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Forkhead box P3 (FoxP3) T regulatory (Treg) cells modulate the immune system by blocking other types of T-
cells. They maintain tolerance to self-antigens and help in inducing tolerance to foreign antigens. A 
deregulation of FoxP3 Tregs seems to play an important role in allergic disorders. The aim of this work was 
to study the response of FoxP3 Treg cells and their FoxP3 expression in patients, attending the Allergy Unit 
and the Chest Outpatient Clinic, Faculty of Medicine, Zagazig University, with allergic airway diseases, before 
and 1 year after receiving subcutaneous allergen specific immunotherapy (SIT). This prospective study was 
carried out on 25 patients with allergic airway diseases, confirmed by positive skin test, and that showed 
clinical improvement one year after SIT. All cases were subjected to total immunoglobulin E quantitation by 
ELISA. FoxP3 Treg cells frequency and FoxP3 relative fluorescence intensity, as an indicator of Tregs 
function, were assessed by flowcytometry. The results were compared before and after SIT. Twenty five age 
and sex matched apparently healthy volunteers were enrolled as controls. Our findings demonstrated that in 
comparison to the control group, the count of FoxP3 T regulatory cells was higher; however, the function 
was lower among the enrolled patients (P= 0.007 and P< 0.001, respectively). When FoxP3 Tregs were 
compared in the patients before and one year after SIT, it was found that both the count and FoxP3 
expression showed statistically significant increase (P< 0.001). An inverse correlation was found between 
FoxP3 Tregs count and FoxP3 expression. It is concluded that patients with allergic airway diseases have 
increased number of FoxP3 Treg cells but with defective function. SIT plays a role in increasing the number 
of FoxP3 Tregs and improving their suppressive function, which leads to control of airway inflammation and 
thus clinical improvement.

llergic respiratory diseases are 
considered a serious public health 
problem and have an increasing 

prevalence in all regions of the world, 
regardless of the economic and social 
development of these regions (Martinez, 
2008). The increasing recognition over the 
last 50 years that allergic rhinitis and allergic 
asthma frequently co-exist and the strong 
pathophysiologic link between them has led to 
the concepts of ‘united airways disease’ 
(Passalacqua et al., 2001), ‘respiratory 
allergy’ (Papadopoulos et al., 2008) or 
‘combined allergic rhinitis and asthma 
syndrome’ (WAO, 2016).

T regulatory (Treg) cells comprise a 
specialized subset of CD4+ T cells with potent 
suppressive capabilities in vitro and in vivo, 

and are key mediators of tolerance and 
immune homeostasis (Bin Dhuban &
Piccirilo, 2014). Among the Treg cells known 
subpopulations, the forkhead box P3 (FoxP3) 
Treg cells are essential master-switch in 
immune-regulation (Pellerin et al., 2014). 

FoxP3 Treg cells can be defined as 
follows: 1) thymus-derived Treg cells (tTregs) 
or called thymic-derived natural Tregs; 2)
peripherally derived Treg cells (pTregs) 
which differentiate in the periphery (Abbas et 
al., 2013). They could be identified as 
expressing CD4, high levels of the interleukin 
2 (IL-2) receptor alpha chain (CD25), the 
cytotoxic T lymphocyte antigen 4 (CTLA4) 
and the FoxP3 transcription factor which is 
essential for their function (Sakaguchi et al.,
1995; Fontenot et al., 2003; Sansom &
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Walker, 2006). FoxP3 is a potent repressor of 
IL-2 production, but upregulates the 
expression of CD25 and CTLA4 (Wu et al.,
2006). It also induces the expression of anti-
inflammatory cytokine IL-10 (Komatsu and 
Hori, 2007).

FoxP3 Tregs are known to play a chief role 
in maintaining the immune tolerance by 
preventing the T helper (Th)2 induction and 
Th2 cytokine release in response to allergens 
(Cottrez et al., 2000). They use unique 
mechanisms to exert their immunosuppressive 
action: 1)- They use perforin and granzyme B 
to induce cytolysis of cytotoxic T 
lymphocytes, B and natural killer cells (Cao et 
al., 2007; Loebbermann et al., 2012), 2)-
They can use the tumor necrosis factor-related 
apoptosis inducing ligand (TRAIL)/death 
receptor 5 (DR5) pathway to induce cytolysis 
of T cells (Ren et al., 2007), 3)- They can also 
produce inhibitory cytokines such as IL-10, 
IL-35, and transforming growth factor beta 
(TGF-β) (Vignali et al., 2008). A deregulation 
of FoxP3 Tregs seems to play an important 
role in allergic disorders (Thunberg et al.,
2010; Kinoshita et al., 2014).

Allergen specific immunotherapy (SIT) is 
so far the only specific treatment of allergic 
disorders with a potential to modify the course 
of the disease and is considered the most 
effective therapeutic approach for deregulated 
immune response towards allergens, by 
enhancing immune tolerance mechanisms 
(Stelmaszczyk-Emmel et al., 2015).

The aim of this work was to study the 
response of FoxP3 Treg cells to subcutaneous 
SIT by measuring their frequency and FoxP3 
expression level, as an indicator of their 
suppressor function, in peripheral blood of 
patients with allergic airway diseases and to 
correlate this to clinical improvement. 

Subjects and Methods
This prospective study was conducted in the Allergy 
Unit of Microbiology and Immunology Department, 

Chest Outpatient Clinic and the Flowcytometry Unit of 
Clinical Pathology Department, Faculty of Medicine, 
Zagazig University during period from December 2014 
till January 2016. The study was approved by the 
Ethical Committee of Faculty of Medicine, Zagazig 
University. All subjects had given written informed 
consent before participation in the study.

Subjects

The study was conducted on 25 patients suffering from 
allergic airway disease and demonstrated positive 
intradermal skin test. Compliance to subcutaneous 
allergen specific immunotherapy (SIT) and clinical 
improvement one year after commencing therapy were 
inclusion criteria to patients’ enrollment in this study. 
Excluded patients were those suffering from other 
immunological or chronic disorders or having received 
previous immunotherapy or treatment with 
immunomodulatory drugs including systemic 
corticosteroids. Twenty five apparently healthy 
volunteers were included in the study as controls. 
Asthmatic patients were clinically diagnosed by history 
of variable respiratory symptoms which are wheeze, 
shortness of breath, chest tightness, cough and evidence 
of variable expiratory airflow limitation. The severity 
of asthma was determined by breathless talking, 
alertness, respiratory rate, accessory muscles and 
suprasternal retractions, wheeze, heart rate, pulsus 
paradoxus, peak expiratory volume (PEF) after initial 
bronchodilator % predicted or% personal best, PaO2

(on air) and/or PaCO2, and SaO2% (on air). Both 
asthma diagnosis and severity characterization were 
according to the definitions and guidelines of Global 
Initiative for Asthma (2015). Clinical diagnosis and 
severity categorization of allergic rhinitis patients were 
based on the criteria published by Allergic Rhinitis and 
Its Impact on Asthma (ARIA) (Bousquet et al., 2008). 

Methods

 Pulmonary function tests

They were done for asthmatic patients and were carried out 
using a portable spirometer "Vitalograph copd-6TM" 
apparatus. Expiratory flow-volume curve was performed 
before and 20 minute after inhalation of 4 puffs of 400 µg 
salbutamol metered dose inhaler. Forced expiratory volume 
in the first second (FEV1) was measured as absolute value 
and percentage of the predicted value (FEV1%)

 Blood samples

Four mL blood samples were taken from all patients 
(before and one year after SIT) and controls. Serum 
was separated from 2 mL for total immunoglobulin E 
(IgE) estimation by ELISA. The other 2 mL were 
added to EDTA tube for immunophenotypic analysis of 
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Tregs for expression of CD4+, CD25high and FoxP3 by 
flowcytometry.

 Assessment of the atopic status

Intradermal skin test: Seven coca’s extracted antigens 
(House dust, cigarette smoke, wool, cotton, mixed 
fungi, pollens and hay dust) were used from the Allergy 
Unit of Microbiology and Immunology department of 
Faculty of Medicine, Zagazig University. The 
intradermal skin test was performed as devised by 
Indrajana et al. (1971). Briefly, patients were instructed 
to stop antihistaminics for at least 7 days before testing. 
Skin test was performed on the volar surface of the 
forearm leaving 5 cm from the wrist and 3 cm from the 
elbow. The test sites were allocated at least 3 cm apart 
to avoid overlapping. Insulin syringes were used to 
intradermally deliver 0.05 mL of 1/1000 dilution of 
extracts. After 15 minutes, the tested sites were 
inspected for wheal and/or erythema reactions. If no 
result was observed after 15 minutes, the sites were 
inspected after 30 minutes. Physiological saline served 
as the negative control. A positive skin reaction was 
evident by a wheal and flare reaction. The diameter of 
wheal was recorded in two dimensions. A positive test 
was the one in which the mean of two wheal diameters 
was greater than negative control.

 Measurement of total serum IgE

Immunospec IgE Enzyme Immunoassay kit 
(IMMUNOSPEC Corporation, Canoga Park, CA) was 
used for the quantitation of total IgE in human serum. 
The assay was performed according to the 
manufacturer’s instructions. The total IgE in a normal, 
allergy-free adult is less than 150 IU/mL. The 
sensitivity detection limit of this assay is 5.0 IU/mL.

 Allergen specific immunotherapy 

Crude allergen extraction in the allergy unit was based 
on Tsay et al., (1987): 

1)- Homogenization or grinding of the source material, 
2)- Defatting in acetone to remove lipophilic 
compounds then filtration. Defatting was repeated until 
acetone remains transparent after contacting the source 
material, 3)- Drying of the source material to remove 
acetone, 4)- Extraction of crude allergens from the 
source material using coca’s solution (5 gram sodium 
chloride, 2.5 gram sodium bicarbonate, 5 gram phenol 
crystals and water for injection to make 1000 ml water) 
in a ratio of (1/10) for 6 hours, 5)- Separation of the 
crude allergen extracts dissolved in the liquid phase 
from the non-allergenic residue by centrifugation at 
12.000 xg for 1 hour, 6)- Sterilization of the allergen 
extracts by membrane filtration, 7)- Standardization: 
the allergic potency of the crude allergen extracts was 

measured and standardized in weight/volume (w/v) unit 
i.e., weight of allergenic substances extracted per 
volume of extracting fluid. However, the initial dilution 
of extract, starting dose and progression of dosage have 
to be determined carefully on the basis of the patient’s 
history and sensitivity tests, 8)- Storage of allergen 
extracts at 2-8°C.

Safety was completely ensured during all steps of 
crude allergen extraction through: 1)- Hand hygiene 
and wearing gloves, 2)- Sterilization of glassware in 
hot air oven at 180°C for 1 hour, 3)- Allergen 
extraction was done under laboratory safety cabinet 
class II A (Microflow, USA), 3)- Vial stoppers were 
disinfected by careful wiping with sterile 70% 
isopropyl alcohol swabs, 4)- Subcultures from all 
allergens stocks were done on a regular basis for 
bacterial or fungal growth and stocks were discarded 
once showed any sign of contamination.

For specific subcutaneous immunotherapy, patients 
received calculated twice weekly doses from gradually 
decreasing dilutions of allergen extracts (1/2000, 
1/1000, 1/500, 1/250 and 1/125) over 6 months 
followed by a weekly maintenance dose of 1/125 
dilution.

 Immunophenotyping by flowcytometry

Blood samples were processed within 24 hours of 
collection, being preserved at 4ºC. Briefly, 100 μL 
blood were mixed with 10 μL of each of fluorescein 
isothiocyanate (FITC) conjugated anti-Human CD4 and 
phycoerytherin (PE) conjugated anti-Human CD25 
(Affymetrix, eBioscience, Inc., USA) in the test tube, 
while PE and FITC isotype controls (Affymetrix) in the 
control tube. Both tubes were incubated for 20 minutes 
in the dark at the room temperature. Two mL of 
fluorescence activated cell sorting (FACS) lysing 
solution (Becton Dickinson (BD), USA) were added 
and incubated for 10 minutes in the dark at the room 
temperature. The cell pellet was washed twice with 2 
mL phosphate buffered saline (PBS), pH 7.4 (Sigma-
Aldrich Chemie Gmbh). For intracellular staining, 1 
mL of fixation/permeabilization solution (Affymetrix) 
was added to the cell pellet and incubated for 30 
minutes at 4ºC. The cell pellet was washed twice in 2 
mL of permeabilization buffer. Ten µL of 
allophycocyanin (APC) conjugated anti-Human FoxP3 
and APC isotype control (Affymetrix) were added to 
the cell pellet in the test and control tubes, respectively 
and incubated in the dark at the room temperature for 
30 minutes. After washing twice in 2 mL of 
permeabilization buffer, the cells were suspended in 
200 µL PBS for analysis by the flowcytometer 
(FACSCalibur, BD) using CELL Quest TM software. 
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Gating was done on lymphocytes using side scatter 
(SSC) and forward scatter (FSC) strategy. CD4+ T cells 
expressing high levels of CD25 were further gated and 
analyzed for FoxP3. FoxP3 Tregs were defined by co-
expression of CD4+

, CD25high and FoxP3. Relative 
fluorescence intensity (RFI) of FoxP3, an indicator of 
FoxP3 expression level, was calculated using the 
following formula: mean fluorescence intensity 
(MFI)/MFI with isotype control antibody 
(Stelmaszczyk-Emmel et al., 2012).

Statistical Analysis

The data were coded, entered and checked using the 
Statistical Package for Social Science (IBM SPSS) 
software (version 22, Chicago, IL) and Epi-Info 7. 
Results were expressed as the arithmetic mean, 
standard deviation, median and range for continuous 
variables, number and percentage for categorical 
variables. Percent of categorical variables were 
compared using Chi-square test. Continuous variables 
were compared using t test. Wilcoxon signed-rank test 
was used to compare the variables of the patient group 
before and after immunotherapy. Correlation was used 
to find the association between two measurement 
variables and to see whether the two measurement 
variables covary. Correlation results were expressed in 
the form of correlation coefficient (r). P< 0.05 was 
considered statistically significant.

Results

The enrolled patients and controls were 
demographically matched as there was no 
statistically significant difference regarding 
their baseline characteristics. Out of the 25 
patients, 19 and 21 had had allergic asthma 
and allergic rhinitis, respectively (table 1). 
Intradermal skin test revealed that 84% of 
studied cases were allergic to mixed pollens, 
80% to each of smoke and hay dust, 68% to 
house dust, 20% to cotton, 16% to wool while 
none of them was allergic to mixed fungi.

The count of FoxP3 Tregs was higher in the 
patients’ group compared to the control group 
in terms of statistical significance. 
Conversely, the intracellular FoxP3 
expression, indicated by the FoxP3 RFI, was 
significantly higher in the control group (table 
2). 

When FoxP3 Tregs were compared in the 
patients before and one year after
subcutaneous allergen specific 
immunotherapy (SIT), it was found that both 
the number and FoxP3 expression showed 
statistically significant increase after SIT, as 
indicated in table 3. 

FoxP3 Tregs % dot plots and FoxP3 
expression histograms of a case before and 
after SIT are depicted in figures 1 and 2, 
respectively. 

Moreover, statistical comparison of other 
laboratory parameters showed significant 
decrease in the IgE level, eosinophil and 
lymphocyte counts and significant increase in 
the FEV1% after SIT (table 4).

As regards statistical correlation between 
FoxP3 Tregs and characteristics of the studied 
patients, it has been found that FoxP3 Tregs 
count was positively correlated with age and 
allergic airway disease severity, and 
negatively correlated with FoxP3 expression 
(table 5). As for FoxP3 expression, it was 
negatively correlated with FoxP3 Tregs%, 
disease severity and eosinophils count (table 
6). 
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Table 1. Baseline demographic and clinical characteristics of the studied groups.

Controls

(n= 25)

Patients

(n= 25)
P value

Demographic characteristics

Age

NSmean ± SD 30.8 ± 8.5 28 ± 9.8

Range 18 – 50 18 – 52

Sex No. % No. %

NSMale 4 16 9 36

Female 21 84 16 64

Residence No. % No. %

NSRural 17 68 2 8

Urban 8 32 23 92

Clinical characteristics

Smoking No. % No. %

NSYes 11 44 10 40

No 14 56 15 60

Heritance No. % No. %

< 0.001Yes 0 0 11 44

No 25 100 14 56

Allergic asthma
(n= 0) (n= 19)

< 0.001

No. % No. %

Mild 0 0 5 26.3

Moderate 0 0 11 57.9

Severe 0 0 2 10.5

Life threatening 0 0 1 5.3

Allergic rhinitis
(n= 0) (n= 21)

< 0.001

No. % No. %

Mild intermittent 0 0 1 4.7

Moderate/severe intermittent 0 0 1 4.7

Mild persistent 0 0 2 9.6

Moderate/severe persistent 0 0 17 81

P>0.05 is not significant (NS).
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Table 2. Baseline FoxP3 Tregs % and their FoxP3 expression among the studied groups.

Controls

(n= 25)

Patients

(n= 25)
P value

FoxP3 Tregs %

mean ± SD 2.6 ± 1.6 6.9 ± 4.8

0.007Median 3 6

Range 0.7 – 8 0.5 – 16

FoxP3 RFI

mean ± SD 18.6 ± 5.4 12.1 ± 2.2

<0.001Median 19 12

Range 9 – 25 9 – 18

RFI: Relative fluorescence intensity. P<0.05 is significant..

Table 3. FoxP3 Tregs % and FoxP3 expression of the patients before and after immunotherapy.

Before immunotherapy

(n= 25)

After immunotherapy

(n= 25)
P value

FoxP3 Tregs %

<0.001
mean± SD 6.9 ± 4.8 12.3 ± 7.8

Median 6 9

Range 0.5 – 16 2.5 – 29

FoxP3 RFI

<0.001
mean± SD 12.1 ± 2.2 13.6 ± 5.1

Median 12 14

Range 9 – 18 5 – 23

RFI: Relative fluorescence intensity. P<0.05 is significant.

Figure 1. Flowcytometric data analysis showing dot plot of FoxP3 Tregs % and FoxP3 expression histogram of a 
recently diagnosed case with allergic airway disease.
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Figure 2. Flowcytometric data analysis showing dot plot of FoxP3 Tregs % and FoxP3 expression histogram of the 
case one year after immunotherapy.

Table 4. Laboratory characteristics and FEV1% of the patients before and after immunotherapy.

Before immunotherapy

(n= 25)

After immunotherapy

(n= 25)
P value

IgE

<0.001
mean ± SD 143 ± 108.8 61.6 ± 63.3

Median 140 36

Range 10 – 402 5 – 218

Relative eosinophil count (%)

<0.001
mean ± SD 4.1 ± 1.7 2.9 ± 1.8

Median 4 2

Range 1 – 6 1 – 8

Lymphocyte count (X103/mm3)

<0.001
mean ± SD 3.7 ± 2.5 3.2 ± 1

Median 3.9 3.1

Range 3 – 11 2 – 10

FEV1% (n= 19)

<0.001
mean ± SD 75.4 ± 8.6 86.3 ± 2.7

Median 78 87

Range 59 – 89 82 – 89

FEV1: Forced expiratory volume in the first second.

P<0.05 is significant.
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Table 5. Correlation between FoxP3 Tregs % and characteristics of the studied patients.

FoxP3 Tregs %

Before immunotherapy After immunotherapy

r P value r P value

Age 0.4 0.04 0.4 0.03

FEV1% -0.002 NS -0.2 NS

Eosinophils 0.3 NS -0.2 NS

IgE 0.3 NS 0.1 NS

Severity grade 0.7 <0.001 -0.2 NS

FoxP3 RFI -0.5 0.007 -0.7 <0.001

r: Correlation coefficient. RFI: Relative fluorescence intensity. FEV1: Forced expiratory volume in the first second.

P >0.05 is not significant (NS).

Table 6. Correlation between FoxP3 expression and characteristics of the studied patients.

FoxP3 RFI

Before immunotherapy After immunotherapy

r P value r P value

Age 0.09 NS -0.4 NS

FEV1% -0.4 0.06 0.1 NS

Eosinophils -0.01 NS -0.4 0.02

IgE 0.2 NS 0.2 NS

Severity grade -0.5 0.04 -0.6 0.009

FoxP3 Tregs % -0.5 0.007 -0.7 <0.001

r: Correlation coefficient. RFI: Relative fluorescence intensity. FEV1: Forced expiratory volume in the first second.

P >0.05 is not significant (NS).

Discussion

FoxP3 Tregs have been emerging as key focus 
in the pathogenesis of allergy. It is recognized 
that acquired immunity is controlled by Tregs 
that suppress responses of effector T cells 
(Zhang et al., 2014). Early Treg studies used 
CD25 as a marker to identify Tregs. However, 

Sakaguchi et al., (2010) reported that CD25 is 
highly upregulated on conventional T cells 
upon stimulation, i.e., during inflammatory 
conditions. Later studies showed that CD4+

cells expressing high levels of CD25 
(CD25high) should be used for Treg assessment 
as this CD25 expressing population expresses 
high levels of FoxP3 and exhibits a more 
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consistent suppressive ability exvivo (Bin 
Dhuban & Piccirilo, 2014). Therefore, FoxP3 
Tregs have been qualified in our study by co-
expression of CD4, CD25 high and FoxP3.

In this study and in concordance with Lin 
et al., (2008) and Raedler et al., (2015), 
patients with allergic airway diseases had 
significantly higher FoxP3 Tregs count than 
the control subjects. However, these findings 
do not comply with Provoost et al., (2009) 
and Lou et al., (2012) who reported non-
significant difference between both groups. 
These findings are also not consistent with 
Huang et al., (2013) and Stelmaszczyk-
Emmel et al., (2013) who found Tregs in 
allergic patients to be significantly lower. The 
increased number of FoxP3 Tregs in allergic 
patients, particularly patients with allergic 
asthma, may indicate a counter-regulatory 
mechanism that is yet not sufficient to control 
allergic inflammation.

Comparing FoxP3 Tregs count before and 
1 year after subcutaneous SIT, in clinically 
improved patients, a statistically significant 
increase in FoxP3 Tregs count has been 
found. This finding agrees with that reported 
by Fujimura et al., (2011), Lou et al., (2012), 
Sorensen et al. (2013) and Suarez-Fueyo et 
al., (2014). On the contrary, Ajduk et al.,
(2008) and Stelmaszczyk-Emmel et al.,
(2015) reported non-significant change in 
FoxP3 Tregs count among children with 
allergic asthma after 1 year of SIT. Similarly, 
Mobs et al., (2010), Wei et al., (2010) and 
Susanti et al., (2013) reported non-significant 
deviations in FoxP3Tregs count after SIT. The 
discrepant response of FoxP3 Tregs % in the 
peripheral blood after SIT among studies 
might be explained by the divergence in the 
patients’ demographics, disease severity, 
immunotherapy protocols and timing of blood 
sampling after SIT. Another explanation is the 
difference in the distribution of FoxP3 Tregs 
caused by their homing to the lungs, lymph 
nodes and secondary organs. In addition, the 

inconsistent definition of Tregs and the 
difference in methods used to identify this 
minor population of cells makes different 
studies not fully comparable.

In this study, FoxP3 expression, the 
indicator of FoxP3 Tregs suppressor function, 
was investigated by measuring FoxP3 relative 
fluorescence intensity (RFI). We found that 
controls had significantly higher values than 
patients. This means that although FoxP3 
Tregs count was higher in allergic patients, 
they did have lower FoxP3 RFI. This was in 
agreement with Xu et al., (2007) who found 
the expression level of FoxP3 mRNA in the 
nasal mucosa and peripheral blood 
mononuclear cells of patients with allergic 
rhinitis to be lower than the control group. 
Similarly, Provoost et al., (2009) reported 
lower FoxP3 expression in asthma patients 
compared to controls. However, this finding 
was discrepant with Stelmaszczyk-Emmel et 
al., (2013) and Raedler et al., (2015) who 
reported significantly higher FoxP3 
expression in children with allergy than in 
healthy controls. Such discrepancy may be 
attributed to the difference in age group as it 
was found that infections in childhood can 
alter the nature of innate/adaptive immunity 
interaction through toll-like receptors, which 
have a direct and an indirect impact on Tregs 
(Stelmaszczyk-Emmel et al., 2013). 
Comparing FoxP3 RFI before and 1 year after 
SIT, in clinically improved patients, a 
statistically significant increase in FoxP3 RFI 
has been found, which reflects an 
improvement in Tregs function. This finding 
is discrepant with Stelmaszczyk-Emmel et al.,
(2015) who observed decrease in the median 
RFI in the studied patients after SIT. 

The report of Thunberg et al., (2010) that 
the cells obtained from peripheral blood are 
not always indicative for the target organ and 
may be influenced by environment differences 
might explain the divergent results of the 
studies involving FoxP3 Tregs. We had the 
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opportunity to test peripheral blood but some 
authors used different specimens such as 
sublingual epithelium, bronchoalveolar lavage 
fluid or nasal mucosa. The former authors 
demonstrated increased expression of FoxP3 
in bronchoalveolar lavage after allergen 
provocation without any respective alterations 
in peripheral blood. 

In this study and in discrepancy with Abdel 
Gawad et al., (2012), FoxP3 Tregs count was 
positively correlated with age and respiratory 
allergy severity. Correlation with age may be 
explained by enhanced immunoregulatory 
mechanisms in response to repeated exposure 
to different environmental and infectious 
agents throughout the patient life. As regards 
FoxP3 expression, it was negatively 
correlated with eosinophils count, disease 
severity and FoxP3 Tregs %. Such inverse 
correlation between FoxP3 expression and 
Foxp3 Tregs count might be explained by the 
assumption that persistent airway hyper-
responsiveness due to Tregs dysfunction may 
have urged the immune system to increase 
FoxP3 Tregs in a way to correct the immune 
dysregulation, however, this waits to be 
explained in more studies investigating the 
underlying genetic and epigenetic control of 
FoxP3 expression in these patients. In the 
present study, FoxP3 Tregs % and FoxP3 
expression did not correlate with IgE, while 
discrepantly, Provoost et al., (2009) and 
Stelmaszczyk-Emmel et al., (2013) reported 
an inverse correlation between FoxP3 
expression and FoxP3 Tregs %, and total 
serum IgE, respectively. 

In conclusion, FoxP3 Tregs count is 
elevated in respiratory allergic patients but 
their FoxP3 expression and thus their function 
are reduced which explains the development 
of dysregulated airway hyper-responsiveness 
in these patients. Allergen specific 
immunotherapy (SIT) leads to bilateral 
improvement in FoxP3 cells, i.e., count and 
function, which might lead to control of 

airway inflammation and thus clinical 
improvement. In addition, FoxP3 Tregs count 
and their FoxP3 expression are inversely 
correlated in respiratory allergic patients. We 
recommend that FoxP3 Tregs should be taken 
into consideration and investigated as 
potential candidates for future therapies of 
respiratory allergies. Airway samples, that 
may be more representative of the respiratory 
airways, should be considered, as possible, in 
future studies for better understanding of local 
immune response and for better optimization 
and personalization of immunotherapy 
protocols.
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Forkhead box P3 (FoxP3) T regulatory (Treg) cells modulate the immune system by blocking other types of T-cells. They maintain tolerance to self-antigens and help in inducing tolerance to foreign antigens. A deregulation of FoxP3 Tregs seems to play an important role in allergic disorders. The aim of this work was to study the response of FoxP3 Treg cells and their FoxP3 expression in patients, attending the Allergy Unit and the Chest Outpatient Clinic, Faculty of Medicine, Zagazig University, with allergic airway diseases, before and 1 year after receiving subcutaneous allergen specific immunotherapy (SIT). This prospective study was carried out on 25 patients with allergic airway diseases, confirmed by positive skin test, and that showed clinical improvement one year after SIT. All cases were subjected to total immunoglobulin E quantitation by ELISA. FoxP3 Treg cells frequency and FoxP3 relative fluorescence intensity, as an indicator of Tregs function, were assessed by flowcytometry. The results were compared before and after SIT. Twenty five age and sex matched apparently healthy volunteers were enrolled as controls. Our findings demonstrated that in comparison to the control group, the count of FoxP3 T regulatory cells was higher; however, the function was lower among the enrolled patients (P= 0.007 and P< 0.001, respectively). When FoxP3 Tregs were compared in the patients before and one year after SIT, it was found that both the count and FoxP3 expression showed statistically significant increase (P< 0.001). An inverse correlation was found between FoxP3 Tregs count and FoxP3 expression. It is concluded that patients with allergic airway diseases have increased number of FoxP3 Treg cells but with defective function. SIT plays a role in increasing the number of FoxP3 Tregs and improving their suppressive function, which leads to control of airway inflammation and thus clinical improvement.


A


llergic respiratory diseases are considered a serious public health problem and have an increasing prevalence in all regions of the world, regardless of the economic and social development of these regions (Martinez, 2008). The increasing recognition over the last 50 years that allergic rhinitis and allergic asthma frequently co-exist and the strong pathophysiologic link between them has led to the concepts of ‘united airways disease’ (Passalacqua et al., 2001), ‘respiratory allergy’ (Papadopoulos et al., 2008) or ‘combined allergic rhinitis and asthma syndrome’ (WAO, 2016).


T regulatory (Treg) cells comprise a specialized subset of CD4+ T cells with potent suppressive capabilities in vitro and in vivo, and are key mediators of tolerance and immune homeostasis (Bin Dhuban & Piccirilo, 2014). Among the Treg cells known subpopulations, the forkhead box P3 (FoxP3) Treg cells are essential master-switch in immune-regulation (Pellerin et al., 2014). 

FoxP3 Treg cells can be defined as follows: 1) thymus-derived Treg cells (tTregs) or called thymic-derived natural Tregs; 2) peripherally derived Treg cells (pTregs) which differentiate in the periphery (Abbas et al., 2013). They could be identified as expressing CD4, high levels of the interleukin 2 (IL-2) receptor alpha chain (CD25), the cytotoxic T lymphocyte antigen 4 (CTLA4) and the FoxP3 transcription factor which is essential for their function (Sakaguchi et al., 1995; Fontenot et al., 2003; Sansom & Walker, 2006). FoxP3 is a potent repressor of IL-2 production, but upregulates the expression of CD25 and CTLA4 (Wu et al., 2006). It also induces the expression of anti-inflammatory cytokine IL-10 (Komatsu and Hori, 2007).


FoxP3 Tregs are known to play a chief role in maintaining the immune tolerance by preventing the T helper (Th)2 induction and Th2 cytokine release in response to allergens (Cottrez et al., 2000). They use unique mechanisms to exert their immunosuppressive action: 1)- They use perforin and granzyme B to induce cytolysis of cytotoxic T lymphocytes, B and natural killer cells (Cao et al., 2007; Loebbermann et al., 2012), 2)- They can use the tumor necrosis factor-related apoptosis inducing ligand (TRAIL)/death receptor 5 (DR5) pathway to induce cytolysis of T cells (Ren et al., 2007), 3)- They can also produce inhibitory cytokines such as IL-10, IL-35, and transforming growth factor beta (TGF-β) (Vignali et al., 2008). A deregulation of FoxP3 Tregs seems to play an important role in allergic disorders (Thunberg et al., 2010; Kinoshita et al., 2014).


Allergen specific immunotherapy (SIT) is so far the only specific treatment of allergic disorders with a potential to modify the course of the disease and is considered the most effective therapeutic approach for deregulated immune response towards allergens, by enhancing immune tolerance mechanisms (Stelmaszczyk-Emmel et al., 2015).


The aim of this work was to study the response of FoxP3 Treg cells to subcutaneous SIT by measuring their frequency and FoxP3 expression level, as an indicator of their suppressor function, in peripheral blood of patients with allergic airway diseases and to correlate this to clinical improvement. 


Subjects and Methods


This prospective study was conducted in the Allergy Unit of Microbiology and Immunology Department, Chest Outpatient Clinic and the Flowcytometry Unit of Clinical Pathology Department, Faculty of Medicine, Zagazig University during period from December 2014 till January 2016. The study was approved by the Ethical Committee of Faculty of Medicine, Zagazig University. All subjects had given written informed consent before participation in the study.


Subjects

The study was conducted on 25 patients suffering from allergic airway disease and demonstrated positive intradermal skin test. Compliance to subcutaneous allergen specific immunotherapy (SIT) and clinical improvement one year after commencing therapy were inclusion criteria to patients’ enrollment in this study. Excluded patients were those suffering from other immunological or chronic disorders or having received previous immunotherapy or treatment with immunomodulatory drugs including systemic corticosteroids. Twenty five apparently healthy volunteers were included in the study as controls. Asthmatic patients were clinically diagnosed by history of variable respiratory symptoms which are wheeze, shortness of breath, chest tightness, cough and evidence of variable expiratory airflow limitation. The severity of asthma was determined by breathless talking, alertness, respiratory rate, accessory muscles and suprasternal retractions, wheeze, heart rate, pulsus paradoxus, peak expiratory volume (PEF) after initial bronchodilator % predicted or% personal best, PaO2 (on air) and/or PaCO2, and SaO2% (on air). Both asthma diagnosis and severity characterization were according to the definitions and guidelines of Global Initiative for Asthma (2015). Clinical diagnosis and severity categorization of allergic rhinitis patients were based on the criteria published by Allergic Rhinitis and Its Impact on Asthma (ARIA) (Bousquet et al., 2008). 


Methods

 Pulmonary function tests

They were done for asthmatic patients and were carried out using a portable spirometer "Vitalograph copd-6TM" apparatus. Expiratory flow-volume curve was performed before and 20 minute after inhalation of 4 puffs of 400 µg salbutamol metered dose inhaler. Forced expiratory volume in the first second (FEV1) was measured as absolute value and percentage of the predicted value (FEV1%)


 Blood samples

Four mL blood samples were taken from all patients (before and one year after SIT) and controls. Serum was separated from 2 mL for total immunoglobulin E (IgE) estimation by ELISA. The other 2 mL were added to EDTA tube for immunophenotypic analysis of Tregs for expression of CD4+, CD25high and FoxP3 by flowcytometry.


 Assessment of the atopic status

Intradermal skin test: Seven coca’s extracted antigens (House dust, cigarette smoke, wool, cotton, mixed fungi, pollens and hay dust) were used from the Allergy Unit of Microbiology and Immunology department of Faculty of Medicine, Zagazig University. The intradermal skin test was performed as devised by Indrajana et al. (1971). Briefly, patients were instructed to stop antihistaminics for at least 7 days before testing. Skin test was performed on the volar surface of the forearm leaving 5 cm from the wrist and 3 cm from the elbow. The test sites were allocated at least 3 cm apart to avoid overlapping. Insulin syringes were used to intradermally deliver 0.05 mL of 1/1000 dilution of extracts. After 15 minutes, the tested sites were inspected for wheal and/or erythema reactions. If no result was observed after 15 minutes, the sites were inspected after 30 minutes. Physiological saline served as the negative control. A positive skin reaction was evident by a wheal and flare reaction. The diameter of wheal was recorded in two dimensions. A positive test was the one in which the mean of two wheal diameters was greater than negative control.


 Measurement of total serum IgE

Immunospec IgE Enzyme Immunoassay kit (IMMUNOSPEC Corporation, Canoga Park, CA) was used for the quantitation of total IgE in human serum. The assay was performed according to the manufacturer’s instructions. The total IgE in a normal, allergy-free adult is less than 150 IU/mL. The sensitivity detection limit of this assay is 5.0 IU/mL.


 Allergen specific immunotherapy 


Crude allergen extraction in the allergy unit was based on Tsay et al., (1987): 


1)- Homogenization or grinding of the source material, 2)- Defatting in acetone to remove lipophilic compounds then filtration. Defatting was repeated until acetone remains transparent after contacting the source material, 3)- Drying of the source material to remove acetone, 4)- Extraction of crude allergens from the source material using coca’s solution (5 gram sodium chloride, 2.5 gram sodium bicarbonate, 5 gram phenol crystals and water for injection to make 1000 ml water) in a ratio of (1/10) for 6 hours, 5)- Separation of the crude allergen extracts dissolved in the liquid phase from the non-allergenic residue by centrifugation at 12.000 xg for 1 hour, 6)- Sterilization of the allergen extracts by membrane filtration, 7)- Standardization: the allergic potency of the crude allergen extracts was measured and standardized in weight/volume (w/v) unit i.e., weight of allergenic substances extracted per volume of extracting fluid. However, the initial dilution of extract, starting dose and progression of dosage have to be determined carefully on the basis of the patient’s history and sensitivity tests, 8)- Storage of allergen extracts at 2-8°C.


Safety was completely ensured during all steps of crude allergen extraction through: 1)- Hand hygiene and wearing gloves, 2)- Sterilization of glassware in hot air oven at 180°C for 1 hour, 3)- Allergen extraction was done under laboratory safety cabinet class II A (Microflow, USA), 3)- Vial stoppers were disinfected by careful wiping with sterile 70% isopropyl alcohol swabs, 4)- Subcultures from all allergens stocks were done on a regular basis for bacterial or fungal growth and stocks were discarded once showed any sign of contamination.


For specific subcutaneous immunotherapy, patients received calculated twice weekly doses from gradually decreasing dilutions of allergen extracts (1/2000, 1/1000, 1/500, 1/250 and 1/125) over 6 months followed by a weekly maintenance dose of 1/125 dilution.


 Immunophenotyping by flowcytometry

Blood samples were processed within 24 hours of collection, being preserved at 4ºC. Briefly, 100 μL blood were mixed with 10 μL of each of fluorescein isothiocyanate (FITC) conjugated anti-Human CD4 and phycoerytherin (PE) conjugated anti-Human CD25 (Affymetrix, eBioscience, Inc., USA) in the test tube, while PE and FITC isotype controls (Affymetrix) in the control tube. Both tubes were incubated for 20 minutes in the dark at the room temperature. Two mL of fluorescence activated cell sorting (FACS) lysing solution (Becton Dickinson (BD), USA) were added and incubated for 10 minutes in the dark at the room temperature. The cell pellet was washed twice with 2 mL phosphate buffered saline (PBS), pH 7.4 (Sigma-Aldrich Chemie Gmbh). For intracellular staining, 1 mL of fixation/permeabilization solution (Affymetrix) was added to the cell pellet and incubated for 30 minutes at 4ºC. The cell pellet was washed twice in 2 mL of permeabilization buffer. Ten µL of allophycocyanin (APC) conjugated anti-Human FoxP3 and APC isotype control (Affymetrix) were added to the cell pellet in the test and control tubes, respectively and incubated in the dark at the room temperature for 30 minutes. After washing twice in 2 mL of permeabilization buffer, the cells were suspended in 200 µL PBS for analysis by the flowcytometer (FACSCalibur, BD) using CELL Quest TM software. Gating was done on lymphocytes using side scatter (SSC) and forward scatter (FSC) strategy. CD4+ T cells expressing high levels of CD25 were further gated and analyzed for FoxP3. FoxP3 Tregs were defined by co-expression of CD4+, CD25high and FoxP3. Relative fluorescence intensity (RFI) of FoxP3, an indicator of FoxP3 expression level, was calculated using the following formula: mean fluorescence intensity (MFI)/MFI with isotype control antibody (Stelmaszczyk-Emmel et al., 2012).

Statistical Analysis

The data were coded, entered and checked using the Statistical Package for Social Science (IBM SPSS) software (version 22, Chicago, IL) and Epi-Info 7. Results were expressed as the arithmetic mean, standard deviation, median and range for continuous variables, number and percentage for categorical variables. Percent of categorical variables were compared using Chi-square test. Continuous variables were compared using t test. Wilcoxon signed-rank test was used to compare the variables of the patient group before and after immunotherapy. Correlation was used to find the association between two measurement variables and to see whether the two measurement variables covary. Correlation results were expressed in the form of correlation coefficient (r). P< 0.05 was considered statistically significant.


Results


The enrolled patients and controls were demographically matched as there was no statistically significant difference regarding their baseline characteristics. Out of the 25 patients, 19 and 21 had had allergic asthma and allergic rhinitis, respectively (table 1). Intradermal skin test revealed that 84% of studied cases were allergic to mixed pollens, 80% to each of smoke and hay dust, 68% to house dust, 20% to cotton, 16% to wool while none of them was allergic to mixed fungi.

The count of FoxP3 Tregs was higher in the patients’ group compared to the control group in terms of statistical significance. Conversely, the intracellular FoxP3 expression, indicated by the FoxP3 RFI, was significantly higher in the control group (table 2). 

When FoxP3 Tregs were compared in the patients before and one year after subcutaneous allergen specific immunotherapy (SIT), it was found that both the number and FoxP3 expression showed statistically significant increase after SIT, as indicated in table 3. 

FoxP3 Tregs % dot plots and FoxP3 expression histograms of a case before and after SIT are depicted in figures 1 and 2, respectively. 

Moreover, statistical comparison of other laboratory parameters showed significant decrease in the IgE level, eosinophil and lymphocyte counts and significant increase in the FEV1% after SIT (table 4).

As regards statistical correlation between FoxP3 Tregs and characteristics of the studied patients, it has been found that FoxP3 Tregs count was positively correlated with age and allergic airway disease severity, and negatively correlated with FoxP3 expression (table 5). As for FoxP3 expression, it was negatively correlated with FoxP3 Tregs%, disease severity and eosinophils count (table 6). 

Table 1. Baseline demographic and clinical characteristics of the studied groups.

		

		Controls


(n= 25)

		Patients


(n= 25)

		P value



		Demographic characteristics



		Age

		

		

		NS



		mean ± SD

		30.8 ± 8.5

		28 ± 9.8

		



		Range

		18 – 50

		18 – 52

		



		Sex

		No.

		%

		No.

		%

		NS



		Male

		4

		16

		9

		36

		



		Female

		21

		84

		16

		64

		



		Residence

		No.

		%

		No.

		%

		NS



		Rural

		17

		68

		2

		8

		



		Urban

		8

		32

		23

		92

		



		Clinical characteristics



		Smoking

		No.

		%

		No.

		%

		NS



		Yes

		11

		44

		10

		40

		



		No

		14

		56

		15

		60

		



		Heritance

		No.

		%

		No.

		%

		< 0.001



		Yes

		0

		0

		11

		44

		



		No

		25

		100

		14

		56

		



		Allergic asthma

		(n= 0)

		(n= 19)

		< 0.001



		

		No.

		%

		No.

		%

		



		Mild

		0

		0

		5

		26.3

		



		Moderate

		0

		0

		11

		57.9

		



		Severe

		0

		0

		2

		10.5

		



		Life threatening

		0

		0

		1

		5.3

		



		Allergic rhinitis

		(n= 0)

		(n= 21)

		< 0.001



		

		No.

		%

		No.

		%

		



		Mild intermittent 

		0

		0

		1

		4.7

		



		Moderate/severe intermittent

		0

		0

		1

		4.7

		



		Mild persistent

		0

		0

		2

		9.6

		



		Moderate/severe persistent

		0

		0

		17

		81

		



		P>0.05 is not significant (NS).





Table 2. Baseline FoxP3 Tregs % and their FoxP3 expression among the studied groups.

		

		Controls


(n= 25)

		Patients


(n= 25)

		P value



		FoxP3 Tregs %

		

		

		



		mean ± SD

		2.6 ± 1.6

		6.9 ± 4.8

		0.007



		Median

		3

		6

		



		Range

		0.7 – 8

		0.5 – 16

		



		FoxP3 RFI

		

		

		



		mean ± SD

		18.6 ± 5.4

		12.1 ± 2.2

		<0.001



		Median

		19

		12

		



		Range

		9 – 25

		9 – 18

		



		RFI: Relative fluorescence intensity. P<0.05 is significant..





Table 3. FoxP3 Tregs % and FoxP3 expression of the patients before and after immunotherapy.

		

		Before immunotherapy


(n= 25)

		After immunotherapy


(n= 25)

		P value



		FoxP3 Tregs %

		

		

		<0.001



		mean± SD

		6.9 ± 4.8

		12.3 ± 7.8

		



		Median

		6

		9

		



		Range

		0.5 – 16

		2.5 – 29

		



		FoxP3 RFI

		

		

		<0.001



		mean± SD

		12.1 ± 2.2

		13.6 ± 5.1

		



		Median

		12

		14

		



		Range

		9 – 18

		5 – 23

		



		RFI: Relative fluorescence intensity.  P<0.05 is significant.








Figure 1. Flowcytometric data analysis showing dot plot of FoxP3 Tregs % and FoxP3 expression histogram of a recently diagnosed case with allergic airway disease. 





Figure 2. Flowcytometric data analysis showing dot plot of FoxP3 Tregs % and FoxP3 expression histogram of the case one year after immunotherapy.

Table 4. Laboratory characteristics and FEV1% of the patients before and after immunotherapy.

		

		Before immunotherapy


(n= 25)

		After immunotherapy


(n= 25)

		P value



		IgE

		

		

		<0.001



		mean ± SD

		143 ± 108.8

		61.6 ± 63.3

		



		Median

		140

		36

		



		Range

		10 – 402

		5 – 218

		



		Relative eosinophil count (%)

		

		

		<0.001



		mean ± SD

		4.1 ± 1.7

		2.9 ± 1.8

		



		Median

		4

		2

		



		Range

		1 – 6

		1 – 8

		



		Lymphocyte count (X103/mm3)

		

		

		<0.001



		mean ± SD

		3.7 ± 2.5

		3.2 ± 1

		



		Median

		3.9

		3.1

		



		Range

		3 – 11

		2 – 10

		



		FEV1% (n= 19)

		

		

		<0.001



		mean ± SD

		75.4 ± 8.6

		86.3 ± 2.7

		



		Median

		78

		87

		



		Range

		59 – 89

		82 – 89

		



		FEV1: Forced expiratory volume in the first second.

P<0.05 is significant.





Table 5. Correlation between FoxP3 Tregs % and characteristics of the studied patients. 


		

		FoxP3 Tregs %



		

		Before immunotherapy

		After immunotherapy



		

		r

		P value

		r

		P value



		Age

		0.4

		0.04

		0.4

		0.03



		FEV1%

		-0.002

		NS

		-0.2

		NS



		Eosinophils

		0.3

		NS

		-0.2

		NS



		IgE

		0.3

		NS

		0.1

		NS



		Severity grade

		0.7

		<0.001

		-0.2

		NS



		FoxP3 RFI

		-0.5

		0.007

		-0.7

		<0.001



		r: Correlation coefficient.
RFI: Relative fluorescence intensity. FEV1: Forced expiratory volume in the first second.

P >0.05 is not significant (NS).





Table 6. Correlation between FoxP3 expression and characteristics of the studied patients. 


		

		FoxP3 RFI



		

		Before immunotherapy

		After immunotherapy



		

		r

		P value

		r

		P value



		Age

		0.09

		NS

		-0.4

		NS



		FEV1%

		-0.4

		0.06

		0.1

		NS



		Eosinophils

		-0.01

		NS

		-0.4

		0.02



		IgE

		0.2

		NS

		0.2

		NS



		Severity grade

		-0.5

		0.04

		-0.6

		0.009



		FoxP3 Tregs %

		-0.5

		0.007

		-0.7

		<0.001



		r: Correlation coefficient.
RFI: Relative fluorescence intensity. FEV1: Forced expiratory volume in the first second.

P >0.05 is not significant (NS).





Discussion


FoxP3 Tregs have been emerging as key focus in the pathogenesis of allergy. It is recognized that acquired immunity is controlled by Tregs that suppress responses of effector T cells (Zhang et al., 2014). Early Treg studies used CD25 as a marker to identify Tregs. However, Sakaguchi et al., (2010) reported that CD25 is highly upregulated on conventional T cells upon stimulation, i.e., during inflammatory conditions. Later studies showed that CD4+ cells expressing high levels of CD25 (CD25high) should be used for Treg assessment as this CD25 expressing population expresses high levels of FoxP3 and exhibits a more consistent suppressive ability exvivo (Bin Dhuban & Piccirilo, 2014). Therefore, FoxP3 Tregs have been qualified in our study by co-expression of CD4, CD25 high and FoxP3.


In this study and in concordance with Lin et al., (2008) and Raedler et al., (2015), patients with allergic airway diseases had significantly higher FoxP3 Tregs count than the control subjects. However, these findings do not comply with Provoost et al., (2009) and Lou et al., (2012) who reported non-significant difference between both groups. These findings are also not consistent with Huang et al., (2013) and Stelmaszczyk-Emmel et al., (2013) who found Tregs in allergic patients to be significantly lower. The increased number of FoxP3 Tregs in allergic patients, particularly patients with allergic asthma, may indicate a counter-regulatory mechanism that is yet not sufficient to control allergic inflammation.


Comparing FoxP3 Tregs count before and 1 year after subcutaneous SIT, in clinically improved patients, a statistically significant increase in FoxP3 Tregs count has been found. This finding agrees with that reported by Fujimura et al., (2011), Lou et al., (2012), Sorensen et al. (2013) and Suarez-Fueyo et al., (2014). On the contrary, Ajduk et al., (2008) and Stelmaszczyk-Emmel et al., (2015) reported non-significant change in FoxP3 Tregs count among children with allergic asthma after 1 year of SIT. Similarly, Mobs et al., (2010), Wei et al., (2010) and Susanti et al., (2013) reported non-significant deviations in FoxP3Tregs count after SIT. The discrepant response of FoxP3 Tregs % in the peripheral blood after SIT among studies might be explained by the divergence in the patients’ demographics, disease severity, immunotherapy protocols and timing of blood sampling after SIT. Another explanation is the difference in the distribution of FoxP3 Tregs caused by their homing to the lungs, lymph nodes and secondary organs. In addition, the inconsistent definition of Tregs and the difference in methods used to identify this minor population of cells makes different studies not fully comparable.


In this study, FoxP3 expression, the indicator of FoxP3 Tregs suppressor function, was investigated by measuring FoxP3 relative fluorescence intensity (RFI). We found that controls had significantly higher values than patients. This means that although FoxP3 Tregs count was higher in allergic patients, they did have lower FoxP3 RFI. This was in agreement with Xu et al., (2007) who found the expression level of FoxP3 mRNA in the nasal mucosa and peripheral blood mononuclear cells of patients with allergic rhinitis to be lower than the control group. Similarly, Provoost et al., (2009) reported lower FoxP3 expression in asthma patients compared to controls. However, this finding was discrepant with Stelmaszczyk-Emmel et al., (2013) and Raedler et al., (2015) who reported significantly higher FoxP3 expression in children with allergy than in healthy controls. Such discrepancy may be attributed to the difference in age group as it was found that infections in childhood can alter the nature of innate/adaptive immunity interaction through toll-like receptors, which have a direct and an indirect impact on Tregs (Stelmaszczyk-Emmel et al., 2013). Comparing FoxP3 RFI before and 1 year after SIT, in clinically improved patients, a statistically significant increase in FoxP3 RFI has been found, which reflects an improvement in Tregs function. This finding is discrepant with Stelmaszczyk-Emmel et al., (2015) who observed decrease in the median RFI in the studied patients after SIT. 


The report of Thunberg et al., (2010) that the cells obtained from peripheral blood are not always indicative for the target organ and may be influenced by environment differences might explain the divergent results of the studies involving FoxP3 Tregs. We had the opportunity to test peripheral blood but some authors used different specimens such as sublingual epithelium, bronchoalveolar lavage fluid or nasal mucosa. The former authors demonstrated increased expression of FoxP3 in bronchoalveolar lavage after allergen provocation without any respective alterations in peripheral blood. 


In this study and in discrepancy with Abdel Gawad et al., (2012), FoxP3 Tregs count was positively correlated with age and respiratory allergy severity. Correlation with age may be explained by enhanced immunoregulatory mechanisms in response to repeated exposure to different environmental and infectious agents throughout the patient life. As regards FoxP3 expression, it was negatively correlated with eosinophils count, disease severity and FoxP3 Tregs %. Such inverse correlation between FoxP3 expression and Foxp3 Tregs count might be explained by the assumption that persistent airway hyper-responsiveness due to Tregs dysfunction may have urged the immune system to increase FoxP3 Tregs in a way to correct the immune dysregulation, however, this waits to be explained in more studies investigating the underlying genetic and epigenetic control of FoxP3 expression in these patients. In the present study, FoxP3 Tregs % and FoxP3 expression did not correlate with IgE, while discrepantly, Provoost et al., (2009) and Stelmaszczyk-Emmel et al., (2013) reported an inverse correlation between FoxP3 expression and FoxP3 Tregs %, and total serum IgE, respectively. 


In conclusion, FoxP3 Tregs count is elevated in respiratory allergic patients but their FoxP3 expression and thus their function are reduced which explains the development of dysregulated airway hyper-responsiveness in these patients. Allergen specific immunotherapy (SIT) leads to bilateral improvement in FoxP3 cells, i.e., count and function, which might lead to control of airway inflammation and thus clinical improvement. In addition, FoxP3 Tregs count and their FoxP3 expression are inversely correlated in respiratory allergic patients. We recommend that FoxP3 Tregs should be taken into consideration and investigated as potential candidates for future therapies of respiratory allergies. Airway samples, that may be more representative of the respiratory airways, should be considered, as possible, in future studies for better understanding of local immune response and for better optimization and personalization of immunotherapy protocols.
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