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Take home messages (233 characters)

Proportions of conventional dendritic cell subsets and the expression of co-stimulatory and
co-inhibitory molecules in cDC2s are altered in asthma patients. These changes are most

pronounced in asthmatics with frequent exacerbations.

(1106 words of 1200)

To the editor:

In the last decades it has become clear that dendritic cells (DCs) critically contribute to the
development of T helper 2 (Th2)-mediated allergic diseases, such as asthma. Two main
conventional DC (cDC) subsets, type 1 cDCs (cDC1s) and cDC2s, can be identified based on
the expression of cell-surface molecules and transcription factors [1]. Using mouse models in
which specific DC subsets are targeted or by adoptive transfer of DC subsets, it has been
shown that upon activation in the airways cDC2s migrate towards the lung-draining lymph
node where they induce allergen-specific Th2 cells, which subsequently promote eosinophilic
airway inflammation [2]. The role of cDC1s in asthma is more controversial, although most
recent reports indicate that cDC1s can efficiently suppress allergic airway inflammation [3],
either by the induction of regulatory T cells [4] or through increased interleukin (IL)-12
production [5]. These functional properties of DC subsets were evaluated in mouse models,
but to date it is unclear how these findings reflect the characteristics of cDC subsets in
asthmatic patients with different disease severities. Therefore, we questioned whether DC
subset frequencies and the surface expression of co-stimulatory and co-inhibitory molecules
differ between healthy persons and asthmatic patients. To investigate this, we focused on the
Th2-stimulatory molecules (CD86, OX40L) and Th2-inhibitory molecule PD-L1 [6-8].



We used multi-color flow cytometry to identify DC subsets and their expression
levels of co-stimulatory and co-inhibitory markers in peripheral blood [9]. We characterized
cDCs in 59 asthma patients that were treated with inhaled corticosteroids corresponding with
a global initiative for asthma (GINA) 3/4 score and 28 age/sex-matched healthy individuals.
The study was approved by the Medical Ethical Committee of the Erasmus MC Rotterdam,
and written informed consent was obtained from every participant prior to study inclusion.
Patients were divided in three subgroups, based on the number of exacerbations in the year of
blood withdrawal (0, 1 and >1). The proportion of eosinophils was increased in asthma
patients as compared to healthy individuals, but was independent of the number of
exacerbations per year (data not shown). After exclusion of T-cells, B-cells, and CD14 or
CD16-expressing monocytes, cDC1s and cDC2s were characterized based on surface
expression of CD11c and HLA-DR together with intracellular IRF4 or IRF8, respectively
(Figure 1A). The frequency of total cDCs in PBMCs was reduced in asthma patients
compared with healthy controls (Figure 1B). This decrease was most pronounced in
asthmatic patients that exhibit more than 1 exacerbation per year. Within cDCs, a specific
decrease in the proportion of cDC1s was observed whereas the relative proportion of cDC2s
was increased in asthmatics. Strikingly, the increase in cDC2 was particularly observed in
patients with multiple exacerbations per year (Figure 1B).

Conventional DC2s of asthmatics expressed lower levels of PD-L1 compared with
healthy individuals, particularly cDC2s from patients with >1 exacerbation/year (Figure 1D).
Also, the expression levels of costimulatory molecules CD86 and OX40L in cDC2s of
asthmatics were increased compared to controls (Figure 1D). OX-40L expression was highest
on cDC2s from patients with 0 or 1 exacerbation/year.

Frequencies of cDCs and expression of co-inhibitory and co-stimulatory markers on
cDC2s did not correlate with other clinical parameters such as fractional exhaled nitric oxide
(FeNO), lung function (FEV1), IgE levels, or eosinophil count and proportions in peripheral
blood (data not shown). Although the ACQ score significantly correlated with the number of
exacerbations per year, it was not predictive for cDC frequencies or phenotype (data not

shown).

Alterations in the proportion of cDC subsets and their expression of co-stimulatory and co-
inhibitory molecules could contribute to the predisposition of asthmatics to develop Th2-

associated inflammation, as is already shown in murine experimental asthma models [6-8].



In line with these murine experiments, we found decreased expression of the co-
inhibitory molecule PD-L1 expression on cDC2s of asthma patients with frequent
exacerbations and not in patients without exacerbations. Reduced PD-L1 expression is
associated with disease severity, as the expression during stable disease and exacerbation is
not different (data not shown). Increased CD86 and OX-40L expression on DCs is crucial
during the induction of Th2 responses in several experimental airway inflammation mouse
models [6-8]. Interestingly, we have observed in our cohort that CD86 and OX-40L
expression was increased in cDC2s. These data suggest that cDC2s of asthmatics display a
phenotype associated with Th2-inducing capacities. Unexpectedly, OX-40L expression on
cDC2 was only elevated in patients with 0-1 exacerbations, however this was not associated
with a more pronounced Th2 inflammatory profile, as determined by eosinophil frequency
and IgE levels. Additionally, lower OX-40L expression on cDC2s of asthma patients with
multiple exacerbation might indicate involvement of other, Th2-independent, inflammatory
processes, as has been suggested before [12].

Previously no differences were observed in the absolute counts of cDCs between
allergic patients and healthy individuals [10]. Additionally, increased numbers of DCs,
expressing CD141, a marker specific for cDC1s, were found, whereas CD1a" DCs, most
likely representing cDC2s, were decreased [10]. Similarly, increased frequencies of CD141"
DCs were found in HDM-atopic asthmatic adolescents as compared to non-atopic individuals
[11]. The differences between these studies and our findings could originate from i) the
analysis of cell frequencies instead of absolute cell counts, or ii) from the markers used to
define the different DC subsets, and iii) patient characteristics. In our study, we relied on the
transcription factors IRF4 and IRF8, which were recently shown to represent robust markers
to distinguish cDC1s from c¢DC2s in many tissues and species [9]. Future research should
show whether the observed changes in peripheral blood cDC frequencies and characteristics
(as determined by IRF4 and IRF8 expression) correlate with the changes in the airways of
asthmatics.

In summary, we have provided evidence that proportions of cDC1s and cDC2s are
altered in peripheral blood of asthma patients, in favour of cDC2s, especially in patients with
frequent exacerbations. In addition, the expression of OX-40L was specifically increased on
cDC2s of asthmatics with none or few exacerbations, whereas cDC2s of asthmatics with
frequent exacerbations expressed lower amounts of PD-L1. This suggests that the frequency
and phenotype of cDC2s could differentiate between patients that exhibit a low or a high

number of exacerbations per year, and should be studied in more detail in future research.
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Figure Legends

Figure 1: Altered expression of PD-L1, HLA-DR, CD86 and OX40L in cDCs of
asthmatic patients. (A) Gating strategy for cDC1s and cDC2s in PBMCs by flow cytometry.
(B) Frequency of total cDCs, cDC1s and ¢cDC2s in PBMCs of HC and asthma patients by
flow cytometry. (C) Enumeration of the MFI of PD-L1, CD86, and OX-40L on cDC2s of HC
and asthma patients by flow cytometry. The following flow cytometric antibodies were used
to characterize DC subsets and expression of co-stimulatory and co-inhibitory molecules;
CD11c (clone 3.9), CD14 (clone M5E2), CD16 (clone 3G8), CD86 (clone 2331 (FUN-1)),
CD123 (clone 7G3), IRF4 (clone 3E4), IRF8 (clone V3GYWCH), PD-L1 (clone M1H1),
HLA-DR (clone G46-6) and OX-40L clone ik-1). The lineage mix contained CD3 (clone
UCHT1), CD19 (clone HIB19) and CD20 (clone 2H7). IRF4 and IRF8 staining was
performed intra-cellular, as described previously [9]. Data was acquired on a LSRII (BD
Biosciences). Significance was determined using a Mann-Whitney U test, * = p < 0.05, ** =

p < 0.01, *** = p <0.001.



Figure 1

Gated as: Alive, Lin", HLA-DR?,
CD14-, CD16"

cDCs

v

10° 60.8

Total cDCs

% of alive
N

C cDC2
PD-L1 CD86
800 - e 1200 - i 500 ;
*%
T 600 ° o 8 :cr' 4001
a o o 800 %
o o O & 3001
T 4001 T T
= = = 2001
400
2001 100 1
0 0 04

(e]e}

% of cDC

cDC1
p=0.08
o *
O k%
1 800 (@] (@]
Seo

oo

(1'.

I HC

ﬂ Asthma

171 0 exacerbation
[2] 1 exacerbation
ﬁ >1 exacerbations

% of cDC

100




