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Summary

Inflammatory phenotypes of asthma are associated with differences in

disease characteristics. It is unknown whether these inflammatory

phenotypes are reflected by the activation status of neutrophils in blood and

sputum. We obtained peripheral blood and induced sputum from 21

asthma patients and stratified our samples based on sputum eosinophilia

resulting in two groups (>3% eosinophils: n 5 13, <3%: n 5 8).

Eosinophils and neutrophils from blood and sputum were analysed for

expression of activation and degranulation markers by flow cytometry. Data

were analysed by both classical, non-parametric statistics and a multi-

dimensional approach, using principal component analysis (PCA). Patients

with sputum eosinophilia were characterized by increased asthma control

questionnaire (ACQ) scores and blood eosinophil counts. Both sputum

neutrophils and eosinophils displayed an activated and degranulated

phenotype compared to cells obtained from blood. Specifically,

degranulation of all granule types was detected in sputum cells, combined

with an increased expression of the activation markers (activated) Mac-1

(CD11b), programmed death ligand 1 (PD-L1) (CD274) and a decreased

expression of CD62L. CD69 expression was only increased on sputum

eosinophils. Surface marker expression of neutrophils was similar in the

presence or absence of eosinophilia, either by single or multi-dimensional

analysis. Sputum neutrophils were highly activated and degranulated

irrespective of sputum eosinophilia. Therefore, we conclude that differences

in granulocyte activation in sputum and/or blood are not associated with

clinical differences in the two groups of asthma patients. The finding of PD-

L1 expression on sputum granulocytes suggests an immunomodulatory role

of these cells in the tissue.
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Introduction

An estimated 300 million individuals worldwide are affected

by asthma [1]. Asthma is characterized by airway inflamma-

tion, bronchial hyperresponsiveness and reversible airway

obstruction. Several different inflammatory phenotypes have

been identified in asthma, which are accompanied by

different clinical characteristics [2]. Sputum eosinophilia is

associated with bronchial hyperresponsiveness, high forced

exhaled nitric oxide (FeNO) and (specific) immunoglobulin

(Ig)E levels. In addition, the presence of either neutrophils or

eosinophils in sputum is associated with a decreased forced

expiratory volume in 1 s (FEV1) [3,4]. These inflammatory

phenotypes are identified by microscopically evaluating the

percentages of neutrophils and eosinophils in sputum or by

transcriptomic profiling of whole sputum samples [2,5,6]. In

addition to microscopic evaluation, cells obtained by sputum

induction can be analysed by flow cytometry [7–11]. Sputum

granulocytes analysed by this technique have been shown to

display an activated phenotype, with up-regulation of

markers for activation and degranulation on either neutro-

phils [11], eosinophils [12] or both [13]. However, to date

there are no reports on in-depth analysis of activation

markers comparing blood and sputum granulocytes using

multi-dimensional analysis. In addition, no studies have

been published that compare sputum granulocyte expression
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profiles adequately between patients with different asthma

phenotypes. A single study compared the expression levels of

two classical activation markers between patients with mod-

erate and severe asthma, but did not find a correlation

between expression and disease severity [13]. Transcriptomic

profiling of whole blood and sputum samples showed up-

regulation of neutrophil defensins and proteases in the blood

of neutrophilic asthma patients, and significant differences

between sputum samples of patients with different asthma

phenotypes [6,14]. It is unknown, however, whether these

differences reflect differences in expression of the granulo-

cytes themselves or differences in cell numbers.

Traditionally, granulocyte activation markers include

adhesion receptors such as the integrin Mac-1 (CD11b/

CD18) and L-selectin (CD62L). Other activation markers

described to be up-regulated on circulating or sputum

granulocytes from asthma patients are the CD11b activa-

tion epitope CBRM1/5 [15] and the intercellular adhesion

molecule-1 (ICAM-1, CD54); the latter adhesion receptor

was proposed as a therapeutic target for antigen-induced

acute airway inflammation [16]. The activation marker

CD69, which is well known as a T cell activation marker

[17], was shown to be up-regulated on eosinophils from

broncheoalveolar lavage (BAL) when compared to blood

cells [15].

Neutrophils and eosinophils possess different types of

granules containing anti-microbial and proinflammatory

proteins. For neutrophils, release of these proteins to the

outside of the cell (degranulation) occurs sequentially in

response to increasing strength of activation signals, with

secretory vesicles degranulating by the most mild stimulus,

followed by tertiary, specific and azurophilic granules

[18–20]. The marker for neutrophil tertiary and eosinophil

secretory granules (CD11b) was shown to be up-regulated

on cells from both BAL and sputum, compared to blood

granulocytes [15]. Markers for specific and azurophilic/

crystalloid granules were shown to be up-regulated on BAL

and on sputum granulocytes in several diseases, but so far

not on sputum cells from asthma patients [15,21,22].

Degranulation of neutrophil secretory vesicles was shown

to occur already in the blood of asthma patients [23,24].

Another activation marker of interest, programmed

death ligand 1 (PD-L1, CD274), has been implicated in a

murine model of airway hyperresponsiveness [25]. The

immunomodulatory protein CD274 is not as well charac-

terized in granulocytes as in lymphocytes, but was shown

to be responsible for suppression of T cell responses by

interferon (IFN)-g-stimulated neutrophils [26] and is

highly expressed in granulomas in the lungs of sarcoidosis

patients, although its expression on granulocytes was not

tested by flow cytometry [27].

Until the present, all immunophenotyping of sputum

cells has been performed by analysis of single-dimensional

marker expression, which ignores the interaction between

multiple markers. To overcome this issue, marker expres-

sions and interactions can be studied using principal

component analysis (PCA). PCA is a multivariate analysis

method that detects systematic variability within multiple

parameters and explores correlations between these param-

eters [28]. It transforms data sets with a large number of

measured parameters into a smaller number of parameters,

called principal components. As the resulting smaller num-

ber of components is interpreted more easily, it is a pre-

ferred technique for the analysis of large data sets and

forms the basis of cluster approaches used to identify

asthma phenotypes [29,30].

In this study we investigated differences in granulocyte

activation and degranulation by flow cytometric evaluation

of neutrophils and eosinophils isolated from blood and

sputum of asthma patients with and without sputum eosin-

ophilia, both by single and multi-dimensional analysis.

Methods

Study population and ethics

This study was approved by the local medical ethics com-

mittee. Patients were recruited at the pulmonary out-

patient clinic of the University Medical Centre Utrecht (see

Table 1 for patient baseline characteristics) and gave writ-

ten informed consent in accordance to the Declaration of

Helsinki (seventh revision, Fortaleza, 2013).

Patients were included according to the following crite-

ria: age 18–75 years, having adult asthma defined by the

Global Initiative for Asthma (GINA) guidelines on clinical

features (episodic shortness of breath, particularly at night

and often accompanied by cough and wheezing) and

reversibility of FEV1 upon inhalation of 400 lg salbutamol

(�12% predicted or �200 ml) and/or airway hyperrespon-

siveness to histamine (PC20 < 8 mg/ml) [1]. Patient num-

bers were calculated to be able to distinguish medium

effect sizes with a power of 0�8 and an a of 0�05 using

G*Power version 3�1�3 [31].

Exclusion criteria for the study were smoking in the last

12 months, a smoking history �10 pack-years, treatment

with antibiotics <4 weeks ago or confirmed allergic bron-

chopulmonary aspergillosis.

Blood and sputum samples were stratified on the pres-

ence or absence of sputum eosinophilia based on a cut-off

value of 3% sputum eosinophils, as determined by differen-

tial count (described below). All samples were collected

between 9 a.m. and 1 p.m. to minimize the effects of diur-

nal variation such as found in FeNO and haematological

parameters [32,33].

Lung function and clinical parameters

After inclusion of patients, the asthma control questionnaire

(ACQ) and medication adherence report scale (MARS) were

completed. FEV1 measurements were performed by peak

Activation state of neutrophils in sputum
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flow measurement using the PiKo-1 (nSpire Health, Long-

mont, CO, USA) and FeNO was determined using NIOX

MINO
VR

(Aerocrine, Solna, Sweden), with an expiration time

of 10 s. Absolute blood eosinophil counts were calculated

from percentages obtained by flow cytometric (FACS) analy-

sis (see below) and white blood cell (WBC) counts obtained

from a Cell-Dyn haematology analyser (Abbot Diagnostics,

North Chicago, IL, USA).

Blood processing

Erythrocytes were lysed from sodium heparin blood using

lysis buffer consisting of 150 mM NH4Cl, 10 mM KHCO3

and 0�1 mM Na2 ethylenediaminetetraacetic acid (EDTA)

dissolved in ddH2O. The resulting total leucocyte prepara-

tions were washed and resuspended in staining buffer con-

sisting of phosphate-buffered saline (PBS) supplemented

with trisodium citrate (0�32% w/v) (both prepared by the

UMCU pharmacy) and human pasteurized plasma solution

(10% w/v; Sanquin, Amsterdam, the Netherlands).

Sputum induction and processing

Sputum was induced by inhalation of 0�9–5% saline aerosols

and processed as published previously using Sputolysin pre-

pared from a 310 stock (Merck Millipore, Darmstadt, Ger-

many) and supplemented with NaCl to reach an osmolarity

of 280–290 mOsm [34,35]. Cytospin slides of sputum cells

were stained with May–Gr€unwald–Giemsa for differential

cell count. Samples containing > 80% squamous epithelial

cells were excluded from analysis. The cell percentages in

sputum were calculated after exclusion of squamous epithe-

lial cells [36]. Remaining cells were resuspended in staining

buffer for FACS staining procedure.

Flow cytometry

Samples were stained with antibodies for 30 min on ice at a

maximum concentration of 5 3 106 cells/ml and washed

twice before analysis on a Gallios flow cytometer (Beckman

Coulter, Pasadena, CA, USA).

Granulocytes in blood were identified based on for-

ward-/side-scatter (FSC/SSC) and CD16 was used to differ-

entiate into neutrophils (CD161) and eosinophils (CD16–).

A different sorting strategy was chosen for sputum samples

due to the presence of epithelial cells and alveolar macro-

phages with a high SSC (Fig. 1). Epithelial cells do not

express CD11b and alveolar macrophages are highly auto-

fluorescent at emission wavelengths of around 450 nm

when excited by a 405 nm laser. Therefore, after exclusion

of debris on FSC/SSC, granulocytes were identified as

CD11b1 and 405/450 nm-autofluorescencelow. Subse-

quently, they were differentiated into neutrophils and

eosinophils based on CD16 expression and SSC. Analysis

was performed on at least 250 neutrophils/eosinophils.

Degranulation of neutrophils was measured using CR1

(CD35), integrin aM (CD11b), carcinoembryonic antigen-

related cell adhesion molecule-8 (CEACAM-8) (CD66b)

and lysosome-associated membrane protein 3 (LAMP-3)

(CD63) antibodies for secretory, tertiary, specific and azur-

ophilic granules, respectively [19]. For eosinophils, LAMP-

3 was used as a marker for crystalloid (specific/secondary)

granule degranulation [37] and CD11b as a marker for

secretory (sombrero) vesicles [20]. As CD63 is also

Table 1. Patient baseline characteristics at time of sputum induction grouped for sputum eosinophilia.

>3% sputum eo <3% sputum eo P-value*

Number 13 8 n.a.

Gender, male/female 9/4 4/4 0�88

Age (years) 45 (19–66) 47 (25–54) 0�45

BMI (kg/m2) 27 (22–35) 27 (22–32) 0�885

FeNO (ppb) 32 (16–215) 23 (12–42) 0�09

ACQ score 2�3 (0�0–4�4) 1�3 (0�14–2�0) 0�035

Blood eosinophil count (109/ml) 0�68 (0�1–1�2) 0�18 (0�0–0�5) 0�007

Medication† 4 (3–5) 3�5 (0–4) 0�09

FEV1 (l) 2�4 (1�5–3�9) 3�5 (2�3–4�0) 0�053

FEV1 (% predicted) 76 (61–105) 89 (61–113) 0�16

Reversibility FEV1
‡ 0�47 (0�0–16�6) 0�43 (0�0–4�9) 0�46

Sputum eosinophils (%)§ 29 (3–82) 0 (0–1) n.a.

Sputum neutrophils (%)§ 39 (10–77) 49 (19–83) 0�41

Values are medians 6 range unless indicated otherwise. *Based on Wilcoxon–Mann–Whitney test or Fisher’s exact test where appropriate.
†5-point ordinal scale based on guidelines of the British Thoracic Society, with (0) no medication, (1) inhaled short-acting beta agonist (SABA)

when required, (2) low-dose ICS 1 SABA, (3) low/medium-dose inhaled corticosteroids (ICS) 1 long-acting beta agonist (LABA), or medium-

dose ICS 1 LABA, (4) high-dose ICS 6 LABA and leucotriene receptor antagonist test and (5) high-dose ICS 1 oral corticosteroids

(OCS) 6 LABA. ‡Percentage reversibility in FEV1 (corrected for age, gender, length and body weight) after inhalation of 2 3 100 lg salbutamol.
§As determined by microscopic evaluation. BMI 5 body mass index; FeNO 5 forced exhaled nitric oxide; ACQ 5 asthma control questionnaire;

FEV1 5 forced expiratory volume in 1 s; n.a. 5 not applicable; eo 5 eosinophil; ppb 5 parts per billion.
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expressed on activated platelets, its expression was only

determined on cells negative for platelet marker CD41 [38].

Antibodies used were CD11b-allophycocyanin (APC)-

Alexa750 (clone Bear1), CD16-Krome Orange (3G8),

CD274-phycoerythrin-cyanin 7 (PeCy7) (PDL1.3.1) and

CD62L-endothelial cell density (ECD) (DREG56) from

Beckman Coulter (Pasadena, CA, USA), CD35-fluorescein

isothiocyanate (FITC) (E11) from Biolegend (San Diego,

CA, USA). CD63-PE (H5C6), CD69-PeCy7 (FN50), IgG1

isotype control-PE (X40), IgG2a isotype control-FITC (X39)

and the annexin-V PE apoptosis kit I from BD (San Jose,

CA, USA), active CD11b-Alexa700 (CBRM1/5) from eBio-

sciences (San Diego, CA, USA), CD54-PE (MEM-111) from

EXBIO Praha (Vestec, Czech Republic) and CD41-FITC

(VIPL3) from Life Technologies (Carlsbad, CA, USA).

Data analysis and representation

FCS express 4�0 (De Novo Software, Los Angeles, CA, USA)

was used for evaluation of flow cytometric data and deter-

mination of median fluorescence intensities. Data were

plotted as boxes representing median 6 IQR with error

bars plotted according to Tukey’s method in Prism version

6�04 (GraphPad Software, La Jolla, CA, USA). Statistical

analysis was performed in SPSS statistics version 22 (IBM,

Armonk, NY, USA). Samples were compared using multiple

Wilcoxon–Mann–Whitney tests or related-samples Wil-

coxon signed-rank tests where applicable. Correction for

multiple testing was performed using the Bonferroni

method. Correlations between parameters were determined

using Spearman’s correlation coefficient.

PCA was performed as described extensively elsewhere

[28]. In short, PCA was performed on the median fluores-

cence intensities (MFIs) of all measured parameters (except

isotype controls) using SPSS statistics version 22. MFIs were

classified as numerical data, missing values were mode

imputed and discretization was used. Scree plots (not

shown) were used to determine the required amount of

components. Data points with object scores of >3�5 or

<3�5 were considered as outliers and excluded from the

analysis. Graphs of object scores and loading plots were

made in Prism version 6�04.

Results

Patient characteristics

Sputum and blood samples were obtained from 21 patients

(Table 1 patient baseline characteristics). Thirteen patients

(68%) had more than 3% eosinophils in their sputum sam-

ples. This sputum eosinophilia was accompanied with

higher eosinophil counts in peripheral blood (P 5 0�007),

less well-controlled asthma (P 5 0�035) and trends towards

higher FeNO, more medication use and lower absolute

FEV1 (P 5 0�09, 0�09 and 0�053, respectively).

Viability of sputum granulocytes

After processing of sputum samples, the viability of the

cells in the sample was determined by annexin-V and 7-

aminoactinomycin D (7-AAD) staining [39]. Sputum neu-

trophils and eosinophils were typically 90–95% alive (Fig.

2) and 5–10% necrotic or late apoptotic. Fewer than 1% of

sputum cells were annexin-V single positive and, thus, early

apoptotic.

Expression of activation markers in blood
and sputum

Both neutrophils and eosinophils showed an activated phe-

notype in sputum compared to blood (Fig. 3 and Support-

ing information, Fig. S1). CD62L was shed from sputum

neutrophils and eosinophils. An increased CD69 expression

was found only on sputum eosinophils, whereas CD11b,

CBRM1/5 and CD274 were up-regulated on both cell types.

Expression of CD54 was not detected, irrespective of cell or

Fig. 1. Gating strategy to identify sputum

granulocytes. (a) A forward-/side-scatter (FSC/

SSC) gate is used to exclude most debris and

lymphocytes. (b) Subsequently, cells positive for

CD11b and negative for �450 nm

autofluorescence were gated to exclude residual

lymphocytes and alveolar macrophages (which

are highly autofluorescent). (c) The resulting

granulocytes were subdivided into neutrophils

and eosinophils based on SSC and expression of

CD16. (d) The resulting neutrophil and

eosinophil population show FSC/SSC patterns

similar to those in blood, with a higher SSC for

eosinophils and higher FSC for neutrophils.

Activation state of neutrophils in sputum
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sampling location. Increased expression of markers for ter-

tiary (CD11b), specific (CD66b) and azurophilic/crystal-

loid (CD63) granules indicated a highly degranulated state

for sputum granulocytes.

In contrast to the marked differences in expression pat-

terns between blood and sputum granulocytes, no signifi-

cant differences were detected when comparing expression

levels of markers on blood and sputum cells isolated from

individuals with high and low eosinophil counts in sputum

(Fig. 4). In addition, no significant correlations were found

between ACQ score, FEV1 (percentage predicted and/or

absolute value) and expression of any of the granulocyte

markers (data not shown). Due to the absence or small

numbers of eosinophils in patients with <3% sputum

eosinophils, surface marker expressions of these cells could

not be compared sufficiently between patient groups.

PCA

PCA was performed on the neutrophil data and eosinophil

data for the patients with adequate numbers of sputum

eosinophils (Fig. 5). Scree plots (not shown) indicated that

all PCAs comparing blood and sputum samples required

two components and the PCA comparing the two asthma

phenotypes required four components.

Principal component 1 separates samples from blood

and sputum for both neutrophils (Fig. 5a) and eosinophils

(Fig. 5b) accurately, demonstrating that receptor expression

profiles differ between sampling locations. The first princi-

pal component accounted for a total of 55 and 52% of the

variation in receptor expression for neutrophils and eosin-

ophils, respectively. Principal component 2 described a fur-

ther 16 and 23% of the variation.
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Fig. 2. Viability of sputum granulocytes. Sputum cells are typically

>90% viable, with <1% early apoptotic annexin-V single positive

cells and the remainder being necrotic or late apoptotic. Bars depict

means with standard deviation of patients with (n 5 13) and

without (n 5 8) sputum eosinophilia.
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compared to sputum. Expression of activation

markers on blood and sputum neutrophils
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As CD11b is both a classical activation marker

and a marker for degranulation of tertiary

granules, it is displayed twice. Boxes represent

medians 6 interquartile range (IQR) with

whiskers of 1�5 IQR according to Tukey’s

method. Light grey fills represent data points

below the isotype control median measured on

blood granulocytes. *P < 0�05, **P < 0�001

significant differences between blood and sputum

as determined by multiple Wilcoxon’s signed-

rank test corrected for multiplicity by Bonferroni

correction.
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In contrast, none of the four principal components dis-

tinguished between patients with or without eosinophils in

their sputum after a PCA on the combined data of blood

eosinophils, blood neutrophils and sputum neutrophils

(Fig. 5c). Separate PCA of surface marker data for blood

eosinophils, blood neutrophils and sputum neutrophils did

also not distinguish between patient groups (Supporting

information, Fig. S2).

Discussion

In our study, asthma patients (n 5 21) were characterized

by the presence or absence of sputum eosinophilia (> 3%

eosinophils: n 5 13, < 3%: n 5 8) at the time of inclusion.

At inclusion, the two patient groups showed clear differen-

ces in clinical parameters. Patients with sputum eosino-

philia had more uncontrolled asthma, blood eosinophilia

and trends towards higher FeNO, increased medication use

and lower FEV1.

However, there were no differences in the expression of

activation and degranulation markers between the two

patient groups. No correlations were found between surface

expression markers and markers of disease severity such as

ACQ or FEV1. Post-hoc analysis of the effect size for each

marker revealed a median effect sizes r of 0�146 (range

0�032–0�345), indicating that any effects missed due to the

small sample size would have been small. Therefore, we

conclude that activation or degranulation of granulocytes

in both blood and sputum are not associated with clinical

differences in eosinophilic and non-eosinophilic asthma,

defined by sputum analysis. The absence of differences in

marker expressions on sputum neutrophils is in line with

the finding of an activated phenotype of neutrophils in the

BAL of both healthy volunteers and chronic obstructive

pulmonary disease (COPD) patients [40] and supports the

hypothesis that the process of recruitment leads per se to

granulocyte activation.
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Our results confirm that sputum granulocytes have

increased expression of the classical activation marker

CD11b and decreased CD62L expression [8,10–13]. Both

neutrophils and eosinophils display a highly degranulated

phenotype, with up-regulation of markers for tertiary, spe-

cific and azurophilic granules on neutrophils and crystal-

loid and secretory granules on eosinophils. Interestingly,

the expression of secretory granule marker CR1 (CD35)

was already high on blood cells and did not increase further

on sputum cells. This can be explained by the fact that

secretory vesicles are the first to fuse with the membrane

and that in the peripheral blood of asthma patients this

process has already taken place [23,24]. Alternatively, CR1

may have been shed from the cell surface, as described in

other diseases [41].

CD54 has been described as an eosinophil activation

marker [42,43], which is expressed on sputum eosinophils

[12]. However, in line with another study [8], we did not

detect CD54 expression on sputum granulocytes, while

using the same antibody clone (MEM-111). The reason for

this discrepancy remains to be elucidated. We show CD69

to be an activation marker expressed on sputum eosino-

phils, just as found on BAL eosinophils [15].

Another important finding is the high up-regulation of

immune-regulatory protein CD274 on sputum neutro-

phils, and to a lesser extent on eosinophils (see Fig. 3).

Immune suppressive blood neutrophils have been shown

to up-regulate mRNA for this marker during acute inflam-

mation and employ it for suppression of T cell prolifera-

tion [26]. These cells cannot be identified as easily in the
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Fig. 5. Multi-dimensional analysis of flow

cytometric data. Object scores of each patient

(left) and loading plots of each marker (right) of

principal component analysis (PCA) of receptor

expression levels on blood and sputum

neutrophils (a) and eosinophils (b). Dashed lines

originate from the mean object scores of a group.

Component 1 showed a clear separation between

blood and sputum cell types with some residual

variation explained by component 2. Loading

plots indicate the contribution of each marker in

a component, with a large distance from 0

indicating a large influence. Markers which are

not (differently) expressed remain close to zero

on the x-axis, so play little role in the component

1. Markers up-regulated in sputum have positive

values for component 1 (e.g. CD11b), whereas

down-regulated markers (CD62L) have negative

values. PCA analysis did not discriminate

between patient groups (c) in any of the four

components. Group sizes were 21 (a), 13 (b)

and 21 (c).
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lungs, as cells have shed CD62L after leaving the blood-

stream, but the expression of CD274 supports the view that

sputum neutrophils might have a suppressive phenotype.

Interestingly, high expression has also been found in sar-

coid lung granulomas, even though the expression of

CD274 on neutrophils was not studied specifically. In addi-

tion, blockade of the PD-1 (the receptor for CD274) path-

way restores T cell functioning in vitro [27]. Taken

together, the expression of CD274 in the lungs of asthmatic

patients favours the hypothesis that sputum cells can mod-

ulate inflammation in asthma rather than merely causing

tissue damage and perpetuation of the inflammatory

response.

In conclusion, granulocytes in sputum display a highly

activated and degranulated phenotype compared to granu-

locytes in peripheral blood. However, sputum granulocytes

receptor profiles do not differ in presence or absence of

sputum eosinophilia in patients with asthma. Furthermore,

we found the immune-inhibitory protein CD274 to be

expressed specifically on sputum cells, supporting the

hypothesis that sputum granulocytes can have an immune-

modulatory instead of a detrimental role in asthma.
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Supporting information

Additional Supporting information may be found in the

online version of this article at the publisher’s web-site:

Fig. S1. Representative histograms of all measured

markers in blood (red) and sputum (blue). Filled solid

lines represent the relevant antibody, dashed lines indicate

isotype controls. Histograms are binned and normalized

for peak values.

Fig. S2. Object scores of principle components analysis

(PCA) on marker expression for each celltype and location.

PCA was performed on (a) blood neutrophils, (b) sputum

neutrophils and (c) blood eosinophils separately. None of

these analyses was able to discriminate between patient

groups. Dashed lines originate from median object scores

of patient groups; n 5 13 (>3% sputum eosinophils) and 8

(<3% sputum eosinophils).
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