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Capsule summary: IL-10°CTLA-4" innate lymphoid cells were induced during allergen
specific immunotherapy (AIT) in responders and rbayassociated with improvement in the

symptoms after AIT.

Key words: Allergen-specific immunotherapy; innate lymphoidl;ck.-10; regulatory ILC;

ILCreg; IL-4; ILC2; house dust mites; allergic rhig; exhausted-like ILC2
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To the Editor:

Allergen-specific immunotherapy (AIT) is a well-ggnized and effective treatment for
allergic rhinitis (AR) and asthma. Its efficacybiased on induction of allergen-specific
regulatory immune cells, such as regulatory T ¢dltegs) and regulatory B cells (Breds).
Those cells suppress effector cell subsets of &ypemune responses through production of
suppressive cytokines (such as IL-10) and inhipitoolecules, leading to decreased
inflammation at local sites in the tissudanate lymphoid cells (ILCs) are recently-iderifi
innate-type immune cells that include three effestdsets resembling T helper subsets, but
they have no antigen receptdid/e recently found a new subset of ILCs, IL-10-praidg
regulatory ILCs (ILCregs), which resemble Tregs angpress proliferation of Th2 cells and
ILC2s through IL-10 productionlLCregs can be converted from ILC2s by retinoiiiac
(RA) and express Treg-associated molecules sucitamxic T lymphocyte-associated
protein 4 (CTLA-4) and CD2BHowever, the roles of IL-10-producing ILCs in Af@main
unclear, and this study aimed to clarify thosesole

This study is a part of the MITAR study conductaedThailand!? Detailed information
regarding the subjects and methods is describdeigrEl, Table E1 and in the Methods
section in this article’s Online Repository wivw.jacionline.org. In brief, peripheral blood
mononuclear cells (PBMCs) obtained from 20 patigd AIT treatment responders, 5
treatment non-responders and 5 placebo-treatednpsitiat four different time points were

cultured in the presence of antigen and cytokines.
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We first determined the percentage of each ILC etubsthe PBMCs using canonical
surface markers as well as those of CTUAMCs (Fig E2). The percentages of Lin
CD127CD16TCRTHZ ILC2s decreased in the AIT responders: -10.1%.]%1 0.9%]
from the baseline to after 2 years of treatmersttesvn in an earlier repcttThe percentages
of Lin\CD127CD16T CRTHZc-kit" ILC3s were comparable in all three groups. In cstt
the percentages of Li@D127CD16T CTLA-4" ILCs had increased progressively by 2.4%
[-0.9%, 5.7%] at 6 months, 3.1% [-0.2%, 6.4%] atm@nths and 5.0% [1.7%, 8.3%] at 24
months in the responders, but not in the non-redg@enand placebo-treated patients (Fig 1,
and Fig E3A).

Next, to clarify the modulation of ILC functionsilog AIT, we determined the
percentages of cytokine-producing ILCs by intradall staining of IL-4 and IL-10. The
percentages of IL-4-producing ILC2s were slightguced after 2 years of AIT (-6.6% [-
15.3%, 2.1%)]) in the responders, but not in the-remponders or placebo-treated patients
(Fig 1,B, Fig E3,B and Fig E4A). In line with these findings, we previously refsat that
expression of CD69, an activation marker of leukesyon ILC2s was significantly
decreased after 2 years of AIT in responders, buinnnon-respondersTaken together, AIT
may suppress activated ILC2s in responders, bunnain-responders. In sharp contrast, the
percentages of IL-TCTLA4" ILCs in the responders after 2 years of AIT weeéased by
3.2% [0.7%, 5.7%] and were higher than in the negsponders (-0.9% [-4.5%, 2.7%])) and
placebo-treated patients (1.2% [-2.4%, 4.8%]) (iB, Fig E3,B and Fig E4B). These
findings suggest that IL-TCTLA4" ILCs were induced in the responders, but not énrttin-
responders or placebo-treated patients after Zy#aklT. However, the levels of IL-10 in
the culture supernatant were below the detectroit (data not shown), probably because of
the limited number of cells. When we analyzed thd'ICRTHZ/IL-10"CTLA4" ILC ratio,
we found that it decreased gradually in the respm)dut did not change in the non-
responders or placebo-treated patients (Fg dnd Fig E3C). These findings imply that an
increase in IL-10CTLA4" ILCs is associated with a decrease in TIGRTHZ'ILC2s.

We also investigated for correlations between yimepgom-medication score (SMS) (Fig
E5) and the percentage of cytokine-producing ILT3, &, 12 and 24 months after AIT, for
responders, non-responders and placebo-treatehzatiVe found that for each unit increase
in the SMS, the percentage of IL"GNLA4" ILCs decreased by -0.30% [-0.51%, -0.10%]
(p=0.005) in responders and by -0.48% [-0.87%,0%]L(p=0.014) in placebo-treated
patients. Conversely, the I"@RTHZ/IL-10" CTLA4" ILC ratio increased by 0.79%
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[0.43%, 1.15%] (p<0.001) in responders. The peammbf IL-4CRTHZ'ILC2s increased

by 0.73% [0.01%, 1.45%] for each unit increase MiSS only among responders (FigA&,
andC, and Fig E6A andC). For non-responders, we found no significanttretehip for

any of the percentages, partly because of theddninge of SMS scores (Fig2and Fig
E6,B). These findings suggest that induction of ILQTLA4" ILCs may be associated with
the improvement in symptoms during AIT in resposder

We previously showed that RA is a critical factaattconverts ILC2s into IL-TOLCregs,
and this is the only currently known pathway. SiR#esynthesizing DCs were reported to
be present in the dermis and cutaneous lymph nbkiesn the gastrointestinal tract, those
DCs might be the source of RA in the skin duringasuaneous Al.However, it is still not
clear how RA and IL-1DILCs, innate-type immune cells, are induced iraatigen-specific
immune response in AlT. Recent findings in micegasged that chronic antigen exposure
might induce a subtype of ILC2s called “exhausikd-ILC2s” that express IL-10 and
inhibitory molecules via yet-unknown mechanishiherefore, IL-10CTLA-4" ILCs found
in AR patients might be “exhausted-like ILC2s” vat than ILCregs. However, the
characteristics of IL-10—producing ILCregs and axdtad-like ILC2s are similar, as a result
of which we are unable to settle this issue attihis.

In conclusion, we demonstrated for the first timattlL-10CTLA-4" ILCs were induced
during AIT in responders and may be associated thghmprovement in symptoms after
AIT. However, the mechanisms of IL-XOTLA-4" ILCs induction during AIT and the fine
characteristics of those cells remain unclear. $tugy has limitations regarding the sample
size, variation of the data and the number of #iks @nalyzed because of the technical
reason. Further studies to elucidate those isseasegded, and the findings may lead to the
development of new therapeutic targets for alledigeases.
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Figure legends

FIG 1. Frequencies of each ILC subset during AIT.

A, Differences from baseline in the percentagesinflD127CD16T CRTHZc-kit ILC1s,
Lin"CD127'CD16TCRTHZ ILC2s, LiInCD127CD16T CRTHZc-kit" ILC3s and Lin
CD127CD16T CTLA4" ILCs per total LInCD127CD16T ILCs in PBMCs at different time
points of AIT (6, 12 and 24 months after startind )A B, Differences from baseline in the
percentages of LieD127CD16TIL-4"CRTHZ ILC2s and LinCD127CD16TIL-
10°CTLA4" ILCs. C, Differences from baseline in the ratio of ILGRTHZ'/IL-10"CTLA4"
ILCs. Data represent the mean and confidence imteBonferroni’s method was used to

calculate differences between groud3<05, **P<.01, and ***P<.001.

FIG 2. Correlations between the percentages of ILCand symptom-medication score
(SMS)during AIT.

A — C, Correlations between the SMS and the percentagés4CRTHZ" ILC2s and IL-
10"CTLA4" ILCs per total ILCs, and the ratio of I'@RTHZ/IL-10°"CTLA4" ILCs in



243
244
245
246

PBMCs from AIT responders (A, n = 10), non-respaad8, n = 5) and placebo-treated
patients (C, n = 5). Each dot represents the daineatime point for each individual subject.
(Baseline: red triangles; 6 months: orange rhonmdyus®2 months: blue squares; and 24

months: green circles).
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Table E1. Patient baseline characteristics

Placebo-
treated
Responders Non-responders patients

n=10 n=>5 n=5
Sex, Female (%) 5 (50) 4 (80) 4 (80)
Age (yearszSD) 29.5+17.1 38.2+15.6 29.2+11.4
Allergic disease, n (%)
Allergic rhinitis 10 (100) 5 (100) 5 (100)
Asthma 0 0 0
Atopic dermatitis 0 0 0
Type of allergen sensitization, n (%)
Der p monosensitization 8 (80) 5 (100) 5 (100)
Der p dominant polysensitization 2 (20) 0 0
Allergic rhinitis status, n (%)
Mild 0 0 0
Moderate to severe 10 (100) 5 (100) 5 (100)
Allergic rhinitis symptom status, n (%)
Intermittent 0 0 0
Persistent 10 (100) 5 (100) 5 (100)
Duration of allergic symptoms, n (%)
<5 years 1(10) 0 0
5-10 years 1 (10) 1 (20) 1 (20)
>10 years 8 (80) 4 (80) 4 (80)
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Methods
Study population

This study was a part of the MITAR study (A multiter, randomized, placebo-controlled
house dust mite (HDM) subcutaneous allergen imnherapy study of HDM persistent
allergic rhinitis), which was initiated in Thailan@lhe primary objective of the MITAR study
was to investigate the efficacy of allergen-spedifimunotherapy in allergic rhinitis
patients, while the secondary objective was toidaie the novel mechanisms and
biomarkers of immune tolerance. The study was tegad atvww.clinicaltrails.in.th, and its
study ID is TCTR20140127001. The study was condlicteicccordance with the Declaration
of Helsinki and in compliance with the Good Clidi€aactice guidelines. The study protocol
was approved by the Royal Thai Army Medical DeparitrEthics Committee, and all
subjects gave written informed consent before tae of study activity. Twenty patients (10
AIT treatment responders, 5 treatment non-respenalel 5 placebo-treated patients) were
recruited in Phramongkutklao Hospital, Bangkok, ileral since 2017 (Fig E1), and Table
E1 shows the characteristics of the participantsaich group. All participants met the
inclusion criteria, including a history and objeetisymptoms of HDM-related allergic
rhinitis, a positive skin-prick test (a wheal digere>6 mmlarger than the negative control)
to D. pteronyssinus extract (Alk-Abello, TX, USA), and absence of affie asthma and
atopic dermatitis. The symptom-mediation score (btfnbines the total nasal symptom
score (TNSS) and the medication score (which repteshe treatment efficacy) and was
used to assess the severity of allergic symptofiiEhe cut-off point for AIT responders has
been defined as a decrease in the SMS of more3ffanafter 2 years of AIT compared with
before starting AIT (Fig E4Y> A rush protocol was used, consisting of subcutaseo
administration of a standardized mite mix tbantained glycerin 50% v/v, phenol 0.4%
(preservative), sodium chloride, sodium bicarbonatgteronyssinus 5,000 Allergy
Units/ml andD. farinae 5,000 Allergy Units/ml (Alk-Abello). Peripheral tbd mononuclear
cells (PBMCs) were isolated at baseline, and abfths, 12 months and 2 years after
starting AIT. The PBMCs and plasma samples werepmgserved in liquid nitrogen until

analysis.

Cell culture and flow cytometry analysis
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Cryopreserved PBMCs were thawed and incubated mlldf warm cRPMI (Nacalai
Tesque; Kyoto, Japan) supplemented with 100 U DNessombinant (Roche; Mannheim,
Germany) at 37°C and 5% G@r 1 hour. The cells were then washed and cudture
Yssel's medium supplemented with 5% Human AB sefioth from Gemini Bio Products;
West Sacramento, CA, USA) in the presence of 70l W/ (Sigma-Aldrich, St. Louis,

MO, USA), 50 ng/ml IL-33 (PeproTech; Rocky Hill, NJSA) and 10 ug/ml recombinant
Der p 2 (Alain J. Laboratory, Chulalongkorn UnivgrsBangkok, Thailand) at 37°C and 5%
CO, for 3 days. Subsequently, the cells were stimdl&de 4 hours with 48 ng/mL PMA
(Sigma-Aldrich) plus 1 mg/mL ionomycin (Sigma-Aldh) and 1 uM Monensin (Sigma-
Aldrich) and stained using eF780 viability dye (e&iience; San Diego, CA, USA) at 4°C
for 30 min. The lineage markers were stained withfollowing antibodies: Alexa Fluor

(AF) 700-streptavidin-biotin-lineage marker (antbCa (H1149), anti-CD3 (OKT3), anti-
CDl11c (3.9), anti-CD14 (HCD14), anti-CD16 (3G8)tiabD19 (HIB19), anti-CD34 (581),
anti-CD94 (DX22), anti-CD123 (6H6), anti-CD303 (Z)land anti-FeRla (AER-37) (all
from BioLegend; San Diego, CA, USA). Other surfatalecules were also stained with
phycoerythrin (PE)/Cy7-conjugated anti-CD127 (A0Byperidinin-chlorophyll-protein
complex (PerCP)/Cy5.5-conjugated anti-CD161 (HP-@GRrilliant Violet 421—conjugated
anti-CD117 (104D2) and Brilliant Violet 510—conjugd anti-CD45 (HI30) (all from
BioLegend); and AF 647—conjugated anti-CD294 (BMBRD, Biosciences; San Jose, CA,
USA). Since the markers of NK cells differ depemgdam the cells’ developmental stage,
various cell markers, such as CD34, CD117, CD94GD#l6, were included as lineage
markers to exclude NK cells in all developmentabss. For intracellular cytokine staining,
cells were fixed and stained with the followingibatlies using a Cytofix/Cytoperm Kit (BD
Biosciences): AF-488-conjugated anti-IL-4 (8D4-8B2gend), PE-CF594-conjugated anti-
IL-10 (JEF3-19F1, BD Biosciences) and PE-conjugatedCTLA4 (BNI-3, BD
Biosciences). All samples were analyzed using d BBFortessa (BD Biosciences). Data
were analyzed using FlowJo software (FlowJo LLChlAsd, OR, USA). The levels of IL-10
in the culture supernatant after 3 days of cultveee determined by multiplex assay (Merck
Millipore; Burlington, MA, USA).

Statistical analysis
A mixed-effects linear regression model—adjustadrieatment with Kroger’s methdd,
which takes into account repeated measures, samle size, and unbalanced data—was

used to assessed for correlations between the foearkers, i.e., IL-1CCTLA4 ILCs, IL-
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4"CRTHZILC2s and the IL-ACRTHZ'ILC2s/IL-10'CTLA4"ILCs ratio, and the symptom-
medication score. Then, we assessed the time-chamgjeese biomarkers plus 4 others
(ILC1s, ILC2s, ILC3s and CTLA4LCs) in each group: responders, non-responders and
placebo-treated patients. We computed the meagréifEes and the 95% the confidence
intervals using a mixed model that adjusted fougrdime, and interaction groupXtime.
Multiple comparison was corrected by the Bonfermoeithod. Statistical analysis was

performed using Stata 15.1.
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Legends to Supplementary Figures
FIG E1. Study design. A CONSORT diagram showing how thgexts progressed through

the study and how the final study samples wereioéda

FIG E2. Gating strategy for detecting ILCs. Lymphocytesefirst gated from the forward-
scatter (FSC) and side-scatter (SSC) plots. Afbeibtet discrimination, live CD4%cells
were gated. ILCs were defined as CDdi@ble Lin CD127CD167T cells.

FIG E3. Frequencies of each ILC subset during AAT.The percentages of Lin
CD127CD16TCRTHZc-kit ILC1s, LinCD127CD16TCRTHZ ILC2s, Lin
CD127CD16T CRTHZc-kit" ILC3s and LinCD127CD16T CTLA4" ILCs per total Lin
CD127CD16T ILCs in PBMCs at different time points of AIT (tedime, 6 months, 12
months and 24 months after starting AIB).The percentages of L{®D127 CD161'IL-
4"CRTHZ ILC2s and LinCD127 CD16TIL-10"CTLA4" ILCs. C, The ratios of IL-
4"CRTHZ/IL-10"CTLA4" ILCs with time. Data represent the mean and cenfie interval.

FIG E4. Representative dot-plots of I'@RTHZ'ILC2s (A) and IL-10CTLA4'ILCs (B) at
baseline, 6 months, 12 months and 24 months ofidf€sponders, non-responders and

placebo-treated patienf3ata are shown as means + SEM.

FIG E5. The clinical response was assessed based owrtipgasn-medication score (SMS)
and the percentage change in SMS during 2 yeak$lofresponder patients, n = 10; non-
responder patients, n = 5; placebo, n = Bx(.05, **P<0.01, **** P<0.0001.

FIG E6. Plots of the relationship between the percentaggol ILC and the symptom-
medication score (SMS) during AIA.— C, Relationships between the SMS and the
percentages of IL£RTHZ" ILC2s and IL-10CTLA4" ILCs per total ILCs, and the ratio of
IL-4"CRTHZ/IL-10°CTLA4" ILCs in PBMCs from AIT responders (A, n = 10), Ron
responders (B, n = 5) and placebo-treated pat{€jts = 5). Each plot represents one
subject, and the numbers (0, 6, 12, 24) indicaedttifferent time-points of AIT (baseline,
6, 12 and 24 months after starting AIT).



