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The Relationship between Serum YKL-40 Levels and Severity of Asthma
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ABSTRACT

YKI.-40 (chitinase-3-like-1) has been introduced as a marker of inflammation in
asthma. The aim of this study was to determine the role of YKI.-40 in asthma and to
evaluate the relationship between YKI.-40 and asthma severity.

In the study, 60 non-smoker asthma patients without additional diseases (aged between
20-60 years, female: 34) were grouped [Group I: Well controlled asthma patients (n: 30),
Group II: Patients during acute exacerbation of asthma (n: 30)]. Healthy non-smoker female
individuals were included in Group 1II (n: 30) as a control group. The level of serum YKIL-
40 of all groups were determined by ELISA. Also, serum YKL- 40 level was correlated with
age, asthma duration in years, body mass index (BMI), forced expiratory volume in first
second/ forced vital capacity (FEV1/FVC, %), FEV1 (%), and total IgE levels of asthma
patients.

Mean serum YKI.-40 level was highest in patients during acute exacerbation of asthma
(36.36110.49 ng/ml) while mean serum YKL-40 level was the lowest (13.20+5.60 ng/ml) in
the control group. There was a negative significant correlation between the serum YKI.-40
levels and FEV: (%) in patients during acute exacerbation of asthma. There were no
significant correlations between the serum YKI-40 levels and other variables in group II.

We found that increased serum YKI.-40 levels may be used as a marker for evaluation of

asthma severity and genetic polymorphism.

Keywords: Asthma; Marker; YKI.-40

INTRODUCTION

Asthma is a chronic inflammatory lung disease
characterized by recurrent airway obstruction.'
Nowadays, exact pathogenesis of asthma is still
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unknown. As a result of increasing exposure to
enviromental allergens, immune response plays an
important role in the pathogenesis as well as genetic
predisposition. In addition to inflammatory response in
airways, structural changes as remodelling also
occur.”®  Subepithelial fibrosis develops due to
accumulation of collagen fibers and proteoglycans
under basal membrane in asthma.*’ These changes may
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affect asthma severity, and end up in relative
irreversible obstruction of airways. Conventional
follow up methods may not be reliable in disease
control. Some patients can not evaluate their
symptoms, and also some patients can not perform
convenient peak expiratory flow (PEF) monitoring. In
recent years, monitoring of inflammation in asthma is
believed to have contribution to disease follow up and
treatment.

YKL-40 (Human cartilage gp-39, chitinase 3-like 1
protein) is a glycopeptide, produced and secreted from
chondrocytes, osteoblasts, macrophages, neutrophiles,
epithelial cells and smooth muscle cells.® The chitinase-
like protein YKL-40 lacks chitinase activity but binds
to ubiquitously expressed chitin and has been
implicated in inflammation and tissue remodeling.’
Exact physiological functions of YKL-40 are unknown
and YKL-40 funtions as a growth factor for synovial
fibroblasts. YKL-40 has angiogenic role for vascular
endothelial cells and is involved in inflammation and
remodelling. Previous studies have demostrated that the
expression level of YKL-40 increased in T-helper cell
(Th) type 2 inflamation.®

YKL-40 induced by the proinflammatory cytokines
tumor necrosis factor-a and interleukin (IL)-1 as well
as by interleukin-13 is a potential key regulator of
asthma.’ In asthma, chitinases like YKL-40 are
secreted from macrophages and airway epithelial cells
with IL-13 related mechanism. Th-2 associated
inflammatory response due to allergen exposure, which
results in airway hyperresponsiveness and smooth
muscle  contraction, plays role in  tissue
remodeling.”'*!" Increased serum YKL-40 levels were
demonstrated in severe asthmatic patients in a study.12
Serum YKL-40 levels also increase in exacerbation
period of asthma.”’ In this study, the serum YKL-40
levels of stable asthmatic patients, as classified
according to criteria of the Global Initiative for Asthma
(GINA) 2011, were measured and compared with each
other and the control group.

In recent years, YKL-40 expression in some tumors
and also patients with active arthritis ' has been
demonstrated.’'7 Further more, it is accepted as a
biomarker in inflammatory bowel diseases and fibrosis
marker in chronic liver diseases.'®

The aim of this study was to examine a possible
relationship between the serum YKL-40 levels and
asthma severity.
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MATERIALS AND METHODS
Patients

The study included patients with asthma diagnosis
according to the guidelines.' Sixty nonsmoker
asthmatic patients (without additional diseases aged
between 20 to 60 years, (female/male ratio: 43/47)
were followed up between June 2010 and December
2011 in Diskapi Yildirim Beyazit Education and
Research Hospital Pulmonary Diseases Clinic and Etlik
Ihtisas Training and Research Hospital, Ankara.
Demographic data and the smoking history of patients
were recorded. Our exclusion criteria were other
infections within the last month, malignancy, other
chronic diseases. The body mass index (BMI: kg/m?) of
each patient was calculated. Chest radiographs were
evaluated to exclude other pathologies. The patients
also underwent physical examinations. One or more
positive results to allergens in skin prick test
(Allergopharma, Germany) was accepted as atopy.
According to previous skin prick test results of asthma
patients regullary followed in our clinics, 10 well
controlled asthma patients and 11 asthma patients
during exacerbation had atopy.

Our patients were divided into two groups
according to the GINA criteria as follows: Group I:
well controlled asthma patients (n:30,
female/male:12/18), Group II: Asthmatic patients
during acute exacerbation (n: 30, female/male:16/14).
Thirty healthy non-smoker females with no chronic
diseases were included as control group (Group III, n:
30, female/male:15/15 ).

Fourteen of well controlled asthmatic patients were
categorized as mild persistant, 16 of them as moderate
persistant according to GINA before treatment. The
treatment protocols of asthmatic patients were arranged
according to GINA criteria.' Mild persistant asthmatic
patients received inhaled short acting B2 agonists as
needed, moderate persistant asthmatic patients received
fluticasone (250-500 pg/day) or generic and long acting
32 agonists. Acute exacerbation was defined as
symptoms like dyspnea, cough, wheezing, shortness of
breath or chest tightness together with decrease in PEF
and forced expiratory volume in first second (FEV))
values according to GINA in last month. During acute
exacerbation period, patients received inhaled short
acting B2 agonists, 1-4puffs/hour [inhaler salbutamol
100 mcg or nebulized 0.15 mg/kg (2.5 mg)/20 minute
(x3)], systemic corticosteroids (0.5/2 mg/kg/day
prednisolone), and/or oxygen therapy.
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Laboratory

Fasting serum samples were taken in the morning
from all patients with asthma and healthy individuals 6-
12 hours after physical examination. Blood samples from
patients during acute exacerbation of asthma were
obtained before initiation of exacerbation therapy. Serum
C-reactive protein (CRP) level (0-6 mg/l, Advia 2400,
Latex  enhanced  immunoturbidimetric, Siemens
Healthcare Diagnostics Inc.,USA ), total serum IgE (1-
83 IU/ml, Immulite 2000XPi, chemiluminescent
immunometric assay, Siemens Healthcare Diagnostics
Inc.,USA)) levels were assessed using standard
laboratory methods. Serum samples for YKIL-40 (ng/ml)
were centrifuged for 10 minutes at 3000 rpm and stored
at  -70°C. Human  YKL-40 enzyme-linked
immunosorbent assay (ELISA) kit (Adipobiotech,
20110516, Santa Clara, USA) was used for the serum
YKL-40 level measurement.

All patients performed respiratory function tests at
the respiration laboratory of our clinic using a Jaeger
spirometer according to American Thoracic Society
(ATS) guidelines. FEV1(%), forced vital capacity (FVC,
%) were measured and the values were recorded.'” The
study was planned in accordance with the suggestions of
the Helsinki Document and Diskapi Yildirim Beyazit
Training and Research Hospital's ethic commission.
Signed consent forms were obtained from all subjects.

Statistical Analysis

SPSS 15.0 (SPSS Inc; Chicago, III) package program
was used for statistical analysis of the data. As the
measure of the average, mean+SD, or, when normal
distribution was not the case, median (min-max) was
used. Least Square Deviation (LSD) was performed to
determine the group that was different. Dunnett T3 test
was performed to determine the group that was different.
Different groups were determined by Mann-Whitney U
test and Bonferroni correction. In order to correlation
between the variables, Pearson correlation coefficient
and Spearman correlation coefficient was used.

RESULTS

Demographic and laboratory data for the 60 patients
and control group monitored at our clinic were
demonstrated in Table 1. The mean serum YKL-40 level
of the control group was found to be 13.20+5.60 ng/ml.
Mean serum YKL-40 level of well controlled asthmatic
patients was 19.84+6.19 ng/ml while the mean serum
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YKL-40 level of the patients during acute exacerbation
was found to be 36.36x10.49 ng/ml. There was a
significant difference between the serum YKL-40 levels
of well controlled asthma patients and the acute
exacerbation group (p<0.0001). Figure 1 shows the box
plot graphs of the serum YKL-40 level in asthmatic
patients and the control group.

Relationships between the serum YKL-40 levels and
other variables were demonstrated in table 2. Although
patients with well controlled asthma had more duration
of asthma in years, no significant correlation was found
between other parameters with the serum YKIL-40 levels
(p>0.05) of well controlled asthmatic patients. FEV1
values and the serum YKI-40 levels of asthma patients
during acute exacerbation period showed significant
negative correlation (r=-0.421, p=0.02). Figure 2 shows
the box plot graphs of the relationship the serum YKL-
40 level and FEV1 (%) in asthmatic patients during
acute exacerbation period. No significant correlations
between age, asthma duration in years, BMI, FEV1/FVC
(%), serum total IgE levels and serum YKL-40 levels
were found in all groups (p>0.05).

DISCUSSION

In this study, we found that the serum YKL-40 level
was higher in the acute exacerbation group than the well
controlled asthmatic patients and the control group.
Moreover, in the acute exacerbation group, significant
negative correlation was found between FEV1 (%) and
the serum YKL-40 levels. In recent years, the serum
YKL-40 levels in inflammation, endothelial dysfunction,
angiogenesis and remodeling have been reported to
increase."’

In studies with chronic diseases such as diabetes,zo’ 2z
neurological disease,” malignancies,” YKL-40 may be
used as a noninvasive prognostic marker.

There has been limited number of studies related
with YKL-40 in lung diseases. In a study by Johansen et
al® the serum YKL-40 levels were increased and YKL-
40 levels as a biomarker for disease activity and fibrosis
were suggested in patients with sarcoidosis. YKL-40
may play a role in differentiation and proliferation of
cancer cells and YKL-40 has been accepted as a poor
prognostic ~ biomarker in  patients with  lung
carcinoma.”>?® In another study, asthma severity, the
thickness of the subepithelial basal membrane, and
pulmonary function tests were correlated with the serum
YKL-40 levels."
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Table 1. Demographic and laboratory data of asthma and control groups.

Groups Group I Group II Group III
Patients with well Patients during acute Control group(n: 30) P value
controlled asthma exacerbation of asthma (n:30)
Variables (n:30)
Age (years) 38.80+11.31 39.06+11.57 38.10+10.98 0.421
(20-55) (27-60) (23-60)
Asthma in years 13.76+5.06 11.03+5.62 - 0.067
BMI (kg/m?) 24.19+4.64 25.19+4.09 25.34+3.70 0.234
FEV1/FVC(%) 76.34£12.08 51.17+11.67 95.45+7.65 <0.0001
FEV1(%) 74.70£8.61 44.76+6.24 96.86+3.73 <0.0001
Total IgE 156.43+£103.95 155.91+79.03 49.60£68.39 <0.0001
(1-83 IU/ml)
CRP (0-6 mg/l) 5.77£1.31 6.06£1.35 3.82+1.34 0.245
YKL-40 (ng/ml) 19.84+6.19 36.36+10.49 13.20+5.60 <0.0001
BMI: Body mass index, FEV1/FVC: Forced expiratory volume in 1 second/ Forced vital capacity, CRP: C-reactive protein.
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Figure 1. Serum YKL-40 level in asthmatic patients and control group.
Table 2. The relationship between variables and serum YKL- 40 level in asthmatic patients.
Patients with well controlled Patients during acute exacerbation of
Variables asthma (n:30) asthma (n:30)
r P r P
Age (years) 0.335 0.070 -0.158 0.404
Asthma duration in years 0.100 0.600 -0.314 0.091
BMI (kg/m?) 0.067 0.724 0.160 0.400
FEVI1/FVC(%) 0.319 0.086 0.103 0.588
FEV1(%) 0.193 0.307 -0.421° 0.020
Total IgE (1-83 IU/ml) 0.174 0.357 0.099 0.601
BMI: Body mass index, FEV1: Forced expiratory volume in 1 second, FVC: Forced vital capacity.
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Figure 2. The relationship between serum YKL-40 level and forced expiratory volume in 1 second (FEV1, %).

In a recent study, serum YKL-40 level has been
significantly higher in asthmatic patients than control
subjects, however no significant correlation were found
between the serum YKL-40 level with asthma severity
and total serum IgE level.”” In our study, when severity
of asthma increased, the serum YKL-40 level also
increased especially in the acute exacerbation group.
This relationship can suggest that the serum YKIL-40
level can be used as a biomarker for monitoring of
inflammation. Recently Otsuka et al.’ reported in
patients with asthma, sputum YKL-40 levels were
positively correleted with disease severity and sputum
neutrophil counts and were negatively correlated with
measures of pulmonary function test (with pre- and
postbronchodilatér %FEV1). These findings showed
that elevated sputum YKL-40 levels were reflecting
airflow obstruction in asthma. In a study, total serum
IgE levels of asthmatic patients in the acute
exacerbation period were found higher than the well
controlled asthma and the control groups and
significantly correlated with the serum YKL-40 level."?

Total serums IgE level in all asthmatic patients
were high in our study. We found no correlation
between the serum YKIL-40 level and total serum IgE
level among asthmatic patients. In a recent study, a
positive correlation between serum total IgE and the
serum YKL-40 level was demonstrated in atopic
patients related to genotype.”® No correlation between
the serum YKL-40 level, total serum IgE levels and
asthma duration in years might be due to genotypic
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structure of Turkish patient population. In recent years,
attention to YKL-40 regarding the role in the
pathogenesis of asthma is increasing. Improvement of
health related quality of life and decreased mortality
rates can be provided with the detection of factors
underlying disease etiology. Determination of
relationship between asthma and YKL-40 is important
in the diagnosis and treatment of the disease. Moreover,
plasma levels of YKL-40 can be cost effective in
follow up of the asthma severity. Therefore, the results
of the present study can suggest that YKL-40 can be
used as a follow up marker.

The major limiting factor in our study was that it
was difficult to find patients having asthma without any
additional diseases.

In conclusion, although the exact role of the serum
YKL-40 levels in asthma is not known, increase of the
serum YKL-40 levels especially in the acute
exacerbation group can indicate the relationship
between the serum YKIL-40 levels and severity of
asthma according to the results of the present study.
Further multicentric studies with larger number of
subjects are needed to explore these associations.
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