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Short-course Lolium perenne peptide immunotherapy modulates T and B cell subsets

@ Natural exposure to allergen Lolium perenne peptide immunotherapy
(e} o) (e} (e} o (@] o) (@] O @] o S
01010000 0g000c00000000008006090

Hydrolysates of LPP
Short-course of SCIT injections
DC 4 medical visits over 3 weeks
1-10kDa

CTLA-4
IL-10, PD-L1
Allergen-specific
lgG/igG, l
ﬁw AP —
) N IgG/IgG, competes Plasma cell
Mast cell Basophil  Allergen-specific IgE IgE-FAB with IgE for allergen IgG/IgG,
—T binding

Abbreviations: LPP (Lolium perenne peptide), SCIT (subcutaneous), DC (dendritic cells), ThO (naive T cells), Th2 (T helper 2 cells),
Tfh (T follicular helper cells), Tfr (T follicular regulatory cells), nTreg (natural T regulatory cells), iTrl (inducible IL-10-producing T
regulatory cells), iTg35 (inducible IL-35-producing T regulatory cells), PD-L1 (programmed death-ligand 1), CTLA-4 (cytotoxic T
lymphocyte associated protein 4), IL (interleukin), Ig (immunoglobulin), IgE-FAB (IgE-facilitated allergen binding).
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Key M essages

* Pre-seasonal 3-week short-course of adjuvant-fieggtige hydrolysates ofolium
perenne (LPP) over four medical visits inhibited basople$ponse and attenuated Th2
pro-allergic responses.

 LPP immunotherapy induced peripheral FoxP3 regojatd and T follicular
regulatory cells, stimulated the induction of 1L35 cells (iTz35) which promoted
production of IL-10 from CD19B cells and Breg subsets.

e LPP immunotherapy was associated with the inductbngrass pollen-specific
neutralizing 1gG blocking antibodies which competes with IgE andmess allergen-

IgE binding to B cells.

Capsule Summary
Pre-seasonal short-course of hydrolysatelsotium perenne peptides (LPP) immunotherapy

is clinically effective and accompanied by modwatof T and B cell subsets.

Keywords

Allergy, peptide immunotherapy, T follicular helps#lls, Tregs, Bregs.

Abbreviations

AIT, Allergen-specific immunotherapy; SAR, Seasoadérgic rhinitis; NAC, Non-atopic
controls; LPP,Lolium perenne peptides; Breg, Regulatory B cells;gB5, IL-35 inducible
regulatory T cells; Treg, Regulatory T cells; Tt follicular helper cells; Tfr, T follicular

regulatory cells.
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Abstract:

Background: Three-week, short-course of adjuvant-free hydragsaof Lolium perenne
peptide (LPP) immunotherapy for rhinoconjunctiviéth/without asthma over 4 physician
visits is safe, well-tolerated and effective.

Objective: To investigate immunologic mechanisms of LPP imntbempy in a subset of
patients who participated in a Phase Ill, multieentandomized, double-blind, placebo-
controlled trial (clinical.gov NCT02560948).

Methods: Participants were randomized to receive LPP (n=Iplacebo (PL; n=11) for 3
weeks over 4 visits. Grass pollen-induced basofhénd B cell responses were evaluated
before (V2), end of treatment (V6) and after théggoseason (V8).

Results: Combined symptom and rescue medication scores (FSW& lower during the
peak (-35.1%P=.03) and throughout pollen season (-53.P%03) in LPP- compared to PL-
treated group. CD63and CD203¥"CRTHZ'basophils were decreased following LPP
treatment at V6 (allP<.0001) and V8 (allP<.001), compared to V2. No change in PL-
treated group was observed. Blunting of seasomaé@ses of grass pollen-specific IgE was
observed in LPP- but not PL-treated group. LPP umatherapy but not PL was associated
with a reduction of IL-4Th2 (V6,P=.02), IL-4" (V6, P=.001;V8,P=.0095) and IL-21 (V6,
P=.0002) T follicular helper cells. Induction of X, follicular regulatory T and IL-10
Breg cells were observed at V6 (af<.05) and V8 (all,P<.05) in LPP-treated group.
Induction of regulatory B cells was associated waillergen neutralizing Ig& blocking
antibodies.

Conclusion: For the first time, we demonstrate that the immagiglal mechanisms of LPP
immunotherapy are underscored by immune modulatiothe T and B cell compartments
which is necessary for its effect.

Abstract word count: 250
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INTRODUCTION

Conventional allergen-specific immunotherapy (AIT$ing purified whole aeroallergen
extracts$ or recombinant allergeh$or respiratory allergies is indicated in those patients who
do not respond to conventional symptoms-relievinglicaions such as antihistamines and
nasal corticosteroids. AIT is a disease modifyingeraipy that requires long-term
administration lasting up to 3 years to demonst@gsirable clinically meaningful and
persistent effect.” The associated risks of adverse effects, including anaphylaxis, and poor
patient compliance warrant the development of nahelrt-course therapeutic strategies for
AIT to improve efficiency whilst reducing side effscand improving adherence. It is
important to note that the prevalence of respirasdligrgic disease is increasing and denotes a

significant health problem and disease burden ih Heteloped and developing countfiés.

We have characterized purified peptidic fragmentsyef grass L(olium perenne peptides;

LPP) suitable for short-course subcutaneous admatish (clinicaltrials.gov
NCT01111279f We have performed safety, dose-escalation (clinicaltrials.gov
NCT02156791) and dose-finding studies (clinicaltrials.gov NCT01308828nd identified

the optimal treatment schedule (4 x 2 injections @&eeks) to elicit a clinical effect. Due to

the extensive cross-reactivity of allergenic compasi@f grass pollen from different species,
Lolium perenne allergen can be used to treat allergic rhinitis induced by other grasHes.
advantages over the whole-protein allerdéase that linear peptides do not bind to IgE and
cross-link FeRI on the surface of mast cells and basophils, therefore, do not release

mediators such as tryptase and histamine.

We have recently evaluated the efficacy of LPP mneat in a prospective, multicenter,

randomized, double-blind, placebo-controlled (RDBRRDase Il trial (ClinicTrials.gov no.
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NCT02560948; EudraCT no. 2015-002105-1yhich was carried out in 57 different sites
in Europe. 372 adults were treated with LPP andw@& treated with placebo (PL) based on
the medical history of moderate-to-severe seasahatgic rhinoconjunctivitis. A short-
course of grass allergen peptide immunotherapy 8weeeks showed a significant reduction
in the daily combined symptom and rescue medicatemmes (CSMS) during the peak pollen
season and over the entire season. The study prbvideful safety data, improvement in
symptoms, quality of life and a decrease in graskep conjunctival provocation test (CPT)
scores- The study was designed to demonstrate safetyféinday of LPP and to investigate
mechanistic endpoints using blood samples from LdPE-PL-treated groups collected from a

single center site (Belgium).

This sub-study was specifically conducted to assdssther LPP immunotherapy would
suppress early and late phase allergic responseswaiited to identify the immunological
mechanisms of short-course and fast-acting LPP inotierapy, as compared to long-term
conventional immunotherapy. It has been shown ¢baventional immunotherapy results in
the production of blocking antibodies, induction refjulatory cells and immune deviation

towards a Thl respondg.

We therefore hypothesized that short-course LPPunaotherapy leads to suppression of
early allergic effector cell (basophils) respordeletion of pro-allergic TH2 and Tth cell&®
which are known to promote IgE responses and ingluaif T regulatory cells. We further
hypothesized that allergen neutralizing lgéntibodies that can inhibit allergen-induced
basophil responsiveness and CD23-mediated IgEtéded allergen presentation, are also

induced by B cells in LPP- but not PL-treated group
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METHODS
Study design
We assessed the immunologic effect of LPP immumaghein a subset of patients from one
clinical site in Belgium that participated in a ppective, multicenter, RDBPC Phase |lI

trial*®

evaluating the efficacy of LPP in patients wittagg pollen-induced allergic rhinitis
with or without asthma. After screening (V1), elig participants (n=32) were randomized
2:1 to receive subcutaneous injections of LPP inotherapy or placebo (PL) (Fig &,
Repository Fig E1; Table I). Double blinding wasimained for all patients and clinical and
laboratory staff throughout the entire duratiorire study. At each treatment visit, the patient
received a first injection in one arm, followed &ysecond injection in the opposite arm 30
mins later. Doses were increased progressivelplasms: 2 x 5 g for treatment at visit (V)
2 (V2), 2 x 10 ug for treatment at V3, 2 x 20 ug fieatment at V4, and 2 x 50 ug for
treatment at V5. A cumulative dose of 170 pg of LR& reached, which appeared as
optimal in a previous dose-finding Phase 1l stifthll participants who attended the
immunogenicity clinical study site were subjectedbtood sampling at V2 (baseline, before
the treatment), V6 (after the treatment) and V&etathe pollen season). Daily combined
symptom and rescue medication scores (CSMS) waacted from each participant during

the peak (14 consecutive days within weeks 23—@8)the entire pollen season (weeks 22—

30).

Allergen-induced basophil responses

Ex vivo allergen-induced basophil responsiveness was mezh&y the expression of CD63
and CD203c markers as previously descrifeBriefly, 1, 3, 10, 33, 100 and 330 ng/mL of
Phleum pratense (Phlp) were added to heparinized whole blood amcubated at 37°C

in water bath for 15 mins. Cells were stained witll surface antibodies (see Online
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Repository). Red blood cells were lyzed with BDigssolution (BD Biosciences, San Jose,
CA) at room temperature in the dark for 10 mins &émed using CellFix solution (BD

Biosciences), prior to acquisition on BD FACSCantd™BD Biosciences).

Invitro T and B cell stimulation

For in vitro T and B cell culture experiments, PBMCs were celiufor up to 6 days
with/without Phlp or CpG ODN 2006 (fkig/mL; Invivogen, CA, USA) and CD40L (0.01
ug/mL; R&D Systems, Abingdon, UK) for up to 48 hoursspectively. To investigate the
effect of IL-35 on the induction of Breg cells, PBM were cultured with CD40L (0.01
pug/mL; R&D Systems) and CpG ODN 2006 pb/mL; Invivogen) or LPS (100 ng/mL;
Sigma-Aldrich, Dorset, UK) in the presence or alsseaf rhiL-35 (100 ng/mL; Enzo Life
Sciences, Exeter, UK) for 48 hours. Cells were wdslsing culture medium and stimulated
with PMA (50 ng/mL; Sigma-Aldrich) and lonomycin ({1g/mL; Sigma-Aldrich) in the
presence of monensin (20g/mL; BioLegend, London, UK) or Brefeldin A (1:1@D
Biosciences) for 5 hours prior to staining. For @l culture, cells were blocked with Fc
blocking agent (Miltenyi Biotec, Woking, UK). Celisere immunostained with cell surface
and intracellular antibodies (see Online Reposjtand acquired on BD FACSCanto™ Il and

BD LSRFortessa™ (BD Biosciences).

Serum allergen specific IgE and 1gG,

Specific IgE and Ig@to a grass pollen mixturerfthoxanthum odoratum, lolium perenne,
phleum pratense, secale cereale, holcus lanatus) were measured in serum samples using
ImmunoCAP system (Thermo Fisher Scientific, Piet¢K) according to the manufacturer’'s

instructions.
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| gE-facilitated allergen binding assay

The allergenicity of LPP was tested by IgE-faciéth allergen binding to B cells as
previously describetf Serum from allergic patients were pre-incubatedhwithlp for 1 hour
at 37°C, followed by the addition of 1X1BBV-transformed B cells (BL) and incubated for
1 hour at 4°C. Binding of allergen-IgE complexesBtaells were determined by polyclonal
human anti-IgE PE-labelled antibody (Miltenyi Biofeand acquired by BD FACSCanto™ I

(BD Biosciences).

Statistical analysis

This study was predominantly a mechanistic studguvaluate the immunologic mechanisms
of short-course LPP or PL treatment in a subseatients who were enrolled in the Phase lli
trial*® and attended the clinical site in Ghent, Belgidiine Phase IlI study was powered for
the primary endpoint which was the reduction of CSMer the pollen peak periddThis
study was not a post-hoc selection of the siteraither of the analyses. The analyses were
pre-planned and were included in the study protaodl a statistical analysis plan (SAP) was
also predefined and finalized prior to performirigldgical analyses. For this study, sample
size and power calculation was based on immunabgiarameters including grass pollen-
specific IgG and serum inhibitory antibody as measured bydkeHAB assay obtained from
the Phase Ifa(clinicaltrials.gov NCT02156791) and Phaselistudy (clinicaltrials.gov

NCT01308021) (See Tables E1 and E2 in the OnlinmBR®ory).

Statistical data analysis was performed using GPaphPrism 7.02 (GraphPad Software Inc.,
San Diego, CA, USA). Non-parametric Mann-Whitnest teras used to statistically compare
between different groups of patients and non-panaen@/ilcoxon paired signed-rank test

was used to compare data within the same samplendlly distributed data was analyzed
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229 using parametric Welch’s t-test. R value of <.05 was considered to be statistically

230 significant.

10
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RESULTS

Reduction in symptom scores following LPP treatment

The clinical results of this study have been rembrpreviously® Briefly, CSMS were
significantly reduced by 15.5% during the peak golseason and 17.9% over the entire
season in LPP- but not PL-treated subjétts this study, the CSMS and RTSS was also
reduced during the pealP%£.03, P=.04) and throughout the entire pollen seasen.q3,
P=.01; Fig 1,B and C). The pollen count for Belgium in 2016 is reprdsenin Fig E2

(Online Repository).

L PP immunotherapy but not placebo inhibits grass pollen-induced basophil responsiveness
The effect of LPP on E&I-mediated allergic inflammation, a surrogate emdpof early
type I-mediated hypersensitivity reaction was imggded by measuring basophil
responsiveness. At V2, the proportion of CD2VBCRTHZ' (Fig 1,D andE, and see Table
E3 in the Online Repository) and CDERTHZ" basophils (Fig 1F, and see Table E4 in the
Online Repository) were increased in a dose-dependanner in both LPP- and PL-treated
groups. Interestingly, at V6 and V8, allergen-ineldidasophil responsiveness was reduced at
1, 3, 10, 33, 100 and 330 ng/mL of grass polleargéins in the LPPPK.05; compared to
V2) but not in the PL-treated group (FiglLl,andE). We also investigated the effect of anti-
human IgE antibody (fug/mL) on basophil activation following ERI cross-linking in LPP-
and PL-treated groups. The proportion of CDZOBICRTHZ" and CD63CRTHZ' basophils
following FceRI cross-linking by anti-human IgE antibody was reased at V6 and V8
compared to V2 in the LPP- but not in the PL-trdajeoup (see Fig E3 and Table E5 in the

Online Repository).

11
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Blunting of seasonal increase in grass pollen-specific IgE in LPP but not placebo-treated
groups

Specific IgE (sIgE) to grass pollen mixture was sugad in sera of study participants. There
was an induction of grass pollen sIgE in LPP- boit BL-treated patients (Fig 2, left).
However, when the difference in sIgE induction bedw V6 and V8 (corresponding to the
induction of IgE following natural exposure duritige pollen season) was assessed, sIgE
induction in the PL-treated group was significartigher compared to the LPP-treated group

(P=.0004; Fig 2A, right).

Attenuation of 1L-4-producing Th2 cells, IL-4, I1L-21 and dual IL-4, IL-21-producing Tfh
cellsfollowing LPP immunotherapy but not in placebo

Following LPP treatment, there was a significantution of IL-4-producing Th2
(CRTH2'CD27) cells at V6 P=.02) but this was lost at V8 in LPP- but not Péatied group.
In contrast, Th1 cells (CD#N-y") cells were significantly higher in LPP-treatedgp at V6
(P=.01) compared to PL, but this was lost at V8 (€dbb in the Online Repository). Immune
deviation from a Th2 to Thl response has been dstrated previously in conventional
immunotherapy. However, there has been increasiittpiece that a subset of T helper (Th)
cells, called T follicular helper (Tfth) cells alptay a crucial role in the pathology of allergic
disease and IgE class-switchiig® They are defined as CD4cells that co-expressed
CXCRS5 and PD-1 and these CIiXCR5'PD-1" cells are henceforth referred to as Tth cells
(Fig 2, B). Tfth cells secrete IL-4 and IL-21 and has beeowshto induce IgE production
through STAT3 signalling* IL-4-producing Tfh cells were significantly loweén LPP-
compared to PL-treated group at V6 and ¥8.003 andP=.004, respectively; Fig Z;). IL-
21-producing Tfh cells were significantly lower llRPP- compared to PL-treated group at V6

and V8 P=.003 andP=.002, respectively; Fig D). Dual IL-4'IL-21" Tth cells were also

12
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enumerated and this was significantly lower in LEBmpared to PL-treated group at V6
(P=.004) and remained low in LPP-treated group a{R&01; Fig 2,E, and see Table E7 in
the Online Repository). In contrast, IRNaroducing Tfh cells were significantly higher in

LPP- compared to PL-treated group at V6 and R8@3 andP=.01, respectively; Fig F).

Induction of FoxP3" Treg and Tfr cells following LPP immunotherapy but not placebo

The regulatory counterparts of T helper cells wiekestigated. LPP-treated group showed
induction of FoxP3 Treg (CD4CD25'CD127°“FoxP3; Fig 3,A) cells but not in PL-treated
group (V6;P=.03), nonetheless the effect became non-signifiea¥8 (Fig 3,B). We further
analyzed the functional counterparts of these Tcells. Studies have shown GARP
expression and SATB1 repression in Treg cells sse a suppressive subset of Treg
cells?** GARP'" Treg cells were significantly higher in LPP- comgmhito PL-treated group
at V6 and they remained elevated at W&.03 andP=.01, respectively; Fig 3). This is
consistent with the repression of SATB1 within Tesdls that was higher in LPP- compared
to PL-treated group at both V&£.002) and V8 P=.01; Fig 3,D, and see Table E8 in the

Online Repository).

A subset of Treg cells, called T follicular regaliat (Tfr; CD4 CXCR5PD-1"FoxP3) cells
have been shown to regulate the interaction betweand Tfh cells. There was significantly
higher Tfr cells in LPP- compared to PL-treatedugrat V6 and V8 H#=.004 andP=.004,
respectively; Fig 3k andF). Tfr cells have also been shown to exert theppsessive ability
through the expression of CTLA?A.CTLA-4" Tfr cells were significantly higher in LPP-
compared to PL-treated group at \=(001) and they remained elevated at ¥8.002; Fig

3, G, and see Table E9 in the Online Repository).

13
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LPP immunotherapy but not placebo induced IL-35" and IL-10" Tregs that promoted B
regulatory cellsinduction

The induction of IL-35- and IL-10-producing Tregllseupon stimulation with Phlp was
investigated in PBMCs obtained from LPP- and Plkted individuals at V2, V6 and V8.
Inducible IL-35 Treg cells (ik35) were increased in LPP- at VB=01) compared to PL-
treated group (Fig 4A and B). Additionally, proportion of IL-10 Treg cells were
significantly increased in LPP- at V&%£.0004) and V8 #=.001) compared to PL-treated

group (Fig 4C, and see Table E10 in the Online Repository).

To assess the effect of IL-35 on the conversiomwhan B cells into Breg cells, PBMCs
from grass pollen allergic individuals, independehthe study, were stimulated with LPS or
CpG and CD40L in the presence or absence of ILEI®19IL-10" B cells were increased
when stimulated with CpG in the presence of IL-Blg @, D). IL-35 significantly increased
the proportion of IL-10CD19'CD5"CD1d" B cells when stimulated with CpG and LPS

(P=.02 andP=.03, respectively), which was decreased in themat®s of IL-35 (Fig 4E).

Frequency of IL-10cells was measured using FluoroSpot assay inrdsepce or absence of
IL-35. The frequency of IL-10cells was significantly increased when stimulatgth CpG
(P=.002) and LPSH=.002) in the presence of IL-35 (FigH). In addition, production of IL-
10" Breg cells was assessed in LPP- and PL-treateenfmt PBMCs stimulated with CpG
and CD40L resulted in an increase in IL-10-prodgdaneg cell subsets in LPP- compared to
PL-treated group. LPP-treated group showed signifig higher production of IL-T&D19"
(V6, P=.002; V8, P=.004), IL-10CD19°'CD5" (V6, P=.0007; V8, P=.0008), IL-

10'CD19'CD5'CD24"CD38" (V6, P=.0004; V8, P=.001) and IL-16CD19'CD27" (V6,

14
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P=.004; V8,P=.002) Breg cell subsets at V6 and V8 as compardtLttreated group (Fig 4,

G, and see Table E11 in the Online Repository).

Induction of allergen-specific neutralizing/blocking antibodies following L PP treatment
Conventional allergen immunotherapy has been shove induced by grass pollen-specific
IgG4 antibodies. We assessed whether such blockingamidis were induced in LPP- and
PL-treated groups. Levels of grass pollen-spedifia, were increased at V6 compared to V2
(P=.002; Fig 5,A) and persisted until the end of the pollen seas@) (Vv LPP-treated group
whereas no change was observed in the PL-treategh.girhe ability of these antibodies to
compete for IgE binding to B cells was decreased@ain the LPP- compared to PL-treated
group, however, no difference was observed at 2 \&® (P=.02 at V6; Fig 5B, and see

Table E12 in the Online Repository).

Relationship between immune parameters and clinical effect

We assessed the relationship between combined sgmphd rescue medication scores
(CSMS), rescue medication scores (RMS) and rhinooativitis total symptom scores
(RTSS) with inducible Treg cell subsets{8b and IL-10 Treg cells). There was a negative
correlation observed betweernsBb cells with RTSS at V6 (r=-0.6P=.01), IL-10" Treg cells
and CSMS at V6 (r=-0.52=.02) and V8 (r=-0.452=.04) and IL-10 Treg cells and RMS at

V8 (r=-0.46,P=.0499) (see Table E13 in the Online Repository).
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DISCUSSION

Here, we show in a RDBPC trial that a 3-week shkotirse of adjuvant-free hydrolysates of
LPP over four medical visits reduce CSMS and RTEBP immunotherapy inhibited
allergen-induced basophil responsiveness and végctBlunting of seasonal increases of
grass pollen-specific IgE and attenuation of cating IL-4" Th2, IL-4", IL-21" and dual
IL4*IL-21" Tfh cells was observed in LPP-treated patientsculiting Treg and Tfr cells
were induced following LPP treatment. Moreover, LERRmunotherapy stimulated the
induction of iTz35 cells which favourede novo IL-10 production from CD19B and Breg
cell subsets. This leads to the production of géarneutralizing Ig& antibodies that can
compete with IgE and prevent allergen-IgE bindiogD23 on the surface of B cells. These
findings are from a subset of participants in géaPhase IlI clinical triaf in whom we were
able to collect blood samples for mechanistic aialyThe design of the study included a
mechanistic analysis in a subset of participant® wttended the clinical site in Ghent,
Belgium. This was not a post-hoc selection of thhe and neither of the analyses. The
mechanistic analyses were pre-planned and wenadedlin the study protocol. In addition to
this, the reported clinical data represents thdistucohort in the single center and therefore,

it needs to be considered in the context of thelevbtudy.

The immunological assays performed throughout $hisly involved stimulation of PBMCs
with timothy grass pollen allergen (Phlp). Despite patients undergoing LPP treatment,
previous studies have shown the extensive crossirg among members of the subfamily
Pooidea€” Both Phlp andLolium perenne belong to the subfamily Pooideae. Sequence
analysis performed on both allergens showed thét Bblp andLolium perenne shared an
extensive homology.Lolium perenne isoallergens shared between 30-90% homolog

sequences with Phlp 1, which contributes to theiss-reactivity:* In addition, Phlp 1 fusion
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protein has been shown to block reactivity of otiperss pollen speciéSThis demonstrates
the cross-reactivity between grass pollen allergams therefore justify the use of timothy

grass pollen allergen im vitro assays.

In this study, allergen-induced basophil responsge was decreased as early as three weeks
and persisted throughout the grass pollen seashis. i$ a faster response compared to
conventional immunotherapy which takes 6 to 12 merib achieve a similar decrease in
basophil activation. CD63and CD203¥9"™ were used as activation markers. Basophils are
activated when IgE receptor cross-link and reledlsegic effector molecule¥. We showed
that the induction of IgE following LPP treatmentrishg the grass pollen season may be due
to the priming effect of the grass pollen seas®ulting in the IgE production by B cells.
This increase has been observed previously as faet eff immunotherapy treatmefit.
Despite this increase, the magnitude of IgE praduocafter pollen season in LPP- was less
than that in PL-treated group, suggesting that teéRtment suppresses Th2 cell responses
which is responsible for the production of IgE bgdls. It was also apparent from the levels
of IgE at baseline that both the LPP- and PL-tbajeoups were moderate-to-severely
allergic towards grass pollen allergen. Nevertlgle®P-treated group showed significantly

improved symptom scores during the pollen seasarpeced to PL-treated group.

To address the factors that drive B cell responsesnvestigated a subset of T cells known
as Tfh cell’?°Here, we demonstrated that IL-4- and IL-21-prodgcTth cells were lower
in LPP- compared to PL-treated group, suggestiaf) i-4- and IL-21-producing Tfh cells
may be pathogenic in allergy. It is well establshieat IL-4 induces IgE production, the key
player in allergic hypersensitivity, and the synstig effect between IL-4 and IL-21 have also

been shown to induce IgE production by B cells ugiothe activation of STAT3:* The
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observed effect of LPP on IL-4- and IL-21-producifitpn may play a role in the blunting of
IgE production, consequently suppressing the symgtin LPP-treated group. Previous
studies have explored the different subsets ofcEfls, including IFNy-producing Tfh cells.
In this study, IFNy-producing Tfh cells were elevated in LPP-treatealig. Similarly, high
levels of IFNy" Thi cells were observed in the same group, wisigaificant reduction of
Th2 cells. This finding is consistent with the goais finding that reported immune deviation

towards a Th1 response following conventional imotharapy**

Previous studies have shown transient inductiofirefy cells following immunotherapy.
Treg cells that expressed FoxP3, GARP and repreésad@dl were induced following LPP
treatment and remained high after the grass peiason. It is well established that FoxP3
serves as a marker for Treg cells. Nevertheless; #te expressed in activated T célls.
Recent studies have shown that the expression &R>&nd repression of SATBL1 is crucial
in the suppressive function of Treg céfl$® SATB1 has been shown to be negatively
regulated by FoxP3 expression in Treg cells thusrdening the fate of the Treg ceff$3*In
addition, GARP has been shown to be highly exptesseTreg cell$? Together, the
expression of FoxP3, GARP and repression of SATRhinvTreg subsets can be used to
identify suppressive Treg cells. A Treg cell sup3ét cells, have been previously described
as a subset of T cells that regulates B and Tfhimtelraction®> LPP induces Tfr and CTLA-
4" Tfr cells which persists even after the grassgmobBeason. Previous studies have shown
CTLA-4 to be crucial for Tfr cells to exert theipressive function®,and it is speculated
that these functional Tfr cells may suppress cytekproduction by Tfh cells, therefore
disrupting the cytokine-mediated stimulation of @|s>® These observations on Tfh, Tfr and
Treg cells suggest that these cells may act imdasimechanism that mirrors the fate of Th2,

Thl and Treg cells following conventional immunatiyzy.
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Several studies have highlighted the role of ILi85the immune regulation autoimmune
diseasein vivo.®” IL-35 induces the expansion of Bregs, Tregs angB5Tcells® These
regulatory cells promote immune regulation that cantrol Th2 inflammation. In our study,
we have shown for the first time that a short-ceut®P treatment induced §35 cells.
Moreover, previous studies have illustrated thaB8B_has the ability to induce IL-1®Breg
cells by activating STATL/STATY. It is likely that IL-35 promotes the induction Bfz35
cells which in turn can differentiate B cells intb-10" Bregs that produce allergen

neutralizing IgG antibodies during LPP treatment.

We have shown that LPP treatment enhanced, l[g@duction and prevented allergen-IgE
complexes binding to B cells which subsequentlyliiniih2 cell activation. This observation
is in agreement with the findings obtained using-FAB assay illustrating that 1gG
antibodies can compete with IgE to inhibit allerggi complexes binding to CD23 (&RlI)
present on B cells, thus inhibiting facilitatedigath presentation to T ceff8Altogether, the
regulation of Tregs and Bregs leading to Jg®oduction may therefore provide an alternative

mechanism to induce tolerance in LPP-treated piatien

In this study, LPP immunotherapy was associateld aviteduction in seasonal symptoms and
the use of rescue medications which was relatestippression of allergen-induced basophil
responsiveness, induction of IgG-associated blgckimibodies and immune modulation of T
and B cells in peripheral blood. Immunological paeters were measured at baseline, at the

end of the treatment (after 3 weeks) and end opttien season.
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Previous studies on conventional AIT showed assoaiaf AIT with a reduction in the pro-
inflammatory Th2 cell responses and an induction Tofregulatory cell$? This was
accompanied by the induction of blocking lg&htibodies. In this study, we have shown that
short-course LPP treatment results in the attemwiatf the pro-allergic inflammatory T cells
and induction of regulatory T and B cell subsetd hlocking IgG antibodies. These results
showed that the rapid mechanism of immunomodulattserved during treatment is
somewhat similar to that in conventional immunaogipsr, which takes three years to achieve
if given subcutaneously or sublingually. It is likethat a short-course immunotherapy
treatment (4 physician visits over 3 weeks) mayroup patient compliance which currently

is 25% for SCIT and 12.5% for SLFP.

To date, there is very limited studies that ingzd the tolerance endpoint for short courses
AIT. A recent phase llb study was performed inalldrgic patients treated with short-course
peptide immunotherapy using major cat allergenigeptel d 1, referred to as Cat-PAD. The
study showed persistent tolerance towards catgaiterfor up to two years after the
treatment® However, the phase Il study resulted in a strplagebo effect and it was not
significant when compared to the treated groujs itnportant to note participants from the
phase Il study were exposed to cat and this mase hrasulted in the induction of IgG
antibodies that may have been protective even enpthcebo-treated group. However, the
clinical and immunologic findings of this study ayet to be published. In another short-term
immunotherapy study that involves administration @aflergoids adjuvanted by
monophosphoryl lipid (MPL), it was shown that ikés two cycles of treatment off-season
over a period of two years to induce slgéntibodies and blocking activity in serum of
treated patient: Intralymphatic immunotherapy indicated in allergitients have also been

shown to be clinically effective when administer@sl a short-course (three intralymphatic
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allergen administrations within 8 weeks) and indlulmang-term tolerance following cessation
of treatment? These studies showed that short-course of immenaply treatment could
potentially induce long-term tolerance in treatatignts. It would be interesting to follow the
study participants after cessation of treatment evaluate clinical as well as immunologic
responses. In addition, previous studies have stibaia booster AIT injection prior to the
pollen season following cessation of immunotheramatment resulted in a significant
reduction in the CSMS of grass pollen allergic gt during the pollen seastrOne could
therefore give booster injection before the seqooiten season to evaluate the persistence of

clinical and immunologic effect.

In summary, for the first time we showed that a&etv short-course of LPP immunotherapy
reduces seasonal symptoms and the need of resdieatiens intake during the peak and the
entire pollen season. The immunologic mechanismsPéf immunotherapy are underscored

by immune modulation in the T and B cell compartteen
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491 TABLE I: Patient demographics

- Placebo LPP

Characteristic N=11 N=21
Age (years), mean + SD 33.27 +£8.26 32.52 +11.19
Sex, n (%)

Male 5 (45.50) 8 (38.10)

Female 6 (54.50) 13 (61.90)
Body mass index (kg/fy mean + SD 23.19+3.23 23.47 +3.59
Disease duration (y), mean + SD 15.73+£9.95 18.10.33
Grass pollen skin prick test (mm), mean + SD 5.007/ 6.05+1.32
Grass pollen-specific IgE (kiL), mean £ SD 20.76 £ 25.58 27.65 + 31.89
Total IgE (IU/mL), mean + SD 156.44 +211.28 219#8873.08
Frequency of allergic rhinitis, n (%)

Intermittent 1(9.2) 0 (0.0)

Persistent 10 (90.9) 21 (100.0)
Asthmatic 1(9.2) 3(14.3)
Co-sensitizations (SPT > 3mm), n (%)

None (other than grass) 0 (0.0) 0 (0.0)

Birch 2 (18.2) 8(38.1)

Cat epithelia 4 (36.4) 2 (9.5)

Dog epithelia 1(9.1) 3(14.3)

House dust mitelfer matophagoides farinae) 1(9.1) 3 (14.3)

House dust mitelYermatophagoides pteronyssinus) 2 (18.2) 7 (33.3)

492
493 Data shown for the population with immunogenicitgtal n= number of patients. N= total
494 number of patient per group. Abbreviations: IU,emfational units; kW, kilounits; kU,

495 allergen-specific ~ kilounits; SD, standard deviafionSPT, skin  prick test.
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FIGURE LEGENDS

Figure 1. Reduction of basophil activation following LPP. (A) Study design for patients
with grass pollen related allergic rhinitis in tREBPC Phase Il trial(B) Reduction in daily
combined symptoms and medication scores (CSMS)eilgiBm was -35% F=.03) during
peak period and -53.79%%.03) during the entire pollen season in the LPE2{) compared
to PL-treated group (n=11)C) Reduction of rhinoconjunctivitis total symptom
(RTSS) in LPP-treated group in Belgium during ppekiod was -27.4%R=.04) and -56.9%
(P=.01) during the entire pollen seas@D) Grass pollen-induced basophil reactivity in LPP
and PL displayed surface activation markers CD68 &D203c on CRTH2 basophils.
Representative plots of CD2F3¥'CRTHZ basophils of LPP- (n=21) or PL- (n=11) treated
patients at V2, V6 and V&E andF) A dose dependent responsgBf CD2038""CRTHZ
and(F) CD63'CRTHZ" basophils in LPP- and PL-treated groups at V2,avé V8. Green
dotted lines represent peak pollen season. *dersitgsstical significance for V2 vs. V6
while ® denotes statistical significance for V2 vs. V8.tdare shown as mean (zSEM).

*P<.05, **P<.01, **P<.001, Mann-Whitney test.

Figure 2. LPP inhibits pro-inflammatory Tfh cells. (A) Levels of grass pollen sigE
(KUa/L) in serum samples of LPP- (n=21) and PL- (n=ttéated groups were measured by
ImmunoCAP. Difference in sIgE production in botlogps was also measured between V8
and V6. PBMCs were isolated from whole blood ca#dcbefore (V2) and after treatment
period (V6), and after grass pollen season (V8) autured for 6 days in the presence of
Phlp. (B) CD4' cells that are CXCR®D-1" were defined as Tfh celléC to F) Percentages
of IL-4%, IL-21%, dual IL-41L-21" and IFNy"-producing Tfh cells were assessed within Tfh
cells population by FACS. Data are shown as me&itk4). *P<.05, **P<.01, **P<.001,

Mann-Whitney test.
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Figure 3. LPP induces expression of regulatory cells. (A) Representative plots of T
regulatory cells in LPP (n=21) and PL (n=11) trdatgoups.(B) Percentage of FoxP3r
regulatory (Treg; CDZCD25'CD127°"FoxP3) cells within CD4CD25CD127°" cells in
LPP- (n=21) and PL- (n=11) treated groups weresaeskby FACSEX vivo staining was
performed on isolated PBMCs from whole blood ca#édcbefore pollen season (V2), after
treatment period (V6) and after grass pollen seds@). (C) Percentage of GARPTreg
(CD4'CD25 CD127°"FoxP3GARP") cells within CD4CD25CD127°"FoxP3 cells. (D)
Percentage of SATB1 Treg (CD4CD25CD127°"FoxP3SATB1) cells within
CD4'CD25'CD127°"FoxP3 cells. (E) Representative plots of T follicular regulatoryfr(T
CD4'CXCR5PD-1'FoxP3) cells in LPP- (n=21) and PL- (n=11) treated gmu(F)
Percentage of Tfr (COEXCR5PD-I'FoxP3) cells within CD4CXCR5PD-1I". (G)
Percentage of CTLA-4 Tfr (CD4 CXCR5PD-1FoxP3ICOS CTLA-4") cells within
CD4’'CXCR5PD-1'FoxP3ICOS’ cells. Data are shown as mean (+SEMP<.05, **P<.01,

Mann-Whitney test.

Figure 4. Induction of regulatory cells. (A) Representative plots analysis of ERI35'
Treg cells. 1L-35 producing Treg cells were assgssgng FACS in LPP- (n=21) and PL-
(n=11) treated group at V2, V6 and V@) Percentage of inducible Treg £35) within
CD4'CD25 cells.(C) Proportion of IL-10-producing Treg cells within @GCD25 cells.(D

to F) IL-10°"CD19" Breg cells production was examined by FAQ3) Representative plots
of IL-10 induction in CD19 B cells by IL-35.(E) IL-35 induced IL-10 Breg cells
production in grass pollen allergic patients in pgnesence of CpGQF) Frequency of IL-10-
producing cells was measured by FluoroSp@) Production of IL-10CD19’, IL-

10'CD19°'CD5", IL-10'CD19'CD5'CD24"CcD38" and IL-10CD19'CD27" Breg cells were
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increased in LPP-treated patients. Data are shsvmean (zSEM). P<.05, **P<.01,

*** P<,001, Mann-Whitney Test.

Figure 5. LPP enhances 1gG4 blocking activities. (A) The effect of LPP on the production
of IgG, levels in serum samples of patients obtained f2nV6 and V8 were measured by
ImmunoCAP.(B) Induction of IgG-associated blocking antibodieat timhibit IgE-facilitated
allergen-IgE binding to B cells. The effect of LIBR IgE-facilitated allergen binding to B
cells was determined in serum from allergic pasentubated with B cells. Data are shown

as mean (zSEM).P<.05, *P<.01, Mann-Whitney test.
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ONLINE REPOSITORY METHODS

Exclusion criteria

Patients were selected on the basis of having aicaletistory of moderate-to-severe
seasonal allergic rhinitis for at least two yeargositive skin prick test (wheal diameter of
>3 mm) to grass pollen mixture and histamine ancifipdgE (>0.70 kU/L) to timothy

grass pollenRhleum pratense). Patients were excluded from the study if theg peevious

history of allergen immunotherapy within the lasty&ars, anaphylaxis, perennial rhinitis,
poorly controlled or uncontrolled asthma, or otegmnificant medical illnesses. Women of
childbearing potential who were not taking contgne precaution, pregnant or lactating

were also excluded.

Allergen-induced basophil responses

Cells used to measuex vivo allergen-induced basophil responsiveness weraestaiith
anti-human CD3 PE-Cy7 (BD Biosciences, San Jose, CB303 APC (Miltenyi Biotec,
Woking, UK), CD294 (CRTH2) PE (Miltenyi Biotec, Wilg, UK), CD203c PerCP-Cy5.5

(Biolegend, London, UK) and CD63 FITC (Biolegenandon, UK).

Invitro T and B cell stimulation

Peripheral blood mononuclear cells (PBMCs) weréated from approximately 200 mL of
heparinized whole blood using density gradient rifigfation without brakes using Ficoll-
Paque™PLUS (GE Healthcare Bio-sciences AB, Upp&aleeden). Fom vitro T and B cell
culture experiments, cells were immunostained wthke following fluorescent-labelled

antibodies as per manufacturer’s protocol (all fr&D Biosciences unless stated): CD4
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63
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65
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67

68
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72

73

74
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78

BUV395, CD25 BV650, CD185 (CXCRS5) BB515, CD279 (PD-1) BUW/®r T cells or
CD5 APC, CD27 BB515, CD1d BVv421, CD19 PerCP-Cy&b3 APC-H7, CD24 BV510,
CD38 PE-Cy7 for B cells. The cells were fixed fd@ &ins with Cytofix/Perm buffer (BD
Biosciences, San Jose, CA) and washed with Perm/tmai$er (BD Biosciences, San Jose,
CA). Intracellular staining were performed usingdIPE-CF594, IL-21 Alexa Fluor 647, IL-
10 BV786, IFNy BV605, IL-12/IL-35 p35 PE (R&D Systems, AbingddsK) and IL-27/IL-
35 EBI3 APC (R&D Systems, Abingdon, UK) for T ceNghile B cells were immunostained
with IL-10 PE. The cells were then washed and spsnded in cell stain buffer prior to
acquisition onBD FACSCanto™Il and on BD LSRFortessa™ (BD Biosces) San Jose,

CA).

Ex vivo staining of T cells by flow cytometry

PBMCs were resuspended in PBS and 1 %cHlls per tube were fixed with Transcription
Factor Phospho Fix/Perm Buffer (BD Biosciencgs, Jose, CAfor 50 mins and treated with
Perm Buffer Ill (BD BiosciencesSan Jose, CAprior to cell surface and intracellular
transcription factor staining according to manufaet's instruction. The following

antibodies were used (all from BD Biosciences wigsited): anti-human CD4 APC-Cy7,
CD185 (CXCR5) BV421, CD279 (PD-1) PE, CD278 (ICa®¥CP-Cy5.5, CD25 BV510,

CD152 (CTLA-4) PE-Cy7, CD127 BB515, GARP PE, SATBlexa Fluor 647, FoxP3

Alexa Fluor 647, FoxP3 BV421 and analyzed on BD BACanto Il (BD Biosciencesan

Jose, CA.

FluoroSpot assay
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96-well polyvinylidene difluoride (PVDF) plate (Dibbne, Besancon, France) was pre-
treated with ethanol and blocked for 30 mins wi®dFCS at room temperature. PBMCs
were seeded at a density of 500,000 cells per iwdle presence of rhiL-35 with LPS (1
pg/mL; Sigma-Aldrich) and CpG ODN 2006 (dg/mL; Invivogen) in triplicates for 72
hours. Plates were washed and anti—IL-4 (Cy3) amiglla-10 (FITC) antibodies were added
and incubated for 1 hour. Fluorescent enhancef)Wwhs added and incubated for 15 mins.
Fluorescent spots were read and quantified undéW dight using iSpot reader (Oxford

BioSystems, Abingdon, UK).

FIGURE LEGENDS

Figure E1. Study Design. Flowchart illustration of patient recruitment, damization and
treatment. No patient drop-outs took place througitbe treatment period. AE: Adverse

Events.

Figure E2. Grass Pollen Count in Belgium. Reported grass pollen count in Belgium

between May and August in 2016. Peak pollen seassrbetween week 23 and week 25.

Figure E3. LPP inhibits anti-lgE-mediated basophil activation. Heparinized whole blood
was incubated with fug/mL of anti-human IgE antibody for 15 mins priar $taining and
acquisition by FACS. Proportion of CD203%'CRTHZ" and CD63CRTHZ" basophils in
LPP (n=21)- and PL (n=11)-treated groups at V2,avifl V8 were assessed. Data are shown

as mean (zSEM). P<.05, **P<.01, Mann-Whitney test.
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33 TableEl

Experimental readout Patient group Mean + SD P ok Calculag;tlesd Si;nple size
PL 0.74 £ 0.60 0.9
sIgG: (mgu/L) LPP 2.82 +3.49 0.9 n=2
PL 85.30 + 13 0.9

Allergen-IgE complexes bound to B cells (%) LPP 61 58 4 21 0.9 o

34

35 Sample size calculation based on previously pudtistiata of induction of sigGand formation of allergen-IgE complexes bound toelis
36 measured in 170pg LPP- and placebo-treated patiehtsSample size calculations was performed using Btatu software
37  (http://statulator.com/SampleSize/ss2M.htrRl), placebo-treated group; LPRylium perenne peptide-treated group.




38

39

40
41
42

TableE2

Calculated sample size

Experimental readout Visit Mean = SD Power rank (vs V1)
V1 0.7+0.7 0.9
slgG, (mga/l) V6 5.65 + 13.56 0.9 n=1
V8 8.57 + 18.36 0.9 n=1
V1 92.79 +11.11 0.9
Allergen-IgE comg}oe)xes bound to B cells V6 76.25 + 19.03 0.9 n =10
V8 69.76 £ 19.51 0.9 =5

Sample size calculation based on previously pubtisthata of induction of sigGand formation of allergen-IgE complexes bound tadls
following LPP treatment measured at screening (Miying (V6) and after (V8) treatmehiSample size calculations was performed using

Statulator software (http://statulator.com/Sampte&is2M.html).



43 TableE3

. P value P value of LPP P value of PL
CO”C‘;”;{S“O” of Visit (LFr’]P) "PPS(ETAe)a” * (P”L) P'acesbé’lv(l';nea” * (LPPvs  (V6orVvavs (V6 or V8 vs
PL) baseline) baseline)
V2 21 0.00 £0.00 11 0.00 £ 0.00 >.99
0 ng/mL V6 21 0.00 £ 0.00 11 0.00 £ 0.00 >.99
V8 21 0.00 £ 0.00 11 0.00 +0.00 >.99
V2 21 29.73 £5.32 11 27.96 £ 5.77 .78
1 ng/mL V6 21 450+6.11 11 37.73+£7.29 .0009 <.0001 41
V8 21 9.54 + 3.01 11 38.82 +8.32 .002 <.0001 .18
V2 21 46.16 +6.18 11 50.10 £ 6.84 >.99
3 ng/mL V6 21 16.88 + 6.46 11 54.66 + 7.50 .002 .006 .97
V8 21 21.00 + 4.05 11 54.21 + 8.25 .001 .001 .83
V2 21 57.19 +5.57 11 52.82+7.17 .33
10 ng/mL V6 21 24.35+6.13 11 62.02 + 7.589 .0005 <.0001 1.2
V8 21 27.26 £ 4.75 11 63.07 +8.03 .0006 <.0001 1 4
V2 21 60.05 +5.75 11 52.04 £ 8.76 37
33 ng/mL V6 21 38.46 £ 9.30 11 64.42 + 7.69 .042 .06 A2
V8 21 34.71 £ 5.46 11 65.92 + 8.37 .002 .002 .05
V2 21 66.19 +4.78 11 56.57 £7.20 A1
100 ng/mL V6 21 36.15+7.88 11 61.85+8.44 .042 .002 .52
V8 21 36.72 £ 5.96 11 65.52 + 8.56 .008 <.0001 .28
V2 21 62.27 +£5.39 11 52.62 + 8.06 21
330 ng/mL V6 21 32.12+7.98 11 61.73+7.77 .034 .002 .18
V8 21 32.49+6.10 11 61.64 + 9.59 .034 <.0001 24

44
45  Expression of CD2038"CRTHZ" basophils in LPP and PL-treated group.Value (LPP vs PL): Mann-Whitney’s Tefsr non-normalized

46 data and Welch's t test for normalized dafvalue (V6 or V8 vs baseline) LPP/PL: Wilcoxon’sst.e

4



47 TableE4

. P value P value of LPP P value of PL
Concentiaion of gy by WPRfmeans  n o Placebo(Means (ppys  (vorVBvs  (VorVBus
PL) baseline) baseline)
V2 21 0.00 £ 0.00 11 0.00 £ 0.00 >.99
0 ng/mL V6 21 0.00 £ 0.00 11 0.00 £ 0.00 >.99
V8 21 0.00 £ 0.00 11 0.00 £ 0.00 >.99
V2 21 21.89 +5.04 11 22.99+11.24 .81
1 ng/mL V6 21 13.89 +5.95 11 19.60 £+ 9.15 13 .01 .76
V8 21 4.71 £5.99 11 30.01 +£7.84 .01 .0002 41
V2 21 4155+ 5.85 11 42.59 + 8.96 94
3 ng/mL V6 21 24.18 £ 5.43 11 42.06 £10.41 13 .003 .83
V8 21 26.30 £ 7.83 11 49,95 + 9.46 .07 0.007 > .99
V2 21 57.44 £+5.17 11 52.46 £ 9.99 .88
10 ng/mL V6 21 38.19 +4.75 11 56.54 +11.21 .08 <.0001 .24
V8 21 42.70 £5.38 11 66.01 £ 9.03 .02 .0002 .58
V2 21 64.10 £5.09 11 57.45+11.95 51
33 ng/mL V6 21 56.92 +5.16 11 62.75 + 11.59 .19 .16 .08
V8 21 55.64 £ 7.92 11 72.25 +8.29 .006 .08 .07
V2 21 70.87 £ 3.37 11 62.75 + 10.32 .81
100 ng/mL V6 21 63.03 £ 4.49 11 60.83 + 11.57 .37 .10 .76
V8 21 57.83 + 7.66 11 71.40 £8.92 .02 .01 41
V2 21 64.72 £+ 4.30 11 56.86 + 10.84 .78
330 ng/mL V6 21 52.27 £+5.35 11 57.74 £ 10.95 27 .02 > .99
V8 21 48.05 £ 8.31 11 65.49 + 10.22 .04 .003 .70

48
49  Expression of CD6LRTHZ basophils in LPP and PL-treated grouP.value (LPP vs PL): Mann-Whitney’s Tdst non-normalized data and
50 Welch’s t test for normalized dataP ¥alue (V6 or V8 vs baseline) LPP/PL: Wilcoxon'sste

5



51 TableE5

P value P value of LPP P value of PL
okt Vist (B PRUeans 0 Placeho(means (ppys  (veorvavs (V6 or V8 vs
PL) baseline) baseline)
V2 20 45.21 +4.28 11 49.53 £ 8.40 40
CD63 V6 21 34.77+4.75 11 56.41 + 8.15 .01 .05 .83
V8 21 34.11 £ 6.09 11 49.97 £ 8.28 A2 .06 .37
V2 20 16.45 + 3.57 11 26.39 £ 5.54 12
CD1074 V6 21 13.11 £ 2.45 11 23.88 +5.41 .07 .67 .58
V8 21 14.22 + 3.89 11 22.83 + 5.62 A7 A7 41
V2 20 59.10+4.84 11 45.58 +8.49 A7
CD203¢""  v6 21 33.41 £ 5.58 11 59.82 + 8.06 .01 .002 25
V8 21 26.34 £5.45 11 59.56 + 9.05 .006 <.0001 41

52

53  Anti-human IgE effect on CRTH2basophils in LPP and PL-treated group.vétue (LPP vs PL): Mann-Whitney’s Tefstr non-normalized

54 data and Welch’s t test for normalized datav&fue (V6 or V8 vs baseline) LPP/PL: Wilcoxon’s Test.
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56

57

58

59

TableE6

. n mean + SEM n mean + SEM P value P value of LPP P value of PL
T cell subset  Visit (LPP) (LP_P) (PL) (P[) (LPP vs (V6 or V8 vs (V6 or V8 vs
PL) baseline) baseline)
V2 21 8.33+3.03 11 19.91 +5.99 .10
IL-4" Th2 cells V6 21 6.13+3.21 11 18.95 + 4.46 .02 .36 .90
V8 21 15.22 +4.85 11 16.12 +4.70 .56 .03 46
V2 21 2.41+£0.79 11 3.70+1.14 .36
Th1 cells V6 21 6.93+1.34 11 2.58 £ 0.55 .006 <.0001 41
V8 21 5.98 +1.63 11 425+1.42 43 .01 >.99

Proportion of IFNy" Th1 (CD4IFN-y") cells following stimulation with different conceation of Phleum pratense (Phlp) allergen in LPP and

PL-treated groups.Pvalue (LPP vs PL): Mann-Whitney’'s Test for nonimatized data and Welch’s t test for normalized d&avalue (V6 or

V8 vs baseline) LPP/PL: Wilcoxon’s Test.
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TableE7

N n mean + SEM n mean + SEM P value P value of LPP P value of PL
Tth cell subsets Visit (LPP) (LP_P) (PL) (P[) (LPP vs (V6 or V8 vs (V6 or V8 vs
PL) baseline) baseline)
V2 21 3.80+£0.61 11 4.17 £0.55 .60
Tfh cells V6 21 4.81 £ 0.59 11 5.02+0.43 .66 .03 A2
V8 21 4.41 +£0.79 11 4.31+£0.84 .94 .60 .97
V2 21 18.51 + 3.69 11 22.88 +5.35 A7
IL-4" Tth cells V6 21 412 +2.11 11 16.12 + 4.597 .003 .002 .52
V8 21 5.34+2.84 11 15.10 + 4.41 .004 .008 15
V2 21 2.26 £ 0.59 11 3.79+£1.81 .97
IL-21" Tfh cells V6 21 3.58+2.54 11 7.41+2.92 .003 A2 46
V8 21 1.45+0.90 11 3.42+1.04 .002 A2 .92
V2 21 9.12+1.95 11 10.93 + 3.17 .61
IL-471L-21" Tfh cells V6 21 3.72+£1.97 11 10.14 + 2.86 .004 .03 .64
V8 21 3.26 £ 1.51 11 9.35+3.01 .01 .02 .79
V2 21 2.28 £0.80 11 1.63+0.91 .60
IFN-y" Tfh cells V6 21 9.69 +2.92 11 2.56+1.18 .03 .003 A5
V8 21 13.30 £4.21 11 1.35+0.70 .01 .001 >.99

Proportion of T follicular helper (Tth; COEXCR5PD-1) cells and its subsets following stimulation witifferent concentration dPhleum

pratense (Phlp) allergen in LPP and PL-treated grougdvéalue (LPP vs PL): Mann-Whitney’s Tdet non-normalized data and Welch’s t test

for normalized data.P value (V6 or V8 vs baseline) LPP/PL: Wilcoxon’sste



66 TableES8

o mean + SEM n mean + SEM P value P value of LPP P value of PL
Treg cell subsets Visit (LPP) (LP_P) (PL) (P[) (LPP vs (V6 or V8 vs (V6 or V8 vs
PL) baseline) baseline)
V2 21 3.88+0.74 11 2.74 +0.32 .79
Treg cells V6 21 941+1.71 11 2.91 +0.58 .04 .0002 .99
V8 21 8.77 +1.87 11 3.87 £0.82 .37 .0002 A1
GARP' Treg V2 21 5.27 £ 0.93 11 7.99+2.97 .99
cells V6 21 33.95+5.74 11 13.15 +4.09 .03 .0001 57
V8 21 39.26 + 6.48 11 13.43+6.14 .01 <.0001 .64
) V2 21 3.12+£1.93 11 6.01+2.79 46
SATgalnsTreg V6 21 54.99 + 7.42 11 17.05 +9.41 .002 <.0001 .94
V8 21 49.72 + 7.66 11 16.25 + 9.49 .01 .0001 .94

67

68  Proportion of T regulatory (Treg; CB@D25'CD127°"FoxP3) cells and its subsets in LPP and PL-treated groti value (LPP vs PL):
69  Mann-Whitney’'s Test. P value (V6 or V8 vs baseline) LPP/PL: Wilcoxon’sste



70 TableE9

n mean + SEM n mean + SEM P value P value of LPP P value of PL
Tfr cell subsets Visit (LPP) (LP_P) (PL) (P[) (LPP vs (V6 or V8 vs (V6 or V8 vs
PL) baseline) baseline)
V2 21 4.18 £ 0.64 11 4.72 £0.59 37
Tfr cells V6 21 20.69 +2.72 11 7.78 £2.17 .004 <.0001 41
V8 21 18.70 + 2.62 11 7.69 +1.86 .004 <.0001 41
¥ V2 21 31.50 +4.28 11 45.50 + 6.88 15
CTLA-4ceI”C;OS* Tir V6 21 81.48 +4.39 11 58.10 + 7.84 .001 <.0001 .08
V8 21 80.48 + 3.75 11 53.89 + 7.40 .002 <.0001 >.99

71

72 Proportion of T follicular regulatory (Tfr; CDEXCR5PD-1"FoxP3) cells and its subsets in LPP and PL-treated grot® value (LPP vs
73 PL): Mann-Whitney's Tesfor non-normalized data and Welch's t test for nalimed data. P value (V6 or V8 vs baseline) LPP/PL:

74  Wilcoxon’'s Test.

10



75 TableE10

. N N P value P value of LPP P value of PL
'”d”C'Stﬂgszr;g cell  visit (ngP) me?[‘P-P)SEM (Ff‘l_) mea(rF‘,[)SEM (LPPvs  (V6orVavs (V6 or V8 vs
PL) baseline) baseline)
V2 21 1.78 £0.81 10 3.23+2.17 .34
iTrR35 V6 21 13.23+2.03 10 2.92+1.28 .01 <.0001 .92
V8 21 10.35 + 3.77 10 1.35+0.90 31 .08 42
V2 21 1.40+1.35 10 5.79 £4.32 .26
IL-10" iTreg cells V6 21 31.06 +£4.93 11 543+2.72 .0004 <.0001 .85
V8 21 37.63 £ 6.26 11 8.14 + 3.80 .001 <.0001 .61
76
77  Proportion of inducible Treg (CD&D25") cells following stimulation with grass polle®t{eum pratense) allergen in LPP and PL-treated
78

79  baseline) LPP/PL: Wilcoxon’s Test.

11

groups. P value (LPP vs PL): Mann-Whitney’s Tdsr non-normalized data and Welch’s t test for nalieed data. P value (V6 or V8 vs



80 TableEll

N n mean + SEM n mean + SEM P value P value of LPP P value of PL
Breg cell subsets  Visit (LPP) (LP_P) (PL) (P[) (LPP vs (V6 or V8 vs (V6 or V8 vs
PL) baseline) baseline)
V2 21 3.05+0.44 11 1.95+0.73 .06
CD19'IL-10" V6 20 14.85 + 2.23 9 3.11+1.64 .002 <.0001 91
V8 20 11.55+2.09 10 2.34 +0.62 .004 .0005 .38
V2 21 7.65+1.51 11 3.44 +0.94 .06
IL-10'CD19'CD5" V6 20 28.61 +4.51 9 411 +1.61 .0007 <.0001 .65
V8 20 23.99 +4.46 10 419+1.29 .0008 <.0001 .32
V2 21 8.79 +1.43 11 7.50+1.54 .73
IL-10°'CD19'CD27" V6 20 37.30+4.95 9 12.63 +5.56 .004 <.0001 91
V8 20 29.08 £4.90 10 6.70 +2.18 .002 .0003 .70
+ V2 21 6.32 + 1.47 11 3.99 +1.87 A7
IL-égZa‘?ég??S?g V6 20 4155 +5.77 9 3.99 + 2.83 0004 <.0001 82
V8 21 32.45 +5.59 10 2.34 +£2.45 .001 .0001 91

81

82  Proportion of IL-10 producing Breg cells followinggimulation with CpG in LPP and PL-treated groupB.value (LPP vs PL): Mann-

83  Whitney’s Tesfor non-normalized data and Welch'’s t test for nalined data. P value (V6 or V8 vs baseline) LPP/PL: Wilcoxon’sst.e
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TableE12

. P value P value of LPP P value of PL
Concentration of Lol ;i ) (Lpp) me?[‘PiP)SEM (P”L) mea(rF‘,f)SEM (LPPvs  (V6orVvavs (V6 or V8 vs
P PL) baseline) baseline)
V2 21 91.35+2.00 11 90.76 + 2.40 91
0.3 pg/mL V6 21 71.90 £4.92 11 88.97 +£ 3.28 .02 <.0001 41
V8 21 81.95+4.72 11 86.74 + 2.63 .70 .01 .04

Induction of IgG-associated blocking antibodies iRR.and PL-treated groups. *Rlue (LPP vs PL): Mann-Whitney’s Test for non-normalized

data and Welch’s t test for normalized data.v&lue (V6 or V8 vs baseline) LPP/PL: Wilcoxon’s Test. Loljo/ium perenne.

13
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Table E13

CSMS RMS RTSS
V6 V8 V6 V8 V6 V8
Spearman P value Spearman P Spearman P value Spearman P value Spearman P value Spearman P
r r value r r r r value
Inducible Treg cell subsets
iTr35 cells -0.36 A2 -0.14 .55 0.16 .52 0.17 .50 ®m-6 .01 -0.31 22
IL-10" Treg cells -0.52 .02 -0.45 .04 -0.33 .16 -0.46 .0499 -0.27 .27 -0.14 .59

Correlation statistics of clinical response anduicille T regulatory cell subsets in LPP- and Platied groups at V6 and V8.

14
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