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ORIGINAL ARTICLE

Prognostic impact of FOXP3 expression in triple-negative
breast cancer

SOOHYEON LEE!, EUN YOON CHO? YEON HEE PARK!, JIN SEOK AHN!
& YOUNG-HYUCK IM!

I Division of Hematology-Oncology, Department of Medicine, Sungkyunkwan University School of Medicine, Seoul, Korea,
and *Department of Pathology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Abstract

Background. Forkhead Box Protein 3 (FOXP3) is a marker for immunosuppressive CD4+CD25+ regulatory T cells
(Tregs). We investigated whether there were significant numbers of FOXP3-positive Tregs in triple-negative breast cancer
(TNBC) using immunohistochemistry, and whether the presence of FOXP3-positive Tregs was associated with other
prognostic factors, such as stage or histologic grade. We investigated the number of tumor-infiltrating FOXP3-positive
Tregs in formalin-fixed TNBC specimens obtained from patients who received palliative treatment between 1999 and
2007. Material and methods. Immunohistochemistry was used to assess the number of CD4+, CD25+, and FOXP3+
Tregs in tumor tissue and normal breast tissue from 86 TNBC patients. Univariate and multivariate analyses evaluated
outcomes according to the number of FOXP3-positive Tregs. Results. Of the 86 tumor specimens, 22 (25.6%) expressed
more than 15 FOXP3-positive Tregs per 10 high power fields in the peritumoral area. On multivariate analysis, staining
showing =15 FOXP3-positive Tregs was an independent prognostic factor for overall survival and progression free
survival with hazard ratios of 2.4 (95% CI 1.0-5.6; p=0.049) and 2.0 (95% CI 1.1-3.6; p=0.032), respectively.
In TNBC, FOXP3-positive Tregs had stronger prognostic significance than did FOXP3-negative Tregs. The finding of
improved survival associated with highly infiltrating FOXP3-positive Tregs in TNBC contrasted with several other types
of solid cancer. Conclusion. TNBC may be differently driven by FOXP3 via an immune mechanism. The inclusion of
FOXP3+ Tregs may help to improve prognostication for TNBC.

Triple-negative breast cancer (TNBC) is now com-
monly used to define breast cancer subtypes that are
estrogen receptor (ER) negative, progesterone recep-
tor (PR) negative, and HER2 negative according to
the clinically available immunohistochemical (IHC)
staining methods for these biomarkers. TNBCs
comprise 10-15% of all breast cancers [1] and are
of pivotal clinical importance given the lack of effec-
tive therapeutic options, despite the worse outcomes
following conventional treatment. The aggressive
clinical course, poor prognosis, and lack of therapeu-
tic options for this type of tumor have intensified
current interest in this patient group [2].
Regulatory T cells (Tregs) are a specialized sub-
population of T cells that suppress the activation of
other immune cells, thereby maintaining systemic
immune homeostasis. The precise mechanisms of

the immune suppression remain unclear. Although
T cells present the most important immunological
response in tumor growth in the early stages of
cancer, they become Tregs after chronic stimu-
lation and interactions with tumor cells, promoting
rather than inhibiting cancer development and
progression.

Tregs may play an important role in suppressing
this tumor-associated antigen-specific immunity.
Higher numbers of Tregs have been found in the
peripheral blood and tumor tissues of patients with
a variety of tumors, including breast cancer [3-5],
ovarian cancer [6], gastric cancer [7,8], esophageal
cancer [9], colorectal cancer [10], melanoma [11],
hepatocellular carcinoma [12,13], and others [14].
Some studies have found an association between
high numbers of Tregs and poor clinical outcomes
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[3,4,13,15], but other studies have not found any
relationship between Tregs and prognosis [5,9,10].

Forkhead Box Protein 3 (FOXP3) represents the
most specific marker for Tregs. Roncador et al. [16]
demonstrated that only approximately half of the
CD4+CD25+ population expresses FOXP3. Thus,
FOXP3-positive Tregs represent a more distinct T
cell population than those described in previously
published studies that relied on CD4+CD25+ pro-
file alone. This implies that FOXP3 level, an indi-
cator of Treg activity, might also be an indicator of
breast tumorigenesis. Since invasion, size, and vascu-
larity are prognostic parameters in breast cancer, the
finding of an association between FOXP3 expression
and these parameters suggests a role of FOXP3 as a
marker of progression of breast carcinoma to an
aggressive tumor phenotype.

Our prespecified hypothesis was that the num-
bers of FOXP3-positive Tregs would be clinically
relevant in TNBC patients, with a high number cor-
relating with a better or worse outcome. Given the
proposed immune modulating effects of Tregs in
patient tumor response, we attempted to correlate
the number of Tregs within breast carcinoma tissue
sections with other defined prognostic indicators of
clinical outcome.

Material and methods
Patients

Between 1999 and 2007, 857 patients with meta-
static breast cancer (MBC) received palliative
chemotherapy, hormonal therapy, and/or targeted
therapy at Samsung Medical Center. An experi-
enced pathologist, who determined the expressions
of CD4, CD25, and FOXP3 using IHC staining,
reviewed all the pathologic specimens. Of these,
173 patients were identified as having ER/PR-
negative and HER2-negative TNBC. Eighty-six
patients had archival breast tumor samples available
for IHC studies for CD4+, CD25+, and FOXP3.
The present study was performed with same cohort
as used by Cho et al. [17]. We retrospectively
obtained patients’ medical records, including demo-
graphic characteristics and clinical follow-up data.
The patients were followed for a median of
73.5 months (range 24.2—-120.0 months). This study
was approved by the Samsung Medical Center
Institutional Review Board.

CD4+, CD25+, and FOXP3 IHC and measurement

In this study, FOXP3, CD4, CD25 expression was
evaluated using formalin-fixed, paraffin-embedded
tumor sections. Tissue sections on glass slides were

deparaffinized with xylene, hydrated in serially
diluted alcohol, and then immersed in 3% hydrogen
peroxide (H,0,) to quench endogenous peroxidase
activity. Sections were subsequently processed in pH
9 Tris-EDTA (TE) buffer for 15 minutes in the
microwave for antigen retrieval. Avidin and biotin
were then applied consecutively to slides to eliminate
endogenous biotin-related background staining, and
the slides were incubated with primary antibodies for
60 minutes, rinsed with washing buffer three times,
and incubated with biotinylated antibodies for
FOXP3 (clone ab4728, 1:100 dilution; Abcam,
Cambridge, UK), CD4 (clone 4B12, 1:100
dilution; DAKO, Glostrup, Denmark), and CD25
(clone NCL-CD25-305, 1:300 dilution; Novocastra,
Newcastle, UK). After rinsing, the tissue sections
were incubated with horseradish peroxidase-
conjugated streptavidin for 20 minutes at room
temperature. Slides were then washed, developed
for 5 minutes with liquid 3,3’-diaminobenzidine,
counter-stained with Meyer’s hematoxylin, dehy-
drated, and mounted with Canada balsam for
examination. Distilled water containing 0.1% Tween
20 was used as a rinsing solution. The presence or
the absence of FOXP3 positive lymphocytes and
quantification of FOXP3 positive Tregs was evalu-
ated by an experienced pathologist who was blinded
to the clinicopathologic data. At least 10 high power
fields of peritumoral area were assessed. The pres-
ence of =15 FOXP3 positive Tregs, which was
median value of the results, was considered as high
FOXP3 expression [3]. For the quantification of
FOXP3, a status-blinded pathologist counted the
absolute number of FOXP3-positive lymphocytes
using an eyepiece graticule.

Statistical analyses

Recurrence-free survival (RFS) was measured from
the day of curative surgery to the first day of docu-
mented recurrence. Progression-free survival (PFS)
was measured from the first day of first-line pallia-
tive chemotherapy after recurrence to disease pro-
gression or death. Overall survival (OS) was
measured from the day of first-line chemotherapy
to death or the final follow-up day. In univariate
analysis, independent sample t-tests and y>-tests
were used for continuous and categorical variables,
respectively. The Kaplan-Meier product-limit
method was used to estimate the RFS, PFS, and
OS.The survival rates were compared using the log-
rank test. Multivariate analysis of the independent
prognostic factors for survival was performed using
the backward stepwise (likelihood-ratio statistics
based on the conditional parameter estimate)
method of the Cox proportional hazard regression



model with a 95% confidence interval (CI). We also
incorporated the newly proposed Reporting
Recommendations for Tumor Marker Prognostic
Studies (REMARK) criteria for tumor marker pub-
lications into this study [18]. As recommended
under the REMARK criteria, we included a dia-
gram to describe the descriptive analysis of patient
samples in this study.

Results

Patient characteristics and FOXP3 expression
in breast cancer tumor cells

Figure 1 shows the patients’ cohort of the study.
Of 857 patients with MBC who received palliative
management at Samsung Medical Center between
1999 and 2007, 173 TNBCs were identified. Of the
173 patients, the number of relapsed patients after
curative surgery was 152, and the remaining
21 patients had initial metastatic disease. Our final
cohort included 86 patients who had available tis-
sues to stain Tregs IHC. Table I lists the frequency
of prognostic clinicopathologic characteristics
according to high or low expression of FOXP3 on
immunostaining. FOXP3 staining was always local-
ized in the nucleus of breast cancers (Figure 2). Of
the 86 tumor specimens, 22 patients (25.6%) were
found to express FOXP3-positive Tregs (=15) in
the peritumoral area. Within the invasive tumor
samples, there was a significant correlation between
FOXP3-positive Tregs (=15) and lymphovascular
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invasion (p = 0.032),adjuvant taxane use (p = 0.048),
metastasis to local lymph nodes (p=0.048), and
metastasis to pleura (p = 0.008). Patients with tumors
that showed staining of =15 FOXP3-positive Tregs
had significantly longer OS (p=0.001) and PFS
(p=0.036), but there was not a significant association
with RFS (p =0.495) (Table I).

CD4 and CD25 expression in TNBC

CD25 is not restricted to T cells and both Treg. In
addition, activated effector T cell populations are
CD25+ [19], the CD4+CD25+ phenotype dose no
solely represent the human Tregs. To exclude those
CD4+ cell with intermediated to low levels of CD25
expression without immunoregulatory function [20],
the CD4+CD25highFOXP3+ phenotype was rec-
ommended for identifying the human Tregs. The
CD4+ expression T cells were 31 of 94 patients and
CD25high expression T cells were 57 of 94 patients.
The CD4+CD25highFOXP3 + Tregs were 23 of 94,
which showed CD4+ and CD25high expressions at
the same time.

Prognostic significance of FOXP3 expression in TNBC

Univariate analysis of clinical and pathobiologic
characteristics revealed that stage III tumors, adju-
vant anthracycline use, and adjuvant taxane use
were significantly associated with RFS (p =0.007,
p=0.018, and p=0.019, respectively; data not
shown), whereas no prognostic variables were

857 MBC patients who received palliative
treatment identified from 1999 to 2007

I

Independent review of IHC staining for ER,
PR, HER2 by 2 experienced pathologists

684 patients 173 patients
non-TNBC TNBC
21 MBC patients
who had initially stage IV
152 patients

who recurred after primary surgery

66 patients
not available to stain FOXP3
IHC

available to stain FOXP3 |[HC

86 patients

Figure 1. Patients’ cohort.
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Table I. Correlation analyses between the number of FOXP3-positive Tregs and both clinicopathologic

data for 86 TNBC patients.

Variable
Total number of

Regulatory T cells

FOXP3+ <15

FOXP3+ =15

patients, n (%) 64 (74.4%) 22 (25.6%) p-value™®
Age, years <45 36 (56.3%) 7 (31.8%) 0.085
=45 28 (44.0%) 15 (68.0%)
Histologic grade Low-intermediate 13 (20.5%) 1 (4.5%) 0.052
High 39 (60.8%) 21 (95.5%)
Missing 12 (18.7%) 0 (0.0%)
Initial stage 1 10 (15.6%) 3 (13.6%) 0.744
il 26 (40.6%) 11 (50.0%)
111 28 (43.8%) 8 (36.4%)
Lymphovascular invasion  Yes 20 (31.3%) 13 (59.1%) 0.032
No 17 (26.6%) 7 (31.8%)
Missing 27 (42.1%) 2 (3.1%)
Extensive intraductal Yes 4 (6.3%) 3 (13.6%) 1.000
component No 32 (50.0%) 19 (86.4%)
Missing 28 (43.7%) 0 (0.0%)
Adj chemotherapy Yes 58 (90.6%) 22 (100.0%) 0.331
No 6 (9.4%) 0 (0.0%)
Adj anthra Yes 45 (70.3%) 18 (81.8%) 0.405
No 19 (29.7%) 4 (18.2%)
Adj taxane Yes 16 (25.0%) 11 (50.0%) 0.048
No 48 (75.0%) 11 (50.0%)
Metastatic sites Yes 24 (37.5%) 14 (63.6%) 0.048
metastatic LNs No 40 (62.5%) 8 (36.4%)
bone Yes 23 (35.9%) 8 (36.4%) 1.000
No 41 (64.1%) 14 (63.6%)
liver Yes 13 (20.3%) 2 (9.0%) 0.333
No 51 (79.7%) 20 (91.0%)
lung Yes 32 (50.0%) 8 (36.4%) 0.326
No 32 (50.0%) 14 (63.6%)
pleura Yes 15 (23.4%) 0 (0.0%) 0.008
No 49 (76.6%) 22 (100.0%)
brain Yes 8 (12.5%) 4 (18.2%) 0.504
No 56 (87.5%) 18 (81.8%)
Relapse free survival (months) 20.5 (17.8-23.2) 20.3 (11.9-28.7) 0.495
Progression free survival (months) 3.0 (1.9-4.1) 4.2 (0.6-17.8) 0.036
Opverall survival (months) 16.8 (12.2-23.4) 23.8 (13.8-88.2) 0.001

Adj, adjuvant; Anthra, anthracycline; FOXP3, forkhead box protein P3; LN, lymph node; Tregs,

regulatory T cells;

*The >-test was used to test for differences between categorical variables.

associated with OS except for being FOXP3-
positive (Table II). Analysis of OS and PFS according
to the presence of FOXP3 using the log-rank test
revealed a significantly better prognosis for patients
with positive staining (p=0.036 for PFS and
p=0.001 for OS; Figure 3A and B). The group
with TNBC and high expression of FOXP3 had a
significantly better prognosis than did the group
with TNBC and low FOXP3 expression. Cox pro-
portional multivariate analysis using all of the
prognostic variables with p-values lower than
0.15 in the univariate analysis revealed that only
a high number of FOXP3-positive Tregs in
tumor cells (p =0.049, HR 2.4 95% CI 1.0-5.6) was
a significant independent prognostic factor for

increased OS. For PFS, stage III and lymphovascular
invasion, as well as a high number of FOXP3-positive
Tregs, were statistically significant prognostic factors
(p=0.001,HR 0.3 95% CI 0.1-0.6; p=0.002, HR
3.2 95% CI 1.5-6.5; p=0.032, HR 2.0 95% CI
1.1-3.6, respectively) (Table III).

Clinicopathologic characteristics of patients
with metastatic OS = 48 months

Table IV summarizes the characteristics of 11 patients
with 48 months or longer metastatic OSs. Initial
TNM staging and RFS did not appear to be charac-
teristic features. However, 10 of the 11 patients had
invasive ductal carcinoma and only one patient had
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Figure 2. FOXP3 immunohisochemical staining. Intracelluar nuclear stainings (black arrows) indicate positive FOXP3 lymphocytes in
peritumoral area underling invasive ductal carcinoma background (X 400).

metaplastic carcinoma. Interestingly, metastatic sites
at initial metastasis were limited to distant lymph
node, bone, and lungs. Excluding one patient, 10
patients showed high histologic grades. Accordingly,
PFSs were longer and numbers of palliative chemo-
therapy lines were relatively higher than other
patients. Obviously, numbers of FOXP3 positive
cells were much higher than other population of
patients (median 33).

Discussion

In this study, approximately 25.6% of triple-negative
breast tumor specimens had FOXP3-positive Tregs.
The goal of our study was to demonstrate signifi-
cant relationships between the number of tumor-
infiltrating Tregs and both clinicopathologic data
and survival in TNBC patients. Tregs come in many
forms with the most well-understood being those

Table II. Univariate analysis for metastatic overall survival and progression free survival to first line

palliative chemotherapy in the 86 patients.

(ON] PFS

Variables No. Months (95% CI) p-value Months (95% CI) p-value

Age =45
No 43 17.2 (7.6-26.8) 0.235 3.7 (3.2-4.2) 0.806
Yes 43 21.5 (11.3-31.7) 3.5 (1.6-5.4)

HG Il (n=74)
No 14 16.7 0.371 4.3 (3.3-5.3) 0.469
Yes 60 18.5 (15.4-21.6) 3.7 (2.8-4.6)

Stage 111
No 49 21.5 (10.4-32.6) 0.116 4.1 3.2-4.7) 0.076
Yes 37 13.4 (5.2-21.6) 2.5 (1.8-3.5)

LVI (n=57)
No 24 17.2 (6.6-27.8) 0.402 3.0 (0.5-5.5) 0.058
Yes 33 24.3 (17.8-31.8) 4.0 (2.8-5.2)

EIC (n=68)
No 51 18.5 (14.0-23.0) 0.552 3.8 (2.6-5.0) 0.441
Yes 7 50.9 (19.0-82.8) 11.0 (0.0-31.5)

Adj Anthra
No 23 12.5 (9.2-15.8) 0.132 3.9 (3.3-4.5) 0.896
Yes 63 21.2 (17.0-25.4) 3.5 (2.4-4.6)

Adj Taxane
No 59 20.1 (12.5-27.7) 0.650 3.6 (2.2-5.0) 0.921
Yes 27 18.5 (12.0-25.0) 3.8 (2.5-5.2)

FOXP3+
<15 64 16.8 (12.2-23.4) 0.001 3.0 (1.9-4.1) 0.036
=15 22 23.8 (13.8-88.2) 4.2 (0.6-7.8)

Adj, adjuvant; Anthra, anthracycline; CI, confidence interval; EIC, extensive intraductal component;
FOXP3, forkhead box protein P3; HG, histologic grade; LVI, lymphovasculari invasion; No., number;

OS, overall survival; PFS, progression free survival.
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Figure 3. Kaplan-Meier Survival curves for PFS and OS. (A) showed PFS curves according to the status of positive FOXP3 cells. Analysis
of PFS revealed a significantly better prognosis for FOXP3+ Tregs =15 compared with FOXP3+ Tregs <15 (p=0.036). (B) showed
OS curves according to the status of positive FOXP3 cells. Analysis of OS revealed a significantly better prognosis for FOXP3+ Tregs

=15 compared with FOXP3+ Tregs <15 (p=0.001).

express CD4, CD25, and FOXP3. Among various
subsets of Tregs, FOXP3 can be used as a good
marker for CD4+CD25+ T cells as well as recent
studies showingevidence for FOXP3in CD4+CD25-
T cells [21].

One of the original and intriguing findings of
this study was the observation that =15 FOXP3-
positive and <15 FOXP3-positive Tregs had
opposing prognostic significance. There is highly
significant association between FOXP3 expression
and good prognosis as well as its independent
prognostic value. This finding suggests that FOXP3

would have possibility as a new prognostic marker
for breast carcinoma. However, the result needs
to be validated and further study is warranted.
Zuo et al. [22] identified FOXP3 as a transcrip-
tional repressor of the HER2/ERBB2 oncogene
and the breast cancer oncogene SKP2.The authors
showed that FOXP3 also suppressed growth and
induced cell death in MCF-7 cells, a breast cancer
line without HER2/ERBB2 overexpression [23].
Functional studies of =15 FOXP3-positive and
<15 FOXP3-positive Tregs may shed more light
on their role in the antitumor response and
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Table III. Multivariate proportional analysis of overall survival in TNBC patients.

(O N PFS
Variable Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value
FOXP3 Treg <15 2.4 1.0-5.6 0.049 2.0 1.1-3.6 0.032
Stage 111 0.3 0.1-0.6 0.001
LVI + 3.2 1.5-6.5 0.002

CI, confidence interval; FOXP3, forkhead box protein P3; LVI, lymphovascular invasion.

help to explain the observed associations with the
prognosis.

A variety of prognostic and pathologic factors
have been used to predict survival in breast cancer
patients, including tumor size and grade, nodal sta-
tus, and other biomarkers, such as ER, PR, and
HER2. Although the current prognostic factors pre-
dict relapse in the first five years after therapy, it is
unclear whether these parameters are useful in pre-
dicting long-term survival or late relapse, especially
in patients with TNBC. According to Park et al. [24],
the AJCC TNM staging system does not work for
TNBC patients, like as in other subtypes, and
Kaplan-Meier curves of TNBC patients from stage I
to IIIA show no significant difference in relapse free
survival. The identity of favorable prognostic factors
in TNBC remains a major unanswered question.

Curiel [25] identified the inability of the immune
system to eradicate established tumors as the seventh
fundamental hallmark of cancer, which added to
Hannahan and Weinberg’s six fundamental hallmarks
of cancer from 2000. However, the roles of immuno-
suppression in cancer evolution and treatment out-
come are currently under evaluation [26]. It has been
hypothesized that immunologic factors, specifically
Tregs, play a significant role in tumor development
and progression due to their ability to induce immune
tolerance to a cancer. It is now generally accepted
that Tregs interfere with productive tumor immune
surveillance and represent a major obstacle for the
successful development of cancer immunotherapy.
Tregs are generally considered to be immunosup-
pressive and have been linked to poor outcomes in
several types of solid tumors [3-14]. However, in the
hormone-negative group of one study, there was no
difference in survival between FOXP3-high and
FOXP3-low patients [27]. There is conflicting data
in the literature about the role of Tregs in breast can-
cer patients. However, this study used FOXP3 mRNA
expression using PCR [27], not IHC. Probably, the
difference in method might result in discrepancy of
the result.

As one of the most aggressive breast cancer phe-
notypes, TNBC has been significantly associated
with a higher average number of FOXP3-positive
cells. Bohling et al. [28] also noted a trend toward

an increased number of FOXP3-positive cells and
negative ER status. Recently, a few results were
reported that Tregs including FOXP3 were associ-
ated with breast cancer pathogenesis and outcomes,
especially for basal-like breast cancer [29-31]. With
respect to the mechanism, through which, FOXP3
expression might influence tumor aggressiveness,
Hinz et al. [32] have suggested that FOXP3 expres-
sion in pancreatic carcinoma cells may represent a
type of molecular mimicry that enables immune eva-
sion of tumor cells. These findings suggest that there
may be a greater induction of immune tolerance to
these more aggressive tumor types. Tregs in the
tumor microenvironment are thought to function as
mediators of immune evasion mechanisms.

Most interestingly, the patients who had
48 months or longer metastatic survival in our cohort
showed unique clinicopathological features
(Table IV). According to our analysis, there may be
a few TNBC patients who show an indolent clinical
course. Characteristic features of the patients showed
high grade invasive ductal carcinoma at initial diag-
nosis. Most of them seemed to be responsive to adju-
vant chemotherapy. However, their distant metastases
developed independent of TNM tumor stages and
metastatic sites usually limited to distant lymph
nodes, bone, and lung. Their responses to palliative
chemotherapy did not appear to be superior to those
of other TNBCs, PFSs were relatively longer than
other TNBC patients. Importantly, these sub-
populations of TNBC patients would be strongly
associated with increased FOXP3 Treg functions.
Even though these findings were merely immature
observations, it could be one plausible explanation
for heterogeneity of TNBCs. It implies FOXP3 could
be one of provocative biomarker in TNBCs. Although
most of the studies for TNBC are mainly focused on
BRCAI1-deficient tumors, a recent study by compre-
hensive gene expression analysis showed TNBC
could be divided into six subtypes [32]. According
to the study, BRCA-associated subtype is limited to
47% of all TNBC patients. In essence, there is
immune modulatory subtype among several subtypes
of TNBCs, in which immune signature is enriched
for gene ontologies in immune cell process. Further-
more, the subtype overlaps with a gene signature for
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Table IV. Clinicopathologic characteristics of the patients who had 48 months or longer metastatic overall survival.

S. Lee et al.

Response to first line

# of palliative
chemotherapy lines

palliative
chemotherapy

Initial metastatic

No. of
FOXP3

mOS (ms)

PFS (ms)

HG RFS (ms) sites

Histology

Adj CTx

Stage

Age

Pts

48.4

7.0
21.0

PR
SD
PD
CR
PR
CR
SD
SD
PR
PR
SD

Bone & LLNs

Bone

31.3

High

IIA Yes IDC
ITIA

II1A

IIIC

1A

49

33

52.9+
53.2+
60.3+

60.8

41.2

High
High
High

IDC

Yes

49

17
34
72
66

1.9
28.0

Lung
LNs

18.3

Metaplastic

IDC

Yes

47

54.8

Yes

38
45

13.4

Bone & LNs
Lung & LNs

Lung

High 35.9

High

IDC

Yes

60.9+
61.2

11.0

19.2

IDC

Yes

52
36
51

161
24
18
40

4.7

73.3

Intermediate

High
High
High
High

Yes IDC

IIA

70.7+

4.0
47.0

Lung

56.9

IDC

Yes

72.7

Lung
LNs

34.8

II1A Yes IDC

IIIC

28
32
54

78.1+

12.0

80.3

IDC

Yes

66
27

10
11

88.2+

12.5

Bone

8.9

IDC

Yes

Adj CTx, adjuvant chemotherapy; CR, complete response; HG, histologic grade; IDC, invasive ductal carcinoma; Interm, intermediate; mOS, metastatic overall survival; ms, months; No.,

number; PD, progressive disease; +, alive at present; PFS, progression-free survival; PR, partial response; Pts, Patients; RFS, relapse-free survival; SD, stable disease; stage, initial stage.

medullary breast cancer which is associated with a
favorable prognosis despite its high-grade histology.
In this regard, our study has significant implication
for TNBC as described. Considering FOXP3 expres-
sion has favorable prognostication for TNBC in our
study, FOXP3 may a candidate biomarker for
immune modulatory subtype of TNBC.

In the clinical context, it is important to note
that FOXP3 expression served to discriminate the
prognostic risk of patients with TNBC, since OS of
TNBC/=15 FOXP3-positive patients was signi-
ficantly better than that of TNBC/< 15 FOXP3-
positive patients. These findings might aid in the
identification of subgroups of patients who are more
likely to have a good outcome and to whom specific
therapies might be directed. It may offer a novel
therapeutic target for these patients, who are not
candidates for hormonal therapy or trastuzumab
treatment.

Our study has several limitations, in which retro-
spective study usually have. First, the study population
may have selection bias. In addition, heterogeneity of
the treatment could affect the outcomes, which was
not considered in this study. However, despite these
main drawbacks, our study showed the possibility of
Tregs as a biomarker for TNBC.

In conclusion, the present study is the first report
on the prognostic significance of =15 FOXP3-
positive and <15 FOXP3-positive Tregs in TNBC.
Although further studies are required before changes
in clinical practice can be recommended, the present
results suggest that assessment of =15 FOXP3-
positive Tregs and <15 FOXP3-positive Tregs in
combination with other risk factors could improve
the prognostic stratification of TNBC. Treg monitor-
ing and manipulation in cancer patients has emerged
as a promising new treatment option [33].
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