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FOXP3 expression in tumor cells and tumor-infiltrating
lymphocytes is associated with breast cancer prognosis
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Abstract. The forkhead box protein 3 (FOXP3) transcription
factor is highly expressed in tumor cells as well as in regulatory
T cells (Tregs). It plays a tumor-enhancing role in Tregs and
suppresses carcinogenesis as a potent repressor of several onco-
genes. The clinical prognostic value of FOXP3 expression has
not yet been elucidated. In this study, immunohistochemistry
was used to investigate the prognostic significance of FOXP3
expression in tumor cells and tumor-infiltrating lymphocytes
(TILs) in breast cancer patients. Of the 100 tumor specimens
obtained from primary invasive breast carcinoma, 63 and 57%
were evaluated as FOXP3* tumor cells and as being highly
infiltrated by FOXP3* lymphocytes, respectively. Although
FOXP3 expression in tumor cells was of no prognostic signifi-
cance, FOXP3* lymphocytes were significantly associated
with poor overall survival (OS) (n=98, log-rank test P=0.008).
FOXP3 exhibited a heterogeneous subcellular localization in
tumor cells (cytoplasm, 31%; nucleus, 26%; both, 6%) and,
although cytoplasmic FOXP3 was associated with poor OS
(P=0.058), nuclear FOXP3 demonstrated a significant associa-
tion with improved OS (P=0.016). Furthermore, when patients
were grouped according to their expression of tumor cyto-
plasmic FOXP3 and lymphocyte FOXP3, there were notable
differences in the Kaplan-Meier curves for OS (P<0.001),
with a high infiltration of FOXP3* lymphocytes accompanied
by a cytoplasmic FOXP3* tumor being the most detrimental
phenotype. These findings indicated that FOXP3 expression
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in lymphocytes as well as in tumor cells may be a prognostic
marker for breast cancer. FOXP3 in tumor cells may have
distinct biological activities and prognostic values according
to its localization, which may help establish appropriate cancer
treatments.

Introduction

Forkhead box protein 3 (FOXP3) is a member of the
forkhead/winged-helix family of transcription factors involved
in the regulation of the development and function of the
immune system (1,2). The human FOXP3 gene is located on the
short arm of the X chromosome and consists of 11 translated
exons encoding a protein of 431 amino acids (3). It contains a
proline-rich N-terminal repressor domain that suppresses the
expression of target genes, a zinc-finger and a leucine-zipper
motif that allow FOXP3 homo- or heterodimerization and a
conserved DNA-binding forkhead domain (FKH) with two
sites that target the nuclear localization of FOXP3 at its C- and
N-termini (3.4).

FOXP3 plays a crucial role in the generation of immuno-
suppressive CD4*CD25* regulatory T cells (Tregs), which
induce immune tolerance to antigens (2,5). Loss of FOXP3
function leads to Treg deficiency, resulting in lethal autoag-
gressive lymphoproliferation, whereas FOXP3 overexpression
leads to severe immunodeficiency (2,5). FOXP3-expressing
Tregs are reportedly abundant in the tumor infiltrates and
peripheral blood of cancer patients (4,6,7). They are also
involved in the immune evasion mechanisms promoted by
cancer. Studies on several types of cancer suggested that high
levels of Treg infiltration of the tumor bed are associated with
poor clinical outcome (4,8-12).

FOXP3 protein expression was initially considered to be
restricted to the lymphocyte lineage. However, its expression
has been demonstrated in various types of non-hematopoietic
cells, including human tumor cells (13-16). Although previous
studies suggested that FOXP3 is an X-linked tumor suppressor
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gene in the breast (16) and prostate gland (17), its biological
function and importance in tumor cells have not been eluci-
dated. Previous studies suggested that tumor-expressed FOXP3
may be useful as a clinical prognostic marker. For example,
wild-type FOXP3 from normal cells, unlike mutated FOXP3
from cancer cells, bound to and transcriptionally repressed
human epidermal growth factor receptor (HER) 2 and S-phase
kinase-associated protein (SKP) 2 (16,18) or c-Myc (17)
oncogenes involved in mammary or prostate carcinogenesis,
respectively. Furthermore, FOXP3 overexpression in human
cancer cell lines was shown to repress tumor growth (16,18,19)
and FOXP3 was reported to be a key determinant of tumor
suppression in pS3-dependent responses to DNA-damaging
chemotherapeutic agents (20).

In a different context of tumor-expressed FOXP3,
Hinz et al previously reported that FOXP3 expression in
a pancreatic cancer cell line inhibited the proliferation of
anti-CD3/anti-CD28-stimulated T cells without impeding their
activation (14). This finding suggested that tumor-infiltrating
Tregs influence antitumor immunity (4,8-12) and that tumor
cells may modulate T-cell function and trigger a mechanism
of immune evasion through FOXP3.

FOXP3 is constitutively expressed in the nucleus of human
Tregs (4,8-12). By contrast, previous immunohistochemical
studies indicated that FOXP3 cytoplasmic expression was more
abundant, compared to nuclear expression, in several types
of cancer, including breast carcinoma (14,21-25). Conflicting
prognostic values for tumor-expressed FOXP3 were reported
in immunohistochemical studies of breast cancer, in which
FOXP3 was associated with poor (23), as well as with favor-
able prognosis (21). Therefore, the prognostic value of FOXP3
expression in breast cancer remains controversial. The present
study immunohistochemically investigated the prognostic
relevance of FOXP3 expression in tumor cells and tumor-infil-
trating lymphocytes (TILs) in breast cancer patients.

Materials and methods

Materials. A total of 100 adult females with primary
invasive breast carcinoma who underwent breast surgery
at our institution (Kurume University Hospital, Kurume,
Japan) between 1995 and 2005 and who had not received
neoadjuvant chemotherapy, were enrolled in the present study.
Hematoxylin and eosin (H&E)-stained histological sections
from each patient were analyzed for biological parameters and
histological grading was performed using the Nottingham-
combined histological grade [Scarff-Bloom-Richardson (SBR)
grading system] (26). Table I provides the clinicopathological
characteristics of the patients. The study was approved by our
institutional review board and written informed consent was
obtained from all enrolled patients. All data were anonymized.

Immunohistochemical staining. The estrogen receptor (ER)
and progesterone receptor (PgR) status were analyzed immu-
nohistochemically on formalin-fixed, paraffin-embedded
tumor sections, using ER (clone SP1) and PgR (clone 1E2)
antibodies at a dilution of 1:100 and the iVIEW system
(Ventana Medical Systems, Tucson, AZ, USA). Labeling was
detected using the Ventana BenchMark XT automat (Ventana
Medical Systems). The arrays were counterstained with
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Table I. Clinicopathological characteristics of breast cancer
patients.

Characteristic n (%)
Total no. of patients 100
Age (years)

<50 29 (29)

>50 71 (71)
Tumor size (cm)

<20 59 (59)

>2.0 41 (41)
Axillary nodal status

Positive 45 (45)

Negative 47 (47)

Resection not performed 8 (8)
Tumor grade

Tand IT 77 (77)

111 23 (23)
HER2

Positive 23 (23)

Negative 77 (77)
ER

Positive 56 (56)

Negative 44 (44)

Triple-negative® 21 (21

“ER/PgR/HER?2" phenotype. HER2, human epidermal growth factor
receptor 2; ER, estrogen receptor.

hematoxylin. The HercepTest scoring method with the 4B5
antibody (Ventana Medical Systems) was used to determine
the HER?2 status, with a score of 3+ or 2+ with fluorescent
in situ hybridization (FISH) amplification, as determinants of
HER2-overexpressing tumors.

FOXP3 expression was immunohistochemically analyzed
using rat anti-human FOXP3 monoclonal antibody clone
ab22510 (Abcam, Cambridge, UK). Paraffin-embedded tissue
samples were cut into 4-um sections and examined on a coated
glass slide. Intrinsic peroxidase activity was blocked by treat-
ment with peroxidase-blocking reagent (DakoCytomation,
Glostrup, Denmark) for 5 min. The specimens were boiled in
a microwave for 30 min in 1 mmol/l EDTA (pH 9.0) target
retrieval solution (DakoCytomation), to recover the antigens.
After washing in Tris-buffered saline (TBS; DakoCytomation)
for 10 min, the FOXP3 antibody was diluted 1:600 and applied
to the specimens. Histological specimens were incubated at
4°C overnight, washed in TBS for 15 min and incubated with
labeled polymer-horseradish peroxidase (HRP) secondary
antibody (ChemMate Envision kit; DakoCytomation) for
30 min at room temperature. After washing in TBS for 10 min,
the slides were visualized using 3,3'-diaminobenzidine.

FOXP3 expression was evaluated independently by two
authors (M.T and M.K), who were blinded to the clinico-
pathological data. Discrepancies were reviewed jointly
and a consensus was reached. The staining intensity of
FOXP3-positivity (FOXP3*) within the tumor-cell cytoplasm
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Figure 1. Immunohistochemical forkhead box protein 3 (FOXP3) staining in breast cancer. Representative images of FOXP3 expression in (A) the cytoplasm
(magnification, x100) and (B) the nucleus (magnification, x400) of tumor cells and (C) the lymphocytic infiltrate (magnification, x400). (D) Hematoxylin and eosin
(H&E) staining intensity of tumor-infiltrating lymphocytes (TILs) (magnification, x200). The number of specimens in each graded group is indicated in parenthesis.
A score of 1+/2+in (A) or 2+/3+ in (C) was defined as positive for tumor-cytoplasmic FOXP3 or lymphocyte FOXP3 (i.e., high infiltration of FOXP3* lymphocytes).

Table II. Localization of FOXP3 expression.

Tumor-cell cytoplasm

Tumor-cell nucleus

FOXP3* FOXP3" FOXP3* FOXP3-
Patient no. (%)  Patient no. (%) P-value Patient no. (%)  Patient no. (%) P-value
Total patient no. 37 63 32 68
Tumor-cell cytoplasm
FOXP3* 6 (18.8) 31 (45.6) 0.014
FOXP3" 26 (81.3) 37 (54.4)
Tumor-cell nucleus
FOXP3* 6(16.2) 26 (41.3) 0.014
FOXP3- 31 (83.8) 37 (58.7)
Lymphocytes®
FOXP3* 23 (62.2) 34 (54.0) 0.531 11 (34.4) 46 (67.6) 0.002
FOXP3" 14 (37.8) 29 (46.0) 21 (65.6) 22 (32.4)

Evaluated by Fisher's exact test. "FOXP*, high infiltrate; FOXP3", absent-low infiltrate of FOXP3-expressing lymphocytes. FOXP3, forkhead

box protein 3.

was scored as weak (1+) or strong (2+) (Fig. 1A). The number
of FOXP3* cells present within tumor-cell nuclei were counted
manually in 10 high-power fields (HPFs; magnification, x400)
(Fig. 1B). The extent of FOXP3* TILs was scored as follows:
no positive cells, 0; 1-25% positive cells, 1+; 26-50% positive
cells, 2+; and 51-100% positive cells, 3+ (Fig. 1C). TIL H&E

staining intensity was determined in intratumor nodules and
in the surrounding stroma and was defined as absent, low,
intermediate or strong (Fig. 1D).

Statistical analysis. Overall survival (OS) was defined as
the time period between the time of surgery and the time
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of death from any cause. Patients who were alive at the last
contact attempt were regarded as censored cases at this time
point. Relapse-free survival (RFS) was defined as the time
period from the time of surgery until progressive disease was
confirmed by magnetic resonance imaging (MRI) or computed
tomography (CT), or until death from any cause. Patients
without progressive disease were regarded as censored cases
at the date of their last CT or MRI examination.

For tumor-cell cytoplasm FOXP3 expression, a score
of 0 was defined as negative and scores of 1+ or 2+ as posi-
tive. For lymphocyte FOXP3 expression, scores of 0 and 1+
were defined as negative (absent or low infiltration) and scores
of 2+ and 3+ as positive (high infiltration). These definitions
accounted for the median score and minimized the difference
between the number of patients classified as negative and
those classified as positive. For tumor nuclear FOXP3 expres-
sion, =30% was defined as positive and <30% as negative from
a statistical viewpoint. In the Cox regression model with a
binary explanatory variable representing positive or negative
with various cut-off points, we selected the value maximizing
the profile partial likelihood, i.e., we selected the cut-off value
that provided the best fit to the OS data using various classifica-
tions. Associations between FOXP3 expression in tumor cells
and lymphocytes and between FOXP3 expression and clinico-
pathological factors were examined with the Fisher's exact test.
Survival functions for OS and RFS were estimated with the
Kaplan-Meier method and compared with the log-rank test. Cox
regression analysis was performed to examine whether FOXP3
expression was associated with OS or RFS following adjust-
ment for possible confounding factors. Clinicopathological
characteristics significantly associated with FOXP3 expression
were included in the Cox regression for adjustment.

Statistical analyses were conducted with SAS version 9.2
(SAS Institute Inc., Cary, NC, USA) and R version 2.9.0. P<0.05
was considered to indicate a statistically significant difference.

Results

FOXP3 expression in breast cancer specimens. Of the 100
tumor specimens immunostained for FOXP3, 63 (63%)
and 57 (57%) were evaluated as positive for expression in
tumor cells and TILs, respectively. FOXP3 was expressed
in the nucleus of lymphocytes, representing Treg infiltration,
whereas a heterogeneous subcellular localization of FOXP3
was observed in tumor cells (i.e., the cytoplasm and/or nucleus;
Table IT). Most FOXP3 staining in tumor cells was localized to
the cytoplasm [31 (31%)] or the nucleus [26 (26%)] and 6 speci-
mens (6%) exhibited FOXP3 expression in the cytoplasm and
nucleus (P=0.014). By contrast, no significant positive correla-
tion was observed between FOXP3 expression in tumor cells
and high infiltration of FOXP3* lymphocytes. FOXP3 expres-
sion in TILs was significantly correlated with an absence of
nuclear FOXP3 expression in tumor cells (P=0.002).

Table IIT shows the frequency of prognostic clinicopatho-
logical characteristics according to the presence or absence of
FOXP3 immunostaining. Cytoplasmic FOXP3 expression in
tumor cells was significantly associated with larger tumor size
(P=0.035) and presence of metastatic lymph nodes (P=0.015),
whereas nuclear FOXP3 expression in tumor cells was
significantly associated with ER positivity (P=0.003). A high

Table III. Frequency of patient clinicopathological characteristics according to FOXP3 expression.

Tumor-cell nucleus Lymphocytes®

Tumor-cell cytoplasm

FOXP3-

FOXP3*

FOXP3-

FOXP3*

FOXP3-

FOXP3*

n/total (%) P-value n/total (%) n/total (%) P-value n/total (%) n/total (%) P-value

n/total (%)

Characteristic

31/43 (72.1) 0.664

38/57 (66.7)

47/68 (69.1) 1.000

22/32 (68.8)

0.510

45/63 (71.4)

24/37 (64.9)

Age, years

(>50 years)
Tumor size

(>2 cm)

0.688

17/43 (39.5)

0.035 11/32 (34.4) 31/68 (45.6) 0.386 25/57 (43.9)

21/63 (33.3)

21/37 (56.8)

0.216
<0.001

17/41 (41.5)

28/51 (54.9)
21/57 (36.8)

0015 13/32 (40.6) 32/60 (53.3) 0.279
18/57 (31.6)

24/61 (39.3)

21/31 (67.7)

LN metastasis

2/43 (4.70)
5/43 (11.6)

35/43 (81.4)

0.126
0.126
0.003

19/68 (27.9)
19/68 (27.9)
31/68 (45.6)
17/68 (25.0)

4/32 (12.5)
4/32 (12.5)

25/32 (78.1)

1.000
0472

15/63 (23.8)
13/63 (20.6)

38/63 (60.3)

8/37 (21.6)
10/37 (27.0)
18/37 (48.6)

Tumor grade III
HER2-positive

0.030
<0.001

21/57 (36.8)
18/57 (31.6)

0.300
1.000

ER-positive

0.003

3/43 (7.0)

0.193

4/32 (12.5)

13/63 (20.6)

8/37 (21.6)

Triple-negative®

Evaluated by Fisher's exact test. "FOXP*, high infiltrate; FOXP3", absent-low infiltrate of FOXP3-expressing lymphocytes, "ER/PgR/HER2" phenotype. LN, lymph node; FOXP3, forkhead box protein 3.
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Table IV. Univariate and multivariate analyses (Cox regres-
sion) for overall survival.

A, Univariate analysis.

Variable HR 95% C1 P-value
Age (>50 years) 0.61 0.23-1.61 0.318
Tumor size (>2 cm) 2.06 0.78-541  0.135
LN metastasis 1.74 0.63-4.78  0.279
Tumor grade III 3.05 094-936  0.040
ER-positive 0.38 0.14-1.04  0.050
HER2-positive 2.35 0.89-6.17  0.075
Triple-negative® 1.39 0.45-427  0.565
Tumor FOXP3+* 1.19 045-3.13  0.722
Cytoplasmic 247 0.94-6.50  0.058
Nuclear 0.13 0.02-095 0016
Lymphocyte FOXP3*¢ 5.87 1.34-25.69 0.008
Intensity of TILs
High vs. absent-low 0.71 0.14-3.68  0.685
Intermediate vs. absent-low  1.01 0.35-296 0.984
B, Multivariate analysis.
Variable HR 95% CI P-value
Tumor cytoplasmic FOXP3* 2.68  0.90-7.97 0.077
Tumor size (>2 cm) 1.66 057-4.84 0.355
LN metastasis 120 041-347 0.739
Tumor nuclear FOXP3* 0.15 0.02-1.16 0.070
ER-positive 0.51 0.19-1.39 0.185
Lymphocyte FOXP3*¢ 496 1.07-23.06 0.041
Tumor grade 11T 088 027-292 0.836
ER-positive 0.70  0.17-291 0.621
HER2-positive 142  0.38-5.33 0.606

“ER/PgR/HER2" phenotype; "cytoplasmic and/or nuclear FOXP3*;
‘high infiltrate of FOXP* lymphocytes. HR, hazard ratio; CI, confi-
dence interval; LN, lymph node; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; FOXP3, forkhead box protein 3;
TIL, tumor-infiltrating lymphocyte.

infiltration by FOXP3* lymphocytes was significantly associ-
ated with tumor grade III (P<0.001), HER?2 positivity (P=0.03),
ER negativity (P<0.001) and a triple-negative phenotype
(ER/PgR/HER?2") (P=0.003).

Prognostic significance of FOXP3 expression in breast cancer.
Prognostic analysis was performed using the 98 patients
whose clinical outcome was monitored. Univariate analysis of
clinicopathological characteristics indicated that high tumor
grade (III) and ER negativity were significantly associated
(P<0.05) with mortality (OS), whereas no significant prognostic
value for OS was observed when the other factors were assessed
(Table IVA). FOXP3 expression in tumor cells (cytoplasm
and/or nucleus) showed no prognostic significance [hazard ratio
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(HR): 1.19; 95% confidence interval (CI): 0.45-3.13; P=0.722].
However, FOXP3* lymphocytes were significantly associated
with worse OS (HR: 5.87; 95% CI: 1.34-25.69; P=0.008).
Notably, the prognostic values of tumor-cell FOXP3 expres-
sion were determined according to FOXP3 localization;
nuclear FOXP3 expression was significantly associated
with improved OS (HR: 0.13; 95% CI: 0.02-0.95; P=0.016).
Inversely, borderline significance was observed between the
association of tumor-cell cytoplasmic FOXP3 expression and
poor OS (HR: 2.47; 95% CI: 0.94-6.50; P=0.058).

Kaplan-Meier curves confirmed that FOXP3 expression
localized in the cytoplasm or nucleus of tumor cells was associ-
ated with worse (log-rank test, P=0.058) or improved (log-rank
test, P=0.016) OS, respectively (Fig. 2A-C). By contrast, the
intensity of lymphocyte infiltration of the tumor site was
not associated with OS (Fig. 2D); however, a larger number
of FOXP3* lymphocytes conferred a significantly worse OS
(log-rank test P=0.008; Fig. 2E), suggesting a crucial role
for FOXP3* Tregs in tumor progression. FOXP3 expression
in tumor cells and lymphocytes exhibited the same tendency
for prognostic value based on the risk of relapse-free survival
(RFS) (data not shown). When survival was analyzed in the
four subgroups classified according to FOXP3 localization in
tumor cells (-/-, +/-, -/+ and +/+, cytoplasm/nucleus FOXP3
expression), positive patients with either cytoplasmic or
nuclear FOXP3 staining were found to have a similar, worse,
or improved outcome compared to the negative (-/-) group
(data not shown).

Multivariate analysis of the covariates with P<0.05 in
Table III, indicated that FOXP3 expression in TILs (HR: 4.96;
95% CI: 1.07-23.06; P=0.041) was an independent prognostic
factor for OS, unlike FOXP3 localization in tumor cells (cyto-
plasm, HR: 2.68; 95% CI: 0.90-7.97; P=0.077; and nucleus,
HR: 0.15; 95% CI: 0.02-1.16; P=0.070) (Table IVB). Patients
exhibited significant differences in Kaplan-Meier curves in
OS (log-rank test, P<0.001; Fig. 2F), demonstrating a more
detrimental effect on the prognosis of patients exhibiting cyto-
plasmic FOXP3* tumor cells as well as a high infiltration of
FOXP3* lymphocytes, compared to the effect of either factor
alone. This combined phenotype was identified as a significant,
independent risk factor for OS (HR: 4.22; 95% CI: 1.39-12.82;
P=0.011) by multivariate analysis of the possible confounding
factors in Table IV (data not shown). By contrast, nuclear
FOXP3 expression in tumor cells appeared to attenuate the
negative effect of FOXP3* lymphocyte accumulation on OS
(Fig. 2G).

Discussion

FOXP3* Tregs are immunosuppressive, therefore, their
abundance in tumor infiltrates is associated with an unfavor-
able clinical outcome. Several previous studies reported that
increased infiltration of FOXP3* lymphocytes in the tumor
microenvironment was associated with poor prognosis in
cancer patients (4,8-12). However, several studies demonstrated
conflicting results (27-29) and it should be noted that not all
FOXP3* TILs are Tregs, since T-cell receptor (TCR) activation
of conventional T cells may induce the transient expression
of FOXP3 without suppressive properties (4). Although the
association between accumulated FOXP3* TILs and clinical
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A Tumor FOXP3

B Tumor cytoplasmic FOXP3
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C Tumor nuclear FOXP3
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Figure 2. Kaplan-Meier curves for overall survival (OS) associated with forkhead box protein 3 (FOXP3) expression in breast cancer. Kaplan-Meier curves in
two groups divided into (A) FOXP3-positive (+/-, -/+ and +/+, cytoplasmic/nuclear expression) and -negative (-/-), (B) cytoplasmic FOXP3-positive (+/- and +/+)
and -negative (-/+ and -/-) and (C) nuclear FOXP3-positive (-/+ and +/+) and -negative (+/- and -/-) expression in tumor cells. Intensities of (D) tumor-infiltrating
lymphocytes (TILs) and (E) FOXP3* lymphocytes were stratified as follows: absent-low, intermediate and high infiltration in (D); negative (absent-low) and
positive (high infiltration of FOXP3* lymphocytes) in (E). Kaplan-Meier curves in the four groups according to infiltration of (F) FOXP3* lymphocytes and
cytoplasmic or (G) nuclear FOXP3 in tumor cells. Number of specimens in each group is shown in parenthesis. P-values were calculated using the log-rank test.

neg, negative; pos, positive.

prognosis can be beneficial or detrimental, depending on the
type of malignancy under investigation, the present findings
clearly indicate that a high density of FOXP3* lymphocytes
in tumor tissue is a strong, independent prognostic marker
associated with mortality, a finding consistent with those of
previous studies on breast cancer (8-12).

The present study has demonstrated that FOXP3 local-
ization in breast cancer was crucial to predicting clinical
outcome. Zuo et al previously demonstrated that ~80% of
normal breast samples expressed FOXP3 in the epithelial cell
nuclei, whereas only 20% of cancer tissues expressed nuclear

FOXP3 (i.e., mostly the HER2" or ER* phenotype) (16), which
is consistent with our findings (Tables II and III). Furthermore,
predominant cytoplasmic FOXP3 staining of tumor cells was
demonstrated in several types of cancer (14,15,21,23-25),
although its relevance has not been clarified. Two previ-
ously conducted representative immunohistological studies
demonstrated that FOXP3 staining of breast cancer specimens
was localized either completely (21) or predominantly in the
tumor-cell cytoplasm, with only a few specimens exhibiting
nuclear staining (23). In one of these reports (21), cytoplasmic
FOXP3 expression was associated with improved OS and RFS
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in HER2-overexpressing patients; however, this contrasted our
findings and those of Merlo et al (23). This discrepancy may
be partly due to the similarities between the study popula-
tions included in our study and those included in the study by
Merlo et al (the patients had not undergone neoadjuvant chemo-
therapy) and the ratios of HER2 overexpression-harbored
patients (our study, 23%; two clinical trials by Merlo er al,
15 and 22%). Our study demonstrated more nucleus-specific
FOXP* expression, which may be associated with an
ER*/HER?2" phenotype and improved clinical outcome.

The underlying mechanism(s) by which the expression of
tumor FOXP3 affects prognosis require further investigation.
Zuo et al reported a high proportion of somatic mutations
or deletions of the FOXP3 gene in human breast cancer
cells, which may include the nuclear localization signals
surrounding the FKH domain of FOXP3 (16). A previous study
by Wang et al demonstrated that three out of the four FOXP3
mutants obtained from human pancreatic carcinomas exhib-
ited disrupted translocation into the nuclei and were instead
localized in the cytoplasm (17). Localization in the cytoplasm
may therefore be a functional deficiency or modulation of
the tumor suppressor FOXP3 gene. This may account for our
finding that cytoplasmic, unlike nuclear, FOXP3 expression in
tumor cells was associated with detrimental clinical outcome.

Accumulating evidence indicates that FOXP3 coordinates
with multiple transcriptional regulators and its localization
may depend on its molecular partners (30). Viewing FOXP3
as a multifaceted factor of cancer biology may provide another
explanation for its bifacial prognostic value. Further investi-
gations are required to determine whether the heterogeneous
subcellular localization of tumor FOXP3 is functionally
relevant to the clinical prognosis.

A previous study suggested that tumor-expressed
FOXP3 triggers a mechanism for the immune evasion of
tumor cells (14). High infiltration of FOXP3* lymphocytes
accompanied by a cytoplasmic FOXP3* tumor was the most
detrimental phenotype, although the FOXP3* lymphocytes
and the tumor were not significantly correlated in this study.
FOXP3 may propagate crosstalk between tumor cells and their
immunological microenvironment, e.g., involving signal trans-
ducer and activator of transcription 3 (STAT3) (31), leading to
tumor-induced immunosuppression, including the induction of
Tregs. By contrast, nuclear FOXP3 expression in tumor cells,
which was associated with improved OS in this study, was
significantly enhanced in patients with absent or low infiltra-
tion of FOXP3* lymphocytes. Hinz ef al also demonstrated
that the downregulation of FOXP3 led to the upregulation of
the pro-inflammatory cytokines interleukin (IL)-6 and IL-8
in human pancreatic carcinoma cell lines (14). Since these
cytokines are known to influence the progression of breast
cancer (32,33), the regulation of cytokine synthesis by nuclear
FOXP3 may affect the interaction between tumor cells and
their microenvironment and, subsequently, clinical prognosis.

Our data suggested that FOXP3 expression in tumor
cells and TILs may be an effective prognostic marker in
breast cancer patients and that FOXP3 localization in tumor
cells is an important determinant of prognosis. FOXP3 may
provide distinct biological activities and prognostic values
according to its localization. However, multivariate analysis
demonstrated that FOXP3 expression in TILs, unlike that
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in tumor cells, was an independent prognostic factor for OS
(Table IVB). However, cytoplasmic or nuclear FOXP3* tumor
cells may also be associated with OS, as the correlation was
at ~5% significance level, following adjustment for possible
confounding factors. The relatively small patient sample may
have limited the statistical power of the present study and future
investigations including a larger sample size are required to
confirm the results. Our findings may facilitate the selection
of appropriate patient treatments and assist in the designing of
FOXP3-targeted therapeutic strategies for breast cancer.
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