
Chronic obstructive pulmonary disease (COPD) 
usually occurs as a result of intense exposure to nox-

ious particles or gases which leads to abnormalities in 
the airways and/or alveoli and is characterized with 
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ABS TRACT Objective: Chronic obstructive pulmonary disease 
(COPD) is one of the leading causes of morbidity and mortality world-
wide. Biomarkers have been recognized as an important tool in assess-
ing COPD patients. In this study, we aimed to investigate the possible 
relationship between certain biomarkers and different COPD pheno-
types. Material and Methods: Between January 1, 2017-December 
31, 2017, a total of 85 patients who were admitted to the Çanakkale 
Onsekiz Mart University Faculty of Medicine Hospital Chest Diseases 
Outpatient Clinic with a diagnosis of COPD according to the Global 
Initiative for Chronic Obstructive Lung Disease 2017 Guidelines were 
included in this study. All patients filled in the COPD Assessment Test 
and modified Medical Research Council questionnaires. Patients were 
divided into 4 phenotypes: emphysema, chronic bronchitis, frequent 
exacerbation, and asthma COPD overlap syndrome (ACOS). Levels of 
C-reactive protein (CRP), desmosine, fibronectin, eotaxin, and inter-
leukin (IL)-2 were measured and compared between the phenotypes. 
Results: The mean age was 64.56 years and 92.9% of the study popu-
lation were males. Of 85 patients, 43 had emphysema, 13 had frequent 
exacerbation, 15 had chronic bronchitis, and 14 had ACOS phenotype. 
Blood fibronectin, eotaxin, and urine desmosine levels were signifi-
cantly lower in patients with ACOS phenotype compared to the other 
phenotypes. In patients with the frequent exacerbation phenotype, the 
CRP level was significantly higher than that of the other three pheno-
types. The IL-2 levels were similar in all phenotypes. Conclusion: Our 
study results suggest that these biomarkers may be useful in the differ-
ential diagnosis of COPD phenotypes. 
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ÖZET Amaç: Kronik obstrüktif akciğer hastalığı (KOAH), ülkemiz 
ve tüm dünya ülkelerinde önemli mortalite ve morbidite nedeni olan 
bir hastalıktır. Biyomarker ölçümleri KOAH’ın değerlendirilmesinde 
giderek daha önemli bir hâl almaktadır. Çalışmamızın amacı, biyo-
marker düzeylerinin KOAH fenotipleri arasında anlamlı farklılık gös-
terip göstermediğini araştırmaktır. Gereç ve Yöntemler: Çalışmamıza, 
1 Ocak 2017-31 Aralık 2017 tarihleri arasında, Çanakkale Onsekiz 
Mart Üniversitesi Tıp Fakültesi Hastanesi Göğüs Hastalıkları Polikli-
niğine başvuran, KOAH tanılı veya “Global Initiative for Chronic Obs-
tructive Lung Disease” 2017 kılavuzuna göre KOAH tanısı konulan 85 
hasta alınmıştır. Hastalar, KOAH değerlendirme Testi ve “modifiye 
Medical Research Council” anketleri doldurmuştur. Amfizem, sık alev-
lenenler, kronik bronşit ve astım-KOAH ortak sendromu (AKOS) 
olmak üzere 4 fenotipe ayrılmıştır. Hastalardan venöz kan örneği ve 
idrar örneği alınmıştır. C-reaktif protein (CRP), desmozin, eotaksin, 
fibronektin ve interlökin-2 (IL-2) biyobelirteç düzeyleri belirlenmiştir. 
Bulgular: Araştırmaya katılan hastaların yaş ortalaması 64,56’dır. Ör-
neklemin %92,9’u erkektir. Toplam 85 hastanın 43’ü amfizem, 13’ü 
sık alevlenen, 15’i kronik bronşit, 14’ü AKOS fenotipindedir. Kan fib-
ronektin, eotaksin ve idrar desmozin düzeyi AKOS fenotipindeki has-
talarda diğer fenotiplerin tümünden anlamlı derecede düşüktür. Sık 
alevlenen fenotipindeki hastalarda CRP düzeyi diğer fenotiplerin tü-
münden anlamlı derecede yüksektir. Fenotipler arasında, IL-2 düzeyi 
ortalamaları açısından fark yoktur. Sonuç: Çalışmamız sonucunda, 
KOAH fenotipleri arasında biyobelirteç düzeyleri açısından anlamlı 
farklılıklar bulunmuş olup; çalışmamızın, bu konuda yapılacak daha 
kapsamlı araştırmalara ışık tutacağı kanaatindeyiz. 
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permanent airflow obstruction and respiratory symp-
toms.1 It is a common, preventable, and treatable dis-
ease. 

Currently, COPD is recognized as an umbrella 
definition which includes different clinical, phys-
iopathological, and radiological phenotypes.2 A phe-
notypic classification may provide important clues 
regarding the differential diagnosis among patients 
with separate features and identification of patients 
with similar prognosis and treatment response.3 

Biomarkers may be helpful to gain a different 
view of the immunopathogenesis of COPD.  

Although it is still unclear whether the blood  
C-reactive protein (CRP) level is an indicator of the 
intensity of inflammation or is a part of the inflam-
mation itself in COPD, blood CRP levels, are corre-
lation between airflow limitation and disease severity 
[Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) stages, BODE index (body mass index, 
obstruction, dyspnea, exercises capacity)] and has 
been shown to be associated with COPD mortality 
and morbidity.4,5 

Fibronectin contributes to the continuation of tis-
sue damage by increasing matrix metalloproteinase 
(MMP) activity and is a useful biomarker in identi-
fying risk layers in COPD patients because of the in-
verse correlation of fibronectin with lung function in 
COPD patients.6 

In COPD, interleukin (IL)-2 is thought to con-
tribute to airflow limitation and cell damage.7 

CXCL9 (MIG), CXCL10 and eotaxin1 are se-
creted from epithelium and macrophage stimulated 
by irritant inhalation. Proteases such as neutrophil 
elastase or MMP9 are secreted from the collected in-
flammatory cells. These molecules emphysema with 
elastin degradation and alveolar wall destruction; 
they also cause chronic bronchitis with increased se-
cretion in goblet cells and submucosal glands.8 

Previous research has demonstrated that urinary 
desmosine is elevated in all patients with COPD who 
are never smokers or who smoke without airway ob-
struction. Urine desmosine is a biomarker sensitive 
to lung elastin catabolism. Urinary desmosine can be 

used to identify individuals at risk of developing em-
physema and to evaluate the efficacy of therapeutic 
interventions.9 

Several studies have suggested that using a sin-
gle biomarker does not provide adequate information 
about the disease.5 In the present study, therefore, we 
intended to investigate the difference in blood fi-
bronectin, CRP, eotaxin-1 and urine desmosine lev-
els among four different COPD phenotypes and the 
role of these biomarkers in the pathophysiology and 
treatment response. 

 MATERIAL AND METHODS 
Eighty five patients with established or newly diag-
nosed stable COPD according to the GOLD guide-
lines, who were admitted to the chest diseases 
outpatient clinic of our University, Faculty of 
Medicine Hospital between January 2017-December 
2017, were included in this study. Patients with other 
major diseases were excluded. A written informed 
consent was obtained from each patient. Ethics com-
mittee approval was received from the Çanakkale 
Onsekiz Mart University Clinical Research Ethics 
Committee for approval of the study (date: February 
15, 2017, no: 2011-KAEK-27/2016-E.146787). The 
study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. 

Weight measurements for pulmonary function 
tests were performed while the patients were wear-
ing light sportive clothes and the heights of the par-
ticipants were measured for pulmonary function tests 
in the standing upright position with barefoot and 
during deep inspiration using a thin rod parallel to the 
ground and with a 0.5 cm sensitivity. The pulmonary 
function tests were performed in accordance with the 
American Thoracic Society criteria using a Viasys 
(VIASYS Healthcare, Höchberg, Germany) spirom-
eter twice and the best measurement was recorded. 
For the bronchodilatation test, four puffs of salbuta-
mol (400 μg) was administered by inhalation and per-
cent forced expiratory volume in one second 
(FEV1%)/percent forced vital capacity (FVC%), 
FEV1, and FVC were measured at 15 min. According 
to the GOLD 2017 guidelines, COPD staging was 
performed. Modified Medical Research Council 
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(mMRC) questionnaires and COPD Assessment Test 
(CAT) were filled. Using a four-detector Toshiba 
Asteion (Toshiba Medical Systems Corporation, 
Otawara, Japan) device, 1 mm thick sections were 
taken at every 10 mm and high resolution computed 
tomography examinations were performed. Demo-
graphic data including age, sex, residence, and smok-
ing duration; anthropometric measurements including 
height and weight; hospital admission and hospital or 
intensive care unit stay during the last year were 
recorded. The patients were classified according to 
these data. 

In our study, phenotype definitions were made 
as follows: 

1. “Emphysema” phenotype; are patients with 
clinical, radiological and functional diagnosis of em-
physema, the main complaints of which are shortness 
of breath and limitation of effort. The body mass 
index of patients with emphysema is low. There may 
be fewer exacerbations in the emphysema phenotype 
than in the chronic bronchitis phenotype, but patients 
with frequent exacerbations are seen in the advanced 
stages of the disease. The annual loss of FEV1 is 
higher in patients with severe emphysema and ad-
versely affects the prognosis.10 

2. Frequent exacerbations (>2 times a year), a 
second phenotype, cause decreased quality of life, in-
creased mortality, and further reduction in lung func-
tion. On average, frequent exacerbations had 
significantly higher airway obstruction for the 
mMRC dyspnea scale and increased body mass 
index, Airway Obstruction, Dyspnea and Exercise 
(BODE) index compared to less frequent exacerba-
tions.2,11  

3. The “chronic bronchitis” phenotype defines 
patients who have sputum production and cough for 
2 consecutive years, especially in the winter months, 
for 3 months or more, in accordance with the defini-
tion of chronic bronchitis. Mucus hypersecretion in 
COPD leads to more intense airway inflammation 
and increased respiratory tract infections. Therefore, 
more exacerbations are seen in the chronic bronchi-
tis phenotype.12 

4. The phenotype with “COPD-asthma overlap 
(ACO)” is defined as the presence of symptoms or 

signs of reversibility with airway obstruction that is 
not completely reversible. 

In some guidelines, it is also defined as the pres-
ence of a pronounced asthma component in patients 
with COPD or as asthma complicated by COPD. For 
the definition of this phenotype, 3 major and 3 minor 
criteria were determined and 2 major criteria or 1 
major and 2 minor criteria were recommended for di-
agnosis.13 

Major criteria;  
1. High positivity with bronchodilator test 

(>15% and >400 mL increase in FEV1),  
2. Eosinophilia in sputum,  
3. History of asthma.  

Minor criteria;  
1. High total immunoglobulin-E levels,  
2. History of atopy,  
3. Positive bronchodilator test performed at 2 

different times (>12% and >200 mL increase in 
FEV1); however, the validity of these criteria should 
also be demonstrated.13 

The measurement of CRP was performed using 
nephelometric method with the IMMAGE 800 pro-
tein chemistry analyzer (Beckman Coulter Diagnos-
tics, CA, USA). The blood and urine samples were 
centrifuged [blood samples: for 15 min at 4,000 rev-
olutions per minute (rpm), urine samples: for 20 min 
at 4,000 rpm] within 30 min after being collected and 
stored at -80ºC, until analysis. Blood IL-2, fi-
bronectin, and eotaxin-1; and urine desmosine levels 
were measured using the enzyme-linked immunosor-
bent assay (ELISA) with a Biotek ELx808 device 
(BioTek Instruments, Winooski, VA, USA) and the 
results were obtained from a microplate reader. 

STATISTICAL ANALYSIS 
IBM SPSS Statistics for Windows, Version 22.0 
(IBM Corp., Armonk, NY, USA) was used for sta-
tistical analysis. The normality of distribution was 
analyzed by the Shapiro-Wilk and Kolmogorov- 
Smirnov tests for continuous variables. Continuous 
data were presented in mean±standard deviation (SD) 
or median (minimum-maximum) values, while cate-
gorical data were expressed in number and frequency. 
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Continuous data were compared between 2 groups 
using the independent samples t or Mann-Whitney U 
tests according to the distribution of data. Fisher Free-
man Halton test was used to compare qualitative data. 
A p value of <0.05 was considered statistically sig-
nificant with 95% confidence interval.  

 RESULTS 
The mean age of the patients was 64.56 years. The 
mean smoking pack year was 35.05. Of the patients 
31.8%, 32.9%, 28.2%, and 7.1% were of COPD 
Stage 1, 2, 3, and 4, respectively. The mMRC stage 
was 0-1 in 83.5% and ≥2 in 16.5%. The CAT stage 
was <10 in 31.8% and ≥10 in 68.2% (Table 1). 

The rates of the patients according to age and 
gender did not show a statistically significant differ-
ence according to the phenotypes (p>0.05) (Table 1). 

The number of pack-years of cigarettes did not 
differ statistically significantly according to the phe-
notypes (p>0.05) (Table 1). 

COPD stage rates do not differ statistically sig-
nificantly according to the phenotypes (p>0.05) 
(Table 1). 

mMRC stage rates differ statistically signifi-
cantly according to the phenotypes (p<0.05); when 
the significance was examined, the rate of mMRC 2 
and above in the Frequent exacerbation group was 
found to be statistically significantly higher than the 
other groups. No significant difference was found 
between the other phenotypes (Table 1). 

CAT stage rates do not differ statistically signif-
icantly according to the groups (p>0.05) (Table 1). 

Table 2 shows the comparison of biomarker 
levels between phenotypes. The mean eotaxin, fi-
bronectin and desmosine levels were significantly 
lower than the other phenotypes in the asthma 
COPD overlap syndrome (ACOS) phenotype. How-
ever, the CRP level was significantly higher in the 
frequent exacerbation phenotype than the other phe-
notypes. 

 DISCUSSION 
The CRP level increases in parallel with the increas-
ing GOLD stage, CAT score, and mMRC dyspnea 
score.14-17 Díaz et al. found a higher CRP level in 
COPD group compared to the control group, but did 
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 Phenotypes  
Emphysema n=43 Frequent exacerbation n=13 Chronic bronchitis n=15 ACOS n=14 Total p value 

Age (year), mean±SD 63.44±7.42 68.15±11.13 65.20±9.01 64.00±9.10 64.56±8.62 a0.658 
Sex, n (%)       
    Male 40 (93) 12 (92.3) 14 (93.3) 13 (92.9) 79 (92.9) b1.000 
    Female 3 (7) 1 (7.7) 1 (6.7) 1 (7.1) 6 (7.1)  
Smoking (pack/year) 37.67±12.27 35.00±14.14 29.40±10.27 33.07±15.55 35.05±12.99 a0.226 
COPD stage       
    Stage 1 14 (32.6) 1 (7.7) 5 (33.3) 7 (50) 27 (31.8) b0.219 
    Stage 2 15 (34.9) 6 (46.2) 4 (26.7) 3 (21.4) 28 (32.9)  
    Stage 3 11 (25.6) 3 (23.1) 6 (40) 4 (28.6) 24 (28.2)  
    Stage 4 3 (7) 3 (23.1) 0 (0) 0 (0) 6 (7.1)  
mMRC stage       
    mMRC 0-1 37 (86) 7 (53.8) 13 (86.7) 14 (100) 71 (83.5) b0.014* 
    mMRC ≥2 6 (14) 6 (46.2) 2 (13.3) 0 (0) 14 (16.5)  
CAT stage       
    <10 13 (30.2) 2 (15.4) 5 (33.3) 7 (50) 27 (31.8) b0.297 
    ≥10 30 (69.8) 11 (84.6) 10 (66.7) 7 (50) 58 (68.2)  

TABLE 1:  The descriptive characteristics of the patient.

aKruskal Wallis test; bFisher Freeman Halton test; *p<0.05; ACOS: Asthma chronic obstructive pulmonary disease overlap syndrome; SD: Standard deviation;  
COPD: Chronic obstructive pulmonary disease; mMRC: Modified Medical Research Council; CAT: COPD Assessment Test.
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not find an association between smoking and CRP 
levels.18 The CRP level was positively correlated with 
fat free mass, body mass index, and number of exac-
erbations during the last year and negatively corre-
lated with FEV1 and the partial pressure of oxygen. 
In consistent with the aforementioned study, the CRP 
level was positively correlated with number of exac-
erbations during the last year in our study. Further-
more, the frequent exacerbation phenotype’s mean 
CRP level was significantly higher than in the other 
phenotypes. Therefore, this close relationship may be 
useful to identify patients with this phenotype in 
whom history taking is troublesome. 

Several studies showed significantly higher 
urine desmosine levels in patients with COPD com-
pared to controls.9,19,20 A previous study investigated 
the role of plasma and urine desmosine levels as a 
biomarker in COPD and compared with healthy in-
dividuals, patients with stable asthma, and patients 
with stable COPD, and those with exacerbation. 
While blood and urine desmosine levels were higher 
in COPD patients compared to healthful non-smok-
ers, they were similar in healthful non-smokers, 
asthma patients, and healthful smokers. These find-
ings suggest that desmosine may be a specific marker 
for COPD. Urine desmosine levels were associated 
with COPD exacerbation and blood desmosine levels 
were elevated in 40% of COPD patients, irrespective 
of the exacerbation status. The authors speculated 
that the cause of the positive association between car-
bon monoxide diffusion test and desmosine levels 
suggested increased elastin degradation. There was a 
positive and strong association between blood 

desmosine levels and age and a negative correlation 
between carbon monoxide diffusion capacity and 
desmosine levels. Their findings also suggested that 
urine desmosine levels increased during exacerbation 
in COPD and blood desmosine levels increased in 
stable COPD patients with reduced lung capacity.21 
In the aforementioned study, desmosine levels in-
creased in COPD patients, but there was no signifi-
cant difference between COPD and asthma patients 
in this regard.21 In consistent with these results, in the 
present study, we found lower urine desmosine lev-
els in patients with ACOS phenotype which shows 
similar pathophysiological features with asthma. 

In a large-scale, prospective cohort study among 
mild-to-moderate COPD patients with more than 7 
years of follow-up, fibronectin/CRP ratio was asso-
ciated with mortality.22 

However, it is evident that neither CRP nor fi-
bronectin is specific to the lungs and, therefore, their 
blood levels may not be correlated with the pathol-
ogy in the lungs.22 Kicic et al. investigated the role of 
abnormal extracellular matrix production and storage 
by airway epithelial cells in the pathogenesis of 
asthma.23 The epithelial cells were obtained by 
bronchial brushing and were grown in culture. The 
ability of these cells to close mechanical wounds was 
examined via microarray, gene expression and si-
lencing, and transcript regulation analysis and the 
only extracellular component with reduced gene ex-
pression was fibronectin in patients with asthma.23 In 
the aforementioned study, the airway cells failed to 
produce fibronectin in response to wounding or cy-
tokine/growth factor stimulation. The authors, hence, 
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Phenotypes  
Emphysema n=43 Frequent exacerbation n=13 Chronic bronchitis n=15 ACOS n=14 

mean±SD mean±SD mean±SD mean±SD p value 
Fibronectin 52.93±14.97 55.15±10.53 53.80±6.81 42.07±3.73† 0.001 
CRP 0.59±0.41 3.23±3.41‡ 0.51±0.40 1.04±1.23 <0.001 
IL-2 14.23±3.49 15.78±8.62 15.13±4.66 10.94±4.47 0.069 
Eotaxin 587.40±147.96 594.46±102.61 1205.73±102.19 468.79±53.96† <0.001 
Desmosine 1278.14±351.13 1290.23±235.63 1205.73±102.19 1053.07±59.33† 0.015 

TABLE 2:  Biomarker levels according to the phenotypes.

†Significantly lower as compared with the other groups; ‡significantly higher as compared with the other groups; ACOS: Asthma chronic obstructive pulmonary disease overlap syn-
drome; SD: Standard deviation; CRP: C-reactive protein; IL-2: Interleukin-2.
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concluded that the reduced capacity of airway cells 
to produce fibronectin was an important contributor 
to the dysregulated airway epithelial cell repair in 
asthma.23 In our present study, fibronectin levels of 
patients with ACOS phenotype were significantly 
lower than the other phenotypes. Among the COPD 
phenotypes, ACOS is relatively different from other 
phenotypes given its clinical and pathophysiological 
similarities to asthma which may be the cause of re-
duced fibronectin levels in our study. 

Several studies showed increased bronchoalve-
loar lavage, sputum, and blood eotaxin levels in pa-
tients with COPD.24-27 In a study, increased eotaxin 
levels were observed in patients with stable COPD 
patients, compared to healthful individuals, and a 
negative correlation between eotaxin levels and 
FEV1 was found.28 D’Armiento et al. also found an 
association between rapid progression in COPD and 
high eotaxin levels.29 Another study showed higher eo-
taxin levels in COPD patients with exacerbation com-
pared to stable COPD patients and healthy controls.30 
In the aforementioned study, stable COPD patients 
had also higher eotaxin levels than healthy controls. In 
the present study, different from previous studies in 
the literature, eotaxin levels were lower in patients 
with ACOS phenotypes. In our study, the patients 
continued their inhaled corticosteroid and beta-ago-
nist treatment; therefore, inhaled corticosteroid might 
have suppressed eotaxin levels and caused the dis-
crepancy between our study and the others. 

Furthermore, it has been suggested that T lym-
phocytes are associated with the pathogenesis, and 
progression of COPD, although the exact relationship 
between T lymphocytes and COPD still remains to 
be elucidated.31-34 One study found higher IL-2 levels 
in stable COPD patients compared to those with 
rapidly progressing COPD.29 However, stable COPD 
patients in the aforementioned study had lower eo-
taxin levels, compared to healthy controls.29 In-
creased IL-2 levels may enhance T cell response and 
prevent bacterial and viral lung infections, thereby af-
fecting the disease course positively.35 In the present 
study, we found similar IL-2 levels in the COPD phe-
notypes. This can be attributed to the involvement of 
similar IL-2 pathways in all of these phenotypes. 

Since there is no research on biomarker levels 
among COPD phenotypes in the literature, our study 
brings a new perspective. However, the limited num-
ber of patients and the predominance of male sex is 
the limitation of our study. 

Further studies to determine the same biomarker 
levels among COPD phenotypes in larger patient 
groups will contribute to the generalization of our re-
sults. 

 CONCLUSION  
Several biomarkers have been used as an adjunct to 
identify, diagnose and treat diseases in clinical prac-
tice. Different phenotypes of COPD are associated 
with distinct pathophysiological and prognostic fea-
tures. In this study, we compared the levels of some 
biomarkers that may play a role in the pathophysiol-
ogy of COPD, in different phenotypes and found sig-
nificantly lower blood eotaxin, blood fibronectin and 
urinary desmosine levels in ACOS patients, com-
pared to other phenotypes. In addition, the CRP lev-
els were significantly higher in the frequent 
exacerbation phenotype compared to the others, 
while the mean IL-2 levels were similar in all of the 
phenotypes. Although further large-scale studies are 
needed to establish a definite conclusion, we believe 
our study will improve our understanding of the role 
of biomarkers in clinical practice. 
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