International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

IL-36 is Closely Related to Neutrophilic Inflammation
in Chronic Obstructive Pulmonary Disease

Siyuan Huang'*, Tao Feng(®?*, Jing Wang', Liang Dong ®?

'Department of Respiratory, Shandong Qianfoshan Hospital, Cheeloo College of Medicine, Shandong University, Jinan, People’s Republic of China;
2Department of Respiratory Medicine, Shengli Oilfield Central Hospital, Dongying, People’s Republic of China; 3Department of Respiratory, Shandong
Provincial Qianfoshan Hospital, Shandong University, The First Affiliated Hospital of Shandong First Medical University, Shandong Institute of
Respiratory Diseases, Jinan, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Liang Dong, Department of Respiratory, Shandong Provincial Qianfoshan Hospital, Shandong University, The First Affiliated Hospital

of Shandong First Medical University, Shandong Institute of Respiratory Diseases, Jinan, 250014, People’s Republic of China, Tel +86-13505401207,
Email dI5506@ [26.com

Background: Interleukin (IL)-36a, IL-36f, and IL-36y belong to the IL-36 family and play an important role in the pathogenesis of
many diseases. Chronic obstructive pulmonary disease (COPD) may be correlated with IL-36; however, the specific role of IL-36 in
COPD is unclear. In this study, we aimed to clarify whether IL-36 could be an indicator for determining COPD severity and the
specific nature of the pro-inflammatory effects of IL-36 in COPD.

Methods: A total of 70 patients with COPD and 20 control subjects were included in this study. We collected peripheral blood
samples from both the groups, analyzed the blood cell fractions by routine blood examination, and measured the serum levels of IL-
36a, IL-36B, and IL-36y by performing polymerase chain reaction and enzyme-linked immunosorbent assay. In addition, the
correlation between the number of neutrophils and eosinophils and the level of IL-36 was also analyzed.

Results: We found that level of IL-36 in patients with COPD was positively correlated with the number of neutrophils but not with
eosinophils, whereas the correlation was not found in the control group. Moreover, the level of IL-36 was negatively correlated with the level
of lung function of patients with COPD, and the levels of IL-36a, IL-36f, and IL-36y increased with advancing disease severity.
Conclusion: In COPD, the pro-inflammatory effect of IL-36 is closely related to neutrophils, and hence, IL-36 might be considered
a novel biomarker for determining COPD severity.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous, inflammatory-airway disease. As the disease is
characterized by high morbidity and mortality, approximately 200 million people worldwide are affected and more than
3 million deaths occur each year."? Unfortunately, epidemiological data could not adequately reflect the widespread
impact and disease burden caused by COPD because, in many lagging regions, the diagnosis rate of COPD is much lower
than the true picture.” The most critical feature of COPD is irreversible airflow limitation, and its typical pathogenesis
includes airway remodeling, emphysematous lung parenchymal destruction, and airway inflammatory response.* Airway
inflammation in COPD involves various cells such as neutrophils, lymphocytes, monocytes, and dendritic cells.>
Among these cells, the association of neutrophils with COPD has been widely studied; neutrophil levels are significantly
higher in sputum and bronchoalveolar lavage fluid of patients with COPD than those in healthy individuals.” In
addition, the number and distribution range of neutrophils were significantly increased in animal models of COPD.'®!!
As neutrophils are closely associated with COPD, neutrophilic inflammation is undoubtedly an important part of the
pathogenesis of COPD. Therefore, investigating the effect of related cytokines on neutrophilic inflammation will
certainly enhance the understanding of COPD pathogenesis.
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As a member of the interleukin (IL)-1 family, IL-36 has two classes of four isomers, namely 1L-36a, IL-36f, IL-36y,
and IL-36Ra.'? IL-36a, IL-36p, and IL-36y belong to the group of agonists that promote many diseases such as psoriasis,
arthritis, and allergic rhinitis.">'> On the other hand, IL-36Ra belongs to the group that mainly plays a role in
counteracting the effects of IL-36."° IL-36 is widely distributed in several vital organs such as the heart, brain, and
kidney.'”"'? Different IL-36 isoforms play different roles in diseases, either synergistically or counteracting each other.?’
For example, IL-36a could trigger the activation of the IL-23/IL-17A signaling axis and thus induce an inflammatory
response leading to psoriasis,>' whereas IL-36Ra could suppress skin inflammation and provide protection.”* IL-36p
could increase the expression of IL-6 and CXCLS8 in human lung fibroblasts and bronchial epithelial cells,*® and IL-36y
could promote the recruitment of Th17 cells and the activation of fibroblasts.** As a typical chronic airway disease, the
association of COPD with IL-36 has been demonstrated in several studies. For example, some studies reported that IL-
360 and IL-36y levels in sputum were significantly increased in patients with COPD,** whereas the level of IL-36
decreased in patients with COPD with eosinophilic phenotype.”® Combined with the importance of neutrophils in COPD
pathogenesis, we inferred that IL-36 is correlated with neutrophils in COPD pathogenesis. To further elucidate the
mechanism underlying COPD pathogenesis, the correlation between IL-36 and neutrophils should be investigated.

Hence, we hypothesized that IL-36 could promote COPD pathogenesis by promoting a neutrophilic inflammatory response,
and the level of IL-36 is closely related to the severity of COPD. To verify this hypothesis, we performed a polymerase chain
reaction and enzyme-linked immunosorbent assay. In addition, the correlation between the number of neutrophils and eosinophils
and the level of IL-36 was also analyzed. This study is expected to bring a new perspective to the diagnosis and treatment of
COPD.

Materials and Methods

Subjects

Between March and September 2021, we enrolled patients with COPD (n = 70) and control subjects (n = 20) from the Shandong
Provincial Qianfoshan Hospital. The characteristics of patients with COPD and control subjects are shown in Table 1. The
diagnosis of COPD was in accordance with the Global Initiative for Chronic Obstructive Lung Disease (GOLD, 2021 edition).
According to the GOLD criteria for the severity of disease, we divided the patients with COPD into 4 subgroups: GOLD 1 (n
=6), GOLD 2 (n = 21), GOLD 3 (n = 33), and GOLD 4 (n = 10). For the enrolled patients with COPD, all the following
conditions were excluded: (i) Pulmonary disease other than COPD such as lung cancer, nodular disease, active tuberculosis,

Table | Characteristics of COPD Patients and Control Subjects

Control Subjects Patients with COPD p value
Sex (M/F) 12/8 55/15 p > 0.05
Age (years) 63.1 £9.6 674 + 8.0 p > 0.05
BMI 25.6 + 2.5 246 + 44 p > 0.05
Smoking-status (NS/S) 14/6 54/16 p > 0.05
FEVI (%predicted) 1084 + 12.9 483 + 192 p < 0.0001
FEVI/FVC (%) 80.1 + 6.8 46.3 + 12.7 p < 0.0001
Neutrophils counts (*10%) 2.7 (2.2-3.7) 5.9 (4.0-7.6) p < 0.0001
Neutrophils (%) 0.55 (0.47-0.65) 0.75 (0.64-0.83) p < 0.0001
Eosinophils counts (*10%) 0.16 (0.083-0.25) 0.046 (0.00-0.18) p < 0.0l
Eosinophils (%) 0.027 (0.021-0.039) 0.008 (0.00-0.030) p <0.0l

Notes: FEV| (%predicted): the ratio of forced expiratory volume in the first second to the predicted forced expiratory volume; FEVI/FVC: the
ratio of forced expiratory volume in the first second to forced vital capacity. Data are presented as the mean +SD or median (IQR).
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pulmonary fibrosis, and cystic fibrosis; (ii) Previous acute exacerbation of COPD within 4 weeks; (iii) Inflammatory diseases
other than COPD such as rtheumatoid arthritis, systemic lupus erythematosus, and inflammatory bowel disease; (iv) Lung surgery
or recently diagnosed malignant tumor; (v) Unable to walk; (vi) Received blood transfusion within 4 weeks; (vii) Receiving
systemic hormone therapy; (viii) Participating in any double-blind drug clinical trial. The subjects in the control group showed
normal lung function and had no airflow limitation. For the enrolled control subjects, the following conditions were excluded:
asthma, bronchiectasis, pulmonary abscess, interstitial lung disease, tuberculosis, central lung mass, systematic disease such as
congestive heart failure, autoimmune disease, and infection. All patients voluntarily entered the study and signed the written
informed consent. The study was conducted in accordance with the declaration of Helsinki. The study was approved by the Ethics
Committee of the Shandong Provincial Qianfoshan Hospital.

Peripheral Venous Blood Processing

We collected peripheral blood samples from all the enrolled individuals. The amount of blood samples was generally 5-10 mL
due to the different cooperation of each person. One portion of the blood sample was centrifuged for 10 min at 1500 g at 4°C
for basal experiments, and the remaining was used for routine blood examination. After separating the upper serum layer, we
performed density-gradient centrifugation to collect the peripheral blood mononuclear cells (PBMCs).

Reverse Transcription and Quantitative-Polymerase Chain Reaction (qQPCR)

All steps for the qPCR were performed according to the instructions provided with the kit. Total RNA from PBMCs was
extracted using the RNAfast200 kit (Fastagen, Shanghai, China). The Evo M-MLV RT kit was used to synthesize cDNA (AG,
Hunan, China). The SYBR® Green Premix Pro Taq HS qPCR kit (AG, Hunan, China) was used to quantify mRNA. GAPDH

2*AACT

served as the internal reference for this experiment. The method was used to calculate the experimental results. The

primer sequences used in this study are listed in Table 2.

Enzyme-Linked Immunosorbent Assay (ELISA)

Blood samples were obtained from every participant, and serum was obtained and stored at —80°C until use. The serum
levels of IL-36a (Solarbio, Beijing, China), IL-36f (Solarbio, Beijing, China), and IL-36y (Abcam, Cambridge, UK)
were measured using the corresponding ELISA kits following the manufacturers’ protocols.

Table 2 Primers for qRT-PCR

Genes Primers (5'-3")

Homo-IL-360

Forward ATCGGGTGTGGGTTCTTCAG

Reverse GGTCCCCGACTTTAGCACAC

Homo-IL-36

Forward TGGGTAGAAAGAAGTGGAAGAGTT

Reverse TGGTCCGCATGGATGAGAAA

Homo-IL-36y

Forward CGGAGCAGTCACAGTGTATGA

Reverse CTAGTTCTGGGCCTGCGGT

Homo-GAPDH

Forward GCACCGTCAAGGCTGAGAAC

Reverse TGGTGAAGACGCCAGTGGA
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Statistical Analyses

The patient characteristics were expressed as the mean + standard deviation (SD) or the median (IQR). Count data were
analyzed using the Chi-square test, and the measurement data were based on the distribution using the unpaired #-test for
normal distribution and the Mann—Whitney test for skewed distribution. Correlations were calculated using Spearman’s
rank correlation analyses. All statistical analyses were performed using the SPSS 25 (Abbott Laboratories, USA). The

differences were considered to be statistically significant at the two-sided p-value of <0.05.

Results

Patient Characteristics

No significant differences were found between the COPD and control groups in terms of gender, age, BMI, and smoking
status. Lung function was significantly worse in the COPD group than in the control group, which is not surprising (Table 1).

Peripheral Venous Blood Cell Counts

To determine the association of neutrophils and eosinophils with COPD, we compared the differences between the COPD
and control groups in terms of neutrophil count and eosinophil count obtained by routine blood examination. The results
showed that the COPD group had a higher number and proportion of neutrophils but lower eosinophil content compared
with the control group. This result indicated the possible association of neutrophils and eosinophils with COPD (Table 1).

IL-36 Could Promote COPD Development and is an Indicator for Determining COPD

Severity

To clarify the association between IL-36 and COPD, we measured the levels of IL-36a, IL-36B, and IL-36y in the serum
of patients and control subjects by performing ELISA. The results showed that the levels of IL-36a, IL-3683, and IL-36y
were higher in patients than in control subjects, and the levels of IL-36a, IL-36B, and IL-36y increased with the
progression of the disease (Figure 1).

To further confirm the association between IL-36 and COPD, PBMCs from both groups were analyzed by performing
PCR. The PCR results are consistent with the ELISA results. The results of PCR showed that the mRNA level of IL-36
increased with the GOLD grading. The mRNA levels of IL-36 were statistically different in COPD patients with different
GOLD grading. Thus, IL-36 could promote the development of COPD and the level of IL-36 might be considered an
indicator for determining COPD severity (Figure 2).
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Figure | IL-36 was highly expressed in patients with COPD and was related to the severity of COPD. The levels of the IL-36a (A), IL-368 (B), and IL-36y (C) in the serum
of patients with COPD were measured using the ELISA kit. The number of samples in each group was as follows, GOLD | (n = 6), GOLD 2 (n = 20), GOLD 3 (n = 20),
GOLD 4 (n=9), Control (n = I5). Data were pooled from at least 3 independent experiments and are presented as the mean +SD. *p < 0.05, **p < 0.01.
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Figure 2 IL-36 was highly expressed in patients with COPD and was related to the severity of COPD. The mRNA levels and significant differences in IL-36a (A), IL-36 (B),
and IL-36y (C) in PBMCs of patients with COPD were determined by PCR. The number of samples in each group was as follows, GOLD | (n = 6), GOLD 2 (n = 20), GOLD
3 (n = 20), GOLD 4 (n=9), Control (n = 15). Data were pooled from at least 3 independent experiments and are presented as the mean SD. *p < 0.05, **p < 0.01.

COPD, IL-36 is Closely Associated with Neutrophils

As IL-36 is a pro-inflammatory factor, the association between IL-36 and COPD is most likely based on neutrophils or
eosinophils. To elucidate the mechanism underlying the pro-inflammatory effect of IL-36 in COPD, we analyzed the
correlation between the levels of IL-36a, IL-36f, and IL-36y and the number of neutrophils and eosinophils. The results
showed that the levels of IL-36a (r = 0.5578, p < 0.0001), IL-36B (r = 0.4511, p < 0.01), and IL-36y (r = 0.6908, p <
0.0001) in serum were positively correlated with the number of neutrophils, but not with the number of eosinophils in
patients with COPD (Figure 3). In addition, IL-36 levels in patients with COPD were negatively correlated with their
lung function levels. For control subjects, no significant association was found between IL-36 level and the number of
neutrophils or eosinophils (Figure 4). To conclude, the pro-inflammatory factors IL-36a, IL-36f, and IL-36y could
promote neutrophilic inflammatory responses in COPD and hence might be considered novel, potential targets for
determining COPD severity.

Discussion
COPD is a chronic airway disease with high rates of morbidity, disability, and mortality. Despite its low diagnosis rate in
economically disadvantaged regions, an epidemiological survey conducted in 2015 showed that COPD ranked third in
age-standardized mortality rates for men and women worldwide, after ischemic heart disease and cerebrovascular
disease.?” To reduce the heavy disease burden associated with COPD, studies on the pathogenesis of COPD are required.
Several important factors have been identified that trigger COPD, such as smoking, air pollution, and the presence of
susceptibility genes.”®*’ However, the identification of these factors has not facilitated substantial progress in COPD
treatment because each factor has its limitations, such as the presence of several nonsmokers among patients with COPD
and the difficulty of implementing effective interventions at the genetic level. Hence, COPD is difficult to treat, and even
though some studies have shown that inhaling glucocorticoids combined with dual bronchodilators can reduce the
incidence of acute exacerbations in COPD, the effect is less pronounced than that in the treatment of other diseases such
as asthma.***! To improve the efficiency of COPD diagnosis and treatment, exploring its pathogenesis and identifying
new targets are crucial.

As a member of the IL-1 superfamily, IL-36 contains two classes of mutually antagonistic factors.'* IL-36Ra belongs
to one class, which plays an anti-inflammatory protective role in many tissues such as epithelial tissues.>*> IL-360, IL-
36pB, and IL-36y belong to another class, and many studies have demonstrated the pro-inflammatory and pro-fibrotic
functions of this class of molecules. For example, IL-36a activates the IL-23/IL-17A signaling pathway in psoriasis;’'
IL-36y promotes eosinophil activation and migration in allergic rhinitis;>* IL-36p plays a pro-inflammatory role in
arthritis.>> A study has shown that IL-36 agonist molecules (IL-36a, IL-36B, and IL-36y) exert their effects mainly via
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Figure 3 In COPD, IL-36 was closely related to neutrophils. (A=C) Correlation analysis of IL-36 and neutrophils in the COPD group. (D-F) Correlation analysis of IL-36
and eosinophils in the COPD group. (G-I) Correlation analysis of IL-36 and the lung functions in the COPD group.

myeloid differentiation factor 88, mitogen-activated protein kinase, and nuclear factor kappa-B signaling pathways.®
The association of COPD with IL-36 agonist molecules has been demonstrated in a few studies;*’*® however, it is
unclear. In this study, we attempted to explore the pro-inflammatory role of IL-36 agonist molecules in COPD and to
determine whether an association exists between IL-36 levels and COPD severity.

To verify the association between IL-36 and COPD, the COPD and control groups with no difference in the baseline
status (age, sex, BMI, and smoking status) were included in the study. We then collected serum samples from both the
groups and measured IL-360, IL-36p, and IL-36y levels by performing ELISA. The results showed that the levels of IL-
36 agonist molecules were significantly higher in the COPD group than in the control group, and the levels of IL-36
increased with the aggravation of the disease. To further confirm this association, PBMCs were extracted from peripheral
blood obtained from both the groups, and PCR was performed. The PCR results and the ELISA results are consistent.
These results suggested that the levels of IL-36 agonist molecules are correlated with COPD pathogenesis and hence
might be considered as indicators for determining COPD severity.
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Figure 4 For control subjects, the IL-36 levels were not related to the number of inflammatory cells. (A-C) Correlation analysis of IL-36 and neutrophils in the control
group. (D-F) Correlation analysis of IL-36 and eosinophils in the control group.

Neutrophils and eosinophils are two critical types of cells in the airway inflammatory response.*® As IL-36 agonist
molecules can exert their pro-inflammatory effects in COPD, we determined which cells among the two types are
responsible for these pro-inflammatory effects. We analyzed the correlation between 1L-36 levels and peripheral blood
neutrophil and eosinophil counts in the two groups. The results demonstrated that levels of IL-36a, IL-36[3, and IL-36y
correlated with the number of neutrophils but not with eosinophils in patients with COPD. The levels of IL-36 in control
subjects were not correlated with the number of either cell type. Thus, IL-36 could induce COPD mainly by promoting
neutrophilic inflammation.

Conclusion

Although the study is not complex and has some limitations such as the relatively small number of participants, the use of only
serological experiments, and the absence of a wider variety of samples, the originality and value of this study are pronounced.
This study is the first to report the possible association between il-36 and COPD at the circulating level. This study not only
demonstrated that IL-36 induces COPD by promoting neutrophilic inflammation but also indicated the possibility of IL-36 as
a novel predictor of COPD severity. Although this study focuses more on clinical findings than on the molecular mechanisms
underlying this phenomenon, further research is expected to bring new breakthroughs in the treatment of COPD.

Data Sharing Statement

Experimental data related to this study can be obtained from the corresponding author upon reasonable request.
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All studies involving human participants were conducted in accordance with the standards specified by the Ethics
Committee of Shandong Provincial Qianfoshan Hospital. This study is in line with the Declaration of Helsinki.
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