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Effects of myeloid and plasmacytoid dendritic cells
on ILC2s in patients with allergic rhinitis
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Abstract

Background: Group 2 innate lymphoid cells (ILC2s) were reportederve a critical
role in allergic diseases. Myeloid dendritic cefleDCs) and plasmacytoid DCs
(pDCs) play significant roles in allergic immunespense. However, effects of DCs
on ILC2s in allergic diseases, especially for pdtewith allergic rhinitis (AR),
remain unclear.

Objective: We aimed to address the roles of mDCs and pDQggunlating ILC2
function in AR.

Methods: mDCs and pDCs were co-cultured with human PBM@daied from
patients with AR or ILC2s to measure soluble ormaogllular Th2 cytokines,
transcription factors, signaling pathways in ILC25d the following mechanisms
were further investigated. The levels of periphdtaB3*'mDCs, pDCs and ILC2s
were studied in patients under an inhaled alleaygtienge.

Results: We confirmed the presence of ILC2s, mDCs and pDGke nasal mucosa
of patients of AR. Both allogenic and autologous@sDwere found to activate ILC2s
from patients with AR to produce Th2 cytokines, amcrease the levels of GATA-3
and STAT signaling pathways, in which IL-33-prodwgimDCs exerted the major
role by binding on ST2 on ILC2s. We further ideietf high levels of IL-33mDCs
and ILC2s in patients with AR under antigen chajkenActivated pDCs inhibited the
cytokine production of ILC2s isolated from patientish AR by secretion of IL-6.
Conclusions: mDCs promote ILC2 function by the IL-33/ST2 pathwaand
activation of pDCs suppresses ILC2 function throligié in patients with AR. Our
findings provide new understanding of the interplastween DCs and ILC2s in

allergic diseases.
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Key messages
* mDCs activate the ILC2s through the IL-33/ST2 patiaw
« Inhaled allergen significantly increased the lews#l$_-33'mDC and ILC2s in
patients with allergic rhinitis.

» Activation of pDCs suppresses the ILC2 functiorotigh IL-6.

Capsulesummary
mDCs and pDCs can regulate ILC2 function in alleminitis. Our findings offer a
novel understanding of the interplay between DCd Bi€2s in the pathology of

allergic diseases.

Key words: Group 2 innate lymphoid cells, myeloid dendritic cells, plasmacytoid dendritic

cells, allergic rhinitis, interleukin-33, ST2, interleukin-6

Abbreviations used

ANOVA: Analysis of variance

AR: Allergic rhinitis

CFSE: Carboxyfluorescein diacetate succinimidysttie
DCs: Dendritic cells

Der p1: Dermatophagoides pteronyssinus

GATAS: GATA binding protein 3

GM-CSF: Granulocyte-macrophage colony-stimulatecidr

HC: Healthy control
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HDM: House dust mite

ILCs: Innate lymphoid cells

ILC2s: Group 2 innate lymphoid cells

IFN: Interferon

IL: Interleukin

IL-1R1: IL-1 receptor like-1 component
IL-6R: IL-6 receptor

Lin": Lineage-negative

LPS: lipopolysaccharide

mDCs: Myeloid dendritic cells

mo-DCs: Monocyte derived dendritic cells
PBMCs: Peripheral blood mononuclear cells
pDCs: Plasmacytoid dendritic cells

PD-1: Programmed cell death 1

PD-L1: PD-1 ligand 1

PMA : Phorbol 12-myristate 13-acetate
sST2: Soluble ST2

Th2 cells: Type 2 helper T cells

TLR: Toll-like receptor

TSLP: Thymic stromal lymphopoietin

VAS: Visual analogue scale
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INTRODUCTION

Allergic rhinitis (AR) is now recognized as an efhmatory disorder of the nasal
mucosa brought about by a dysregulated immune messpto inhaled antigers,
affecting 400 million people worldwide and which ascompanied by substantial
adverse effects on quality of life and health-caxgenditure$. There clearly is an
unmet clinical need for more effective therapies &R. The immunopathology
underlying AR represents the outcome of a Type |Ipenel (Th2)-skewed immune
responses, and several cells including dendritis @Cs) and the epithelial cells are
involved in this response. It is now establisheat t8D4 Th2 cells are the major
source of production of Th2 cytokines and the ppakdrivers of the deleterious
immune response in the pathogenesis ofAR.

Group 2 innate lymphoid cells (ILC2s) were rebemeported to play a critical
role in the pathogenesis of allergic disease, amdetime play more important role
than Th2 cell$:® ILC2s exert these effects by producing large gtiaatof interleukin
(IL)-5, IL-9, and IL-13 and some amount of IL-4 rasponse to IL-25, IL-33, and
thymic stromal lymphopoietin (TSLP) produced bytkelial cells®*?We previously
reported that there were high levels of ILC2s ia biood of patients with AR and
asthma ** * Because the biology of the Th cell and innate lyoig cell (ILC2)
subset is greatly shared, there is an analogy leetvadaptive T cells and their ILC
counterpart$® *°ILC2s, for examples, express high levels of GATAding protein 3
(GATA3), which also guides the differentiation ohZ cells!” Since Th2 cell
polarization is also driven by DCs, the most imaottantigen-presenting cells in
response to the stimulation of allergen, it is digueompelling to know whether
ILC2s can also be regulated by DCs.

In humans, circulating DCs are subdivided into mwajor subsets that include
6
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CD11¢ myeloid dendritic cells (mDCs) and CDI2Blasmacytoid dendritic cells
(pDCs) ¥ |t is well established that mDC function is cructal the etiology of
allergic diseases by inducing Th2 immunity to irtuabllergené® Conversely, pDCs
are thought tattenuate the magnitude of the allergic responsaapic dermatitis,
AR, or asthm&" %’ Interestingly, cytokines secreted by DCs playgmificant role in
promoting ILC function and polarization. ILC3s prme IL-17 and IL-22 in
response to DC-derived IL-23 and IB;1which promotes innate immunity to
fungi and extracellular bacteffd Furthermore, CD103DCs were thought to drive
ILC1 to ILC3 conversiorf? Together, these data identify DCs as the bridgedsn
innate and adaptive immune systems. mDCs are thdagtroducdlL-33, which is
one of the most important cytokines to activate 26€° The pathogenic role of the
IL-33/ST2 axis in autoimmune and inflammatory ddens have been recently
highlighted®®*® Whether DCs have the potential to regulate thetfan of ILC2s in
the pathogenesis of AR is unclear. There are nortepn effects of mDCs on ILC2s.
Only one group reported that the activation of pCAlleviates airway inflammation
by suppressing ILC2 function and survival in a neusodel of asthm&. They also
identified that the supernatant of human activgiB@s significantly suppress IL-5
and IL-13 production by ILC25. However, they did not investigate the effects of
pDCs on ILC2s by directly culturing them togethespecially not for the allergic
diseases in human.

In this study, we investigated the effects of mxad pDCs on ILC2 function in
patients with AR. A major effort of this study wa&ected to differentiating the
relative roles of mDCs and pDCs on ILC2 functiowl @&tentifying the mechanisms in
these sequences. A particular focus of the studyneed the expression of IL-33 in

mDCs from AR patients after the antigen stimulation
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METHODS
The detailed methods are presented in the Methedsors in this article’s Online

Repository at www.jacionline.org.

Subjects

A total of 48 subjects with AR and 7 healthy subjasere enrolledThe inclusion and
exclusion criteria are presented in the Methodgi@ecin this article’s Online
Repository at www.jacionline.org. Baseline charasties and clinical parameters are
given in Table 1, and the numbers about the subjemt each experiment were
indicated in Table E1. The study was approved byHthics Committee of The First
Affiliated Hospital, Sun Yat-sen University, Chiaad informed consent was obtained

from all subjects.

Allergen challenge
Seven patients with AR and 7 healthy subjects werpientially challenged with an
inhaled saline-control (as basal control) and g#ar of house dust mite (HDM)
extract (ALK, Horsholm, Denmark). A working conceaatton of HDM was
administered using paper disks placed in the iofdrrbinate. Peripheral blood was
collected for the examination of IL-38DCs or ILC2s at 0.5 h after the challenge of
saline and allergen.

The peripheral blood before challenge was also usedsolate CD12

monocytes for generation of mDCs, and mDCs wene tiecultured with autologous



173  peripheral blood mononuclear cells (PBMCs) whichraveollected 1 week later to
174  identify the effects of mDCs on autologous ILC2s.

175

176  Generation of monocyte-derived DCsin vitro

177  The generation of monocyte derived DCs (mo-DCsanfraonocytes was performed
178 as described in our previous repoftThe detailed methods are presented in the
179  Methods section in this article’s Online Repositatyvww.jacionline.org.

180

181  Statistical analyses

182  Differences between two groups were analyzed byéned or unpaired t test for the
183 data with normal distribution, and the Wilcoxon ofedd-pairs signed-rank test or
184  Mann-WhitneyU test was performed to compare the data with abalodistribution.
185  Three or more groups were compared using one-walysia of variance (ANOVA)
186  with Bonferronipost hoctest or Kruskal-Wallis test for repeated measurémen
187  Correlations were analyzed with Spearman rank Rest.05 were considered

188  statistically significant. Analyses were performesing GraphPad Prism 6.0

189  software(GraphPad Software, La Jolla, CA, USA).

190

191 RESULTS

192 Theexpression of mDCs, pDCs, and ILC2s in the nasal mucosa of patients with
193 AR

194  Previous studies mostly used flow cytometric apphea to identify ILC2s in the
195 blood or peripheral tissues. Our aim was to prowaden situ presence of ILC2s,

196 mDCs, and pDCs in the nasal mucosa of patients AiRhby immunofluorescence
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staining. Herein, we defined ILC2s as IGATA3" cellsas done in previous study.
We observed the presence of ILC2s (FigA), CD11é¢mDCs (Fig 1,B), and

CD123pDCs (Fig 1C) in the nasal mucosa of patients with AR.

mDCs activated both allogeneic and autologous L C2sin patientswith AR

Mo-DCs were induced from CD14nonocytes obtained from buffy coiat vitro as
our previous report (Fig 2), *° and here defined as mDCs as in previous stddies.
The PBMCs isolated from patients with AR were ctitmed with mDCs, and the
effects of mDCs on ILC2 function by flow cytometdluman blood ILC2s were
defined as LifCD127'CRTHZ as done in previous studies (Fig B). * ' The
administration of mDCs significantly upregulateck tlevels of IL-13ILC2s P <
0.001) and IL-9ILC2s (P < 0.05), which is similar to but with some lesseeff
induced by the stimulation of IL-33 together with-2 (Fig 2, C and D). No
difference was found for IL“BLC2 levels after the treatment of mDCs (data not
shown). These results suggest that mDCs activaedltogeneic ILC2s by inducing
the Th2 cytokine production in patients with AR.

We next investigated the effects of mDCs onttaescription factor and signaling
pathways of ILC2s. GATAS3 has been reported to leek#ty regulator of Th2 cytokine
production profile of ILC28! We found a significant increase in GATABC? levels
for PBMCs isolated from patients with AR after adtaring with mDCs (Fig 2E
andF). In addition, the administration of mDCs signditly upregulated the levels of
p-STAT3'ILC2s and p-STATHLC2s but not p-STATALC2s (Fig 2,G).

To eliminate the possible disturbances of mikgdphocyte reaction (MLR)
under the allogeneic stimulation, we conducted ¢beculture experiments using

mDCs and their autologous PBMCs isolated from tames patients with AR or

10
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healthy controls (HC). We found that the treatnardutologous mDCs increased the
levels of IL-13ILC2s in PBMCs obtained from the patients with ARdafrom
healthy subjects (< 0.05 or 0.01, Fig 34). Similarly, higher levels of IL-8LC2s
were also found for patients with AR but withouwatggtical significanceRK = 0.0625,
Fig 3, B). There were higher levels of IL-1IBC2s and IL-9ILC2s in patients with
AR compared to healthy controls after mDC treatn{rit 0.05 or 0.001), suggesting
a higher responsiveness of ILC2s to mDCs in patienth AR compared to healthy
subjects. Similarly, the levels of ILC2s were akbgnificantly increased after the
treatment of autologous mDCs for PBMCs from pasiemith AR @ < 0.01) but not
healthy subjects (Fig 3, C), suggesting that mDCGghmbe involved in the
proliferation of ILC2s. These findings suggest thatologous mDCs activate ILC2
function, which was consistent with the resultshi@ allogeneic culture system above.
Next, we further confirmed our findings usingdhly sorted ILC2s from the buffy
coat preparations of human volunteers. Similarlg, abserved that ILC2s produced
higher levels of IL-9 and IL-13 after treatment lwéllogenous mDCd(< 0.001, Fig
4, A). Since the percentage of ILC2s were up-regulafest the treatment of mDCs
(Fig 3, C), here we examined the effects of mDCs on ILCZlifgration using
carboxyfluorescein diacetate succinimidyl diest€F$E) staining, and found that

mDCs significantly promoted ILC2 proliferatioR & 0.001, Fig 4B andC).

We also investigated the effects of mDCs on thé&sarmarkers of ILC2s (Fig
E1l). We found that mDCs upregulated TSLP recepI@LPR) expressionP( <
0.0001), downregulated CD127 expressiéh< 0.01) and had no effects on the

IL-17RB and CRTH2.
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Collectively, using autologous and allogenous celsystems, we demonstrated

that mDCs promoted ILC2 function especially forigats with AR.

mDCs activated the function of ILC2s by thelL-33/ST2 pathway

Previous studies demonstrated that ILC2s produeenarkable level of Th2 cytokine
in response to epithelial cytokines, especially38*° Recently, pleiotropic functions
of IL-33 have emerged, with several reports suppgtheir role in ILC2s by binding
to their receptor, STZ ** To determine the potential mechanism underlying th
effects of mDCs on ILC2s, we first examined therespion of ST2 on circulating
ILC2s in healthy subjects and patients with AR. htiglevels of STALC2s were
found in patients with AR compared to healthy colsti(P < 0.05, Fig 5A). Next, we
found that the administration of mDCs significanily-regulated the STR.C2 levels

in PBMCs from patients with ARP( < 0.05, Fig 5,B), and there was higher
intracellular I1L-33 in LIACD45 HLA-DR*CD11¢ mDCs after the co-cultured with
their autologous PBMCsP(< 0.05, Fig 5,C and D). The isotype was used as a
specific control staining of IL-33 (Fig E2). We riarnvestigated the IL-33 mRNA in
mDCs using RT-gPCR. Because it is difficult to gepathe PBMCs with DCs after
co-culture, we then examined the IL-33 mRNA in matuDCs treated with
lipopolysaccharide (LPS) for 2 days from day 5@€Cs without the treatment of LPS.
IL-33 mRNA in mDCs was found to be expressed ab-#8 higher level than those
in untreated DCs (iDC-D7) and further increasednDCs generated from patients
with AR (P < 0.05, Fig 5,E), which suggesting that mDCs from patients with AR
acquired a stronger effects on ILC2s. Indeed, dohrtiques of flow cytometry and
RT-gPCR could only examine the expression of thelédagth IL-33 precursor. We

next identified a higher level of IL-33 proteintine supernatants of mDCs than those
12
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294

in iDC-D7 (P < 0.05, Fig 5,F). More importantly, a remarkable increase of IL-33
protein with 26-fold were observed after mDCs weoecultured with sorted ILC2s
(P < 0.05, Fig 5F). These data suggest that mDCs may promote IL@2ation via
producing IL-33.

We further examined the role of IL-33/ST2 pathwa the effects of mDCs on
ILC2s by blocking IL-33 function using soluble ST&ST2), a decoy receptor of
IL-33. Strikingly, the enhanced expression of in&lular IL-13 and IL-9 in ILC2s for
PBMCs from AR induced by mDCs was significantly dded by the treatment of
sST2 P < 0.05 or 0.01, Fig 5G andH). More importantly, using sorted ILC2s, we
further found that the treatment of sST2 signiftbameversed the upregulation of
mDCs on the production of IL-9 and IL-13 by sorte€2s (P < 0.05 or 0.01, Fig 5,
). These findings suggest that mDCs activate thetion of ILC2s by the IL-33/ST2

pathway, and the effects can be reversed by sST2.

High expression of 1L-33 in mDCs after the challenge of inhaled allergen in
patientswith AR

The above findings indicate that the IL-33/ST2 gpligys an important role in the
crosstalk between mDCs and ILC2s in AR. To furtlerify this hypothesis, we
examined the levels of IL-3BDCs and ILC2s in patients with AR and healthy
subjects at 0.5 h after challenge with an inhakdohe (for one side of inferior nasal
turbinate, to eliminate the possible disturbandesom-allergen factors as basal line),
and then allergen of HDM (for another side of imdernasal turbinate of same
subject). After allergen challenge, IL-38DCs markedly increased in patients with
AR (P < 0.05), but not in healthy controls, and with l@gkevels in patients with AR

compared to healthy subjec8< 0.05, Fig 6 A andB). Similarly, allergen inhalation

13
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significantly increased the blood ILC2 percentagepatients with AR compared to
saline challengeR(< 0.05, Fig 6C). We also investigated the levels of plasma IL-33
in patients with AR and healthy subjects afterrgl@ inhalation but did not find any
differences (Fig 6D). Additionally, patients with AR exhibited a high¥AS score
after allergen challenge compared to saline chgdlel® < 0.05, Fig 6,E). We also
investigated the correlations between IL8®Cs and ILC2s or VAS scores (Fig 6,
F), and between ILC2s and VAS scores in patienth WR after allergen challenge
(Fig E3). However, no significant correlations wedeserved. In contrast to mDCs,
pDCs have been known to exhibit significant role€ontrolling and suppressing the
Th2 immune response in allergic diseaseS.Here we did not observe any difference
in the LINHLA'DR'CD123pDCs levels in the blood after allergen inhalatfosm
patients with AR (Fig 6G). However, there was a positive correlation betwie
ratio of 1L-33'mDCs/pDCs and VAS score with a certain trend towstatistical
significance P = 0. 1192, Fig 6H). It suggests the possible involvement of the
balance of these two subsets of DCs in the patlgodd@AR. Taken together, these
data demonstrate increased levels of ILABBC and ILC2s after allergen inhalation
in patients of AR, further indicating an importaraie of mDCs on ILC2s in the

pathogenesis of allergic diseases.

pDCs suppressed the cytokine production of 1LC2s isolated from patients with
AR

We supposed that pDCs play the role of suppreskig function in allergic diseases.
pDCs are principally characterized by the expressib Toll-like receptor (TLR)-7
and -9, and they were functional after TLR ligatichslation®* Here, human pDCs

were sorted from the PBMCs from the buffy coat aiman volunteers as

14
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Lin"HLA'DR'CD123 by flow cytometry as shown in Fig A, Purified pDCs were
activated with R848, the TLR7/8 agonist, for 2 dayBMCs isolated from patients
with AR, which received the stimulation of IL-33ugl IL-2, were further co-cultured
with pDCs for an additional 3 days. The percentagds-13"1LC2s increased under
the stimulation of 1L-33 plus IL-2R < 0.001), but was significantly reversed by
resting pDCsR < 0.05, Fig 7B andC). Moreover, pDCs activated by R848 exhibited
more inhibitive effects on IL-T3L.C2s (P < 0.01). To further confirm the above
findings, we reconducted the experiment using dolt€2s which were from same
donor as pDCs. Activated pDCs significantly inhaloitiL-13 and IL-9 production
from autologous sorted ILC2®  0.05 or 0.01, Fig M). Additionally, both resting
pDCs and activated DCs suppressed the productiin®from activated ILC2sK <
0.01, Fig E4).

To further investigate the potential mechanismhef ¢ffects of pDCs on ILC2s,

we measured the cytokines of IL-6, IL-10, and I&N+roduced by pDCs. We found

that activated pDCs produced higher levels of Iu¥re than 10-fold, than resting

pDCs (Fig 7 E), suggesting an important role of IL-6 in the efteof activated pDCs

on ILC2s. We only observed little increase for IBNin the activated pDCs (Fig E4),

and IL-10 levels were not detected. We further ol a slight increase but without
significant difference for the IL-6 receptor (IL-BRxpression in ILC2s after IL-33
stimulation (Fig E5). Next, we addressed the rdléLe6 in the effect of pDCs to
inhibit ILC2 function using exogenous recombinauibtan IL-6 and IL-6-neutralizing
antibodies. Sorted ILC2s were stimulated with Iaf®] IL-33 in the presence of IL-6
for 3 days and co-cultured with their autologous QsD As expected, the

administration of IL-6 inhibited the production 8f-13 (P = 0.0625) and IL-9 by
15
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activated ILC2sR < 0.01, Fig 7F). More importantly, the treatment of neutralizing
anti-IL-6 led to a significant reversal in levelslb-9 and IL-13 produced from sorted
ILC2s compared to activated pD@3< 0.05, Fig 70).

Additionally, previous studies showed that pDCsnpote the generation of
FOXP3Treg cells through programmed cell death 1 (PD)1Pligand 1 (PD-L1)
axis in human subject8.Using flow cytometry, we found high levels of PD-lin
pDCs but with no change after their activation (E®). Using autologous ILC2s, the
treatment of PD-L1 inhibitor significantly reverstdwe suppression of IL-3P(< 0.05)
but not IL-13 and IL-5 production by both restingdaactivated pDCs (Fig E4),
suggesting that PD-1/PD-LI axis might be partiaflyolved in the suppressive effects

of pDCs on IL-9 production by ILC2.

DISCUSSION

In this study, we investigated the interplay betw®&Cs and ILC2s in patients with
AR. We identified that mDCs activated human ILC&dtion through the 1L-33/ST2
pathway, and promoted the proliferation of ILC2sy Bontrast, activated pDCs
suppressed the cytokine production of ILC2s throlkg8. This study sheds new light
on the immune regulation of mMDCs and pDCs and nmeshes underlying the
regulation of ILC2s in patients with allergic diseas.

ILC2s were reported to be involved in the allermiammation by producing
large amounts of type 2 cytokines under the stitrarlaof epithelium-derived
cytokines. We and other groups reported the inegkgseripheral ILC2s in AR
patients during the grass pollen sed8aiter a challenge with cat antigénor in
HDM-sensitized patients with AR *® Importantly, we reported that peripheral ILC2

levels in patients with AR correlated positivelythvithe severity of the clinical VAS
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score, and stimulation with epithelium-derived éyt@s or specific antigen induced
significantly greater production of Th2 cytokines PBMCs isolated from patients
with AR™ or those with asthma and AR However, previous studies mostly used
flow cytometry to identify ILC2s in the blood, sput or sometimes in the tissues.
Until now, only two groups have provided amsitu characterization of ILC2s in the
skin of the patients with systemic sclerdimnd atopic dermatitis and psoriaSisn
our study, we provided the evidence of ILGAssitu in the nasal mucosa of patients
with AR by immunofluorescence staining. To our khedge, it was the first report
demonstrating then situ presence of ILC2s in the human airway mucosa lefgt
patients. We also confirmed the presence of mD@sp&Cs in the nasal mucosa of
patients with AR, suggesting the possibility of theerplay between mDCs or pDCs
with ILC2s in the nasal mucosa.

mDCs are reported to be responsible for the imotiatind progression of allergic
inflammation®® Recently, it was demonstrated that human CDG% in Crohn's
ileum induced differentiation of ILC1s to ILC3s, igh gives evidence that mDCs can
act on ILCS** Thus far, no study examined the effects of mDCdL&@®s both in
animals or in human. In our study, we induced n&tup-DCs from human CD14
monocytes. Since it is technically difficult to iate mDCs from humans, and many
of previous reports generally studied mDC-mediatednune responses using
mo-DCs* ** *'\ve defined mo-DCs as mDCs in our study. We fourat PBMCs
isolated from subjects with AR exhibited higher3lH.C2 and IL-13ILC2 levels in
response to allogenic mD@s vitro. Considering the T cells response to mDCs, we
confirmed the above results using isolated ILC2g further identified that mDCs
promoted ILC2 proliferation. To exclude the effecaused by MLR under the

allogeneic stimulation, we repeated the co-culexperiments using mDCs and their
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autologous PBMCs. Similarly, the treatment of amgolus mDCs significantly
increased the levels of IL-IRC2s and IL-9ILC2s in PBMCs obtained from the
patients with AR, which further provided strongdamce that mDCs promote ILC2
function in patients with AR. Additionally, we idefied that mDCs upregulated the
expression of GATA3 in ILC2s, a key transcripticactor for ILC2 development,
function, and activatioh’ We previously reported that signaling pathways of
p-STAT3, p-STAT5, and p-STAT6 were involved in #etivation of ILC2s’ Here, we
also found that mDCs increased the levels of p-STAhd p-STATS in ILC2s.
Furthermore, using CFSE and flow cytometry, we iifieal that mDCs promoted
ILC2 proliferation. Taken together, our data previdtrong evidence that mDCs
promote the activation and proliferation of ILC2specially in allergic diseases. This
suggests that mDCs can be a bridge to link thetenmamune system with the
adaptive immune system.

DCs were reported to promote the polarization betwé&C1s and ILC3S. In our

study, we found that there were higher levels dfl-fFin the supernatant after

PBMCs from AR with the treatment of mDCs (data sbbwn).We also found an

increased percentage of ILC1s and WN-C1s in PBMCs from buffy coat after

co-cultured with allogeneic mDCs (data not shovenggesting the effects of mDCs
to promote ILC1 function. Furthermore, LPS was réggmb to promote iDCs to
differentiate to more like mDC1s which mostly praedhl response on T cells.
Similarly, we observed an increased expression @141 on mDCs (mDC1s) and
some decreased expression of Chdic mDCs (mDC2s) under the treatment of LPS.

Meanwhile, we also identified that mDCs in our stymomote PBMCs to produce
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more Thl cytokine IFNt Previous studies reported that mDCs treated WRIS

exhibited strong effects not only to promote Th&pense on T cells, but also to
promote some Th2 respofi§&’ These and our findings suggest that mDCs may
promote the polarization of both Thl (Thl cellslb€1s) and Th2 (Th2 cells or
ILC2s) responses, indicating even both stimulabomh with some balance between
Thl response and Th2 response, or some strongéiffement environments. Our
study focused on the effects of DCs on ILC2s, dnedeffects of mDCs on ILC1s or
the effects of the subtypes of mDCs on ILC2s shdddurther investigated in the
future.

We next identified that IL-33/ST2 axis is the pb#si mechanistic pathway
directing the effects of mDCs on ILC2s. We foundttlafter co-cultured, mDCs
expressed more IL-33 both in the levels of mMRNA anatein, and ILC2s expressed
more ST2. More importantly, soluble ST2 signifidgriilocked the effects of mDCs
on the production of Th2 cytokines by ILC2s usinBMTs from AR and sorted
ILC2s. The above findings suggest that mDCs aclL@®s via the IL-33/ST2 axis.
Then how about the levels of IL-3BDCs in the patients of AR? We next found that
allergen inhalation upregulated the peripheral #m3DCs and ILC2s levels in
HDM-positive patients with AR but not in the healtbubjects, further suggesting the
important role of IL-33mDCs and ILC2s especially under the condition térgen
stimulation. We observed the increase of VAS scamegatients with AR after the
allergen inhalation. Unfortunately, we did not atveesignificant correlation between
IL-33"'mDCs with ILC2s levels or VAS scores. However, aifiee correlation was
found between the ratio of IL-38DCs/pDCs and VAS score, suggesting the possible

involvement of the correlation in IL-331DCs/pDCs/ILC2s in the pathology of
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allergic rhinitis. Of course, several reasons nmesult in the no correlations between
IL-33"'mDCs and ILC2s or VAS scores in our study, sucla asnall sample size of

patients or the variation of intracellular cytokiegaluation under flow cytometry.

Generally, our findings shed a light on the possithithogenesis in AR ruled by the
interplay of IL-33mDCs and ILC2s.

It was previously reported that pDCs exert protecteffects by preventing
allergen induced airway inflammatiéh.n our study, using PBMCs from patients
with AR or sorted ILC2s, we identified that actiedtpDCs inhibited the cytokine
production of ILC2s from patients with AR by produg high levels of IL-6, and
neutralizing IL-6 can reverse the above effectpldCs, suggesting activated pDCs
inhibit ILC2 function via producing IL-6. One redestudy reported that pDCs had
suppressive effects on ILC2s in murine models lefrgic asthma&® The authors also
identified that the supernatant of human activaqs significantly suppressed IL-5
and IL-13 production by ILC2s. However, they did mvestigate the effects of pDCs

on ILC2s by directly culturing them together, espltg not for the allergic diseases in

humans. In addition, we only observed minimal iasee for IFNa after the

activation of pDCs, suggesting that IENmay not be the main mechanism for the

effects of pDCs on ILC2s under conditions of ourdst Moreover, using PD-L1
inhibitor, we identified that PD-1/PD-LI axis migtie partially involved in the
suppressive effects of pDCs on IL-9 production b§2. We think that the results of
our study are the first to demonstrate the effeftsnDCs and pDCs on ILC2s
especially in AR patients.

We acknowledge that there are some limitationshef study. Although we

showed that mDCs can activate ILC2 function and p@@n contribute to inhibit
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ILC2 function, these were performed imyvitro experiments. Detailed roles of mDCs
and pDCs on ILC2s in the pathogenesis of allergmway inflammation should be
further determinedn vivo using the tissues from the patients and/or animadels.
Additionally, we did not include more experimentgoat the subtypes of mDCs
(mDC1s/mDC2s), the effects of mDC1s/mDC2s on ILGixg] the effects of mDCs
on Thl response including ILC1s in ILC2 systems.

In conclusion, we have shown that mDCs activate2llfGnction for patients
with AR via IL-33/ST2 axis. We observed the inceeas IL-33mDCs and ILC2s in
the blood of patients with AR after an allergen l&rmge. Activated pDCs
downregulate the cytokine production of ILC2s thglodL-6 production. Additionally,
we provided evidence of the presence of mDCs, pas |LC2s in the nasal mucosa
of patients with AR. Our findings provide a new ergtanding of the effects of mDCs

and pDCs on ILC2s and ILC2-mediated allergic pagmagis.
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Table 1 The characteristics of the subjects’ demographgés.and VAS involved in

the study
- Healthy subjects Allergic rhinitis
Characteristic : -
Challenge Challenge Blood collection directly
No. of patients 7 7 41
Age(y) 24.57 +0.69 28.86 +1.08 29.20+1.65
Gender, female/male 5/2 2/5 24/17
SPT , positive/subjectstested 0(0%) 7 ( 100%) 41 ( 100%)
. 60.11 + 16.77 171.9 £ 71.16 112.4 + 9.53*
tIgE concentration ( |U/mL )
slgE concentration ( 1U/mL )
0.35 53.40 + 26.46+* 44.26 + 10.78**
<0.
Der p/Der f 0.63+0.26
<0.35
House dust
<0.35 <0.35
Trees
. <0.35
Artemisia /ragweed
<0.35 <0.35
Molds
. <0.35
Hair or dander of pets
<0.35 <0.35
<0.35
<0.35 <0.35
<0.35
<0.35
VAS 0 10.71 £ 3.93 24.29 + 1.64r*

Data are presented as mean SEM. Mann-WhitneyJ tests were used to test for
significant differences between patient groupsti§teally significant differences
were defined as p valuePx .05, ** P < .01, *** P < .001, *** P <.0001
compared to healthy subjecttgE, specific immunoglobulin ESPT, skin prick tests;

tIgE, total immunoglobulin EYAS visual analogue scale.
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Figure L egends
FIG 1. The expression of ILC2s, mDCs, and pDCs in the nasal mucosa of
patients with allergic rhinitis. ILC2s (A), mDCs B), and pDCs) were stained by
immunofluorescence. ILC2s were designated aSGAMA™ cells, mDCs as CD11
cells, and pDCs as CD128ells. ILC2, group 2 innate lymphoid cell; mDC, ehyid

dendritic cell; pDC: plasmacytoid DC.

FIG 2. mDCs promote the function of allogeneic ILC2s in patients with allergic
rhinitis. A, The induction of monocyte-derived dendritic c€isoDCs) and here as
mDCs. PBMCs from patients with AR were co-cultuvgth allogeneic mDCsR-G).

B, Gating strategy of human ILC2s with [@RTHZ'CD127. Intracellular IL-13 C,

n =9) and IL-9 (D, n = 3) levels, expression of A& (E-F, n = 3), and the levels of
p-STAT3, p-STAT5, and p-STAT6E, n = 4) in ILC2s were analyzed by flow
cytometry. Data are shown as mean + SEM.<.05 , *P < .01, **P < .001 and
¥k P< .0001. AR: allergic rhinitis; GM-CSF: granuloeymacrophage
colony-stimulating factor; ILC2, group 2 innate lghoid cell; mDC, myeloid
dendritic cell; MFI: geometric mean fluorescenceeisity; PBMC, peripheral blood

mononuclear cell.

FIG 3. mDCs promote the function of autologous ILC2sin patients with allergic

rhinitis. PBMCs isolated from healthy control or patientshwikR (n = 5) were
co-cultured with their autologous mDCs. IntraceliulL-13 (A) and IL-9 (B) levels in
ILC2s were determined by flow cytometry. C, Thegeetage of ILC2s in PBMCs.

Data are shown as mean = SENP. ¢ 0.05, **P < 0.01 and ****P < 0.0001. AR,
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Allergic rhinitis; HC, Healthy control; ILC2, grou@ innate lymphoid cell; mDC,

myeloid dendritic cell; PBMC, peripheral blood monclear cell.

FIG 4. mDCs promote the function and cell proliferation of sorted ILC2s. Sorted
ILC2s from the buffy coat of human volunteers weo#tured with allogeneic mDCs
for 3 days.A, The levels of IL-13 and IL-9 in the supernatafns= 7). B-C,
Proliferation of CFSE-labeled ILC2s. Data are shagsnmean £ SEM (n = 3 - 6).
*** P < .001. CFSE: carboxyfluorescein diacetate suctdyl diester; ILC2, group 2

innate lymphoid cell; mDC, myeloid dendritic cell.

FIG 5. mDCs activate the ILC2 function via IL-33/ST2 pathway. A, The levels of
STZ'ILC2s in the blood of healthy controls (n = 3) apakients with AR (n = 5).
mDCs were co-cultured with allogeneic (B) or augmos (C, D) PBMCs from
patients with AR. B, ST2LC2s determined by flow cytometry (n = 4). C-D,
IL-33'mDC levels (n = 4). E, iDCs were stimulated withO@s) or without
lipopolysaccharide (iDC-D7) for an additional 2 dagind the levels of IL-33 mMRNA
were examined by RT-gPCR (n = 5). F, The leveldLe833 in the supernatants of
iDC-D7, mDCs and mDCs co-cultured with allogeneded ILC2s (n = 4). PBMCs
from patients with AR (G-H) or sorted ILC2s (I) wepretreated with sST2 and
co-cultured with allogeneic mDCs. G-H, Intracellule-9 and IL-13 levels in ILC2s
(n =6 - 8 each). I, The levels of IL-9 and IL-IBthe supernatants (n = 5). Data are
shown as mean £ SEMP*< 0.05 and *P < 0.01. AR: allergic rhinitis; ILC2, group
2 innate lymphoid cell; mDC, myeloid dendritic ¢ePBMC, peripheral blood

mononuclear cell; sST2: soluble ST2.
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FIG 6. High levels of 1L-33'mDCs after a challenge of inhaled allergen in
patients with allergic rhinitis. Healthy subjects and patients with AR were
sequentially challenged with an inhaled saline-arénd then allergen (n = 7 for
each group), and the blood was collected at 0FBhk.levels of IL-33mDCs @-B),
ILC2s (C), the level of IL-33 in the serunDj and pDCs with LitHLA'DR'CD123
(G). E, The VAS scores. The correlation between the sewédl IL-33'mDCs with
ILC2s or VAS scoresK), and 1L.-33mDCs%/pDC% with VAS score¢d] in patients
with AR after allergen challengeP* .05. AR, Allergic rhinitis; HC, Healthy control;
mDC, myeloid dendritic cell; PBMC, peripheral bloadononuclear cell; pDCs:

plasmacytoid DC; VAS, Visual analog scale.

FIG 7. pDCs suppress the function of I1LC2s isolated from patients with AR. A,
The progress of the gating of pDCs with HhA'DR'CD123. PBMCs from patients
with AR (B-C) or autologous sorted ILC2®( F-G) stimulated with IL-2 and IL-33
were co-cultured with pDCs stimulated with R848 &or additional 3 days. B-C,
Intracellular IL-13 in ILC2s (n = 5)D, The levels of IL-13 and IL-9 in the
supernatant (n =5 - 7 eachk). The levels of IL-6 in the supernatants of pDCs ().
F-G, The level of IL-13 and IL-9 in the supernatantsarted ILC2s (n = 5). Data are
shown as mean + SEMP*< 0.05, **P < 0.01, ***P < 0.001, and ***P < 0.0001.
AR, allergic rhinitis; FACS, fluorescence-activategll sorting. ILC2, group 2 innate

lymphoid cell; pDCs: plasmacytoid DC.
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Table E1 Numbers of the patients with AR and healthy subjesed in this study

Inhalation <+ PBMC+mDC > <4— PBMC+pDC—»
_>
challenge <— Autologous—>»> <« Allogeneic > Total
IL-33'mDC STZ IL-9/1%" IL-33" IL-13" IL-9" GATA3" STAT STZ IL-9/1" IL-13" IL-6R"
/pDC/ILC2 ILC2 ILC2 mDC ILC2 ILC2 ILC2 pathway ILC2 ILC2 ILC2 ILC2
Healthy subjects 7* 3* 5* 7
Patients  with 7 5° 5° 4 9 3 3 4 4 8 5 5 48

AR

* and® The subjects were shared. The serum from theestsbjvas used for cytokine evaluation. AR: allergiaitis; ILC2s: group 2 innate
lymphoid cells; IL-6R: IL-6 receptor; mDCs: myelodendritic cells; PBMCs: peripheral blood mononacleells; pDCs: plasmacytoid

dendritic cells.
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SUPPLEMENTARY METHODS

Subjects

A total of 48 subjects with allergic rhinitis (ARJnd 7 healthy subject (healthy
controls, HC) were enrolled (Table 1). The numbbow the subjects for each
experiments were indicated in Table E1. The inclugiriteria for patients with AR
were established according to the criteria of thigative on Allergic Rhinitis and its
Impact on Asthma (ARIA): (1) history of nasal symmis by nose itching, obstruction,
sneezing, and rhinorrhea; (2) positive specific imoyglobulin E (slgE) All patients

with AR were positive for Der p/Der f on the basfghe positive skin prick test (SPT)

result and specific IgE tests (sIgE) to Der p/Ddr>f0.35 IU/mL, Pharmacia CAP

system, Pharmacia Diagnostics, Uppsala, SwedemngnSeealthy nonatopic controls
(with both a negative skin prick test and a speddiE test) were also enrolled. The
subjects were excluded if pregnant, current smokerex-smokers with more than 10
pack-years. No subject used oral or nasal glucoomis or other treatment (e.g.,
antihistamines or immunotherapy) for 6 weeks betbee study. The visual analog
scale (VAS) scores were evaluated for the symptohthe subjects. The study was
approved by the Ethics Committee of The First Adféd Hospital, Sun Yat-sen
University, China. Human blood buffy coats from 6aymous donors” were from

Guangzhou Blood Center; exemption of written infedhtonsent was approved.

Allergen challenge
A total of 7 patients with house dust mite (HDMytuted AR and 7 healthy subjects

underwent a nasal allergen challengesing HDM extract (ALK, Horsholm,



Denmark). The saline solution has been administaseithe basal control to eliminate
the effects caused by a nonspecific reaction toptimgsical stimulation itself. In
details, a saline paper disk was placed on theianend of left inferior turbinate for
5 min. Peripheral blood was collected for the exmtion of IL-33 myeloid DCs
(mDCs) or group 2 innate lymphoid cells (ILC2s) tae 0.5 h after the saline
challenge. At 5 min later, a working concentratmfnallergen was administered by
using paper disks placed on the anterior end o iitferior turbinate for 5 min, and
the titration of allergen was determined by thailtssof SPT of each individual. After
30 min, peripheral blood was collected for the B48DC or ILC2 evaluation. VAS
scores and clinical observations were assessectrat $ntervals after saline or
allergen challenges in all study subjects. Aftee tmasal allergen challenge, the
subjects with clear symptoms were given histamideréteptor antagonist to relieve
their symptoms.

The peripheral blood before challenge was also usedsolate CD14
monocytes for generation of mDCs, and mDCs wene tiecultured with autologous
peripheral blood mononuclear cells (PBMCs) whichreveollected 1 week later to
identify the effects of mDCs on autologous ILC2&eTperipheral blood was also

collected from these subjects before the challéogthe examination of STAL.C2s.

| solation of peripheral blood mononuclear cells
PBMCs from healthy subjects, patients with AR, sat§ accepted challenge or buffy
coat from “anonymous donors” were isolated by dgngientrifugation with

Ficoll-Paque Plus (MP BiomedicalSanta Ana, CA, USA). Levels of IL-38DCs,



plasmacytoid dendritic cells (pDCs), ILC2s and ST€2s were determined by flow

cytometry, or PBMCs were co-cultured with mDCs Bids.

Generation of monocyte-derived DCsin vitro

As our previous study CD14 monocytes from PBMCs in the buffy coat
“anonymous donors” provided by Guangzhou Blood €emtere isolated using the
MACS CD14 MicroBeads (Miltenyi Biotec, Bergisch @lzach, Germany), and were
stimulated with recombinant granulocyte-macrophag#ony-stimulating factor
(GM-CSF; 50 ng/mL; PeproTech Inc., Rocky Hill, NJSA) and IL-4 (10 ng/mL;
R&D systems, Minneapolis, MN, USA) for 5 days. Teells were then stimulated
with lipopolysaccharide (LPS00 ng/mL; Sigma-Aldrich, St Louis, MO, USA) for
an additional 2 days to be mature DCs (Fid\R,Immature DCs (iDCs) treated with

or without LPS, or mDCs from patients with AR weised for RT-gPCR of IL-33.

I solation of ILC2sand pDCs

Because of the relatively low levels of ILC2s arfads in the peripheral blood and
considering the ethical factors for the human b&ingC2s and pDCs were isolated
from the PBMCs obtained in human buffy coat prepana from the volunteers
provided by Guangzhou Blood Center (n = 48). IL@23e co-cultured with their
autologous pDCs from the same donor. ILC2s wertedarsing the ILC2 Isolation
Kit (Miltenyi Biotec, Bergisch Gladbach, Germanycarding to the manufacturer’s
instruction. Briefly, Lii cells were depleted from PBMCs by using biotinizody
cocktail and antibiotin MicroBeads (Cocktail of bieconjugated monoclonal
antibodies against CD2, CD3, CD11b, CD14,CD15, CIB19, CD56, CD123, and

CD235a) and LS columns (Miltenyi Biotec, Bergischladbach, Germany).



Pre-enriched Lincells were additionally labeled with CD294 (CRTHEZE, as a
primary labeling reagent, and with anti-PE MicroBgaas a secondary labeling
reagent, and they were isolated by positive s@leaver MS columns as ILC2s.

For isolating pDCs, PBMCs were stained with theibeaties against human
lineage markers (CD2, CD3, CD14, CD16, CD19, C#&6] CD235a; eBioscience,
San Diego, CA, USA), HLA-DR (BD PharmingeBergen, NJ, USA), and CD123
(eBioscience, San Diego, CA, USA). pDCs were furtheorted as
Lin"HLA-DR*CD123 cells on a FACSAria instrument (Beckman CoulBrea, CA,
USA) (FIG 7A).

The purity of sorted human ILC2s and pDCs was datexd to be more than

95%.

Co-culture experiments of DCswith PBMCsor ILC2s

Human mDCs and pDCs were washed, and then wereltged with allogeneic or
autologousPBMCs isolated from patients with AR (1:10) or liegl subjects or
freshly sorted ILC2s (1:20) for 3 days. In someerkpents, PBMCs or ILC2s were
treated with the recombinant human ST2/IL-33R Fonelna protein (0.1lug/mL;
R&D systems, Minneapolis, MN, USA) for 30 min befothe co-culture. In some
experiments, PBMCs or ILC2s were stimulated wittorebinant human (rh)IL-2 (20
U/mL; PeproTech Inc., Rocky Hill, NJ, USA) and rkhB3 (10 ng/mL; PeproTech Inc.,
Rocky Hill, NJ, USA) as a positive control. pDCs revestimulated with R848 (the
agonist of TLR7/8, 2@ug/mL; InvivoGen, Nunningen, Switzerland) for 48washed
and then co-cultured with PBMCs isolated from pagevith AR or ILC2s stimulated
with rhiL-2 and rhlL-33 for an additional 3 days $ome experiments, ILC2s were

stimulated with rhiL-6 (2ug/ml; PeproTech Inc., Rocky Hill, NJ, USA) alongthwi



the addition of rhiL-2 and rhiIL-33. pDCs stimulatedth or without R848or 48 h
were washed, and co-cultured with their autologduS2s in the presence of
anti-IL-6-neutralizing antibody (pg/mL; R&D systems, Minneapolis, MN, USA) or
PD-L1 inhibitor (1uM; AbMole BioScience, Houston, TX, USA) for 3 days.

The culture supernatants were collected for thdyaisaof the cytokine levels
by ELISA, and the PBMCs were analyzed for IL-ILE2s, IL-9°ILC2s, STZILC2s,
GATA3ILC2s, p-STAT3ILC2s, p-STAT5ILC2s, and p-STATALC2s by flow

cytometry. In some experiments, the mDCs were exadhior I1L-33mDCs.

Flow cytometry

PBMCs were stained with the following specific mABITC-conjugated lineage
cocktail: anti-CD2 (RPA-2.10); anti-CD3 (OKT3); a@D14 (61D3); anti-CD16
(CB16); anti-CD19 (HIB19); anti-CD56 (TULY56); arfiD235a (HIR2);
PE-conjugated anti-CRTH2 (BM16); PE-Cy7-conjugadeti-CD127 (eBioRDRY5; all

from eBioscience, San Diego, CA, USA); polyclondlms APC-conjugated anti-ST2

(R&D systems, Minneapolis, MN, USA) and PE-Cy7-cmgted anti- IL-6R (UV4;

BioLegend,San Diego, CA, USA), for ILC2 evaluation. mDCs apBCs were
assessed using the antibodies of lineage markEhspre450-conjugated anti-CD45
(2D1,; eBioscience, San Diego, CA, USA), APC-H7-cgated anti-HLA-DR (G46-6;
BD Pharmingen, Bergen, NJ, USA), PE-conjugated anti-CD11lc (BUL15),
PE-CY7-conjugated anti-CD123 (6H6), eFluor 450-agated anti-PD-L1 (MIH1,;
all from eBioscience, San Diego, CA, USA), PE-Cynagated anti-CD1c (L161)
and APC-conjugated anti-CD141 (M80; both from Bigerd,San Diego, CA, USA).
For intracellular cytokine detection, PBMCs or mD@sre stimulated with the

cell stimulation cocktail (plus protein transporthibitors) consisting of phorbol



12-myristate 13-acetate (PMA), ionomycin, brefeldinand monensin (eBioscience,
San Diego, CA, USA) for 5 h. Thereafter, the celisre fixed, permeabilized with
intracellular fixation and permeabilization buffeet (eBioscience, San Diego, CA,
USA), and stained for intracellular IL-13 (eFlud@O4conjugated anti-IL-13Bio13A,
eBioscience, San Diego, CA, USA), IL-9 (Alexa Flue47-conjugated anti-IL-9;
MH9A3; BD Pharmingen, Bergen, NJ, USA), or IL-33E(Bonjugated anti-IL-33;
390412;R&D systems, Minneapolis, MN, USA).

PBMCs were processed with the FoxP3/Transcriptiactd¥ Staining Buffer Set
(eBioscience, San Diego, CA, USA) before stainiritip &ntibodies of Brilliant Violet
421-conjugated anti-GATA-3 (16E10A23; BioLegesa@n Diego, CA, USA), eFluor
450-conjugated anti-p-STAT3 (LUVNKLA), APC-conjugat anti-p-STAT5
(SRBCZX), or APC-conjugated anti-p-STAT6 (CHI2S4A, from eBioscience, San

Diego, CA, USA) for the evaluation of their levatsILC2s.

ILC2 proliferation assay

For the analysis of cell division, sorted ILC2sista with carboxyfluorescein
diacetate succinimidyl diester (CFSHyitrogen/Molecular Probes, Eugene, OR,
USA) were co-cultured with mDCs for 3 days, and tmliferation rate was
evaluated on a CytoFLEX S flow cytometer; data wanalyzed with CytExpert

(Beckman CoulteBrea, CA, USA).

ELISA
The cell supernatants were analyzed by using Ilarid IL-5 ELISA kits (Invitrogen,

Waltham, MA, USA), IL-9, IL-10 and IFM+ ELISA kits (NeoBioscience, Shenzhen,



Guangdong, China), IL-6 ELISA kit (R&D systems, Mewapolis, MN, USA) and
IL-33 High Sensitivity ELISA kit (Multi Sciences, &hgzhou, Zhejiang, China),

according to the manufacturer’s instruction.

Immunofluorescence for mDCs, pDCs, and ILC2s

Inferior turbinate mucosal samples were collectethf patients with HDM-sensitive
AR and nasal septal deviation undergoing septoplagtich study was approved by
The Ethics Committee of Tongji Hospital, Tongji Meal College, Huazhong
University of Science and Technology, and conduetét written informed consent
from every patient as those in our previous stuigmunofluorescence staining for
mDCs (CD11& cellsf, pDCs (CD123 cells)® and ILC2s (Lin GATA3" cellsf was
performed using the following antibodies of mousdi-auman CD11c (1:100),
mouse antihuman CD123 (1:100), FITC-conjugatedalyeecocktails (1:50; all from
eBioscience, San Diego, CA, USA), and rabbit anthhn GATAS3 (1:250; Abcam,
Cambridge, UK). Thereafter, CF543-conjugated gadi-rabbit (1:300; Biotium,
Fremont, CA, USA), AF546-conjugated goat anti-moasd AF488-conjugated goat
anti-mouse (1:300; Invitrogen, Waltham, MA, USA)tibndies were used as
secondary antibodies. Images were acquired andyzathlusing the confocal
microscope Zeiss LSM 710 and ZEN 2.3 lite softw@arl Zeiss Microscopy GmbH,

Jena, Germany).

RT-gPCR
Total RNA was isolated from mDCs with RNAiso Plesgent and 5X PrimeScript™
RT Master Mix kit (all from TaKaRa, Shiga, Kusatdapan) was used for converting

1 ug of total RNA to first strand cDNA following theanufacturer’s instructions. The



guantitative PCR of IL-33 (sense primers, 5-

ATGGTAACCCTGAGTCCTACAAA-3, and reverse primer, 5'-

ATGAAACACAGTTGG AGTGCATA-3) was performed by usinghe FastStart

Universal SYBR Green Master kit (Roche, Mannheingrr@any). 3-actin (sense

primers, 5- AGAGCTACGAGCTGCCTGAC-3, and reverse primer, 5-
AGCACTGTGTTGGCGTACAG-3) was used as an endogerreterence. The PCR
was performed as 10 min’ initial denaturation at’@5 40 cycles consisted of 10 s at
95 °C and 30 s at 60 °C carried out on the CFX968¥IHime PCR cycler (Bio-Rad,

Hercules, CA, USA). Expression of target gene wagressed as fold increase

relative to the expression ¢d-actin. The mean value of the replicates for eachpde

was calculated and expressed as cycle thresho)d T amount of gene expression

was then calculated as the differena€{) between the Ct value of target gene and

the Ct value off-actin. Fold changes in target gene mRNA were detexd as 2*“.
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FIG E legends
FIG E1. The expression of surface markersof ILC2s after treatment with mDCs.

PBMCs isolated from patients with AR were co-cuwtiwith mDCs for 3 days. A,
TSLPRILC2%; B, IL-17REBILC2%; C, CD127% in Lin cells and CRTH2% in
Lin™ cells. n = 7 for each group. TSLPR: thymic stromgadphopoietin receptor. P
< .01 and ***P < .0001. AR, allergic rhinitis; ILC2, group 2 inealymphoid cell;

mDC, myeloid dendritic cell; PBMC, peripheral bloothnonuclear cell.

FIG E2. Specific control staining of IL-33 using isotype. PBMCs isolated from
patients with allergic rhinitis were co-culturedtiwviautologous mDCs for 3 days.
Representative  histogram of IL-33 staining in mDCgre-gated in
Lin"CD45 HLA-DR*CD11¢ cells. mDC, myeloid dendritic cell; PBMC, peripakr

blood mononuclear cell.



FIG E3. The correlation between ILC2 levels with VAS scores after allergen
challenge. The parameters were evaluated at 0.5 h after cga@levith inhaled
allergen in patients with allergic rhinitis (n = TL.C2, group 2 innate lymphoid cell;

PBMC, peripheral blood mononuclear cell; VAS, Visaaalogue scale.

FIG E4. Therole of PD-1/PD-L1 in the effects of pDCson ILC2s. A, pDCs sorted
from the buffy coat of human volunteers were staed with Toll-like receptor
agonist, R848, for 48 h, and the levels of l&M the supernatant were determined (n
= 9). B, pDCs were stimulated with R848, and thel MFPD-L1 in pDCs were
measured by flow cytometry (n = 3). C-D, pDCs wstimulated with R848 for 48 h,
washed, and then co-cultured with their autologtiuS2s with or without the
presence of PD-L1 inhibitor for 3 days. The IL-18;9 and IL-5 levels in the
supernatant were examined (n = 4 - 7). lisNnterferone; ILC2, group 2 innate

lymphoid cell; pDCs, plasmacytoid dendritic ceP)-L1, PD-1 ligand 1.

FIG E5. IL-6R expression in ILC2s in the patients with allergic rhinitis. PBMCs
from patients with AR were stimulated with IL-33uplIL-2, and IL-6RILC2s were
determined by flow cytometry. IL-6Rcells were gated in ILC2s (n = 3 — 5). IL-6R,
IL-6 receptor; ILC2, group 2 innate lymphoid cePBMC, peripheral blood

mononuclear cell.
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