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Association of nuclear FOXP3 expression with low Ki67 index and better
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Recent studies have provided clear evidence that some types of human cancer cells expressed Forkhead Box Protein
3 (FOXP3). However, the presence and role of FOXP3 in breast cancer are still contradictory up to now. In this study, we
detected the expression of FOXP3 protein by immunohistochemistry in 123 cases of breast invasive ductal carcinoma. It
exhibited that the subcellular localization of FOXP3 expression in breast cancer cells is heterogeneous. In nucleus, FOXP3
expression ratio was 47.97% (59/123) and the nuclear FOXP3 expression was significantly associated with lower Ki67 index
(P=0.041), negative vessel tumor embolus (P=0.024). It was also significantly correlated with the molecular subtypes of breast
cancer (P=0.002), displaying the highest ratio in the Luminal A subtype (68.18%). Kaplan-Meier analysis indicated that high
nuclear FOXP3 expression was associated with better overall survival (OS) (94.92% vs. 82.81%, P=0.022) and disease-free
survival (DFS) (91.53% vs. 76.56%, P=0.026). Moreover, nuclear FOXP3 represented an independent prognostic factor for
OS (P =0.033) in multivariate analysis. However, in cytoplasm, FOXP3 expression ratio was 63.41% (78/123) and no statistic
prognostic significance was found. Thus, our data demonstrated that nuclear FOXP3 expression correlated with low Ki-67
index and better outcome in breast invasive ductal carcinoma, indicating that FOXP3 acted as a potential prognostic marker

for breast cancer.
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Forkhead Box Protein 3 (FOXP3), which located on the
shortarm of the X chromosome at Xp.11.23, is a key transcrip-
tion factor and a well-known hallmark of immunosuppressive
CD4*CD25* regulatory T cells (Treg) [1]. FOXP3 plays a cru-
cial role in the generation of Treg, which is critical for immune
homeostasis maintaining. Loss of FOXP3 function leads to the
lack of Treg, resulting in lethal autoaggressive lymphoprolifera-
tion and immune tolerance deficency, whereas overexpression
of FOXP3 results in severe immunodeficiency [2].

During the past decades, the definition that FOXP3 expres-
sion was restricted to Treg has been gradually revised. Recent
studies have provided clear evidence that some types of hu-
man carcinoma cells also expressed FOXP3, which may play
an important role in tumor pathogenesis and development.
Some data point to the association between tumor FOXP3
expression and poor prognosis of patients with different
cancers, including the bladder cancer, pancreatic cancer,

melanoma, and gastric cancer [1, 2]. However, there is still
no consensus on the presence and function of FOXP3 in hu-
man breast cancer cells up to now. As a transcription factor
in lymphoid cells, FOXP3 should be mainly expressed in the
nucleus [3]. In fact, the subcellular localization of FOXP3 in
breast cancer cells is heterogeneous, including the nucleus
and the cytoplasm [4]. And prognostic implication of FOXP3
expression in breast cancer cells is still a matter of debate.
Preclinical researches have reported that FOXP3, as a tumor
suppressor gene, participates in breast cancer development
by repressing the expression of some oncogenes involved
in mammary carcinogenesis in transcriptional level, such
as human epidermal growth factor receptor (HER)-2 and
S-phase kinase-associated protein (SKP)-2 [3, 5, 6]. How-
ever, the clinical studies of human cancer samples revealed
a conflicting correlation of FOXP3 expression with prognosis
[4, 7-9]. Ladoire S et al. [8] suggested that cytoplasmic and/
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or nuclear FOXP3 expression was associated with better OS
in HER2+ breast cancer patients treated with neo-adjuvant
chemotherapy. In contrast, Kim et al. [9] found that cytoplas-
mic and/or nuclear FOXP3 expression was related to poor
DFS and disease-specific survival (DSS) in the node-positive
breast cancer patients. An agreement on the prognostic value
of FOXP3 in breast cancer has not be reached.

Thus, we designed this study to evaluate the FOXP3 protein
expression in breast invasive ductal carcinoma in a cohort
of 123 patients, aiming to explore the association between
FOXP3 expression and the prognosis of patients with breast
cancer.

Patients and methods

Patients and tissues. The present study included 123
females who underwent primary surgery at Department
of Breast Surgery in the Fourth Hospital of Hebei Medical
University from January 2009 to April 2012, without any
neoadjuvant therapy, including radiation therapy, systemic
chemotherapy or hormone therapy. All patients were followed
up after surgery until the date of death or July 2016. Formalin-
fixed, paraffin-embedded specimens from 123 patients were
retrieved and reassessed by examining hematoxylin and
eosin-stained histologic sections. The histologic type of all the
specimens was reconfirmed as breast invasive ductal carcino-
ma, according to the WHO classification. Histologic grading
was carried out using the Nottingham-combined histologic
grade (Elston-Ellis modification of Scarft-Bloom-Richardson
(SBR) grading system) [10]. The pathologic TNM stage was
judged according to the 7 American Joint Committee on
Cancer (AJCC). The Ki67 index was scored as high when 30%
or more of the tumor cells were expressed [11]. Analyses for
estrogen receptor (ER), progesterone receptor (PR) and HER2
were conducted according to the recommended guidelines of
the American Society of Clinical Oncology and College of
American Pathologists [12, 13] .The specimens with an HER2
THC score of 2+ were removed in our study. The molecular
subtype was classified according to 14th St. Gallen Interna-
tional Expert Consensus. Appropriate adjuvant treatments
after the surgery were conducted according to the standard
guidelines. Most of the hormone receptor positive patients
received the adjuvant hormone therapy for at least 5 years.
None of the patients received the HER2-targeted adjuvant
therapy. The baseline characteristics of the 123 patients in
this study are indicated in Table 1. The study was approved
by the institutional ethnics committee of the Fourth Hospital
of Hebei Medical University.

Immunohistochemical staining and evaluation of
FOXP3. FOXP3 expression was analyzed immunohisto-
chemically on Formalin-fixed, paraffin-embedded tumor
sections using mouse antihuman FOXP3 monoclonal
antibody (clone ab20034, 1:50 dilution; Abcam, Cam-
bridge, UK). The appropriate antibody concentration was
determined via serial dilution for each immunohisto-

chemical assay with an identically embedded breast cancer
tissue block. Intrinsic peroxidase activity was blocked by
peroxidase-blocking reagent for 10 min. Antigen retrieval
was carried out by heating slides for 15minutes at 95°C in
citrate buffer (pH6.0). A blocking reagent was added for 10
minutes after quenching the endogenous peroxidase activity
in 0.3% hydrogen peroxide for 10 minutes. Specimens were
incubated with the FOXP3 antibody above at 4°C overnight.
After incubation with primary antibody, immunodetection
was performed with biotinylated anti-mouse immuno-
globulin for 30 minutes at room temperature, followed by
3,3’-diaminobenzidine chromogenic as a substrate to visual-
ize the slides and Harris hematoxylin for counterstaining.
Positive and negative staining controls were carried out with

Table 1.Clinicopathological Characteristics of Patients

Characteristic No. (123) %
Age (years)

<50 68 55.28%

>50 55 44.72%
Tumor size (cm)

<2.0 66 53.66%

>2.0 57 46.34%
Positive nodes

- 65 52.85%

+ 58 47.15%
TNM stage

1 37 30.08%

11 67 54.47%

111 19 15.45%
Histologic Grade

1 26 21.14%

2 75 60.97%

3 22 17.89%
Vessel tumor embolus

Negative 86 69.92%

Positive 37 30.08%
Ki67

Low (£30%) 39 26.83%

High (>30%) 84 73.17%
ER/PR

Negative 57 46.34%

Positive 66 53.66%
HER2

Negative 78 63.41%

Positive 45 36.59%
Subtype

Luminal A 22 17.88%

Luminal B 44 35.77%

HER2 32 26.02%

TNBC 25 20.33%

FOXP3, Forkhead Box Protein 3; HER2,human epidermal growth factor
receptor 2; TNBC, triple negative breast cancer.
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Table 2. Localization of POXP3 expression

Characteristic Nucleus FOXP3

(n=123) FOXP3+(n=59) FOXP3-(n=64)
Cytoplasm FOXP3+ (n=78) 53 25
FOXP3 FOXP3- (n=45) 6 39

FOXP3, Forkhead Box Protein 3.

paraffin tonsil sections using the same antibody above and
an appropriate isotype-matched negative control antibody
(mouse IgG1, ZSGB-BIO, China). Staining of at least 25%
of the cells was considered positive for FOXP3 expression

(FOXP3+) [4]. The staining was interpreted by two of the
authors, both blinded to clinicalpathological data. Discrep-
ancies were reviewed jointly and a consensus was reached.

Statistical analysis. All analyses were conducted using
SPSS for Windows, version 21.0. The association between
the FOXP3 expression and pathologic characteristics was
examined using Chi square statistical tests. OS and DFS were
calculated from the time of diagnosis to the time of event
of interest, death from any cause, recurrence, or the final
follow-up date. The Kaplan-Meier method was used for sur-
vival analysis and the unstratified log-rank test was adopted
for comparison. Cox proportional hazards model was used
to estimate the hazard ratio (HR) of each clinicopathologic

Table 3. FOXP3 expression in breast cancer cells according to clinicopathologic parameters

Tumor FOXP3 Nuclear FOXP3 Cytoplasmic FOXP3
Characteristic No. expression . expression . expression .
(123) negative positive negative positive negative positive
(n=39) (n=84) (n=64) (n=59) (n=45) (n=78)
Age, years
<50 68 20 48 0.543 35 33 0.484 24 44 0.741
>50 55 19 36 29 26 21 34
Tumor size, cm
<2.0 66 21 45 0.956 34 32 0.902 21 42 0.443
>2.0 57 18 39 30 27 24 36
Positive nodes
negative 65 17 48 0.161 31 34 0.308 31 44 0.996
positive 58 22 36 33 25 24 34
TNM stage
I 37 7 30 0.074 14 23 0.106 10 27 0.167
1I 67 23 44 38 29 25 42
1II 19 9 10 12 7 10 9
Histologic grade
1 26 7 19 0.678 13 13 0.766 8 18 0.381
2 75 26 49 38 37 31 44
3 22 6 16 13 9 6 16
Vessel tumor embolus
Negative 86 20 66 0.002 39 47 0.024 25 61 0.008
Positive 37 19 18 25 12 20 17
Ki67
Low (<30%) 39 12 27 0.879 15 24 0.041 16 23 0.486
High(>30%) 84 27 57 49 35 29 55
ER/PR
Negative 57 12 45 0.018 25 32 0.092 12 45 0.001
Positive 66 27 39 39 27 33 33
HER2
Negative 78 27 51 0.362 42 36 0.596 31 47 0.338
Positive 45 12 33 22 23 14 31
Subtype
Luminal A 22 6 16 0.018 7 15 0.002 9 13 0.003
Luminal B 44 21 23 32 12 24 20
HER2 32 9 23 13 19 9 23
TNBC 25 3 22 12 13 3 22

FOXP3, Forkhead Box Protein 3; HER2,human epidermal growth factor receptor 2; TNBC, triple negative breast cancer.
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Figure 1. Inmunohistochemical forkhead box protein 3 (FOXP3) staining in breast cancer. Representative images of FOXP3 expression in tumor cells:
FOXP3 negative (A), nuclear-FOXP3 positive (B) and cytoplasmic FOXP3-positive (C) (magnification, x100, X200, x400, respectively).

variables for OS and DFS. All predictors with P value<0.05
in univariate Cox analyses were used in multivariate analysis.
P values were two-tailed and P<0.05 was considered statisti-
cally significant.

Results

Patient characteristics. The median age of the 123 female
patients was 48 years (range, 27 to 81). Half of all the patients
presented with stage T'1 tumor and 47.15% (58/123) had clini-
cally detectable axillary lymph node metastasis. Around one
third of the patients presented with vessel tumor embolus, and
73.17% (84/123) with high Ki67 index. The median follow-
up of the 123 patients was 67 months (range, 7 to 81), with
14 patients died at data cut-off. The 5-years OS and DFS rates
were 88.62% and 83.70%, respectively. Clinicalpathological
characteristics of the patients were demonstrated in Table 1.

FOXP3 expression and clinical features. The subcellular
localization of FOXP3 in breast cancer cells is heterogene-
ous, instead of a mainly location of the nucleus in lymphoid
cells [3, 4]. Using the criteria described above, we also found
that FOXP3 exhibited a heterogeneous subcellular location
in both tumor nucleus and cytoplasm (Figure 1, Table 2,
3). The expression ratio of tumor FOXP3 (in nucleus and/
or cytoplasm) was 68.29% (84/123) and it was significantly
associated with negative vessel tumor embolus (P=0.002),
negative ER status (P=0.018) and molecular subtype
(P=0.018) significantly, displaying the highest ratio in the

TNBC (88.00%). The expression ratio of nuclear FOXP3
was 47.97% (59/123) and it was significantly associated with
lower Ki67 index (P=0.041), negative vessel tumor embolus
(P=0.024) and molecular subtype (P=0.002), displaying the
highest ratio in the Luminal A breast cancer (68.18%). The
expression ratio of cytoplasmic FOXP3 was 63.41% (78/123)
and it was significantly associated with negative vessel tumor
embolus (P=0.017), negative ER status (P=0.001) and mo-
lecular subtype (P=0.001) significantly, displaying the highest
ratio in the TNBC (68.18%).

FOXP3 expression and survival analysis: univariate sur-
vival analysis. In the whole cohort of patients, Kaplan-Meier
curves showed that tumor FOXP3+(expression in nucleus
and/or cytoplasm) conferred a significantly improved DFS
(89.29% vs.71.79%, log-rank P=0.013, Figure 3A), but not
a significantly improved OS (91.67% vs.82.05%, log-rank
P=0.167, Figure 2A).While, nuclear FOXP3+ was significantly
associated with improved OS (94.92% vs. 82.81%, Log-rank
P=0.022, Figure 2B) and DFS (91.53% vs.76.56%, Log-rank
P=0.026, Figure 3B) significantly. However, cytoplasmic
FOXP3+ had not significant correlation with OS and DFS
(Log-rank P=0.355, P=0.061, Figure 2C, 3C). Univariate Cox
analysis of clinicopathological characteristics indicated that
nuclear FOXP3+was significantly associated with better OS
(HR: 0.254; 95%CI: 0.072-0.899; P=0.034; Table 4) and DFS
(HR:0.334;95%CI: 0.121-0.919; P=0.034; Table 5), and tumor
FOXP3+ was only significantly associated with DFS (HR:
0.346; 95%CI: 0.143-0.835; P=0.018, Table 5).
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Figure 2. Forkhead box protein 3 (FOXP3) prognostic significance. Kaplan-Meier curves for OS associated with FOXP3 expression in breast cancer.
Kaplan-Meier curves in two groups divided into (A) Tumor FOXP3-positive (cytoplasmic and/or nuclear expression) and FOXP3-negative, (B) Tumor
nuclear FOXP3-positive and FOXP3-negative and (C) Tumor cytoplasmic FOXP3-positive and FOXP3-negative expression in tumor cells. P values

were calculated with use of the log-rank test.
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Figure 3. Forkhead box protein 3 (FOXP3) prognostic significance. Kaplan-Meier curves for DFS associated with FOXP3 expression in breast cancer.
Kaplan-Meier curves in two groups divided into (A) Tumor FOXP3-positive (cytoplasmic and/or nuclear expression) and FOXP3-negative, (B) Tumor
nuclear FOXP3-positive and FOXP3-negative and (C) Tumor cytoplasmic FOXP3-positive and FOXP3-negative expression in tumor cells. P values

were calculated with use of the log-rank test.

Multivariate Cox regression analysis. All the predictors
with P values<0.05 in univariate Cox analyses were included in
multivariate Cox analysis, which indicated that nuclear FOXP3+
was an independent prognostic factor for OS (HR: 0.245; 95%CI:
0.067-0.892; P=0.033, Table 4). By contrast, neither the tumor

Table 4. Univariate and multivariate analyses (Cox regression) for OS

FOXP3+, nor cytoplasmic FOXP3+ was an independent prog-
nostic factor for OS or DFS (P>0.05 , Table 4, 5). In addition,
the multivariate analysis showed that vessel tumor embolus ap-
peared to be an independent risk factor, and positive-ER was an
independent protective factor for both OS and DES (Table 4, 5).

Univariate analysis for OS

Multivariate analysis for OS

Variable

HR 95% CI P-value HR 95% CI P-value
Vessel tumor embolus 3.988 1.419-11.209 0.009 3.206 1.100-9.341 0.033
ER-positive 0.204 0.058-0.726 0.014 0.167 0.045-0.621 0.008
Tumor FOXP3+ 0.496 0.180-1.368 0.176 0.431 0.147-1.260 0.124
Cytoplasmic FOXP3+ 0.622 0.226-1.716 0.359 0.46 0.156-1.357 0.159
Nuclear FOXP3+ 0.254 0.072-0.899 0.034 0.245 0.067-0.892 0.033
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Table 5. Univariate and multivariate analyses (Cox regression) for DFS

Univariate analysis for DFS

Multivariate analysis for DFS

Variable
HR 95% CI P-value HR 95% CI P-value
Positive nodes 2.795 1.074-7.276 0.035 1.901 0.612-5.905 0.266
Vessel tumor embolus 5.21 2.077-13.069 <0.001 3.69 1.393-9.778 0.009
ER-positive 0.332 0.128-0.865 0.024 0.335 0.122-0.921 0.034
High Ki67 4.597 1.066-19.818 0.041 2.468 0.559-10.895 0.233
TNM stage IIT 4.648 0.965-22.386 0.055 1.926 0.280-13.235 0.505
Tumor FOXP3+ 0.346 0.143-0.835 0.018 0.392 0.150-1.020 0.055
Cytoplasmic FOXP3+ 0.441 0.183-1.065 0.069 0.427 0.161-1.135 0.088
Nuclear FOXP3+ 0.334 0.121-0.919 0.034 0.465 0.150-1.441 0.185
Discussion

The extent of FOXP3 expression in human breast cancer
cells is still in a matter of debate. Ladoire S et al. [7] reported
that approximately 57% of HER2+ breast tumors were scored
positive for FOXP3 in cytoplasm. Lopes LF et al. [14] observed
a higher FOXP3 cytoplasmic expression rate (83%) in tumor
cells of TNBC tissue samples. In our study, we found that
63.41% of breast tissues expressed cytoplasmic FOXP3, with
the highest expression ratio in TNBC (88.00%), which is
similar to the study of Lopes LF et al. [14]. This indicated that
FOXP3 expression ratios range among different molecular
subtypes of breast cancer. In addition, we detected tumor nu-
clear FOXP3 expression in 59 out of 123 specimens (47.97%),
with the highest ratio in the Luminal A subtype (68.18%). It
suggested that different analyzed subcellular localizations
of FOXP3 expression may be another consequence for the
various results above. Further reasons for the discrepancy in
FOXP3 expression may be due to the various interpretations,
the primary antibody concentrations, the times of antigen
retrieval and the laboratory standards in various studies. It
reported that some studies could not detect any significant
levels of FOXP3 expression in human breast cancer specimens
(15, 16].

The clinical and prognostic implication of FOXP3 expres-
sion in breast cancer cells is still controversial. Increasing vitro
studies point to the critical role of FOXP3 as a tumor suppres-
sor gene in breast cancer models, transcriptionally repressing
expression of these mediators (HER2/ErbB2, SKP2, SATBI1 et
al. [3, 5, 6]) that are involved in mammary tumorigenesis and
epithelial-mesenchymal transitions (EMT) [17, 18]. Zhang
Cetal.[19] identified the adhesion molecule CD44 as a direct
target of FOXP3. They demonstrated that FOXP3 significantly
inhibits adhesion, invasion and metastasis of breast cancer
cells in vivo by binding to the promoter of CD44 to suppress
its protein expression. Accordingly, we found that tumor/nu-
clear FOXP3+ cases were significantly associated with negative
vessel tumor embolus, which was an independent risk factor
for breast cancer prognosis. It caused by the dysfunctional
cell-cell adhesive junctions and related to the complex EMT
and metastasis process [20, 21].

However, conflicting clinical results can’t draw the same
conclusion as that from vitro studies. Ladoire S et al. [8] sug-
gested that cytoplasmic and/or nuclear FOXP3+ in breast
cancer was associated with better OS (P =0.003) in 1,097
patients with HER2+ breast cancer treated with neo-adjuvant
chemotherapy. In our study, it demonstrated that nuclear
FOXP3+ improved OS in patients without any neoadjuvant
therapy. In sharp contrast to a putative onco-suppressor role
for FOXP3, some studies of human cancer samples point to
its pro-metastatic action in vivo, based on the correlation
between FOXP3 expression and poor prognosis. Merlo et al.
[4] reported that FOXP3 expression in tumors was associ-
ated with worse OS, regardless of the cellular localization.
Kim et al. [9] found that FOXP3 expression in nucleus and/or
cytoplasm was related to high Ki-67 index and poor DFS and
disease-specific survival (DSS) in the node-positive subgroup.
It is in contrast to our findings that nuclear FOXP3+ patients
were associated with low Ki67 index (P=0.041) and better OS
(P =0.033) significantly. One reason for this discrepancy may
be that Kim et al. [9] did not analyze the nuclear FOXP3+
and cytoplasm FOXP3+ separately. It may also be due to the
different cut-off points of Ki67 index. In our study, the cut-
off point of Ki67 index was 30%, instead of 14% in Kim et
al. [9]. The proliferation marker Ki67 has been investigated
as an important prognostic and predictive marker for breast
cancer. However, the best cut-off point and the best methods
for determination are still under debate [11, 22, 23].

Precise reasons for the contradiction above remain
unclear, but it might be explained in several ways. FOXP3
up- or down- regulates a large number of genes and acts as
both a transcriptional activator and repressor [24]. It cannot
be excluded that FOXP3 has a janus role regulating both
proliferation and metastatic spread of tumor cells, display-
ing either anti-tumor or tumorgenic activities. In addition,
the differences in the populations, races, disease stages, and
treatment conditions, may also lead to the discrepancy [25].
Furthermore, the different subcellular localization of FOXP3
expression may influence its prognostic significance in breast
cancer. In our study, we analyzed the values of tumor nuclear
FOXP3+ and cytoplasm FOXP3+ separately. We found that
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the nuclear FOXP3+ ratio was higher in patients with low
Ki67 index, indicating that nuclear FOXP3+ tumors are low
proliferative abilities. This is in line with our survival analysis
that nuclear FOXP3+ was an independent prognostic fac-
tor for better OS (P=0.033), which was similar to the study
of Takenak et al. [26]. But cytoplasmic FOXP3+ was of no
prognostic significance in our study. Therefore, we thought
that cytoplasmic FOXP3 lost the anti-proliferative ability of
a transcription factor in nucleus. Accordingly, researches have
reported several possible factors causing the deregulation of
FOXP3 localization and failure to translocate to the nucleus
in breast cancer cells. It’s suggested that frequent FOXP3
gene mutations and deletions, which may include nuclear
localization signals surrounding the FKH domain of FOXP3,
post-translational modifications, splice variations and the
methylation of FOXP3 promoter may result in cytoplasmic
localization of FOXP3 protein in breast cancer cells [27, 28].
Clearly, further studies using multiple in vitro and in vivo
models are needed to examine the putative FOXP3 roles in
breast cancer.

In summary, our study found that the prognostic signifi-
cance of FOXP3 expression in breast invasive ductal carcinoma
specimens is relevant to the different subcellular localizations
of FOXP3. Nuclear FOXP3 demonstrated an independent
prognostic factor for improved OS, whereas cytoplasmic
FOXP3 was of no prognostic significance. This result may be
caused by scant data and short follow-up time of our study.
Therefore, more study data is needed to clarify the different
values and molecular mechanisms of FOXP3 in heterogene-
ous subcelluar location. Further study is necessary to assess
alterations in the DNA, mRNA and protein levels of FOXP3,
which may provide an insight into the biological and clinical
implications of FOXP3 expression in breast cancer. The dis-
covery of genes and/or cellular functions regulated by FOXP3
in tumor cells will provide the rational explanation of its role
and the proof of its anti-proliferative function, which would
provide a novel therapeutic target in vivo. The data identify
FOXP3, as a novel, independent prognostic factor, might aid
in identifying subgroups of patients who are more likely to
have a poor outcome and to whom specific therapies might
be directed.
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