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Presence of FOXP3+Treg cells is correlated with  
colorectal cancer progression 
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Abstract: The transcription factor FOXP3 is specifically expressed in regulatory T (Treg) cells and appears to mediate 
immune surveillance. Indeed, FOXP3+Treg cells have been linked to disease pathogenesis, including some cancers. 
This study investigated the presence of FOXP3+Treg cells in colorectal cancer and the relationship of FOXP3 expres-
sion with clinicopathological features of colorectal cancer. Immunohistochemistry was used to detect expression 
of FOXP3 in 63 samples of colorectal cancer and 20 samples of healthy colorectal tissue; flow cytometry was used 
to detect FOXP3+Treg cells in peripheral blood. FOXP3 was more commonly expressed in colorectal cancer tissues 
than in normal colorectal tissues (P < 0.05). Similarly, the percentage of FOXP3+Treg cells in the peripheral blood 
was higher in patients with colorectal cancer than in control individuals (P < 0.05). The expression of FOXP3 was 
positively correlated with gender, Dukes staging, and lymph node metastasis. Further, expression increased with the 
increasing degree of malignancy (P < 0.05). Thus, FOXP3 expression may represent a valuable index in evaluating 
the degree of malignancy, clinicopathologic staging, and lymph node metastasis in colorectal cancer. Further, detec-
tion of FOXP3+Treg cells may be useful in predicting invasion, metastasis, and prognosis of patients with colorectal 
cancer. 
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Introduction 

Colorectal cancer (CRC) is a common malignant 
tumor of the digestive system. A staggering 1.2 
million new cases were diagnosed worldwide in 
2008 alone, and the mortality rate is about 8% 
[1]. In China, the morbidity and mortality of 
colorectal CRC have been increasing annually, 
reaching or exceeding the world averages for 
this cancer [2]. Thus, CRC represents a signifi-
cant health burden globally, and, particularly, in 
China. 

Many cancers develop and progress because 
of various dysregulation events that occur with-
in the immune system. The fork-head/winged-
helix transcription factor 3 (FOXP3 or scurfin), a 
member of the forkhead family, is specifically 
expressed on CD4+CD25+ regulatory T (Treg) 
cells [3]. FOXP3 has an important regulatory 
role in development, phenotype, and functional 
maintenance of Treg cells [4]. Indeed, high ex- 

pression of FOXP3 in Treg cells could impede 
immune surveillance for cancer and inhibit an 
effective immune response to autologous 
tumor cell antigens, thereby promoting tumor 
growth and invasion [4, 5]. Although these roles 
have been demonstrated in other cancer types, 
a potential role for FOXP3 in CRC is unknown. 

In this study, immunohistochemistry and flow 
cytometry were used to detect FOXP3 expres-
sion in tumor tissues and Treg expression in 
peripheral blood, respectively, of CRC patients 
to investigate its clinical relevance to and sig-
nificance in these tumors. 

Materials and methods 

Human tissue samples 

Samples were obtained from 63 cases of 
colorectal cancer undergoing surgical excision 
of tumors Xijing Hospital, Fourth Military Me- 
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dical University, between January and De- 
cember 2013; these cases comprised 47 
males and 16 females, ages 33-71 years. 
Control colorectal tissues were obtained from 
20 individuals who had surgery to remove 
benign lesions during the same period. Tissue 
samples were archived in paraffin blocks; all 
CRC were histologically adenocarcinoma. 
Tumors were assessed for Dukes staging 
according to the criteria established in 2009 by 
the the Union for International Cancer Control 
(UICC) UICC and American Joint Committee on 
Cancer (AJCC), as follows: 9 cases were Stage 
A; 25 were Stage B; 26 were Stage C; and 3 
were Stage D. Staging was also performed 
according to the criteria in the Diagnostic 
Histopathology of Tumors as follows: 9 cases 
were Grade I; 40 were Grade II; and 14 were 
Grade III. Further, 26 cases had lymph node 
metastasis, while 37 cases had no lymph node 
metastasis; 2 cases had distant metastases 
(bone, lung, liver), and 61 cases had no had dis-
tant metastasis. The cases had not received 
preoperative radiotherapy, chemotherapy, or 
other cancer treatments. Finally, 10 mL of 
peripheral blood were collected from partici-
pants in the morning before surgery under a 
fasting state. All signed consents were obtained 
from all subjects. This study was approved by 
the Ethics Committee of Xijing Hospital, Fourth 
Military Medical University,

Immunohistochemistry 

Paraffin tissue blocks were serially sectioned at 
4-μm thickness and collected onto slides by 
standard histological techniques. Immunohis- 
tochemistry was performed with EnVisionTM 
(Beijing Zhongshan Golden Bridge Biotech- 
nology). Tissue sections were dewaxed, and the 
antigens were exposed by citrate treatment (pH 
6.0). Sections were then incubated in 0.3% 
H2O2 at room temperature and washed with dis-
tilled water and 0.1 M phosphate-buffered 
saline (PBS) before an overnight incubation in 
10% goat serum and primary antibody (1:200, 
mouse anti-human FOXP3 monoclonal, pro-
duced by Abcam, purchased from Wuhan 
Amyjet Scientific) at 4°C. Subsequently, sec-
tions were treated with the secondary antibody 
(1:300, Goat Anti-mouse IgG Polyclonal 
Antibody). Staining color was developed with 
DAB substrate [diaminobenzidine (DAB) color 
kit (Beijing Zhongshan Golden Bridge Biotech- 
nology)] according to manufacturer’s instruc-
tions. Tissues were counterstained with hema-

toxylin. PBS was used as negative control for 
the primary antibody. Known FOXP3-positive 
sections were used as a positive control. 

Positive staining for FOXP3 was observed as 
yellow to tan particles in the nucleus under light 
microscopy. Sections were analyzed by two 
experienced pathologists. The semi-quantita-
tive accumulate-point analysis was performed 
using the reading results in combination with 
intensity of the stained cells and average count 
of the positive cells. Five fields were randomly 
selected for each section under high-power 
light microscopy, and the staining intensity 
should be synthetically determined on basis of 
the average percentage of positive cells (to all 
the cells) and accumulate points of intensity. 

Isolating peripheral blood mononuclear cells 
(PBMC)

Peripheral blood samples were processed with 
heparin to prevent coagulation. An equal vol-
ume of PBS was added, then an equal volume 
of lymphocyte separation medium (MP 
Biomedical, #50494), and samples were cen-
trifuged at 2000 rpm at room temperature for 
10 minutes. Samples were rinsed twice with 4 
mL PBS after removing the middle tunica albu-
ginea layer for PBMC. The supernatants were 
discarded and RPMI-1640 was added. Samples 
were cultured at 37°C and 5% CO2, and re-sus-
pended for use after stimulation culture. 

Flow cytometry

PBMC were suspended at a concentration of 
2×106 cells/L. Eighty μL of PBMC were added 
to a test tube and an isotype control tube for 
each sample. To each tube, 2.5 μL FITC-CD4 
antibody and PE-CD25 antibody, respectively, 
were added. Samples were incubated at 4°C 
for 30 minutes, then rinsed with PBS twice. 
Membrane-rupturing solution was added for a 
1-hr incubation at 4°C in the dark. Next, 2.5 μL 
PE-Cy5-FOXP3 antibody were added to the test 
tube, and the isotype control antibody was 
added to the control tube. Samples were incu-
bated at 4°C for 30 minutes in the dark, rinsed 
twice with PBS, and placed on the flow cytom-
eter (BD FACScan) for Treg cell analysis. FITC-
CD4 antibody, PE-CD25 antibody, and PE-Cy5-
FOXP3 antibodies were all purchased from 
eBioscience. Analysis was performed using the 
Cell Quest software originally attached to the 
instrument.
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Statistical analysis 

Statistical analysis was performed using 
SPSS18.0 statistical analysis software. A χ2 

Expression of FOXP3 was positively correlated 
with gender, Dukes staging, and lymph node 
metastasis (P < 0.05; Table 2). Further, the 
expression of FOXP3 was more common with 

Figure 1. Immunohistochemical staining of FOXP3 in colorectal tissues. A: Colorectal cancer grade I (×200); B: 
Colorectal cancer grade II (×200); C: Colorectal cancer grade III (×200). 

Table 1. Positive expression rate of FoxP3 in colorectal cancer 
tissues and normal colorectal tissues [n(%)] 
Tissue n Positive Negative χ2 P
Colorectal cancer 63 39 (61.9) 24 (38.1)
Normal tissues 20 7 (35.0) 13 (65.0) 4.448 0.035

Table 2. FOXP3 expression and its relationship with clinico-
pathologic factors of colorectal cancer [n(%)]
Clinicopathologic feature n Positive Negative χ2 P
Age 
    ≤ 50 years 28 15 (53.6) 13 (46.4)

1.484 0.230
    > 50 years 35 24 (68.6) 11 (31.4)
Gender 
    Male 47 32 (68.1) 15 (31.9)

4.103 0.045
    Female 16 7 (43.8) 9 (56.2)
Histological grade
    Grade I 9 4 (44.4) 5 (55.6)

1.708 0.215    Grade II 40 25 (62.5) 15 (37.5)
    Grade III 14 10 (71.4) 4 (28.6)
Dukes staging
    A/B 34 15 (44.1) 19 (55.9)

9.909 0.001
    C/D 29 24 (82.8) 5 (17.2)
Lymph node metastasis
    Yes 26 20 (76.9) 6 (23.1)

4.234 0.040
    No 37 19 (51.4) 18 (48.6)
Distant metastasis
    Yes 2 2 (100.0) 0 (0.0)

1.271 0.267
    No 61 38 (62.3) 23 (37.7)

test was performed to assess the 
relationship between FOXP3 ex- 
pression and clinicopathological 
parameters of colorectal cancer. A 
Spearman correlation analysis 
was performed for correlation of 
FOXP3 expression in colorectal 
cancer tissues. P < 0.05 was con-
sidered statistically significant.

Results

FOXP3 expression in colorectal 
tissue

FOXP3 expression is specific to 
Treg cells, and increased numbers 
of Treg cells have been identified 
previously in tumor tissues [6]. 
Immunohistochemistry revealed 
FOXP3 localization primarily in the 
nucleus of positive cells (Figure 
1). FOXP3 expression was detect-
ed in 61.9% and 35.0% of sam-
ples from colorectal cancer and 
healthy colorectal tissues, respec-
tively (Table 1). This difference 
was statistically significant (P < 
0.05). 

Correlation between FOXP3 ex-
pression and clinicopathological 
features of colorectal cancer 
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increasing degree of malignancy, but was not 
correlated with age or tumor location (P > 0.05). 

Percentage of FOXP3+Treg expression in pe-
ripheral blood 

Treg cells play important roles in immune sur-
veillance, and altered function of Treg cells can 
promote tumorigenesis [7]. Flow cytometry was 
used to distinguish Treg cells in peripheral 
blood expressing FOXP3. The mean percentage 
of FOXP3+Treg cells in peripheral blood of the 
63 patients with colorectal cancer was 11.27 ± 
1.54%, which was significantly higher than that 
of healthy controls (6.31 ± 0.23%; P < 0.05) 
(Figure 2). 

Discussion

This study found that the expression of FOXP3 
was more common in colorectal cancer tissues 
than in normal colorectal tissues, likely indicat-
ing the increased likelihood of Treg cell localiza-
tion within tumor tissue. Indeed, the number of 
Treg cells in the peripheral blood of patients 
with colorectal cancer was higher than that of 
individuals without colorectal cancer. Further- 
more, the high expression of FOXP3 was posi-
tively correlated with tumor malignancy. Under 
normal physiological conditions, a large num-
ber of leukocytes infiltrate tumor tissues, 
wherein NK cells have the most effective anti-
tumor effect and inhibiting effect on tumor 
metastasis; FOXP3+Treg cells can inhibit 
immune function, inducing inactivation of NK 
cells [8]. This can therefore result in immune 
escape by a tumor [8-10].

FOXP3 expression in tumor tissues from 
patients with lymph node metastasis was high-
er compared to those tissues from patients 
without lymph node metastasis, indicating that 
FOXP3 expression is correlated with lymph 
node metastasis. It is possible that FOXP3 
inhibits function of the sentinel lymph node, 
inhibits antigen-presenting function of the den-
dritic cells, and hinders the abilities of ancillary 
cytotoxic T cells and cytotoxic T cells to activate 
an immune response, thereby promoting tumor 
cell lymph node metastasis [11]. 

In summary, a new immune therapy [12-16] 
should be developed, which can, through reduc-
ing or inhibiting FOXP3 expression, eliminate 
abnormal proliferation of FOXP3+Treg cells in 
patients, maintain an ideal tumor microenviron-
ment, and block tumor immune escape, inva-
sion, and metastasis. Thus, normal T lympho-
cytes and NK cells may better function in 
inhibiting tumor growth and proliferation, there-
by improving efficiency of cancer treatment and 
prolonging patient survival.
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