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INTRODUCTION

The recent reports indicate that the progression of chronic 
obstructive pulmonary disease (COPD) might be connect-
ed to increased levels of antimicrobial, pleiotropic LL-37  

peptide [58]. The peptide, the only member of a cathelici-
dins’ family found in humans, shows, besides its basic bac-
tericidal and lipopolysaccharide (LPS) neutralizing func-
tions, a wide spectrum of other activities [17]. LL-37 pep-
tide takes part in inflammatory and tissue repair processes 
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by stimulation of angiogenesis, induction of proliferation of 
lung epithelial cells, acceleration of wound closures of the 
airway epithelium, and by provoking cytokine release and 
cell migration [28, 44]. By these multidirectional effects the 
LL-37 peptide adds to the processes underlying the patho-
genesis of COPD (especially inflammation and tissue re-
modeling), and due to its antimicrobial efficacy might also 
play an important role during disease exacerbations. As a 
result of this, LL-37 may exert both beneficial and patho-
logical effects during the development of COPD. Xiao et 
al. [58] observed higher levels of LL-37 in the sputum of 
patients with COPD compared both to healthy volunteers 
and asthma patients, whereby the levels of LL-37/hCAP18 
were able to discriminate between the two pathologies. 

This suggests a role of LL-37 in the development of 
COPD and requires further investigation. COPD is a 
chronic inflammatory lung disease of multifactorial back-
ground, characterized by limitation of expiratory airflow 
due to pathological airway tissue destruction and remod-
eling leading to loss of elastic lung recoil and narrowing of 
small elements of the bronchial tree. This chronic inflam-
matory process is accompanied by influx of inflammatory 
cells, such as neutrophil granulocytes, oedema and altered 
secretions into the airways. COPD belongs to the major, 
and still increasing, health care problems of mankind caus-
ing considerable health loss and increasing economic bur-
den around the world [30].

Beside COPD major causative factor, tobacco smoking, 
the burden of this disease is also connected to occupational 
and environmental factors [5, 7, 9, 52, 55], among which 
exposure to organic dust plays an important role [11, 18, 
31, 56]. Millions of farmers and workers in the agricultural 
industry throughout the world are exposed to this biohazard 
[41]. Organic dusts consist of various microbial compo-
nents including Gram-negative bacteria and their products 
(such as endotoxin) [20]. Endotoxin (lipopolysaccharide, 
LPS), a major constituent of the outer membrane of Gram-
negative bacteria, is a common component of inhalable or-
ganic dusts, indicated in many works as a causative factor 
adding to the etiopathogenesis of COPD [23, 45, 46]. LPS 
stimulates a vigorous response of the human organism’s 
immune system and causes injury to the respiratory epithe-
lia [34, 40, 51]. It also provokes the expression of LL-37, 
which in turn is a potent LPS-neutralizing factor in the res-
piratory tract [15, 33, 39].

The current work endeavours to further prove that anti-
microbial peptide LL-37 plays a role in the development of 
COPD, taking into consideration LL-37/LPS interactions. 
It was implemented by measurements the levels of LL-37 
in induced sputum samples from farmers, with and without 
COPD, chronically exposed to organic dusts consisting of 
LPS. In addition to the LL-37 assessment, the measure-
ment of a carefully chosen array of cytokines (interleuk-
ine 8 = IL-8, interferon γ = IFN-γ), granzymes A and B 
(granular enzymes A and B) and transforming growth fac-
tor β1 (TGF-β1) was conducted in order to characterize the  

processes in the airways of people exposed to organic dust/
endotoxin, also in pathological, COPD conditions.

MATERIALS AND METHODS

Examined population. A cross-sectional study was 
conducted in 66 farmers from the Lublin region in south-
eastern Poland and 16 healthy urban dwellers from Lublin 
city, not exposed to organic dust. From each person two 
induced sputum samples (pre-shift and post-shift) were 
taken, amounting to a total of 164 samples. 

Two groups of people occupationally exposed to or-
ganic dust were examined: 30 farmers in the early stages 
of COPD, including 19 persons in stage I-II according to 
GOLD (Global Initiative for Chronic Obstructive Lung 
Disease, an internationally recognized COPD classifica-
tion, defining as mild COPD, i.e. stage I, as the follow-
ing airflow limitation: FEV1/FVC < 70% predicted and 
FEV1 > 80% predicted; and moderate COPD, i.e. stage II, 
as the following lung functions impairment: FEV1/FVC < 
70% predicted and 50% ≤ FEV1 > 80% predicted, addi-
tionally with chronic, productive cough), and 11 persons 
in the former stage GOLD 0: at risk of COPD (chronic 
cough with sputum production, but without lung function 
decline below the thresholds defined for stage I according 
to GOLD – the stage implemented in GOLD classification 
in 2001 as GOLD 0/at risk of COPD, in a 2007 GOLD 
classification update the stage was underlined as important 
from the point of view of public health; however, due to 
the current lack of knowledge whether and which individu-
als at this stage pass to further stages of COPD, the name 
“GOLD 0” was withdrawn from the current classification) 
[35, 38]. Each of 36 healthy farmers was indicated by her/
his family doctor - the diagnosis and health status was ad-
ditionally confirmed by the pulmonary medicine specialist 
conducting the study. Due to the aim of the study (meas-
urement of LL-37 levels after exposure to organic dust) 
only professionally active farmers were accepted – this 
determined that only people with the very early stages of 
COPD were examined. The group of farmers with COPD 
stage GOLD I-II and former stage GOLD 0 consisted of 11 
women and 19 men with the average age of 59.13 ± 7.27 
yrs. The healthy farmers’ group consisted of 19 women and 
17 men with the average age of 41.92 ± 13.12 yrs. The av-
erage age in urban dwellers was 50.14 ± 12.65 yrs. There 
were 9 women and 7 men in this group. 

All subjects gave formal consent to participate in the 
study. The Ethics Committee of the Institute of Agricul-
tural Medicine approved the study protocols.

Questionnaire examination. All participants were in-
terviewed by the American Thoracic Society Standard 
Questionnaire compiled by Ferris [19], and by the ques-
tionnaire developed and validated at the Institute of Agri-
cultural Medicine in Lublin for the examination of work-
related symptoms caused by organic dusts [16]. 
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Lung function testing. The examination was conducted 
with the use of EasyOne Model 2001 spirometer (Mediz-
intechnik AG, Zurich, Switzerland). Forced vital capacity 
(VC), forced expiratory volume in the first second (FEV1) 
and FEV1/VC (%) were measured. Both pre-shift and post-
shift lung function examinations were conducted. Results 
were expressed as absolute values and as percentages of 
predicted values. The lung function testing was in accord-
ance with European Respiratory Society guidelines [37]. 

Induced sputum sampling. Samples of induced-spu-
tum were collected before and after work (pre-shift and 
post-shift). Induction of the sputum was performed using 
15 min. long exposure to 5% saline solution via an ultra-
sound nebulizer with immediate collection of sputum. Sub-
jects were encouraged to cough, and sputum was collected 
into polypropylene tubes. Equally, in weight proportions, 
2.5% acetylcysteine solution in phosphate buffered saline 
(PBS) was added. The sputum was then homogenized by 
shaking for 2–3 min., followed by centrifugation at 600 
r.p.m. for 10 min. Supernatants were collected and stored 
for further analysis at -80°C. 

Quantification of LL-37 in induced sputum. The quan-
tification of the LL-37 levels in sputum samples was con-
ducted in three phases: (1) Solid-phase extraction (SPE): 
induced sputum samples (typically 500 µl) were diluted 
in PBS (1:10) before centrifugation and SPE extraction. 
SPE peptide and protein extractions of sputum samples 
were performed as described by Agerberth et al. [2] and 
Sabounchi-Schütt et al. [42], respectively. In brief, sputum 
samples were centrifuged at 1,000 r.p.m./ 4°C for 10 min. 
Supernatants were either used immediately or stored at -
80°C. SPE-cartridges (Oasis HLB, Waters, Hertfordshire, 
UK) were preconditioned with 50% acetonitrile (ACN) 
containing 0.1% trifluoroacetic acid (TFA) and then equili-
brated with MQ-water / 0.1% TFA (MQ water – i.e. water 
which was purified using an ion exchange cartridge and 
with the purity monitored by measuring the conductivity, 
with a value greater than 18.2 MΩ cm-1 and finally dis-
pensed through a 0.22 μm membrane filter). Sputum super-
natants were adjusted to 0.1% with TFA and then applied 
on the SPE cartridges. After a washing step (MQ-water / 
0.1% TFA) bound peptides and proteins were eluted with 
1.2 ml 80% ACN / 0.1% TFA. Subsequently, the eluates 
were dried in a vacuum concentrator (SpeedVac) at 40°C 
for 90 min. and then redissolved in 100 µl of 50% ACN / 
0.1% TFA. Isotope labeled LL-37 was used as an internal 
standard and added to the samples before SPE extraction. 
(2) Immunoaffinity purification: redissolved SPE-extracts 
were neutralized with PBS and then immunoprecipitated 
using a polyclonal rabbit anti-LL-37 antibody (Innova-
gen; Lund, Sweden) and protein-A coated magnetic beads 
(Dynabeads; Invitrogen, Carlsbad, CA). After overnight 
incubation, bound LL-37 was eluted with 20 µl of 0.1% 
TFA in 20% ACN. 

(3) Quantitation by mass spectrometry with the use of 
radioisotope technique: immunoprecipitates were separat-
ed on a Dionex Ultimate 3000 dual gradient nano-HPLC 
system (Dionex, Sunnyvale, CA) in online preconcentra-
tion mode. The analytical column was a 75 μm i.d. × 15 
cm capillary packed with C18 particles (3 μm particle size, 
100 Å pore size; C18 PepMap100 (Dionex, Sunnyvale, CA) 
and was operated at a flow rate of 300 nl/min. Solvent A 
was 2% ACN containing 0.1% formic acid (FA), solvent B 
was 80% ACN with 0.1% FA. A linear gradient starting at 
0% B and ending at 80% B after 120 min. was used. Elut-
ing peptides were measured in an LTQ-Orbitrap FT mass 
spectrometer (Thermo Electron, Bremen, Germany). The 
peak area of the isotope labeled LL-37 internal standard 
was used for the quantification of LL-37.

ELISA tests for determination of granzymes, cy-
tokines, TGF-β1. Frozen samples of induced sputum were 
thawed while being stirred on a horizontal shaker for 10 
min. at 100 Hz, and then centrifuged for 5 min. at 500 g. 
Clear supernatants were collected from the tubes and tested 
with ELISA. Proteins of interest were determined using 
the following reagents: PeliKine™-compact Granzyme A 
ELISA kit (Cat.-No. M1935; Sanquin, Amsterdam, NL), 
PeliKine™-compact Granzyme B ELISA kit (M1936; 
Sanquin), PeliKine™-compact human IL-8 ELISA kit 
(M1918; Sanquin), PeliKine™-compact human IFN-γ 
ELISA kit (M1933; Sanquin) following the manufacturer’s 
protocols provided with the respective products. The levels 
of TGF-β1 in the sputum supernatants were measured using 
the Quantikine® Human TGF- β1 Immunoassay (Cat.-No. 
DB100B; R&D Systems, Inc., Minneapolis, MN, USA), 
according to the manufacturer’s instruction. As the active 
form of TGF-β1 was measured, prior to the ELISA, acti-
vation of latent TGF-β1 was carried out with acidification 
of the samples with 1 N HCl for 10 min., and subsequent 
neutralization with 1.2 N NaOH/0.5 M HEPES. The ab-
sorbance resulting from the colour reaction with tetrameth-
ylbenzidine (TMB) was measured at the wavelength of 450 
nm using Microplate Autoreader ELX808, and the final cy-
tokine concentrations were calculated automatically by KC 
Junior Software (Bio-Tek, Winooski, VT, USA).

Determination of the concentration of dust and en-
dotoxin in the air. For determination of the dust and en-
dotoxin concentrations in the work areas of the examined 
farmers, the air samples were collected on randomly se-
lected farms belonging to both farmers with and without 
COPD. Air samples were collected on polyvinyl chloride 
filters by use of an AS-50 one-stage sampler (TWOMET, 
Zgierz, Poland). The concentration of dust in the air was 
estimated gravimetrically. The air samples for the detection 
of endotoxin were stored at -20°C until further process-
ing. Concentration of bacterial endotoxin was determined 
by the Limulus amebocyte lysate (LAL) gel clot test [29]. 
The filters were extracted for 1 hr in 10 ml of pyrogen-free  
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water at room temperature, heated to 100°C in a Koch ap-
paratus for 15 min. (for better dissolving of endotoxin and 
inactivation of interfering substances), and after cooling, 
serial dilutions were prepared. The 0.1 ml dilutions were 
mixed equally with the “Pyrotell” Limulus reagent (Asso-
ciates of Cape Code, Falmouth, MA, USA), The test was 
incubated for 1 hr in a water bath at 37°C, using pyrogen-
free water as a negative control and the standard lipopoly-
saccharide (endotoxin) of Escherichia coli 0113:H10 (Dif-
co) as positive control. The formation of a stable clot was 
regarded as a positive result. The estimated concentration 
of endotoxin in the airborne dust (ng/mg) was multiplied 
per estimated concentration of dust in the air (mg/m3) and 
the results reported as micrograms of the equivalents of the 
E. coli 0113:H10 endotoxin per 1 m3 of air. To convert to 
Endotoxin Units (EU), the value in micrograms was mul-
tiplied by 10,000.

Statistical analysis. Statistical analysis was conducted 
with the use of the following nonparametric tests: Kruskal-
Wallis test for the analysis of the differences between groups 
and additionally the Mann-Whitney U test for analysis of the 
differences between two groups and the Spearman test for 
correlations. The p<0.05 level was considered significant. 
Statistical analysis was carried out with the use of the Statis-
tica version 8.0 package (Statsoft Inc., Tulsa, OK, USA). 

RESULTS

Questionnaire examination. The average duration of work 
with exposure to organic dust was 31.03 ± 13.14 yrs in farm-
ers developing COPD and 22.21 ± 13.72 yrs in healthy farm-
ers. The area of field on farms owned by farmers developing 
COPD (5.78 ± 3.84 ha) was considerably smaller than the area 
of field on farms owned by healthy farmers (8.04 ± 5.70 ha). 

In farmers developing COPD 15 smokers were noted, 9 
ex-smokers and 6 non-smokers. In healthy farmers there 
were 8 smokers, 4 ex-smokers and 24 non-smokers. Among 
urban dwellers there were 7 smokers, 4 ex-smokers and 5 
non-smokers.

Lung function. The results of the lung function’s ex-
aminations are shown in Table 1. Significant difference 
between all measured pre-shift lung function values 
across groups of farmers with COPD GOLD I-II, farm-
ers at risk of COPD, healthy farmers, and healthy urban 
dwellers were found (Kruskal-Wallis test, p<0.01). The 
same was true for post shift-values (Kruskal-Wallis test, 
p<0.01). Significantly lower levels of lung function val-
ues in farmers with COPD in GOLD I-II stage were also 
confirmed by additional analyses conducted with the use 
of Mann-Whitney U test (pre-shift values of FVC, FVC% 
of predicted values, FEV1, FEV1% of predicted values and 
FEV1/FVC% of predicted values, were significantly lower 
in farmers with COPD in GOLD I-II stages compared to 
both healthy farmers and healthy urban dwellers, in both 
cases p<0.01). Concerning post-shift values, Mann-Whit-
ney U test showed a significant difference between all 
measured spirometric values between farmers with COPD 
in GOLD I-II and healthy farmers (p<0.01), while the lev-
els of FVC% of predicted values, FEV1, FEV1% of pre-
dicted values and FEV1/FVC% were significantly lower 
in farmers with COPD in GOLD I-II stage compared to 
healthy urban dwellers (p<0.05). No significant post-shift 
decline of lung function parameters was noted in any of the 
examined groups.

LL-37 levels. Altogether, 164 induced sputum samples 
were analyzed. Significant differences were observed in 
LL-37 levels measured both pre- and post-shift, across 

Table 1. Spirometric values in the groups of farmers with and without COPD and in healthy urban dwellers.

Spirometric 
parameter 

Farmers with COPD  
in stage GOLD I-II 

Farmers in former  
stage GOLD 0 

Healthy farmers Healthy urban dwellers

pre-shift post-shift pre-shift post-shift pre-shift post-shift pre-shift post-shift

FVC (dm3)  
x ± S.D.  3.00 ± 0.72  3.06 ± 0.77  2.94 ± 0.68  2.93 ± 0.61  4.03 ± 1.16 4.02 ± 1.19  3.72 ± 0.71 3.62 ± 0.69

FVC%  
of normal values  
x ± S.D.

 79.78 ± 17.35  81.64 ± 20.39  88.46 ± 15.72  86.92 ± 15.63 104.62 ± 18.42 104.32 ± 19.75  106.19 ± 16.73 103.19 ± 15.29

FEV1 (dm3)  
x ± S.D.  1.49 ± 0.39  1.47 ± 0.46  1.98 ± 0.51  1.95 ± 0.45  3.18 ± 0.92 3.19 ± 0.95 2.78 ± 0.51 2.74 ± 0.58

FEV1%  
of normal values  
x ± S.D.

 49.28 ± 11.14  48.28 ± 13.02  73.15 ± 14.93  72.38 ± 13.58 97.76 ± 17.84 98.29 ± 18.52 95.69 ± 12.44 94.63 ± 14.72

FEV1/FVC%  
of normal values  
x ± S.D.

 64.14 ± 7.26  61.64 ± 9.03  86.84 ± 5.24  88.00 ± 3.69  98.09 ± 7.74 98.71 ± 6.66  96.00 ± 12.68 96.25 ± 7.37
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groups of farmers with COPD in stage I–II according to 
GOLD, farmers at risk of COPD (former stage GOLD 0), 
healthy farmers and healthy urban dwellers (Kruskal-Wallis 
test, p<0.001 for pre-shift and p<0.05 for post-shift values, 
significant). In order to stress the significance of differences 
between individual groups, additional analyses were con-
ducted with the use of Mann-Whitney U test (Fig. 1). 

The difference between LL-37 levels in induced sputum 
from farmers with COPD at GOLD stage I-II (pre-shift: 
median: 1.43 ng/ml, 25th–75th percentile: 0.73–5.13 ng/ml; 
post-shift: median: 1.32 ng/ml, 25th–75th percentile: 0.87–
2.48 ng/ml) and healthy people, including healthy farmers 
and healthy urban dwellers (pre-shift: median: 0.60 ng/ml, 
25th–75th percentile: 0.09–1.14 ng/ml; post-shift: median: 
0.61 ng/ml, 25th–75th percentile: 0.41–1.67 ng/ml) was sig-
nificant (Mann-Whitney U test, p<0.01 for pre-shift and 
p<0.05 for post-shift values).

No significant differences between the levels of LL-37 in 
sputum taken before and after work were noticed, neither in 
the farmers groups nor in the urban dwellers (Fig. 1). Also, 
no differences between LL-37 concentration in smokers 
(median: 0.70 ng/ml, 25th–75th percentile: 0.12–1.39 ng/ml) 
and non-smokers (median: 0.81 ng/ml, 25th–75th percentile: 
0.43–2.01 ng/ml) were observed. 

Granzymes. Significant differences between levels of 
granzymes A and B in induced sputum across groups of farm-
ers with COPD GOLD I-II, farmers at risk of COPD, healthy 
farmers and healthy urban dwellers were found (Kruskal-
Wallis test, p<0.01 and p<0.001, respectively). The levels of 
granzyme A in the farmers with COPD in stage GOLD I–II 
were significantly higher compared to farmers with COPD 
in former stage GOLD 0, healthy farmers, and healthy ur-
ban dwellers (Mann Whitney U test, p<0.01, p<0.05, and 
p<0.01, respectively). Similarly, the levels of granzyme B 
in the farmers with COPD in stage GOLD I–II were sig-
nificantly higher compared to farmers with COPD in former 
stage GOLD 0, and healthy urban dwellers (Mann Whitney 
U test, p<0.001, and p<0.01, respectively) (Tab. 2). 

TGF-β1. Significant differences between levels of TGF-
β1 in induced sputum across groups of farmers with COPD 
GOLD I–II, farmers at risk of COPD, healthy farmers and 
healthy urban dwellers were found (Kruskal-Wallis test, 
p<0.001). The levels of TGF-β1 in the farmers with COPD 
in stage GOLD I–II were significantly higher compared 
to farmers with COPD in former stage GOLD 0, healthy 
farmers, and healthy urban dwellers (Mann Whitney U 
test, p<0.05, p<0.001, and p<0.01, respectively) (Tab. 2).
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Figure 1. LL-37 levels in induced sputum samples from farmers with and without COPD and healthy urban dwellers.
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Cytokines. Significant differences between levels of IL-
8 in induced sputum across groups of farmers with COPD 
GOLD I–II, farmers at risk of COPD, healthy farmers and 
healthy urban dwellers were found (Kruskal-Wallis test, 
p<0.001). Concentrations of IL-8 in induced sputum of 
people occupationally exposed to organic dust (all exam-
ined farmers, median: 169.49 pg/ml, 25th–75th percentile: 
8.22–278.50 pg/ml) were significantly higher compared to 
urban dwellers, not exposed to this harmful factor (median: 
1.01 pg/ml, 25th–75th percentile: 0.14–2.11 pg/ml) (Mann-
Whitney U test, p<0.0001) (Tab. 2). No significant differ-
ences between the examined groups were observed con-
cerning levels of IFN-γ in sputum samples. 

No significant differences between pre- and post-shift 
values in the case of measured granzyme, TGF-β1 and cy-
tokine in any of examined groups were observed (Tab. 2). 

Organic dust and endotoxin concentration. The me-
dian concentrations of dust and endotoxin in the air of the 
examined farms were large and amounted to 67.25 mg/m3 
(25th–75th percentile: 36.85–180.7 mg/m3) and 1,892.75 
μg/m3 (625.0–22,275.0 μg/m3), respectively. The threshold 
limit value for dust of 4.0 mg/m3 and the proposed exposure 
limit for endotoxin of 0.2 μg/m3 [16] were exceeded during 
all types of presented activities, except cutting out old rasp-
berry bushes (Tab. 3). No direct correlations were noticed 
between LL-37 levels in induced sputum and measured lev-
els of organic dust and LPS during a single exposure. 

DISCUSSION

Along with the unraveling of further biological effects of 
the peptide LL-37 in numerous in vitro experiments [1, 32, 
44] and further speculations about its role in lung patholo-
gies [6, 8, 22] there is a growing need for works showing 

the role of this cathelicidin in clinical conditions [22]. This 
need becomes even more important if we realize that the 
increasing interest towards LL-37 peptide is additionally 
stimulated by the efforts for using this cathelicidin (and its 
synthetic analogues) in therapeutic strategies [3, 6, 26]. In 
contrast, there are very few studies dealing with the role 
of this interesting peptide in lung pathologies, directly in 
clinical conditions [2, 4, 58]. The presented work addresses 
this lack by examining concentrations of LL-37 in induced 
sputum from people with COPD and healthy individuals. 

Table 2. Levels of granzymes A and B, TGF-β1, and selected cytokines (IL-8 and IFN-γ) in induced sputum samples from farmers with and without 
COPD and healthy urban dwellers. 

 Granzyme A (U/ml) Granzyme B (U/ml) TGF-β1 (pg/ml) IL-8 (pg/ml) IFN-γ (pg/ml)

Farmers with 
COPD in stage 
GOLD I-II

pre-shift 4.75 (0.13–25.19) 9.88 (4.89–54.27) 49.55 (43.50–95.44) 5.76 (2.08–278.5) 2.12 (1.30–8.05)

post-shift 17.32 (1.15–24.47) 67.43 (7.33–196.64) 62.67 (32.87–67.43) 2.11 (1.55–169.50) 4.31 (0.85–16.05)

total 11.66 (0.13–25.19) 27.56 (6.26–138.40) 56.11 (32.87–95.44) 102.29 (3.02–278.50) 2.65 (0.98–9.91)

Farmers with 
COPD in former 
stage GOLD 0 

pre-shift 0.12 (0.12–0.12) 0.73 (0.19–1.12) 10.14 (0.25–20.02) 237.15 (7.56–281.93) 0.08 (0.08–0.43)

post-shift 0.12 (0.12–0.44) 0.39 (0.19–0.65) 11.05 (0.17–21.73) 246.55 (8.79–281.93) 0.43 (0.08–0.43)

total 0.12 (0.12–0.40) 0.52 (0.19–1.12) 10.14 (0.21–20.98) 9.47 (0.73–169.49) 0.26 (0.08–0.43)

Healthy farmers pre-shift 0.77 (0.17–3.13) 12.42 (2.86–19.43) 4.31 (0.08–19.65) 226.50 (14.86–278.50) 5.56 (0.73–10.21)

post-shift 1.30 (0.12–3.95) 9.86 (5.46–46.83) 0.17 (0.08–13.93) 144.44 (47.45–248.60) 12.15 (3.06–24.37)

total 1.22 (0.12–3.72) 10.39 (5.07–25.07) 0.25 (0.07–13.93) 191.71 (25.53–255.29) 8.02 (2.29–19.30)

Healthy urban 
dwellers

pre-shift 0.12 (0.12–0.94) 4.83 (1.17–11.98) 31.03 (28.07–43.77) 0.86 (0.21–1.69) 1.46 (0.43–4.73)

post-shift 0.95 (0.44–2.07) 20.67 (2.89–31.60) 10.21 (2.80–20.67) 1.16 (0.02–2.21) 5.77 (0.73–12.72)

total 0.61 (0.12–1.47) 11.76 (2.00–22.89) 23.52 (6.25–31.03) 1,01 (0.14–2.11) 2.66 (0.54–7.33)

Data presented as medians (25th–75th percentiles).

Table 3. Endotoxin and dust concentrations in the air on examined farms. 

Farm 
No.

Type of activity Dust 
concentration 

(mg/m3)

Endotoxin 
concentration 

(µg/m3)

1 Cutting out old raspberry 
bushes

0.6 0.000625

2 Sieving oat grain 19.6 625.0

3 Sieving wheat grain 53.0 3,125.0

4 Sieving barley grain 43.0 27,423.47

5 Sieving barley grain 242.0 312,500.0

6 Sieving dried thyme  
(last crops) 

138.2 62,500.0

7 Sieving dried thyme  
(2 years old) 

256.8 6,830.36

8 Sieving barley grain 34.8 625.0

9 Grinding dried thyme 117.2 1,252.13

10 Packing dried lovage 81.5 312.5

11 Sieving dried melissa 43.0 625.0

12 Preparing bruised barley 194.8 2,533.37

Median  
(25th–75th percentile)

67.25  
(36.85–180.7)

1,892.75 
(625– 22,275)
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We found significantly higher levels of LL-37 in sputum 
from farmers with COPD GOLD I-II compared to healthy 
farmers and healthy urban dwellers, which may confirm 
the role of LL-37 in the pathogenesis and development of 
COPD. The elevated levels of LL-37 in sputum of COPD 
farmers have also been described by Xiao et al. [58]. The 
role of the LL-37 in inflammation and tissue repair in the 
respiratory system in pathogenesis of COPD is underlined 
by Herr et al., and other authors [6, 25, 44]. It has been 
also suggested that the activity of the innate immune sys-
tem, of which LL-37 peptide is a potent part, increases in 
the first stages of COPD and by that distinctly adds to the 
pathologic changes during early stages of the development 
of this disease [43]. 

Exposure to organic dust and its components (e.g. as LPS 
and microorganisms) is one of the recognized causative 
factors inducing COPD and worsening the course of this 
disease (as well as the other organic dust induced diseases, 
such as hypersensitivity pneumonitis or asthma). The cur-
rent work, according to the best of our knowledge, is the 
first attempt to assess the role of antimicrobial and LPS 
neutralizing peptide LL-37 in the response of the human 
organism to exposure to organic dust and its endotoxins 
in clinical conditions. Many experimental data show inter-
actions between LPS, a major constituent of organic dust, 
and LL-37 peptide [12, 14, 15, 26]. According to in vitro 
experiments, LPS, a part of the outer membrane of Gram-
negative bacteria (microbes widely presented in organic 
dust), as a strong pro-inflammatory stimulus, induces the 
antimicrobial cathelicidin LL-37 expression in the respira-
tory system. In turn, LL-37 both inactivates LPS, protecting 
airways against LPS-derived activation of immune system, 
and, by its antimicrobial activity, eliminates microorgan-
isms in airways (which may be an important LL-37 activity 
in people exposed to the load of microorganisms consisting 
organic dust). The peptide also accelerates tissue damage 
repair in respiratory epithelia [44], caused by harmful fac-
tors like organic dusts. On the other hand, LL-37 enhances 
inflammation in airways, e.g. by increase of neutrophil mi-
gration [53]. We observed that the level of LL-37 peptide 
in induced sputum from the people chronically and occu-
pationally exposed to large quantities of organic dust and 
LPS is significantly higher than in sputum from individuals 
not exposed to these factors. Thereby, our findings confirm 
the experimental, in vitro works conducted by others [15, 
24] and indicate the role of LL-37 peptide in the response 
to organic dust exposure.

IL-8 is a pro-inflammatory cytokine and a neutrophil che-
moattractant [27]. TGF-β1 contributes to the development 
of COPD by its profibrotic and chemoattractant activities 
resulting in lung tissue remodeling [13]. Significantly high-
er concentrations of IL-8 and TGF- β1 in induced sputum 
from farmers with COPD GOLD I-II compared to healthy 
urban dwellers and healthy farmers observed in the study 
are in line with previous findings [13, 27]. Significantly 
higher IL-8 levels in healthy farmers compared to urban 

dwellers confirm previous research showing the increase 
of IL-8 in airways along with the bacterial load [27]. 

Granzymes (granular enzymes) A and B, serine pro-
teases forming a part of host defense system (effector mol-
ecules of cytotoxic T cells and natural killer cells), may 
take part in the pathogenesis of COPD by adding to the 
tissue remodeling due to their capability of degrading vari-
ous extracellular matrix proteins [10, 48] and by induction 
of IL-6 and IL-8 secretion in airways [49, 50, 57]. The 
elevated activities of both granzymes A and B were ob-
served in COPD [57] and in hypersensitivity pneumonitis, 
an inflammatory lung disease caused by exposure to or-
ganic dust [47, 54]. As we observed the significantly higher 
levels of granzymes A and B in induced sputum from farm-
ers with COPD GOLD I-II compared to healthy farmers 
and healthy urban dwellers, our findings support opinions 
about the involvement of these granzymes in pathogenesis 
of COPD. 

CONCLUSIONS

1. The results of the study indicate that the cathelidicin 
LL-37 and the granzymes A and B add to the pathogenesis 
of COPD as their levels are induced in the airways in early 
stages of the disease.

2. The level of LL-37 peptide in airways is elevated by 
chronic exposure to organic dust and bacterial endotoxin. 
This suggests that the peptide may contribute to the hu-
man airways response to exposure to organic dust and may 
also contribute to the pathogenesis of organic dust induced 
diseases (including inducing and worsening the course of 
COPD). 

Acknowledgement

This study was supported by the Polish Ministry of Science and 
Higher Education (Grant No. 402 056 32/1659). The skillful assis-
tance of Ms. Wiesława Lisowska and Ms. Halina Wójtowicz at per-
forming the study is gratefully acknowledged.

REFERENCES

1. Aarbiou J, Tjabringa GS, Verhoosel RM, Ninaber DK, White SR, 
Peltenburg LT, Rabe KF, Hiemstra PS: Mechanisms of cell death induced 
by the neutrophil antimicrobial peptides alpha-defensins and LL-37. In-
flamm Res 2006, 55, 119-127.

2. Agerberth B, Grunewald J, Castanos-Velez E, Olsson B, Jörnvall 
H, Wigzell H, Eklund A, Gudmundsson GH: Antibacterial components 
in bronchoalveolar lavage fluid from healthy individuals and sarcoidosis 
patients. Am J Respir Crit Care Med 1999, 160, 283-290.

3. Altman H, Steinberg D, Porat Y, Mor A, Fridman D, Friedman M, 
Bachrach G: In vitro assessment of antimicrobial peptides as potential agents 
against several oral bacteria. J Antimicrob Chemother 2006, 58, 198-201.

4. Anderson RL, Hiemstra PS, Ward C, Forrest IA, Murphy D, Proud 
D, Lordan J, Corris PA, Fisher AJ: Antimicrobial peptides in lung trans-
plant recipients with bronchiolitis obliterans syndrome. Eur Respir J 
2008, 32, 670-677.

5. Balmes J, Becklake M, Blanc P, Henneberger P, Kreiss K, Mapp C, 
Milton D, Schwartz D, Toren K, Viegi G: Environmental and Occupational 



296 Golec M, Reichel C, Mackiewicz B, Skórska C, Curzytek K, Lemieszek M, Dutkiewicz J, Góra A, Ziesche R,  
Bołtuć J, Sodolska K, Milanowski J, Śpiewak R

Health Assembly, American Thoracic Society: American Thoracic Soci-
ety Statement: Occupational contribution to the burden of airway disease. 
Am J Respir Crit Care Med 2003, 167, 787-797.

6. Bals R, Hiemstra PS: Antimicrobial peptides in COPD-basic biol-
ogy and therapeutic applications. Curr Drug Targets 2006, 7, 743-750.

7. Barnes PJ, Stockley RA: COPD: current therapeutic interventions 
and future approaches. Eur Respir J 2005, 25, 1084-1106.

8. Beisswenger C, Bals R: Antimicrobial peptides in lung inflamma-
tion. Chem Immunol Allergy 2005, 86, 55-71.

9. Blanc PD, Eisner MD, Earnest G, Trupin L, Balmes JR, Yelin EH, 
Gregorich SE, Katz PP: Further exploration of the links between occu-
pational exposure and chronic obstructive pulmonary disease. J Occup 
Environ Med 2009, 51, 804-810.

10. Buzza MS, Zamurs L, Sun J, Bird CH, Smith AI, Trapani JA, 
Froelich CJ, Nice EC, Bird PI: Extracellular matrix remodeling by human 
granzyme B via cleavage of vitronectin, fibronectin, and laminin. J Biol 
Chem 2005, 280, 23549-23558.

11. Cathomas RL, Brüesch H, Fehr R, Reinhart WH, Kuhn M: Organic 
dust exposure in dairy farmers in an alpine region. Swiss Med Wkly 2002, 
132, 174-178.

12. Chaby R: Lipopolysaccharide-binding molecules: transporters, 
blockers and sensors. Cell Mol Life Sci 2004, 61, 1697-1713.

13. Chung KF: Cytokines in chronic obstructive pulmonary disease. 
Eur Respir J 2001, 18(Suppl. 34), 50–59.

14. Ciornei CD, Sigurdardóttir T, Schmidtchen A, Bodelsson M: Anti-
microbial and chemoattractant activity, lipopolysaccharide neutralization, 
cytotoxicity, and inhibition by serum of analogs of human cathelicidin 
LL-37. Antimicrob Agents Chemother 2005, 49, 2845-2850.

15. Diamond G, Russell JP, Bevins CL: Inducible expression of an an-
tibiotic peptide gene in lipopolysaccharide-challenged tracheal epithelial 
cells. Proc Natl Acad Sci USA 1995, 93, 5156-5160.

16. Dutkiewicz J, Mackiewicz B: Kwestionariusz opracowany w Insty-
tucie Medycyny Wsi w Lublinie dotyczący ekspozycji na pyły organiczne 
i wywoływanych przez nie objawów (Aneks). (Questionnaire created in 
the Institute of Agricultural Medicine for studying exposure to organic 
dusts and work-related symptoms). In: Dutkiewicz J, Skórska C, Mackie-
wicz B, Cholewa G (Eds): Zapobieganie Chorobom Wywoływanym przez 
Pyły Organiczne w Rolnictwie i Przemyśle Rolnym, 85–88. Instytut Me-
dycyny Wsi, Lublin 2000.

17. Dürr UH, Sudheendra US, Ramamoorthy A: LL-37, the only hu-
man member of the cathelicidin family of antimicrobial peptides. Biochim 
Biophys Acta 2006, 1758, 1408-1425.

18. Eduard W, Pearce N, Douwes J: Chronic bronchitis, COPD, and 
lung function in farmers: the role of biological agents. Chest 2009, 136, 
716-725.

19. Ferris BG: Epidemiology standardization project: II. Recommend-
ed respiratory disease questionnaires for use with adults and children in 
epidemiological research. Am Rev Respir Dis 1978, 118, 7-53.

20. Góra A, Mackiewicz B, Krawczyk P, Golec M, Skórska C, 
Sitkowska J, Cholewa G, Larsson L, Jarosz M, Wójcik-Fatla A, Dutk-
iewicz J: Occupational exposure to organic dust, microorganisms, endo-
toxin and peptidoglycan among plants processing workers in Poland. Ann 
Agric Environ Med 2009, 16, 143-150.

21. Górny RL, Dutkiewicz J: Bacterial and fungal aerosols in indoor 
environment in Central and Eastern European countries. Ann Agric Envi-
ron Med 2002, 9, 17-23.

22. Golec M: Cathelicidin LL-37: LPS-neutralizing, pleiotropic pep-
tide. Ann Agric Environ Med 2007, 14, 1-4.

23. Harkema JR, Hotchkiss JA: Ozone- and endotoxin-induced mu-
cous metaplasias in rat airway epithelium: novel animal models to study 
toxicant-induced epithelial transformation in airways. Toxicol Lett 1993, 
68, 251-263.

24. Herasimenka Y, Benincasa M, Mattiuzzo M, Cescutti P, Gennaro 
R, Rizzo R: Interaction of antimicrobial peptides with bacterial polysac-
charides from lung pathogens. Peptides 2005, 26, 1127-1132.

25. Herr C, Shaykhiev R, Bals R: The role of cathelicidin and de-
fensins in pulmonary inflammatory diseases. Expert Opin Biol Ther 2007, 
7, 1449-1461.

26. Jacobsen F, Mittler D, Hirsch T, Gerhards A, Lehnhardt M, Voss 
B, Steinau HU, Steinstraesser L: Transient cutaneous adenoviral gene 

therapy with human host defense peptide hCAP-18/LL-37 is effective for 
the treatment of burn wound infections. Gene Ther 2005, 12, 1494-1502.

27. Keatings VM, Collins PD, Scott DM, Barnes PJ: Differences in 
interleukin-8 and tumor necrosis factor-α in induced sputum from patients 
with chronic obstructive pulmonary disease or asthma. Am J Respir Crit 
Care Med 1996, 153, 530-534.

28. Koczulla R, von Degenfeld G, Kupatt C, Krotz F, Zahler S, Gloe 
T, Issbrucker K, Unterberger P, Zaiou M, Lebherz C, Karl A, Raake P, 
Pfosser A, Boekstegers P, Welsch U, Hiemstra PS, Vogelmeier C, Gallo 
RL, Clauss M, Bals R: An angiogenic role for the human peptide antibi-
otic LL-37/hCAP-18. J Clin Invest 2003, 111, 1665-1672.

29. Levin J, Bang FB: The role of endotoxin in the extracellular coagu-
lation of limulus blood. Bull Johns Hopkins Hosp 1964, 115, 265-274.

30. Mannino DM: Epidemiology and global impact of chronic obstruc-
tive pulmonary disease. Semin Respir Crit Care Med 2005, 26, 204-210.

31. Mastrangelo G, Tartari M, Fedeli U, Fadda E, Saia B: Ascertaining 
the risk of chronic obstructive pulmonary disease in relation to occupation 
using a case-control design. Occup Med (Lond) 2003, 53, 165-172.

32. Nagaoka I, Tamura H, Hirata M: An antimicrobial cathelicidin 
peptide, human CAP18/LL-37, suppresses neutrophil apoptosis via the 
activation of formyl-peptide receptor-like 1 and P2X7. J Immunol 2006, 
176, 3044-3052.

33. Nell MJ, Sandra Tjabringa G, Vonk MJ, Hiemstra PS, Grote JJ: 
Bacterial products increase expression of the human cathelicidin hCAP-
18/LL-37 in cultured human sinus epithelial cells. FEMS Immunol Med 
Microbiol 2004, 42, 225-231.

34. Nell MJ, Grote JJ: Effects of bacterial toxins on air-exposed cul-
tured human respiratory sinus epithelium. Ann Otol Rhinol Laryngol 
2003, 112, 461-468.

35. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS; 
GOLD Scientific Committee: Global strategy for the diagnosis, manage-
ment, and prevention of chronic obstructive pulmonary disease. NHLBI/
WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
Workshop summary. Am J Respir Crit Care Med 2001, 163, 1256-1276.

36. Pomorska D, Larsson L, Skórska C, Sitkowska J, Dutkiewicz J: 
Levels of bacterial endotoxin in air of animal houses determined with 
the use of gas chromatography-mass spectrometry and Limulus test. Ann 
Agric Environ Med 2007, 14, 291-298.

37. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yer-
nault JC: Lung volumes and forced ventilatory flows. Report Working 
Party Standardization of Lung Function Tests European Community for 
Steel and Coal. Official statement of the European Respiratory Society. 
Eur Respir J 1993, 16, 5-40.

38. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, 
Fukuchi Y, Jenkins C, Rodriguez-Roisin R, van Weel C, Zielinski J; Glo-
bal Initiative for Chronic Obstructive Lung Disease: Global strategy for 
the diagnosis, management, and prevention of chronic obstructive pul-
monary disease: GOLD executive summary. Am J Respir Crit Care Med 
2007, 176, 532-555.

39. Rosenfeld Y, Papo N, Shai Y: Endotoxin (lipopolysaccharide) neu-
tralization by innate immunity host-defense peptides. J Biol Chem 2006, 
281, 1636-1643.

40. Rosenfeld Y, Shai Y: Lipopolysaccharide (Endotoxin) - host de-
fence antibacterial peptides interactions: role in bacterial resistance and 
prevention of sepsis. Biochim Biophys Acta 2006, 1758, 1513-1522.

41. Rylander R: Endotoxin and occupational airway disease. Curr 
Opin Allergy Clin Immunol 2006, 6, 62-66.

42. Sabounchi-Schütt F, Aström J, Hellman U, Eklund A, Grunewald 
J: Changes in bronchoalveolar lavage fluid proteins in sarcoidosis: a pro-
teomics approach. Eur Respir J 2003, 21, 414-420.

43. Schleimer RP: Innate immune responses and chronic obstructive 
pulmonary disease: “Terminator” or “Terminator 2”? Proc Am Thorac 
Soc 2005, 2, 342-346.

44. Shaykhiev R, Beisswenger C, Kandler K, Senske J, Puchner A, 
Damm T, Behr J, Bals R: Human endogenous antibiotic LL-37 stimulates 
airway epithelial cell proliferation and wound closure. Am J Physiol Lung 
Cell Mol Physiol 2005, 289, 842-848.

45. Schwartz DA, Thorne PS, Yagla SJ, Burmeister LF, Olenchock 
SA, Watt JL, Quinn TJ: The role of endotoxin in grain dust-induced lung 
disease. Am J Respir Crit Care Med 1995, 152, 603-608.



 Cathelicidin LL-37, granzymes, TGF-β1 and cytokines levels in induced sputum from farmers with and without COPD 297

46. Schwartz DA, Thorne PS, Jagielo PJ, White GE, Bleuer SA, Frees 
KL: Endotoxin responsiveness and grain dust-induced inflammation in 
the lower respiratory tract. Am J Physiol 1994, 267, 609-617.

47. Selman M, Pardo A, Barrera L, Estrada A, Watson SR, Wilson 
K, Aziz N, Kaminski N, Zlotnik A: Gene expression profiles distinguish 
idiopathic pulmonary fibrosis from hypersensitivity pneumonitis. Am J 
Respir Crit Care Med 2006, 173, 188-198.

48. Simon MM, Kramer MD, Prester M, Gay S: Mouse T-cell associ-
ated serine proteinase 1 degrades collagen type IV: a structural basis for 
the migration of lymphocytes through vascular basement membranes. Im-
munology 1991, 73, 117-119.

49. Sower LE, Froelich CJ, Allegretto N, Rose PM, Hanna WD, Klim-
pel GR: Extracellular activities of human granzyme A: monocyte activation 
by granzyme A versus alpha-thrombin. J Immunol 1996, 156, 2585-2590.

50. Sower LE, Klimpel GR, Hanna W, Froelich CJ: Extracellular activi-
ties of human granzymes. I. Granzyme A induces IL6 and IL8 production 
in fibroblast and epithelial cell lines. Cell Immunol 1996, 171, 159-163.

51. Śpiewak R, Dutkiewicz J: In vitro study of pro-inflammatory and 
anti-tumour properties of microvesicles from bacterial cell wall of Pan-
toea agglomerans. Ann Agric Environ Med 2008, 15, 153-161.

52. Spurzem JR, Rennard SI: Pathogenesis of COPD. Semin Respir 
Crit Care Med 2005, 26, 142-153.

53. Tjabringa GS, Ninaber DK, Drijfhout JW, Rabe KF, Hiemstra PS: 
Human cathelicidin LL-37 is a chemoattractant for eosinophils and neu-
trophils that acts via formyl-peptide receptors. Int Arch Allergy Immunol 
2006, 140, 103-112.

54. Tremblay GM, Wolbink AM, Cormier Y, Hack CE: Granzyme ac-
tivity in the inflamed lung is not controlled by endogenous serine protein-
ase inhibitors. J Immunol 2000, 165, 3966-3969.

55. Trupin L, Earnest G, San Pedro M, Balmes JR, Eisner MD, Yelin 
E, Katz PP, Blanc PD: The occupational burden of chronic obstructive 
pulmonary disease. Eur Respir J 2003, 22, 462-469.

56. Valcin M, Henneberger PK, Kullman GJ, Umbach DM, London 
SJ, Alavanja MC, Sandler DP, Hoppin JA: Chronic bronchitis among non-
smoking farm women in the agricultural health study. J Occup Environ 
Med 2007, 49, 574-583.

57. Vernooy JH, Möller GM, van Suylen RJ, van Spijk MP, Cloots RH, 
Hoet PH, Pennings HJ, Wouters EF: Increased granzyme A expression in 
type II pneumocytes of patients with severe chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med 2007, 175, 464-472.

58. Xiao W, Hsu YP, Ishizaka A, Kirikae T, Moss RB: Sputum cathe-
licidin, urokinase plasminogen activation system components, and cy-
tokines discriminate cystic fibrosis, COPD, and asthma inflammation. 
Chest 2005, 128, 2316-2326.




