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Purpose: Increasing evidence has shown that the immune response interacts with the chronic inflammatory response and gives rise to
the occurrence and development of COPD. Complement component 1q (Clq), as a subcomponent of the C1 complex, could be
involved in innate and adaptive immunity. Our study aimed to investigate the relationship between C1q and the clinical characteristics
of COPD subjects.

Patients and Methods: Serum Clq levels were measured in 203 COPD subjects and 191 non-COPD controls. Correlations between
Clq and the characteristics of COPD were analyzed using Spearman’s rho. Receiver operating curve (ROC) analysis was used to
evaluate the threshold value in differentiating disease status. All 203 COPD subjects were followed up for 1 year for future acute
exacerbations.

Results: There were significant reductions in serum Clq levels in COPD subjects compared to non-COPD controls. Moreover, serum
Clq levels were obviously positively correlated with the FEV1/FVC ratio and predicted FEV1% but had a weakly negative correlation
with the %LAA-950 and the percentage of neutrophils in peripheral blood. Using a cutoff value of 137.150 mg/l as the boundary in
ROC analysis, the sensitivity and specificity were 65.9% and 76.0%, respectively. The 1-year follow-up results showed that C1q levels
less than 137.150 mg/l were negatively related to the time to the next severe exacerbation and the time to death.

Conclusion: Circulating C1q levels may be a novel biomarker not only related to the pulmonary function of COPD but also having
great potential to predict the risk of COPD deterioration in the future. However, further prospective trials are needed to clarify the
influences of C1q on the pathogenesis of COPD.

Keywords: complement component 1q, chronic obstructive pulmonary disease, pulmonary function, exacerbations, future risk

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic disease characterized by airflow restriction and persistent
respiratory symptoms and is caused by airway and/or alveolar abnormalities.' Cigarette smoking is the most common risk
factor for the development of COPD." Chronic airway inflammation and pulmonary emphysema are the main pathological
features of COPD.” However, the exact pathogenesis of COPD is not fully understood. A large body of literature™* has
tested the hypothesis that COPD may be related to chronic inflammation, oxidative stress, protease antiprotease imbalance
and other factors. Recent studies™® have proposed that in addition to the above mechanisms, the immune response is also
involved in COPD. Innate immunity,” acquired immunity,” T cell-mediated immune imbalance®° and autoimmunity'® play
an important role in the pathogenesis of COPD. Therefore, the investigation of immune factors and immune genes may
further elucidate the pathogenesis of COPD, which would provide a theoretical basis for finding new targets for the
prevention and treatment of COPD.

Complement component 1q (Clq), as a subcomponent of the C1 complex participating in the classical pathway of
complement activation, could be involved in innate and adaptive immunity.!' Studies have shown that Clq is associated
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12.13 several cancers,'* active pulmonary tuberculosis'® and other diseases. In

with a variety of autoimmune diseases,
2019, Yuan et al'® found that upon exposure to cigarettes, C1q produced by antigen presenting cells (APCs) is the crucial
mediator of the differentiation of regulatory T cells (Tregs) and Th17 cells. Cigarette smoke can induce proinflammatory
cytokines such as IL-1p. These cytokines can inhibit the expression of Clq produced by APCs, reduce the induction of
Tregs, and further increase the proliferation and expression of cytokines (such as interferon y and interleukin 17a) in
Th17 cells, thereby aggravating pulmonary inflammation and emphysema. It is suggested that complement Clq is of
great significance in the occurrence and development of COPD. However, the study of serum Clq levels and their
potential roles in COPD have not been reported. Therefore, a case—control study was performed to observe the levels of
serum Clq in COPD subjects and further analyzed its relationship with the pulmonary function, emphysema index, acute

exacerbations, and smoking history to provide a theoretical basis for revealing the roles of Clq in COPD.

Materials and Methods

Selection of Participants

We performed a retrospective study using the clinical data of Qilu Hospital, Shandong University, Jinan, People’s
Republic of China. COPD patients admitted to the Respiratory Department in Qilu Hospital of Shandong University from
July 2018 to February 2021 were involved. All COPD subjects met the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines' by the following criteria: 1) patients with dyspnea, chronic cough or expectoration, and/or a
history of exposure to risk factors; 2) the ratio of the forced expiratory volume in 1 second (FEV1) to forced vital
capacity (FVC) (FEVI/FVC ratio) <70% after inhalation of bronchodilator; and 3) excluding other diseases that may
cause persistent airflow restriction. Patients who lacked sufficient information, such as lung function test results and
imaging pictures, were excluded. Subjects with rheumatic diseases such as systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA); the presence of significant respiratory disease other than COPD such as active tuberculosis and
pulmonary fibrosis caused by various reasons; and other diseases such as unstable cardiovascular disease, malignant
tumor, and end-stage renal and liver diseases within 12 weeks before recruitment were excluded. All subjects have
complete inpatient medical records, and if multiple hospitalizations occurred, only the first one was included. Meanwhile,
non-COPD control group was randomly selected from the general population in the Health Examination Center. The non-
COPD group also met the above exclusion criteria. Data on age, sex, body mass index (BMI), smoking history, and
comorbidities were carefully collected for all subjects in the study. All data used in this study, such as serum Clq,
pulmonary function test data and chest CT images, were obtained during routine hospitalization process. This study
complies with the principles of the Declaration of Helsinki and was approved by the Medical Ethics Committee of Qilu
Hospital of Shandong University (KYLL-202107-005). The Ethics Committee of our hospital agreed that for the
retrospective study, written informed consent from participants was not required.

Pulmonary Function Tests and CT Scan Acquisition

Pulmonary function test (PFTs) data were exported from the MasterLab system (Jacger, Hochberg, Germany). The
FEV1/FVC ratio and the percentage of the predicted FEV1 (predicted FEV1%) were specially selected from all PFT
data. According to the GOLD criteria,' subjects with a FEV1/FVC ratio after a postbronchodilator less than 0.70 had
COPD. The status of GOLD was measured by simple ranges of predicted FEV1% values: GOLD1 (=80%), GOLD2 (50—
79%), GOLD3 (30—49%), and GOLD4 (<30%).

To quantitatively evaluate emphysema, chest CT images with a slice thickness of 1.5 mm were obtained from all CT
scans, and ratio of low attenuation areas(%LAA) was calculated according to the area and thickness of every slice on
each lung segmented manually by 3D slicer 4.11 (http:/www.slicer.org/).'” Then, we defined the lung field as an area
with a CT scan density <-200 Hounsfield units (HU)'® and defined the threshold between the LAA and normal lung
density as —950 HU. The %LAA-950 was measured as (number of LAA pixels in all slices)/(total lung area)x100 (%).
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Laboratory Measurements

Within 24 hours of admission, serum Clq of all subjects was measured as one of routine examinations of hospitalized
patients in our hospital by professional medical laboratory staff under the same conditions (Beckman Kurt (au5800),
USA). The serum leukocyte count, the percentage of neutrophils, D-dimer level, and erythrocyte sedimentation rate
(ESR) were detected by an automatic blood cell counter in the blood laboratory. There were no repeated freeze—thaw
cycles for any serum analyzed. Venous blood samples were collected from all subjects for standardized laboratory tests
under the same conditions. The technicians who conducted the test were blinded to the details of the subjects.

|-Year Follow-Up

COPD subjects were followed up regularly for 1 year by monthly telephone communication. During the telephone
follow-up, we obtained oral informed consent from all patients. They all received optimal treatment according to the
GOLD criteria,' including drug treatment, oxygen therapy as required, and antibiotics according to the Anthonisen
criteria.'® To determine the impact of serum Clq levels on patient outcomes, we examined the monthly frequency of
acute exacerbations, the time to the next exacerbation and death events in COPD subjects. The severity of the
exacerbations was stratified according to the GOLD criteria:' mild (the clinical symptoms are present but no change
in treatment), moderate (changes in medication such as the use of antibiotics and systemic corticosteroids), and severe
(requiring hospitalization). We mainly collected information about severe exacerbations during the 1-year follow-up.

Statistical Analysis

Numerical variables are expressed as the mean + SD, whereas categorical variables are presented as n (%). For
comparisons between groups, the chi square test was used to test categorical data (such as COPD subjects and non-
COPD subjects), and the t-test or Mann—Whitney U-test were used for normally distributed or skewed value data,
respectively. As the data for the FEV1/FVC ratio, the predicted FEV1%, the %LAA-950, inflammatory parameters and
the smoking time were skewed and could not be normalized after logarithmic conversion, the influence of these variables
on serum Clq levels was investigated by Spearman’s rho. A receiver operating characteristic (ROC) curve was
constructed to determine the best cutoff value of serum Clq levels to distinguish COPD status. The times to next new
exacerbation and death, according to the best cutoff value of Clq, were evaluated with Kaplan—Meier survival curves and
Log rank tests. Multiple stepwise linear regression analysis was performed to determine the risk factors for serum Clq
levels in COPD subjects. P values <0.05 were considered to be statistically significant. All tests were two-tailed. Data
and graphs were analyzed and created using SPSS 26.0 and R.4.0.3.

Results

Subject Characteristics

All the demographic data and other clinical variables of the study are summarized in Table 1. Through rigorous screening
process, 203 COPD subjects, consisting of 35 with stable COPD and 168 with an acute exacerbation of COPD
(AECOPD), were enrolled in our study, and 114 COPD subjects were excluded eventually. The age of 203 COPD
patients was 68.43 + 7.96 years. In total, 181 (86.2%) were male and 178 (87.7%) were current smokers or ex-smokers.
Meanwhile, 191 age- and sex-matched non-COPD subjects were involved as control group. There was no significant
difference in sex, age, BMI, comorbidity-cardiovascular, comorbidity-diabetes, or comorbidity-hypertension between
COPD subjects and non-COPD controls.

Correlations of Serum Clq Levels with Pulmonary Function Parameters and
Emphysema

Compared with the non-COPD controls, the serum Clq levels in COPD subjects decreased significantly (150.880 +
29.388 vs 182.400 £ 31.600, P < 0.001) (Figure 1A). In COPD subjects, according to the GOLD criteria, 17 subjects
were classified as GOLD 1, 62 subjects as GOLD 2, 76 subjects as GOLD 3 and 48 subjects as GOLD 4. Compared with
the non-COPD controls, the serum Clq levels of GOLD 1-2 COPD subjects showed a downward trend (163.730 +
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Table | Characteristics of COPD Subjects and Non-COPD Controls

Characters COPD Subjects (n=203) Non-COPD Controls (n=191) P-value
Male gender(%) 0.491
Age, years 68.43+7.96 68.80%9.12 0.674
BMI, kg/m? 24.16+4.30 24.30%3.10 0.729
Smokers(%) 178(87.7) 59(30.9) <0.001
Pack years 35.52+27.38 10.88+20.80 <0.001
Comorbidity-Cardiovascular(%) 46(22.7) 37(19.4) 0.424
Comorbidity-Diabetes(%) 22(9.9) 20(10.5) 0.906
Comorbidity-Hypertension(%) 65(32.0) 51(26.7) 0.247
Leukocyte count, 10%/] 7.01+2.48 6.73+2.37 0.265
Percentage of neutrophils(%) 69.62+12.14 63.30+11.56 <0.001
Serum complement Clq, mg/l 150.88+29.38 182.40+31.60 <0.001

Abbreviation: BMI, body mass index.

25.970 vs 182.400 + 31.600, P < 0.001) (Figure 1B). In particular, the levels of Clq in GOLD 3—4 COPD subjects
decreased significantly compared with those in GOLD 1-2 subjects (142.694 + 28.584 vs 163.730 + 25.970, P < 0.001)
(Figure 1B). Subsequently, in COPD subjects, we performed a correlation analysis between Clq and some pulmonary
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Table 2 Factors Correlated with Serum Clq in COPD Subjects

Rho P-value
FEVI/FVC ratio 0.327 <0.001
Predicted FEV1% 0.379 <0.001
%LAA-950 —0.252 <0.001
Percentage of neutrophils —0.155 0.027
ESR 0.089 0.205
D-dimer level 0.033 0.637
Leukocyte count —0.011 0.880
Pack years —0.072 0.304

Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; %LAA, ratio of low attenuation areas; ESR, erythrocyte
sedimentation rate.

function parameters, which showed that the serum Clq levels were positively correlated with the FEV1/FVC ratio and
predicted FEV1% (all P < 0.001) (Table 2 and Figure 1D and E).

In COPD subjects, to evaluate the relationship between Clq and the severity of emphysema, we conducted a correlation
analysis between C1q and the %LAA-950, which showed a weakly negative correlation between them (P < 0.001) (Table 2 and
Figure 1F). Then, we classified the %LAA-950 into three subgroups based on its thresholds defined in the literature:***' no
emphysema (%LAA-950 <6), moderate emphysema (%LAA-950 >6 and <14) and severe emphysema (%LAA-950 >14). The
study found that severe emphysema (n = 122), compared with moderate emphysema (n = 48) and no emphysema (n = 33), had
lower levels of C1q in peripheral blood (144.548 +27.015 vs 162.156 + 30.015, P < 0.01; 144.548 £27.015 vs 157.894 +31.222,
P <0.05) (Figure 1C). Furthermore, the %LAA-950 was significantly negatively correlated with the predicted FEV1% and the
FEVI1/FVC ratio (tho = —0.521, P < 0.001; rho = —0.523, P < 0.001).

Correlations of Serum Clq Levels with the State of COPD and Inflammatory

Parameters

Compared with 35 stable COPD subjects, 168 subjects with AECOPD had significantly lower serum Clq levels (146.087
+ 27.595 vs 173.891 £ 27.059, P < 0.001) (Figure 2A). In all 203 COPD subjects, C1q was only weakly negatively
correlated with the percentage of neutrophils in peripheral blood (P = 0.027) (Table 2 and Figure 2B). Unexpectedly, in
our study, no significant difference in the ESR, D-dimer level, leukocyte count or the percentage of neutrophils was
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Figure 2 Serum Clq decreased in AECOPD subjects compared with stable COPD and non-COPD (A). Serum Clq was weakly negatively correlated with the percentage
of neutrophils in peripheral blood in COPD subjects (B). **P < 0.001.
Abbreviation: ns, not significant.
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Table 3 Differences in the COPD Subjects Outcomes During |-Year Follow-Up According to the Levels of Serum Clq on Admission

All Cl1qg<137.150 mgll Clqg=137.150 mgll P-value
N=144 N=53 N=91
Serious exacerbators (%)* 44(30.6) 29(54.7) 15(16.5) <0.001
Total number of serious exacerbations® 85 57 28 -
Number of serious exacerbations/subject/year® 0.590+1.067 1.057+1.200 0.319+0.880 <0.001
Deaths during follow-up (%)* 12(8.3) 8(15.1) 4(4.4) 0.026

Note: ‘Events in the |-year follow-up.

observed in AECOPD subjects compared with stable COPD subjects. (all P > 0.05) (Supplementary Figure 1A-D).
Furthermore, no correlation was observed between C1q and the ESR, D-dimer level, or leukocyte count in the peripheral
blood of COPD subjects (all P > 0.05) (Table 2 and Supplementary Figure 1E-G).

Serum Clq and Severe Exacerbators
During the 1-year follow-up period of all 203 COPD subjects, 59 subjects were excluded because they were followed up for
less than 1 year before the beginning of statistical analyses, suffered from excluded diseases such as cancers, had interrupted
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Figure 4 Clq levels of smokers were lower than those of never-smokers, whether in COPD subjects (A) or all 394 subjects (B). *P < 0.05, **P < 0.001.

telephone contact and so on. A total of 144 subjects were recorded completely during the 1-year follow-up, including 44
subjects who experienced severe exacerbations (30.6%) (ie, requiring hospitalization) and 12 deaths (8.3%) (Table 3).

In the 144 follow-up subjects, our data showed that in 44 severe exacerbators, serum Clq levels on admission were
lower than those in non-severe exacerbators (130.872 £22.079 vs 158.794 £31.157, P<0.001) (Figure 3A). ROC analysis
of the 144 subjects showed that the AUC of Clq, which was 0.762 (95% CI, 0.682—0.842), could be used to discriminate
severe exacerbations (Figure 3B). The cutoff value was set to 137.150 mg/L. The sensitivity was 65.9%, and the specificity
was 76.0%. Using the cutoff value (137.150 mg/L) of ROC analysis as the boundary, we observed that C1q levels <137.150
mg/l were negatively correlated with the time to the next new severe exacerbation after discharge (P <0.001) and the time to
death (P = 0.026; Log rank test) (Figure 3C and D). In addition, 114 subjects were divided into C1q < 137.150 mg/L group
and C1q > 137.150 mg/L group. We observed that subjects with C1q < 137.150 mg/L group had a higher number of severe
exacerbations and deaths after discharge than Cl1q > 137.150 mg/L group. The detailed events are shown in Table 3.

Serum Clq and Smoke

The study found that in COPD subjects, compared with never-smokers (n = 25), smokers (n = 178) had relatively lower Clq
levels (149.147 + 28.915 vs 163.228 + 30.366, P = 0.037) (Figure 4A). However, no correlation was found between Clq
levels and pack years in COPD subjects (P > 0.05) (Table 2 and Supplementary Figure 2A). Interestingly, in non-COPD

control group, there was no difference in Clq levels between smokers (n = 59) and never-smokers (n = 132) (P > 0.05)
(Supplementary Figure 2B). Furthermore, we divided all 394 participants (203 COPD subjects and 191 non-COPD
controls) into two groups: smokers (n =237) and never-smokers (n = 157). Results showed that the C1q levels of smokers
were relatively lower than those of never-smokers (157.881 + 32.038 vs 178.659 + 33.869, P < 0.001) (Figure 4B).

Factors Associated in a Multivariate Model

In COPD subjects, we evaluated the combined effects of independent variables that might be related to Clq. After
adjusting for potential confounding factors (ie, age, sex, BMI, comorbidity-cardiovascular, comorbidity-diabetes, and
comorbidity-hypertension), predicted FEV1% was an independent factor associated with serum Clq levels by stepwise
multiple linear regression (Supplementary Table 1).
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Discussion

Our study demonstrated that the serum Clq levels in COPD subjects were significantly downregulated compared to those
in non-COPD controls. In addition, the decline in Clq levels was obviously related to a decrease in pulmonary function
and the state of COPD. During the 1-year follow-up period, Clq levels less than 137.150 mg/l were negatively related to
the time to next new severe exacerbation and the time to death. After adjusting for potential confounding factors,
predicted FEV1% was an independent factor associated with Clq levels. Decreased serum Clq levels in COPD may have
potential as a biomarker for predicting the risk of COPD deterioration in the future.

In the present study, we observed that the reduction in serum Clq in GOLD 3—4 subjects was more obvious than that
in GOLD 1-2 subjects, implying that Clq may be related to a decline in pulmonary function. To further test this
hypothesis, correlation analysis showed that Clq was positively correlated with the FEV1/FVC ratio and predicted
FEV1%, further indicating that C1q may have significant associations with the development of airflow obstruction and
the severity of pulmonary function. Moreover, multiple linear regression proposed that predicted FEV1% was an
independent factor related to Clq levels, which was consistent with the above standpoints. In addition, although Clq
varied among the severity of emphysema, there were weakly negative correlations between Clq and the %LAA-950. Our
observations suggest that the decrease in Clq, although related to lung function, may not be a clinically relevant
predictive biomarker of emphysema severity. We know that the pulmonary function damage in patients is inevitably
affected by the anatomical distribution of emphysema. Compared with subjects with lower lobe-predominant emphy-
sema, subjects with mostly upper-lobe predominance emphysema had less severe lung function impact.>? Our study
implied that further investigations about the relationship between Clq and the anatomical distribution of emphysema in
the whole lung field are needed.

Some studies suggested that the neutrophil count,”® ESR,** D-dimer level,” and leukocyte count®® were related to
AECOPD. Surprisingly, no difference was found in the ESR, D-dimer level, leukocyte count or percentage of neutrophils
between subjects with stable COPD and AECOPD in our study. We conjecture the more likely reason may be that most
patients with acute exacerbation have received initial therapy including antibiotics before admission in our hospital.
Noticeably, although our result did not show the association with AECOPD and the ESR, D-dimer level, leukocyte count
and percentage of neutrophils, Clq still decreased significantly in AECOPD, which may suggest that C1q was more
valuable as a biomarker of AECOPD. Although the underlying mechanisms require further validation, we still cannot
rule out the possibility of the association between Clq and inflammation in COPD.

COPD patients always experience repeated exacerbations, which result in decreased pulmonary function®’ and an
increased risk of death.”® Therefore, prevention of exacerbation is a vital goal in the management of COPD patients.
Exacerbations of COPD are characterized by continuous deterioration beyond daily symptoms, which include dyspnea,
increased sputum volume and purulence, and the requirement to change routine medication.' The current diagnostic basis
of exacerbations mainly depends on the above characteristics, and specific biomarkers are still lacking. We found that
serum Clq was downregulated in severe exacerbators (requiring hospitalization) of COPD during the 1-year follow-up,
implying that the risk of COPD deterioration may be related to lower Clq levels to some extent. When the cutoff value
was set at 137.150 mg/l in the ROC analysis, C1q had good specificity for the presence of severe exacerbations. Using
137.150 mg/1 as the boundary, we observed that Clq levels less than 137.150 mg/l were negatively related to the next
new severe exacerbation and the time to death after discharge. Therefore, serum C1q might have great potential to act as
a biomarker for the prediction of new severe exacerbations.

Yuan et al'®

certified that Clq plays an essential role as an immune response regulator in the cigarette-smoke-
mediated inflammatory response and that this procedure promotes the occurrence and development of COPD.
Meanwhile, we confirmed that smokers had significantly lower C1q levels than never-smokers in all 394 subjects and
in the COPD group. However, there was no significant difference in Clq levels between smokers and never-smokers in
the non-COPD controls. We speculate that the reason may be that the pack years of smoking in the non-COPD controls
are far less than those in COPD subjects which causing a nonsignificant difference in Clq levels, and most non-COPD
controls have quit smoking for more than decades. We believe that the potential relationship between Clq and cigarette

smoke is unclear. Further researchers with larger sample sizes are needed to replicate these preliminary findings.
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There are several limitations for this study. Our inclusion criteria were so strict that only 203 COPD subjects who met
the clinical criteria were enrolled. Therefore, it is necessary to verify our study in a large number of subjects in future
clinical trials. Moreover, it is preferable to collect various sample types (such as lung tissue, sputum, and bronchoalveolar
lavage fluid (BALF)) to further investigate the association between circulating Clq and COPD.

Conclusion

We have demonstrated that circulating C1q levels may be a novel biomarker not only related to the pulmonary function
of COPD subjects but also having great potential to predict the risk of COPD deterioration in the future. However, further
prospective trials are needed to clarify the influences of Clq on the pathogenesis of COPD.
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