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A B S T R A C T   

Respiratory tract lining fluid (RTLF) is an important component of the lung epithelial barrier. Pathological 
changes in RTLF may cause increased permeability of the epithelial barrier, but changes within RTLF are difficult 
to assess non-invasively. The aim of this study was to explore if the use of the non-invasive measurement 
technique, Particles in Exhaled Air (PEx) and blood test were useful in assessing epithelial barrier, and if cigarette 
smoking affects the relationship. In a general population subcohort from the European Community Respiratory 
Health Survey III in Iceland (n = 112), we collected RTLF droplets using the PEx technique, in conjunction with 
blood samples and questionnaire data. We measured surfactant protein A (SP-A) in the collected plasma and PEx 
samples. Participants were defined as healthy if they did not currently have asthma, were non-smokers and had 
forced expiratory volume in one second ≥ 80% of predicted value. Of the 112 participants, 97 were healthy and 
15 were current smokers. There was no correlation between plasma and PEx SP-A levels. However, the ratio of 
plasma to PEx SP-A was significantly higher in smokers compared to healthy subjects. The lack of correlation 
between PEx and plasma SP-A in healthy participants, indicates that SP-A in plasma does not diffuse freely over 
the lung epithelial barrier. However, the lung epithelial barrier may be injured by smoking, leading to diffusion 
of SP-A across the barrier into the bloodstream, causing an increased ratio of plasma to PEx SP-A.   

1. Introduction 

The lung epithelium is an important defensive barrier against 
inhaled particles such as viruses, pollutants and allergens. The respira-
tory tract lining fluid (RTLF) or pulmonary surfactant, a fluid that covers 
the epithelium like a thin film, supports this defensive barrier. Disrup-
tion of this film is associated with increased permeability of the 
epithelial barrier, inflammatory responses, and changes in the compo-
sition of the RTLF, resulting in increased sensitivity to environmental 
exposures (Urmila, 2014; Hermans and Bernard, 1999). Physiologically, 
the increased permeability could lead to leakage of RTLF-specific com-
ponents into the bloodstream which if measured may indicate lung 
epithelium barrier dysfunction (Robin et al., 2002). 

A method that non-invasively provides quantifiable material from 
the peripheral airways RTLF has been developed at Gothenburg Uni-
versity called; Particles in exhaled air (PExA). The PExA method has 
been previously described in detail (Almstrand et al., 2010). Briefly, 
nano-sized particles or droplets of RTLF generated in the small airways 
are collected from participants performing a specific breathing 

maneuver. These droplets, or particles in exhaled air (PEx), consist of 
surfactant components, 80–90% lipids and 10–20% proteins, which re-
flects the innate composition of RTLF (Bredberg et al., 2012). 

One lung specific protein in RTLF, surfactant protein A (SP-A), is one 
of the first line defenders in the small airways and changes in SP-A levels 
in the airways are considered to reflect pathological changes (Hermans 
and Bernard, 1999; Betsuyaku et al., 2004). Alveolar SP-A is thus an 
interesting biomarker for early onset inflammatory airway disorders, 
especially since we can now measure it via non-invasive sampling. 

In the present exploratory quantitative study, we hypothesize that in 
healthy subjects with intact lung epithelium barrier, SP-A levels in 
plasma is independent from SP-A levels in PEx. We also hypothesize that 
smoking may affect the barrier permeability, causing leakage of SP-A 
from RTLF to plasma. 

2. Method 

The study population was comprised of 112 individuals with an age 
range of 42–67 years, with 50% females. The individuals were selected 
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within the Icelandic part of the European Community Respiratory 
Health Survey III (ECRHS) cohort (Burney et al., 1994) – a 20 years 
longitudinal study on respiratory health in which participants were 
examined every 10 years since 1991. 

The samples for the present study were collected in 2012, and have 
been previously described in detail (Emilsson et al., 2016). In short, 
participants underwent spirometry, provided blood samples, and had 
their height and weight recorded. All participants answered detailed 
questionnaires, including questions regarding their asthma and smoking 
history. Participants that fulfilled the following three criteria were 
defined as healthy: without current asthma, non-smokers and had forced 
expiratory volume in one second (FEV1) ≥ 80% of predicted value. In 
the study population, there were n = 97 (87%) healthy participants and 
n = 15 (13%) current smokers. 

2.1. Chemical analytical methods 

SP-A concentrations in plasma as well as in PEx were determined by 
Enzyme linked immunosorbent assay (BioVendor, Brno, Czech 
Republic). 

Plasma samples were prepared and analyzed according to the man-
ufactureŕs recommendations, while the procedure for PEx-samples 
(collected on PTFE filters) was adapted as previously described (Kokelj 
et al., 2020). 

2.2. Statistical analysis 

Statistical analyses were performed using STATA, version 16.1 for 
Windows (Stata Corporation, College Station, TX). Results of SP-A 
measurements were not normally distributed, hence non-parametric 
tests were used. Spearmańs rank correlation test (Rs) was used to eval-
uate correlation between SP-A in PEx and SP-A in plasma. The ratio of 
plasma to PEx SP-A was compared between healthy participants and 
current smokers using the Wilcoxon rank-sum test. A p-value < 0.05 was 
considered statistically significant. 

3. Results 

Altogether 97 healthy individuals and 15 current smokers partici-
pated. Among healthy participants, there was no correlation between 
PEx and plasma SP-A levels (Rs=0.17, p = 0.15). The same was true for 
the 15 smokers (Rs = 0.24, p = 0.40), however the ratio of plasma to PEx 
SP-A was significantly higher in current smokers compared to healthy 
participants (median (IQR) 1.8 (1.2–2.3) vs 1.1 (0.8–1.5), respectively, 
p = 0.003) (Fig. 1). In addition, plasma SP-A was significantly higher 
among current smokers than among healthy participants (median (IQR) 
49 ng/ml (39–55) vs 34 ng/ml (27–43) respectively, p = 0.005). On the 

other hand, PEx SP-A was significantly lower among current smokers 
compared to healthy participants (median (IQR) 22 ng/ml (21–30) vs 
34 ng/ml (26–41) respectively, p = 0.01). 

4. Discussion 

In this exploratory study, we found that among healthy adults the 
plasma SP-A and PEx SP-A were not correlated. We also observed that 
SP-A levels in plasma were higher in current smokers compared to 
healthy participants in contrast to SP-A in PEx where lower levels among 
current smokers were found. Moreover, in current smokers, we found 
that the ratio of plasma to PEx SP-A was higher than in healthy 
participants. 

This indicates that SP-A does not diffuse freely over the lung 
epithelium barrier in healthy subjects, likely to reflect an intact barrier. 
In smokers the lung epithelium barrier may be injured due to inflam-
mation, which could lead to increased diffusion of SP-A across the 
barrier into the bloodstream. Indeed, even though PEx SP-A was 
decreased in smokers, plasma SP-A was increased. However, we did not 
find a clear linear association between plasma SP-A and PEx SP-A among 
smokers, perhaps in part because of the low number of smokers in the 
study population. Although previous studies suggest that SP-A in plasma 
is mainly derived from the lung (Hermans and Bernard, 1999), other 
sources of SP-A production could contribute to plasma levels and thus 
disturb the association. Therefore, further studies with larger cohorts of 
smokers are needed. 

Previous studies have reported varying SP-A levels in different 
sources such as bronchoalveolar lavage, serum and sputum from 
smokers. This inconsistency with diverging results can in part be 
explained by their use of different matrices and that different analytical 
assays have been used, which vary in sensitivity and antibody specificity 
(Betsuyaku et al., 2004; Nomori et al., 1998). A strength of this study is 
that both plasma and PEx samples were analyzed with the same ELISA 
method. However, a main limitation of this study is the relatively small 
sample size, especially the low number of current smokers. 

Sampling with the PExA method specifically targets the small air-
ways RTLF that brings opportunities for further research on the 
composition and protective function of the pulmonary surfactant and its 
components. 

5. Conclusion 

We found that among healthy individuals, SP-A in RTLF sampled 
with PExA was not related to SP-A in plasma. Also, the ratio between 
plasma to PEx SP-A was significantly elevated among smokers compared 
to healthy individuals, which possibly indicates defects in the epithe-
lium barrier function, allowing SP-A to leak into the bloodstream. 
Further research is warranted to establish if the ratio of plasma to PEx 
Sp-A is a useful measure to identify lung epithelium barrier damage in 
lung disease. 
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Fig. 1. Box plot showing the ratio of plasma to PEx SP-A in healthy individuals 
vs current smokers. Ratio presented as ng/ml to mg/ml. 
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Arnardóttir, E.S., Gíslason, Þ, Janson, C., Olin, A.C., 2016. Respiratory symptoms, 
sleep-disordered breathing and biomarkers in nocturnal gastroesophageal reflux. 
Respir. Res. 17, 115. https://doi.org/10.1186/s12931-016-0431-7. 

Hermans, Cedric, Bernard, Alfred, 1999. Lung epithelium-specific proteins, 
characteristics and potential applications as markers. Am. J. Respir. Crit. Care Med. 
159 (2), 646–678. https://doi.org/10.1164/ajrccm.159.2.9806064. 

Kokelj, S., Kim, J.-l, Andersson, M., Runström Eden, G., Bake, B., Olin, A.C., 2020. Intra- 
individual variation of particles in exhaled air and of the contents of Surfactant 
protein A and albumin. PLoS One 15 (1), e0227980. https://doi.org/10.1371/ 
journal.pone.0227980. 

Nomori, H., Horio, H., Fuyuno, G., Kobayashi, R., Morinaga, S., Suemasu, K., 1998. 
Serum surfactant protein A levels in healthy individuals are increased in smokers. 
Lung 176, 355–361. https://doi.org/10.1007/PL00007617. 

Robin, M., Dong, P., Hermans, C., Bernard, A., Bersten, A.D., Doyle, I.R., 2002. Serum 
levels of CC16, SP-A and SP-B reflect tobacco smoke exposure in asymptomic 
subjects. Eur. Respir. J. 20, 1152–1161. https://doi.org/10.1183/ 
09031936.02.02042001. 

Urmila, P., 2014. Kodavanti respiratory toxicity biomarkers. Biomark. Toxicol. 12, 
217–239. https://doi.org/10.1016/B978-0-12-404630-6.00012-9. 

H. Koca et al.                                                                                                                                                                                                                                    

https://doi.org/10.1152/japplphysiol.00873.2009
https://doi.org/10.1152/japplphysiol.00873.2009
https://doi.org/10.1183/09031936.04.00064004
https://doi.org/10.1373/clinchem.2011.169235
https://doi.org/10.1183/09031936.94.07050954
https://doi.org/10.1183/09031936.94.07050954
https://doi.org/10.1186/s12931-016-0431-7
https://doi.org/10.1164/ajrccm.159.2.9806064
https://doi.org/10.1371/journal.pone.0227980
https://doi.org/10.1371/journal.pone.0227980
https://doi.org/10.1007/PL00007617
https://doi.org/10.1183/09031936.02.02042001
https://doi.org/10.1183/09031936.02.02042001
https://doi.org/10.1016/B978-0-12-404630-6.00012-9

	Surfactant protein A in particles in exhaled air and plasma
	1 Introduction
	2 Method
	2.1 Chemical analytical methods
	2.2 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Funding
	CRediT authorship contribution statement
	References


