Our analysis showed
that RELMP could not activate the ERK1/2, AKT, and
SAPK/INK signaling pathways but could activate the
phosphorylated p38 MAPK signaling pathway. In the
stable RELMP overexpression group, the expression of
p-p38 MAPK was significantly higher than that in the
parental and null control groups (Figure 4D1 and D2).
When we successfully knocked down RELMP gene
expression, p38 MAPK could not be activated even in
response to stimulation with tobacco smoke extract
(Figure 4E1 and E2). Our results suggest that RELMJ
activates the phosphorylated p38 MAPK signaling path-

way, thereby promoting airway inflammation.

RELMpB Promotes IL-8 and IL-1j3
Expression via the p38 MAPK Signaling

Pathway

There is increasing evidence that the p38 MAPK signal-
ing pathway is involved in inflammatory effects.?'** To
further analyze the potential mechanism by which
RELMSf regulates the p38 MAPK signaling pathway,
we treated the 16HBE cell line with the p38 MAPK
signaling pathway inhibitor sb203580 for two hours.
We analyzed the expression of phosphorylated p38
MAPK and the inflammatory factors IL-8 and IL-1p.
Our results showed that after we added increasing con-
centrations of the sb203580 inhibitor, phosphorylated
p38 MAPK was significantly inhibited in the stable
REALM-overexpressing cells (Figure 5A). We also
observed that the expression of the inflammatory factors
IL-8 and IL-1B was significantly decreased in the over-
expression group treated with increasing concentrations
of sb203580 (Figure 5A and B). Our results suggest that
RELMS activates phosphorylated p38 MAPK, promoting
the expression of the inflammatory factors IL-8 and IL-
1B and participating in inflammatory effects.

Discussion

Inflammatory injury is the most important and central
aspect of the pathogenesis and progression of chronic
obstructive pulmonary disease. The most important fea-
ture of chronic obstructive pulmonary disease is the
infiltration of multiple inflammatory cells into the air-
way wall and the obstruction of the lumen by increased
airway mucous secretions, which cause airway obstruc-
tion and airway wall remodeling.®> *° Studies of the role
of RELMp in lung disease were initially focused on

and pulmonary hypertension.'®

pulmonary fibrosis
Further studies of airway remodeling associated with
pulmonary fibrosis and pulmonary hypertension showed
that RELMp expression was always accompanied by
effects. We that

RELMS likely acts as an inflammatory factor that med-

inflammatory then hypothesized
iates the regulatory network of chronic airway inflam-
mation in COPD. Our data analysis showed that RELMf}
is involved in regulating the network associated with
airway inflammatory factors.

Analysis from our GEO database showed that RELMf3
mRNA was significantly more highly expressed in the
tissues of patients with COPD than in normal controls in
two different datasets. Additionally, RELMp, a secretory
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protein, is detectable in peripheral blood.” Our ELISA
results showed that the protein expression of RELMf
was also higher in the sera of patients with COPD than
in that of controls. Our experiments suggest that RELMf
plays an essential role in the pathological progression of
COPD. Further protein interaction network analysis

showed that RELMf has a significant regulatory

relationship with IL-4, IL-10, and IL-8, which are closely
related to airway inflammation regulation. These inflam-
matory factors involved in regulation were mainly
enriched in the signaling pathway of cytokine interactions.
These results suggest that RELMP is involved in regulat-
ing networks that are enriched primarily in the regulation
of inflammation-related signaling pathways.
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MAPK plays a key feedback role in airway inflamma-
tion by controlling the extent and duration of proinflamma-
tory molecules.”® RELMP activates the MAPK pathway,
which results in increased levels of phosphorylated ERK1/
2, p38 MAPK, and JNK, thereby activating the nuclear
transcription factor NF-kB to lead to the secretion of various
cytokines to exert further biological effects.”” After treating
pulmonary arterial smooth muscle cells with exogenous
recombinant RELM protein, the levels of phosphorylated
MAPK and PKC increased, which was accompanied by
a significant increase in cell viability."* It has been shown
that erythromycin inhibits p38 MAPK phosphorylation in
patients with chronic obstructive pulmonary disease,
thereby improving sensitivity to glucocorticoids and redu-
cing the level of inflammation in patients with chronic
obstructive pulmonary disease.”® The studies described
above suggest that RELM, together with the MAPK sig-
naling pathway, plays a vital role in regulating airway
inflammation. To further validate the involvement of
RELMS in the regulation of MAPK signaling pathways,
we constructed a stable cell strain in which RELMP was
overexpressed to analyze the principle of the MAPK signal-
ing pathway. Our results show that RELMf stably activates
p38 MAPK phosphorylation in the airway epithelium. In

addition, we also investigated the ERK1/2, INK, and AKT
signaling pathways and showed that RELMp could not
activate those signaling pathways. This is different from
signaling pathways, such as p38 MAPK and JNK, that
RELMSB can initiate in human thylakoid cells* and intest-
inal epithelial cells,*” suggesting that there are differences in
the signaling regulatory pathways regulated by RELMf in
different tissues.

IL-8, the strongest chemokine produced by neutrophils,
plays a significant role in the late stage of airway inflamma-
tion in COPD.*'*? IL-8 can induce neutrophils to migrate
towards the site of inflammation, thus increasing the burden
of the inflammatory site. Other inflammatory factors
released from the inflammatory site, such as TNF-a and y-
IFN, can damage vascular endothelial cells and affect the
release of oxygen radicals and nitrogen groups, thereby
mediating the further release of inflammatory factors, ampli-
fying the inflammatory effect and promoting inflammatory
injury.**** In addition, IL-1p, a more powerful proinflam-
matory cytokine, is a potent inducer of IL-8 and IL-6 secre-
tion by bronchial epithelial cells. In addition, IL-1B
promotes increased numbers of T lymphocytes and dendritic
cells in alveolar lavage fluid and lung tissue, and further
analysis has shown similar results in COPD.*>** The
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activation of inflammatory cells, such as macrophages and
neutrophils, can lead to a significant increase in the serum
IL-1B levels, resulting in further activation of macrophages,
which promotes the release of inflammatory factors, such as
IL-8, yIFN, and IL-12, exacerbating the local inflammatory
response and thus leading to structural lung injury.** In an
ozone-induced airway inflammation mouse model, Fei*® and
other investigators found that serum levels of inflammatory
factors, such as IL-1p, IL-8, and IL-6, the activity of NF-xB
and p38 MAPK, and the density of airway inflammatory
factor infiltration were significantly higher in the experimen-
tal group, while the FEV25 levels were substantially lower.
Some domestic researchers have shown that elevated levels
of p38 MAPK phosphorylation in the sputum of patients
with COPD significantly correlate with high levels of IL-8,
and the extent of this elevation substantially correlates with
increased neutrophil infiltration and decreased lung function
in patients.*' Our study found that RELMP activates p-p38
MAPK and that the p38 MAPK inhibitor sb203580
decreases the expression of the inflammatory factors IL-8
and IL-1f. This inhibition was exacerbated with increasing
concentrations of the inhibitor. Our results suggest that p38
MAPK is a downstream target molecule of RELMp-
mediated airway inflammation. The p38 MAPK signaling
pathway is necessary for the promotion of airway inflamma-
tion by RELMp in COPD via IL-8 and IL-1p.

In conclusion, our results showed that RELMp pro-
moted the expression of the inflammatory mediators 1L-8
and IL-1f in bronchial epithelial cells and that activation
of the p38 MAPK signaling pathway was involved in
RELMp-mediated airway inflammation. These results sug-
gest that RELMf may be a potential therapeutic target for
patients with chronic obstructive pulmonary disease.
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