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Background: Pentraxin 3 (PTX3) is an acute-phase protein and an important inflammatory mediator. We hypothesized plasma PTX3
could be a valuable diagnostic biomarker in acute exacerbation of chronic obstructive pulmonary disease (AECOPD).

Methods: In this prospective controlled study, 458 COPD patients and 71 healthy controls from May 2019 to December 2020 in two
hospitals were enrolled. COPD patients were divided into AECOPD group (n = 173) and stable COPD group (n = 285). AECOPD
patients were subdivided into mild or moderate group (n = 43) and severe group (n = 130) based on severity. Plasma PTX3 levels were
detected by ELISA.

Results: Plasma PTX3 levels were significantly higher in AECOPD (2.8 ng/mL) compared to stable COPD (0.87 ng/mL) and healthy
controls (0.83 ng/mL). In the analysis of AECOPD subgroups, plasma PTX3 level of severe group (4.51 ng/mL) was significantly
higher than that of mild or moderate group (1.25 ng/mL). Patients with respiratory failure had higher PTX3 than those without
respiratory failure. No difference was observed between stable COPD patients and healthy controls. ROC analysis showed that plasma
PTX3 had a considerable ability to distinguish AECOPD from stable COPD [AUC: 0.85, 95% CI (0.81-0.88), P < 0.0001; cut-off 1.25
ng/mL, sensitivity 77.5%, specificity 74%]. AUC of PTX3 was better than CRP regarding diagnosis of AECOPD. Combination of
PTX3 and CRP was superior to either of them in diagnosing AECOPD.

Conclusion: Plasma PTX3 levels were significantly higher in AECOPD than stable COPD. The level was associated with the severity
of exacerbation. Plasma PTX3 has potential value as a biomarker to diagnose and evaluate AECOPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a worldwide disease with increasing morbidity and mortality. Recent
population-based survey in China estimated nearly 100 million people suffer from COPD.' COPD in China accounts for
30% of global deaths."? Of patients with COPD in the Asia-Pacific region population-based survey, 46% had at least one
exacerbation in previous years, and 19% required hospitalization,® which poses a major public health and economic
burden. COPD is characterized by persistent and progressive airflow limitation with increased chronic inflammatory
response, and the aggregation and activation of neutrophils play an important role in the pathogenesis of COPD.*
Moreover, it is well established that the systemic inflammation increased in COPD, especially in advanced stage or
during exacerbations.’

Pentraxin 3 (PTX3) is an acute-phase protein and the member of pentraxin family, which includes C-reactive protein
(CRP) and serum amyloid P. It has been reported to be produced by a variety of cells (such as white blood cells,
endothelial cells, epithelial cells and mononuclear phagocytes) and released from neutrophil extracellular traps under
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condition of inflammation or tissue damage.®’ Plasma PTX3 has been reported to increase in response to acute
inflammation, such as acute myocardial infarction and sepsis.g’g Moreover, increased circulation of PTX3 correlates
with disease severity. Previous findings were reported that plasma PTX3 levels were significantly higher in stable COPD
patients than healthy control.'®'" In contrast to this result, Beghé et al'?> and Van Pottelberge et al'> found no such
differences. In subgroup analysis of pulmonary aspergillosis in COPD, no statistical differences were observed of plasma
PTX3 with patients in stable COPD and AECOPD group.'* Therefore, the value of PTX3 in COPD needs to be further
determined.

The aim of our study was to determine plasma PTX3 levels in stable COPD and AECOPD patients and investigate the
correlation between plasma PTX3 levels and disease severity.

Materials and Methods

Study Design and Patients Extraction

We undertook a prospective study in COPD patients and healthy volunteers from two hospitals. Stable COPD patients
(n = 285) and AECOPD patients (n = 173) from two tertiary teaching hospitals in Nanjing (Jinling Hospital and Taikang
Xianlin Drum Tower Hospital) were finally recruited from May 2019 to December 2020. COPD diagnosis was
established according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines. Stable was
defined as no exacerbation within previous 3 months before admitted into this study. Acute exacerbation was defined as
acute worsening of respiratory symptoms (typical symptoms as aggravated cough, sputum or dyspnea) that required
additional therapy. Mild AECOPD was defined as AECOPD requiring extra short-acting bronchodilators. Moderate
AECOPD was defined as the requirement of antibiotics or oral corticosteroids on outpatient treatment. Severe AECOPD
was defined as AECOPD requiring emergency visit or hospitalization, including admission to the general ward or the
intensive care unit (ICU). Patients with any one of the following diseases were excluded: asthma, active pulmonary
tuberculosis, pulmonary aspergillosis, acute myocardial infarction, acute coronary syndrome, active rheumatology
diseases, heart failure, renal failure, hepatic failure, progressive malignancy, infectious diseases other than respiratory
system, major trauma and surgery within 3 months prior to recruitment. Seventy-one healthy subjects without diseases
mentioned above were enrolled as healthy control group. The study protocol was approved by the ethics committee of
Taikang Xianlin Drum Tower Hospital and all subjects enrolled or their surrogates provided written informed consent.

Plasma Collection and PTX3 Detection

Peripheral venous blood samples were obtained from all subjects. For all enrolled patients and healthy controls,
collection of blood samples was obtained and centrifuged (10 minutes at room temperature, 3000 rpm). Then, super-
natants were extracted and stored at —80°C until PTX3 detection. Human PTX3 levels in plasma were measured using
enzyme-linked immunosorbent assay (ELISA) kits via manufacturer’s instructions (DPTX30B, Human PTX3
Immunoassay, R&D Company, UK).

Demographic and Clinical Data

Demographic information and clinical data including age, gender, smoking history, acute exacerbations in previous years,
pulmonary function, and laboratory parameters were obtained. Radiographic diagnosis was primarily obtained from
radiologist’s reports.

Statistical Analysis

Quantitative variables were expressed as means + standard deviation (SD) for normal distribution or median (inter-
quartile range, IQR) for abnormal distribution. Categorical variables were presented as proportions. Quantitative
variables between two groups were compared using the Mann—Whitney U-test or Student’s ¢-test. One-way analysis of
variance (ANOVA) or Kruskal-Wallis test was used to analyze the difference in quantitative variables among three or
more groups. Chi-squared or Fisher’s exact test was conducted to assess the difference in categorical variables.
Spearman’s rank analysis was performed to evaluate correlations between two variables. A heat map was generated to
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describe Spearman correlation. Propensity Score Matching was used to match the baseline data of AECOPD group and
stable COPD group in a ratio of 1:1. Diagnostic accuracy of plasma PTX3 was assessed using the area under curve
(AUC) of receiver operating characteristic (ROC) curve. DeLong test was applied to compare the accuracy of the AUCs
of plasma PTX3, CRP and combination of PTX3 and CRP. SPSS 25.0 and the GraphPad Prism 8 software were

performed for data analysis. P values <0.05 were deemed statistically significant.

Results

Demographic and Laboratory Data

During the study period, 458 COPD patients from two hospitals and 71 healthy controls were enrolled, including 285
stable COPD cases and 173 AECOPD cases (Figure 1). The demographic data of all subjects are summarized in Table 1.
There was no difference in gender distribution among three groups, while significant difference was observed in age and
smoking history. The distribution of lung function differed between stable COPD and AECOPD (p< 0.0001). In terms of
lung function, AECOPD patients had a higher proportion of GOLD 3 and 4 (67.6% vs 45.6%) compared to stable COPD

patients.

Levels of Plasma PTX3 in Different Groups of COPD
The levels of plasma PTX3 of AECOPD group, stable COPD group and healthy group were 2.8 (1.28-6.22) ng/mL, 0.87
(0.55-1.29) ng/mL and 0.83 (0.66—-1.1) ng/mL. Compared to patients with stable COPD and healthy controls,
a significant increase of PTX3 was observed in patients with AECOPD (P < 0.0001). However, the difference between
stable COPD group and control group had no significance (P = 0.607). The AECOPD patients were further classified as
mid-to-moderate exacerbation (n = 43) and severe exacerbation (n = 130) subgroups. Subgroup analysis showed that
plasma PTX3 in severe patients was significantly higher than that in mild or moderate patients [4.51 (2-8.2) vs 1.25
(1.09-1.57) ng/mL, P < 0.0001]. Meanwhile, mild or moderate AECOPD patients had a higher PTX3 level than stable
COPD (P < 0.0001) (Figure 2). Among 130 patients with severe AECOPD, 38 cases (29.2%) complicated with
respiratory failure. In the analysis of severe AECOPD subgroup, we found that PTX3 levels in patients with respiratory
failure were significantly higher than those without respiratory failure [6.91 (3.91-13.62) vs 3.52 (1.36-5.59) ng/mL, P <
0.0001] (Figure 3).

Propensity score matching (PSM) was applied to balance the baseline data of AECOPD group and stable COPD
group in a ratio of 1:1. After mating the age, gender, BMI, smoking history and lung function, the level of PTX3 in
AECOPD group was still notably higher than that in stable COPD group (£<0.0001) (Table 2).

Patients recruited during stable
and acute exacerbation (n=493)

Excluding 18 cases of chronic airway diseases such
as asthma, 4 cases of hepatic and renal failure, 12
cases of progressive malignant tumors and lcase of
postoperative cerebral hemorrhage

| Stable COPD (n=285) | | AECOPD (n=173) |
GOLD 1 GOLD 2 GOLD 3 GOLD 4 Mild-to-moderate Severe
(n=60) (n=95) (n=75) (n=55) (n=43) (n=130)

Figure | Flow chart of COPD patient recruitment.
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Table 1 Comparison of Clinical and Demographic Characteristics of Patients with COPD and Healthy

Controls
AECOPD Stable COPD Healthy Controls P value
(n=173) (n = 285) (n=171)
Age, years 70 (64-79) 66 (59-72)* 61 (58-66) < 0.0001
Gender, male (%) 133 (76.9) 231 (81.1) 56 (78.9) 0.56
Smoking history, n (%) 136 (78.6) 240 (84.2) 48 (67.6) 0.006
Lung function®
GOLDI/2/3/4 9/47/66/51 60/95/75/55 < 0.0001
Plasma PTX3, ng/mL 2.8 (1.28-6.22) 0.87 (0.55-1.29) 0.83 (0.66—1.1) < 0.0001

Notes: TComparison with AECOPD: P < 0.0001. $The last baseline lung function before enrollment.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary
disease; GOLD, global initiative for chronic obstructive lung disease.

Correlation Between Clinical Parameters and Plasma PTX3 Level of Patients with COPD
To further explore the value of plasma PTX3 in COPD patients, we conducted correlation analysis between clinical
parameters, plasma PTX3 (rl, P1) and GOLD stage (12, P2) in patients with stable COPD (Table 3). There was no
notable correlation between PTX3 and CAT scores, mMRC, FEV,%pred and GOLD stage. On the other hand, GOLD
stage was positively correlated with CAT scores and mMRC (12 = 0.28, P2 < 0.001; r2 = 0.34, P2 < 0.0001). Laboratory
data of severe AECOPD patients is shown in Table 4. PTX3 levels in patients with severe AECOPD were positively
correlated with PCT, NLR, AMO, ANC, WBC and CRP (r=0.37, P <0.0001; r=0.36, P <0.0001; r = 0.36, P <0.0001;
r=0.34, P<0.0001;r=0.29, P <0.001; r=0.23, P <0.1) and negatively correlated with AEC and ALC (r =—-0.27, P <
0.01; r =—-0.24, P < 0.01). No correlation was observed between PTX3 and Hb, or ALB (P = 0.3; P = 0.59) (Figure 4).

Diagnostic Value of Plasma PTX3 for AECOPD
ROC curve analysis was applied to evaluate diagnostic value of plasma PTX3 for different types of AECOPD. The AUC

for plasma PTX3 to diagnose all enrolled AECOPD was 0.85 (95% CI, 0.81-0.88). When taking the optimal cut-off of
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Figure 2 Plasma PTX3 levels of AECOPD, stable COPD and healthy controls. ****P < 0.0001; ns, P > 0.05.
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Figure 3 Plasma PTX3 levels of patients with respiratory failure and without respiratory failure in severe AECOPD subgroup. ***P < 0.0001.

1.25 ng/mL for PTX3, the sensitivity and specificity were, respectively, 77.5% and 74%. Stratifying AECOPD into mild
or moderate AECOPD and severe AECOPD, significant AUCs were still observed for PTX3. The diagnostic cut-off
value of plasma PTX3 was 1.05 ng/mL [AUC: 0.71, 95% CI (0.64-0.78); sensitivity: 81.4%, specificity: 63.2%; P <
0.0001] for mild or moderate AECOPD. The diagnostic cut-off value of plasma PTX3 was 1.94 ng/mL [AUC: 0.89, 95%
CI (0.86—-0.93); sensitivity: 76.2%, specificity: 89.8%; P < 0.0001] for severe AECOPD (Table 5, Figure 5).

We further performed ROC curve analysis of PTX3 and CRP alone or combination in 124 patients with stable COPD and
137 patients with AECOPD. The difference in AUC between PTX3 and CRP was statistically significant [0.89, 95% CI (0.85—
0.93) vs 0.63, 95% CI (0.57-0.69), P < 0.0001]. Combination of PTX3 and CRP improved the diagnostic value of PTX3 or
CRP alone (comparing with PTX3: 0.93 vs 0.89, P = 0.0134; comparing with CRP: 0.93 vs 0.63, P < 0.0001) (Figure 6).

Discussion
AECOPD is an important event with high prevalence in COPD and a major determinant factor of prognosis in patients
with COPD."” Early identification of AECOPD and objective biomarkers of disease severity remained an unsolved issue.

Table 2 Baseline Characteristics and Plasma PTX3 Level of Patients with AECOPD and
Stable COPD After PSM

AECOPD (n = 139) Stable COPD (n = 139) P value
Age, years 68 (63-75) 70 (63-73) 0.638
Gender; male (%) 113 (81.3) 113 (81.3) 1.000
BMI, kg/m? 2239 + 3.44 2249 + 3.64 0.438
Smoking history, n (%) 116 (83.5) 111 (79.9) 0.801
Lung function GOLD1/2/3/4 9/46/56/28 15/35/44/45 0.209
Plasma PTX3, ng/mL 2.37 (1.25-5.54) 0.89 (0.51-1.5) <0.0001

Abbreviations: PSM, Propensity score matching; AECOPD, acute exacerbation of chronic obstructive pulmonary
disease; COPD, chronic obstructive pulmonary disease; BMI, body mass index; GOLD, global initiative for chronic

obstructive lung disease.
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Table 3 Spearman Correlation Analysis Between Plasma PTX3 (rl, Pl),
GOLD Stage (r2, P2) and CAT Scores, mMRC, FEV|%pred in Patients
with Stable COPD

rl Pl value r2 P2 value
Plasma PTX3 - - 0.03 0.73
CAT scores 0.04 0.65 0.28 0.001
mMRC 0.14 0.08 0.34 <0.0001
FEV1%pred -0.02 0.8l -0.91 <0.0001
GOLD stage 0.03 0.73 - -

Abbreviations: CAT, COPD Assessment Test; mMRC, modified Medical Research Council;
FEV1%pred, forced expiratory volume in Is % predicted; GOLD, global initiative for chronic
obstructive lung disease.

Table 4 Clinical and Laboratory Parameters of Severe
AECOPD Patients

AECOPD (n = 130)
Hospitalization, days 9 (7-14)
ICU admission (%) 23 (18.0)
Laboratory parameters
WBC count, 10/L 7.37 (5.81-9.63)
ANC, 10°/L 5.43 (3.89-7.54)
ALC, 10°/L 1.26 + 0.60
AMO, 10°/L 0.50 (0.36-0.76)
AEC, 10°/L 0.08 (0.02-0.16)
NLR 4.48 (2.94-7.79)
Hb, g/L 133.5 (119.8-144)
ALB, g/L 3551 £ 629
CRP, mg/L 14.3 (3.6-52.1)
PCT, ug/L 0.066 (0.035-0.143)
PTX3, ng/L 0.063 (0.035-0.143)

Abbreviations: ICU, intensive care unit; WBC, white blood cell;
ANC, absolute neutrophil count; ALC, absolute lymphocyte count;
AMO, absolute monocyte count; AEC, absolute eosinophil count;
NLR, neutrophil-to-lymphocyte ratio; Hb, hemoglobin; ALB, albumin;
CRP, C-reactive protein; PCT, procalcitonin.

This prospective study demonstrated that AECOPD patients had a significantly elevated level of plasma PTX3 compared
to patients with stable COPD. The AUC for PTX3 diagnosis of AECOPD was better than CRP. The combined diagnostic
value was statistically superior to either of them. We further found that plasma PTX3 may correlate with the severity of
acute exacerbations.

PTX3 is an acute-phase protein and has been reported as a new biomarker of systemic inflammatory conditions and
disease severity.'® ' As a critical component of humoral innate immunity, PTX3 was involved in regulating inflamma-
tion. In our study, plasma PTX3 was increased in patients with AECOPD, and was better at distinguishing acute
exacerbation from stable COPD than CRP according to the ROC analysis. Furthermore, subgroup analysis showed
that PTX3 levels were increased with increasing severity from severe AECOPD to mild or moderate AECOPD.
AECOPD patients with respiratory failure also had higher expression of PTX3. The PTX3 remarkably increased in
severe AECOPD or patients with respiratory failure, which may contribute to assess disease severity. The possible
function of PTX3 may increase the inflammation due to the increased activation of complement cascade.”'

No difference was observed in plasma PTX3 levels between stable COPD and healthy controls, which was generally
consistent with previous ﬁndings.13 In contrast, two other studies showed PTX3 was elevated in patients with stable
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Figure 4 Correlations between plasma PTX3 and clinical parameters. The number in each line in the heat map indicated the correlation coefficient. The red cells showed
positive correlations and the blue cells showed negative correlations. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

COPD.""!" In the present study, PTX3 levels had no correlation with mMRC, whereas Kurt et al'® found weak positive
correlation. No correlation between pulmonary function, CAT score and plasma PTX3 was compatible with Kurt et al.
The expression of PTX3 in stable COPD and its correlation with clinical parameters have not been reached. The findings
in stable COPD and healthy controls contradicted. The previous study mentioned that the difference was minor and
marginal due to the small number of study population, which may limit its statistical value.'® Noting that our study was
prospective and enrolled more patients.

The PCT, CRP and NLR, as established inflammatory parameters, have been raised in AECOPD.?22* Positive
correlation between PTX3 and these clinical parameters suggests a role for PTX3 in assisting diagnosis and monitoring
severity of AECOPD. Neutrophils have been shown to be involved in PTX3 storage.”> PTX3 is one of the component
proteins of neutrophil extracellular traps (NETs).” NETs play critically “double-edged” roles in host-protection.?®
Neutrophilic inflammation plays a crucial role in the pathophysiology of COPD. NETs have also been found in the
airways of stable and acute exacerbation of COPD.?’ Thulborn et al demonstrated PTX3 levels positively correlated with
ANC present in sputum.”® The positive correlation in acute exacerbations between WBC, AMO, ANC and PTX3
indicates neutrophils as a possible source for PTX3. We supposed whether NETs emerge in serum in patients with severe
AECOPD due to host inflammation, which may be an interesting finding.

This study has some limitations. Although we matched basic clinical data between AECOPD and stable COPD by
PSM, it is better to compare PTX3 levels of the same COPD group in acute exacerbation and stable state. Although
patients recruited in the study had confirmed diagnosis of COPD, some of them were too severe to undertake pulmonary
function during this recruitment. Given the subjective definition of exacerbation and its severity, the diagnostic value of
plasma PTX3 combined with classical symptoms of acute exacerbation needs to be further explored.

Table 5 Cut-Off Value, AUC, Sensitivity and Specificity of Plasma PTX3 for AECOPD

AUC (95% CI) P value | PTX3 Sensitivity % | Specificity % | Youden
Cut-Off Index
value
Total AECOPD 0.85 (0.81-0.88) <0.0001 | 1.25 77.5 74.0 0.52
Severe AECOPD 0.89 (0.86—0.93) <0.0001 | 1.94 76.2 89.8 0.66
Mild or moderate AECOPD | 0.71 (0.64-0.78) <0.0001 | 1.05 8l1.4 63.2 0.45

Abbreviations: AUC, area under curve; Cl, confidence interval; AECOPD, acute exacerbation of chronic obstructive pulmonary disease.
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Figure 5 ROC curves of diagnostic value of plasma PTX3 for AECOPD, mild or moderate AECOPD and severe AECOPD.
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Figure 6 ROC curves of diagnostic value of plasma PTX3, CRP and combination of PTX3 with CRP for AECOPD.

In summary, we illustrated that plasma PTX3 was significantly higher in patients with AECOPD than those with
stable COPD, as well as in severe AECOPD than mild or moderate AECOPD. Moreover, plasma PTX3 showed good
discrimination to distinguish acute exacerbation from stable state. The findings suggest plasma PTX3 could be
a biomarker for diagnosing AECOPD and evaluating severity of exacerbation.

Ethics Approval and Consent to Participate
The study protocol was approved by the Institute Ethics Committee of Taikang Xianlin Drum Tower Hospital (2020-CRP
-002). The study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration. The patients were given

oral and written information prior to inclusion and signed an informed consent. All data used in the current study were
anonymous.
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