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Abstract: Background: The diagnosis of COPD is based on both clinical signs and functional tests.
Although there are different functional tests used to assess COPD, no reliable biomarkers able to
provide information on pathogenesis and severity are available. The aim of the present study is to
explore the relationship between surfactant protein B (Sp-B) serum levels and clinical, radiological,
and functional pulmonary parameters in COPD patients. Methods: Forty COPD patients and twenty
smokers without airflow limitations or respiratory symptoms were enrolled. Each patient was given
questionnaires (CAT and mMRC) and 6MWT, spirometry, DLCO, and computer tomography (CT)
were performed. All participants underwent a venous blood sample drawing, and quantitative
detection of their Sp-B plasma levels was performed by an enzyme-linked immunosorbent assay. The
spirometry and Sp-B plasma levels were assessed after 12 months. Results: A statistically significant
difference was found in the plasma Sp-B levels between COPD patients compared to the other group
(4.72 + 3.2 ng/mL vs. 1.78 + 1.5 ng/mL; p < 0.001). The change in FEV1 after 12 months (Delta
FEV1) showed a significantly negative correlation with respect to the change in Sp-B levels (Delta
SpB) (r = −0.4; p < 0.05). This correlation indicates that increasing the plasma dosage of SpB is a
foretoken of functional decline. Conclusions: SpB may be considered as a useful marker in COPD
assessment and provides prognostic information on lung functional decline. Despite its usefulness,
further studies are needed to define its reliability as a biomarker.

Keywords: surfactant protein B; FEV1; COPD

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a common worldwide disease—it is
the third leading cause of death [1]. The diagnosis of COPD is based on clinical signs such as
cough, sputum production, dyspnea, previous exposure to inhalation risk factors, and/or
frequent respiratory exacerbations. Functional tests are characterized by irreversible airflow
limitation (FEV1/FVC < 0.70) post-bronchodilator during a forced expiration test [2–4].
Forced expiratory volume in the first second (FEV1) is the most widely used marker of
disease severity and progression, but it poorly correlates with both the symptoms and other
measures of disease progression. Despite all these validated tools, some aspects of COPD
remain unknown. Therefore, it could be useful to have validated biomarkers for early
diagnosis and prediction of progression, resulting in consequent therapeutic implications.

Currently, no serum biomarker has been validated, though research is moving in this
direction. However, some studies of some blood-based markers have shown promising
results [3].

Biomarkers are defined as objectively measurable features indicative of normal biolog-
ical processes, pathogenic processes, and prognosis, predicting pharmacologic responses
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to a therapeutic intervention. The development of biomarkers that identify the endotypes
most likely to respond to targeted pharmacological treatments is essential for precision
medicine [5].

For practical purposes, most published studies have analyzed blood biomarkers
because of their easy accessibility and assay reproducibility. In line with these findings, the
purpose of our study was to analyze the possible role of plasma surfactant protein B (SP-B)
levels in COPD.

Pulmonary surfactant has important functions beyond reducing surface tension to
avoid lung collapse during respiration and provides a crucial first line of defense against
infection [6]. Pulmonary surfactant is a complex mixture of lipids (90%) and proteins
(5–10%) that constitutes the mobile liquid phase covering the large surface area of the
alveolar epithelium. Four surfactant proteins (SPs), SP-A, SP-B, SP-C, and SP-D, are
intimately associated with surfactant lipids in the lung. Their importance is demonstrated
through studies performed in the therapeutic field through the administration of exogenous
surfactant [7,8]. The properties of SP-B have made it a useful protein to study within the
context of lung diseases such as acute respiratory distress syndrome, neonatal respiratory
distress, and lung cancer [9,10]. However, few studies have explored its role in COPD,
especially surfactant protein B (SP-B). In fact, most studies on surfactant proteins have
been performed on idiopathic pulmonary fibrosis (IPF). SP-A and SP-D are the proteins
that, more than any others, have shown greater reliability as a possible biomarker of
disease because of their characteristics and reproducibility in determination. Serum SP-
A/D detection might be useful for the differential diagnosis and prediction of survival in
patients with IPF [11].

SP-D expression has also been studied in COPD patients [5]. It is statistically associated
with emphysema progression and mortality in the COPD Gene cohort, but the influence
of age, body mass index, sex, and current smoking status is not clearly defined, making
SP-D plasma levels difficult to use as a marker for any treatment effects or prognostic
outcome [5].

In lung cancer, plasma Pro-SP-B represents an independent predictor of lung cancer
and represents an additional marker to the existing ones that analyze the risk of developing
disease. The same authors demonstrated that mature SP-B was increased in patients with
resectable non-small cell lung cancer (NSCLC) relative to controls [10].

To our knowledge, few studies have been conducted on serum SP-B concentration
and COPD, and some of these show conflicting results. The reason could be due to SP-B’s
hydrophobicity, which does not make it easily determinable. Its mature form is an 8 kD
hydrophobic molecule exclusively synthesized by type II pneumocytes and non-ciliated
intra-alveolar bronchiolar cells [12]. SP-B has higher specificity for the lungs, because the
lungs exclusively produce this protein [13].

Due to poor solubility in the plasma and broncho alveolar lavage (BAL), some studies
have used its precursor, pro-SPB, which is a hydrophilic 42-kD protein that is cleaved at
the N and C terminus into its mature form and secreted into the alveolar space [12].

The aim of this study is to evaluate the usefulness of SP-B as a potential biomarker
in COPD patients. Therefore, we investigated whether SP-B plasma levels were modified
in COPD patients in relationship with heathy controls and whether these changes were
related to the clinical, functional, or radiological findings.

2. Materials and Methods
2.1. Study Design and Cohort

The study was an observational, cross-sectional, monocentric study conducted at
Sant’Andrea Hospital, in Rome. Patients enrolled were recruited in 12 months run-in
period, from December 2018 to December 2019. This study was approved by the ethics
committee of Sant’Andrea Hospital, Rome (5078_2018). Each participant provided written
informed consent. This study was conducted according to the Declaration of Helsinki and
good clinical practice guidelines.
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Forty patients with stable COPD, as defined by GOLD 2022, and twenty smokers
without respiratory symptoms and or spirometry abnormalities were studied. Patients
were recruited who met the inclusion criteria: (a) ≥45 years old; (b) post-bronchodilator
FEV1/FVC < 0.7; (c) smokers or former smokers (at least 10 pack/years); (d) current bron-
chodilator therapy. The exclusion criteria were (a) history of a recent (less than 4 weeks)
respiratory tract infection; (b) other chronic respiratory diseases (i.e., cystic fibrosis, severe
bronchiectasis, previous lobectomy, and restrictive lung disease); (c) severe comorbidities
(cancer and unstable cardiovascular diseases); (d) low compliance to perform all func-
tional tests.

2.2. General Measurements

In all participants, the following parameters were collected during the enrollment
visit: anthropometric variables (age, sex, and body mass index (BMI)), smoking habit
(current/former), and number of packs per year. In COPD patients, number of previous
exacerbations per year, COPD Assessment Test (CAT) score, modified Medical Research
Council dyspnea scale (mMRC), and six-minute walking test (6MWT) were also evaluated.

2.3. Spirometry, Plethysmography, and Diffusing Capacity for Carbon Monoxide

Patients were advised to regularly assume their inhaler therapy. Lung function tests
were performed with automated equipment (Master Screen Body PFT Jaeger, Wurtzburg,
Germany) using the current recommendation of ATS/ERS Task Force on standardiza-
tion of pulmonary functions test [14,15]. At least 3 measurements were taken from each
spirometry and lung volume to assure reproducibility. To collect lung volumes FEV1, total
lung capacity (TLC), and residual volume (RV), a pneumotachograph and whole-body
plethysmography were used. Pulmonary diffusing capacity for carbon monoxide (DLCO)
determined by the single breath technique was performed. DLCO expresses the capacity of
the lung to exchange gas across the alveolar–capillary interface, determined by its structural
and functional properties [16]. Spirometry was performed both at baseline (T0) and after
12 months (T1).

2.4. Chest Computed Tomography

All patients underwent baseline chest computed tomography (CT). A qualitative
emphysema analysis assessment was scored by using the modified method from Kazerooni
et al. [17]. Each of the five lobes of the lung plus the lingula was scored on a scale from 0 to
4 points, defined as follows: 0 = absence of emphysema, 1 = 1–25% emphysema, 2 = 26–50%
emphysema, 3 = 51–75% emphysema, and 4 = 76–100% emphysema. The total score was
made by the sum of each lobe.

2.5. Specimen Handling and Assay

Before starting clinical sessions, each participant underwent a venous blood sample
drawing.

Patients underwent further sampling after 12 months. Fresh blood was collected
in vacutainer tubes containing citrate 0.129 mol/L as an anticoagulant, centrifuged at
3000 rpm at 4 ◦C, and divided into aliquots, and plasma was stored at −80 ◦C before the
analysis. The quantitative analysis of SP-B levels was performed by an enzyme-linked
immunosorbent assay (SEB622Hu), as previously described [18,19]. The concentration of
SP-B in the samples was then determined by comparing the absorbance of the samples to
the standard curve and expressed as ng/mL.

2.6. Statistical Analysis

Dichotomous variables were presented as proportions and continuous variables as
mean + SD. Fisher’s exact test or Student’s t-test was used as appropriate. Pearson’s
chi-squared test was used for the correlation analysis.
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A two tailed p < 0.05 was considered to indicate statistical significance. Analysis was
performed using SPSS.

3. Results

This study cohort included 40 stable COPD adult patients and 20 smokers as subjects.
Baseline characteristics for all subjects are reported in Table 1. The mean age of the COPD
patients was higher compared to the other group (71 + 8 vs. 65 + 7; p < 0.05), and in both
groups there was a prevalence of men (75% and 65%, respectively). All subjects were
smokers or former smokers.

Table 1. Demographic and clinical characteristics of the study population.

COPD n = 40 Healthy Smokers n = 20 p Value

Male/female n (%) 30/10 (75/25) 13/7 (65/35) NS

Age years (mean ± SD) 71 ± 8 65 ± 7 <0.05

BMI (Kg/m2) 26.8 ± 5.5 28.2 ± 6.1 NS

CAT (mean ± SD) 13 ± 5 /

mMRC n (%)
0–1
>2

23 (46%)
27 (54%)

/

Current smoker n (%) 14 (35%) 16 (80%) <0.05

Former smoker n (%) 26 (65%) 4 (20%) <0.05

SP-B plasma levels (ng/mL) 1.78 ± 1.5 4.72 ± 3.2 <0.05
Data are presented as mean ± SE or n (%), unless otherwise stated. BMI: body mass index; CAT: COPD Assessment
Test; mMRC: Modified British Medical Research Council Questionnaire; SP-B: surfactant protein B.

There was a significant difference in SP-B plasma levels between healthy smokers and
COPD patients (1.78 + 1.5 ng/mL and 4.72 + 3.2 ng/mL, respectively; p < 0.001) (Figure 1).
The mean FEV1 and TLC values (expressed as percentages) of the COPD patients were,
respectively, 57.6 + 21, 97.6 + 14, and 78 + 27 for DLCO/VA. No significant correlation was
found between SP-B plasma levels and FEV1, TLC, RV, or DLCO/VA.
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Figure 1. Differences in SP-B plasma levels between healthy smokers and COPD patients.

Fifteen patients in the COPD group had signs of emphysema on a CT scan. We
also analyzed the correlation between the levels of emphysema on CT and SP-B, but no
statistically significant correlation was found.

The delta FEV1 and delta SP-B obtained from the difference in their respective values
were calculated after 12 months and at baseline (T1-T0). Changes in FEV1 after 12 months
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(T1-T0) showed a statistically significant negative correlation with SP-B plasma levels
(r = −0.415; p < 0.05) (Figure 2).
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Figure 2. Correlation between delta FEV1 and delta SP-B over the 12-month period (Pearson −0.5;
p < 0.02).

A direct correlation was also found between SP-B plasma levels and BMI (r = 0.3;
p < 0.05). On the contrary, no correlation was found between the SP-B plasma levels and
clinical findings, especially with the number of exacerbations and symptoms or with the
score obtained by completing the CAT and mMRC questionnaires.

4. Discussion
4.1. SP-B as a Biomarker

Circulating surfactant protein-B levels are increased in COPD patients in comparison
to healthy smokers. Furthermore, plasma SP-B levels are related to COPD clinical status.
The novel and unique ability of plasma SP-B to reflect lung damage is supported by its
association with the decline of FEV1 and suggests that SP-B may be a useful prognostic
biomarker in COPD.

However, some results appeared conflicting. In fact, no significant correlation was
found between serum SP-B concentration and the functional, radiological, or clinical data.
To our knowledge, this is the first study that explored SP-B levels, COPD lung function,
and the treatable traits (symptoms and exacerbations).

According to Leung’s studies, we expected to find a negative correlation between
SP plasma levels and FEV1 [20]. Our data appear to be in contrast with this study; a
possible explanation is that SP-B, in its mature form, is a less reliable index of pathology,
probably due to its poor solubility [12]. Another possible explanation is that in stable COPD
patients (particularly those with lower FEV1), anatomical remodeling of lung parenchyma
has already occurred. Therefore, it is possible that this condition, where the anatomical
damage has already consolidated, is associated with a reduced spillover of proteins from
the alveolar cells into the bloodstream. This would also explain the low levels of SP-B
observed in the BAL.

In accordance with this hypothesis is the observation that lower BAL SP-D levels were
associated with worse lung function in COPD subjects [13,21].

The increase in plasma SP-B levels in COPD agrees with previous investigations,
though there are many controversial findings as well. Pro-SFTPB concentrations in BAL
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fluid were significantly related to lung function, and its expression could be increased with
the use of an inhaled budesonide/formoterol combination [21]. The same authors also
highlighted how pro-SFTPB in plasma was not related to airflow limitation and was not
responsive to short term therapy. This likely occurred because the plasma expression of
pro-SFTB is relatively low even in patients with COPD, reducing its discriminative property
as a blood biomarker [21].

In COPD patients, both during acute exacerbation and the stability phase, no signifi-
cant changes were observed in the levels of any SPs between admission and discharge or the
stability in the overall population or among the subgroups: smokers and non-smokers [21].

On the contrary, in studies conducted on acute lung damage such as ARDS, acute
pulmonary edema, and acute lung failure, high levels of SP-B isoforms are measurable in
blood and configure damage at the level of the alveolus capillary barrier, proving to be of
great use in clinical practice.

4.2. SP-B as Prognostic Factor

Another important result of our study is the prognostic role of SP-B. The correlation
between delta Fev1 and delta SP-B indicates that increasing SP-B plasma levels is a foretoken
of functional decline.

The mechanisms that determine the increased plasma concentration of SP-B when
there is lung damage remain to be elucidated. The main function of SP-B is to accelerate
the formation of a surface-active film composed of phospholipids at the air–water interface,
by increasing the adsorption rate. SP-B also has anti-inflammatory properties and may
be involved in protecting the lung against oxidative stress. With smoking or acute lung
injury, lung BAL SP-B protein concentration decreases. Most importantly, to our knowledge,
no extra-pulmonary organs produce any appreciable amount of SP-B, making it a highly
specific lung biomarker [21].

Surfactant proteins are transcriptionally regulated by thyroid transcription factor 1
(TTF-1)/NK2 homeobox 1 (NKX2-1), which plays a crucial role in lung development.
TTF-1/NKX2-1 is markedly increased in regions of the lung parenchyma undergoing
regeneration and repair. In addition, increased expression of TTF-1/NKX2-1 in alveolar
type II cells has been found to induce dose-dependent alterations in alveolar morphology,
epithelial cell hyperplasia, emphysema, and pulmonary inflammation [22,23].

Probably the emphysema and, consequently, the damage of the alveolar–capillary
barrier are associated with the release of SP-B from the lung into the bloodstream. However,
given the important role that SP-B plays in the regulation of surface tension, it cannot be
excluded that smoking-related lung damage may be responsible for altered SP-B confor-
mation that, in turn, facilitates its release and spillover. The reduction in SP-B levels at the
alveolar level leads to the worsening of respiratory symptoms for early alveolar collapse,
which is related to the loss of its regulatory role in the stabilization of surface tension. It
is known that hereditary, in full-term infants, or maturational, in pre-term infants, SP-B
deficiency is usually present in respiratory distress syndromes [20].

While apoptosis is thought to be the mechanism by which emphysema develops,
an additional role may be played by SP-B, particularly considering its role in modulat-
ing inflammatory micro-environment. SP-B deficiency in a transgenic murine model
increases pulmonary inflammation, including the increase in the BAL fluid total cell num-
ber, macrophage and neutrophil migration into the lung, and levels of interleukin (IL)-6,
IL-1β, and macrophage inflammatory proteins. This heightened inflammatory response is,
furthermore, attenuated to the restoration of SP-B levels. Similarly, SP-B, unlike SP-A and
C, may modulate the oxidative stress response of the lung. Specifically, in vitro models of
alveolar macrophages cultured from rat lungs, when incubated with SP-B, showed reduced
nitric oxide levels in response to lipopolysaccharide [24]. Both the anti-inflammatory and
anti-oxidative properties of SP-B may act to protect the lung from toxic agents and cigarette
smoke [24].
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SP-B is also considered an accurate indicator of barrier damage [25], as detected in
heart failure. Moreover, previous studies have shown that lung inflammation, caused
by cigarette smoke, is associated with increased serum levels of SP-D, probably through
increased translocation of this protein into the systemic circulation [25].

Another interesting aspect of our findings is that circulating SP-B correlated signifi-
cantly and positively with BMI. A relationship between SP-A plasma levels and obesity
was detected, suggesting that obesity, with all its possible implications such as chronic
hypoxia, could be considered the draining force [26].

4.3. Limits

Our study presents some limits, such as the small sample size and the lack of compari-
son between mature and immature SP-B forms. Given the conflicting data available, the
need remains to better clarify the possible role of SP-B and its precursor. Although SP-B
is clearly the most specific protein synthesized by alveolar cells, the immature form is the
one among the SPs unlikely to be present in the bloodstream under normal circumstances.
Indeed, the maturation process of SP-B is a complex multi-step process that happens inside
the alveolar epithelial cell, with the highest concentration of the mature form located near
the cell air surface, while the immature forms are located inside cell organelles (endo-
plasmic reticulum and Golgi and multi-vesicular bodies) and released in response to cell
membrane damage. Furthermore, smoking status, age, and treatment may be considered
as influencing factors.

5. Conclusions

SP-B plasma levels are increased in COPD patients and may be considered as a
prognostic marker of lung functional decline. The merit of the present study is to analyze
the relationship between SP-B and the clinical, functional and radiological aspects in a
cohort of COPD patients, underlining its potential role in a clinical scenario. Furthermore,
SP-B, given its pulmonary specificity, could also be an early marker of disease.

Author Contributions: M.D. designed, directed, and coordinated this study; G.G., A.R. and A.P.
(Alessandra Pagliuca) contributed to the acquisition, analysis, and interpretation of the data. A.R.,
M.I., A.P. (Aldo Pezzuto), D.P., C.D.V., S.R., F.V. and S.G. contributed to the writing, revision, and
submission of the article. All authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from Chiesi Farmaceutici.

Institutional Review Board Statement: The study was approved by the institutional ethical commit-
tee of Sapienza University, Rome, Italy (5078_2018), on the basis that it complied with the Declaration
of Helsinki and that the protocol followed existing good clinical practice guidelines.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the plots within this paper and other finding of
this study are available from the corresponding author upon reasonable request.

Acknowledgments: We are deeply grateful to Chiesi Italia spa for their unconditional support to
the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Szalontai, K.; Gémes, N.; Furák, J.; Varga, T.; Neuperger, P.; Balog, J.A.; Puskás, L.G.; Szebeni, G.J. Chronic Obstructive Pulmonary

Disease: Epidemiology, Biomarkers, and Paving the Way to Lung Cancer. J. Clin. Med. 2021, 10, 2889. [CrossRef] [PubMed]
2. Patel, A.R.; Patel, A.R.; Singh, S.; Singh, S.; Khawaja, I. Global Initiative for Chronic Obstructive Lung Disease: The Changes

Made. Cureus 2019, 11, e4985. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm10132889
http://www.ncbi.nlm.nih.gov/pubmed/34209651
http://doi.org/10.7759/cureus.4985
http://www.ncbi.nlm.nih.gov/pubmed/31453045


Biomedicines 2023, 11, 124 8 of 9

3. Celli, B.; Fabbri, L.; Criner, G.; Martinez, F.J.; Mannino, D.; Vogelmeier, C.; de Oca, M.M.; Papi, A.; Sin, D.D.; Han, M.K.; et al.
Definition and Nomenclature of Chronic Obstructive Pulmonary Disease: Time for Its Revision. Am. J. Respir. Crit. Care Med.
2022, 206, 1317–1325. [CrossRef]

4. Confalonieri, M.; Braga, L.; Salton, F.; Ruaro, B.; Confalonieri, P. COPD Definition: Is It Time to Incorporate Also the Concept of
Lung Regeneration’s Failure? Am. J. Respir. Crit. Care Med. 2022, Online ahead of print. [CrossRef] [PubMed]

5. Stockley, R.A.; Halpin, D.M.G.; Celli, B.R.; Singh, D. Chronic Obstructive Pulmonary Disease Biomarkers and Their Interpretation.
Am. J. Respir. Crit. Care Med. 2019, 199, 1195–1204. [CrossRef] [PubMed]

6. Gosens, R.; Hiemstra, P.S.; Adcock, I.M.; Bracke, K.R.; Dickson, R.P.; Hansbro, P.; Krauss-Etschmann, S.; Smits, H.H.; Stassen,
F.R.; Bartel, S. Host-microbe cross-talk in the lung microenvironment: Implications for understanding and treating chronic lung
disease. Eur. Respir. J. 2020, 56, 1902320. [CrossRef] [PubMed]

7. Ruaro, B.; Confalonieri, P.; Pozzan, R.; Tavano, S.; Mondini, L.; Baratella, E.; Pagnin, A.; Lerda, S.; Geri, P.; Biolo, M.; et al. Severe
COVID-19 ARDS Treated by Bronchoalveolar Lavage with Diluted Exogenous Pulmonary Surfactant as Salvage Therapy: In
Pursuit of the Holy Grail? J. Clin. Med. 2022, 11, 3577. [CrossRef]

8. Calkovska, A.; Kolomaznik, M.; Calkovsky, V. Alveolar Type II Cells and Pulmonary Surfactant in COVID-19 Era. Physiol. Res.
2021, 70, S195–S208. [CrossRef]

9. Günther, A.; Siebert, C.; Schmidt, R.; Ziegler, S.; Grimminger, F.; Yabut, M.; Temmesfeld, B.; Walmrath, D.; Morr, H.; Seeger, W.
Surfactant alterations in severe pneumonia, acute respiratory distress syndrome, and cardiogenic lung edema. Am. J. Respir. Crit.
Care Med. 1996, 153, 176–184. [CrossRef]

10. Sin, D.D.; Tammemagi, C.M.; Lam, S.; Barnett, M.J.; Duan, X.; Tam, A.; Auman, H.; Feng, Z.; Goodman, G.E.; Hanash, S.; et al.
Pro–Surfactant Protein B As a Biomarker for Lung Cancer Prediction. J. Clin. Oncol. 2013, 31, 4536–4543. [CrossRef]

11. Günther, A.; Schmidt, R.; Nix, F.; Yabut-Perez, M.; Guth, C.; Rosseau, S.; Siebert, C.; Grimminger, F.; Morr, H.; Velcovsky, H.; et al.
Surfactant abnormalities in idiopathic pulmonary fibrosis, hypersensitivity pneumonitis and sarcoidosis. Eur. Respir. J. 1999, 14,
565–573. [CrossRef] [PubMed]

12. Hydrophobic Surfactant-Associated Protein in Whole Lung Surfactant and Its Importance for Biophysical Activity in Lung
Surfactant Extracts Used for Replacement Therapy | Pediatric Research. Available online: https://www-nature-com.ezproxy.
uniroma1.it/articles/pr1986103 (accessed on 19 October 2021).

13. Moré, J.M.; Voelker, D.R.; Silveira, L.J.; Edwards, M.G.; Chan, E.D.; Bowler, R.P. Smoking reduces surfactant protein D and
phospholipids in patients with and without chronic obstructive pulmonary disease. BMC Pulm. Med. 2010, 10, 53–58. [CrossRef]
[PubMed]

14. Miller, M.R.; Hankinson, J.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.; Crapo, R.; Enright, P.; Van Der Grinten, C.P.M.;
Gustafsson, P.; et al. Standardisation of spirometry. Eur. Respir. J. 2005, 26, 319–338. [CrossRef]

15. Wanger, J.; Clausen, J.L.; Coates, A.; Pedersen, O.F.; Brusasco, V.; Burgos, F.; Casaburi, R.; Crapo, R.; Enright, P.; Van Der Grinten,
C.P.M.; et al. Standardisation of the measurement of lung volumes. Eur. Respir. J. 2005, 26, 511–522. [CrossRef] [PubMed]

16. MacIntyre, N.; Crapo, R.O.; Viegi, G.; Johnson, D.C.; Van Der Grinten, C.P.M.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.;
Enright, P.; et al. Standardisation of the single-breath determination of carbon monoxide uptake in the lung. Eur. Respir. J. 2005,
26, 720–735. [CrossRef] [PubMed]

17. A Kazerooni, E.; Martinez, F.J.; Flint, A.; A Jamadar, D.; Gross, B.H.; Spizarny, D.L.; Cascade, P.N.; I Whyte, R.; Lynch, J.P.; Toews,
G. Thin-section CT obtained at 10-mm increments versus limited three-level thin-section CT for idiopathic pulmonary fibrosis:
Correlation with pathologic scoring. Am. J. Roentgenol. 1997, 169, 977–983. [CrossRef] [PubMed]

18. Magriì, D.; Brioschi, M.; Banfi, C.; Schmid, J.P.; Palermo, P.; Contini, M.; Apostolo, A.; Bussotti, M.; Tremoli, E.; Sciomer, S.; et al.
Circulating Plasma Surfactant Protein Type B as Biological Marker of Alveolar-Capillary Barrier Damage in Chronic Heart Failure.
Circ. Hear. Fail. 2009, 2, 175–180. [CrossRef]

19. Agostoni, P.; Banfi, C.; Brioschi, M.; Magrì, D.; Sciomer, S.; Berna, G.; Brambillasca, C.; Marenzi, G.; Sisillo, E. Surfactant protein B
and RAGE increases in the plasma during cardiopulmonary bypass: A pilot study. Eur. Respir. J. 2010, 37, 841–847. [CrossRef]

20. Leung, J.M.; Mayo, J.; Tan, W.; Tammemagi, C.M.; Liu, G.; Peacock, S.; Shepherd, F.A.; Goffin, J.; Goss, G.; Nicholas, G.; et al.
Plasma pro-surfactant protein B and lung function decline in smokers. Eur. Respir. J. 2015, 45, 1037–1045. [CrossRef]

21. Um, S.J.; Lam, S.; Coxson, H.; Man, S.F.P.; Sin, D.D. Budesonide/Formoterol Enhances the Expression of Pro Surfactant Protein-B
in Lungs of COPD Patients. PLoS ONE 2013, 8, e83881. [CrossRef]

22. Peca, D.; Petrini, S.; Tzialla, C.; Boldrini, R.; Morini, F.; Stronati, M.; Carnielli, V.P.; E Cogo, P.; Danhaive, O. Altered surfactant
homeostasis and recurrent respiratory failure secondary to TTF-1 nuclear targeting defect. Respir. Res. 2011, 12, 115. [CrossRef]
[PubMed]

23. Wert, S.E.; Dey, C.R.; Blair, P.A.; Kimurab, S.; Whitsett, J.A. Increased Expression of Thyroid Transcription Factor-1 (TTF-1) in
Respiratory Epithelial Cells Inhibits Alveolarization and Causes Pulmonary Inflammation. Dev. Biol. 2002, 242, 75–87. [CrossRef]
[PubMed]

24. Demedts, I.K.; Demoor, T.; Bracke, K.R.; Joos, G.F.; Brusselle, G.G. Role of apoptosis in the pathogenesis of COPD and pulmonary
emphysema. Respir. Res. 2006, 7, 53. [CrossRef] [PubMed]

http://doi.org/10.1164/rccm.202204-0671PP
http://doi.org/10.1164/rccm.202208-1508LE
http://www.ncbi.nlm.nih.gov/pubmed/36174210
http://doi.org/10.1164/rccm.201810-1860SO
http://www.ncbi.nlm.nih.gov/pubmed/30592902
http://doi.org/10.1183/13993003.02320-2019
http://www.ncbi.nlm.nih.gov/pubmed/32430415
http://doi.org/10.3390/jcm11133577
http://doi.org/10.33549/physiolres.934763
http://doi.org/10.1164/ajrccm.153.1.8542113
http://doi.org/10.1200/JCO.2013.50.6105
http://doi.org/10.1034/j.1399-3003.1999.14c14.x
http://www.ncbi.nlm.nih.gov/pubmed/10543276
https://www-nature-com.ezproxy.uniroma1.it/articles/pr1986103
https://www-nature-com.ezproxy.uniroma1.it/articles/pr1986103
http://doi.org/10.1186/1471-2466-10-53
http://www.ncbi.nlm.nih.gov/pubmed/20973980
http://doi.org/10.1183/09031936.05.00034805
http://doi.org/10.1183/09031936.05.00035005
http://www.ncbi.nlm.nih.gov/pubmed/16135736
http://doi.org/10.1183/09031936.05.00034905
http://www.ncbi.nlm.nih.gov/pubmed/16204605
http://doi.org/10.2214/ajr.169.4.9308447
http://www.ncbi.nlm.nih.gov/pubmed/9308447
http://doi.org/10.1161/CIRCHEARTFAILURE.108.819607
http://doi.org/10.1183/09031936.00045910
http://doi.org/10.1183/09031936.00184214
http://doi.org/10.1371/journal.pone.0083881
http://doi.org/10.1186/1465-9921-12-115
http://www.ncbi.nlm.nih.gov/pubmed/21867529
http://doi.org/10.1006/dbio.2001.0540
http://www.ncbi.nlm.nih.gov/pubmed/11820807
http://doi.org/10.1186/1465-9921-7-53
http://www.ncbi.nlm.nih.gov/pubmed/16571143


Biomedicines 2023, 11, 124 9 of 9

25. Gargiulo, P.; Banfi, C.; Ghilardi, S.; Magrì, D.; Giovannardi, M.; Bonomi, A.; Salvioni, E.; Battaia, E.; Filardi, P.P.; Tremoli, E.; et al.
Surfactant-Derived Proteins as Markers of Alveolar Membrane Damage in Heart Failure. PLoS ONE 2014, 9, e115030. [CrossRef]

26. Fernaández-Real, J.M.; Chico, B.; Shiratori, M.; Nara, Y.; Takahashi, H.; Ricart, W. Circulating Surfactant Protein A (SP-A), a
Marker of Lung Injury, Is Associated With Insulin Resistance. Diabetes Care 2008, 31, 958–963. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1371/journal.pone.0115030
http://doi.org/10.2337/dc07-2173
http://www.ncbi.nlm.nih.gov/pubmed/18285549

	Introduction 
	Materials and Methods 
	Study Design and Cohort 
	General Measurements 
	Spirometry, Plethysmography, and Diffusing Capacity for Carbon Monoxide 
	Chest Computed Tomography 
	Specimen Handling and Assay 
	Statistical Analysis 

	Results 
	Discussion 
	SP-B as a Biomarker 
	SP-B as Prognostic Factor 
	Limits 

	Conclusions 
	References

