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Evidence from breast cancer patients suggests that increased T suppressor cells activity may be associated 
with poor immune responses to tumor antigens and contribute to immune dysfunction. It was demonstrated 
that these suppressor cells could be CD4+CD25+ T regulatory cells (Treg cells). FOXP3, a forkhead/winged 
helix transcription factor was found to be essential for the development and control of Tregs. It has been 
used recently as a biomarker and a prognostic factor for malignant human tumors. The aim of this study was 
to evaluate the significance of CD4

+
CD25

+
 Treg cells changes in the peripheral blood in relation to FOXP3 

expression in different stages of breast cancer patients. The present study included 30 female patients of 
breast cancer (group A) and 10 female healthy volunteers as control (group B). In group A, ten patients 
(33.3%) were in stage I, ten patients in stage II (33.3%) and ten patients in stage lll-IV (33.3%). Serum level of 
tumour marker (CA15-3) was measured by ELISA. Determination of the percent expression of CD4+ CD25+ of 
total CD4+ T cells and FOXP3+ Treg cells was done by flowcytometry. The serum level of CA15-3 was 
significantly higher in group (A) than in group (B) (P=0.001). Also, CA15-3 was significantly increased as the 
stage of the disease increased.  The percentages of both CD4+ CD25+ and FOXP3+ Tregs in the peripheral 
blood were significantly higher in group (A) than in group (B) (P=0.001) and they increased significantly as 
the stage of the disease increased. A significant positive correlation was found between the percentage of 
CD4+ CD25+ Tregs and FOXP3+ Tregs in the peripheral blood (P=0.0649, r=0.001) and with serum level of 
CA15-3 (P=0.880, r=0.001). It was concluded that CD4

+
CD25

+
 FOXP3+Tregs may be responsible for immune 

suppression in breast cancer. They are also valuable for assessing disease prognosis. This finding can be of 
utmost significance under the light of Tregs being implicated in carcinogenesis and ongoing efforts towards 
the development of anticancer approaches specifically inhibiting the expression and/or function of Foxp3 by 
tumor-associated Tregs. 

reast cancer is one of the most serious 

diseases not only because of its high 

incidence but also because it leads to 

high death rate in women. It remains a leading 

cause of women death in spite of wide 

screening (Dow, 2006). The emergence of a 

tumor results from the disruption of cell 

growth regulation as well as from failure of 

the host to provoke a sufficient 

immunological antitumor response. Indeed, 

most cancer patients do not develop a 

satisfactory immunological antitumor 

response, implicating the existence of tumor-

specific immune evasion strategies (Wolf et 

al., 2003). It has been suggested that one of 

the elements impeding tumor immunity in 

tumor-bearing hosts is the concomitant 

development of a T-cell population 

suppressing the generation and function of 

effector cell. It was demonstrated that these 

suppressor cells could be CD4+CD25+ T 

regulatory cell (Treg cells) (Azuma et al., 

2003).  

Although Treg cells protect hosts in vivo 

against the development of autoimmunity, 

they also suppress the reaction of 

lymphocytes to tumor antigens in some 

malignant neoplasms (Shevach, 2001). This 

suppression helps the neoplasms to escape 

from the host immune system. Therefore, 

exploring the existence of Treg cells in cancer 

patients and their involvement in tumor onset 

and progression is an important issue to be 

clarified (Liyanage et al., 2002). The precise 

mechanisms of immunosuppression by Treg 

cells remain to be determined. Treg cells can 
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inhibit immune cell functions either directly 

through cell-to-cell contact or indirectly 

through the secretion of anti-inflammatory 

mediators such as IL-10 and TGF1. The 

antigens recognized by Treg cells appear to be 

self, tissue-specific antigens (Nishikawa et al., 

2005). Treg cells activity is known to be 

closely associated with the expression of 

forkhead/winged helix transcription factor 

(FOXP3). Retroviral gene transfer of FOXP3 

can convert human naive CD4
+
 T cells into a 

regulatory T cell phenotype similar to 

CD25
+
CD4

+
 Tregs. Thus, FOXP3 

transduction alone is sufficient to induce 

CD25
+
CD4

+
 Tregs function in naive T cells 

(Ramsdell, 2003). 

FOXP3 is exclusively expressed in murine 

CD4
+
CD25

+
 Tregs and ectopic expression of 

FOXP3 in conventional CD4
+
CD25

-
 T cells 

conferred suppressor function to this T cell 

subset (Fontenot et al., 2002). This indicates 

that FoxP3 is critical for both development 

and function of Tregs and these findings 

separate FoxP3 from other Treg-associated 

markers such as CD25 and glucocrticoid 

induced tumor necrosis factor (GITR), which 

are expressed more generally on activated T 

cells (Ramsdell, 2003). FOXP3 has been used 

as a biomarker and a prognostic factor for 

malignant human tumor (Leong et al., 2006). 

A direct link between the presence of Tregs 

and progression of ovarian carcinoma has 

been demonstrated where human tumor 

FOXP3+ Tregs were found to suppress tumor 

specific immunity and contribute to reduced 

survival of these patients (Curiel et al., 2004). 

In breast cancer, an increase in Tregs 

population both in peripheral blood and tumor 

tissues was also reported (Liyanage et al., 

2002) and another study demonstrated a 

significant intratumoral infiltration of 

FOXP3+ Tregs in high-risk breast cancer 

patients and those at risk of late relapse (Bates 

et al., 2006). Regulatory T cells are thought to 

be the main obstacle tempering successful 

immunotherapy and active vaccination (Zou, 

2006). 

The aim of this work was to evaluate the 

significance of CD4
+
CD25

+
 T regulatory cells 

changes in the peripheral blood in relation to 

FOXP3 expression in different stages of 

breast cancer patients. 

Patients and Methods 

This study was carried out on 30 consenting female 

patients suffering from breast cancer (Group “A”), their 

age range was 50-67 years with a mean of (57.26±5.4) 

and 10 female healthy volunteers acting as control 

(Group “B”) their age range was 50-65 years with a 

mean of (55.2±5.4). All patients were admitted to the 

Surgery Department, Tanta University Hospital. Ten 

patients (33.3%) were in stage I, ten patients (33.3%) in 

stage II and ten patients (33.3%) in stage lll-lV. 

Patients were newly diagnosed and had neither 

received chemotherapy nor immunosuppressive drugs. 

All patients were subjected to the following: 

1– History taking and full clinical examination for 

clinical staging.  

2– Fine needle aspiration cytology (FNAC).  

3– Laboratory investigations including routine 

(complete blood picture, liver function tests, serum 

level of LDH and renal function tests) and special 

investigations [Serum level of tumor marker (CA15-3) 

by enzyme immunoassay (ELISA), determination of 

the percentage of CD4
+
CD25

+ 
of total CD4+ T cells, 

and the percentage of FOXP3+ T regulatory cells by 

flowcytometry]. 

Sampling 

Venous blood samples were taken. Aliquots of 2 ml of 

the samples were put in EDTA–treated tubes for 

assessment of CD4
+
CD25

+
, FOXP3+ T-regulatory cells 

by flowcytometry. Samples were examined fresh 

within 18 hours at room temperature or within 24 hours 

in the refrigerator at (2-8ºC).The rest of the samples 

was centrifuged and the serum was used to measure the 

level of CA15-3. 

Determination of Serum Level of Tumor Marker 
(CA15-3) by ELISA 

CA15-3 test was carried out by enzyme immunoassay 

(ELISA) method using the CA I5-3 kit, a product of 

Omega Diagnostics, according to the manufacturer’ 

instructions. 
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Determination of CD4
+
CD25

+
 and FOXP3+ by 

Flowcytometry 

Monoclonal antibodies used were anti-CD4- FITC, anti 

CD25-PE, anti FOXP3-PE, (BD PharMingen, San 

Diego, CA). Antibody concentrations used in cell 

staining were based on data supplied by the 

manufacturers. Aliquots of 100 µl of blood were placed 

together with 10 µl of appropriate florescent conjugated 

monoclonal antibody or the matched isotype control. 

This mixture was incubated in the dark on ice for 30 

minutes. After incubation, blood cell lyses was by 

adding 450 ml of 1x FACS lysis buffer (BD) and 

incubation in the dark for 20 minutes. Then, the sample 

was washed twice in PBS. After last wash, the pellet 

was dissolved in 300 ml of 2% paraformaldhyde 

solution. The percentage of the target cells was 

determined with a fluorescence activated cell sorter 

(FACS Calibur system; Becton Dickinson) using three 

color staining. 5000 cells were routinely acquired and 

analysis was done using CellQuest Pro software. Gate 

was made on lymphoid populations. Gating and 

instrument settings were controlled in every experiment 

and were maintained throughout the whole study in all 

control and patient samples analyzed. Dot blot was set 

as FL1 and FL2 markers (Huan-Zhong et al., 2004). 

Statistical Analysis 

The collected data were organized, tabulated and 

statistically analyzed using the SPSS software, 

statistical computer package version 12. For 

quantitative data, the mean and standard deviation were 

calculated. The difference between means was 

statistically analyzed using Student’s t test and the Chi 

square for comparison between proportions (%). 

Pearson correlation coefficient (r) was calculated to test 

the association between two variables. P< 0.05 was 

considered significant.  

Results 

Serum level of CA15-3 was significantly 

higher in group A compared to group B 

(93.85±31.3 versus 16.78±8.04 U/ml, 

P=0.001) Table (1). Serum levels of CA15-3 

in different stages of breast cancer are shown 

in table (2). In stage I, the mean was (58.5± 

12.16), in Stage II (97.11± 13.4), and in stage 

lll-lV (125.96+16.92). The difference between 

breast cancer stages achieved statistical 

significance (Table 2). 

The percent expression Of CD4+ CD25+of 

total CD4+ T cells in the peripheral blood in 

group A (30.60±8.45) was significantly higher 

than group B (10.90±2.64) (P=0.001). Table 

(2) shows percentage of CD4+ CD25+ T-cells 

in the peripheral blood in breast cancer stages. 

In stage l the mean was (21.70±4.42), in Stage 

II (29.70±2.58) and in stage III-lV 

(40.40±2.95). These differences reached 

statistical significance (Table 2).  

A significant positive correlation was 

detected between CD4
+
CD25

+
 level and 

CA15-3 level (P=0.001, r=0.880) (Figure 1). 

In addition, the percent expression of FOXP3 

increased significantly in group A as 

compared to that in group B (10.93±1.91 

versus 5.20±3.01, P=0.001) (Table 1). 

Table (2) shows percentage of FOXP3 

positive cells of CD4+ CD25+ T-cells in the 

peripheral blood of breast cancer stages. In 

stage l the mean was (9.60±1.51), in stage II 

(11.0±1.56), and in stage III-lV (12.2±1.81). 

These differences between different breast 

cancer stages reached statistical significance 

(Table 2). Moreover, a significant positive 

correlation was found between FOXP3+ and 

CD4+ CD25+ percent expression on T cells 

(P=0.001, r=0.678) (Figure 2)..  Using 

Receiver Operating Characteristic (ROC) 

curve the percentage of FOXP3+ of total 

CD4+ CD25+ T-cells in the peripheral blood 

of had a sensitivity 95, specificity 85%, and 

accuracy 91% (Figure 3). 

Table 1. Comparison between percent expression of CD4+ CD25+, FOXP3+ T cells and Serum level of CA-15-3 
(U/ml) in group A and group B 

 Group A Group B *P value 

%CD4+ CD25
+
 30.60 + 8.45 10.90 + 2.64 0.001 

%FOXP3 10.93 + 1.91 5.20 + 3.01 0.001 

CA15-3 (U/ml) 93.85 + 31.3 16.78 + 8.04 0.001 

*P<0.05 is Significant. 
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Table 2. Comparison between percent expression of CD4+ CD25+, FOX+ T cells and Serum level of CA-15-3 (U/ml) 
in Different stages of breast cancer. 

 Stage I Stage II Stage III, lV P1 P2 P3 

CA15-3 (U/ml) 58.5 ± 12.16 97.11 ± 13.4 125.9 ± 16.9 0.002 0.003 0.001 

%CD4+ CD25
+
 21.7 ± 4.42 29.70 ± 2.58 40.40 ± 2.95 0.001 0.001 0.004 

%FOXP3 9.60 ± 1.51 11 ± 1.56 12.20 ± 1.81 NS 0.002 NS 

*P<0.05 is Significant.      NS= not significant.  

P1 comparison between I & II, P2 comparison between I & III, P3 comparison between II & III 

 

CA 15-3

160140120100806040200

C
D
4
+
C
D
2
5
+

50

40

30

20

10

0

 

CD4+CD25+

50403020100

F
o
xp
3

16

14

12

10

8

6

4

2

 

 

 
r= 0.678 

P= 0.001* 

r=0.880 
P= 0.001* 

Figure 3. ROC Curve showing the 
sensitivity and specificity of the percent 
expression of FOXP3+ on CD4+CD25+ 
T cells in breast cancer patients. 

Figure 2. Correlation between percent 
expression of CD4+CD25+ T cells and 
Foxp3+ T cells in breast cancer patients. 

Figure 1. Correlation between percent 
expression of CD4+CD25+ T-cells 
and CA-15-3 (U/ml) in breast cancer 
patients. 
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Figure 4. Flowcytometry Dot plot showing the percentage of FOXP3 expression of CD4+CD25+ cells in breast 
cancer patients. Gate was made on R1and R2 and displayed in FL3 vs side scatter format.  

 

Discussion 

Evidence from cancer patients suggests that 

increased Treg activity may be associated 

with poor immune responses to tumor 

antigens and contribute to immune 

dysfunction. High numbers of CD4+CD25+ 

Tregs have been found in lung, pancreatic, 

breast, liver and skin cancer patients. These 

Tregs were able to inhibit proliferation and 

IFN-γ production by CD4+ and CD8+ T cells, 

as well as natural killer (NK) cell-mediated 

cytotoxicity (Leonie et al., 2006). The activity 

of these cells is known to be closely 

associated with the expression of FOXP3 

(Ocklenburg et al., 2006). 

In the present study the serum level of 

CA15-3 was significantly higher in the patient 

group than in the control group. There were 

significant differences between CA15-3 levels 

in different stages of breast cancer. These 

results are in accordance with those published 

by Duffy, (2006), Martin et al., (2006) who 

reported that the serum level of CA15-3 may 

be used to establish the stage of disease and it 

is one of the first circulating prognostic 

factors for breast cancer. They also suggested 

that the most important clinical application of 

CA15-3 is to monitor therapy in patients with 

advanced breast cancer that is not assessable 

by existing clinical or radiologic procedures. 

In addition, the percentage of CD4
+
 CD25

+ 

T cells in the peripheral blood was 

significantly higher in the patient group than 

the control group. The same results were 

obtained by Liu et al., (2005) who evaluated 

the changes of CD4
+
CD25

+
 T cells in 

peripheral blood from patients with breast 

cancer. They provided evidence that the 

population of CD4
+
CD25

+
 T cells in 

peripheral blood from patients with breast 

cancer was significantly higher in comparison 

with that in patients with benign tumors and 

in healthy volunteers. They concluded that 

CD4+ CD25+ Tregs may be responsible for 

immune suppression in breast cancer patients. 

The frequency of Tregs in the peripheral 

blood of patients suffering from epithelial 

malignancies was determined by Wolf et al., 

(2003). The following tumor entities were 

included: lung cancer, breast cancer, gastric 

cancer, pancreatic cancer, gallbladder 

carcinoma, esophageal cancer, cervical 

cancer, and ovarian cancer. Co-cultures with 

natural killer (NK) cells were performed to 

determine the impact of Tregs on NK-
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mediated cytotoxicity. Patients with epithelial 

malignancies showed an increase of 

CD4
+
CD25

+
 T cells in the peripheral blood 

with characteristics of Tregs, i.e., they were 

CD45RA-, CTLA-4+, and transforming 

growth factor ß+. They suggested that these 

findings should be considered for the design 

of immunomodulatory therapies such as 

dendritic cell vaccination. 

Liyanage et al., (2002) measured the 

prevalence of Tregs that co-express CD4 and 

CD25 in the peripheral blood, tumor-

infiltrating lymphocytes, and regional lymph 

node from patients with either pancreas or 

breast cancer and normal donors. The 

prevalence of Tregs was significantly higher 

in breast cancer and pancreas cancer patients 

than in normal donors. They concluded that 

the prevalence of Treg is increased in the 

peripheral blood as well as in the tumor 

microenvironment of patients with invasive 

breast or pancreatic cancers. These Tregs may 

mitigate the immune response against cancer, 

and may partly explain the poor immune 

response against tumor antigens. Findings of 

the present study are in agreement with their 

data. 

Our study showed a significant difference 

between different breast cancer stages 

regarding the percentage Of CD4
+
 CD25

+ 
in 

the peripheral blood. These results are in 

agreement with those published by Chui et al., 

(2004) who reported that, in general, breast 

cancer patients had higher levels of Treg than 

controls and Treg were higher in patients with 

stage II-IV disease (lymph nodes are 

involved). 

These data highlights the inhibitory 

environment of the immune system in breast 

cancer patients, particularly those with 

advanced disease. Modification of this 

inhibitory environment will be needed to 

increase the activity of immunotherapy 

interventions in these patients. A previous 

study by Lutsiak et al., (2005) reported that 

increasing tumor burden is associated with a 

drastic increase in the proportion of Tregs. 

Therefore, methods of abrogating the activity 

of Tregs may be critical for the successful 

immunotherapeutic treatment of cancer.  

In the present study there was a significant 

increase in CD4+CD25+FOXP3+ cells in the 

peripheral blood of the patient group 

compared to the control group. In addition a 

significant difference was found between 

different stages of breast cancer. The results 

are in accordance with these of Leong et al., 

(2006). They determined the phenotype and 

relative abundance of the tumor infiltrating 

lymphocytes (TILs) from patients with 

infiltrating ductal carcinoma (IDC) of the 

breast. The expression of both effector and 

regulatory markers on the TILs were 

determined. They provided evidence that 

CD4(+)CD25(+) subset co-expressed both the 

CD152 and FOXP3, the Treg-associated 

molecules. However, no correlation between 

tumor stage and CD4(+)CD25(+) cells was 

found in their study. Recently, Ghebeh et al., 

(2008) demonstrated that FOXP3+ Tregs 

infiltrating tumor tissues correlates 

significantly with important bad prognostic 

factors: large tumor size, high histological 

grade and estrogen receptor negative status. 

Similar findings were also reported by Bates 

et al., (2006). They demonstrated that high 

numbers of FOXP3 positive Treg cells were 

present in high-grade tumors, in patients with 

lymph node involvement, and in ER-negative 

tumors, and HER2- positive tumors. They 

showed that breast cancer patients who 

express FOXP3 had poorer prognoses. They 

hypothesized that FOXP3-expressing Treg 

cells can avoid the anti-tumor activity of 

immune effector cells in breast cancer tissue, 

resulting in poor prognosis of breast cancer 

patients and that immunologic factors may be 

relevant, particularly relating to longer-term 

tumor dormancy. The prognostic significance 

of FOXP3- positive Treg was evaluated in 

patients who survived for 5 years without any 

local or systemic relapse. High FOXP3-
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positive Treg numbers represented an 

important marker for the identification of 

breast cancer patients at risk of late relapse 

(Tovey et al., 2005). 

On the other hand, it has been reported that 

low level FOXP3 mRNA expression was 

detectable in breast epithelium and breast 

cancer cell lines, where FOXP3 functions as a 

breast cancer suppressor gene indicating the 

need to understand the origin of FOXP3- 

expressing cells; those are breast epithelium, 

breast cancer cells, or Treg cells. However, 

they demonstrated that deletion, functionally 

significant somatic mutations, and 

downregulation of the FOXP3 gene were 

commonly found in human breast cancer 

samples (Zou et al., 2007). 

Chemotherapeutic agents that attenuate 

Treg cell function may allow successful 

chemotherapy for breast cancer, since Treg 

cells may play a large role in progression of 

breast cancer (Goldhirsch et al., 2005). 

Recently Ghiringhelli et al., (2004) provided 

evidence indicating that cyclophosphamide 

reduces the number of Treg cells. 

Furthermore, the requirement for targeting 

Treg cells in breast cancer treatment to 

prevent late-relapses was pointed out (Dannull 

et al., 2005). Not only chemotherapeutic 

agents but also molecular targeting agents 

including anti-CD25 and IL-2-immunotoxin 

conjugates have been developed to effectively 

attenuate Treg cell function. The success of 

these clinical investigations for Treg cell 

attenuation may enhance and improve the 

efficacy of breast cancer treatment in the 

future (Dannull et al., 2005). 

In conclusion, the present study suggests 

that CD4+CD25+
 
and FOXP3+ Tregs may be 

responsible for immune suppression in breast 

cancer, they are also valuable for assessing 

disease prognosis. This finding can be of 

utmost significance under the light of Tregs 

being implicated in carcinogenesis and 

ongoing efforts towards the development of 

anticancer approaches specifically inhibiting 

the expression and/or function of Foxp3 by 

tumor-associated Tregs. 
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