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Abstract

Background. Sublingual allergen immunotherapy (SLIT) is recognized as both efficacious and safe, especially when using
monomeric allergoids. Its mechanism of action is based on the differentiation, activation, and maturation of allergen-specific
Regulatory T-cells (Tregs), fundamental for the activation and maintenance of immune tolerance. Tregs, originally identified as
a subpopulation of Foxp3 expressing CD4+CD25high T-cells; however, under inflammatory conditions, they are conveniently
identified by the surface antigen CD127 and are subtyped as Resting, Activated and Effector Tregs by surface expression of
CD45RA, HLA-DR and CD39 that represent markers of differentiation status, inhibitory and recall potential. Hence, in this
study, circulating Tregs were characterized in pediatric patients suffering from allergic rhinitis (AR) treated by SLIT and to
verify the possible correlation between some Treg subsets with successful SLIT. Methods. Twenty children suffering from mite
AR and/or asthma were enrolled. AR severity was assessed by evaluating ACT and ARIA scores at baseline and after 12-
months of mite-SLIT. Treg analysis of PBMC pre- and post-SLIT, was based on cytofluorimetric determination of total Tregs,
as CD4+CD25highCD39+CD127low/neg, further characterized for CD45RA, HLA-DR and CD39 expression. Results. After
SLIT, Resting Tregs were significantly reduced whilst Activated/Effector Tregs CD45RAneg (memory Tregs) resulted increased;
moreover, CD39 and HLA-DR expression on Tregs was significantly increased. Notably, the intensity of HLA-DR expression on
Tregs positively correlated with the improvement of the clinical scores. Conclusions. Our findings suggest that effective SLIT is
associated with re-patterning of the differentiation status of Tregs, particularly with the generation of allergen-specific memory
effector Tregs.
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Abstract

Background

Sublingual allergen immunotherapy (SLIT) is recognized as both efficacious and safe, especially when using
monomeric allergoids. Its mechanism of action is based on the differentiation, activation, and maturation of
allergen-specific Regulatory T-cells (Tregs), fundamental for the activation and maintenance of immune tol-
erance. Tregs, originally identified as a subpopulation of Foxp3 expressing CD4+CD25high T-cells; however,
under inflammatory conditions, they are conveniently identified by the surface antigen CD127 and are sub-
typed as Resting, Activated and Effector Tregs by surface expression of CD45RA, HLA-DR and CD39 that
represent markers of differentiation status, inhibitory and recall potential. Hence, in this study, circulating
Tregs were characterized in pediatric patients suffering from allergic rhinitis (AR) treated by SLIT and to
verify the possible correlation between some Treg subsets with successful SLIT.

Methods. Twenty children suffering from mite AR and/or asthma were enrolled. AR severity was as-
sessed by evaluating ACT and ARIA scores at baseline and after 12-months of mite-SLIT. Treg anal-
ysis of PBMC pre- and post-SLIT, was based on cytofluorimetric determination of total Tregs, as
CD4+CD25highCD39+CD127low/neg, further characterized for CD45RA, HLA-DR and CD39 expression.

Results. After SLIT, Resting Tregs were significantly reduced whilst Activated/Effector Tregs CD45RAneg

(memory Tregs) resulted increased; moreover, CD39 and HLA-DR expression on Tregs was significantly
increased. Notably, the intensity of HLA-DR expression on Tregs positively correlated with the improvement
of the clinical scores.

Conclusions. Our findings suggest that effective SLIT is associated with re-patterning of the differentiation
status of Tregs, particularly with the generation of allergen-specific memory effector Tregs.

Keywords : Allergic Rhinitis, Asthma, SLIT, Regulatory T-cells, Resting regulatory T-cells, Activated
regulatory T-cells, Effector regulatory T-cells

List of abbreviations:
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AIT, allergy immunotherapy; ACT, asthma control test; AR, allergic rhinitis; ARIA, allergic rhinitis and its
impact on asthma; aTreg, activated regulatory T-cell; BDT, bronchodilation test; COPD, chronic obstruc-
tive pulmonary disease; DMSO, dimethyl sulfoxide; EDTA, Ethylenediaminetetraacetic acid; eTreg, effector
regulatory T-cell; FACS, fluorescence activated cell sorting; FCS, fetal calf serum; FMO, fluorescence minus
one; Ig, immunoglobulin; ILC-2, innate lymphoid type 2 cells; MFI, mean fluorescence intensity; PBMC, pe-
ripheral blood mononuclear cells; rTreg, resting regulatory T-cell; SLIT, sublingual allergen immunotherapy;
Treg, regulatory T-cell; VAS, visual analogue scale;

1 INTRODUCTION

Allergen Immunotherapy (AIT) is the only treatment able to modify the natural course of respiratory allergy
and is efficacious in allergic rhinitis and asthma [1,2]. Sublingual route of AIT (SLIT) has been recognized
as a safe, and effective way of administration, that reduces the risk of adverse reactions (3), particularly
suitable for children adherence to the treatment. The use of monomeric allergoids seems to enhance SLIT
safety and effectiveness as reported by studied in animal models (4,5) and in humans (3,6,7). The long-term
beneficial effects of AIT have been attributed to the generation of immune tolerance to the allergen; the
induction of allergen-specific Regulatory T-cells (Tregs) is of crucial importance as they are key regulators
of immunological processes in peripheral tolerance to allergens [8] able to suppress inflammatory dendritic
cells, innate lymphoid type 2 cells (ILC-2), allergen-specific Th2 effector cells, mast cells, basophils and
eosinophils and to induce an IgE/IgG4 switch [9,10]. Tregs have originally been identified as a subpopulation
of CD4+CD25+ T-cells expressing the key transcription factor Foxp3 (CD4+CD25highFoxP3+), which is
essential for their development and function; in particular, the increment of FoxP3+ Tregs and their related
cytokines was described to be associated to effective AIT in mouse models [4,5,11,12] and clinical settings
[3,13,14]. In children with allergic rhinitis (AR), follicular Foxp3+ Tregs are defective and shown to be
improved by AIT [15].

In humans, FoxP3+ Tregs are not functionally homogeneous and their detection is complex and uncertain due
to FoxP3 intracellular localization. In its place, the surface antigen CD127, whose level of expression inversely
correlates with that of intracellular FoxP3, conveniently allows to discriminate Tregs according to the most
recent characterization of human subpopulations described in healthy subjects [16], B-CLL [17], transplant
recipients [18], COPD [19], multiple sclerosis [20] and neurologic disorders [21]. Moreover, the expression level
of the constitutive CD39 surface antigen can be analyzed as a measure of their inhibitory function [22] and
HLA-DR expression level is a monitor of their differentiation status [18] and identifies a functionally distinct
profoundly suppressive population [23,24]. Specifically, CD4+CD25highCD39+CD127negcells can be subtyped
as Resting (CD45RA+/HLA-DRneg), Activated (CD45RAnegHLA-DRneg) and Effector (CD45RAnegHLA-
DRlow/high) Treg cells, being HLA-DRhigh representative of highly suppressive terminally differentiated Tregs
[23-31]. The last subtype of Treg (CD45RAnegHLA-DRhigh) loses its regulatory properties and produces
inflammatory cytokines when CD25 expression is low/neg [16,23,24].

Hence, the immunophenotyping of functionally different Treg subsets can be assessed on non-permeabilized
cells using the panel of six monoclonal antibodies specifically binding the six surface antigens CD4, CD25,
CD127, CD45RA, CD39, and HLA-DR; the two latter providing a clue of the strength of the inhibitory
function of Treg ex vivo , without need for in vitro assays [23,25-28,32,33] (Fig 1).

In the present study, the described analytical approach was applied to study Treg profile in mite allergic
pediatric patients undergoing SLIT, in order verify a possible correlation between specific subsets of Treg and
the effectiveness of SLIT. The AIT was done by monomeric allergoid, an acid-resistant immunotherapeutic
tool known to elicit early T reg-associated cytokine modulation [3].

2 PATIENTS - DIAGNOSIS AND TREATMENT

The present is an observational prospective study approved by the local Ethical Committee of University “G.
d’Annunzio”, Chieti-Pescara (Protocol No. 22/2019), carried out according to the Declaration of Helsinki
and subsequent revisions. All patients and parents signed a written informed consent after having been
informed about the procedures of the study.
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2.1 Study design . 20 patients diagnosed with respiratory allergy (persistent rhinitis with or without asthma)
to mites (positive skin test and specific IgE) were enrolled in the study. Patients already on SLIT, with severe
allergic asthma or with co-sensitization to pollens were excluded.

At the enrollment, relevant anthropometric and laboratory data were gathered, allergic rhinitis (AR) was
graded according to ARIA guidelines in 1) intermittent mild, 2) intermittent moderate/severe, 3) persistent
mild and 4) persistent moderate/severe depending on the severity of symptoms and quality of life outcomes

[34] and concomitant asthma was graded by ACT quality of life questionnaire and spirometry eventually
completed with bronchodilation test (BDT). At the enrollment, each patient marked in a 100 mm visual
analogic scale (VAS) the level of its health status related to allergy with 0 the best status and 100 the worst.
The outline of the study is shown in Table 1.

2.2 Treatment. All patients were treated by SLIT with mite monomeric allergoid (LAIS - Lofarma, Milan,
Italy) at 1000 UA four times per week every other day, for 12-months, that was preceded by 1-week induction
phase. For safety assessment, any adverse local and systemic reactions were annotated with description of
severity and frequency. The effectiveness of SLIT was established comparing VAS, ARIA grading and ACT
questionnaire performed after 12-months of treatment with their basal values.

2.3 Blood sampling. Two blood samples were drawn at baseline (T0) and after 12-months of SLIT, processed
within four hours and cryopreserved to be further analyzed for Regulatory T-cells by flow cytometry.

3 METHODS

3.1 ISOLATION AND STORAGE OF PERIPHERAL BLOOD MONONUCLEAR CELLS

From each enrolled subject, 12 ml peripheral blood (PB) was drawn in EDTA (2 mg/mL) tubes (BD Vacu-
tainer K2E, Becton Dickinson Biosciences, San Jose, CA, USA), and processed within 3 hours from bleeding.
Density gradient centrifugation whole blood (diluted 1:1 with PBS) was carried out on a Lymphoprep cushion
(Sentinel) in order to isolate peripheral blood mononuclear cells (PBMCs). The lympho-monocytes-enriched
phase was gathered and washed; finally, single-cell suspensions were prepared using 1 ml of cryogenic medium
(90% heat-inactivated FCS-10% DMSO) and viably frozen at -80°C for flow cytometry analysis of Treg cells
[35].

The day before the cytofluorimetric analysis, viably cryopreserved samples (approximately 10x106 PBMC)
were thawed, washed in PBS, and cultured overnight in RPMI 1640 medium (HyClone) supplemented with
10% heat-inactivated FCS (Hyclone), 10 mM HEPES, 1% nonessential amino acids, 1 mM sodium pyruvate,
100 U/ml penicillin, 100 ug/ml streptomycin, 2 mM L-glutamine (Life Technologies, Gaithersburg, MD), in
a humified incubator at 37°C, 5% CO2.

3.2 REGULATORY T-CELLS STAINING FOR FLOW CYTOMETRY IMMUNOPHENOTYPING

Thawed and recovered PBMCs were processed by a common flow cytometry lyse and wash method [36].
Briefly, samples were stained using a panel of lyophilized reagents, as detailed in Table 2. After 30 min of
staining (4°C in the dark), samples underwent an erythrocyte-lyse step, with 1 mL of 1X Pharm Lysing solu-
tion (BD, Biosciences), for 15 min at room temperature, under gentle agitation, according to manufacturer’s
instructions. Samples were then centrifuged (400g, 10 min, room temperature) and washed by adding 2 ml
of 1X PBS and 1.5 x 105 events/sample were acquired by flow cytometry (FACSCanto, three laser, eight
color configurations, BD Biosciences). The threshold was placed on the Forward Scatter (FSC) channel. Treg
cells and their subsets were identified as described by other investigators [20,25]. Cytofluorimetric data were
analyzed by using FACDiva v6.1.3 software (BD Biosciences). To ensure correct identification of negative
and positive populations, cells were plotted using dot-plot bi-exponential display [36,37].

Instrument performances, data reproducibility and fluorescence calibrations were sustained and checked by
the Cytometer Setup & Tracking Module and further validated by the acquisition of Spherotech 8 peack
Rainbow Beads (BD). To evaluate non-specific fluorescence, Fluorescence Minus One (FMO) controls were
used [38,39]. Compensation was assessed using CompBeads (BD) and single stained fluorescent samples. Data
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were analyzed using FACSDiva v 6.1.3 (BD), FACSuite v 1.0.5 (BD) and FlowJo v 8.8.6 (TreeStar, Ashland,
OR, USA) software. CD39 and HLA-DR surface expression, evaluated in terms of Mean Fluorescence Intensi-
ty (MFI), were normalized (MFI Ratio) based on the relative expression of the respective CD4neglymphocyte
compartment. In details, for Treg identification and subtyping, CD4+ T lymphocytes were firstly gated; CD4+

T-cells were then analyzed for surface expression of CD25; then, based on detection of CD127, the CD25high

cell subset was further distinguished into Treg cells (CD127neg) [25] and activated T-cells (CD127high) [26].
Hence, the Treg subpopulation of CD4+CD25+CD39+CD127neg cells was analyzed as Resting Treg (rTreg)
when CD45RApos/HLA-DRneg, Activated Treg (aTreg) when CD45RA-HLA-DRneg/low, and Effector Treg
(eTreg) when CD45RAnegHLA-DRhigh (Table 3). The panel of antibodies used for Treg identification and
subtyping was purchased as lyophilized pre-cast mixture (Lyotube #624637, BD Biosciences).

Example of the gating strategy and representative distribution of the three subpopulations of Tregs based
on the expression level of the extracellular CD markers CD4, CD25, CD127, CD45RA, HLA-DR and CD39
is shown in Figure 2.

3.4 STATISTICAL ANALYSIS

Data are expressed as median ± interquartile range, unless otherwise indicated. All of the measured parame-
ters, both clinical and immunological, had nonparametric distribution (according to Shapiro-Wilk’s criteria),
so statistical comparisons within each group separately at the time of the first SLIT administration (T0)
and after 12 months of treatment (T12) were performed using non-parametric Wilcoxon signed-rank test.
To assess the correlations between changes of each clinical parameter and relative abundance of each Treg
cells subset, the Spearman test was used. P values <0.05 were considered statistically significant. Statistical
analysis was performed using Prism 5.0 software.

4 Results

The demographic, clinical and laboratory parameters of patients are shown in Table 4 and Table 5.

4.1 CHANGES IN CLINICAL PARAMETERS

Clinical parameters significantly improved after SLIT: VAS and ARIA rhinitis score significantly decreased
from 7.8±1.5 to 4.3±1.8 and from 3.70±0.5 to 1.85±0.9 respectively after SLIT, with the same statistical
significance (Wilcoxon z -3.7236; p = 0.0002). Improvement was evidenced also in the subgroup of asthmatic
patients (n=7), since ACT scores significantly increased from the baseline value of 18 (16-19) up to 24 (20-25)
after 12 months of treatment (p<0.05). However, the number of patients is not sufficiently large to consider
these data as demonstrative of the effectiveness of AIT; they are only descriptive of the clinical condition of
patients after 12 months of treatment, to be compared with Treg analyses.

4.2 TREGS SUBSETS ARE RE-PATTERNED AFTER EFFECTIVE 12-MONTHS ALLERGOID SLIT

Tregs were analyzed as frequency of total Treg cells and their three subsets, namely Resting (rTregs), Ac-
tivated (aTregs) and Effector (eTregs), within the parental population of CD4+cells. Total Tregs did not
change significantly; rTreg significantly decreased from 61.1%±9 to 59.1%±10 of the parental population
(Wilcoxon z-3.6214, p<0.0003), while, the abundance of aTregs significantly incremented from 5.8%±4.4 to
8.8%±4.7 and eTregs from 31.4%±10.3 to 37.6%±8.9 of the parental population (Wilcoxon z-2.9011, p<0.05
and z-3.077, p=0.002, respectively) (Fig 3A and Fig 3B). A significant negative correlation has been observed
between the decrease in rTreg and the increase in aTreg (Spearman’s ρ = -0.69391, p<0.02.) and increase
in eTreg cells (Spearman’s ρ = -0.56845, p<0.02) (Fig 4A and Fig 4B).

4.3 HLA-DR AND CD39 LEVELS ARE UP-REGULATED IN ACTIVATED AND EFFECTOR TREGS
AFTER SLIT

HLA-DR, Treg maturation and activation marker, was analyzed as level of expression on total Tregs, and in
particular in each Treg subset, at both timepoints of the study, before and after 12 months SLIT. HLA-DR
resulted significantly up-regulated in all Tregs (Fig 5) from 4.93±3.1 to 6.92±5.1 MFI (Wilcoxon z-4.2026, p
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<0.00001). In particular, HLA-DR increased on aTregs from 3.4±3.03 to 4.91±3.2 MFI (Wilcoxon z-3.2479,
p=0.001) and on eTregs from 1.54±0.66 to 2.0±1.45 MFI (Wilcoxon z-2.9664, p=0.005.) (Fig 6).

CD39 expression, functional marker of Treg suppressive/anti-inflammatory activity, was assessed at the
surface of total Tregs and their subsets, comparing its expression in the cohort of AR patients at the time
of enrolment (baseline, T0) and after 12 months of treatment (T12). As expected, at baseline, CD39 was
found differently expressed in the three subsets of Tregs with Resting<Activated<Effector. After 12 months
of SLIT, CD39 surface expression was found significantly increased in all Tregs (Fig 5) from 6.9±4 to 8.02±5
MFI (Wilcoxon z-3.1049, p=0.001) (Fig 5).

4.4 CORRELATION OF CLINICAL SCORES AND REGULATORY T-CELLS SUBSETS

Changes in HLA-DR expression on all Treg cells significantly correlated with variation in VAS pre-/post-
SLIT (Spearman’s ρ = 0.54104, p (2-tailed) = 0.01376) (Fig 7). Changes in eTregs was already significantly
correlated with both ARIA (Spearman’s ρ=0.58728, p=0.013) (Fig 8A) and VAS (Spearman’s ρ=0.49172,
p=0.044.) (Fig 8B) variations after SLIT. While a significant negative correlation was found between rTregs
and clinical parameter changes after treatment (Spearman’s ρ= -0.48482, p=0.0491).

No other correlations were found except that the lowest increase (less than 8%) of memory Treg (CD45RAneg

cells) appears to characterize patients with the lowest specific mite IgE serum levels.

5 Discussion

According to the current knowledge, AIT leads to immune tolerance through the induction of allergen-
specific Treg, FoxP3+/CD127low/neg T-cells, able to suppress ILC2, Th2 cells and IgE-expressing B-cells
through cell-cell contact and/or inhibitory cytokine production [40]. Our results suggest that, during
SLIT with monomeric allergoids, allergen specific Tregs are CD4+CD25highCD39+CD127negHLA-DRposand
CD45RAneg. In particular, the differentiation of Resting Tregs into Activated/Effector memory Treg cells
directly correlates with effective SLIT with monomeric allergoids. To our knowledge, this is first report on
successful SLIT being associated with re-patterning of the differentiation status of Tregs.

It is well established that prevention of airways allergic diseases occurs early in life and relies on the acquisition
of a specialized subtype of CD4+T-cells with regulatory functions and allergen specificity. Some authors
speculate that, in early life, a relatively immature immune system could permit the development of inducible
Tregs specific to a spectrum of allergens, contrasting allergy [41]. But, when an allergic response is already
set by Th2 effector cells, de novo generation of Tregs is hampered by Th2 allergic cytokines, IL-4 and IL-6,
that inhibit the induction of Foxp3, the specific transcription factor that make näıve CD4+ cells become
Treg. Enhancement of Tregs has been described in seasonal rhinitis [42], but these cells are underrepresented
in the blood of AR children [43]. Recently, AR children have been shown that Foxp3+ Tregs have defect
in suppressing IgE production (in vitro) and that they can be incremented by mite SLIT; notably, in these
patients follicular and peripheral Foxp3+ Tregs are phenotypically identical [15].

Since their discovery, the study of Tregs role in immune mechanisms is based on the detection of the spe-
cific Foxp3 transcription factor; however, in inflammatory conditions, FoxP3+ Treg might become unsta-
ble and halt the production of their functional suppressive cytokines [44]. Phenotypically indistinguishable
CD4+CD25highFoxP3+T-cells, somewhat functionally redundant, have been described differentiating from
näıve CD4+ T-cells in the thymus, in response to self-antigens, or in the periphery in response to foreign
antigens [45]; delayed maturation of Tregs is suspected to predispose atopic children [46] and non-atopic
individuals [41] to allergic diseases. The most prevalent subset of human CD4+ Tregs, the natural Tregs,
is characterized by undetectable or low level of CD127 antigen on the cell surface, that inversely correlates
with specific intracellular marker FoxP3 and the suppressive function [16,25,26]. Interestingly, in newborns,
thymic CD127neg Tregs can suppress the proliferative response to allogenic stimulation of CD4+(CD25neg)
T-cells in a dose-dependent manner [18].

Therefore, in the present study, Tregs were identified as CD127neg cells within the CD4+CD25high T-cells
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compartment to surmount unpredictable FoxP3 stability and, meanwhile, to avoid potential technical arti-
facts associated with intracellular Foxp3 detection.

To better characterize the CD127neg T reg subsets, the CD45RA determinant as well as HLA-DR and CD39
expression were analyzed. Of interest for our study are CD45RAneg Tregs. They are memory cells enabled to
survive for long periods of time, even in absence of the specific antigen, showing increased activity upon re-
exposure to it (recall immune response) and able to induce apoptosis in target cells [47]. HLA-DR expression
on Tregs can be negative, low, or high. Precisely, HLA-DRneg are Resting Tregs: in the periphery, they are
likely yet to encounter their cognate antigen or constantly being exposed to antigen below the activation
threshold; by contrast, HLA-DRlow/high Tregs are Activated/Effector cells upon strong antigen stimulation
outside the thymus, also involved in the homeostatic maintenance of Tregs in vivo [48].

HLA-DR expression identifies a functionally distinct population of what appear to be terminally differentiated
human Tregs. FoxP3 expression is significantly higher in the HLA-DR+ Tregs [23]. These cells exhibit earlier
kinetics of responder T-cells (Tresp) suppression than the HLA-DRneg subset. This suppression is contact-
dependent, and these cells do not produce IL-10. The action of these cells is unique from that of HLA-DR-
Tregs, which induce a later, less vigorous suppression of Tresp, and which rely on both cell-contact and IL-10
secretion to inhibit Tresp activation [23].

HLA-DR expression also determines the extent and the kinetic of the suppressive function: for example,
in renal transplant patients, the level of HLA-DR expression of CD45RAneg Treg cell subset correlated
positively with the suppressive activity of the total Treg cell pool, high levels of circulating HLA-DRposTreg
cells represent an in vitro predictive biomarker of allograft tolerance, while Foxp3+ detection alone lacks
specificity and sensitivity [18]; in mice, the HLA-DRneg Treg initially skew the immune response toward the
production of Th2 cytokines, before initiating late suppression; whereas, the HLA-DRpos Treg population
exhibits early suppression [23,49]. Moreover, it has been demonstrated that HLA-DRpos Treg cells tend to
present higher gene expression of molecules associated with contact-dependent cell activation and cytotoxicity
in patients with allergy [29].

In summary, Tregs can be subtyped as Resting (CD4+CD25+CD39+CD127negCD45RApos/HLA-
DRneg), Activated (CD4+CD25+CD39+CD127negCD45RAnegHLA-DRneg/low), and Effector
(CD4+CD25+CD39+CD127negCD45RAnegHLA-DRhigh). This last subtype can be considered effector
Treg cells part of the activated Treg compartment of which they seem to constitute a terminally differenti-
ated subset, with a more efficient and rapid suppressive function compared to other subtypes [23,31]. They
are different from secreting or type III Tregs that some authors define as non-suppressive cells and represent
a short-lived terminally differentiated population, which is divided rapidly and disappears [16,23,31].
Suppressive Tregs are CD127neg while type III Tregs are CD127low/high. As described, CD127 expression
inversely correlates with FoxP3 expression and the suppressive function in Tregs.

CD39 has been recently described as a Treg functional marker. It is an ectonucleotidase producing the
inhibitory and antiproliferative AMP, by hydrolysing the pro-inflammatory ATP released by damaged cells
[22] that contributes to the suppressive activity of the Treg of the memory subset [50], is upregulated upon
TCR ligation, [51] and is tunable on Tregs (studied in HIV+ subjects) [28].

CONCLUDING REMARKS. In line with these concepts, in our study we observed a reduction of Resting
Treg and higher rates of Activated/Effector Tregs after SLIT. Remarkedly, higher levels of the surface HLA-
DR determinant and of the CD39 markers, both playing inhibitory function in Tregs, were detected at higher
level on Tregs after effective mite-allergoid SLIT, suggesting that SLIT also induced empowerment of Treg
inhibitory capacity, likely compensating the under-representation of Treg observed in allergic patients [43].

Our study was not designed to evaluate the effectiveness of the mite-allergoid SLIT, already demonstrated by
other authors by specific devoted trials [52]; rather, our goal was to associate the variations of Tregs subsets
with successful SLIT. In our study, variable clinical outcomes were observed in patients, from complete to par-
tial or no remission of symptoms. Notably, the increase of HLA-DR expression on Tregs, Activated/Effector
Tregs in particular, positively correlates with the obtained clinical improvement evaluated by both patients
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(VAS) and clinicians (ARIA score). The significant negative correlation (p=0.049) between Resting Tregs
and the above-mentioned clinical parameters confirms these data.

The immunophenotypic assessment of Treg subsets described in the present study, formerly applied to shed
light into their immunological mechanism of different pathological and therapeutic conditions, also provides
a new insight of the immune-modulating effects of mite-allergoid SLIT and might also represent an analytical
tool for the monitoring of SLIT efficacy. The next step of our study will be the detection of changes in Tregs
after the first months of AIT to be used as markers for the early identification of responders/non-responders
by mean of a straightforward and not invasive blood test.
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Table 1 . Outline of the study

Time Time Time

T0 (enrolment) T1 (day 0) T3 (12 months)
Medical record X X X
Prick test X -
Serum total and
specific IgE and blood
tests

X -

Visual Analogic Scale X X
Rhinitis classification
ARIA

X X

Asthma control test –
ACT

X X

SLIT - Start ongoing
Blood withdrawal for
Tregs analysis

- X X

Table 2. List of flow cytometry specificities and reagents.

Detection antigen Antibody Clone Fluorochrome

CD4 SK3 APC-H7
CD25 2A3 PE
CD127 HIL-7R-M21 PerCP-CyTM5.5
CD39 TU66 APC
CD45RA L48 FITC
HLA-DR L243 PE-CyTM7

Keys: Fluorescein Isothiocyanate (FITC); R-phycoerythrin; (PE); Peridinin-chlorophyll protein- Cyanine
5.5 (PerCP-Cy 5.5); Allophycocyanin (APC); APC-Hilite®7 (APC-H7). All reagents were purchased by
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Becton Dickinson (BD) Biosciences (San Jose, CA, USA).

Table 3 . Panel of CD antigens targeted for the immunophenotypic detection and the assignment of the
putative function of T reg cells and their subsets used in the present study (2,3) .

Surface
Marker CD4 CD25 CD127 CD39 CD45RA HLA-DR

Conventional
CD4 T cells

+ - high - + -

Regulatory
T cells
Resting + low$ low/neg# + + -
Activated* + high low/neg# + - -
Effector* + high low/neg# + - +

# putative Foxp3+ cells

*Memory Regulatory T-cells

$ CD25low Tregs can be either induced or naturally occurring

Table 4. Demographic data and IgE levels of patients at baseline (n=20). The data are presented
as median values together with their range (minimum-maximum) or as %±SD.

Gender, male/female 16/4

Age distribution, y 11.50 (6.5-17.40)
Rhinitis (concomitant asthma) 20 (7)
Total IgE (kU/l) (n=12) 196 (33.3-1680)
sIgE to D. pteronyssinus DP (kU/l) 49.65 (14.9->100)
sIgE to D. farinae DF (kU/l) 39.9 (1.4->100)

Table 5. Respiratory clinical data and Treg frequency of patients pre- and post-SLIT (n=20).
Tregs values represent the frequency of the parental CD4+ population. The data are presented as median
values together with their range (minimum-maximum) or as %±SD.

Pre-SLIT Post-SLIT

ARIA score 3.7 (2-4) 1.85 (0-3)
ACT score in asthmatics (n7) 18.2 (16-19) 23.14 (20-25)
VAS 7.8 (3-10) 4.3 (1-7)
Resting Tregs 61.1 ± 9 59.1 ± 10
Activated Tregs 5.8% ± 4.4 8.8% ± 4.7
Effector Tregs 31.4% ± 10.3 37.6% ± 8.9

Figure legends

Figure 1.

Regulatory T-cells immunophenotyping strategy used in this study for subsets identification

Lymphomonocytes are selected on morphological characteristics parameters FSC/SSC. Then, a hierar-
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chical gating strategy based on six-color flow cytometric detection has been performed: the total Treg
cell pool is identified by gating CD4+CD25highCD39+CD127low/negcells; then, the gated-in events are fur-
ther subtyped as Resting Treg (CD45RAposDRneg), Activated Treg (CD45RAnegDRneg) and Effector Treg
(CD45RAnegDRpos). The names of the relevant markers of Tregs and their functional roles (i.e. effector,
inhibitory, memory) are indicated.

Figure 2.

Representative FACS analysis Tregs profile changes following SLIT

Representative re-patterning of the three subpopulations of Tregs, Resting, Activated, and Effector, in one
patient pre- and post-SLIT.

Figure 3.

Changes in Treg subsets pre/post SLIT

A) Relative abundance of total Tregs and of each subset expressed as median ± interquartile range percent
of the parent population. B) Delta-Treg frequency of each Treg subset pre/post 12 months SLIT. Statistical
significance evaluated by non-parametric Wilcoxon signed-rank test.

Figure 4.

Correlations between Resting and Activated (A) and Effector (B) Tregs

Analysis of Treg subsets after SLIT shows a significant negative correlation between Resting and Memory
Tregs (Activated and Effector). Statistical significance evaluated by Spearman’s Rank Correlation.

Figure 5.

Changes in HLA-DR and CD39 expression on Tregs pre/post SLIT

Both HLA-DR and CD39 expression significantly increased in Tregs after 12 months SLIT.

Relative abundance of Tregs are expressed as median ± interquartile range percent of the parent population.
Statistical significance evaluated by non-parametric Wilcoxon signed-rank test.

Figure 6.

Changes in HLA-DR expression levels on Activated (A) and Effector (B) Tregs pre/post SLIT.

HLA-DR expression levels are significantly increased after SLIT both in Activated and in Effector Tregs.
Relative abundance of Tregs are expressed as median ± interquartile range percent of the parent population.
Statistical significance evaluated by non-parametric Wilcoxon signed-rank test.

Figure 7.

Correlation between changes VAS and changes in HLA-DR expression on Tregs after SLIT.

Changes in HLA-DR expression on Regulatory T-cells after mite allergoid SLIT significantly correlates with
changes in VAS. Statistical significance evaluated by Spearman’s Rank Correlation.

Figure 8.

Correlation between clinical parameters and changes in Effector Regulatory T-cells.

Changes in Effector Regulatory T-cells after mite allergoid SLIT significantly correlates with changes in
Aria classification for Rhinitis (A) and VAS (B). Statistical significance evaluated by Spearman’s Rank
Correlation.
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