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Abstract

Background: YKL-40 is a chitinase-like protein present in serum of healthy subjects and its levels are increased in several human inflammatory
diseases. The aim of this study was to evaluate the levels of both serum and sputum YKL-40 in cystic fibrosis (CF) patients.

Methods: Serum and sputum YKL-40 levels were measured in a cohort of twenty-eight patients with a diagnosis of CF and twenty healthy
controls.

Results: Serum YKL-40 levels were significantly higher in CF patients (88.8 = 56.7 vs 18.6 + 2.9 ng/ml, P < 0.001), as well as sputum YKL-40
levels (138.5 + 132.7 vs 28.2 + 24.34, P < 0.001) than in healthy controls. Serum YKL-40 levels were closely related to YKL-40 levels assessed
in sputum samples (r = 0.71; P < 0.01).

Conclusions: YKL-40 is elevated in CF patients and is further elevated during severe exacerbations. Longitudinal studies in infant are needed to

establish its role in disease pathogenesis.

© 2015 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

YKL-40 (also named chitinase 3-like 1) is a chitinase-like
protein first discovered in mouse breast cancer cells; in healthy
humans it is produced by neutrophils, monocytes, macrophages,
cultured chondrocytes and synovial cells, where it regulates cell
proliferation and survival [1]. It increases in some severe human
diseases, such as cancer [2,3], osteoarthritis [4,5], cardiovascular
diseases [6,7], neurological diseases [8] and injury [9], infections
[10], chronic obstructive pulmonary disease [11,12], asthma
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[13,14,15] and recently even in serum and sputum of cystic
fibrosis (CF) adults [16].

The aim of this study was to evaluate the levels of serum and
sputum YKL-40 in CF patients, both younger and older than
18 years, to examine the relationship between serum and
sputum YKL-40 levels with different phenotypes or genotypes
of disease and, finally, to analyze its sensitivity as a marker of
lung disease severity.

2. Materials and methods
2.1. Patients population and study design

We enrolled a cohort of twenty-eight patients (CF group —
16 males and 12 females — age range 7—41 years) with a diagnosis
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of CF followed in the Cystic Fibrosis Hospital Centre of Catania
University. To increase the homogeneity of the CF population,
patients with clinical signs of exacerbation (decline of lung > 10%,
start of antibiotic therapy, increase in coughing, clinical signs of
infection, or signs on infection in terms of C-reactive protein
elevation of differential counts) were excluded from analysis.

Twenty healthy controls (HS group — 11 males and 9
females — age range 8—35) were also recruited. None of these
subjects was under medical treatment.

2.2. Collection of blood, sputum, procedures and definitions

Blood samples were drawn from all patients in fasting state
in the morning during their regular visits.

All the spirometric tests used in the present study were
performed in our Pulmonary Physiology Unit. Values of forced
expiratory volume in 1 s (FEV1) and forced vital capacity (FVC)
were expressed as % predicted of normal values adjusted for
age, gender, sex height and weight. Lung disease severity was
established according to FEV 1 values. In particular, FEV1 >80%
of predicted was considered as normal, FEV1 >50% <80%
of predicted as indicative of a mild respiratory disorder;
FEV1 < 50% of predicted as indicative of a severe respiratory
disorder.

We defined as severe, a phenotype characterized by the
presence of a FEV1 permanently <50% of predicted, a condition
of chronic airways colonization by Pseudomonas aeruginosa and
underweight status; conversely we identified as mild a phenotype
characterized by a FEV1 >80% of predicted, the absence of P.
aeruginosa colonization in airways and a normal weight status.

In CF patients and healthy controls sputum induction and
processing were performed as described by Sagel et al. [17]. In
brief, the subjects were premedicated with inhaled salbutamol
(200g). They then inhaled hypertonic (3%) saline solution.

Table 1
Baseline clinical characteristics of cystic fibrosis patients and healthy controls.

Adequate sputum plugs were separated from saliva. After
centrifugation, sputum supernatants were stored at —80 °C.

Serum and sputum YKL-40 levels were measured using an
enzyme-linked immunosorbent assay kit (Quidel, San Diego,
Calif, USA) using the manufacturer’s instruction. The detection
limit of this assay was 15.6 ng/ml.

The body mass index (BMI) was used for the clinical
definition of the nutritional status according to recommendations
of international consensus [18]. According to BMI patients
were classified as underweight if BMI was <18.5; as normal
weight if BMI was >18.5 <24.9; as overweight if BMI was
>25.0 <29.9; as obese if BMI was 30.0 and above.

The presence of pancreatic insufficiency was defined when
fecal elastase values <200 mg/g. Cystic fibrosis-related diabe-
tes mellitus (CFRD) was defined by the presence of 2-hour
glycemia > 200 mg/dL in the OGTT or two fasting glycemia
measurements greater than 126 mg/dL [19].

The study was approved by our local Committee for Clinical
Investigation and informed consent was obtained by each patient
or parent.

2.3. Statistical analyses

Statistical analyses were performed with Minitab software
(version 16.0). Differences between groups were established by
unpaired t test or by ANOVA followed by Bonferroni’s test.
Correlations were verified with Spearman rho test. A P value of
<0.05 was considered to be significant.

3. Results

Baseline clinical characteristics of our study subjects are
summarized in Table 1.

CF patients Healthy controls

N. 28 20
Age [yrs] 174 +£94 17.9 £9.9
Sex [m/f] 16/12 11/9
Patients younger 18 years 17 (61%) 12 (60%)
Patients older 18 years 11 (39%) 8 (40%)
Pancreatic insufficiency 24 (86%) NA
Cystic fibrosis-related diabetes mellitus 11 (39%) NA
Normal weight status (BMI > 18.5 < 24.9) 12 (42%) 20 (100%)
Underweight status (BMI < 18.5) 16 (57%) 0 (0%)
FEV1 < 50% of predicted 8 (29%) 0 (0%)
FEV1 > 50% < 80% of predicted 7 (25%) 0 (0%)
FEV1 > 80% of predicted 12 (46%) 20 (100%)
Chronic Pseudomonas aeruginosa airways colonization 14 (50%) NA
Fungal airways colonization 3 (11%) NA
Homozygosis A F508/AF508 7 (25%) NA
Severe phenotype 6 (21%) NA

(FEV 1 <50% + chronic Pseudomonas aeruginosa airways colonization + underweight status)
Mild phenotype 7 (25%) NA

(FEV 1 >80% + no colonization of the airways + normal weight status)
Serum YKL-40 levels [ng/ml] 88.8 £ 56.7 18.6 £ 2.9
Sputum YKL-40 levels [ng/ml] 138.5 + 132.7 28.2+£243

NA: not available.
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Fig. 1. FEVI and YKL-40 serum (A) and sputum (B) level correlation.

Serum YKL-40 levels were significantly higher in CF
patients, as well as sputum YKL-40 levels than in healthy
controls. Serum YKL-40 levels were closely related to YKL-40
levels assessed in the sputum samples (r = 0.71; P < 0.01).

Within CF patients, adults showed significantly higher
YKL-40 levels both in serum and sputum whereas YKL-40
levels do not seem to be related neither to pancreatic insufficiency
nor to nutritional status nor to the presence of the homozygosis
AF508/AF508 genotype.

In patients with chronic P. aeruginosa or fungal airway
colonization we found higher levels of YKL-40 as well as in
those with CFRD. According to pulmonary function, we found
that patients with a severe respiratory disorder had significantly
higher YKL-40 levels in sputum but not in serum (Fig. 1). In
severe phenotype clinically defined patients, we found YKL-40

Table 2

Serum and sputum YKL-40 levels (ng/ml) related to different clinical phenotypes.

higher levels than in mild phenotype clinically defined patients.
Finally, among the fourteen patients with P. aeruginosa airway
colonization we found significantly higher levels of YKL-40 in
the sputum of the patients with FEV1 < 50% than those with
FEV1 > 50% but not in the serum. Data are detailed in Table 2.

4. Discussion

We demonstrated that CF patients are characterized by higher
levels of both serum and sputum YKL-40 when compared with
healthy subjects, supporting the hypothesis that this protein could
play a critical role in CF pathogenesis. Moreover, sputum
YKL-40 levels seem to be more sensitive for lung damage than
serum levels in patients with chronic P. aeruginosa airways
colonization. In fact we showed that patients with a severe

Serum YKL-40 levels (ng/ml) Sputum YKL-40 levels

(ng/ml)

Mean + SD P value Mean + SD P value
>18 yrs 131.1 £55.2 <0.001 239.4 +103.7 <0.01
<18 yrs 61.4 +38.7 93.1 £ 121.0
Pancreatic insufficiency 93.8 £59.2 ns* 169.9 + 135.0 ns*
Pancreatic sufficiency 58.7£25.2 36.7 £42.2
Underweight status 87.9 £51.2 ns * 164.9 + 140.0 ns *
Normal weight status 89.9 £ 65.6 106.4 = 122.0
Homozygosis A F508/AF508 101.8 £ 86.3 ns* 144.6 £ 146.4 ns*
Other genotypes 84.4 £449 151.2 + 133.1
Chronic Pseudomonas aeruginosa airways colonization 108.1 + 65.8 <0.03 204.6 + 132.8 <0.03
No chronic Pseudomonas aeruginosa airways colonization 67.4 £ 40.6 86.9 £ 112.2
Fungal airways colonization 149.3 £21.9 <0.03 295.1 + 8.5 <0.02
No fungal airways colonization 81.5+553 121.2 £ 129.1
Cystic fibrosis-related diabetes mellitus 136.4 £51.7 <0.01 259.5 + 80.5 <0.01
No cystic fibrosis-related diabetes mellitus 57.9 +£343 60.1 £ 95.5
FEV1 < 50% 138.8 £22.7 ns* 269.7 + 74.3 <0.05
50% < FEV1 < 80% 97.1 £76.9 155.8 + 139.5
FEV1 > 80% 48.7 £25.9 26.8 +£27.2
Severe phenotype 143.3 £ 23.1 <0.001 297.5 £ 6.0 <0.001
Mild phenotype 59.1 £29.0 34.8 +34.6
Chronic Pseudomonas aeruginosa airways colonization and FEV1 < 50% 136.1 £ 19.6 ns* 274.0 + 68.8 <0.05
Chronic Pseudomonas aeruginosa airways colonization and FEV1 > 50% 80.1 + 84.6 135.1 + 149.1

* ns: not significant.
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respiratory disorder (i.e. characterized by chronic P. aeruginosa
airways colonization and FEV1 < 50%) had significantly higher
YKL-40 levels in sputum than in serum and the difference with
healthy controls resulted significant only for sputum.

Furthermore in CF patients older than 18 years we found
both in serum and in sputum significantly higher YKL-40
levels than in CF patients younger than 18 years, confirming
the relationship between this marker and the progression of the
disease. On the contrary in patients with homozygosis A F508/
AF508, YKL-40 levels resulted not significantly higher than in
patients with other different genotypes. Our results confirm
Hector’s datum that YKL-40 level in CF patients is not
modulated directly by the genetic CF defect [16].

About YKL-40 serum levels, we also hypothesized that this
protein has a lower sensitivity for a mild systemic involvement
and a major sensitivity only for advanced disease with severe
lung damage and CFRD.

Interestingly, in the fourteen patients with chronic P.
aeruginosa airways colonization we found significantly higher
levels of YKL-40 in the sputum of patients with FEV1 < 50%
than those with FEV1>50%. Conversely, serum YKL-40
levels were not significantly higher in patients with P.
aeruginosa airways colonization and FEV1 < 50% suggesting
that the dosage of this marker on sputum is more sensitive than
on serum for lung damage.

5. Conclusions

In summary, we demonstrated that CF patients are character-
ized by higher levels of both serum and sputum YKL-40 when
compared with healthy subjects, supporting the hypothesis that
this protein could play a critical role in CF pathogenesis
especially in severe lung disease but longitudinal studies in
infant are needed to establish this hypothesis.
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