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Asthma is a heterogenous disease with different inflammatory subgroups that differ
in disease severity. This disease variation is hampering treatment and development
of new treatment strategies. Macrophages may contribute to asthma phenotypes
by their ability to activate in different ways, i.e., T helper cell 1 (Th1)-associated,
Th2-associated, or anti-inflammatory activation. It is currently unknown if these different
types of activation correspond with specific infammatory subgroups of asthma. We
hypothesized that eosinophilic asthma would be characterized by having Th2-associated
macrophages, whereas neutrophilic asthma would have Th1-associated macrophages
and both having few anti-inflammatory macrophages. We quantified macrophage
subsets in bronchial biopsies of asthma patients using interferon regulatory factor
5 (IRF5)/CD68 for Thi-associated macrophages, CD206/CD68 for Th2-associated
macrophages and interleukin 10 (IL10)/CD68 for anti-inflammatory macrophages.
Macrophage subset percentages were investigated in subgroups of asthma as defined
by unsupervised clustering using neutrophil/eosinophil counts in sputum and tissue
and forced expiratory volume in 1s (FEV1). Asthma patients clustered into four
subgroups: mixed-eosinophilic/neutrophilic, paucigranulocytic, neutrophilic with normal
FEV1, and neutrophilic with low FEV1, the latter group consisting mainly of smokers.
No differences were found for CD206+ macrophages within asthma subgroups. In
contrast, IRF54+ macrophages were significantly higher and IL104+ macrophages lower
in neutrophilic asthmatics with low FEV1 as compared to those with neutrophilic asthma
and normal FEV1 or mixed-eosinophilic asthma. This study shows that neutrophilic
asthma with low FEV1 is associated with high numbers of IRF5+, and low numbers
of IL10+ macrophages, which may be the result of combined effects of smoking and
having asthma.
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INTRODUCTION

Asthma is a chronic respiratory disease characterized by
airway inflammation and heterogeneity in disease pathogenesis
and severity, symptom triggers, and treatment responses.
Cohort studies like UBIOPRED and SARP using clinical and
transcriptomics data have shown the existence of different
inflammatory subgroups (phenotypes) within asthma that are
likely driven by different mechanistic pathways (endotypes) (1-
3). This variation within the disease has hampered current
treatment of patients and the development of new treatment
strategies (4). A better understanding of the underlying disease
mechanisms within the different phenotypes is imperative to
improve treatment.

Macrophages are among the most abundant immune cells
within the lung and they can contribute to development and
progression of asthma as well as prevent asthma development in
mouse models through different functional subtypes associated
with Th1/Th17-driven inflammation, Th2-driven inflammation,
or resolution of inflammation (5-21). We have previously
shown that asthma patients have both more interferon-
regulatory factor 5 (IRF5)-positive macrophages, associated
with Th1/Th17 inflammation, and CD206-positive macrophages,
associated with Th2 inflammation, while having fewer anti-
inflammatory interleukin-10 (IL10)-positive macrophages as
compared to healthy controls (6, 9). We also showed that these
IRF5+ macrophages associate with having worse and IL10+
macrophages with having better lung function. However, no
studies as of yet have addressed whether the different phenotypes
of asthma associate with the presence of a specific macrophage
subtype, while this may give more insight into the underlying
disease mechanisms of each of these asthma phenotypes. We
therefore investigated different macrophage subtypes in relation
to asthma phenotypes in a well-characterized asthma cohort. We
used several parameters like neutrophil and eosinophil counts
in tissue and sputum and lung function to cluster patients into
inflammatory subgroups in an unbiased way. As eosinophilic
asthma is generally associated with Th2-high inflammation
and neutrophilic asthma with Th1/Th17 inflammation (3,
22), we hypothesized that eosinophilic asthma would be
characterized by having Th2-associated CD206+ macrophages,
whereas neutrophilic asthma would have Th1/Th17-associated
IRF5+ macrophages.

MATERIALS AND METHODS
Subjects

Bronchial wall biopsies of asthma patients (n = 138) originated
from cohorts previously studied by our group (6, 23-25). The
experimental protocols were approved by the Medical Ethical
Committee of the UMCG (METc 2007/007, clinicaltrials.gov
NCT00848406) and all subjects gave written informed consent.
We used eosinophil and neutrophil cell counts from biopsies and
sputum samples and pre-and post-bronchodilator lung function
to cluster asthma patients into inflammatory endotypes. As we
did not have all data for all patients, we finally included 79
patients for the cluster analysis. Table 1 presents the clinical

characteristics of the 79 asthma patients. For comparison, we
included data for 50 healthy subjects that we also studied
before (6).

Asthma Patients

Smoking and non-smoking patients with asthma, aged 19-
71 vyears, either using or not using inhaled corticosteroids
(ICS), were recruited from research cohorts in Groningen, the
Netherlands. They had a doctor’s diagnosis of asthma according
to GINA guidelines and documented reversibility and bronchial
hyperresponsiveness (BHR) to histamine in the past. Asthma
patients were extensively re-examined [see for study design
references (6, 23-25)] and were included in the study if they
showed a positive AMP provocation test (PCyAMP < 320
mg/mL), or if this was >320 mg/mL a positive histamine
provocation test (PCyohistamine < 32 mg/mL). Non-smokers
were defined as subjects who had not smoked during the last
year, had never smoked for as long as 1 year, and had not smoked
more than 0.5 pack years. The main exclusion criteria were: FEV1
< 1.21L, chronic obstructive pulmonary disease, bronchiectasis,
upper respiratory tract infection (e.g., colds) and/or use of anti-
biotics or oral corticosteroids within 2 months prior to inclusion
in the study.

Healthy Individuals

Healthy individuals were included if they met the following
criteria: (1) normal pulmonary health according to the physician,
(2) normal spirometry defined as FEV; > 80% predicted, an
FEV /forced vital capacity (FVC) greater than the lower limit of
normal, (3) no bronchodilator reversibility defined as an increase
in FEV; < 10% of the predicted value after administration of
400 pg salbutamol, and (4) no bronchial hyperresponsiveness to
methacholine. Non-smokers were defined as subjects who had
not smoked during the last year, had never smoked for as long
as 1 year, and had not smoked more than 0.5 pack years.

Lung Function

A daily-calibrated spirometer was used to perform lung
function tests according to standardized guidelines as previously
described (26). FEV; was measured with a calibrated water-
sealed spirometer (Lode Spirograph D53, Lode Instruments,
Groningen, The Netherlands) according to standardized
guidelines (27). After administration of 400 pg albuterol the
reversibility of FEV| (% predicted) was measured. Provocation
tests were performed as published previously (6, 23-25). Subjects
received an initial nebulized 0.9% saline challenge, followed by
doubling concentrations of AMP (0.04-320 mg/mL) by 2-min
tidal breathing at intervals of 5min. BHR to histamine was
measured by doubling concentrations ranging from 0.13 to 32
mg/mL using the 30-s tidal breathing method (28).

Sputum Induction and Processing

Sputum was induced by inhalation of 5% hypertonic saline
aerosols over three consecutive periods of 5min. Processed
whole sputum samples were stained with May Griinwald Giemsa
to obtain cell differentials by counting total 600 viable, non-
squamous cells. Sputum was not used if the percentage of
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TABLE 1 | Characteristics of patients in the different asthma subgroups and healthy controls (added for comparison).

Patient characteristics Healthy Mixed Neutrophilic Neutrophilic Paucigra- p-value
(n = 50) eosinophilic low FEV, normal FEV,4 nulocytic (without
(n=14) (n= 24) (n=21) (n =20) healthy)
Age (years) 46 +18 49 + 11 54+9 47 £12 47 +£13 0.08
Gender (female/male) 21/29 6/8 717 13/8 10/10 0.17
BMI 242 +3.9 26.6 £5.2 2568+ 4.5 29.0+5.9 279+ 4.4 0.19
Atopy (yes/no/unknown) 0/50/0 12/2/0 18/5/1 14/7/0 12/5/3 0.58
ICS use (yes/no) 0/50 /7 11/13 10/11 15/5 0.20
Smoking (pack years) 55+ 11 0.3+0.7 16 £ 14 6+ 10 6+ 10 1.4E-04
Current smokers (yes/no) 17/38 0/14 10/14 1/20 4/16 2.4E-03
Lung function parameters
FEV4 (% predicted) 103 £ 13 101 £ 18 73+13 101 £8 101 £ 13 1.1E-07
FEV; after Bo-agonist (% predicted) 106 + 13 101 + 18 82 + 13 107 +£ 8 101 +£ 13 2.1E-08
FEV4/FVC 78+ 6 68 + 11 58 +£ 10 787 70£10 2.2E-07
MEFso (% predicted) NA 70 + 30 45 + 16 83 +23 74 + 26 4.8E-06
PCoo AMP (mg/mL) 621 £+ 96 154 + 266 160 £ 229 482 + 260 249 + 298 3.5E-04
Biopsy cell counts
Eosinophils (number per 0.1 mm? tissue area) 1.8+ 3.6 18.9 +£ 8.8 1.7+25 2.6 +£3.3 23+21 6.8E-19
Eosinophils (positive pixels per 0.1 mm? tissue area) NA 2007 £ 1650 163 £+ 155 235 + 405 269 + 329 1.9E-10
Neutrophils (number per 0.1 mm? tissue area) NA 6.6 + 5.1 7.8+6.2 11.4+£6.7 23+21 1.7E-05
Sputum cell counts
Neutrophils (%) 49 + 22 49 +19 66 + 18 58 + 24 40+ 10 1.0E-04
Eosinophils (%) 0.5+£09 102 £17.4 14+16 0.5+0.7 1.6+23 1.5E-03

The p-value is derived from a one-way ANOVA comparing differences between the asthma subgroups excluding the healthy individuals for continuous data and a Chi-square-test for
nominal data. Data are presented as mean =+ standard deviation. NA: not assessed. Bold values indicate significant differences.

squamous cells was >80% or if the total number of non-
squamous cells was <600.

Collection and Processing of Bronchial
Biopsies

Bronchial biopsies were collected with a flexible bronchoscope
(type Olympus BF P20 or BF XT20; Olympus, Center Valley,
PA) under local anesthesia. The biopsies were obtained from
segmental divisions of the main bronchi and thereafter fixed in
4% formalin. After processing, the biopsies were embedded in
paraffin and cut into sections of 3 pum thickness.

Histology

All immunohistochemical stainings (except for macrophages)
were performed in an automated system using a DAKO
(DAKO, Glostrup, Denmark) autostainer in three consecutive
runs per cell marker. The slides were included in random
fashion in each run to avoid group-wise staining. Eosinophils,
neutrophils and IL17+ cells were assessed with specific
antibodies against eosinophilic peroxidase (EPX) (laboratories
of NA Lee and JJ Lee, Mayo Clinic, Scottsdale, AZ), neutrophil
elastase (NP57; DAKO), and IL17 (R&D Systems, Abingdon,
UK). Sections were deparaffinized and, after antigen retrieval,
incubated with the primary antibodies. These antibodies were
detected with Envision Detection Kit (DAKO) followed by the
chromogen NovaRED (Vector Labs, Burlingame, CA). EPX was

detected using biotinylated antimouse IgG; (Southern Biotech,
Birmingham, AL) and alkaline phosphatase-labeled conjugate
(DAKO) followed by permanent Red (DAKO). Sections were
manually counterstained with methylgreen.

Stainings for eosinophils, neutrophils and IL17+ cells were
quantified by a blinded observer using computer-assisted image
analysis at a magnification of 200x (Qwin software, Leica
Microsystems Imaging Solutions, Cambridge, UK or ImageScope
analysis software, Aperio, Vista, CA, USA). The largest of three
biopsy sections was chosen for quantification. The number of
positively stained cells was counted in the submucosal area
100 wm under the basement membrane (BM) in a total area of 0.1
mm? per biopsy sample. For eosinophils also numbers of EPX+
pixels were determined and expressed per total area of 0.1 mm?
per biopsy sample.

To identify percentages of macrophage subsets in bronchial
biopsies, a general macrophage marker CD68 was used in
combination with subset-specific markers as described before
(6). In this previously reported study, we reported absolute
numbers of double-positive cells per length of basement
membrane, which generated quite some variation as some
sections/patients contained many macrophages and therefore
also more macrophages of specific subsets. To decrease variability
between patients, for this study we reanalyzed the sections
to generate relative numbers. To do this, we counted all
CD68+ cells per section and all cells double-positive for
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CD68 and the subset-specific marker and calculated the
percentage of double-positive cells of the total number of
CD68+ cells present in the section. These percentages were
used for further analyses. We identified Th1/Th17 inflammation-
associated macrophages (formerly known as M1) using a double
staining for CD68 (anti-CD68, DAKO, Heverlee, Belgium)
and IRF5 (anti-IRF5, ProteinTech Europe, Manchester, UK).
Th2 inflammation-associated macrophages (formerly known as
M2) were identified using a double staining for CD68 (anti-
CD68, Abnova, Heidelberg, Germany) and CD206 (anti-CD206,
Serotec, Puchheim, Germany). Anti-inflammatory macrophages
were identified using a double staining for CD68 (anti-CD68,
DAKO) and IL-10 (anti-IL10, Hycult Biotech, Uden, The
Netherlands) using standard immunohistochemical procedures.

In short, sections were deparaffinized and antigen retrieval
was performed by overnight incubation in Tris-HCL
buffer pH 9.0 at 80°C; thereafter sections were incubated
with rabbit anti-IRF5 followed by mouse anti-CD68 or
mouse anti-CD206 followed by rabbit anti-CD68. Next,
sections were incubated with two secondary antibodies
together: horseradish peroxidase (HRP)-conjugated goat-anti-
mouse antibody and alkaline phosphatase (AP)-conjugated
goat-anti-rabbit antibody.

For IL-10 stainings, antigen retrieval was performed by
heating the sections in citrate buffer at pH 6.0 for 10 min
at sub-boiling temperature. The sections were pretreated with
1% bovine serum albumin (Sigma Aldrich, Zwijndrecht, The
Netherlands) and 5% milk powder in PBS for 30 min and
incubated with rabbit anti-IL-10 overnight. Subsequently, the
sections were incubated with mouse anti-CD68 followed by
two secondary antibodies together: HRP-conjugated goat-
anti-rabbit antibody and alkaline AP-conjugated goat-anti-
mouse antibody.

The AP-conjugated antibodies first visualized
using an immunoalkaline phosphatase procedure with 5-
bromo-4-chloro-3-indolyl-phosphate/nitro  blue tetrazolium
(BCIP/NBT) as chromogen (Vector, Burlingame, CA, USA).
Next, the HRP-conjugated antibodies were visualized with
ImmPACT NovaRED (Vector, Burlingame, CA, USA)
as chromogen.

All stainings were quantified by morphometric analysis using
ImageScope analysis software (Aperio, Vista, CA, USA). Two
blinded observers manually counted the CD68 single-positive
and subset double-positive cells in whole bronchial biopsy
sections per length of intact basement membrane and extending
100 wm into the intact submucosa, excluding vessel and smooth
muscle. The scores of the two observers were averaged. Data
are expressed as the percentage of double-positive cells of CD68
single-positive cells.

were

Statistics

To group patients, unsupervised hierarchical clustering without
specifying a number of clusters was performed based on
inflammatory cell counts and lung function (29, 30): Sputum
eosinophils (%), biopsy eosinophils (EPX+ area), biopsy
eosinophils (number of EPX+ cells), sputum neutrophils
(%), biopsy neutrophils (number of NP57+4 cells), baseline

FEV], maximum FEV;] from all asthma patients were used
as input for the hierarchical clustering method. The data
was first standardized (i.e., z-scores) and clustered by average
linkage clustering and using Pearson correlation as distance
metric (performed in T-MEV 4_9_0). No additional work
was done to decide on an optimal number of clusters. The
clusters were named using the patterns shown by z-scores,
i.e., eosinophilic/mixed, paucigranulocytic, neutrophilic with low
FEV1, or neutrophilic with high FEV1.

Normality of distributions was assessed using D’Agostino-
Pearson omnibus test. When data were not normally distributed,
log or square root transformations were performed. Asthma
inflammatory subgroups were compared using a one-way
ANOVA with post-hoc pairwise comparisons for continuous
data or a Chi-square test for nominal data in ArrayStudio.
Correlations were testes with a Spearman correlation test.
All asthma subgroups combined and healthy individuals
were compared using a Student’s f-test. Data are shown as
aligned dot plots with line at median. P-values < 0.05 were
considered significant.

RESULTS

Four Inflammatory Asthma Phenotypes
Identified by Clustering

Our dataset consisted of 138 smoking and non-smoking
patients and to identify asthma phenotypes, we used eosinophil
and neutrophil cell counts from bronchial biopsies and
sputum samples and pre-and post-bronchodilator FEV1. For
79 patients we had complete datasets and we clustered those
patients into phenotypes. The clustering resulted in five
asthma phenotypes (Figure1): (1) asthma characterized by
mixed eosinophilic and neutrophilic inflammation (Eos/Mix);
(2) neutrophil-predominant asthma with low FEV; (Neutro
Low FEV); (3) biopsy neutrophil-predominant asthma with
normal FEV; (Neutro Normal FEV); (4) sputum neutrophil-
predominant asthma with normal FEV; (Neutro Normal FEV);
(5) paucigranulocytic asthma (Pauci). We decided to combine
group 3 and 4 as both had normal FEV; and high numbers
of neutrophils either in sputum or biopsy tissue. There is no
gold standard to decide what compartment defines neutrophilic
inflammation best and sputum and biopsy neutrophils did not
correlate (Spearman correlation rho = 0.086, p = 0.44). To
avoid selection bias, we therefore decided that high neutrophil
counts in either sputum, tissue or both defined patients
as neutrophilic.

We found no significant differences across the asthma
phenotypes for inhaled corticosteroid use (ICS, as analyzed by
use or by dose), atopy status, body mass index (BMI), age and
sex. However, patients with neutrophilic inflammation and a low
FEV; had more pack years of smoking and were more often
current smokers compared with the other phenotypes. This effect
was not caused by inclusion of COPD patients as a diagnosis of
asthma was confirmed by a pulmonologist and patients also had
to have airway hyperresponsiveness. Patient characteristics of the
patients with the four asthma phenotypes are described in the
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FIGURE 1 | The clustering analysis based on neutrophil and eosinophil counts and lung function resulted in five groups of patients of which four had phenotypically
different disease: patients with asthma characterized by mixed eosinophilic/neutrophilic inflammation (Eos/Mix), with neutrophilic asthma with low FEV4 (Neutro Low
FEV), with neutrophilic asthma with normal FEV; (Neutro Normal FEV), or with paucigranulocytic asthma (Pauci).

2.5

Sputum Eos (%)

Biopsy eosinophil (EPX+ area)

Biopsy eosinophils (EPX+ cells)

Sputum Neutro (%)

Biopsy neutrophil (NP57+ cells)
Baseline FEV

Max FEV

Table 1, together with a group of 50 healthy control subjects that
have been used as a reference before (6).

Patients With Neutrophilic Asthma and
Low FEV1 Have the Most IRF5+
Macrophages and the Fewest IL10+
Macrophages of All Patients

We subsequently investigated how many of the different
macrophage subsets were present in bronchial biopsies of these
asthma patients. We first established whether the previously
reported differences between asthma patients and healthy
individuals were still present in this subset of 79 patients and
found this to be the case (6). Asthma patients had significantly
more CD206+ (p = 3.9E-17) and IRF5+ (p = 1.9E-17), and
fewer IL10+ macrophages (p = 3.1E-15) than healthy individuals
(Figure 2).

When then comparing macrophage subsets within the
different asthma subgroups, we found CD206+ macrophages
were not significantly different between the different patient
groups (Figure 2A) and also did not correlate with the number of
eosinophils in sputum or tissue (data not shown). The presence
of the other two macrophage subsets was different among the
asthma subgroups. We found that patients with neutrophilic
asthma and low FEV1 had the most IRF54+ macrophages of
all asthma subgroups, which was significantly different from
patients with mixed eosinophilic asthma and patients with
neutrophilic asthma and normal FEV1 (Figure 2B). This pattern
was approximately reversed for IL10+ macrophages. Patients
with neutrophilic asthma and low FEV1 had the fewest IL10+
macrophages of all asthma subgroups, which was significantly
different from patients with paucigranulocytic asthma and
patients with neutrophilic asthma and normal FEV1 (Figure 2C).

Since the subgroup of patients with neutrophilic asthma and low
FEV1 had significantly more current smokers and pack years
than the other groups, we checked if presence of IRF5+ or IL10+
macrophages correlated with smoking history, but this was not
the case. Neither did we find significant differences between
smokers and never/exsmokers or patients using corticosteroids
or not (data not shown).

As IL17 is associated with neutrophilic inflammation (31), we
wondered whether the striking difference between the two patient
groups with neutrophilic inflammation could be explained by
differential presence of IL17. The number of IL17+ cells was
reported on before in this patient group (32) and we studied their
numbers in the 79 patients included in this dataset. However, no
significant differences were found between the four subgroups of
patients (Supplemental Figure 1).

DISCUSSION

We set out to investigate the association of different asthma
phenotypes with types of macrophage activation to better
understand underlying asthma endotypes. We now show that
high percentages of pro-inflammatory IRF5+ macrophages and
low percentages of anti-inflammatory IL10+ macrophages are
significantly associated with a subgroup of asthma patients
that smoke and have neutrophilic inflammation with low
FEV1, but not with those that have neutrophilic inflammation
with normal FEV;. These observations show that there are
different types of neutrophilic asthma that can be distinguished
by macrophage activation patterns suggesting differences in
underlying disease mechanisms.

The association of smoking with neutrophilic asthma and
lower lung function has been shown before in multiple
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of IRF5+ macrophages present in bronchial biopsies of patients from the four subclusters. (C) The percentage of IL10+ macrophages present in bronchial biopsies of
patients from the four subclusters and healthy controls. *Healthy controls were added for comparison and are significantly different (p = 1.9E-17 for IRF5+,
p = 3.9E-17 for CD206+, and p = 3.1E-15 for IL10+ macrophages respectively) from individuals with asthma as we have reported before (6). The asthma subgroups
were compared using one-way ANOVA with post-hoc testing to compare groups, p-values < 0.05 were considered significant. ICS, inhaled corticosteroids.
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publications, as reviewed by Polosa and Thomson (33).
Remarkably this subgroup also had the highest percentage of pro-
inflammatory macrophages usually associated with Th1/Th17
inflammation. We have previously shown in mice that IRF5+
macrophages are mainly present in neutrophilic inflammation
(5), but we now show that just having neutrophilic inflammation
is not enough as these macrophages mostly associate with
smoking-related neutrophilic inflammation with low FEV;
and not with neutrophilic inflammation with normal FEV;.
This suggests that smoking and/or another factor could be
adding to this specific phenotype and we therefore investigated
IL17 production. IL17 is an important cytokine promoting
neutrophilic inflammation and plays a role in smoking-induced
inflammation and has been associated with poor lung function
(34, 35). However, we did not find evidence for IL17 being
involved as all subgroups of asthma had similar numbers of

IL17+ cells in bronchial biopsies. In addition, from the data
in Figure2 it appears non-smokers on average have higher
percentages of IRF54+ macrophages than smokers within the
neutrophilic low FEV1 group. Therefore, other factors seem to be
responsible for the specific induction of IRF5+ macrophages in
smoking-associated neutrophilic asthma. Interestingly, patients
with this smoking-associated neutrophilic asthma and low FEV
also had the lowest percentage of anti-inflammatory IL10+
macrophages of all subgroups. Moreover, smokers within this
group seem to have the least of these macrophages as compared to
non-smokers. Anti-inflammatory macrophages can be induced
by corticosteroids and stimulate resolution of inflammation (7).
Although patients with high neutrophils/IRF5+ macrophages
and low FEV; received similar ICS treatment (in dose and
frequency) as the other groups, this was not associated with
having better lung function or having more IL10+ macrophages.
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This may suggest steroid insensitivity in smoking asthmatics as
has been reported before (33).

CD206+ macrophages were not significantly different
between the asthma phenotypes. These macrophages are
typically induced by Th2-type inflammation, characterized by
high numbers of eosinophils and levels of cytokines like IL4
and IL13, but we did not find more CD206+ macrophages
in bronchial biopsies of patients with eosinophilic/mixed
inflammation. This may suggest that these patients do not
have dominant Th2-inflammation as compared to the other
phenotypes, possibly as a consequence of ICS use and being
relatively well-controlled. An alternative explanation is that
our marker CD206 (the mannose receptor) is less efficient in
picking up differences in higher levels of Th2 inflammation.
The fact that all asthma subgroups had significantly more
CD206+ macrophages than healthy controls does indicate that
the inflammation in all asthma subgroups has some level of
Th2 inflammation.

A limitation of our study is the somewhat artificial subdivision
of macrophages into three activation states while in vivo they
appear as a continuous spectrum rather than discrete subsets
(36). This is also evident from the fact that the sum of the
three subsets often adds up to over 100%, suggesting overlap
in markers between subsets. A way to move the field forward
would be the use of dozens of markers with tissue cytof (37)
and subsequent unbiased clustering of macrophage populations
based on expression of these dozens of markers. This combines
the advantages of flow cytometry without the risk of losing
specific cells during isolation and with the preservation of
spatial information.

In conclusion, our study has shown that neutrophilic asthma
with low FEV1 is associated with high numbers of IRF5+, and
low numbers of IL10+ macrophages, which may be the result of
the combined effects of smoking and having asthma.
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