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Background: Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease characterized by neutrophils airway 
infiltration. It is currently known that Interleukin-17 (IL-17) is an important pro-inflammatory factor. It can promote the accumulation 
of neutrophils and participate in the chronic inflammatory process of COPD. However, the value of IL-17 levels in the diagnosis and 
assessment of COPD remains controversial. In view of this, we conducted a systematic review and meta-analysis to assess its 
relevance.
Methods: We searched databases such as PubMed, Web of Science, Cochrane Library and Embase to extract original research.
Results: A total of 10 studies with 2268 participants were included in this meta-analysis. The results showed that the level of serum 
IL-17 in patients with stable COPD was significantly higher than that in healthy controls (standard mean difference SMD, 1.59, 95% 
CI 0.84–2.34; p<0.001). Compared with the stable COPD group, the serum IL-17 level in acute exacerbation (AECOPD) was 
significantly higher (SMD, 1.78, 95% CI 1.22–2.33; p<0.001). The level of IL-17 in sputum of COPD patients was also higher than 
that of healthy controls (SMD, 2.03, 95% CI 0.74–3.31; p<0.001).
Conclusion: Our results showed that IL-17 levels were elevated in serum and sputum in COPD patients compared with healthy 
controls, and IL-17 levels increased with disease progression. IL-17 serves as a potential biomarker to indicate the persistence of 
neutrophilic inflammation and exacerbation of COPD.
Keywords: chronic obstructive pulmonary disease, Interleukin-17, proinflammatory factor, meta-analysis

Introduction
Chronic obstructive pulmonary disease is a common, incurable, heterogeneous disease characterized by persistent airway 
inflammation and irreversible airflow limitation.1 About 3 million people worldwide die from the disease every year.2 

COPD has been reported to be associated with multiple factors, including systemic and local inflammation, air pollution, 
and a sedentary lifestyle,3–5 Although the pathogenesis of COPD is unknown, it is well known that the chronic 
inflammatory response of the airways and lung parenchyma caused by cigarette smoke is the main cause of COPD.6,7 

The toxic chemicals in cigarette smoke cause abnormal airway inflammation, which triggers the release of chemokines 
and promotes infiltration of neutrophils and other inflammatory cells into the airways. Accumulated neutrophils can 
produce and release a variety of pro-inflammatory mediators and enzymes, including neutrophil elastase (NE) and matrix 
metalloproteinases, which together contribute to the development of chronic bronchitis and emphysema.8–10

Interleukin-17 (IL-17) is considered to be one of the important pro-inflammatory factors involved in the persistent 
development of COPD airway inflammation. IL-17 is mainly secreted by helper T cells (Th) 17, and induces neutrophil 
activation by inducing chemokine to produce IL-17.11 Smokers with COPD showed higher levels of IL-17, p53 and 
plasminogen activator inhibitor-1 (PAI-1) than healthy smokers (HSs) and healthy controls (HCs).12 In experiments using 
bleomycin-induced inflammation in alveolar basal epithelial cells simulating in vitro inflammation, upregulation of IL-17 
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promoted alveolar basal epithelial cell motility and increased production of p53 and PAI-1. By raising p53 and PAI-1, IL- 
17 encourages neutrophil infiltration and lung damage. Alveolar epithelial cells can undergo apoptosis when exposed to 
both p53 and PAI-1; however, PAI-1 prevents neutrophil apoptosis and fibrinolysis in lung tissue. Additionally, IL-17 
stimulates the production of IL-8, granulocyte-colony stimulating factor (G-CSF), and C–X–C motif chemokine ligand 2 
(CXCL2), which draws in neutrophils and causes them to produce neutrophil elastase and myeloperoxidase, leading to 
the breakdown of the alveolar wall and the development of emphysema. Meanwhile, IL-17 was also found to promote 
airway remodeling in COPD. COPD-related lung structural remodeling can result in permanent airflow obstruction.13 In 
addition, cigarette smoke stimulation leads to increased IL-17 secretion in COPD patients, making COPD acutely 
exacerbated and thus contributing to disease progression.14

IL-17 promotes inflammatory response and participates in the pathological process of autoimmune diseases.15–17 

Overproduction of IL-17 induces the expression of a large number of inflammatory factors, which may lead to conditions 
such as reduced tissue flexibility and tissue fibrosis.18 In rheumatoid arthritis (RA), IL-17 acts locally on synovial cells 
and osteoblasts, causing synovitis and joint destruction.19 In studies related to periodontitis it has been reported that 
neutrophil infiltration, triggering upregulation of IL17/Th17 responses, and Th17-driven mucosal inflammation lead to 
destruction of tooth-supporting bone.20 It has also been reported that the pro-inflammatory cascade controlled by the IL- 
23/IL-17 axis is thought to be the most important factor in the immunopathogenesis of psoriasis. il-23 plays a role in the 
differentiation and activation of Th 17 cells. In the presence of bacteria and fungi, IL-17 A induces chemokine expression 
in keratin-forming cells, induces the production of pro-inflammatory cytokines and leads to an immune response in the 
skin.21 However, the expression status and biological function of IL-17 in COPD are still unclear. To explore the 
relationship between IL-17 and COPD, we conducted a meta-analysis to assess the relationship between the two.

Methods
Data Source and Search Strategy
We systematically searched PubMed, Web of Science (WOS), Excerpted Medical Database (Embase), The Cochrane 
Library and review article reference lists without regard to publication date, status or language. The search terms were 
[“pulmonary disease, chronic obstructive” (MeSH Terms) or “chronic obstructive pulmonary disease” or “COPD” or 
“COAD” or “chronic obstructive airway disease” or “chronic obstructive lung disease” or “emphysema” or ‘chronic 
bronchitis’] and [“Interleukin-17”(MeSH Terms) or “IL-17”]. Only articles published in English were included. These 
search strategies can be found in the Supplementary Material and Table S1.

Eligibility Criteria
Eligible studies must meet all of the following criteria: describe the relationship between IL-17 and COPD; give specific 
concentrations of IL-17; provide control and COPD IL-17 levels; provide sufficient patient data to calculate standard mean 
Differences (SMD) and their 95% confidence intervals (CIs); COPD patients were diagnosed according to the criteria of the 
American Thoracic Association or the Global Chronic Obstructive Pulmonary Disease Initiative; included in the physical 
examination and laboratory tests without disease or abnormality, and healthy without symptoms of infection.

Exclusion Criteria
Conference abstracts, editorials, letters, reviews, meta-analyses; studies without a control group; Patients on nutritional 
support; patients with a history or diagnosis of respiratory disease other than asthma, allergy or COPD; patients with 
other immune system disorders were excluded, and animal experiments.

Data Extraction
Screening information was independently performed by two investigators from the original study. If relevant, the full 
article is retrieved. In these articles, references citing relevant reviews or original studies were also accessed to identify 
other eligible studies. Any disagreements between reviewers were resolved by a third researcher.
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Quality Assessment
The following data information was extracted from the original included studies independently by two reviewers (DX 
and YY): Publication information (name of first author, year of publication), patient and control characteristics (country, 
sample size, mean age, sex, smoking status; extracted patient status, control status, and exposure assessment), and 
outcome variables (IL-17 concentration), and the predicted first second of forced expiration (FEV1). Any disagreements 
were resolved by consensus by a third reviewer. The Newcastle-Ottawa Scale (NOS) was used to assess the quality and 
bias of case control and cohort studies (Table S2).

The quality of included studies was independently assessed by two reviewers, YY and ZJ, using the Newcastle- 
Ottawa Quality Assessment Scale (NOS). NOS is a semi-quantitative scale consisting of three dimensions: selection (4 
items), comparability (1 item), and degree of exposure (3 items), termed to assess case-control studies and cohort studies. 
A “star system” (range, 0–9) was developed for assessment. Studies with an overall score of ⩽3 were considered low- 
quality, 4–6 were considered moderate quality, and 7–9 were considered high-quality.

Statistical Analysis
The results of the meta-analysis were mainly to assess differences in IL-17 concentrations between healthy subjects, 
stable patients, and patients with acute exacerbations. The data we extract are all continuous. Forest plots for continuous 
data were constructed using standardized mean difference (SMD) and 95% confidence intervals (CIs). P< 0.05 was 
considered statistically significant. Because heterogeneity cannot be ignored, we used a random-effects model approach 
to calculate combined effect sizes and the I2 test to quantify heterogeneity between studies (I2< 25%, no heterogeneity; I2 

between 25% and 50%, moderate heterogeneity; I2 between 50% and 75%, large heterogeneity; and I2> 75%, extreme 
heterogeneity). If there is significant heterogeneity, a sensitivity analysis is required. If the number of included studies 
exceeds 10, a funnel plot will be used to evaluate.22 Egger’s23 and Begg’s24 tests were also used to assess publication 
bias. All reported P-values are two-sided, and P<0.05 was considered statistically significant.

Results
Description of Included Studies
The literature search initially detected 2044 records, and 1530 records remained after screening out duplicate entries. 
After screening the titles and abstracts, 308 studies remained. Among these results, 298 studies that did not meet the 
inclusion criteria were excluded. Finally, 10 studies were included in this systematic review and meta-analysis, all of 
which were case-control studies (Figure 1).11,25–33 The population baseline characteristics and characteristics of the 
included studies are summarized in Table 1. All case-control studies were of moderate quality according to NOS scoring 
criteria.

Serum IL-17 in Stable COPD Vs Control
A total of 811,25,26,29–33 out of 10 studies reported a correlation between serum IL-17 concentrations in stable COPD and 
controls. The forest plot showed that the serum IL-17 concentration in stable COPD patients was significantly higher than 
that in the control group (SMD: 1.77; 95% CI: 1.18–2.36; P<0.001; Figure 2). Due to the observed large heterogeneity 
(I2=91.04%; P<0.001), we performed a sensitivity analysis (Supplementary Figure 1), after excluding each study in turn 
from the pooled analysis, exclusion of any particular study did not affect the conclusions. In addition, the included 
studies were free of publication bias (Begg’s test z = 0.12, p = 0.902; Egger’s test P = 0.656). Supplementary Figure S2 
shows Egger’s test plot. Supplementary Figure S3 shows Begg’s test plot.

Serum IL-17 in AECOPD Vs Stable COPD
Six studies reported the association of AECOPD with serum IL-17 concentrations in patients with stable COPD.25,26,29–31,33 

We found that serum IL-17 concentrations were significantly higher in patients with AECOPD compared with patients with 
stable COPD (SMD: 1.78; 95% CI: 1.22–2.33; P<0.001; Figure 3).
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Sputum IL-17 in Stable COPD Vs Control
A total of two studies reported the correlation of sputum IL-17 concentrations in COPD patients and controls.27,28 The 
study showed that the sputum IL-17 concentration of COPD patients was higher than that of the control group (SMD: 
2.03; 95% CI: 0.74–3.31; P<0.001; Figure 4).

IL-17 and Lung Function
Five studies mentioned the association between IL-17 concentrations and lung function, but only two provided complete 
measurement data, so we could only perform a systematic review of them, not a meta-analysis (Table 1). Kubysheva et al26 

reported that the concentration of IL-17 in blood was negatively correlated with FEV1% (r=−0.55, p<0.001). Chen et al31 

found that FEV1/FVC and FEV1% in stable COPD group and AECOPD group were significantly lower than those in control 
group, p<0.05; FEV1/FVC and FEV1% in AECOPD group were significantly lower than those in stable COPD group. 
Sheng et al11 observed that serum IL-17 expression in stable COPD patients was negatively correlated with FEV1/FVC 
(p<0.001; regression equation: ^Y=−0.969–0.008X). Zou et al29 also found that serum IL-17 levels (r=−0.562, p<0.001) were 
significantly negatively correlated with predicted FEV1%. Li et al28 reported that sputum IL-17 was negatively correlated with 
predicted FEV1% (r=−0.522, p<0.001) and FEV1/FVC (r=−0.667, p<0.001). In conclusion, IL-17 concentrations were 
inversely correlated with lung function.
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Figure 1 Study selection process: PRISMA flow diagram identifying studies included in the meta-analysis. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. Creative Commons.34 

Abbreviation: PRISMA, Preferred reporting Items for systematic reviews and Meta-analyses.
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Table 1 Characterstics of the Included Studies

Study Year Country Sample 
Size

Age Sex Male/Female Smoking 
Status

Reversibility 
Test

FEV1% FEV1%FVC% NOS

Case Control Case Control Case Control Case Control

AE S HS HNS AE S HS HNS AE S HS HNS AE S HS HNS

Nailga kubysheva 2020 Russia 79 NR 63.1±9.6 NR NR 50/ 
8

NR Current- 
smokers

Yes 55.3±21.2 NR NR 50.5 
±13.0

NR 6

CHENQZNGYUN 2019 China 120 60.76 
±9.85

60.84 
±10.94

61.03±10.53 19/ 
17

26/ 
24

20/20 EX-smokers NO NR NR NR NR 6

LiWei 2018 China 165 67±7.75 NR 49/32 NR EX-smokers NR NR NR NR NR 6

Shenghua Jiang 2018 China 105 NR <70 (33) 
44%

<70 (16) 53.3% NR NR NR Current- 
smokers

NR NR NR NR NR

≥70 (39) 
56%

≥70 (14) 46.7% NR 47/ 
28

15/15 NR NR NR 6

Q-Z 2018 China 105 50.47 
±8.54

50.65 
±8.19

50.53±8.25 23/ 
19

15/ 
13

21/14 EX-smokers NO NR NR NR NR 6

YongZou 2017 China 160 63.9 
±9.7

62.8±10.8 63.4±8.8 39/ 
21

42/ 
18

28/12 EX-smokers Yes NR 52.3 
±6.5

84.8±4.3 NR 55.0 
±10.1

84.8±4.3 5

HuayingWang 2015 China 131 68±7 66±7 67±10 64±8 28/ 
5

26/ 
6

32/ 
3

18/13 EX-smokers NR 36.4 
±7.2

53.4 
±8.8

98.3±7.7 103.6±7.3 26.7 
±3.2

43.8 
±4.4

81.6 
±5.8

82.3 
±6.1

5

HaijunLi 2015 China 63 56.75±10.70 53.43 
±7.72

35.57 
±9.73

20/1 20/ 
1

20/1 EX-smokers NR 52.44±21.83 113.54 
±14.68

109.48 
±18.64

49.45±13.03 80.16 
±5.40

80.75 
±7.92

6

XiangNanLi 2015 China 108 65±8 67±5 62±7 NR NR NR Current- 
smokers

NR 35±3.22 43±7.14 110±15.09 NR 41±5.12 59±8.43 89±4.25 NR 6

Lizhang 2013 China 139 62.01 
±2.74

60.71 
±2.81

60.2 
±2.1

60.3 
±1.7

19/ 
6

17/ 
6

17/ 
6

17/5 Current- 
smokers

NR 35.13 
±8.57

72.9 
±12.44

92.5±4.4 93.4±4.3 52.73 
±8.87

66.06 
±9.70

82.8 
±6.8

83.2 
±6.7

5

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1%, Percent forced expiratory volume in one second; FVC, Forced vital capacity NOS, Newcastle-Ottawa Quality Assessment Scale; NR, not recorded.
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Discussion
There have been few meta-analyses of IL-17 concentrations and COPD in previous studies. The purpose of this meta- 
analysis was to evaluate the relationship between the pro-inflammatory factor IL-17 and COPD. A total of 10 studies 

Figure 2 Forest plot of the serum IL-17 level between SCOPD and control patients. 
Abbreviations: SCOPD, stable chronic obstructive pulmonary disease; AECOPD, acute exacerbation chronic obstructive pulmonary disease; SMD, standard mean 
difference.

Figure 3 Forest plot of the serum IL-17 level between AECOPD and SCOPD patients. 
Abbreviations: SCOPD, stable chronic obstructive pulmonary disease; AECOPD, acute exacerbation chronic obstructive pulmonary disease; SMD, standard mean 
difference.

Figure 4 Forest plot of the sputum IL-17 level between COPD and control patients. 
Abbreviations: SCOPD, stable chronic obstructive pulmonary disease; AECOPD, acute exacerbation chronic obstructive pulmonary disease; SMD, standard mean 
difference.
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were included, all of which were case-control studies. The comprehensive analysis results showed that the serum IL-17 
concentration in stable COPD was significantly higher than that in the control group, and the serum IL-17 concentration 
in AECOPD was significantly higher than that in stable COPD; the sputum IL-17 concentration in COPD patients was 
significantly higher than that in the control group. Sensitivity analyses that excluded low-quality trials and studies that 
included only patients with special medical conditions did not alter these results. The research on the relationship 
between IL-17 and lung function has a small sample size and data, and needs to be further explored in the next work. 
Based on the above results, we can clarify the clinical significance of IL-17 expression, monitor the response of existing 
and new treatment strategies, and help doctors make accurate treatment decisions.

The etiology and pathogenesis of COPD have not been fully elucidated. Systemic and local chronic inflammation is 
recognized as the underlying cause.35,36 Adaptive immune processes are implicated in the pathogenesis of COPD. It has 
been hypothesized that susceptibility to COPD may arise by a shift from the non-specific innate response present in every 
smoker toward an adaptive immune response with features typical of autoimmune processes.6,37 An in vitro experiment 
investigated the process of tissue renewal and damage of IL-17 in bronchial and distal airway epithelial cells from COPD 
patients, further confirming the role of IL-17 in the induction of inflammatory gene expression in airway epithelial cells 
during COPD.38 It was also clarified that smoking habit can increase IL-17 expression in two regions in COPD patients. 
It has been observed that COPD and healthy smokers have increased numbers of IL-17 cells in the submucosa of the 
bronchi, where T cells may represent an important source of this cytokine in the presence of smoking habits.39 In 
addition, studies have shown that upregulation of Th17 may be associated with cigarette smoke in mouse lung tissue.40 

Together with our findings, these data support a role for Th17 immunity in the pathogenesis of COPD, in relation to risk 
factors for smoking.

IL-17 is a pro-inflammatory cytokine secreted by Th17 cells after activation, which can accumulate neutrophils into 
the airways, aggravate the inflammatory response, and cause airway damage. At the same time, IL-17 is also the initiator 
of many inflammatory mediators.41 Studies have confirmed that IL-17 can promote the secretion of IL-6 and tumor 
necrosis factor alpfa (TNF-α), which in turn promotes airway fibrous connective tissue remodeling and smooth muscle 
proliferation, and is involved in COPD airway remodeling.15,33,42 Additional reports have confirmed that neutrophils 
mediate the formation of IL-1β and promote neutrophil recruitment to the airways. IL-1β can promote IL-17 expression 
in the lung by increasing the number of IL-17-producing T lymphocytes (αβ T cells and γδ T cells)43,44 and thus 
contribute to the progressive development of COPD.

Biomarkers are defined as the objective measurable characteristics indicative of normal biological processes, 
pathogenic processes and prognosis that predict pharmacological response to therapeutic interventions. The development 
of biomarkers that identifies the endotypes most likely to respond to targeted drug therapy is essential for precision 
medicine.45 Although there are many studies on serum biomarkers, so far they have not been validated, however, some 
studies on blood-based markers have shown promising results. IL-17 as a biomarker showed that serum IL-17 
concentrations in patients with stable COPD were significantly higher than those in healthy controls, and Serum IL-17 
concentrations in AECOPD were significantly higher than those in stable COPD. Roos et al analyzing IL-17 expression 
in lung tissue samples from patients with stable COPD found increased numbers of IL-17+ cells in COPD patients. This 
is consistent with our findings. They further demonstrated that mast cells are primary cells expressing IL-17A in 
advanced COPD.46 Therefore, IL-17A may contribute to the progression of advanced COPD.47 Another study showed 
that AECOPD patients had significantly higher serum IL-17 concentrations than stable COPD patients, which were lower 
than healthy controls.48 This differs from our results. These differences may be different from the types and doses of 
long-term medication COPD patients take, and the severity of COPD stages. In addition, IL-17 is mainly secreted by IL- 
17-producing T lymphocytes, including αβ T cells and γδ T cells, both of which are induced by IL-1β in COPD lung 
tissue and BLF43,44. It can be seen that COPD is caused by the interaction of various inflammatory mediators, resulting in 
systemic and local inflammatory responses. Our analysis also showed that COPD patients had significantly higher 
sputum IL-17 concentrations than healthy controls. Previous studies have found that the concentration of IL-17 in the 
bronchial mucosa and sputum of COPD patients is increased, and the number of IL-17+ cells is increased,39,49–51 This is 
consistent with our aggregated results. Furthermore, it has been reported that serum IL-17A concentrations in COPD 
patients were inversely correlated with predicted FEV1%.29,33 We also systematically reviewed the negative correlation 
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between serum IL-17 and lung function in this article, and the results were consistent. The relationship between IL-17 
and COPD is not limited to clinical studies. Shan et al used quantitative microcomputed tomography (CT) to show that 
Il-17a−/− mice exposed to cigarette smoke for 16 weeks did not increase lung volume and lung density, whereas Il-17a 
overexpression resulted in increased lung volume and lung density lower.52 Based on these findings, IL-17 may be 
a useful prognostic biological indicator in COPD. There are, however, conclusions that differ from ours, and there are so 
many influencing factors in COPD. As stated in the text, IL-17 interacts with other cytokines, so, we cannot rely on IL-17 
alone to evaluate the development of the disease and its prognosis. There are many factors that influence the prognosis of 
COPD, such as age, lung function, comorbidities, medication use, frequency of hospitalisation, and smoking cessation. 
Therefore, we cannot limit ourselves to analysing IL-17 as a specific prognostic factor for disease. In future work we 
need to be more rigorous and comprehensive in our research.

Despite our use of an international standard for GOLD diagnosis and a robust case-control study design, there is 
significant heterogeneity in this study. The existence of heterogeneity may have the following reasons: First, although the 
included COPD patients were judged by GOLD criteria, the clinical variability of the patients was uncontrollable; 
Second, as mentioned above, the research subjects are different in the types and doses of therapeutic drugs. When 
analyzing subgroup data, the impact of drug intervention cannot be accurately assessed due to insufficient original data; 
Finally, IL-17 is an initiator of many inflammatory mediators that interact to exert a pro-inflammatory response, so other 
pro-inflammatory factors activated by IL-17 can also affect the expression of IL-17+ cell numbers. Therefore, we adopted 
a random-effects model to ensure the stability of the meta-analysis results.

It is worth noting that some of the limitations of this meta-analysis and systematic review itself will also have an 
impact on our evidence. First, due to the small sample size and incomplete data, the aggregated results are inaccurate, and 
some statistical results are of little significance; second, the data in this study are published studies, and publication bias 
cannot be avoided; finally, the few included studies were unable to assess publication bias.

Conclusion
COPD is a chronic inflammatory disease that causes high rates of disability and mortality worldwide. increased 
expression of IL 17 A contributes to the progression of COPD. Various studies based on COPD have found that the pro- 
inflammatory role of IL-17 in COPD is manifested in the following ways: First, IL-17 inhibits inflammation-associated 
mediators and cellular autophagy and promotes airway remodelling. Secondly, IL-17 increases CXCL 1, CXCL 2 and 
CXCR 2 by promoting the expression of p53 and PAI-1, thereby inducing neutrophil recruitment and triggering 
inflammation. Finally, IL-17 interacts with a variety of cytokines to trigger inflammation. Therefore, there is substantial 
evidence that T lymphocytes are increased in the lungs of COPD patients. But these findings also bring us many 
questions. How do T lymphocytes interact with other immune and non-immune cells in the body? What is the role of 
signalling pathways of immune cell differentiation in immune regulation and pathogenesis? Can targeted therapy achieve 
satisfactory results in the treatment of COPD?

It is well known that the treatment of COPD is constantly advancing. However, the most critical knowledge deficit 
remains our inability to predict the risk of active or former smokers developing progressive lung disease. Ideally, 
interventions should focus on smoking cessation, but smokers should also be assessed for evidence of autoreactive 
inflammation using non-invasive tools to provide prognostic information. Studies on targeted therapies are also emerging, 
but anti-IL-17 monoclonal antibodies have not shown significant results in the treatment of patients with severe COPD. 
Defining molecular COPD phenotypes and identifying molecular COPD phenotypes with IL-17 characteristics consistent 
with treatment targeting IL-17 signaling are important strategies for future treatment. There are still many challenges in 
the pathogenesis of cigarette smoke-induced COPD, and we need to develop more effective animal models that 
realistically replicate the natural history, pathological features, and comorbidities of COPD in humans, as well as explore 
new treatment approaches.
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