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Summary

Background: Innate immunity has been thought to be involved in asthma patho-

genesis. Pentraxins, acting as soluble pattern recognition molecules, play an

important role in humoral innate immunity. Asthma is a heterogeneous inflamma-

tory disease of airways and can be classified as eosinophilic or non-eosinophilic

asthma.

Objective: To investigate whether pentraxin levels differ in subjects with eosinophi-

lic versus non-eosinophilic asthma. Furthermore, to access the predictive perfor-

mance of pentraxin levels for discriminating asthma inflammatory phenotypes.

Methods: A total of 80 asthmatic patients and 24 healthy control subjects under-

went sputum induction at study inclusion. Differential leucocyte counts were per-

formed on selected sputum. Plasma C-reactive protein (CRP), serum amyloid P

(SAP), pentraxin 3 (PTX3), and sputum SAP, PTX3, IL-8 levels were determined by

enzyme-linked immunosorbent assay.

Results: Subjects with non-eosinophilic asthma had significantly increased pentraxin

levels compared with those with eosinophilic asthma and healthy controls, with

median (interquartile range) plasma CRP levels of 0.86 (0.28-2.07), 0.26 (0.14-0.85),

and 0.15 (0.09-0.45)mg/L (P < .001), respectively, plasma SAP levels of 33.69

(19.79-58.39), 19.76 (16.11-30.58), and 20.06 (15.68-31.11)mg/L (P = .003), respec-

tively, and sputum PTX3 levels of 4.9 (1.35-18.72), 0.87 (0.30-2.07), and 1.08 (0.31-

4.32)ng/mL (P < .001), respectively. Conversely, sputum SAP concentrations of eosi-

nophilic asthmatics (median, 21.49 ng/mL; IQR, 6.86-38.79 ng/mL) were signifi-

cantly higher than those of non-eosinophilic patients (median, 8.15 ng/mL; IQR,

2.82-18.01 ng/mL) and healthy controls (median, 8.79 ng/mL; IQR, 2.00-16.18 ng/

mL). Asthma patients with high plasma CRP (P = .004), SAP (P = .005) and sputum

PTX3 levels (P < 0.001) also had significantly lower sputum eosinophil percentages.

Sputum PTX3 levels had the best power (11.18-fold, P < .001) to predict non-eosi-

nophilic airway inflammation in asthma patients.

Conclusion and Clinical Relevance: Pentraxin levels differed significantly between

patients with non-eosinophilic asthma and those with eosinophilic asthma. Further-

more, elevated pentraxin expressions may predict non-eosinophilic airway inflamma-

tion in asthmatic patients.
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1 | INTRODUCTION

Asthma is a heterogeneous disease, with different underlying patho-

logical processes, that is usually characterized by chronic airway

inflammation.1 Asthma can be classified as eosinophilic or non-eosi-

nophilic based on the induced sputum.2 Evidence from clinical trials

suggests that approximately half of all asthmatic patients present

with non-eosinophilic airway inflammation, which represents a stable

phenotype associated with distinct lower airway pathology and a

poor response to corticosteroid therapy.2-4 Although the mecha-

nisms of eosinophilic asthma have been well characterized, those of

non-eosinophilic inflammation are still poorly understood.

Both innate and adaptive immune responses play a critical role in

the pathogenesis of asthma.5 It has been suggested that differences

in T helper cell subsets between eosinophilic and non-eosinophilic

asthma may participate in driving these phenotypes.6 In addition,

increased expression of innate immune receptors, toll-like receptor

(TLR) 2, TLR4, and cluster of differentiation 14, has been observed

in subjects with neutrophilic asthma compared with other subtypes

and controls, indicating more robust innate immune activation.7

Pentraxins are a superfamily of evolutionarily conserved, fluid

phase pattern recognition molecules that play an important role in

humoural innate immunity.8 C-reactive protein [CRP or pentraxin

(PTX) 1] and serum amyloid P component (SAP or PTX2) constitute

the short pentraxin arm of the superfamily, while PTX3 is the proto-

type of the long pentraxin arm. CRP and SAP are mainly produced in

the liver in response to interleukin (IL)-6 systematically, while PTX3

is locally induced by primary proinflammatory factors and microbial

components at the site of inflammation.9 Serum high sensitivity-CRP

levels, which may be a useful predictor of airway inflammation, have

been shown to be significantly higher in asthma patients compared

to healthy controls.10,11 Elevated PTX3 expression in asthmatic air-

ways has also been observed,12 and sputum PTX3 levels, a candidate

biomarker for evaluation of airway inflammation and remodelling,

were also shown to be increased in children with asthma.13 How-

ever, currently, very little is known about expression of SAP in

asthma. Although existing evidence has suggested that expression of

CRP and PTX3 is increased in asthma patients and may participate

its pathogenesis, whether the expression and/or roles of pentraxins

differ in patients with eosinophilic versus non-eosinophilic asthma

are still unknown. Therefore, the aim of the present study was to

examine the innate immune response at local level and systemic

levels, by measuring pentraxin concentrations, in asthma patients

with eosinophilic and non-eosinophilic inflammatory airways com-

pared to healthy control subjects. Furthermore, the diagnostic accu-

racy of each was evaluated to help better discriminate between

inflammatory phenotypes of asthma.

2 | METHODS

2.1 | Subjects

Eighty subjects with asthma and 24 healthy control subjects were

recruited from Tongji Hospital (Wuhan, China). None of the healthy

control subjects had a history of respiratory disease or evidence of

bronchial hyperreactivity to methacholine challenge. Diagnosis of

asthma was established according to Global Initiative for Asthma

guidelines. All asthma subjects were clinically diagnosed with symp-

tomatic asthma and demonstrated evidence of a hyperresponsive air-

way (provacative dose of methacholine causing a 20% drop in

FEV1 < 2.5 mg) and/or bronchodilator responsiveness (>12%

improvement in FEV1% predicted following inhalation of 200 lg of

salbutamol). Patients with any other respiratory, heart, renal, liver, or

collagen disease were excluded. Patients were also excluded if they

were current or ex-smokers with a history of more than 10 pack-

years, underwent a course of oral corticosteroids, or had a respira-

tory tract infection in the 4 weeks prior to study entry. Blood and

sputum samples were collected from all subjects upon study entry.

All subjects provided written informed consent prior to study onset,

and the ethics committee of Tongji Hospital, Huazhong University of

Science and Technology (Wuhan, China), approved the study (IRB

ID: 20150503).

2.2 | Sputum induction and analysis

Sputum induction with hypertonic saline (4.5%) was performed on all

subjects, as previously described.14 For inflammatory cell counts, the

sputum was isolated from saliva and dispersed using dithiothreitol,

and total cell count and viability were assessed. Cytospin prepara-

tions were prepared and stained, and a differential cell count was

obtained from 400 non-squamous cells. A cut-point of 3% eosino-

phils was used to distinguish eosinophilic from non-eosinophilic

asthma.15

2.3 | Enzyme-linked immunosorbent assay

Plasma CRP, plasma and sputum PTX3, sputum IL-8 (R&D Systems,

Minneapolis, MN, USA), and plasma and sputum SAP (Assay Pro, St.

Charles, MO, USA) were assessed by enzyme-linked immunosorbent

assay according to the manufacturers’ instructions. Before measure-

ment, plasma samples were diluted in 1:100 for CRP, 1:20000 for

SAP, and sputum samples were diluted in 1:10 for SAP. The standard

curves for these assays ranged from 0.8 to 50 ng/mL for CRP, 0.156

to 10 ng/mL for SAP, 0.3 to 20 ng/mL for PTX3, and 31.2 to

2000 pg/mL for IL-8. The lower detection limit of the assays was

982 | GAO ET AL.



0.22 ng/mL for CRP, 0.06 ng/mL for SAP, 0.116 ng/mL for PTX3,

and 7.5 pg/mL for IL-8, respectively.

2.4 | Statistical analysis

Statistical comparisons were performed using unpaired t test for nor-

mally distributed data, with results reported as mean � standard

deviations. For non-normally distributed data, results were presented

as median with interquartile range (IQR), and non-parametric tests

(Kruskal–Wallis or Mann–Whitney test) were used to compare across

groups. Fisher’s exact test was used for analysis of categorical data.

We analysed correlations using Spearman rank order correlation.

Receiver-operating characteristic curves were generated to deter-

mine the cut-off value for the ability of plasma CRP, SAP, and spu-

tum SAP, PTX3 levels to differentiate between non-eosinophilic and

eosinophilic asthma based on curve points closest to (0, 1). Sensitivi-

ties, specificities, positive predictive values (PPVs), and negative pre-

dictive values (NPVs) were calculated for the optimal cut-points.

Statistical analysis was performed with GraphPad Prism 5 (GraphPad,

San Diego, CA, USA) and SPSS version 19 (SPSS Inc., Chicago, IL,

USA). P < .05 was considered statistically significant.

3 | RESULTS

3.1 | Clinical features

Eighty asthma subjects and 24 healthy control subjects were

enrolled in this study (Table 1). According to the percentage of spu-

tum eosinophils in asthma patients, 44 (55%) had eosinophilic

asthma and 36 (45%) had non-eosinophilic. There were no significant

differences across subjects with eosinophilic, and non-eosinophilic

asthma and healthy controls in terms of sex distributions and age.

Body mass index of non-eosinophilic asthmatics was higher than

those of eosinophilic patients and healthy controls, consistent with

previous studies.16 Asthma patients had lower lung function than

healthy controls. The serum concentrations of total immunoglobulin

E were significantly lower in subjects with non-eosinophilic asthma

compared to those with eosinophilic. As expected, subjects with

eosinophilic asthma had an increased proportion of sputum eosino-

phils compared with non-eosinophilic asthma and healthy controls.

The percentages of blood eosinophils were also significantly higher

in subjects with eosinophilic asthma than in those with non-eosino-

philic.

3.2 | Distinct pentraxins expression in eosinophilic
and non-eosinophilic asthma

We measured the levels of plasma CRP, SAP, PTX3, and sputum

SAP and PTX3 by enzyme-linked immunosorbent assay. Plasma CRP

concentrations (Figure 1A) were higher in both asthma groups com-

pared with healthy controls (median, 0.15 mg/L; IQR, 0.09-0.45 mg/

L) and were highest in the non-eosinophilic asthma group (median,

0.86 mg/L; IQR, 0.28-2.07 mg/L) versus eosinophilic patients

(median, 0.26 mg/L; IQR, 0.14-0.85 mg/L). Plasma SAP concentra-

tions (Figure 1B) of non-eosinophilic asthmatics (median, 33.69 mg/

L; IQR, 19.79-58.39 mg/L) were higher than those of eosinophilic

patients (median, 19.76 mg/L; IQR, 16.11-30.58 mg/L) and healthy

controls (median, 20.06 mg/L; IQR, 15.68-31.11 mg/L). Conversely,

patients with eosinophilic asthma (median, 21.49 ng/mL; IQR, 6.86-

38.79 ng/mL) had significantly increased SAP concentrations in spu-

tum (Figure 1D) compared with both patients with non-eosinophilic

asthma (median, 8.15 ng/mL; IQR, 2.82-18.01 ng/mL) and healthy

controls (median, 8.79 ng/mL; IQR, 2.00-16.18 ng/mL). No differ-

ence in plasma PTX3 levels (Figure 1C) was found between any of

the three groups studied. However, PTX3 expressions in the sputum

(Figure 1E) were significantly elevated in subjects with non-eosino-

philic asthma (median, 4.9 ng/mL; IQR, 1.35-18.72 ng/mL) compared

with eosinophilic patients (median, 0.87 ng/mL, IQR, 0.30-2.07 ng/

mL) and healthy controls (median, 1.08 ng/mL; IQR, 0.31-4.32 ng/

mL); no difference was observed between eosinophilic asthma

patients and healthy controls. Furthermore, plasma CRP, SAP, and

sputum PTX3 concentrations were significantly correlated when

compared with each other (Figure 2).

3.3 | Comparison of sputum differential
inflammatory cell counts in asthma patients with
normal versus high pentraxin levels

The different pentraxin expression patterns in patients with eosino-

philic versus non-eosinophilic asthma indicated that they may reflect

the heterogeneity of asthmatic airway inflammation. We classified

asthma patients into subgroups according to plasma CRP, SAP, and

sputum SAP and PTX3 levels and selected the lower limit of the

upper quartile for healthy control subjects as their cut-points; high

levels were defined as a plasma CRP ≥ 0.45 mg/L, plasma

SAP ≥ 31.11 mg/L, sputum SAP ≥ 16.18 ng/mL, and sputum

PTX3 ≥ 4.32 ng/mL, respectively. Sputum eosinophil percentages

were significantly lower in asthmatic patients with high plasma CRP

and SAP, and sputum PTX3 levels (Figure 3A, B and D), while

asthma patients with high sputum SAP levels have significantly

higher sputum eosinophil percentages compared to asthmatics with

normal sputum SAP levels (Figures 3C). Sputum neutrophil percent-

ages were significantly higher in asthma patients with high plasma

CRP versus normal CRP levels (Figure 3A). Furthermore, asthma

patients with high sputum PTX3 levels also tended to have elevated

sputum neutrophil percentages compared to asthmatics with normal

PTX3 levels, although not significantly (Figure 3D). In contrast, there

was no significant difference in sputum neutrophil percentages

between asthmatic patients with high and normal plasma and spu-

tum SAP levels (Figure 3B and C). Subanalysis of asthma patients

according to the levels of all three pentraxins (ie CRP, SAP, and

PTX3) revealed no difference in sputum macrophage or lymphocyte

percentages (Figure 3).

Significant positive correlations were observed between sputum

PTX3 levels and sputum neutrophil percentages and sputum IL-8

levels. In addition, the plasma CRP levels were also significantly
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TABLE 1 Asthma (Eosinophilic and Non-eosinophilic) vs Healthy Control Subjects: Clinical Characteristics

Characteristics Healthy control subjects Eosinophilic asthma (EA) Non-eosinophilic Asthma (NEA) P value (EA vs NEA)

Number 24 44 36

Sex (F/M) 12/12 21/23 21/15 .376

Age (y) 39.58 � 13.01 42.27 � 10.66 43.67 � 12.27 .5936

BMI (kg/m2) 21.29 � 2.37 22.19 � 2.88 23.97 � 3.55*,** .0175

Lung function

FEV1 (L) 3.44 � 0.83 2.33 � 0.82* 2.47 � 0.82* .4441

FEV1% predicted 98.75 (93.15-105.8) 87.45 (60.80-95.38)* 88.20 (70.78-98.43)* .2194

FVC (L) 4.27 � 0.92 3.57 � 0.88* 3.64 � 0.98* .73

FVC % predicted 101.9 (96.78-111.3) 101.3 (88.33-112.7) 103.4 (94.1-115.6) .3684

FEV1/FVC (%) 81.17 (77.36-85.16) 67.24 (57.07-75.52)* 67.26 (61.83-75.02)* .5233

Methacholine PD20 (mg) NA 0.1449 (0.0278-0.6118) 0.2888 (0.0319-1.37) .3258

IgE (IU/mL) NA 168.1 (71.6-325.4) 68.68 (32.49-204.7)** .0254

Sputum eosinophils (%) 0 14.56 (7.113-38.41)* 0.98 (0-1.803)*,** <.0001

Sputum neutrophils (%) 43.17 (35.40-54.43) 51.8 (42.91-66.74) 66.88 (39.36-83.02)* .0654

Blood eosinophils (%) NA 4.8 (2.88-7.83) 1.6 (0.2-2.65)** .0362

Blood neutrophils (%) NA 56.09 � 10.07 58.58 � 7.7 .2263

Values are presented as mean � SD or median (interquartile range). Eosinophilic asthma is defined as sputum eosinophils≥3%, and non-eosinophilic

asthma is defined as sputum eosinophils<3%. NA, not applicable; PD20, provocation dose resulting in 20% fall in baseline FEV1.

*P < .05 vs healthy control group. **P < .05 vs eosinophilic asthma group.

F IGURE 1 Pentraxin levels in subjects with eosinophilic, and non-eosinophilic asthma and healthy controls. Data are presented as median
(interquartile range). Plasma CRP (A), SAP (B), and PTX3 (C) levels; Sputum SAP (D) and PTX3 (E) levels. HC, healthy control; EA, eosinophilic
asthma; NEA, non-eosinophilic asthma
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positively correlated with sputum neutrophils count (Table 2). The

proportion of subjects with non-eosinophilic asthma was significantly

higher in patients with high plasma CRP, plasma SAP, sputum PTX3,

and normal sputum SAP levels (Table 3). The likelihood of having

non-eosinophilic airway inflammation was elevated in asthma

patients with high plasma CRP, SAP, and sputum PTX3 levels, with

F IGURE 2 Correlation between plasma CRP and SAP (A), plasma CRP and sputum PTX3 (B), plasma SAP and sputum PTX3 (C)
concentrations in subjects with asthma

F IGURE 3 Comparison of sputum differential inflammatory cell counts in asthmatic subjects with normal versus high plasma CRP (A), SAP
(B) and sputum SAP (C) and PTX3 (D) levels. High plasma CRP, SAP, and sputum SAP and PTX3 concentrations are defined as ≥0.45 mg/L,
≥31.11 mg/L, ≥16.18 ng/mL, and ≥4.32 ng/mL, respectively; (lower limit of upper quartile for healthy control subjects). Data are presented as
median (interquartile range). N%, neutrophils (% total cells); E%, eosinophils (% total cells); M%, macrophages (% total cells); L%, lymphocytes
(% total cells)
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4.1 times, 3.75 times, and 11.18 times more likely to have non-eosi-

nophilic airway inflammation, respectively. In contrast, asthma

patients with high sputum SAP levels were less likely, with 0.31

times, to have non-eosinophilic airway inflammation (Table 3).

3.4 | Pentraxins as predictors of non-eosinophilic
airway inflammation in asthma patients

The predictive performance of plasma CRP, SAP and sputum SAP

and PTX3 for identification of patients with non-eosinophilic asthma

is presented in Table 4, and the corresponding receiver-operating

characteristic curves are shown in Figure 4. The predictive value of

sputum PTX3 [area under the curve (AUC) = 0.78, 95% confidence

interval (CI): 0.68-0.88] was superior to that of plasma CRP

(AUC = 0.71, 95%CI: 0.59-0.82), SAP (AUC = 0.70, 95%CI:

0.58-0.81), and sputum SAP (AUC = 0.71, 95%CI: 0.60-0.83). The

optimum cut-point for sputum PTX3 was 3.68 ng/mL, yielding a

sensitivity of 61.11%, 86.36% specificity, 78.57% PPV, and 73.08%

NPV. Plasma CRP with a cut-point of 0.45 mg/L showed 72.22%

sensitivity, 61.36% specificity, 60.47% PPV, and 72.97% NPV for

non-eosinophilic asthma. Plasma SAP with a cut-point of 30.39 mg/L

had 58.33% sensitivity, 74.42% specificity, 73.68% PPV, and 63.64%

NPV for non-eosinophilic asthma. Meanwhile, sputum SAP with a

cut-point of 18.79 ng/mL had 78.79% sensitivity, 58.54% specificity,

60.47% PPV, and 72.97% NPV for non-eosinophilic asthma

(Table 4).

4 | DISCUSSION

The present study demonstrates for the first time that pentraxin

levels differ in patients with non-eosinophilic versus eosinophilic

asthma. Furthermore, our data provided the first evidence regarding

SAP expression in asthma patients. Significantly increased levels of

plasma CRP and SAP and sputum PTX3, but not plasma PTX3, were

observed in subjects with non-eosinophilic asthma compared to sub-

jects with eosinophilic asthma and healthy controls. In contrast, spu-

tum SAP levels in patients with eosinophilic asthma were

significantly higher than those with non-eosinophilic asthma and

healthy controls. Furthermore, the percentage of sputum eosinophils

was significantly lower in patients with high plasma CRP, SAP and

sputum PTX3 levels and normal sputum SAP levels, while the per-

centage of sputum neutrophils was significantly higher in patients

with high plasma CRP levels, indicating that pentraxin expression

may reflect non-eosinophilic asthmatic inflammation. Meanwhile,

asthma patients with high pentraxin levels, especially with high

PTX3, were more likely to have non-eosinophilic airway inflamma-

tion. Moreover, within asthmatic patients, there were significant

associations between plasma CRP and SAP and sputum PTX3 levels.

Unlike CRP and SAP, which are mainly synthesized in the liver,

PTX3 is produced at the site of inflammation. It has been suggested

that PTX3 plays a similar role in the periphery as CRP and SAP in

the circulation.8 Therefore, sputum PTX3 is most likely a biomarker

of local inflammation, while circulating CRP and SAP reflect a sys-

temic inflammatory response, which might explain why there is no

difference in plasma PTX3 levels between healthy controls and

asthma subjects. It was noteworthy that SAP levels in sputum were

far below that measured in plasma. As few studies reported other

issues expressing SAP apart from liver, SAP detected in sputum was

possible to mainly derive from circulation. The discordance between

SAP levels in plasma and sputum may result from the heavier burden

of aetiologic factors, including endotoxin, viral, and bacterial infec-

tion,2 seen in the airways of patients with non-eosinophilic asthma

that SAP binds to,17 thus reducing the amount of SAP available for

detection in the sputum enzyme-linked immunosorbent assay quan-

tification. Thus, the lower SAP levels in sputum of non-eosinophilic

asthma were supposedly not due to impaired expression, but rather

to heavier burden of infection. In addition, the strong positive corre-

lations between plasma CRP and SAP and sputum PTX3 levels indi-

cated that systemic and local innate immune responses were highly

concordant in asthma.

Several studies reported significantly higher circulating CRP con-

centrations in patients with asthma compared to healthy con-

trols.10,18-21 Circulating CRP levels were also shown to be

significantly elevated in steroid-na€ıve patients with asthma compared

with healthy controls and steroid-treated asthma patients18 and

increased in non-allergic, but not allergic, asthma.20 Meanwhile,

enhanced expressions of PTX3 were also observed in asthmatic

biopsy samples12 and in sputum of children with asthma.13 However,

evidence to date has not explicitly linked pentraxin levels to airway

inflammation phenotype in asthma.

In our current study, asthma patients were further subdivided

according to airway eosinophilia. We found that plasma CRP, SAP,

and sputum PTX3 levels were significantly higher in subjects with

non-eosinophilic asthma. Furthermore, plasma SAP and sputum

PTX3 levels were similar in eosinophilic asthma patients versus

TABLE 2 Associations between pentraxins and neutrophilic airway inflammatory markers of subjects with asthma

Plasma CRP (mg/L) Plasma SAP (mg/L)
Sputum SAP (ng/
mL)

Sputum PTX3 (ng/
mL)

r P value r P value r P value r P value

Sputum neutrophils (%) .11 .3326 �.04 .7528 �.15 .1884 .26 .0223

Sputum neutrophils count (106/g) .3 .0079 �.08 .4917 .09 .4464 .21 .0645

IL-8 (pg/mL) .1 .4003 �.12 .3268 .05 .6706 .34 .0028
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healthy controls, while plasma CRP levels were only marginally

higher, suggesting that increased expression of pentraxins mainly

occurs in patients with non-eosinophilic airway inflammation.

Non-eosinophilic asthma is associated with upregulation of

innate immune response, and current results demonstrate elevated

expression of three markers of innate immunity (CRP, SAP, and

PTX3) in these patients. This result is consistent with a previous

study, which demonstrated that plasma CRP and IL-6, markers of

systemic inflammation, were increased in neutrophilic asthma,22

and elevated IL-6 may be a major contributor to hepatic produc-

tion of CRP and SAP in non-eosinophilic asthma. This finding also

supports the results of Simpson et al7, who reported an enhanced

innate immune response in neutrophilic asthma, with increased

expression of innate immune receptors TLR2, TLR4, and cluster of

differentiation 14 and cytokines IL-8, tumour necrosis factor a,

and IL-1b in sputum. Previously, tumour necrosis factor a and IL-

1b were found to significantly upregulate PTX3 expression in air-

way cells, particularly human airway smooth muscle cells,12 which

may be partly responsible for elevated sputum PTX3 expression in

TABLE 4 Diagnostic performance characteristics of plasma CRP, SAP and sputum SAP and PTX3 for the identification of non-eosinophilic
asthma

Cut-point Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% CI) P value

Plasma

CRP >0.45 mg/L 72.22 61.36 60.47 72.97 0.71 (0.59-0.82) .002

Plasma

SAP >30.39 mg/L 58.33 74.42 73.68 63.64 0.70 (0.58-0.81) .003

Sputum

SAP <18.79 ng/mL 78.79 58.54 60.47 72.97 0.71 (0.60-0.83) .002

Sputum

PTX3 >3.68 ng/mL 61.11 86.36 78.57 73.08 0.78 (0.68-0.88) <.001

Data for the optimum cut-points based on maximum AUCs from ROC analyses are given.

NPV, negative predictive value; PPV, positive predictive value; CI, confidence intervals.

TABLE 3 EA and NEA frequencies in asthmatic patients with high or normal concentrations of plasma CRP, SAP and sputum SAP and PTX3

EA, n (%) NEA, n (%) OR (95% CI) P value

Plasma CRP

Normal 27 (34) 10 (13) 4.1 (1.60-10.67) .0035

High 17 (21) 26 (32)

Plasma SAP

Normal 33 (41) 16 (20) 3.75 (1.45-9.68) .0064

High 11 (14) 20 (25)

Sputum SAP

Normal 17 (21) 24 (30) 0.31 (0.13- 0.79) .0148

High 27 (34) 12 (15)

Sputum PTX3

Normal 40 (50) 17 (21) 11.18 (3.3-37.81) <.0001

High 4 (5) 19 (24)

ORs estimate the likelihood of high pentraxins levels for non-eosinophilic asthma as compared with normal pentraxins levels. CI, confidence interval;

OR, odds ratio.

F IGURE 4 Receiver-operating characteristics curves for plasma
CRP, SAP and sputum SAP and PTX3 concentrations for
identification of subjects with non-eosinophilic asthma (see Table 4
for data)
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non-eosinophilic asthma found in the current study. In addition,

PTX3 is also constitutively stored in specific granules of neu-

trophils and released in response to TLR engagement or ago-

nists,23 which can rapidly induce PTX3 expression in several cell

types,24 while lymphoid cells (eg T, B, and natural killer cells) do

not express PTX3.25 Moreover, a previous study reported alter-

ation of 317 genes in resting neutrophils from subjects with non-

eosinophilic versus eosinophilic asthma, including genes related to

cell motility and regulation of apoptosis.26

CRP has been shown to exhibit anti-inflammatory effects in

neutrophil-mediated inflammatory lung tissue injury, and high

levels of plasma CRP predicted a favourable outcome in adult

patients with acute lung injury/acute respiratory distress syn-

drome.27 CRP transgenic animals were resistant to infections

with Streptococcus pneumoniae,28 and the Gram-negative patho-

gen Salmonella enterica.29 Furthermore, CRP administration had a

similar role in protection against Haemophilus influenza.30 Besides

protection against pathogens, CRP transgenic mice also played a

protective role in a model of experimental allergic

encephalomyelitis,31 and administration of human CRP offered

protection against systemic lupus erythematosus (SLE) in SLE-

prone mice.32 It was also reported that SAP can downregulate

asthma phenotypes, through attenuating M2 activation of macro-

phages in an experimental model of Aspergillus fumigatus-induced

allergic airway disease.33 Moreover, PTX3 deletion has been

observed to enhance airway inflammation, mucus production, and

airway hyperresponsiveness in an ovalubumin-induced asthma

model through a TH17-dominant phenotype.34 PTX3 released

from activated leucocytes can dampen neutrophil recruitment

through P-selectin binding and regulate inflammation locally in

acute lung injury,35 which is consistent with results observed in

an experimental model of post-ischemic acute and chronic kidney

injury reported by Lech et al36 Similarly, PTX3 attenuated LPS-

induced liver injury and inflammation in animal models.37 Based

on these data, it is possible that increased pentraxin may involve

limiting excessive inflammation through a feedback mechanism in

non-eosinophilic asthma. Additional studies are necessary to clar-

ify the mechanisms and roles of increased pentraxins in non-eosi-

nophilic asthma.

Furthermore, present results showed that plasma CRP, spu-

tum SAP, and sputum PTX3 levels individually, but not plasma

SAP, had AUCs >0.7, indicating clinically significant utility in pre-

diction of non-eosinophilic airway inflammation in asthma

patients. High sputum PTX3 levels were associated with the

greatest likelihood of absence of sputum eosinophilia in asthmatic

patients.

In conclusion, we have observed that pentraxin levels differed

significantly between patients with non-eosinophilic asthma and

those with eosinophilic. In addition, elevated pentraxin expres-

sions may predict non-eosinophilic airway inflammation in asth-

matic patients. Thus, the present study adds significantly to the

current understanding of the heterogeneity of innate immunity in

asthma.

ACKNOWLEDGMENTS

This study was supported by the National Natural Science Founda-

tion of China (No. 81570033, 81570047, 81470227, 81370145,

81370156, 81670035), National key basic research and development

program (973 Program, No. 20l5CB553403), Chinese medical associ-

ation research project (No. 2013BAI09B00), National Key Technolo-

gies R&D Program (2016YFC1303900 and 2016YFC1304700),

National Key Research and Development Program in China

(2016YFC0903600) and Changjiang Scholars and Innovative

Research Team in University (No. IRT_14R20). We thank the

patients who volunteered for the study Wang Ni, Shixin Chen, and

Kun Zhang for spirometry measurement.

CONFLICT OF INTEREST

The authors declare no conflict of interests.

ORCID

Pengfei Gao http://orcid.org/0000-0002-0269-0127

REFERENCES

1. Global Initiative for Asthma. Global Strategy for Asthma Manage-

ment and Prevention, 2016.

2. Haldar P, Pavord ID. Noneosinophilic asthma: a distinct clinical and

pathologic phenotype. J Allergy Clin Immunol. 2007;119:1043-1052;

quiz 1053-4.

3. Berry M, Morgan A, Shaw DE, et al. Pathological features and

inhaled corticosteroid response of eosinophilic and non-eosinophilic

asthma. Thorax. 2007;62:1043-1049.

4. McGrath KW, Icitovic N, Boushey HA, et al. Asthma clinical research

network of the National Heart L and Blood I. A large subgroup of

mild-to-moderate asthma is persistently noneosinophilic. Am J Respir

Crit Care Med. 2012;185:612-619.

5. Holgate ST. Innate and adaptive immune responses in asthma. Nat

Med. 2012;18:673-683.

6. Thomson NC. Novel approaches to the management of noneosino-

philic asthma. Ther Adv Respir Dis. 2016;10:211-234.

7. Simpson JL, Grissell TV, Douwes J, Scott RJ, Boyle MJ, Gibson PG.

Innate immune activation in neutrophilic asthma and bronchiectasis.

Thorax. 2007;62:211-218.

8. Vilahur G, Badimon L. Biological actions of pentraxins. Vascul Phar-

macol. 2015;73:38-44.

9. Bottazzi B, Inforzato A, Messa M, et al. The pentraxins PTX3 and

SAP in innate immunity, regulation of inflammation and tissue

remodelling. J Hepatol. 2016;64:1416-1427.

10. Shimoda T, Obase Y, Kishikawa R, Iwanaga T. Serum high-sensitivity

C-reactive protein can be an airway inflammation predictor in bron-

chial asthma. Allergy Asthma Proc. 2015;36:E23-E28.

11. Takemura M, Matsumoto H, Niimi A, et al. High sensitivity C-reac-

tive protein in asthma. Eur Respir J. 2006;27:908-912.

12. Zhang J, Shan L, Koussih L, et al. Pentraxin 3 (PTX3) expression in

allergic asthmatic airways: role in airway smooth muscle migration

and chemokine production. PLoS One. 2012;7:e34965.

13. Kim MJ, Lee HS, Sol IS, et al. Sputum pentraxin 3 as a candidate to

assess airway inflammation and remodeling in childhood asthma.

Medicine (Baltimore). 2016;95:e5677.

988 | GAO ET AL.

http://orcid.org/0000-0002-0269-0127
http://orcid.org/0000-0002-0269-0127
http://orcid.org/0000-0002-0269-0127


14. Simpson JL, Scott R, Boyle MJ, Gibson PG. Inflammatory subtypes in

asthma: assessment and identification using induced sputum.

Respirology. 2006;11:54-61.

15. Simpson JL, McElduff P, Gibson PG. Assessment and reproducibility

of non-eosinophilic asthma using induced sputum. Respiration.

2010;79:147-151.

16. Wenzel SE. Asthma phenotypes: the evolution from clinical to

molecular approaches. Nat Med. 2012;18:716-725.

17. Noursadeghi M, Bickerstaff MC, Gallimore JR, Herbert J, Cohen J,

Pepys MB. Role of serum amyloid P component in bacterial infec-

tion: protection of the host or protection of the pathogen. Proc Natl

Acad Sci USA. 2000;97:14584-14589.

18. Hoshino M, Ohtawa J, Akitsu K. Increased C-reactive protein is

associated with airway wall thickness in steroid-naive asthma. Ann

Allergy Asthma Immunol. 2014;113:37-41.

19. Ramirez D, Patel P, Casillas A, Cotelingam J, Boggs P, Bahna SL.

Assessment of high-sensitivity C-reactive protein as a marker of air-

way inflammation in asthma. Ann Allergy Asthma Immunol.

2010;104:485-489.

20. Olafsdottir IS, Gislason T, Thjodleifsson B, et al. C reactive protein

levels are increased in non-allergic but not allergic asthma: a multi-

centre epidemiological study. Thorax. 2005;60:451-454.

21. Jousilahti P, Salomaa V, Hakala K, Rasi V, Vahtera E, Palosuo T. The

association of sensitive systemic inflammation markers with bron-

chial asthma. Ann Allergy Asthma Immunol. 2002;89:381-385.

22. Wood LG, Baines KJ, Fu J, Scott HA, Gibson PG. The neutrophilic

inflammatory phenotype is associated with systemic inflammation in

asthma. Chest. 2012;142:86-93.

23. Jaillon S, Peri G, Delneste Y, et al. The humoral pattern recognition

receptor PTX3 is stored in neutrophil granules and localizes in extra-

cellular traps. J Exp Med. 2007;204:793-804.

24. Moalli F, Jaillon S, Inforzato A, et al. Pathogen recognition by the

long pentraxin PTX3. J Biomed Biotechnol. 2011;2011:830421.

25. Deban L, Jaillon S, Garlanda C, Bottazzi B, Mantovani A. Pentraxins

in innate immunity: lessons from PTX3. Cell Tissue Res.

2011;343:237-249.

26. Baines KJ, Simpson JL, Bowden NA, Scott RJ, Gibson PG. Differen-

tial gene expression and cytokine production from neutrophils in

asthma phenotypes. Eur Respir J. 2010;35:522-531.

27. Agassandian M, Shurin GV, Ma Y, Shurin MR. C-reactive protein and

lung diseases. Int J Biochem Cell Biol. 2014;53:77-88.

28. Szalai AJ, Briles DE, Volanakis JE. Human C-reactive protein is pro-

tective against fatal Streptococcus pneumoniae infection in trans-

genic mice. J Immunol. 1995;155:2557-2563.

29. Szalai AJ, VanCott JL, McGhee JR, Volanakis JE, Benjamin WH Jr.

Human C-reactive protein is protective against fatal Salmonella

enterica serovar typhimurium infection in transgenic mice. Infect

Immun. 2000;68:5652-5656.

30. Lysenko E, Richards JC, Cox AD, et al. The position of phosphoryl-

choline on the lipopolysaccharide of Haemophilus influenzae affects

binding and sensitivity to C-reactive protein-mediated killing. Mol

Microbiol. 2000;35:234-245.

31. Szalai AJ, Nataf S, Hu XZ, Barnum SR. Experimental allergic

encephalomyelitis is inhibited in transgenic mice expressing human

C-reactive protein. J Immunol. 2002;168:5792-5797.

32. Du Clos TW, Zlock LT, Hicks PS, Mold C. Decreased autoantibody

levels and enhanced survival of (NZB x NZW) F1 mice treated with

C-reactive protein. Clin Immunol Immunopathol. 1994;70:22-27.

33. Moreira AP, Cavassani KA, Hullinger R, et al. Serum amyloid P atten-

uates M2 macrophage activation and protects against fungal spore-

induced allergic airway disease. J Allergy Clin Immunol.

2010;126:712-721 e7.

34. Balhara J, Shan L, Zhang J, et al. Pentraxin 3 deletion aggravates

allergic inflammation through a TH17-dominant phenotype and

enhanced CD4 T-cell survival. J Allergy Clin Immunol. 2017;139:950-

963 e9.

35. Deban L, Russo RC, Sironi M, et al. Regulation of leukocyte recruit-

ment by the long pentraxin PTX3. Nat Immunol. 2010;11:328-334.

36. Lech M, Rommele C, Grobmayr R, et al. Endogenous and exogenous

pentraxin-3 limits postischemic acute and chronic kidney injury. Kid-

ney Int. 2013;83:647-661.

37. Perea L, Coll M, Sanjurjo L, et al. Pentraxin-3 modulates LPS-induced

inflammatory response and attenuates liver injury. Hepatology.

2017;66:653-968.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Gao P, Tang K, Wang M, et al.

Pentraxin levels in non-eosinophilic versus eosinophilic

asthma. Clin Exp Allergy. 2018;48:981–989. https://doi.org/

10.1111/cea.13168

GAO ET AL. | 989

https://doi.org/10.1111/cea.13168
https://doi.org/10.1111/cea.13168



	20180513-GaoP.pdf
	cea13168-sup-0001-FileS1.pdf

