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Serum YKL-40 in workers
at an indium-tin oxide
production facility

To the Editors:

We read with great interest the study by Bonella et al.,
in which the authors evaluated the utility of serum YKL-
40 as a biomarker for pulmonary alveolar proteinosis
(PAP).! They found that YKL-40 correlated with respira-
tory impairment and disease outcome. The study sub-
jects had primary autoimmune PAP, characterized by
elevated GM-CSF antibodies. Less commonly, second-
ary PAP can occur in association with immunosuppres-
sion, haematological disorders and occupational
inhalation exposure to certain dusts or fumes. GM-CSF
antibodies are generally within the normal range in
cases of secondary PAP, although the role of GM-CSF
antibodies in secondary PAP due to occupational dust
exposure remains an area of active inquiry.?

Indium lung disease is a potentially fatal lung condi-
tion that is characterized by PAP, emphysema and/or
fibrosis in workers exposed to indium-tin oxide (ITO)
and/or other indium-containing compounds.®> We
reported two cases of PAP in workers at a US ITO pro-
duction facility in 2010, one of whom had elevated
GM-CSF antibodies and the other was not tested.* Xiao
et al. reported a case of PAP in an indium-exposed
worker who had GM-CSF antibodies within the normal
range.’

In 2012, we evaluated the current workforce at the
US ITO production facility where the PAP cases had
occurred.® In addition to symptoms and lung function,
we assessed a number of biomarkers. No clinical cases
of PAP or indium lung disease were identified in the
87 workers evaluated; however, plasma indium con-
centrations were associated with respiratory symptoms,
decreased spirometric parameters and increased KL-6
and SP-D, which are biomarkers of interstitial lung dis-
ease. KL-6 and SP-D were elevated in 58% and 10% of
workers, respectively. GM-CSF and LDH were not ele-
vated in any of the workers tested. Interestingly, YKL-
40 was elevated in 19% of workers, but was not corre-
lated with plasma indium. We repeated the evaluation
of current workers in 2014. Median YKL-40 from 2012
to 2014 evaluations was 57 ng/mL (mean: 80; range:
20-590 ng/mL).

In light of the study by Bonella et al., we revisited our
2012 and 2014 data to evaluate relationships between
YKL-40 and other biomarkers as well as lung function
parameters in more detail (Table 1). Although Bonella
et al. found a positive correlation with LDH and an
inverse correlation with diffusing capacity of the lung for
carbon monoxide (DL¢gg), we found that YKL-40 did not
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Table 1 YKL-40 correlations with other biomarkers,
lung function, plasma indium and age in workers at an
ITO production facility during 2012-2014

Spearman’s p P-value
GM-CSF antibodies (2012 only) 0.08 ns
LDH (2012 only) 0.19 ns
CRP (2012 only) 0.33 0.002
KL-6 0.13 ns
SP-D 0.01 ns
%FEV, -0.08 ns
%FVC 0.01 ns
FEV./FVC -0.15 ns
%DLCO -0.11 ns
%V -0.11 ns
Plasma indium 0.02 ns
Age 0.24 0.03

n =101 and Includes workers from both 2012 and 2014 evalu-
ations; 2014 results were used for workers who participated in
each evaluation.

CRP, C-reactive protein; DLco, diffusing capacity of the lung
for carbon monoxide; FEV,, forced expiratory volume in 1s;
FVC, forced vital capacity; GM-CSF, granulocyte macrophage
colony-stimulating factor; ITO, indium-tin oxide; KL-6, Krebs von
den Lungen-6; LDH, lactate dehydrogenase; SP-D, surfactant
protein-D; V, alveolar volume.

correlate well with any biomarker or lung function
parameter we tested. There was a weak correlation
between YKL-40 and C-reactive protein (CRP). YKL-40
was higher in current or former smokers than never
smokers (101 ng/mL vs 61 ng/mL; P = 0.01). We found
no difference in YKL-40 by gender. Unlike in the study
by Bonella et al., we did observe a significant positive
correlation between YKL-40 and age.

Our study population differed substantially from that
of Bonella et al.' We surveyed healthy workers poten-
tially at risk for secondary PAP following occupational
ITO exposure, whereas Bonella et al.! surveyed patients
with primary autoimmune PAP. However, the lack of
significant associations between indium exposure and
YKL-40, GM-CSF and LDH is noteworthy, and in con-
trast to the utility of KL-6 and SP-D in this worker
population.
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From the Authors:

We would like to thank Harvey et al. for their interest
in our work and for measuring YKL-40 in their cohort
of workers at an indium-tin oxide (ITO) production
facility, potentially at risk to develop secondary pulmo-
nary alveolar proteinosis (PAP).

First, it should be noted that serum YKL-40 levels
found in these ITO-exposed workers are similar to
those described in healthy subjects in previous
reports.”™ An important aspect is that these ITO-
exposed workers did not suffer from PAP. In our PAP
cohort, the mean YKL-40 serum level was sevenfold
higher than in our healthy cohort. These high values
may explain why correlations are seen only in PAP and
not in healthy individuals, such as in the ITO-exposed
workers.

Moreover, in regard to the lack of correlation with
the decline in lung function, the findings by Harvey
et al. are in contrast to what has been observed in the
general adult population. In a multicentre analysis of
7325 measurements in 1058 subjects from the general
population with normal spirometry (78%) or slight
abnormalities (22%), Guerra et al. found that serum
YKL-40 levels were linked to lung function deficit (both
forced expiratory volume in 1 s (FEV,) and forced vital
capacity (FVC)) and decline over time, particularly in
smokers.® In addition, an inverse correlation with dif-
fusing capacity of the lung for carbon monoxide (DLco)
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has been reported for sarcoidosis,* idiopathic pulmo-
nary fibrosis (IPF)° and hypersensitivity pneumonitis
(HP)? patients.

Similar to Harvey et al., we also found a weak correla-
tion (r = 0.264, P < 0.05) of serum YKL-40 with age in
patients affected by HP,? and Kruit et al. found that this
correlation could explain 5% of the variation of this bio-
marker in serum.* That we did not find such a correlation
in our patients with autoimmune PAP can be explained
by the fact that they are relatively homogeneous in age
(40-50 years old), similar to our healthy controls.

In addition, we observed the correlation of serum
lactate dehydrogenase (LDH) with YKL-40 only in PAP
and HP patients® but not in healthy controls, subjects
who had normal LDH serum values similar to the ITO-
exposed workers.

Finally, we want to underscore that all our predictive
models based on YKL-40 cut-off values have been cor-
rected for age, gender, BMI, smoking history, steroid
therapy, disease type, baseline FVC, DLco and serum
LDH as covariates, in order to avoid interferences, which
could have been missed by testing single correlations.
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