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Purpose: Pulmonary surfactant proteins A (SP-A) and D (SP-D) are lectins, involved in host defense and regulation of pulmonary
inflammatory response. However, studies on the assessment of COPD progress are limited.
Patients and Methods: Pulmonary surfactant proteins were obtained from the COPD mouse model induced by cigarette and
lipopolysaccharide, and the specimens of peripheral blood and bronchoalveolar lavage (BALF) in COPD populations. H&E staining
and RT-PCR were performed to demonstrate the successfully established of the mouse model. The expression of SP-A and SP-D in
mice was detected by Western Blot and immunohistochemistry, while the proteins in human samples were measured by ELISA.
Pulmonary function test, inflammatory factors (CRP, WBC, NLR, PCT, EOS, PLT), dyspnea index score (mMRC and CAT), length of
hospital stay, incidence of complications and ventilator use were collected to assess airway remodeling and progression of COPD.
Results: COPD model mice with emphysema and airway wall thickening were more prone to have decreased SP-A, SP-D and
increased TNF-α, TGF-β, and NF-kb in lung tissue. In humans, SP-A and SP-D decreased in BALF, but increased in serum. The serum
SP-A and SP-D were negatively correlated with FVC, FEV1, FEV1/FVC, and positively correlated with CRP, WBC, NLR, mMRC
and CAT scores (P < 0.05, respectively). The lower the SP-A and SP-D in BALF, the worse the lung function and the increased
probability of complications and ventilator use. Moreover, the same trend emerged in COPD patients grouped according to GOLD
severity grade (Gold 1–2 group vs Gold 3–4 group). The worse the patient’s condition, the more pronounced the change.
Conclusion: This study suggests that SP-A and SP-D may be related to the progression and prognostic evaluation of COPD in terms
of airway remodeling, inflammatory response and clinical symptoms, and emphasizes the necessity of future studies of surfactant
protein markers in COPD.
Keywords: COPD, pulmonary surfactant protein A and D, airway remodeling

Introduction
Chronic obstructive pulmonary disease (COPD), which has been considered by many scholars for years as
a heterogeneous disease caused by multiple factors, is the third leading cause of death in the world and characterized
by chronic airway inflammatory infiltration and destruction of normal alveolar structural integrity.1,2 As the disease
progresses, the initiation of inflammatory mechanism and immune system can destroy the structural integrity of the
airway and alveolar cells by activating inflammatory cells and promoting the release of a large quantity of cytokines and
inflammatory mediators,3–6 which affects the secretion of pulmonary surfactant proteins (SPs).7,8 This not only aggra-
vates the formation of emphysema and the progress of COPD but also promotes the occurrence and mortality of
inflammatory response in patients with COPD.

SPs, which are secreted by alveolar cells and account for 8–10% of pulmonary surfactants, can be divided into four types
and named A, B, C, and D according to different structures and molecular weights. In particular, pulmonary surfactant
protein A (SP-A) and D (SP-D), which act as defensive guards against airway infection, can activate macrophages and
phagocytes by virtue of their hydrophilicity, broad specificity and carbohydrate recognition domain that can bind to
microorganisms. Therefore, they could exert the functions of antibacterial and elimination of apoptotic cells, and participate
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in the process of immune function, inflammatory response and lipid metabolism at the same time.9 At present, some studies
have confirmed that SP-A and SP-D can establish a relationship with COPD in both animal and human studies, but the
specific connection and the significance of diagnosis and treatment to the disease in the future are still not clear.

Mountains of evidence have proved that the pulmonary emphysema model mice had the following characteristics,
such as disorder of phospholipid metabolism on the surface of alveoli, a tendency to decrease SP-A and SP-D expression,
and infiltration and aggregation of alveolar macrophages in the airways. These suggested that SP-A and SP-D, which are
extremely likely, are involved in the pathogenesis of COPD and have some representative significance and potential
value in it.10 What is more, some scholars found that SP-D-deficient mice tend to spontaneous emphysema formation due
to abnormal changes in alveolar structure, while macrophages from SP-A and SP-D gene-null mice were more likely to
express reactive oxygen species highly.11 Meanwhile, in human studies, SP-A and SP-D have been found to be related to
smoking and even to gene polymorphism in the pathogenesis of COPD.12–14 However, relevant studies are still imperfect,
especially the significance of SP-A or SP-D in evaluating the severity of illness in patients with Acute Exacerbation of
COPD (AECOPD). In addition, the characteristics exhibited by SP-A or SP-D in different types of specimens are unclear.

Based on the above, this study focused on evaluating the effects of SP-A and SP-D on COPD progression. We sought
to investigate (1) SP-A and SP-D levels in cigarette and lipopolysaccharide-induced model mice by simulating the
pathogenesis of COPD in humans, (2) the relationship between SP-A and SP-D expression and COPD progression by
linking pulmonary function, inflammatory parameters, and clinical manifestations in clinical studies, and (3) differences
in SP-A or SP-D in serum and BALF collected by standardized operation.

Materials and Methods
Animal Experiments
C57BL/6 male mice (8–12 weeks old, weighing 18-25g) were obtained from the Laboratory Animal Center of Peking
University, and maintained in SPF condition. Animal experiments were carried out in accordance with the Chinese
Association for Laboratory Animal Science Policy and approved by the ethics committee of the Fourth Affiliated
Hospital of Harbin Medical University. The mice were randomly divided into 2 groups as follows: 1) control (CTL)
(n = 5), smoking-lipopolysaccharide (LPS) (SM) (n = 5) groups. The commercial cigarettes (Huangguoshu brand,
Guizhou, China), containing 11 mg tar, 0.8 mg nicotine and 13 mg CO, were used in this study to construct the mouse
model.15 All mice in SM group were exposed to smoking (10 cigarettes/day, 30 min/time) in a self-made plexiglass box
(50 × 40 × 30 cm) at regular daily intervals except on days 7, 14, and 21 due to intratracheal instillation of LPS (1 mg/kg)
without smoking, while the control mice did not receive any treatment. The mice were sacrificed 24 hours after the last
exposure to smoke. Lung tissue was collected from two groups at day 30 for subsequent studies.

Tissue Collection
After anesthesia, the thoracic cavity of mice was opened to carefully separate the lung tissue and airway, rinsed with
0.9% sodium chloride solution at 4°C, and the left lung was rapidly frozen in liquid nitrogen for RT-PCR and Western
blot. The right lungs and airways were fixed in 4% paraformaldehyde for 24 h, and routinely paraffin embedded for HE
staining and Immunohistochemistry, as described in previous studies.16,17

H&E and Immunohistochemistry
HE staining was used to observe the destructive changes in airway and lung structure in mice. Three paraffin sections
were taken from each lung tissue. Three fields were randomly read from each section. The cross was drawn under a light
microscope (100X) to calculate the total length of the cross (L) and the number of alveolar septa with cross shadow (NS).
The mean linear intercept (MLI) was calculated using the formula MLI = L/NS and the mean alveolar septal thickness
(MAST) was measured. Immunohistochemistry was used to observe the expression of SP-A and SP-D. The IHC Profiler
automated analysis software was used in this study to assess the grade of positive staining of immunohistochemical
sections, and a score of greater than or equal to 1 was scored as positive. The positive rates of SP-A and SP-D were
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calculated by taking five areas under a light microscope (400X) for each section and counting the number of alveolar type
II cells (ATII) positive for SP-A or SP-D and the total number of ATII.

mRNA Extraction and Real-Time PCR
RNAwas extracted by Trizol (Invitrogen) and quantified using a NanoDrop spectrophotometer (NanoDrop Tech, Rockland,
DE, USA). cDNAwas obtained using ReverTra Ace qPCR RT Kit (TYB-FSQ-101, Toyobo, Shanghai, China) according to
the instructions. Quantitative real-time PCR was conducted by using FastStart ™ Universal SYBR ® Green premix (Rox)
(Sigma-Aldrich, USA) on a Real-Time PCR machine (Bio-Rad). Gene-specific primers were provided by Thermo Scientific
as follows: Mouse TGF-β, forward, 5′-TACAGGGCTTTCGATTCAGC-3’ and reverse, 5′-CGCACACAGCAGTTCTTCTC
-3’; Mouse NF-κB, forward, 5′-GCTACACAGAGGCCATTGAA-3’ and reverse, 5′-TCCCGGAGTTCATCTATGTG-3’;
Mouse TNF-α, forward, 5′- CCAGACCCTCACACTCAGAT-3’ and reverse, 5′-AACACCCATTCCCTTCACAG-3’;
GAPDH, forward, 5′-CACCCACTCCTCCACCTTTG-3’ and reverse, 5′-CCACCACCCTGTTGCTGTAG-3′. GAPDH
was treated as an internal control.

Protein Extraction and Western Blot
The protein was extracted by grinding the lung tissue with liquid nitrogen, and the protein concentration was determined
using a BCA kit (Beyotime, Shanghai, China). 50 ug protein samples were electrophoresed with SDS-PAGE, transferred
to PVDF membranes (Millipore), blocked with 5% skim milk, and finally subjected to immunohybridization (anti-SP-A
antibody, ab115791, Abcam; anti-SP-D antibody, ab220422, Abcam; anti-GAPDH antibody, K200057M, Solarbio; HRP
conjugated Goat Anti-Mouse IgG, GB23301, Servicebio; HRP conjugated Goat Anti-Rabbit IgG, GB23303, Servicebio)
and image acquisition.

Patients
All clinical samples from people without lung disease (Group 1) and with different airway obstructive diseases
considered by physicians to be in the acute phase of infection including acute exacerbation of chronic bronchitis
(AECB) (Group 2) and AECOPD (Group 3) were collected from April 2019 to January 2022 and approved by the
Fourth Affiliated Hospital of Harbin Medical University. The informed consent was obtained from all participants (40–78
years). Groups 1 and 2 served as controls, and people in Group 3 were further divided into Gold 1–2 group (FEV1% pred
≥50%) and Gold 3–4 group (FEV1% pred <50%) based on the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines,18 patients’ clinical symptoms, pulmonary function and other auxiliary examinations.

Exclusion criteria: (1) Patients with tumors, autoimmunity and other respiratory infectious diseases, such as
bronchiectasis, bronchial asthma, and tuberculosis, etc. (2) Patients with primary severe cardiovascular and cerebrovas-
cular diseases or severe liver and kidney damage. (3) Patients had received drug therapies, such as antibiotics,
glucocorticoids, and so on, before the collection of peripheral blood samples.

Data Source
Peripheral blood laboratory parameters, including white blood cells (WBC), C-reactive protein (CRP), platelets (PLT),
procalcitonin (PCT), eosinophil (EOS), neutrophil-to-lymphocyte ratio (NLR), SP-A and SP-D, were collected before
patients received any treatment within 24 hours of admission. Additionally, SP-A and SP-D in BALF were obtained by
a professional clinician via bronchoscope alveolar lavage when participants’ vital signs were stable. Furthermore, there were
other clinical data, including blood gas analysis, clinical symptom assessment questionnaires containing modified Medical
Research Council (mMRC) score and COPD assessment test (CAT) score for patients in Group 2 and 3 in medical history,
and pulmonary function test (FEV1, FVC, FEV1/FVC) recorded by MedGraphics Profiler spirometer. The use of ventilators,
complications, and length of hospital stay were recorded after the patients were discharged, and the time of rehospitalizations
was within three years. This work did not intervene in the individualized clinical treatment of patients.
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Measurement of Human Surfactant Proteins
3–5 mL of peripheral blood was collected, followed by natural clotting for 20 min at room temperature to separate the
serum. The supernatant was obtained by centrifugation at 2500 rpm for 20 min at 4°C using a high-speed refrigerated
centrifuge (TGL-16M, China) and stored at –80°C. Correspondingly, the collection of SP-A and SP-D in BALF was
accomplished by bronchoalveolar lavage. Under aseptic conditions, a sterilized physiological saline at 37°C was injected
into the side of the endoscope with a syringe, and BALF (50 mL × 3) was aspirated from the bronchi (lobar bronchi,
segmental bronchi, and subsegmental bronchi) at a negative pressure of 100 mmHg, with a recovery rate over 40%. After
filtering out the impurities in the specimen with sterile gauze, the supernatant was obtained by layering at room
temperature for 20 min, followed by centrifugation. Centrifugation and storage conditions were the same as above.

SP-A and SP-D in plasma and BALF were detected according to the instructions of the ELISA kit (Shanghai Jianglai
Biotechnology Co., Ltd.) and analyzed with a microplate reader at 450 nm (Synergy HTX, BioTek Instruments). The
final concentrations of surfactant proteins were calculated based on the standard curve and OD values.

Statistical Analysis
All the data were analyzed using statistical analysis software (IBM SPSS Statistics V25). Quantitative data were
normally distributed using one-way ANOVA with Bonferroni’s multiple comparison test or t-test, and non-normally
distributed using Kruskal–Wallis test or Mann–Whitney test. Qualitative data were analyzed by chi-square test.
Spearman’s rank correlation coefficient (SR) was used to evaluate the correlation between variables. Graphics were
drawn using Prism 8 software. P < 0.05 indicated a statistically significant difference.

Results
Evaluation of the Smoking-LPS Induced COPD Model
All mice were included in this analysis. After a 30-day experimental period, mice in the SM group had worse mental
status, increased hair loss, decreased food intake, and less weight gain than mice in the CTL group. Especially on day 30,
there was a significant difference in the rate of weight growth of two groups of mice (P = 0.041, 95% CI 0.68–25.92;
Figure 1A and B).

Representative HE stained images of lung tissue from each group of mice are shown in Figure 1C. In the CTL
group, the structure of bronchi, epithelium and alveoli was intact, and the cilia were arranged neatly. Compared with
the control group, the SM group had increased airway wall thickness and emphysema-like pathological changes,
similar to the population with COPD. The characteristics of airway epithelial cells and cilia shedding, bronchial
smooth muscle and collagen fiber proliferation, submucosal glandular hyperplasia, alveolar structure destruction,
alveolar wall thinning, smaller MAST, and enlarged MLI (Figure 1D and E) in SM group indicated that the mouse
COPD model was successfully established. Moreover, we detected the expression of inflammatory factors in lung
tissue by real-time PCR and found that the mRNA expression of TNF-α (P = 0.033), NF-kb (P = 0.017) and TGF-β
(P = 0.006) was upregulated in the SM group of mice, suggesting that COPD model mice showed altered pulmonary
secretory function (Figure 1F).

SP-A and SP-D Expression in the Mice Lung Tissue
The expression of SP-A and SP-D proteins in lung tissue was evaluated by immunohistochemistry and Western blot, and
the result showed that SP-A and SP-D were significantly decreased in the SM group (Figure 2A, C, E and F). The
positive rates of SP-A (100% vs 60%, P = 0.017) and SP-D (100% vs 66.67%, P = 0.042) section staining in the CTL
group and SM group were calculated to be significantly different by Fisher’s exact method. To more accurately examine
the effect on SPs secreted by ATII in the COPD model, we calculated the proportion of SP-A (Figure 2B) or SP-D
(Figure 2D) positive pneumocytes II to total II pneumocytes, and the results showed the same trend. The median
proportion of SP-A in the CTL and SM groups was 0.78 (0.71, 0.81) and 0.63 (0.58, 0.67), respectively; the median
proportion of SP-D in the CTL and SM groups was 0.73 (0.69, 0.77) and 0.65 (0.60, 0.68), respectively, and the
difference was statistically significant (Z = −8.023, P < 0.001; Z = −7.613, P < 0.001).
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Figure 1 Smoking-LPS induced changes in body weight and lung tissue of mice. (A) Weight growth rate over the course of the experiment in two groups. (B) Comparison
of weight growth rate of mice on the 30th day. (C) H&E staining showed airway remodeling and destruction of alveolar structure induced by smoking-LPS (200x). Red
triangle referred to thickened smooth muscle. Scale bar: 50 μm. (D and E) Comparison of MLI and MASTof two groups. (F) Relative expression of different inflammatory
factor mRNA in lung tissues of mice. *P<0.05, **P<0.01, ***P<0.001.
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Basic Information in Humans
One hundred and twenty-five individuals were eventually incorporated, including 85 cases (COPD, Group 3) serving as
the observation group and 40 subjects (Health-control, Group 1; AECB, Group 2) serving as controls. Patients in Group 3
were further divided into two groups based on GOLD guidelines: Gold 1–2 group (FEV1% pred ≥50%, n = 50) and Gold
3–4 group (FEV1% pred <50%, n = 35). All subjects included completed pulmonary function tests. Experimental process
and baseline characteristics of participants were presented in Figure 3 and Table 1. There was no significant difference in
age, sex, BMI, smoking history and smoking index among the three groups (P > 0.05).

Figure 2 Expression of SP-A and SP-D in lung tissue of mice. (A and C) Representative immunohistochemical images showed reduced SP-A and SP-D expression in the SM
group (400x). The black arrow points to the positive expression of pulmonary surfactant protein staining. Scale bar: 20 μm. (B and D) Ratio of SP-A or SP-D positive
pneumocytes II to total II pneumocytes decreased in SM group. (E and F) Western blot analysis of lung tissue lysates showed that the relative expression of SP-A and SP-D
decreased in COPD model. ***P<0.001.
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Comparisons of SP-A and SP-D in Different Groups
SP-A and SP-D in serum and BALF were significantly different among the three groups by ANOVA analysis (Table 2).
Bonferroni’s multiple comparisons revealed that serum SP-A and SP-D levels were significantly increased in Group 3
compared with Group 1 (P < 0.05); serum SP-A was lower, but serum SP-D was significantly increased in Group 3
compared with Group 2 (P < 0.05). However, the opposite trend was found for these proteins in BALF. SP-A and SP-D
in Group 3 were not as high as those in Group 1 and 2, especially SP-D which showed a significant downward trend (P <
0.05; P < 0.05).

In Group 3, SP-Awas found to be lower than SP-D both in serum (P < 0.01) or BALF (P < 0.001). Furthermore, SP-
Awas higher in serum than in BALF, and a similar trend can be observed in the comparison of SP-D, and the differences
were statistically significant (P < 0.001; P < 0.01) (Figure 4A). To investigate the potential relationship between the
surfactant proteins and severity of COPD progression, we compared COPD patients in Gold 1–2 group and Gold 3–4
group. The data showed higher SP-A and SP-D in serum but lower SP-A and SP-D in BALF in the Gold 3–4 group
compared with Gold 1–2 group, which implies that it was related to the severity and airflow limitation of COPD (P <
0.05, respectively) (Table 3, Figure 4B and C).

Analysis of SP-A and SP-D to Assess COPD Severity
Our assessment of the ability of pulmonary surfactant protein to reflect the progression and prognosis of COPD was
mainly based on inflammatory parameters, pulmonary function parameters, dyspnea score, blood gas analysis, length of
hospital stay, hospitalization rate, incidence of complications, and ventilator use.

In terms of peripheral blood infection and inflammation, the indicators in Group 3 and Group 2 were obviously
abnormal, while those of Group 1 were within the normal range. After multiple comparisons, the CRP, WBC, NLR, and
PCT values in Group 3 were obviously higher than those in Group 1 (P < 0.05, respectively), and not significantly
different from those in Group 2 (P > 0.05). There was no significant difference in EOS and PLT among the three groups
(P > 0.05). CRP was significantly higher in the Gold 3–4 group than in the Gold 1–2 group (P < 0.05) (Tables 2 and 3).

Pulmonary function parameters, including FVC, FEV1 and FEV1/FVC (%), were significantly different among the
three groups, while the degree of airflow limitation was more severe in the population of the GOLD 3–4 group (P <

Figure 3 Schematic illustration of the clinical experimental process.
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0.05). Compared with Group 2, Group 3 displayed a lower value of PaO2 in arterial blood gas and a higher rate of
rehospitalization within 3 years, suggesting a worse prognosis for COPD patients (P<0.05), although the differences in
respiratory symptom severity (mMRC score and CAT score) and length of hospital stay between the two groups were not
significant (P > 0.05). In patients with COPD, the ventilator use and length of hospital stay were significantly higher in
the GOLD 3–4 group than in the GOLD 1–2 group (P < 0.05), but there was no significant difference in complications
and the rate of rehospitalization within 3 years (P > 0.05) (Tables 1–3).

Then, this study analyzed their correlation in COPD (Figure 5A and B, Table 4). The correlation analysis results
showed that there existed a positive correlation between serum SP-A or SP-D and numerous inflammatory indicators
measured, of which CRP had the largest correlation coefficient (r = 0.621, P < 0.01; r = 0.612, P < 0.01). Similarly,
serum SP-A (r = −0.481; r = −0.598; r = −0.545) or SP-D (r = −0.451; r = −0.480; r = −0.296) was negatively correlated
with FVC, FEV1 or FEV1/FVC (%), which meant that the higher the level of two proteins, the more severe the patients’
airway limitation. SP-A or SP-D in BALF was positively correlated with FVC or FEV1, verifying the protective effect of
the proteins on the lungs. However, no significant correlation was found between SP-A or SP-D in BALF and
inflammatory indexes (P > 0.05).

In addition, we compared SPs with the dyspnea symptom questionnaire scores (mMRC and CAT scores) and
hospitalization data, and found similar trends, ie, the more severe the clinical symptoms, the higher the serum protein

Table 1 Baseline Characteristics of the Participants in Three Groups

Variable Different Population χ2/F/T P value

Groups Group 1
(H)

Group 2
(AECB)

Group 3
(COPD)

Gender, % (n) Male 45% (9) 45% (9) 54.1% (46)
0.905 0.636

Female 55.0% (11) 55.0% (11) 45.9% (39)

Age (Year) 53.25 ± 13.52 58.80 ± 9.87 60.01 ± 12.38 2.483 0.088

BMI (Kg/m2) 20.96 ± 2.42 21.75 ± 1.99 21.78 ± 3.25 0.801 0.451

Smoking history,
% (n)

No 80 (16) 80 (16) 57.6 (49)
5.958 0.051

Yes 20 (4) 20 (4) 42.4 (36)

Smoking index (Year) 300.00 ± 81.65 550.00 ± 341.57 497.08 ± 253.04 1.248 0.298

Post-bronchodilator
pulmonary function

FVC (L) 2.44 ± 0.53 2.26 ± 0.56 1.94 ± 0.59 7.340 0.001

FEV1 (L) 2.03 ± 0.45 1.85 ± 0.44 1.14 ± 0.44 46.281 <0.001

FEV1/FVC (%) 83.28 ± 4.80 82.25 ± 7.40 57.41 ± 10.15 105.411 <0.001

Dyspnea assessment mMRC score
ND

2.95 ± 0.83 2.99 ± 0.73 −0.205 0.838

CAT score 24.25 ± 3.24 25.53 ± 2.47 −1.656 0.111

Arterial blood gas analysis PaO2 (mmHg)
ND

87.80 ± 27.24 77.68 ± 14.97 −2.038 0.044

PaCO2 (mmHg) 36.46 ± 8.73 44.08 ± 16.15 1.605 0.123

Length of stay (Day) ND 11.50 ± 2.35 11.29 ± 4.96 0.180 0.857

Rehospitalization in three
years, % (n)

No
ND

75 0.00 (15) 27.10 (23)
16.114 <0.001

Yes 25.00 (5) 72.90 (85)

Note: The data were expressed as Mean ± standard deviation (SD) and percentage.
Abbreviations: AECB, acute exacerbation of chronic bronchitis; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in one second; FEV1/FVC, forced vital capacity rate of one second; FVC, forced vital capacity; mMRC, modified Medical Research Council.
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level, suggesting that SP-A or SP-D in serum could be used as an index to assess the character of COPD progression
(Table 4). In BALF, SP-A or SP-D was negatively correlated with ventilator use and complications, such as cor
pulmonale and respiratory failure, suggesting that COPD prognosis could be worse when SPs were lower in BALF
(Figure 5C, Table 4).

Discussion
SP-A and SP-D, as natural barriers for respiratory defense, can be involved in multiple pathogenesis of COPD, such as
exerting immunoregulatory and anti-infective effects by virtue of hydrophilicity and special molecular structure. Many
studies have shown that long-term repeated stimulation of alveolar epithelial cells by inflammatory factors in COPD
affects the secretion of SP-A and SP-D, thereby reducing airway defense and increasing the risk of recurrent infections
and disease attacks.19–23 In the prophase animal experiment, domestic and foreign scholars have confirmed that SP-A and
SP-D gene deletion do have a significant link with the development of emphysema-like changes.11,24 However, in human
studies, the role of SP-A and SP-D for the assessment of COPD is still unknown. To our knowledge, this study is the first
to analyze SP-A and SP-D in peripheral blood and BALF from patients diagnosed as COPD, chronic bronchitis and
healthy people by combining inflammatory parameters, pulmonary function, and dyspnea index scores to investigate the
severity of illness in the process of exacerbation of COPD.

Some interesting findings were listed in this study. First, we demonstrate that cigarette was not the only contributing
factor to SPs in COPD. According to WHO statistics, the incidence of COPD can reach more than 50% in smokers,25 and
cigarettes are one of the recognized etiological factors. In this study, SP-A and SP-D protein expression decreased in the
lung tissue of a cigarette-induced mouse COPD model, but there was no significant difference in smoking metrics on
clinical statistics, suggesting that cigarettes were not the only factor affecting SP-A and SP-D. Cigarettes, as an important

Table 2 Laboratory Parameters in COPD Group and Control Groups

Variable Different Population F/H P value

Groups Group 1
(H)

Group 2
(AECB)

Group 3
(COPD)

Serum (ng/mL) SP-A 22.87 ± 17.41 87.84 ± 27.14 51.21 ± 33.57ab 22.745 <0.001

SP-D 66.34 ± 21.95 44.58 ± 32.98 85.21 ± 54.03ab 6.391 0.002

BALF (ng/mL) SP-A 49.94 ± 14.22 29.26 ± 9.00 21.37 ± 9.27a 32.191 <0.001

SP-D 137.66 ± 28.45 87.04 ± 26.80 28.05 ± 5.25ab 179.117 <0.001

Inflammatory
indicators

CRP (mg/L) 3.02

(1.61, 3.03)

28.65

(8.67, 41.97)

21.13a

(12.12, 40.45)

41.698 <0.001

White blood cell
count (109/L)

6.04

(4.75, 6.74)

6.36

(5.57, 8.11)

7.34a

(5.46, 8.31)

7.786 0.020

Neutrophil to
lymphocyte ratio

2.20

(1.84, 2.81)

3.2

(2.63, 4.33)

3.60a

(2.41, 5.90)

15.309 <0.001

PCT (μg/L) 0.21

(0.19, 0.29)

0.29

(0.19, 0.63)

0.33a

(0.19, 0.59)

7.205 0.027

Eosinophil (%) 1.22
(0.39, 2.22)

0.97
(0.43, 2.25)

1.20
(0.22, 2.15)

0.211 0.900

Platelets count
(109/L)

246.00
(210.50, 278.50)

204.50
(175.75, 254.00)

208.00
(178.00, 264.00)

3.679 0.159

Notes: The data were expressed as Mean ± SD and Median (P25, P75). Compared with Group 1, aP<0.05; Compared with Group 2, bP<0.05.
Abbreviations: AECB, acute exacerbation of chronic bronchitis; BALF, bronchoalveolar lavage fluid; COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; H, health-control; PCT, procalcitonin; SP-A, surfactant protein A; SP-D, surfactant protein D; SPs, surfactant-associated proteins.
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cause of COPD, can directly destroy the structure of SPs by themselves, and can also enhance the destruction of alveolar
epithelial cells by causing the initiation of inflammatory response and oxidative stress, increase the probability of
recurrent airway infection, and affect SPs expression, thereby promoting the progression of COPD.

Subsequently, our study confirmed that SP-A and SP-D were associated with infection and inflammation in the period
of exacerbation of COPD. In the lung tissue of COPD model mice, SP-A and SP-D expression decreased, accompanied
by an increase in TGF-β, TNF-α and NF- kb and airway mucus hypersecretion. Normally, SP-A and SP-D can play an
anti-infective role by chemotaxis and binding macrophages for the clearance of microorganisms and tissue necrosis.
Abnormal SPs secretion can induce disturbances in the inflammatory system in vivo by affecting the NF-KB signaling
pathway and TNF-α release, and increasing the risk of infection. In our clinical studies, a close relationship between SPs
and COPD inflammation was demonstrated by comparing the concentrations of SPs in serum or BALF and inflammatory
parameters of different populations and performing correlation analysis. Among them, the result that the serum SP-A and
SP-D in AECOPD patients were higher than those in healthy individuals was consistent with the research of many
scholars at home and abroad.26 The more severe the inflammatory response, the serum SP-A and SP-D levels. However,
SP-A and SP-D were markedly reduced in BALF, which was considered to be possibly related to alveolar structural
damage caused by inflammatory amplification. The body was susceptible to infection when pulmonary surfactant
proteins were low, and lung tissue structure can be destroyed by the pathogen itself or by the inflammatory factors
produced. The more severe the inflammatory response of patients with COPD, the greater the damage to the alveolar
structure. At the same time, as pulmonary capillary permeability increased, the protective proteins in peripheral blood
would increase to further participate in the process of inflammation and exert immune regulation.

Thirdly, SP-A and SP-D expressions in BALF of adults were not static. At present, there are few studies on the
measurement of SP-A and SP-D in BALF in lung diseases in humans, especially the expression changes in people of
different ages. Generally, it is thought that SP-A levels are consistently higher than SP-D in BALF, as alveolar protein
synthesis has been reported to stabilize at gestational age 32, but it remains controversial in children and adults,27 and the

Figure 4 Concentrations of pulmonary surfactant proteins in AECOPD. (A) Comparisons of SP-A and SP-D in serum and BALF. (B and C) Comparisons of SP-A and SP-D
in different stages of AECOPD. **P<0.01, ***P<0.001.
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measurements we observed in our experiment are the opposite. In this study, we found that the concentration of SP-D in
BALF was higher than that of SP-A, which was consistent with the study of Wang et al.28 This may be related to the fact
that the synthesis and secretion of SP-D in humans follow SP-A with age as well as airway mucosal damage and
secretory dysfunction caused by traction of the alveoli after birth and stimulation of AECII by external harmful
substances, such as allergens and smoke, which needs further research. SP-A and SP-D differ in their ability and species
to bind pathogens, as do their mechanisms of microbial clearance. It should be noted that SPs in BALF come from the
respiratory tract and can be used to reflect the pathological state of alveoli, which is worthy of future attention and
exploration.

Fourthly, this study demonstrated that SP-A and SP-D could reflect the degree of airflow limitation in patients with
COPD by establishing a link with pulmonary function, which is one of the markers to assess the severity of COPD.
Currently, there still remains controversial about the relationship between SPs and the degree of airflow limitation. For
example, many scholars at home and abroad have reached different conclusions such as negative or no obvious

Table 3 Indexes of Inflammation and SP-A or SP-D in Different Stages of COPD

Variable GOLD Classification, n (%) T/Z/
χ2

P value

Groups GOLD 1–2
(n = 50)

GOLD 3–4
(n = 35)

Laboratory index Serum SP-A (ng/mL) 38.09 ± 25.83 69.96 ± 34.76 4.606 <0.001

Serum SP-D (ng/mL) 69.74 ± 44.44 107.32 ± 59.24 3.342 0.001

BALF SP-A (ng/mL) 25.10 ± 9.44 15.77 ± 5.64 −3.067 0.005

BALF SP-D (ng/mL) 30.95 ± 4.61 23.71 ± 2.34 −5.654 <0.001

CRP (mg/L) 18.78

(8.38, 26.40)

31.30

(15.38, 64.00)

−3.259 0.001

White blood cell count
(109/L)

6.98

(5.39, 7.76)

7.56

(6.03, 10.33)

−1.759 0.079

Neutrophil to lymphocyte
ratio

3.25

(2.37, 5.12)

3.74

(2.50, 9.96)

−1.380 0.168

PCT (μg/L) 0.30

(0.17, 0.48)

0.39

(0.15, 0.90)

−1.385 0.166

D-dimer (mg/L) 0.41
(0.29, 0.81)

0.38
(0.24, 0.70)

−0.648 0.517

Post-bronchodilator pulmonary
function

FVC (L) 2.18 ± 0.56 1.60 ± 0.44 −5.031 <0.001

FEV1 (L) 1.35 ± 0.38 0.83 ± 0.31 −6.763 <0.001

FEV1/FVC (%) 61.86 ± 6.31 51.27 ± 11.00 −5.133 <0.001

Complications, % (n) Respiratory failure 8.00 (4) 14.30 (5) 0.324 0.569

Cor pulmonale 8.00 (4) 11.40 (4) 0.024 0.877

Clinical prognosis Length of stay (Day) 10.06 ± 2.67 12.57 ± 6.52 2.156 0.037

Rehospitalization, % (n) 70.00 (35) 77.10 (27) 0.532 0.466

Utilization of ventilator,
% (n)

6.00 (3) 25.70 (9) 5.074 0.024

Note: The data were expressed as Mean ± SD, Median (P25, P75), and percentage.
Abbreviations: CRP, C-reactive protein; FEV1, forced expiratory volume in one second; FEV1/FVC, forced vital capacity rate of one second; FVC, forced vital capacity;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; PCT, procalcitonin; SP-A, surfactant protein A; SP-D, surfactant protein D.
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Figure 5 Correlation analysis between pulmonary surfactant protein and clinical indexes in COPD. (A) Multiple inflammatory indicators including CRP, WBC, NLR were
positively related to serum SP-A and SP-D. (B) A number of pulmonary function parameters were negatively correlated with SP-A and SP-D in serum, but positively
correlated with SP-A and SP-D in BALF. (C) The concentration of serum SP-A and SP-D can indicate the length of hospitalization. *P<0.05, **P<0.01.
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correlation between serum SP-D and FEV1%pred, which may be caused by various factors such as region, race, DNA,
number of participants, and so on.14,29–34 Notably, there were obvious differences in pulmonary function between COPD
patients and healthy people. Our findings confirmed that both SP-A and SP-D in serum and BALF were related to
pulmonary function, and some of these results were consistent with those of Ju et al.35,36 This conclusion was based on
the results of the re-grouping analysis of data from the COPD population according to GOLD guidelines and the
correlation analysis between pulmonary function and SPs in the COPD population. Clinically, pulmonary function
parameters can provide information on abnormal changes in air and metabolites in the alveoli, especially when the
alveolar tension and blood gas barrier regulated by pulmonary surfactant are destroyed, indirectly reflecting airway
remodeling. At the same time, we compared patients with COPD and those with chronic bronchitis. The results showed
that SP-D was significantly decreased in BALF but significantly increased in serum in hypoxic COPD patients,
suggesting that SP-D was more closely related to alveolar structure destruction and COPD pathogenesis. COPD can
be understood as an advanced stage of chronic bronchitis progression, characterized by airflow obstruction and alveolar
destruction, although the clinical symptoms of the two populations are often very similar. The predominance of SP-D in
COPD may be related to the severity and higher sensitivity of patients’ airflow limitation. The above results indicate that
SP-A and SP-D in both serum and BALF are useful for clinical assessment of the degree of airflow limitation in COPD
and can be used as clinical auxiliary indicators to determine disease progression.

Table 4 Correlation Between Clinical Data and SP-A or SP-D in COPD

Variable Serum SP-A Serum SP-D BALF SP-A BALF SP-D

CRP (mg/L) 0.621** 0.612** −0.093 −0.282

White blood cell count (109/L) 0.297** 0.363** −0.057 –0.199

Neutrophil to lymphocyte
ratio

0.371** 0.427** 0.175 0.065

PCT (μg/L) 0.173 0.310** 0.062 0.040

Eosinophil (%) −0.181 −0.178 0.069 −0.147

Platelet count (109/L) 0.052 0.122 −0.205 −0.202

D-dimer (mg/L) 0.191 0.246* 0.071 0.038

FVC (L) −0.481** −0.451** 0.333 0.407*

FEV1 (L) −0.598** −0.480** 0.387* 0.479**

FEV1/FVC (%) −0.545** −0.296** 0.216 0.273

mMRC 0.307** 0.354** −0.093 −0.078

CAT 0.371** 0.258* 0.164 0.011

Length of stay (Day) 0.286** 0.303** −0.265 −0.161

Rehospitalization 0.056 −0.135 −0.144 −0.067

Utilization of ventilator 0.200 0.052 −0.472** −0.425*

Respiratory failure 0.120 0.090 −0.475** 0.055

Cor pulmonale 0.092 0.036 −0.392* 0.157

Notes: *P<0.05, **P<0.01. Bold font indicates emphasis.
Abbreviations: BALF, bronchoalveolar lavage fluid; CRP, C-reactive protein; FEV1, forced expiratory volume in one second;
FEV1/FVC, forced vital capacity rate of one second; FVC, forced vital capacity; mMRC, modified Medical Research Council; PCT,
procalcitonin; SP-A, surfactant protein A; SP-D, surfactant protein D.
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Additionally, a similar pattern can also be obtained when analyzing the relationship between serum SP-A or SP-D and
Dyspnea Questionnaire (mMRC and CAT) scores, which are indicators for evaluating the severity of clinical symptoms
in COPD patients. In BALF, lower SP-A and SP-D were often associated with high ventilator use and complications,
suggesting a poor prognosis for the disease. This further validated our previous conclusions. Our study proposed that SP-
A and SP-D can be used as biomarkers to evaluate disease severity and prognosis.

However, there were still some limitations in this work. First, it is clinically a single-center small-sample study with
a limited number of samples affected by the outbreak. Second, the collection of SP-A and SP-D in BALF and serum was
performed at a single time point due to limitations in patient cooperation and clinical management. In the next step, at the
cellular level, we will investigate the relationship between pulmonary surfactant protein and inflammation. At the same
time, patient will be followed up to compare SP-A and SP-D in the acute and stable phases of COPD, and carry out
a multicenter large-sample study.

In summary, this study demonstrated abnormal SP-A and SP-D expression in COPD at the animal level, and showed
in clinical studies that SP-A and SP-D can assess the severity and prognosis of COPD progression, which needs further
study. SP-A and SP-D, as regulatory proteins of pulmonary inflammation and immunity, were closely related to the
inflammatory response in the process of COPD based on characteristics of certain specificity, and could reflect the degree
of airflow limitation and predict the future course of patients. If one can correctly assess the severity and prognosis of the
disease in combination with SP-A and SP-D, COPD patients will be able to obtain appropriate airway management,
appropriate individualized clinical treatment, and timely preventive measures.

Conclusion
SP-A and SP-D are abnormally expressed in COPD and are able to assess the progression and prognosis of COPD.
When SP-A and SP-D are low in the alveoli, the body is prone to infection, airflow limitation, increased probability
of complications and ventilator use. Serum SP-A and SP-D can reflect the inflammatory response status and the
degree of dyspnea. The more severe the course of the disease, the more significant the changes in pulmonary
surfactant protein.
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