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Background: Antimicrobial peptides are effectors of host defence against infection and 

inflammation and can encourage wound repair.

Objectives: The objectives of this study were to investigate the plasma antimicrobial peptide 

LL-37 and nuclear factor-kappaB (NF-κB) levels in patients with stable COPD compared with 

a control group and to highlight their importance in immune inflammation.

Methods: One hundred and thirty-eight stable COPD patients and 33 control subjects were 

enrolled in the study. The COPD patients were classified into four groups based on FEV
1
 

(groups I–IV) and also divided into “low-risk and high-risk” groups (groups A–B [low risk], 

C–D [high risk]).

Results: Plasma LL-37 levels were significantly lower while plasma NF-κB levels of the COPD 

patients were significantly higher than those of the control subjects (P,0.001, both). LL-37 levels 

were significantly lower in group IV than in groups I, II, and III (P,0.01, all). NF-κB levels 

were significantly higher in groups III and IV than in groups I and II (P,0.05, both). There was 

a positive correlation between FEV
1
 and FEV

1
/FVC in all COPD patients (r=0.742, P,0.001) 

and in group D (r=0.741, P,0.001). Furthermore, there was an inverse correlation between 

LL-37 and NF-κB in both the groups C (r=-0.566, P,0.001) and D (r=-0.694, P,0.001) and 

group C+D combined (r=-0.593, P,0.001). Furthermore, in group C, LL-37 and FEV
1
 were 

positively correlated (r=0.633, P,0.001).

Conclusion: Our study indicated that plasma LL-37 and NF-κB may play an important role 

in chronic immune inflammation. Decreased LL-37 levels may be particularly high risk for 

patients in stage IV disease. The role of LL-37 as a target for treatment of the immune system 

and COPD must be widely evaluated.

Keywords: COPD, inflammation, antimicrobial peptide LL-37, nuclear factor kappaB

Introduction
COPD is common worldwide and has a major impact on the health care burden.1 The 

Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines COPD as a 

disease that is “usually progressive and associated with an enhanced chronic inflam-

matory response in the airways and the lung to noxious particles or gases.”2 COPD is 

characterized by a progressive inflammation of the airways, the alveoli, and the micro-

vasculature; which among these aspects are preventable and treatable is still debatable.1

Cathelicidin is a kind of protein present in the innate immunity of mammals and 

serves as precursor molecule that can release an antimicrobial peptide after proteo-

lytic cleavage.3 Cathelicidin (LL-37 or hCAP-18) is a small cationic peptide pro-

duced by neutrophils, monocytes, macrophages, mast cells, natural killer (NK) cells, 
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B and T cells, epithelial cells, and keratinocytes. Cathelicidin 

kills a wide range of infectious agents including gram-

positive and gram-negative bacteria and some viruses and 

fungi by disrupting their membranes, and it neutralizes the 

activity of bacterial endotoxins, thus playing a vital role in 

antimicrobial defense.4,5 Studies investigating the role of 

this protein in COPD indicate that LL-37 may contribute to 

the progression of the disease by increasing airway mucus 

production in COPD.6–8

Nuclear factor-kappaB (NF-κB) is a crucial transcription 

factor in a wide range of inflammatory networks that regulate 

cytokine activity in airway pathology.9 It has been reported 

that activated NF-κB levels are increased in bronchial biop-

sies and inflammatory cells of individuals with COPD.10,11

LL-37 induced the activation of the NF-κB signaling 

pathway by the evaluation of Iκ-Bα phosphorylation/

degradation and NF-κB p50/p65 nuclear subunit translo-

cation. Then, this activated signaling pathway led to the 

LL-37-stimulated production of IL-6. The LL-37-mediated 

activation of the NF-κB signaling pathway in airway epithe-

lial cells is a novel effect of this host defense peptide.12 The 

effect of LL-37 on NF-κB is conflicting in COPD. NF-κB 

seems to have a key role in airway inflammation in COPD.

To the best of our knowledge, there is no study yet of 

the association of plasma LL-37 and NF-κB levels in stable 

COPD. Therefore, the primary aim of this study was to 

evaluate the plasma antimicrobial peptide LL-37 and NF-κB 

levels in stable COPD patients and compare it with a control 

group to highlight their importance in chronic immune 

inflammation.

Materials and methods
The present study was conducted with the approval of the 

ethics committee of Cerrahpasa Medical Faculty, Istanbul 

University, and written informed consent was provided by 

all the participating subjects. This study was conducted in 

accordance with the tenets of the Declaration of Helsinki. 

This is a prospective study conducted in the Acibadem 

University School of Medicine, Acibadem Atakent Hospital, 

Department of Chest Disease and Yedikule Chest Disease 

and Chest Surgery Education and Research Hospital between 

May 2016 and December 2016. One hundred and thirty-

eight stable COPD patients and 33 controls were enrolled 

in this study. The COPD patients were diagnosed based on 

the 2016 GOLD, and they were classified into four groups 

based on FEV
1
 (groups I [mild], II [moderate], III [severe], 

and IV [very severe]). Another classification of patients 

were made according to the GOLD guidelines which uses 

a combined COPD assessment approach to group patients 

according to symptoms and previous history of exacerba-

tions. These can be found in the GOLD guideline.13 In this 

classification, patients were divided into “low-risk and high-

risk” groups (groups A–B [low risk], C–D [high risk]) based 

on the COPD risk according to the evaluation standards 

defined by the GOLD committee.

exclusion criteria
1. Respiratory disorders other than COPD, pulmonary embo-

lism, and left ventricular systolic or diastolic dysfunction

2. Comorbidities such as diabetes, chronic renal insufficiency, 

hyperthyroidism, hypothyroidism, hepatic dysfunction, 

and lower respiratory tract infection

3. COPD attack in the last 6 weeks

4. Presence of metabolic syndrome.

Thirty-three control subjects were selected from a group 

of healthy subjects who presented at the Department of Chest 

Diseases for regular health control or check-up. Detailed 

history was taken from all the participants, and physical 

examinations were performed. Spirometry tests were per-

formed in accordance with the criteria recommended by 

the European Respiratory Society (ERS) using a computer-

assisted spirometry (Vmax22D; Sensor Medics, CA, USA). 

Pulmonary function parameters such as FEV
1
, FVC, and 

FEV
1
/FVC ratio were measured, and the absolute values 

and the percentage of expected values of these parameters 

were analyzed.

laboratory analysis
sample collection and preparation
Venous blood samples were collected in the morning 

in tubes containing ethylenediaminetetraacetic acid and 

anticoagulant-free tubes after 12 hours fasting and before 

drug use. Plasma and serum samples were separated by 

centrifugation at 3,000× g for 10 minutes at 4°C, and then 

separated in microcentrifuge tubes and frozen immediately 

at -80°C until analysis.

Routine biochemical parameters were measured by the 

autoanalyzer (Hitachi Modular System; Hoffman-La Roche 

Ltd., Basel, Switzerland). Serum C-reactive protein (CRP) 

levels were measured by a nephelometric method (Immage 

800 Beckman Coulter, Brea, CA, USA). Complete blood 

count parameters were obtained with automatic hematology 

analyzer (Siemens-Sysmex, Germany). Erythrocyte sedimen-

tation rate (ESR) was measured according to the Westergren 

method with an established normal range (0–20 mm/h).
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Measurement of plasma antimicrobial peptide 
ll-37 levels
Plasma LL-37 levels were measured by a solid-phase ELISA 

kit based on the sandwich principle (Cat. No HK321; Hycult 

Biotech, the Netherlands). Calculated intra- and inter-assay 

coefficients of variation (CVs) were 4.7% (n=20) and 5.6% 

(n=20) for this kit, respectively.

Measurement of plasma nF-κB levels
Plasma NF-κB levels were measured by quantitative sandwich 

ELISA kit (Cat. No MBS260718; eBioscience, Austria). 

Calculated intra- and inter-assay CVs were 4.8% (n=20) and 

5.9% (n=20) for this kit, respectively.

statistical analysis
Statistical analyses were performed using the SPSS 20.0 (IBM 

Corporation, Armonk, NY, USA). All data were first checked 

for normality. Normally distributed continuous variables were 

presented as mean ± SD and analyzed by one-way ANOVA 

followed by Tukey’s multiple comparison tests. Pearson and 

Spearman’s correlations were used for numerical and nominal 

data, respectively. Receiver operating characteristic (ROC) 

analysis and area under the ROC curve (AUC) were used to 

assess the diagnostic accuracy. Differences were considered 

significant when the P-value was ,0.05.

Results
The demographic features of the patients and the control 

group are given in Table 1. As expected, severe and very 

severe groups have significantly lower FEV
1
 and FEV

1
/FVC 

levels than other groups (each P,0.001). The lowest plasma 

LL-37 levels were found in the very severe group. NF-κB 

levels in very severe group were significantly higher than 

other groups (P,0.001).

Clinical and laboratory findings of the groups were clas-

sified according to the GOLD criteria as given in Table 2. 

Bar graphs of LL-37 and NF-κB levels according to GOLD 

stages are depicted in Figures 1 and 2. FEV
1
 and FEV

1
/FVC 

in the C and D groups were significantly lower than controls 

and A and B groups (each P,0.001). FEV
1
 and FEV

1
/FVC 

in A and B groups were found to be lower than the control 

group (P,0.001). ESR levels were only found to be different 

in A and B groups and C and D groups as compared to the 

controls (P,0.05). CRP values were not significantly dif-

ferent among COPD stages, both in the A and B groups 

and control groups. CRP levels of the C and D groups were 

higher than the controls and A and B groups (P,0.01). 

Plasma LL-37 levels in the A and B groups (P,0.01) and 

the control group (P,0.001) were significantly higher than 

that in the C and D groups. Plasma LL-37 levels in the 

A and B groups were not different from the control group. 

The C and D groups had higher NF-κB levels than both the 

control and A and B groups (both P,0.001). There was no 

significant difference in NF-κB levels between the control 

group and A and B groups.

ROC analysis for clinical and laboratory findings for all 

groups is shown in Figure 3. There was a positive correla-

tion between FEV
1
 and FEV

1
/FEVC in all COPD patients 

(r=0.742, P,0.001) and in group D (r=0.741, P,0.001). 

Moreover, there was a negative correlation between LL-37 

and NF-κB in group C (r=0.566, P,0.001), group D 

(r=-0.694, P,0.001), and group C+D combined (r=-0.593, 

P,0.001). Furthermore, LL-37 and FEV
1
 were positively 

correlated (r=0.633, P,0.001) in group C.

Table 1 Demographic, clinical, and laboratory findings of the groups

Control  
(n=33)

Mild (group I) 
(n=34)

Moderate (group II) 
(n=35)

Severe (group III) 
(n=35)

Very severe  
(group IV) (n=34)

age (year) 58.45±6.61 58.35±13.39d3,e3 60.40±9.31d3,e3 66.46±11.88a3,b3 69.32±11.63a3,b3,c3

Female/male 16/17 11/23 14/21 7/28 9/25
FeV1 (%) 101.79±8.54 91.29±11.26a3,c3,d3,e3 67.80±2.86a3,b3,d3,e3 46.97±3.29a3,b3,c3,e3 27.38±2.04a3,b3,c3,d3

FeV1/FVC 83.70±4.50 67.53±4.64a2,c3,d3,e3 65.37±6.54a3,d3,e3 59.86±8.65a3,b3,c3,e3 43.91±3.38a3,b3,c3,d3

WBC (×103/μl) 7.16±1.51 8.92±2.99a1 7.59±2.07 8.13±2.67 10.03±3.46a2

Total protein (g/dl) 8.07±0.35 7.50±0.39a3 7.31±0.60a3 7.28±0.45a3 6.92±0.69a3

albumin (g/dl) 4.06±0.27 3.72±0.29 3.66±0.43 3.44±0.44 3.40±0.51

esr (mm/h) 10.61±8.56 19.68±16.75a3 18.73±11.13a3 22.17±14.26a3 22.03±14.77a3

CrP (mg/l) 0.32±0.18 0.60±0.60a1,d1 0.52±0.50 0.74±0.67a2,b1,e1 0.56±0.39a1,d1

ll-37 (pg/ml) 368±126 310±86c2,d2,e1 288±100a2,b2,e1 288±81a3,b3,e1 251±136a3,b3,c1,d1

nF-κB (ng/ml) 2.93±0.81 3.32±1.03c1,d1,e3 3.97±1.83a1,e3 3.95±1.71a1,e3 4.85±1.77a1,b1

Notes: 3P,0.001, 2P,0.01, 1P,0.05. avs Control, bvs mild COPD, cvs moderate COPD, dvs severe COPD, evs very severe COPD.
Abbreviations: WBC, white blood cell; esr, erythrocyte sedimentation rate; CrP, C-reactive protein; nF-κB, nuclear factor-kappaB.
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The effectiveness of the investigated biochemical param-

eters and clinical findings in the early recognition of patients 

with COPD was assessed using ROC analysis. Figure 4 shows 

the ROC curves for all biochemical parameters and clinical 

findings that we investigated for all patients. In addition, 

Tables 3–6 show the AUC, cutoff, sensitivity, and specificity 

values for all investigated parameters for controls vs 

C+D groups, A+B vs C+D groups, controls vs A+B groups, 

and controls and all patients, respectively. ROC analysis 

revealed that FEV
1
 and FEV

1
/FVC had the best diagnostic 

value in differentiating both disease severity and disease 

state prediction. Moreover, LL-37 has also been shown to 

be a good parameter for this purpose.

Discussion
Research-based evidence has indicated that infection and 

innate immunity play pivotal roles in COPD. Antimicrobial 

peptides are effector molecules of the innate immune system 

of the lung.14 In the current study, plasma LL-37 levels in the 

A and B groups and control group were significantly higher 

than that in the C and D groups. The C and D groups had 

higher NF-κB levels than both the control group and A and 

B groups. There was also a positive correlation between 

LL-37 and FEV
1
, and LL-37 and FEV

1
/FVC, while there 

was a negative correlation with NF-κB in all COPD patients. 

The role of LL-37 as a human cathelicidin antimicrobial 

peptide in the pathogenesis of COPD has been previously 

reported.6–8 LL-37 might be regulated by inflammatory 

stimuli in COPD. Pistolic et al12 reported that LL-37 activates 

the NF-κB signaling in human airway epithelial cells, leading 

to both pro-inflammatory and anti-inflammatory effects by 

activating different molecules such as IL-6 and IL-8. Thus, 

we speculated that LL-37 might be inhibited by the activating 

properties of NF-κB in COPD.

The role of LL-37 in COPD has been evaluated by many 

studies, with conflicting results. Low LL-37 was found to be 

associated with poor prognosis in several conditions such as 

chronic dialysis,15 sepsis,16 neutropenia of various etiologies,17 

psoriasis,18 and tuberculosis (TB)19 as well as COPD. In these 

patients, the results are controversial as in COPD. Jiang et al20 

found that COPD III + IV patients had increased LL-37 levels 

Table 2 Clinical and laboratory findings of the groups according to GOLD stage

Control (n=33) A and B groups (n=69) C and D groups (n=69)

FeV1 (%) 101.79±8.67 79.38±14.41a3,c3 37.32±10.25a3,b3

FeV1/FVC (%) 83.70±4.57 66.43±5.83a3,c3 52.00±10.42a3,b3

WBC (×103/μl) 7.16±1.51 8.24±2.65a1 9.07±3.23a3

Total protein (g/dl) 8.07±0.35 7.40±0.52a3,c2 7.10±0.61a3,b2

albumin (g/dl) 4.06±0.27 3.69±0.37 3.42±0.48
esr (mm/h) 10.61±8.56 19.19±14.29a2 22.10±14.62a3

CrP (mg/l) 0.32±0.18 0.55±0.56a1 0.65±0.56a2

Notes: 3P,0.001,2P,0.01,1P,0.05. avs control, bvs a and B groups, cvs C and D groups.
Abbreviations: WBC, white blood cell; esr, erythrocyte sedimentation rate; CrP, C-reactive protein; gOlD, The global Initiative for Chronic Obstructive lung Disease.

Figure 1 ll-37 levels according to gOlD stages.
Abbreviation: gOlD, The global Initiative for Chronic Obstructive lung Disease.

κ

Figure 2 nF-κB levels according to gOlD stages.
Abbreviations: nF-κB, nuclear factor-kappaB; gOlD, The global Initiative for 
Chronic Obstructive lung Disease.
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as compared to COPD I + II patients. Our findings differ 

from these results. This contradictory result may be likely 

attributed to the limited number of patients in Jiang et al’s 

study.20 Furthermore, the specimen type might be the reason 

for these differences, because significant incensement found 

in sputum, not serum samples, and they also stated that local 

production might be the cause of elevated LL-37 in sputum. 

The lowest plasma LL-37 levels were obtained from the very 

severe group in our study. There was also a positive cor-

relation between FEV
1
 and LL-37. LL-37 levels in sputum 

and bronchoalveolar lavage fluid (BALF) are upregulated in 

COPD patients.21,22 Similar to our results, Yang et al7 found 

that the plasma LL-37 levels were lower in COPD patients 

with high risk of frequent exacerbations than normal sub-

jects. Low plasma levels of LL-37 might be predictors of 

exacerbation risk in COPD patients. Moreover, there was a 

negative association between LL-37 levels and the frequency 

of hospitalization for COPD exacerbations in these high-risk 

patients. Sun et al23 reported that LL-37 levels in BALF 

samples were significantly higher in patients with early stage 

COPD (GOLD I–II) than healthy individuals. The same was 

true for epithelial lining fluid (ELF). They found that patients 

with advanced COPD (GOLD III–IV) had significantly 

diminished LL-37 levels in both the BALF and ELF samples. 

κ

Figure 3 ROC analysis for clinical and laboratory findings.
Abbreviations: rOC, receiver operating characteristic; nF-κB, nuclear factor-kappaB.
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In addition, the significantly increased LL-37 levels both in 

BALF and ELF in patients with COPD at GOLD stages I–II 

together with reduced levels in advanced COPD (GOLD 

stages III–IV) further support the involvement of innate 

immunity in COPD pathology and suggest a profound 

change in non-specific immunity during disease progression. 

In our study, there was also a positive correlation between 

FEV
1
 and LL-37 in group IV. According to ROC analysis, 

κ

κ

κ

Figure 4 Correlation graphics of groups: (A) Correlation between FeV1/FeVC and FeV1 in all COPD patients; (B) correlation between ll-37 and nF-κB in group C; 
(C) correlation between ll-37 and nF-κB in group D; (D) correlation between FeV1 and FeV1/FeVC in group D; (E) correlation between ll-37 and FeV1 in group D; and 
(F) correlation between nF-κB and ll-37 in group C+D.
Abbreviation: nF-κB, nuclear factor-kappaB.
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LL-37 has the best sensitivity (84%) to distinguish groups 

C and D from groups A and B. Despite all the complexity, 

the assessment of exacerbation risk is important in accurate 

COPD grading. Respiratory tract infection is the most com-

mon cause of COPD exacerbation. LL-37 is the only known 

human cathelicidin antimicrobial peptide to play a crucial role 

in innate defense against infection. Detection of decreased 

LL-37 levels could help to differentiate patients with high 

risk of COPD exacerbations. Accordingly, LL-37 could act 

as a good indicator of exacerbations in COPD. Our results 

have shown that LL-37 may play a role in protecting against 

infection and/or the development of COPD. Therefore, treat-

ment with LL-37 may provide a means to increase systemic 

levels of LL-37, thereby enhancing protection against infec-

tion and/or development of COPD.

Studies on sputum showed that LL-37 levels in induced 

sputum of COPD patients were significantly higher than 

control subjects, with inverse correlations between sputum 

LL-37 levels and FEV
1
%. LL-37 synthesis polypeptide can 

induce apoptosis of bronchial epithelial cells and alveolar 

epithelial cells and promote the release of inflammatory 

factors.24,25 Induced sputum LL-37 levels were significantly 

higher in I + II COPD and III + IV COPD patients compared 

with healthy non-smokers and healthy smokers (I + II COPD 

patients vs III + IV COPD patients vs healthy non-smokers 

vs healthy smokers).25 LL-37 may play an important role 

in the pathogenesis of COPD. These results suggested that 

LL-37 may be a valid biomarker for disease activity and 

progression in COPD.25

Mansbach et al26 found similar results as ours in a large 

multicenter study of infants hospitalized with bronchiolitis, 

wherein lower levels of serum LL-37 were associated with 

increased severity of illness. There was also an inverse rela-

tionship between LL-37 levels and the most common virus 

causing bronchiolitis (respiratory syncytial virus). These 

findings highlight the role of LL-37 in the pathogenesis of 

bronchiolitis. Hizal et al27 found that serum LL-37 levels 

were significantly lower in systemic sclerosis patients with 

interstitial lung disease (ILD). Decreased LL-37 levels may 

be associated with the development of ILD. Majewski et al28 

established that the mean level of LL-37 was significantly 

higher in patients with TB than in those with gram-positive 

bacteria-induced pneumonia, with gram-negative bacteria-

induced pneumonia, and in healthy controls. Their observa-

tions clearly documented that cathelicidin LL-37 plays a 

role in defense mechanisms against infectious agents and 

is particularly important when the infection is caused by 

an intracellular pathogen. For this reason, LL-37 may be a 

possible novel therapeutic target in COPD.

To the best of our knowledge, there is no study of the 

association of plasma NF-κB and plasma LL-37 levels in 

the stable COPD. In the present study, we sought to inves-

tigate the clinical value of both plasma NF-κB and LL-37 

and their importance in chronic immune inflammation in 

COPD. We found that NF-κB levels in the very severe 

group were significantly higher than in other groups and 

that C and D groups had higher NF-κB levels than both the 

control group and A and B groups. The most likely factors in 

Table 3 ROC analysis for clinical and laboratory findings of controls and C+D groups

Control–CD AUC SE P-value 95% CI Cutoff Sensitivity (%) Specificity (%)

FeV1 (%) 1.000 0.000 #0.001 1.000–1.000 66.00 100 100

FeV1/FVC (%) 1.000 0.000 #0.001 1.000–1.000 73.00 100 100

CrP (mg/l) 0.309 0.052 #0.001 0.207–0.410 0.40 30.3 46.4

nF-κB (ng/ml) 0.261 0.048 #0.001 0.168–0.355 2.81 60.6 24.6

ll-37 (pg/ml) 0.727 0.058 #0.001 0.613–0.841 307 72.7 65.2

Note: Bold type indicates specificity and/or sensitivity values are greater than 80%.
Abbreviations: rOC, receiver operating characteristic; CrP, C-reactive protein; nF-κB, nuclear factor-kappaB; aUC, area under the curve.

Table 4 ROC analysis for clinical and laboratory findings of A+B and C+D groups

AB–CD AUC SE P-value 95% CI Cutoff Sensitivity (%) Specificity (%)

FeV1 (%) 1.000 0.000 #0.001 1.000–1.000 53.50 100 100

FeV1/FVC (%) 0.890 0.027 #0.001 0.836–0.944 57.50 91.3 63.8

CrP (mg/l) 0.419 0.049 0.099 0.323–0.515 0.44 42.0 46.4

nF-κB (ng/ml) 0.389 0.048 0.025 0.294–0.484 3.18 65.2 30.4

ll-37 (pg/ml) 0.680 0.046 #0.001 0.590–0.770 243 84.0 46.4

Note: Bold type indicates specificity and/or sensitivity values are greater than 80%.
Abbreviations: rOC, receiver operating characteristic; CrP, C-reactive protein; nF-κB, nuclear factor-kappaB; aUC, area under the curve.
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the occurrence of NF-κB activation in COPD are as follows: 

response to inflammatory mediators such as interleukin-1β 

and tumor necrosis factor-α or elicited by the activation 

of toll-like receptors during bacterial or viral exacerba-

tion.29 Higher levels of activated NF-κB are observed in 

the bronchial biopsies and inflammatory cells of COPD 

individuals.10,11 In our study, there were inverse correlations 

between LL-37 and NF-κB in all COPD patients and also 

between FEV
1
 and NF-κB in group IV. NF-κB has a pivotal 

role in airway inflammation in COPD. NF-κB pathway plays 

a critical role in regulating immune response and provides 

a link between immunity and inflammation. Most of the 

inflammatory proteins that are upregulated in COPD mac-

rophages are regulated by transcription factor NF-κB, which 

is activated in alveolar macrophages of patients with COPD, 

particularly during exacerbations. The source of NF-κB in 

the circulation in COPD is probably alveolar macrophages.30 

Glucocorticoids (GCs), a major treatment for COPD, has 

anti-inflammatory effects by inhibiting NF-κB-induced gene 

transcription. Targeting NF-κB signaling or GC-mediated 

transrepression of NF-κB is a potential intervention for 

steroid-refractory airway disease.9 In the near future, plasma 

NF-κB levels may be an important parameter for evaluating 

the severity of disease in COPD and monitoring response to 

treatment (GC treatment).

Pulmonary function tests (PFTs) are used to assess lung 

function and determine the degree of damage to lungs, in the 

diagnosis of COPD.31 PFTs are also commonly performed 

to define the grades (stages) of COPD. As expected, severe 

and very severe groups had significantly lower FEV
1
 and 

FEV
1
/FVC levels than other groups in our study. FEV

1
 

and FEV
1
/FVC in C and D groups were significantly lower 

than in controls and A and B groups. PFTs have the best 

sensitivity and specificity in separating all groups from each 

other in ROC analysis. Spirometry is a convenient, nonin-

vasive procedure that can be performed in all centers. PFTs 

with knowledge of normal values and flow volume curves 

should be interpreted with the patients’ clinical history and 

presentation. The criteria for the application and evaluation 

of spirometric measurements were defined by the American 

Thoracic Society/ERS. While many laboratories in our 

country use international standardization measurements, no 

national or local standard laboratory measurements have 

been processed in our national laboratories, yet. Therefore, 

plasma LL-37 can be used as a noninvasive method in con-

junction with PFTs.

The CRP and WBC as classic inflammatory markers in 

the diagnosis and definition of the severity of COPD may 

be independent predictors of the severity and clinical find-

ings in our study. In addition to PFTs, which is an essential 

component for the diagnosis and definition of COPD severity, 

the frequency of exacerbations, blood inflammatory markers 

(CRP and leukocyte count), plasma LL-37, and NF-κB levels 

should also be taken into consideration.32,33

There is rapidly growing evidence that mechanisms of 

surface (or innate) immunity could have a substantial impact 

Table 5 ROC analysis for clinical and laboratory findings of controls and A+B groups

Control–AB AUC SE P-value 95% CI Cutoff Sensitivity (%) Specificity (%)

FeV1 (%) 0.904 0.031 #0.001 0.844–0.964 91.00 90.9 84.1

FeV1/FVC (%) 1.000 0.000 #0.001 1.000–1.000 73.00 100 100

CrP (mg/l) 0.414 0.056 0.161 0.303–0.525 0.23 60.6 42.0

nF-κB (ng/ml) 0.330 0.053 0.006 0.226–0.435 3.37 30.3 42.0

ll-37 (pg/ml) 0.634 0.070 0.029 0.498–0.770 323 69.7 50.7

Note: Bold type indicates specificity and/or sensitivity values are greater than 80%.
Abbreviations: rOC, receiver operating characteristic; CrP, C-reactive protein; nF-κB, nuclear factor-kappaB; aUC, area under the curve.

Table 6 ROC analysis for clinical and laboratory findings of controls and all patients

Control–total patients AUC SE P-value 95% CI Cutoff Sensitivity (%) Specificity (%)

FeV1 (%) 0.952 0.016 #0.001 0.921–0.983 91.00 90.9 92.0

FeV1/FVC (%) 1.000 0.000 #0.001 1.000–1.000 73.00 100 100

CrP (mg/l) 0.361 0.046 0.013 0.271–0.451 0.40 30.3 50.7

nF-κB (ng/ml) 0.296 0.041 #0.001 0.215–0.376 2.83 60.6 26.8

ll-37 (pg/ml) 0.681 0.061 0.001 0.561–0.800 369 60.6 78.3

Note: Bold type indicates specificity and/or sensitivity values are greater than 80%.
Abbreviations: rOC, receiver operating characteristic; CrP, C-reactive protein; nF-κB, nuclear factor-kappaB; aUC, area under the curve.
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on the overall effectiveness of the bronchial defense system 

during the progression of COPD.34 Our study indicated 

that plasma LL-37 and NF-κB may play an important role 

in chronic immune inflammation in COPD. Patients with 

COPD have several circulating inflammatory markers such 

as increased CRP, WBC, and NF-κB levels and decreased 

LL-37 levels, like in our study. The reasons are not clear, 

and it remains unknown whether the systemic inflammation 

is a primary or secondary phenomenon.33 Male:female ratio 

in each group is quite variable in our study. Considering that 

lung volumes and airway behavior vary between men and 

women, it is likely that this might affect the study results. 

As PFTs are noninvasive, it is considered to be a very 

important tool in diagnosis and definition of COPD. The 

ideal biomarkers for the severity of COPD should possess 

high specificity and sensitivity, should be easily accessible, 

easily measurable, minimally invasive, inexpensive, accu-

rate, and acceptable to patients and physicians. Decreased 

LL-37 levels may be particularly high risk for patients in 

stage IV. Our findings also suggest, but do not prove, the 

role of LL-37 as a target for treatment of the immune system 

and COPD, which must be widely evaluated. Since multiple 

factors (eg, other cytokines, other disease processes, genetic 

factors, etc) affect the levels of LL-37 and NF-κB, multiple 

longitudinal controlled studies would be required to confirm 

these findings.
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