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Regulatory T cells (Tregs) are thought to have a critical role in the suppression of immune responses. In 
addition to the prevention of the development of autoimmunity, they are thought to have a role in the 
prevention of allergic responses to environmental allergens. Foxp3 is transcription factor (Foxp3), which is 
predominantly expressed by CD4

+
 CD25

+
 T cells, and may correlates with the suppressive activity of these 

cells This study assesses the immunoregulatory role of CD4
+
CD25

+
 T-lymphocytes in peripheral blood of 

asthmatic children and possible role of Foxp3 mRNA expression. The study included thirty children, 10 with 
acute asthmatic exacerbation, 10 during rest state with no asthma manifestation and 10 apparently healthy 
children. T-regs, and Foxp3 mRNA were investigated using Flowcytometry and RT-PCR respectively. Early 
morning sputum was also collected for determination of eosinophillia. Significant increase in the percent of 
CD4

+
CD25

+
 was found in acute asthmatic as compared to stable asthmatic cases (23.3±3.74% vs 13.97% 

±1.18%), and in acute asthmatic group than control group (13.97 % ± 1.18 % vs 8.12 ± 1.65 %.), (P< 0.001). 
Similarly, significant increase in Foxp3 mRNA expression was found in acute asthmatic cases as compared 
to stable and control children (P<0.001). A significant positive correlation was found between Foxp3 mRNA 
expression and the percent of CD4

+
CD25

+
 T cells in all studied groups (r=0.91 P=0.01). It is concluded that 

regulatory CD4
+
CD25

+
 T-cells may play a critical role in maintaining suppression and protection against 

allergic bronchial asthma and that Foxp3 may be important in the development of these cells.  

ronchial asthma is a chronic 

inflammatory disorder of the airways 

and bronchial mucosa associated with 

airway hyperresponsiveness in which many 

cells and cellular elements play a role, in 

particular, mast cells, eosinophils, T-

lymphocytes, macrophages and neutrophils. 

In susceptible individuals, this inflammation 

causes recurrent episodes of wheezing, 

breathlessness, chest tightness, and coughing, 

particularly at night or in the early morning. 

These episodes are usually associated with 

widespread but variable airway obstruction 

that is often reversible either spontaneously or 

with treatment (Avila & Boushey, 2000). 

Early phase reaction is initiated after 

activation of cells bearing allergen specific 

macrophages (Sadqwick et al., 1992). The 

activated cells rapidly release 

proinflammatory mediators which induce 

contraction of airway smooth muscles, 

mucous secretion and vasodilatation (Jarjour 

et al., 1997). Inflammatory mediators induce 

microvascular leakage with exudation of 

plasma into the airways which cause 

thickened edematous airway wall and a 

resultant narrowing of the airway lumen 

(Avila et al., 2000). The late-phase 

inflammatory reaction occurs between 6 to 9 

hours after allergen exposure and involves the 

recruitment and activation of eosinophils, 

basophiles, neutrophils and T-cells. The 

activation of T cells leads to release of T 

helper cell type 2 (TH2) which may be a key 

mechanism of the late phase response. The 

recruitment of peripheral blood cells including 

eosinophils, lymphocytes and monocytes into 

the inflamed airway is the result of adhesive 

interactions between inflammatory and 

microvascular endothelial cells via the 

cytokines and chemokines (Kang et al., 1997).  

Immunologic tolerance is a lack of 

response to antigens, or specific antigen 

unresponsiveness. When lymphocytes with 

B
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receptors for a particular antigen are exposed 

to this antigen, any of three outcomes is 

possible. The lymphocytes may be activated, 

leading to an immune response, antigens that 

elicit such a response are said to be 

immunogenic. The lymphocytes may be 

functionally inactivated or killed, resulting in 

tolerance, antigens that induce tolerance are 

said to be toleragenic. In some situations, the 

antigen specific lymphocytes may not react in 

any way, this phenomenon has been called 

ignorance, implying that the lymphocytes 

simply ignore the presence of the antigen 

(Stassen et al., 2004b; Anderton, 2002). 

Several mechanisms control discrimination 

between self and non-self, including the 

thymic deletion of autoreactive T cells and the 

induction of anergy in the periphery 

(Romagnoli et al., 2002). In addition to these 

passive mechanisms, evidence has 

accumulated for the active suppression of 

autoreactivity by a population of regulatory or 

suppressor T cells that co-express CD4 and 

CD25 (the interleukin-2 receptor alpha-chain). 

CD4
+
CD25

+
T cells are powerful inhibitors of 

T-cell activation both in vivo and in vitro. The 

enhancement of suppressor-cell function 

might prove useful for the treatment of 

immune-mediated diseases (Shevach, 2002). 

Regulatory T cells are thought to have a 

critical role in the suppression of immune 

responses. In addition to the prevention of the 

development of autoimmunity, they are also 

thought to have a role in the prevention of 

allergic responses to environmental allergens 

(Thornton et al., 2004a). A major step 

forward in understanding the molecular basis 

of CD4
+
CD25

+
Treg cell generation comes 

from the recent finding that the X-linked 

forkhead/winged helix transcription factor, 

Foxp3, is required for CD4
+
CD25

+
 T-cell 

development and function (Brunkow et al., 

2001; Bennett et al., 2001). Foxp3 is a 

transcription factor (Foxp3), which is 

predominantly expressed by CD4
+
 CD25

+
 T 

cells, and may correlates with the suppressive 

activity of these cells (Walkere et al., 2003; 

Hori, 2003). 

The aim of the present work is to asses 

CD4
+
CD25

+
T-lymphocytes in peripheral 

blood of asthmatic patients and examine their 

immunoregulatory role in relation to Foxp3 

mRNA expression in these cells. 

Subjects and Methods 

This study included thirty individuals subdivided into 

the following groups:  

Group I 

Included ten children with acute asthmatic exacerbation 

(7 females and 3 males). Their age ranged from 1-5 

years. 

Group II 

Included ten asthmatic children during rest state with 

no asthma manifestation (5 males and 5 females). Their 

age ranged from 2-7 years.  

Groups III 

Included ten apparently healthy children (6 males and 4 

females), as control group, their age ranged from 3-11 

years. 

All patients were admitted to pediatric department, 

Tanta University Hospital. 

All patients and controls were subjected to the 

following investigations: 

1) Clinical examination which includes: 

- Complete medical history especially on age of 

onset, duration of the disease and regimen of 

treatment. 

- Complete medical examination with special 

emphasis on chest examination. 

2) Laboratory investigations including: 

For each patient and control peripheral  

A- Routine laboratory investigations: Complete blood 

picture with special emphasis on eosinphilic count. 

B- Special laboratory investigations: Detection of 

regulatory CD4+CD25+ T-cells by Flowcytometry, 

and detection of Foxp3 mRNA expression by RT-

PCR.  

C- Early morning sputum was collected for 

determination of eosinophillia.  
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For each patient and control peripheral blood sample 

was collected and divided into: 1ml into tubes 

containing EDTA for complete blood count, 2ml in 

EDTA containing tubes for Flowcytometric detection 

of CD4
+
CD25

+
 T-cells and 5ml into EDTA vacutainer 

for detection of Foxp3 mRNA expression by RT-PCR. 

Methods 

• Determination of CD4
+
CD25

+
by Flowcytometry  

Anti-CD4- FITC- anti-CD25- PE mouse IgG1,( BD 

PharMingen, San Diego, CA). Antibody concentrations 

used in cell staining were based in data supplied by the 

manufacturers. In each Flowcytometry tube, 100 µl of 

blood were incubated with 20 µl anti-CD4- FITC and 

20 µl anti-CD25- PE for 25 min at 4 
o
C in the dark. 

Red cells were then eliminated by incubation for 10 

min with lysing buffer. After centrifugation (500 × g 

for 5 min), cell pellets were resuspended and washed 

with 2 ml phosphate buffer saline. Washed cell pellets 

were resuspended in 500 ml PBS containing 1% 

paraformaldehyde and stored in the dark at 4 oC until 

analysis. Two-color Flowcytometry was performed on 

a FACSCalibur (Becton Dickinson, Heidelberg, 

Germany), using Cell Quest soft ware. Isotype-matched 

controls (Mouse IgG1–fluorescein isothiocyanate, and 

mouse IgG2a-PE) were used to determine nonspecific 

background. Cells labeled with one fluorescent 

antibody and the other isotype control were used to 

determine the separation threshold of the cytometer 

channels. Lymphocytes were gated according to the 

forward and side scattering light properties. Gating and 

instrument settings were controlled in every experiment 

and were maintained throughout the whole study. Dot 

blot was set as FL1 and FL2 markers which represents 

CD4
+
 (FITC) and CD25

+
 (PE), respectively. T-

regulatory lymphocytes were identified as cells double 

positive for FITC and PE flourscence (Huan-Zhong et 

al., 2004). 

• Foxp3 mRNA Expression by Real-Time PCR 

For quantitative real-time PCR analysis, RNA was 

isolated using the QIAamp extraction Kit (QIAGEN 

Valencia, CA) as described by the manufacturer.), and 

reverse transcribed into cDNA. Foxp3 gene expressions 

was quantified using the SYBR Green quantitative 

PCR kit in the Cycler (Bio-Rad, Hercules, CA) and 

corrected with GAPDH housekeeping control. 

Amplifications were done in a total volume of 20 µl for 

45 cycles of 15 s at 95 ºC, 25 s at 60 ºC and 30 s at 72 

ºC. Samples were run their relative expression was 

determined by normalizing expression of each target to 

GAPDH and then comparing this normalized value 

with the normalized expression in a reference control 

sample to calculate a fold change value. DNA. Primer 

sequences were as follows: Foxp3 5'-CAAGTTCCAC 

AACATGCGAC-3' and 5'-ATTGAGTGTCCGCTGCT 

TCT-3' and GAPDH 5'-CCACATCGCTCAGACAC 

CAT-3' and 5' GGCAACAATATCCACTTTACCAG 

AGT-3'. 

Statistical Analysis 

Statistical presentation and analysis of the present study 

was conducted using the mean, standard deviation, 

standard error, independent sample student t-test, Chi-

square test, ANOVA test and linear correlation 

coefficient. 

Results  

In group I, absolute eosinophilic count ranged 

from 500-1400/mm
3 

with mean value 740 ± 

190. In group II it ranged from 200-700/mm
3
 

with a mean value of 390 ± 98, while in group 

III it ranged from 0-180 /mm
3
 with a mean 

value of 89 ± 36. P<0.001. Using ANOVA, 

the absolute eosinophilic count in group I and 

II showed significant increase when compared 

with group III, but group II showed 

significant decrease when compared with 

group I. 

Table 1. Absolute eosinophilic count /mm
3
 in asthmatic patients and controls 

 
Acute asthmatic 
exacerbation(I) 

Stable asthmatics(II) Control group(III) 

Rang 500-1400 200-700 0-180 

Mean 740 390 89 

+SD 190 98 36 

*P. <0.001 

LSD I> II> III 

 * P <0.05 is significant         LSD= least significant difference. 
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Group I included 100% of patients with 

positive sputum eosinphilia, group II included 

40% of patients with positive sputum 

eosinphilia and 60 % of patients without 

sputum eosinphilia, while in group III 

included 100% of patients with negative 

sputum eosinophillia. Chi-square test recorded 

20.357 with P<0.001, indicating that there 

was a significant increase in the sputum 

eosinphilia in acute asthmatics (group I) than 

in stable asthmatics (group II) and control 

subjects (group III). Also, there was a 

significant increase in the sputum eosinophilia 

in stable asthmatics (group II) than control 

subjects (group III) table (2). 

Table 2. Distribution of asthmatic patients (acute and stable) and control group according to the presence or absence 
of sputum eosinophillia. 

 
Sputum eosinophillia 

Positive Negative Total 

Acute asthmatic exacerbation 
N 10 - 10 

% 100 - 100 

Stable asthmatics 
N 4 6 10 

% 40 60 100 

Control group 
N - 10 10 

% - 100 100 

Total  
N 14 16 30 

% 46.7 53.3 100 

X2  20.357 

*P  <0.001 

* P <0.05 is significant 

 

In acute asthmatic exacerbation group (fig 

3a), the percent of CD4
+
CD25

+
 T-cells ranged 

from 18.3–29.1% with mean value 23.33 ± 

3.74%, while in stable asthmatic group (Fig 

3b), it ranged from 11–16% with mean value 

of 13.97% ± 1.18%. In control group, (fig 3c) 

it ranged from 6-10.5 % with mean value of 

8.12 ± 1.65%. P<0.001 indicating significant 

increase in the percent of CD4
+
CD25

+
 in 

acute asthmatic group versus stable asthmatic 

group, and significant increase in the percent 

of CD4
+
CD25

+
 T cells in acute asthmatic 

group versus control group, as well as 

significant increase in the percent of 

CD4
+
CD25

+
 T cells in stable asthmatic group 

versus control group (table 3). A significant 

positive correlation was found between the 

eosinophlic count and the percentage of 

CD4
+
CD25

+
 T-cells(r= 0.882*, P<0.001) Fig 

(1). 

Table 3. Percent of CD4
+
CD25

+
T regulatory cells asthmatic patients and controls. 

 Acute asthmatic exacerbation (group I) Stable asthmatics (group II) Control group (group III) 

Rang 18.3-29.1 11-16 6-10.5 

Mean 23.33 13.97 8.12 

± SD 3.74 1.18 1.65 

*P.  <0.001 

* P <0.05 is significant     
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Figure 1. Correlation between the eosinophlic count 
and the percentage of CD4

+
CD25

+
 T-cells in asthmatic 

patients. 

As regard the presence or absence of previous 

steroid therapy, in group I & II, it was found 

that 100 % received previous steroid therapy, 

while in group III 0 % received previous 

steroid therapy with a total number of 66.7 % 

cases received previous steroid therapy, while 

33.3 % were not. A statically significant 

difference was found between the percent of 

CD4
+
CD25

+
 T. cells in patients with Previous 

steroid therapy +ve (18.65 ± 5.53) and 

patients with negative steroid therapy (8.12 ± 

1.65) (t=5.83, P<0.001).  

As regard Foxp3 mRNA expression (table 4) 

it was found that there is a significant increase 

in Foxp3 mRNA expression in acute 

asthmatic group (mean 2.3 ± 0.51 fold) versus 

stable asthmatic group (mean 1.3 ± 0.32 fold) 

and control group (mean 0.8 ± 0.23 fold). A 

significant increase was also found in the 

stable asthmatic group versus control group. 

Moreover, there was a significant correlation 

between Foxp3 mRNA expression and the 

percent of CD4
+
CD25

+
 T cells in all studied 

groups (r=0.91, P=0.01) (fig2). 
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Figure 2. Correlation between the Foxp3 mRNA 
expression and the percentage of CD4

+
CD25

+
 T-cells in 

asthmatic patient.  

 

Table 4. The expression of Foxp3 mRNA in asthmatic patients and controls. 

 Acute asthmatic exacerbation (group I) Stable asthmatics (group II) Control group (group III) 

Range 1.8-2.9 0.9-1.8 0.5-1.1 

Mean 2.3 1.3 0.8 

± SD 0.5 0.32 0.23 

*P <0.001* 

* P <0.05 is significant 

 

r = 0.88 

P<0.001 

r =0.91 

P = 0.01 
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Figure 3: Flowcytometric dot blot in acute asthmatic patient (up), in stable asthmatic patient (middle) and in normal 
control subject (down). 

N.B: R1: gating of lymphocytes, R2:Lymphocytes co-expressed both CD4
+
 CD25, Bright: high intensity of color. 



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 119

Discussion 

The present study showed a significant 

increase in the absolute eosinophilic count in 

acute asthmatic group versus stable asthmatic 

group and control groups, also there is a 

significant increase in absolute eosinophilic 

count in stable asthmatic group versus control 

group. Moreover the present study showed 

that there is positive correlation between 

eosinophilic count and the percentage of 

CD4
+
CD25

+
 T-cells. In agreement of our data, 

recent investigations showed that sputum and 

peripheral blood eosinophilia were 

significantly higher in patients with poorly 

controlled asthma with recurrent acute 

exacerbation compared with patients with 

controlled asthma (Romagnoli et al., 2002). In 

contrast to our data, other studies found no 

association between eosinophilic count and 

the severity of respiratory symptoms (Sont et 

al., 1993). 

The findings in the present study that there 

is a significant increase in the percentage of 

CD4
+
CD25

+
T-cells in acute asthmatic group 

when compared with stable asthmatic group 

and control group (P<0001) and in stable 

asthmatic group when compared with control 

group (P<0001), confirm and expand previous 

studies. 

In the hope of exploring the immunologic 

mechanisms of lymphocytes in the 

pathogenesis of bronchial asthma, Shi and co-

Workers, (2004) have found that there is a 

significant increase in the proportions of 

circulating CD4
+
CD25

+
 T-cells in asthmatics 

during acute exacerbation when compared 

with stable asthmatics as well as healthy 

subjects. They suggested that an increase in 

these regulatory cells are related to the 

exacerbation of asthma as their function 

appears critical in maintaining self tolerance 

and to overcome activated T-cell. Similarly, 

Strikland and co-workers (2006), have 

demonstrated that prevention of T-cell 

activation and the resultant airway 

hyperresponsiveness (AHR) during chronic 

exposure of sensitized rats to allergen aerosols 

is mediated by CD4
+
CD25

+
Foxp3+ T-cells 

which appear in the airway mucosa and 

regional lymph nodes within 24 hours of 

initiation of exposure, and inhibit subsequent 

Th-mediated AHR. Similar data were 

obtained in the autoimmune diseases, as 

recent studies on patients with Rheumatoid 

arthritis (RA) and Juvenile idiopathic arthritis 

(JIA) showed that, at the site of inflammation 

(synovial fluid), the percentage of 

CD4
+
CD25

+
 Tregs was significantly increased 

compared with the percentage in peripheral 

blood (Rupercht et al., 2005; Dekleer et al., 

2004). Moreover, these synovial Tregs were 

able to inhibit TNF-α production and they 

have enhanced capacity to suppress T-cell 

proliferation (Mottonen, et al., 2005; Cao et 

al., 2004). The previous findings suggest 

recruitment or migration of T-regs from the 

blood to the site of inflammation as 

CD4
+
CD25

+
T-cells represent a major 

lymphocyte population engaged in the 

dominant control of self reactive T responses 

and maintaining tolerance in several models 

of autoimmunity (Toda & Piccirillo, 2006). In 

animal models, Lewkowich et al., (2005), 

showed that depletion of CD4
+
CD25

+
 Tregs 

significantly enhance AHR airway 

inflammation, the cytokine production and 

IgE synthesis in mice.  

The findings in the present study that the 

percentage of CD4
+
CD25

+
 T-cells in previous 

steroid therapy positive patients is 

significantly higher than in patients who did 

not receive steroids (P<0.001), is in 

agreement with, recent researches which 

showed that corticosteroids with vit D3 could 

induce-IL–10 production by T-cell, and could 

induce IL-10 phenotype in vitro in both 

human and mouse CD4
+
 T-cells (Robinson, et 

al., 2005; Xystrakis et al., 2006). Other 

studies showed that in vitro exposure of 

CD4
+
CD25

+
 T-cells to corticosteroids 

increased their suppressive activity in 

subsequent allergen stimulated cultures 
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through increased IL–10 production (Dao 

Nguyen & Robinson, 2004). Glucocorticoids 

can also influence T-regulatory cell type1 

(Tr1) and naturally occurring T- regulatory 

cell (nTreg) development in vivo as inhalation 

or systemic glucocorticoid treatment of 

asthmatic patients increased the levels of 

Foxp3 as well as IL-10 mRNA expression in 

peripheral blood CD4 T-cells (Morgan et al., 

2005). 

The findings in the present study that the 

mean value of Foxp3 expression is 

significantly elevated in acute asthmatic 

patients and in stable asthmatic versus control 

group. And that a positive correlation exists 

between Foxp3 mRNA expression and the 

percent of CD4
+
CD25

+
 is interesting and 

confirms previous studies which demonstrated 

that the X linked forkhead winged helix 

(Foxp3) is a transcription factor that has an 

important regulatory T-cell function 

(Fontenot et al., 2003). It's found in 

CD4
+
CD25

+
 cells and correlates with the 

suppressive activity of these cells (Walkere et 

al., 2003; Hori, 2003). There is also evidence 

to suggest that Foxp3 may be important for 

the induction of regulatory T cells (Ramsdell, 

2003; Chen et al., 2003), in that the 

introduction of the Foxp3 gene into 

CD4
+
CD25

-
 cells resulted in the generation of 

an anergic/ suppressor phenotype similar to 

regulatory T cells. These cells were able to 

suppress T-cell activation in vitro (Khattri et 

al., 2003). 

It has been shown in mice and humans that, 

Foxp3 mRNA expression is highly enriched 

within CD4
+
CD25

+
 T cell in the thymus and 

periphery, and retroviral transduction of naive 

CD4
+
CD25

-
 T cells with Foxp3 is sufficient to 

induce CD4
+
CD25

+
 T cells with Tr activity 

(Bruder et al., 2004; Vieira et al., 2004). 

Importantly, mutations in Foxp3 gene are 

responsible for the lymphoproliferative 

disease that develops in humans and immune 

dysregulation, polyendocrinopathy and 

enteropathy (Godfrey et al., 1991; Chatila et 

al., 2000). Moreover, natural CD4
+
CD25

+ 

Tregs have been found to express high levels 

of Foxp3 (Hori et al., 2003). Over expression 

of Foxp3 in T cells induced a suppressor 

phenotype and expansion of CD4
+
CD25

+
 T 

cells (Fontenot et al., 2003; Hori et al., 2003; 

Khattri et al., 2003; Loser et al., 2006). These 

findings indicate that Foxp3 represents a key 

transcription factor in the development of 

natural CD4
+
CD25

+
 Tregs. 

Transforming growth factor -β (TGF-β) 

has been shown to induce Foxp3 in activated 

CD4
+
CD25- T cells, leading to the 

accumulation of CD4
+
CD25

+
 T cells with Tr 

activity (Asseman et al., 1999; Singhe et al., 

2001). TGF-β induced Foxp3 expression has 

also been postulated to be responsible for the 

ability of CD4
+
CD25

+
 Tr cells to induce TR 

activity among CD4
+
CD25- T cells (Stassen 

et al., 2004a). Further understanding of the 

mechanisms involved to induce CD4
+
CD25

+
 

cells is necessary to utilize these cells more 

efficiently in therapeutic strategies (Umetsu & 

Dekruyff, 2006). Moreover, many recent 

researches of complementary and alternative 

medicine (CAM) focused on maintaining 

powerful immunomodulatroy capacity via 

direct or indirect action on Treg cells (Vojdani 

& Erde, 2006). 

It is concluded that regulatory CD4
+
CD25

+
 

T-cells may play a critical role in maintaining, 

suppression and protection against allergic 

bronchial asthma and that Foxp3 play an 

important role in generation of CD4
+
 CD25

+
 

Tregs -cell. 
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