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Is Foxp3 A Good Marker for Regulatory T Cells? 
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To track the changes in the tested Treg markers especially Foxp3 following activation to determine whether 
data of human studies using Foxp3 in evaluation of Tregs are reliable or not. Four-colour flow cytometry 
analysis was carried out to calculate the percentages of Tregs before and after lymphocyte activation. Foxp3 

expression by CD4⁺CD25⁺ and CD4⁺CD25
high

 T cells increased after T cell activation. A moderate negative 

correlation was observed between the percentage of each of CD4⁺CD25⁺Foxp3⁺IL10⁺ or CD4⁺CD25
high 

Foxp3⁺IL10⁺ T cells and the percentage of CD4⁺CD25⁺ T cells “after activation” and a weak negative 
correlation was similarly observed between the percentage of CD4⁺CD25⁻Foxp3⁺IL10⁺ T cells and the 

percentage of CD4⁺CD25⁺ T cells “after activation”. A moderate negative correlation was observed between 

the percentage of each of CD4⁺CD25⁺Foxp3⁺IL10⁺, CD4⁺CD25
high

Foxp3⁺IL10⁺ or CD4⁺CD25⁻ Foxp3⁺IL10⁺ T 

cells and the percentage of CD4⁺CD25
high 

T cells “after activation”. CD4⁺CD25
high

 T cell subpopulation 

expressed a significantly higher level of intracellular Foxp3 compared with CD4⁺CD25
low

 and CD4⁺CD25⁻ T 
cells subpopulations. In conclusions, Foxp3 is a good marker of Tregs especially if panels of markers were 
used for their identification. CD4⁺CD25

high
Foxp3⁺ T cell subpopulation mostly represents Tregs and thus 

should be the one targeted in Treg studies. 

egulatory T cells (Treg) are one of 

four known subsets of T lymphocytes 

all belonging to the class Known as 

CD4⁺ T cells, the three other subsets are 

known as Th1, Th2 and Th17 cells. All these 

helper T cells to some extent regulate one 

another. Regulatory T cells are specialized to 

suppress all the other types of helper cells 

(Robertson & Miranda, 2009). Different 

mechanisms appear to mediate the 

suppressive effect of Treg cells on cytolytic 

cells, either through contact or through the 

regulatory cytokines they produce such as 

TGF-β and IL-10; a mechanism known as 

bystander suppression (von Boehmer, 2005). 

Tregs have a central role in immune 

escape, so further investigations have pursued 

a more detailed identification of these 

suppressor cells. Accurate identification of 

Tregs is, however, challenging and has been 

the source of some confusion in the Treg 

literature (Fontenot et al., 2003).  

Phenotypic characterization of the different 

Treg subsets is important for isolation, 

characterization, ex vivo expansion and In 

vivo tracking their activity (Kuniyasu et al., 

2000). Although no single marker uniquely 

identifies Treg populations, panels of markers 

allow identification of CD4⁺ T cells with 

suppressive activity. Treg cells are often 

defined as CD3⁺CD4⁺CD25⁺Foxp3⁺ T cells 

(Takahashi et al., 2000). In peripheral blood 

mononuclear cells (PBMC)
 

from healthy 

individuals, CD25, the α chain of the IL-2 

receptor, is a T cell activation marker and, 

therefore, can serve only as an indirect marker 

of CD4⁺ T cells with regulatory function 

(McHugh et al., 2001). The CD25
high

 

population contains the
 

most potent 

suppressor cells, and a great majority of these
 

cells express intracellular Foxp3 (Roncador et 

al., 2005). 

Forkhead box protein P3 (Foxp3), is a 

member of the functionally diverse 

R 
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forkhead/winged helix family of DNA-

binding transcription factors (Kaufmann & 

Knochel, 1996), its expression appears to be a 

more sensitive parameter that dissociates 

between activated CD4⁺CD25
low

 T effector 

cells and CD4⁺CD25
high

 Treg cells. Recent 

studies showed that some adaptive Treg cells 

lose their CD25 expression in vivo but retain 

FoxP3 expression (Fontenot et al., 2003), 

suggesting that this transcription factor is a 

marker with better sensitivity for Treg cell 

identification (Tran et al., 2007). Foxp3 

expression is not unique to a subset of 

activated cells. Rather, every T cell that gets 

activated goes through a phase of Foxp3 

expression (Allan et al., 2007). Transient 

acquisition of suppressive activity during 

activation might be a mechanism of limiting 

excessive immune activation and damage at 

the site of inflammation (Pillai & Karandikar, 

2007). Nevertheless, the expression
 
of Foxp3 

by activated non-Treg represents a significant 

complication
 
in human Treg research (Li et 

al., 2008). 

The aim of this study was to track the 

changes in the tested Treg markers especially 

Foxp3 following activation to determine 

whether data of human studies using Foxp3 in 

evaluation of Tregs are reliable or not. 

Subjects and Methods 

This study enrolled 90 healthy blood donors; with a 

mean age of 27 ± 4.2 years, they were attending blood 

bank of South Egypt Cancer Institute during the study 

period. Exclusion criteria of the study include females 

who were menstruating or pregnant at the time of 

sampling and those who received steroids or other 

immune suppressive drugs during the preceding 6 

months. 

All participants gave informed consent before blood 

donation. The study protocol was approved by the local 

ethical committee. 

Two ml heparinized blood were obtained from each 

subject, used to quantify circulating Treg before culture 

and to assess interleukin- 10 (IL-10) secretion by Treg 

after In vitro culture. 

For this purpose a four-colour flow cytometry 

analysis by a fluorescence-activated cell sorter 

(FACSCaliber, Becton Dickinson, USA) using a set of 

fluorochrome-labeled monoclonal antibodies against 

Treg surface and intracellular markers was 

accomplished. 

Phenotypic analysis of Tregs 

Block IgG was added at 4C to 50μl of whole blood, 

together were added after 10 minutes to PE-cy7 

conjugated anti- CD25 (e-Bioscience, USA) and APC 

conjugated anti- CD4 (e-Bioscience, USA) and the 

mixture was incubated for 15 minutes at 4

C in dark. 

After addition of lysing solution and washing with 

PBS, cells were fixed by addition of fix solution and 

incubated at room temperature for 15 minutes. 

Following incubation, cells were washed with PBS then 

Perm solution and FITC conjugated anti-FoxP3 (e-

Bioscience, USA) were added and the mixture was 

incubated at room temperature for 30 minutes to be 

ready for analysis by flow cytometry. Appropriate 

isotype controls were also prepared and processed in a 

similar manner. All antibodies were used at 

concentrations titrated for optimal staining. 

CD4⁺CD25⁺ and CD4⁺CD25
 high

 T cells percentages 

were determined within total PBMCs and CD4⁺CD25⁺ 

T cells, respectively. The expression of Foxp3 was 

quantified within CD4⁺CD25⁺, CD4⁺CD25
 high 

and 

CD4⁺CD25⁻ T cells. Cut-offs for positive populations 

were determined by using isotype control staining as 

appropriate (as shown in figure 1). 
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Figure 1. (A): A representative dot plot showing PE-CY7 and APC isotype control gated on PBMCs. (B): A 
representative dot plot showing T cells that co-express CD3 and CD69 gated on PBMCs after the in vitro activation. 

 

Induction and detection of interleukin-10 by flow 
Cytometry 

Heparinzed blood samples were incubated with phorbol 

myristate acetate (PMA) (Applichem, Germany) 

(1mg/1ml DMSO) and ionomycin (MP. Biomedicals. 

Inc, USA) (25 mg/1ml DMSO) as a positive polyclonal 

stimulus, for a period of 4 h. at 37C, simultaneously 

Brefeldin A (Applichem, Germany) (1mg/200 μl 

DMSO) was added, to block cytokine secretion at the 

Golgi. Cytokine production was evaluated through 

intracellular staining. 

50μl of the previously prepared mixture were 

incubated with FITC conjugated anti- CD69 and PE 

conjugated anti- CD3 for 15 minutes at 4C in dark. 

And in another tube block IgG was added at 4C and 

after 10 minutes 50μl of the prepared mixture together 

with PE-cy7 conjugated anti- CD25 and APC 

conjugated anti- CD4 were added and the mixture was 

incubated for 15 minutes at 4C in dark. After addition 

of lysing solution and washing with PBS, cells were 

fixed by addition of fix solution and the mixture was 

incubated at room temperature for 15 minutes. 

Following incubation, the surface stained, fixed cells 

were incubated with Perm solution, FITC conjugated 

anti-Foxp3 and PE conjugated anti-IL-10 (e-

Bioscience, USA). The tube was incubated at room 

temperature for 45 minutes to be ready for analysis by 

flow cytometry. Appropriate isotype controls were also 

prepared and processed in a similar manner. 

For assessment of Lymphocyte activation 

CD3⁺CD69⁺ cells were assessed within the viable 

PBMCs gate (as shown in figure 1), CD4⁺CD25⁺ and 

CD4⁺CD25
 high

 T cells percentages were determined 

within total PBMCs and CD4⁺CD25⁺ T cells, 

respectively. The expression of Foxp3 was quantified 

within CD4⁺CD25⁺, CD4⁺CD25
 high 

and CD4⁺CD25⁻ T 

cells. IL-10 producing cells were quantified within 

CD25⁺Foxp3⁺, CD25
high

Foxp3⁺ and CD25⁻Foxp3⁺ T 

cells. 

Statistical Analysis 

Statistical package for social sciences (SPSS), version 

16 was used for data analysis. Percentages of cells were 

expressed as mean  standard error (SE). Paired t test 

was used for calculation of differences in mean values 

of surface and intracellular markers before and after 

activation. Differences in mean values of surface and 

intracellular markers were calculated using Anova. P-

value is significant when less than 0.05. Relations were 

analyzed by linear regression and Pearson correlation. 

Results 

Effects of T cells activation on the 
expression of CD25 & Foxp3 

The percentages of CD4⁺CD25⁺ and 

CD4⁺CD25
high

 T cells “after T cell activation” 

were significantly higher than that “before T 

cell activation”. 

The percentages of CD4⁺CD25⁺Foxp3⁺ 

and CD4⁺CD25
high

Foxp3⁺ T cells “after T cell 

activation” were higher than that “before T 

cell activation”, however, the difference was 

not significant in case of CD4⁺CD25⁺Foxp3⁺ 

T cells. 
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There is no statistically significant difference 

between the percentage of 

CD4⁺CD25⁻Foxp3⁺ T cells (percentage of 

CD4⁺CD25⁻ T cells) “before and after T cell 

activation”. 

Foxp3 expression by different CD4⁺ T cell 

subsets before and after activation is 

presented in Figure (2). 

A summary of these data is presented in 

table (1). 

A          B        C 

 
D       E      F 

 
G    H 

 
Figure 2. Foxp3 expression by different CD4⁺ T cell subsets before and after the In vitro activation.  
(A): A representative dot plot showing cells that co-express CD25 and Foxp3 gated on CD4⁺ T cells “before activation”. (B): A 
similar representative dot plot to (A) “after activation”. (C): A representative density plot of the same patient showing cells that co-

express CD25 and Foxp3 “gated on CD4⁺ T cells” after activation. (D): A representative dot plot showing cells that co-express 
CD25

high
 and Foxp3 gated on CD4⁺ T cells “before activation”. (E): A similar representative dot plot to (D) “after activation”. (F): A 

representative density plot of the same patient showing cells that co-express CD25
high

 and Foxp3 gated on CD4⁺ T cells “after 
activation”. (G): A representative dot plot showing T cells negative for CD25 that express Foxp3 gated on CD4⁺ T cells “before 
activation”. (H): A similar representative dot plot to (G): “after activation”. 
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Table 1. Percentages of CD4⁺ T cells with regulatory activity before & after the in vitro activation 

Parameter Subjects (n=90) p-value 

CD4⁺CD25⁺ 
1
 

CD4⁺CD25⁺ 
2
 

4% ± 0.3 

14% ±1 
<0.001* 

CD4⁺CD25 
high 1

 

CD4⁺CD25 
high 2

 

0.1% ±0.04 

0.8% ±0.2 
0.05 

CD4⁺CD25⁺Foxp3⁺ 
1
 

CD4⁺CD25⁺Foxp3⁺ 
2
 

3% ± 0.7 

7% ±2.1 
NS 

CD4⁺CD25
 high

Foxp3⁺ 
1
 

CD4⁺CD25 
high

Foxp3⁺ 
2
 

8% ± 3.6 

48% ±8.1 
0.02* 

CD4⁺CD25⁻Foxp3⁺ 
1
 

CD4⁺CD25⁻Foxp3⁺ 
2
 

2% ± 0.8 

0.7% ±0.3 
NS 

P value <0.05 is significant (was calculated by Paired t test) NS= not significant, n number 
1
 before activation 

2
 After activation 

 

Phenotypic analysis of circulating 
regulatory T cells 

The CD4⁺CD25
high

 subpopulation expressed a 

significantly higher level of intracellular 

Foxp3 compared with CD4⁺CD25
low

 and 

CD4⁺CD25⁻ T cell subpopulations (mean, 

44%  3.8 vs. 10%  1.5 vs. 5 %  1 

respectively, P<0.001). 

Correlations between the percentage of 

circulating Tregs “before & after activation” 

and the percentages of Tregs secreting IL-10: 

A weak positive correlation was observed 

between the percentage of each of 

CD4⁺CD25⁺Foxp3⁺IL10⁺, CD4⁺CD25
high 

Foxp3⁺IL10⁺ or CD4⁺CD25⁻Foxp3⁺IL10⁺ T 

cells and the percentage of CD4⁺CD25⁺ T 

cells “before activation”. However, it was not 

significant in case of CD4⁺CD25⁻ 
Foxp3⁺IL10⁺ T cells. 

On the other hand, A moderate negative 

correlation was observed between the 

percentage of each of 

CD4⁺CD25⁺Foxp3⁺IL10⁺ or CD4⁺CD25
high 

Foxp3⁺IL10⁺ T cells and the percentage of 

CD4⁺CD25⁺ T cells “after activation” and a 

weak negative correlation was similarly 

observed between the percentage of 

CD4⁺CD25⁻Foxp3⁺IL10⁺ T cells and the 

percentage of CD4⁺CD25⁺ T cells “after 

activation”. 

A moderate negative correlation was 

observed between the percentage of each of 

CD4⁺CD25⁺Foxp3⁺IL10⁺, CD4⁺CD25
high 

Foxp3⁺IL10⁺ or CD4⁺CD25⁻Foxp3⁺IL10⁺ T 

cells and the percentage of CD4⁺CD25
high 

T 

cells (%CD4⁺CD25⁺) “after activation”. 

These correlations are presented in table (2) 
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Table 2. Relation between the percentages of circulating Tregs “before & after activation” and the percentages of 
CD4⁺ T cells secreting IL-10: 

Parameter 

%CD4⁺CD25⁺ 
Foxp3⁺IL10⁺ Tcells 

%CD4⁺CD25
high

 

Foxp3⁺IL10⁺ Tcells 

% CD4⁺CD25⁻ 
Foxp3⁺IL10⁺ Tcells 

r P value r P value r P value 

CD4⁺CD25⁺ T cells¹ 0.3 0.03 0.3 0.04 0.3 NS 

CD4⁺CD25⁺Foxp3⁺ T cells¹ -0.03 NS - 0.1 NS - 0.01 NS 

CD4⁺CD25
high

Tcells 

(%CD4⁺CD25⁺)¹ 
-0.17 NS - 0.1 NS - 0.17 NS 

CD4⁺CD25
high

 Foxp3⁺ T cells¹ 0.01 NS - 0.02 NS - 0.03 NS 

CD4⁺CD25⁻Foxp3⁺ T cells¹ 0.15 NS 0.1 NS 0.1 NS 

CD4⁺CD25⁺ T cells² -0.5 <0.001 -0.5 <0.001 -0.3 0.01 

CD4⁺CD25⁺Foxp3⁺ T cells² -0.06 NS - 0.04 NS 0.02 NS 

CD4⁺CD25
high

Tcells 

(%CD4⁺CD25⁺)² 
-0.6 <0.001 -0.6 <0.001 -0.6 <0.001 

CD4⁺CD25
high

 Foxp3⁺ T cells² 0.16 NS 0.1 NS 0.18 NS 

CD4⁺CD25⁻Foxp3⁺ T cells² 0.06 NS 0.09 NS 0.09 NS 

¹before In vitro activation 
² after In vitro activation 
Relations were analyzed by Pearson correlation 
P value <0.05 is significant (NS= not significant) 

 

Discussion 

After the in vitro activation, an upregulation 

of CD25 was detected as evidenced by the 

increased percentages of total CD4⁺CD25⁺ 

and CD4⁺CD25
high

 T cells. Regarding Foxp3 

expression before and after activation, only 

CD4⁺ T cells with high expression of CD25 

showed a significant upregulation of Foxp3 

after activation. 

Following the in vitro activation of 

lymphocytes with Ionomycin and PMA, it 

was not surprising to detect an upregulation of 

CD25, since it is a known activation marker 

and the CD4⁺CD25⁺ T cell population 

following activation will certainly contain 

activated conventional T cells and this 

supports the notion that CD25 is not a good 

marker for Tregs since it is expressed by all 

activated T cells (McHugh et al., 2001). 

Since no significant changes were observed 

in the Foxp3 expression in the CD4⁺CD25⁺ 

and CD4⁺CD25⁻ T cells before and after 

activation this indicates that the increase in 

the percentages of Foxp3 caused by the 

activated conventional CD4⁺T cells was not 

significant and hence, most of the Foxp3 

expressing cells are Tregs and this also 

supports the concept that Foxp3 is a better 

marker than CD25 (Tran et al., 2007). 

CD4⁺CD25⁺ T cells percentage “before the 

In vitro activation” was found to be positively 

correlated with the percentage of 

CD4⁺Foxp3⁺IL10⁺ T cells (CD25⁺, CD25
high 

or CD25⁻) While, the percentage of 

CD4⁺CD25⁺ T cells “after the In vitro 

activation” was negatively correlated with the 
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percentage of CD4⁺Foxp3⁺IL10⁺ T cells 

(CD25⁺, CD25
high

 or CD25⁻), This can be 

explained by considering that CD4⁺CD25⁺ T 

cell subpopulation is a mixed population of 

Tregs and conventional CD4⁺ T cells. Upon 

activation, more of the conventional CD4⁺ T 

cells will be activated, as was indicated by the 

increase in the CD25 expression after 

activation, and thus the more the percentage 

of CD4⁺CD25⁺ T cells after activation the 

lower the percentage of CD4⁺Foxp3⁺IL10⁺ T 

cells, which are probably Tregs. 

Findings of the present study support 

observations of other studies (McHugh et al., 

2001; Fontenot et al., 2003; Camisaschi et al., 

2014) that CD25 is not a good marker for 

identifying Tregs and that presence of Foxp3 

together with the suppressive function (as IL-

10 secretion) are more sensitive markers for 

Tregs than testing CD25 expression alone. 

A moderate negative correlation was 

observed between the percentage of each of 

CD4⁺CD25⁺Foxp3⁺IL10⁺, CD4⁺CD25
high 

Foxp3⁺IL10⁺ or CD4⁺CD25⁻Foxp3⁺IL10⁺ T 

cells and the percentage of CD4⁺CD25
high 

T 

cells “after activation”. This could be 

explained by the observation that some of the 

Tregs are not IL-10 secreting (Jonuleit & 

Schmitt, 2003). Unfortunately, to the best of 

our knowledge, no similar studies are 

available to compare our data with. 

The phenotypic analysis of T cells with 

regulatory function showed that 

CD4⁺CD25
high

 subpopulation expressed a 

significantly higher level of intracellular 

Foxp3 compared with CD4⁺CD25
low

 and 

CD4⁺CD25⁻ T cell subpopulations. These 

data agrees with many studies (Baecher-Allan 

et al., 2001; Cao et al., 2003; Roncador et al., 

2005) that CD4⁺ T cells with high expression 

of CD25 contain most of the Treg population. 

Xu et al. (2006) and Peng et al. (2007) also 

showed that FoxP3 expression was highly 

enriched in CD4⁺CD25
high

 T cells compared 

with subpopulations of CD25
low

 T cells or 

CD4⁺CD25⁻ T cells. 

In conclusions, Foxp3 although transiently 

expressed by all activated T cells, is still a 

better marker especially if panels of markers 

together with assessment of the Treg 

suppressive activity were used for their 

identification. CD4⁺CD25
high

Foxp3⁺ T cell 

subpopulation mostly represents Tregs and so, 

this subpopulation should be the one targeted 

in Treg studies. 
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