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ABSTRACT

Background and objective: Pulmonary alveolar protei-
nosis (PAP) is a rare disease characterized by alveolar
filling. YKL-40, a chitinase-like protein produced by
macrophages and epithelial cells, is increased in
patients with interstitial lung diseases. We aimed to
evaluate the role of YKL-40 as a biomarker for PAP.
Methods: A total of 34 patients with autoimmune PAP
and 50 healthy controls were studied. YKL-40 was meas-
ured by ELISA in serum and bronchoalveolar lavage
fluid (BALF). Chitinase coding gene polymorphisms
(CHI3L1-329 and —131) were detected by PCR and pyr-
osequencing. Correlations between serum YKL-40 levels
and disease outcome were analysed.

Results: Baseline serum and BALF levels of YKL-40
were higher in PAP patients than in controls
(286 + 27 ng/mL Vs 42 + 4 ng/mlL, P < 0.0001;
323 + 36 ng/mL vs 3 + 1 ng/mL, P < 0.0001, respec-
tively). Serum YKL-40 levels correlated with diffusing
capacity of the lung for carbon monoxide (DLgo) at
baseline (P = 0.002) and over time (P < 0.0001).
Patients with disease progression had higher baseline
serum YKL-40 levels than those who remained stable or
improved (P < 0.0001). A baseline cut-off level of
300 ng/mL was predictive of disease progression (HR
(hazard ratio): 7.875, P = 0.001). The presence of the G
allele was associated with higher serum and BALF levels
of YKL-40.

Conclusion: YKL-40 is elevated in serum and BALF of
PAP patients, and may be of clinical utility to predict
outcome in PAP.
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SUMMARY AT A GLANCE

We evaluated the role of YKL-40, a chitinase-like
protein produced by macrophages and epithelial
cells, as a biomarker to assess disease activity and
outcome in pulmonary alveolar proteinosis (PAP).
YKL-40 was elevated in serum and bronchoalveolar
lavage fluid (BALF) of PAP patients, and correlated
with respiratory impairment and disease outcome.

Abbreviations: AaDO,, alveolar-arterial oxygen gradient;
AUC, area under the curve; BALF, bronchoalveolar lavage fluid;
BMI, body mass index; CEA, carcinoembryonic antigen; CYFRA
21-1, Cytokeratinfragment 21-1; DL¢o, diffusing capacity of the
lung for carbon monoxide; DSS, disease severity score; ELISA,
enzyme-linked immunosorbent assay; FEV,, forced expiratory
volume in 1's; FVC, forced vital capacity; GM-CSF, granulocyte
macrophage colony-stimulating factor; HR, hazard ratio; HRCT,
high-resolution computed tomography; lg, immunoglobulin; ILD,
interstitial lung disease; IRB, Institutional Review Board; KL-6,
Krebs von den Lungen-6; LD, linkage disequilibrium; LDH,
lactate dehydrogenase; PaO,, partial pressure of oxygen in
arterial blood; PAP, pulmonary alveolar proteinosis; PCR,
polymerase chain reaction; ROC, receiver operating
characteristic; Sa0,, arterial oxygen saturation; SNP, single
nucleotide polymorphism; TLC, total lung capacity; WLL, whole-
lung lavage.

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a rare disorder
with progressive intra-alveolar filling by surfactant lipo-
proteins.' Primary autoimmune PAP is the most com-
mon form and is characterized by the occurrence of
serum granulocyte macrophage colony-stimulating fac-
tor (GM-CSF) autoantibodies in 100% of cases.>®
Causes of secondary PAP include several underlying
conditions, mostly haematological disorders, infections
or dust and fume inhalation.*® Many patients reach
remission after one whole-lung lavage (WLL),>”” which
remains the standard treatment, but there is a sub-
group of patients requiring repeated WLLs and eventu-
ally GM-CSF therapy.” One of the unmet needs in PAP
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is the identification of non-invasive biomarkers, which
can also predict disease outcome. Recently, Krebs von
den Lungen-6 (KL-6), an established biomarker for
interstitial lung diseases (ILDs) especially in Japan, has
also been shown to be elevated in PAP and of potential
clinical value in PAP patients.®

YKL-40 is a glycoprotein belonging to the chitinase
family and is mainly produced by neutrophils, macro-
phages, synovial and malignant cells. In acute and
chronic inflammatory diseases with high remodelling
of the extracellular matrix such as systemic sclerosis,
rheumatoid arthritis, inflammatory bowel disease and
asthma, YKL-40 has been found to be increased.’
Recently, YKL-40 has been proposed as a disease
marker for ILDs and sarcoidosis.'®** Single nucleotide
polymorphisms (SNPs) in the gene encoding for YKL-
40 (CHI3L1) have been associated with increased sus-
ceptibility to asthma and with the extent of liver fibro-
sis.’®® Serum YKL-40 levels seem to be influenced by
CHI3L1 SNPs,'*!"131617 which is of importance in the
clinical application of this biomarker.

In the present study, we investigated the potential
clinical utility of YKL-40 as a biomarker for PAP. As
PAP is characterized by a certain degree of inflamma-
tion and interstitial remodelling, we aimed to verify
whether serum and BALF (bronchoalveolar lavage
fluid) YKL-40 concentrations are elevated and correlate
with disease outcome in PAP. Part of the study has
been previously reported as abstract.'®

METHODS

Study subjects

The study was retrospective and included 34 consecu-
tive patients with autoimmune PAP investigated in the
Ruhrlandklinik from January 2007 to December 2013
and 50 healthy controls. PAP was diagnosed taking into
account characteristic HRCT and BALF findings, and/or
histology when available.*'®* GM-CSF autoantibodies
were positive in all patients. Approval by the local Insti-
tutional Review Board (IRB) (number 10-4397) and
written informed consent from patients and healthy
controls were obtained.

Definition of disease progression

The criteria used to define disease progression were
worsening of self-reported symptoms (dyspnoea,
cough, chest pain and weight loss), and/or of lung
function (decrease in FVC (forced vital capacity) > 10%
and/or DLco (diffusing capacity of the lung for carbon
monoxide) > 15%) and/or of chest imaging (increase in
existing or demonstration of new infiltrates characteris-
tic of PAP) since the last follow-up visit.>*>*' Otherwise,
the patients were considered as stable or improved.

Measurement of YKL-40, GM-CSF antibodies
and other serum biomarkers

Serum samples were collected at the time of first evalua-
tion in all patients. In 19 patients, further samples (range:
2-19 samples per patient) were collected during follow-up,
every 7 £+ 1 months on average. All samples were stored
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at either —20 or —80°C until analysis. BALF was performed
via a fibre-optic bronchoscope as previously described®
and supernatant was stored at -80°C. YKL-40 in serum
and BALF were measured by ELISA (Quidel, San Diego,
CA, USA) as described previously™® whilst GM-CSF anti-
body levels were quantified by a modified ELISA using a
human IgGl antibody specific for human GM-CSF
(BI01049904; Boehringer Ingelheim, Ingelheim am Rhein,
Germany).”?* The detection limit of this GM-CSF assay
was 0.2 pg/mL, and 9 pg/mL was considered the upper
limit of normal.*® Carcinoembryonic antigen (CEA) and
lactate dehydrogenase (LDH) were measured in serum by
automatized spectrophotometry (Konelab T series;
Thermo Fisher Scientific, Vantaa, Finland), with a normal
value for CEA of <2.5 ng/mL and for LDH of <225 U/L.

CHI3L1 SNPs detection and genotyping

Genomic DNA extraction from peripheral blood leuco-
cytes was made via silica-membrane-based nucleic
acid purification Kit (Qiagen DNA Mini Kit; Qiagen,
Germantown, MD, USA). DNA aliquots were stored at
-80°C until use. We selected two SNPs (rs10399931 for
-329G/A and rs4950928 for 131G/C) in the promoter
region in CHI3L1 gene (chromosome 1q32.1). For the
two SNPs, we used the following primers: (i) for
CHI3L1 -329, 5-GAGGAAGGCTGGGAAAT GC-3' (for-
ward), 3'-GCCACTAGGGTGATGATGGG-5' (reverse)
and 5-CGGCTGAGTCACATCTC-3'  (sequencing);
(i) for CHI3L1 -131, 5'-CCCATAAAAGGGCTGGTTTG-
3 (forward), 3'-TTCCCCAGGCCCTGTACTTC-5
(reverse) and 5-GTCCCACTCCACTCCC-3' (sequen-
cing). Target sequence amplification was done by PCR
as previously described.'”*” Purified PCR products
(Qiagen, Cat. No. 51104) were sequenced with ABI
Prism 3700 DNA Analyser (PyroMark Q24; Qiagen) to
determine the genotypes.

Pulmonary function tests

Lung function was measured at the same day as blood
sampling. Tests included FVC, forced expiratory vol-
ume in 1 s (FEV}), total lung capacity (TLC), DL¢o, par-
tial pressure of oxygen in arterial blood (PaO,), arterial
oxygen saturation (SaO,) and alveolar-arterial oxygen
gradient (AaDO,).*®

Statistical analysis

Normal distribution of continuous variables was verified
using the Kolmogorov-Smirnov test. Parametric data are
expressed as mean + SE while categorical variables as
either a percentage of the total or numerically. Student’s t-
test or Wilcoxon's rank test were used to compare continu-
ous variables in two independent groups. Categorical vari-
ables were compared by using chi-square or Fischer’s
exact test. Spearman’s correlation coefficient was obtained
for bivariate correlations. Changes of lung function para-
meters and biomarkers over time were corrected for the
interval time (months). We used receiver operating charac-
teristic (ROC) curve analysis to test the association of
serum and BALF YKL-40 levels at baseline with disease
outcome. Haploview 4.0 software (Broad Institute, MIT,
Cambridge, MA, USA) was applied to calculate linkage
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disequilibrium (LD, D coefficient) between rs10399931
(CHI3L1 -329) and rs4950928 (CHI3L1 -131).* Cox’s pro-
portional hazard regression model was used for uni- and
multivariate analyses of prognostic factors. The Kaplan-
Meier method with log-rank test was used to investigate
the association between the identified serum YKL-40 cut-
off levels with the disease outcome. Significance was set
for P-values of <0.05. All statistical analyses were per-
formed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics

Demographics, patients’ characteristic and disease out-
come are reported in Table 1. The median follow-up
time was 543 days (range: 90-1281). A total of
21 patients had already received at least one WLL
before the first evaluation. During follow-up, we treated
all patients with disease progression (n =17) with
WLL. A subgroup of these patients (n = 11) needed
repeated WLL prior to reaching disease stabilization.

YKL-40 in serum and BALF

Serum YKL-40 levels were significantly higher in PAP
patients than in healthy controls (286 + 27 ng/mL vs
42 + 4 ng/mL, P < 0.0001), the same was seen for

Table 1
outcome (all data collected at baseline)
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YKL-40 in BALF (323 + 36 ng/mL vs 3 + 1 ng/mlL,
P < 0.0001) (Fig. 1). Serum YKL-40 levels were higher
in patients with a smoking history than in non-
smokers (322 £ 30 ng/mL vs 172 £ 42 ng/mlL,
P =0.020) (Fig. S1A (Supplementary Information)).
Smoking habits did not affect serum YKL-40 levels in
healthy subjects (Fig. S1B (Supplementary Informa-
tion)). Serum YKL-40 levels at baseline were higher in
patients who had disease progression during follow-
up than in those who remained stable (376 + 37 ng/
mL vs 187 £+ 21 ng/mL, P <0.0001) (Fig. S2
(Supplementary Information)). Change of serum YKL-
40 levels from baseline over time was significantly
greater in those patients who experienced disease pro-
gression compared with those who remained stable
(+237 + 136% vs -3.3 + 22% from baseline, respec-
tively, P = 0.042).

Diagnostic value of baseline serum and BALF
YKL-40 levels for PAP

ROC analysis showed, at a cut-off level of 99 ng/mL for
serum YKL-40 levels, a sensitivity of 94%, specificity of
99.6% and an accuracy of 97% to discriminate PAP
from healthy controls (AUC (area under the curve) =
0.988, 95% CI: 0.972-1.003, P < 0.0001); at a cut-off
level of 20 ng/mlL, BALF YKL-40 levels showed

Baseline demographics and characteristics of all studied subjects and of PAP subgroups according to disease

All subjects PAP patients
PAP Controls’ Stable/improved Progressed
Variables n=34 n =50 Pvalue n=17 n=17 Pvalue
Gender (m/f), n 19/15 3713 n.s.t 7/10 12/5 n.s.t
Age (years) 49 + 2 42 + 2 n.s. 52 +2 46 + 4 n.s.
Smoking habits (non/ex/current), n 5/12/17 33/7/10 <0.001 4/4/9 1/8/8 n.s.t
DSS (grade)* 27 +£0.2 n.a. n.a. 2.4 +0.2 3.1+0.3 0.032
BMI (kg/m?) 26 + 1 24 +1 n.s. 27 +£1 25 4+ 1 n.s.
PaO, (mm Hg) 72 +£ 3 86 + 4 0.003 79 + 3 64 + 3 0.002
AaDO, (mm Hg) 37 +2 14 +2 <0.001 30+ 3 43 + 3 0.006
FVC (% predicted) 82+3 90 +3 0.005 89+3 74 + 3 0.002
FEV, (% predicted) 77 +£ 2 88 +9 0.012 80 + 4 73+ 3 n.s.
TLC (% predicted) 80 + 3 89 + 3 n.s. 87 +4 72+ 4 0.010
DLco (% predicted) 57 +4 85+ 4 <0.001 67 £ 4 44 + 4 0.001
GM-CSF autoantibody (pg/mL)" 50 + 4 n.a. n.a. 55 + 7 46 + 6 n.s.
Serum YKL-40 (ng/mL) 286 + 27 39+4 <0.001 187 + 21 376 + 37 <0.001
BALF YKL-40 (ng/mL) 314 4+ 36 3+£1 <0.001 198 £ 21 353 £ 28 <0.001
Serum LDH (U/L)" 284 + 16 151 £ 11 <0.001 223 + 13 338 &+ 20 <0.001
Serum CEA (ng/mL)T 85+ 2 1.6 +£ 0.1 <0.001 6+1 1342 0.035

Unless otherwise indicated, values are expressed as mean + SE (range).

Lung function variables were available in 18 healthy controls.

*Fisher's exact test, for all other comparisons Student’s t-test was used.

¥DSS 1 (no symptoms and PaO, > 70 mm Hg), DSS 2 (symptomatic and PaO, > 70 mm Hg), DSS 3 (60 mm Hg < Pa0O, < 70 mm
Hg), DSS 4 (50 mm Hg < PaO, < 60 mm Hg) and DSS 5 (PaO, < 50 mm Hg).

IThe cut-off of normality for each biomarker is reported in Methods section.

AaDO,, alveolar-arterial oxygen gradient; BALF, bronchoalveolar lavage fluid; CEA, carcinoembryonic antigen; DLco, diffusing
capacity of the lung for carbon monoxide; DSS, disease severity score; FEV4, forced expiratory volume in 1 s; FVC, forced vital capac-
ity; GM-CSF, granulocyte macrophage colony-stimulating factor; LDH, lactate dehydrogenase; n.a., not available; n.s., not significant;
PaO,, partial pressure of oxygen in arterial blood; PAP, pulmonary alveolar proteinosis; SE, standard error; TLC, total lung capacity.
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a sensitivity of 100%, specificity of 100% and an accu-
racy of 100% (AUC = 1.0, P < 0.0001).

Correlations between serum YKL-40 and
pulmonary function tests

Serum YKL-40 levels correlated inversely with DLco at
baseline (r = -0.534, P =0.002), PaO, (r=-0.427,
P=0.012) and positively with AaDO, (r = 0.437,
P =0.011) (Fig. S3A-C (Supplementary Information)).
Changes in serum YKL-40 levels correlated negatively
with changes in DLco over time (r= -0.554,
P < 0.0001) (Fig. S3D (Supplementary Information)).

Other correlations

Levels of YKL-40 in serum or BALF were not affected
by age, BMI, GM-CSF autoantibody or cumulative
number of WLL in those who received treatment after
baseline (data not shown). Baseline serum and BALF
YKL-40 showed a significant correlation (r = 0.678,
P =0.0003) (Fig. S4A (Supplementary Information)).
Serum YKL-40 also correlated with serum LDH
(r = 0.388, P =0.023) (Fig. S4B (Supplementary Infor-
mation)) and BALF lymphocyte counts (r = 0.631,
P =0.028) (Fig. S4C (Supplementary Information)) at
baseline. We found a significant inverse correlation
between serum YKL-40 and the time to next WLL
(r = -0.497, P = 034) as well as a weak direct correla-
tion between the decrease of serum YKL-40 during
follow-up and the time to next WLL (r = 0.26,
P =0.026).

Predictive role of serum YKL-40 levels at
baseline for PAP outcome

Using ROC analysis, we found that 300 ng/mL was the
best serum YKL-40 cut-off level (sensitivity 80% and
specificity 93%, respectively) to predict disease progres-
sion (AUC = 0.895, P < 0.0001). At a cut-off level of
266 U/L, serum LDH levels showed similar results (sen-
sitivity 82%, specificity 82%, AUC = 0.869, P < 0.0001).
Serum GM-CSF autoantibody levels and disease severity
score (DSS) grade had no predictive value for disease
progression (P =0.138 and P = 0.055, respectively)
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(Fig. 2A). According to the best cut-off value obtained in
the ROC analysis, we also divided the patients into the
high YKL-40 group (n = 16) with baseline concentra-
tions >300 ng/mL, and the low YKL-40 group (n = 18)
(<300 ng/mL). Patients’ characteristics according to this
YKL-40 cut-off value are shown in Table 2.

Moreover, we performed univariate and multivari-
ate analyses to investigate the association of the cut-
off value with disease progression. Baseline serum
YKL-40 at a cut-off level of >300 ng/mL was strongly
associated with an increased risk of disease progres-
sion in the univariate analysis (HR (hazard ratio):
7.875, 95% CI: 2.122-28.043, P = 0.001) (Table 3). In
the multivariate analysis, serum YKL-40 at a cut-off
level of >300 ng/ml remained predictive for disease
progression after adjustment for age, gender, smoking
history, baseline PaO,, AaDO,, FVC and DL¢g as cov-
ariates (HR: 6.201, 95% CIL: 0.866-55.704, P = 0.021)
(Table 3).

Kaplan—-Meier analysis for disease

progression

The median follow-up time was 543 days (range:
90-1281). The Kaplan-Meier analysis confirmed that
serum YKL-40 at 300 ng/mL was predictive for disease
progression (Fig. 2B). The disease progression rate
was 88% in the high YKL-40 group (n = 16) and 11%
in the low YKL-40 group (n =18) (log-rank test,
P =0.011).

CHI3L1 -329 and -131 SNPs and YKL-40

levels

A total of 50 healthy controls and 23 PAP patients
underwent CHI3L1 -329 and -131 SNPs and genotyp-
ing investigations. The alleles of both SNPs were in
Hardy-Weinberg equilibrium in both groups (data not
shown). The LD between CHI3L1 -329 and -131 SNPs
was high (D’ = -0.862, r* = 0.5563). The genotypes did
not correlate with gender, age or lung function tests
(data not shown). Serum YKL-40 levels were higher in
PAP patients with the CHI3L1 -329 G/G genotype
than in those with A/G genotype (412 + 51 ng/mL vs
225 + 30 ng/mL, P = 0.008) (Fig. 3). As expected, for

Respirology (2017) 22, 1371-1378
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seen in BALF (data not shown).

DISCUSSION

In this study, we found that PAP patients had higher
concentrations of YKL-40 in serum and BALF in com-
parison with healthy controls. The serum YKL-40 levels
correlated with lung function impairment and disease
outcome. Moreover, serum YKL-40 was an independ-
ent predictor of disease progression in the multivariate
analysis.
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YKL-40 levels have not been explored in Caucasian
PAP patients before. In a Chinese PAP cohort, elevated
serum levels of YKL-40 have been recently reported,
comparable with those found in our patients.*® Regard-
ing the possible cellular source of YKL-40 in PAP, this
protein can be produced by several types of cells, such
as activated human macrophages, neutrophils and
bronchial epithelial cells.*** YKL-40 has been found to
be present also in the BALF in PAP and various
ILDs.'** The accumulation of PAP in the alveolar
space may be rather due to overproduction by the
hyperplastic type II pneumocytes rather than by the
functionally impaired alveolar macrophages. The eleva-
tion of YKL-40 in serum can be explained by the spill
over through the air-blood barrier, which is highly per-
meable in the affected lungs.

Table 2 Characteristics of the patients stratified according to serum YKL-40 predictive cut-off value for disease

progression (n = 34)

YKL-40 < 300 ng/mL

YKL-40 > 300 ng/mL

Variables n=18 n=16 P-value
Gender (m/f), n 9/9 10/6 n.s.
Age (years) 48 + 3 50 + 3 n.s.
Smoking history (no/yes), n 4/14 115 n.s.’
Clinical course

PAP-related death (yes/no), n 117 3/13 n.s.’

Disease progression (yes/no), n 3/15 14/2 <0.001"
DSS (grade) 2.4 4+0.2 3.1+03 0.049
PaO, (mm Hg) 77 £3 67 +4 0.047
AaDO, (mm Hg) 31+£3 44 + 3 0.006
FVC (% predicted) 87 +4 76 + 4 0.040
FEV: (% predicted) 79 + 4 74 + 3 n.s.
TLC (% predicted) 86+ 4 73+ 4 0.045
DLco (% predicted) 67 +4 45 4+ 4 0.001
GM-CSF autoantibody (pg/mL) 57+ 6 42 + 6 0.080
Serum YKL-40 (ng/mL) 172 +£ 17 414 4+ 30 <0.001
Serum LDH (U/L) 238 + 17 328 £+ 22 0.003
Serum CEA (ng/mL) 56+ 1.5 7.6 £ 2.1 n.s.

Unless otherwise indicated, values are expressed as mean + SE.

fChi-square or Fischer’s exact test, for all other comparisons Student’s t-test was used.

AaDO,, alveolar-arterial oxygen gradient; CEA, carcinoembryonic antigen; DL¢o, diffusing capacity of the lung for carbon monoxide;
DSS, disease severity score; FEV,, forced expiratory volume in 1's; FVC, forced vital capacity; GM-CSF, granulocyte macrophage
colony-stimulating factor; LDH, lactate dehydrogenase; n.s., not significant; PaO,, partial pressure of oxygen in arterial blood; PAP, pul-
monary alveolar proteinosis; SE, standard error; TLC, total lung capacity.

Respirology (2017) 22, 1371-1378 © 2017 Asian Pacific Society of Respirology
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Table 3 Uni- and multivariate Cox proportional analyses for the risk of disease progression

95% ClI
Variables HR Lower Upper P-value
Univariate analysis

Serum YKL-40 ng/mL (continuous) 1.006 1.003 1.009 <0.001

Serum YKL-40 > 300 ng/mL (binary) 7.875 2.122 28.043 0.001

Age, year (continuous) 0.959 0.922 1.014 0.078

Gender (female = 1) 3.642 1.517 11.469 0.027

Smoking history (positive = 1) 3.456 0.456 26.193 0.230

DSS (grade) 1.569 1.012 2.433 0.044

Serum LDH U/L (continuous) 1.013 1.007 1.019 0.001

GM-CSF autoantibody pg/mL (continuous) 0.986 0.963 1.011 0.268

PaO, mm Hg (continuous) 0.944 0.905 0.985 0.008

AaDO, mm Hg (continuous) 1.060 1.018 1.104 0.004

FVC % predicted (continuous) 0.966 0.935 0.998 0.040

DLco % predicted (continuous) 0.950 0.913 0.989 0.012

Multivariate analysis’

Serum YKL-40 ng/mL (continuous) 1.009 1.001 1.016 0.026
Gender (female = 1) 16.054 2.170 118.750 0.007
Serum LDH U/L (continuous) 1.024 1.004 1.044 0.018

Serum YKL-40 > 300 ng/mL (binary) 6.201 0.868 55.704 0.021
Gender (female = 1) 19.802 2.177 204.188 0.120
Serum LDH U/L (continuous) 1.051 1.015 1.088 0.050

TAdjustment for gender, DSS, serum LDH, baseline PaO, (mm Hg), AaDO, (mm Hg), FVC (% predicted) and DL¢o (% predicted). The
results were summarized as HRs, representing the relative risk to develop disease progression as a specific characteristic at baseline.

AaDO,, alveolar-arterial oxygen gradient; Cl, confidence interval; DLco, diffusing capacity of the lung for carbon monoxide; DSS,
disease severity score; FVC, forced vital capacity; GM-CSF, granulocyte macrophage colony-stimulating factor; HR, hazard ratio; LDH,
lactate dehydrogenase; PaO,, partial pressure of oxygen in arterial blood.

It is crucial for a reliable biomarker to be not

dependent on age, gender or clinical variables, other-
wise there is no additional clinical value to its use.
Although we found that serum and BALF levels of YKL-
40 were not influenced by gender or age, the impact of
smoking habits is still not clear. In our cohort, serum
YKL-40 levels were higher in former and current smo-
kers than in never smokers, as has previously been
reported for adult healthy controls.®® Smoking causes
hyperplasia of type II pneumocytes and disruption of
the air--blood membrane® and could enhance both
production and spill over of YKL-40. YKL-40 has been
found overexpressed in alveolar macrophages and
pneumocytes in cigarette smokers and in cigarette
smoke-exposed mice.*® We think that smoking habits

should be taken into consideration when interpreting
YKL-40 serum levels, but the influence of smoking on
the predictive value of YKL-40 for disease outcome
seems not to be relevant.

Serum YKL-40 inversely correlated with DLco and
blood gas analyses at baseline, and interestingly,
changes in DLco correlated with serum changes in
YKL-40 over time. Furthermore, the serum levels of
YKL-40 correlated well with LDH, a non-specific
marker of tissue injury widely used to monitor the
course of acute lung disease.®® It is known that gas
exchange values (DLgo and PaQ,) rather than lung
function tests (FVC or TLC) are more reliable para-
meters for the clinical follow-up in PAP patients.>*>*"
Therefore, YKL-40 could be of utility as a surrogate of
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DLco, whose measurement is
fluctuations.®®

We found that patients with progressive disease had
higher levels of serum YKL-40 than those who
remained stable or improved. Serum YKL-40 levels
>300 ng/mL selected through ROC analysis predicted
disease progression with a sensitivity of 80% and spec-
ificity of 93%, similar to serum LDH (sensitivity of 82%
and specificity of 82%). However, for serum LDH, it
was not possible to identify a cut-off level as inde-
pendent predictor of disease outcome, as indicated by
the results of multivariate analysis. Whether YKL-40 is
superior to LDH as biomarker for PAP needs further
investigation. The third biomarker, GM-CSF autoanti-
body, was not associated with disease outcome, as
shown previously.*>*' Disease progression was seen in
88% of patients with serum YKL-40 levels > 300 ng/
mL but only in 11% of patients under this threshold.
Moreover, in the multivariate analysis, a serum YKL-
40 level >300 ng/mL, but not YKL-40 as continuous
variable, was significantly associated with disease pro-
gression with a pretty high HR (6.2). Although the
cut-off value identified in the present study cannot be
used in other cohorts without appropriate validation,
this does not reduce the potential clinical utility of
YKL-40 to identify patients with higher risk of disease
progression.

Moreover, we found that baseline YKL-40 levels were
inversely associated with time to next WLL, a surrogate
measure to assess treatment response in those patients
who require multiple WLL over time.***® Further inves-
tigations are needed to evaluate the role of YKL-40 to
assess treatment response.

Beside clinical-physiological parameters, such as the
DSS,* two biomarkers have been extensively studied to
evaluate outcome in PAP, Cytokeratinfragment 21-1
(CYFRA 21-1)* and KL-6.2"*' CYFRA 21-1 has been
successfully used to evaluate the response to GM-CSF
treatment* and KL-6 to identify patients with compli-
cated disease course.?*! We were not able to compare
serum YKL-40, KL-6 and CYFRA 21-1 in the present
study because of the low number of patients tested for
all biomarkers.

With regard to the distribution of the YKL-40 encod-
ing gene polymorphisms, we looked at CHI3L1 SNPs
10399931 and rs4950928 as they have previously shown
to explain 23% of variation in serum YKL-40 levels in
healthy subjects.'* In our cohort, PAP patients with the
CHI3L1 -329 G/G and CHI3L1 -131 C/C genotype
showed higher levels of serum YKL-40 than those with
CHI3L1 -329 A/G and CHI3L1 -131 C/G. In healthy
controls, only a tendency was seen. As the different
genotypes were not independently associated with gen-
der, age or lung function parameters, we can conclude
that these SNPs are likely to explain the variation of
serum YKL-40 in PAP between individuals, but they are
not associated with a PAP sub-phenotype or a specific
disease outcome.

Finally, the limitations of the present study need to
be discussed. First, the sample size is too small to draw
final conclusions, especially on the association between
CHI3L1 genotype and disease severity and outcome.
Second, we were unable to investigate how serum YKL-
40 levels are related to functional response to WLL

burdened by
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treatment, as we did not collect systematically lung
function data after each procedure. Third, immunohis-
tochemistry to demonstrate YKL-40 in biopsy samples
as well as alveolar macrophages cell culture was not
performed, therefore we can only speculate on the
source and distribution of this protein in PAP. In addi-
tion, we did not perform a comparison study between
YKL-40 and established biomarkers for PAP, such as
KL-6 or CYFRA 21-1.

In conclusion, we show that serum YKL-40 could be a
reliable biomarker for predicting disease outcome in
PAP. This marker may allow a better stratification of
PAP patients. A multicentre validation and a compara-
tive biomarker study are required to determine whether
serum YKL-40 could be routinely used as a biomarker
in PAP patients and is of additional advantage.
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Figure S1 Comparison of baseline serum YKL-40 levels
in 34 PAP patients (A) and 50 healthy controls
(B) according to smoking habits. Dots represent single
patients. Bars represent mean values.

Figure §2 Comparison of baseline serum YKL-40 levels
in 34 PAP patients according to disease outcome.
Figure S3 Correlation of baseline serum YKL-40 levels
with baseline DLqq (a), PaO, (b), AaO, (c). Correlation
between change in serum YKL-40 and DLco (d) over
time. Dots represent single patients (a-c). Dots repre-
sent single measurements (d).

Figure S4 Correlations between serum YKL-40 levels
and BALF YKL-40 levels (A), serum LDH levels (B) and
BALF lymphocyte counts (C).
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