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Simple Summary: Triple-negative breast cancer (TNBC) is a disease in which immunotherapy is
more successful than in other subtypes of breast cancer. We describe a specific immune response
involved in the infiltration of regulatory T cells in TNBC. Focusing on interleukin 33 (IL-33) and
transforming growth factor beta 2 (TGFb2), which were identified by network analysis, we examined
the therapeutic effect and prognosis of patients by immunohistostaining for these markers. We
found that FOXP3 is a good prognostic factor for patients with high IL-33 and TGFb2 in the tumor.
This finding may lead to the development of novel therapeutic strategies such as inducing these
cytokines. It also provides deeper insight into the role of FOXP3, a universal marker of regulatory T
cells, in TNBC.

Abstract: Triple-negative breast cancer (TNBC) is characterized by an active immune response. We
evaluated intratumoral interrelation between FOXP3+ tumor-infiltrating lymphocytes and other
cytokines in TNBC. Network analysis refined cytokines significantly correlate with FOPX3 in TNBC.
Information on the treatment response and prognosis of patients, and survival data from the TGCA
and METABRIC databases were analyzed according to refined cytokines. Interleukin (IL)-33 was
significantly expressed by TNBC cell lines compared to luminal cell lines (log2 fold change: 5.31,
p < 0.001) and IL-33 and TGFB2 showed a strong correlation with FOXP3 in the TNBC cell line. Im-
munohistochemistry demonstrated that the IL-33 high group was a significant predictor of complete
response of neoadjuvant chemotherapy (odds ratio (OR) 4.12, p < 0.05) and favorable survival com-
pared to the IL-33 low group (OR 6.48, p < 0.05) in TNBC. Survival data from TGCA and METABRIC
revealed that FOXP3 was a significantly favorable marker in the IL-33 high group compared to the
low IL-33 low group (hazard ratio (HR) 2.1, p = 0.02), and the IL-33 high/TGFB2 high subgroup
showed significant favorable prognosis in the FOXP3 high group compared to the FOPX3 low group
in TNBC (HR 3.5, p = 0.01). IL-33 and TGFB2 were key cytokines of intratumoral interrelation among
FOXP3 in TNBC.

Keywords: FOXP3; regulatory T cell; tumor-infiltrating lymphocyte; neoadjuvant chemotherapy;
triple-negative breast cancer

1. Introduction

In 2021, approximately 2.2 million women were diagnosed with breast cancer, and
nearly 700,000 women died of breast cancer [1]. Triple-negative breast cancer (TNBC),
defined as nonexpression of estrogen receptor (ER) and progesterone receptor and no
amplification or overexpression of human epidermal growth factor receptor 2 (HER2),
accounts for 10–20% of breast cancers. The overall 5-year survival rate after a diagnosis
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of TNBC is 40%. The recurrence rate after surgery is as high as 25%, and the mortality
rate within 3 months after relapse is 75% [2,3]. Chemotherapy remains the standard thera-
peutic approach for TNBC at all stages, and pathological complete response (pCR) after
neoadjuvant chemotherapy is a favorable surrogate marker. In addition, post-neoadjuvant
therapy to improve the prognosis of patients with non-pCR TNBC achieves a successful
outcome [4]. Previous studies have shown that TNBC has high immunogenicity and tends
to stimulate the production of a high level of tumor-infiltrating lymphocytes (TILs) [5,6].
TIL-rich or lymphocyte-predominant TNBC is associated with a good prognosis and re-
sponse to chemotherapy [7,8]. This provides a strong rationale for the inhibition of tumors
from escaping anticancer immune mechanisms, such as immune checkpoint inhibitors,
including programmed death-ligand 1 (PD-L1) and cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4), by immunotherapies in TNBC [9,10]. In addition, the evaluation of
some cancer-related gene mutations, such as in BRCA1/2, is promising for obtaining addi-
tional molecular-targeted agent options [11,12]. Although some patients with TNBC are
expected to have an improved prognosis, the prognosis of patients with total TNBC is yet
to improve [13]. TILs comprise immunoprogressive or immunosuppressive components.
Among TILs, regulatory T cells (Tregs), which express the transcription factor forkhead
box P3 (FOXP3), are recognized by immunohistochemical (IHC) staining of FOXP3 posi-
tivity [14,15]. Previous studies have reported that the prognostic value of FOXP3+ TILs in
breast cancer is worse because of their immunosuppressive function [16,17]. In contrast,
some studies have reported that higher FOXP3+ TILs are associated with favorable out-
comes [18,19]. The prognostic value of FOXP3+ TILs in breast cancer outcomes remains
controversial [20].

In this study, we assessed the prognostic value of FOXP3+ TILs in TNBC from the
standpoint of the immunological response network. We aimed to improve our under-
standing of the immunological relevance of FOXP3+ TILs in TNBC and develop a new
immunotherapy strategy for TNBC.

2. Materials and Methods
2.1. Ethics Statement

The Institutional Review Board of Hiroshima Kyoritsu Hospital, Hiroshima, Japan,
approved this study in accordance with the Good Clinical Practice guidelines and the
Declaration of Helsinki (approval number: HK2020-3-01; approval date 1 March 2020. The
requirement for informed consent was waived due to the retrospective nature of the study.

2.2. Patients and Tumor Samples

We selected formalin-fixed, paraffin-embedded (FFPE) tumor samples of patients with
TNBC with a luminal subtype who underwent neoadjuvant chemotherapy and complete
resection between December 2014 and March 2021 in the Department of Breast Surgery,
Hiroshima Kyoritsu Hospital, Hiroshima, Japan. The neoadjuvant chemotherapy (NAC)
regimen consisted of four cycles of docetaxel (75 mg/m2 every 3 weeks); 12 of paclitaxel
(80 mg/m2 every week), followed by four of the FEC regimen (500 mg/m2 5-fluorouracil,
100 mg/m2 epirubicin, and 500 mg/m2 cyclophosphamide every 3 weeks), four of the AC
regimen (60 mg/m2 doxorubicin and 600 mg/m2 cyclophosphamide every 3 weeks), or four
of the dose-dense AC regimen (60 mg/m2 doxorubicin and 600 mg/m2 cyclophosphamide
every 2 weeks).

Male patients, patients with noninvasive or microinvasive carcinoma instead of pri-
mary breast cancer, and patients who could not receive the scheduled NAC were excluded
from the study.

2.3. Pathological Assessment and Evaluation

Histological characteristics, including nuclear grade, ER and HER2 status, and the Ki-
67 labeling index, were assessed using needle biopsy before NAC according to the American
Society of Clinical Oncology/College of American Pathologists Guidelines, wherein the
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molecular subtypes of invasive breast cancer are classified as either triple-negative (ER−
HER2−) or luminal (ER+ HER2−). The Ki-67 labeling index was scored according to the
guidelines and tumors were classified as having high (≥20%) or low (<20%) proliferation
potential [21]. Stromal TILs were assessed on hematoxylin and eosin-stained slides with the
maximum number of tumor lesions, and lymphocyte-predominant breast cancer (LPBC)
was defined as stromal TIL ≥ 50%. Nodal metastasis was assessed using fine-needle biopsy
of lymph nodes before NAC. Pathological complete response (pCR) was defined as the
absence of invasive residuals in the primary lesion and axillary lymph nodes.

2.4. Molecular Network and Pathway Analysis

The molecular network of differentially expressed genes was analyzed using KeyMol-
net, an integrated platform for biological information (KM Data Co., Tokyo, Japan) [22].

The statistical significance of the concordance between the extracted network and
canonical pathways was evaluated as “log2 fold change” using an algorithm defined in
KeyMolnet. The “score” was calculated based on hypergeometric distribution between the
searched molecular network and the canonical pathway.

In mRNA analysis, genes that differentially expressed mRNA in TNBC and luminal cell
lines, calculated as log2 fold change ≤−5 and ≥5, were extracted (p ≤ 0.001). Meanwhile,
in miRNA analysis, genes that differentially expressed miRNA, expressed as log2 fold
change ≤−1 and ≥1, were extracted (p ≤ 0.001).

2.5. Immunohistochemistry

Breast cancer tissues were cut into serial 5 µm sections and transferred onto elec-
trostatic slides for immunochemical analysis. These specimens were heated at 65 ◦C for
30 min, deparaffinized in xylene, and rehydrated in a graded ethanol series. Subsequently,
endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 10 min. Next,
5% bovine serum albumin/1× Tris-buffered saline and Tween-20 were used to reduce
nonspecific background staining. IHC staining of FOXP3 (mouse, clone 236A/E7, ab20034;
Abcam, Cambridge, UK), interleukin (IL)-33 (rabbit, ab207737; Abcam), and transforming
growth factor beta 2 (TGFB2) (mouse, clone SD4, ab36495; Abcam) was performed accord-
ing to the manufacturer’s instructions. The degree of positivity of the markers was graded
as low, medium, or high by one pathologist by visual estimation, and by two surgeons
according to the H score. H scores <100, 100–199, and ≥200 were graded as low, medium,
and high, respectively.

2.6. External Gene Expression Data Analysis

In molecular network analysis, gene expression data were extracted from the Gene
Expression Omnibus Database (https://www.ncbi.nim.nih.gov/geo (accessed on 20 Jan-
uary 2020)). mRNA expression analysis using RNA sequencing data of TNBC cell lines
(MDA-MB-468, HCC70, and HCC 1143) and non-TNBC cell lines (MCF7, BT474, and T47D)
was included. miRNA expression analysis data were extracted from microarray data of
TNBC cell lines (MDA-MB-231 and CAL-51) and non-TNBC cell lines (ZR-75-1 and MCF7).
In survival analysis, gene expression and survival data from TNBC samples were derived
from The Cancer Genome Atlas (TGCA) [23] and the Molecular Taxonomy of Breast Cancer
International Consortium (METABRIC) [24]. TNBC samples from patients who received
chemotherapy were analyzed. Propensity score matching was performed between the
groups according to other clinical data.

2.7. Statistical Analyses

Associations between groups and variables were evaluated using the Chi-squared
test or Fisher’s exact test. The cutoff values for optimal gene expression were calculated
using the maximization method of the log-rank p-value in the maxstat R package [25]. The
survival information of TNBC patients and the mRNA levels of each case were extracted
from the TGCA and METABRIC cohort databases and analyzed according to the level of
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refined cytokines. Survival curves using TCGA and METABRIC cohorts were calculated
using the Kaplan–Meier method and compared using the log-rank test. Patient and tumor
factors in each group were adjusted by propensity score matching, and values of p < 0.05
were considered statistically significant.

3. Results
3.1. Molecular Network Analysis of Treg Infiltration of TNBC

The signaling pathways that correlated with MMP, p53, and HIF were significantly
enriched, and transcriptional regulation of SMADs and miRNA were upstream in their
pathways in TNBC cell lines compared with luminal cell lines (Figure 1a,b). Among
the cytokines and chemokines significantly expressed in TNBC cell lines compared with
luminal cell lines, only IL-33 was highly expressed (log2 fold change: 5.31732, p < 0.001)
(Figure 1c).
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TGFB2, and IL-33, showed high scores in their correlation with FOXP3 (Score: MSN: 8.54, 
NT5E: 6.15, MMP2: 5.98, TGFB2: 5.73, and IL-33: 5.45) (Figure 1d), and notably, these genes 
were directly correlated with FOXP3 (Figure 2a) 
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Figure 1. Representative molecular and genetic interrelation between triple-negative breast cancer
(TNBC) cell lines (MDA-MB-231 and CAL-51) and luminal cell lines (ZR-75-1 and MCF7). (a) Enriched
signaling pathways, (b) transcriptional regulation of upstream pathway, (c) cytokines and chemokine,
and (d) genes significantly correlated with forkhead box P3 (FOXP3) in TNBC cell lines compared
with the luminal cell lines. Each log2 fold change value was ranked. The score was calculated based
on hypergeometric distribution between the searched molecular network and the canonical pathway.
* indicates significant pathway in TNBC compared to luminal subtype.

Certain genes, including MSN (encodes moesin), NT5E (encodes CD73), MMP2,
TGFB2, and IL-33, showed high scores in their correlation with FOXP3 (Score: MSN:
8.54, NT5E: 6.15, MMP2: 5.98, TGFB2: 5.73, and IL-33: 5.45) (Figure 1d), and notably, these
genes were directly correlated with FOXP3 (Figure 2a)



Cancers 2022, 14, 2138 6 of 16
Cancers 2021, 13, x FOR PEER REVIEW 6 of 16 
 

 

(a) 

 
(b) 

 
(c) Figure 2. Cont.



Cancers 2022, 14, 2138 7 of 16Cancers 2021, 13, x FOR PEER REVIEW 7 of 16 

(d) 

Figure 2. Relationship diagram of genes correlated with FOXP3 in TNBC revealed by network anal-
ysis. The solid lines indicate direct regulation, and the dotted lines indirect regulation. Color grada-
tions of ovals indicate the expression level of each gene (left down). (a) Specific genes correlated 
with FOXP3 in TNBC cell lines (MDA-MB-231 and CAL-51). (b) Refined regulation relationship of 
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Figure 2. Relationship diagram of genes correlated with FOXP3 in TNBC revealed by network
analysis. The solid lines indicate direct regulation, and the dotted lines indirect regulation. Color
gradations of ovals indicate the expression level of each gene (left down). (a) Specific genes correlated
with FOXP3 in TNBC cell lines (MDA-MB-231 and CAL-51). (b) Refined regulation relationship of
moesin, transforming growth factor beta 2 (TGFB2), interleukin (IL)-33, CD73, and MMP2. (c) Refined
regulation relationship of TGFB. (d) Refined regulation relationship of IL-33.

The detailed network revealed that MSN was activated in the TGFB signaling pathway,
CD73 was regulated by HIF1, and TGFB was significantly activated by leucine aminopepti-
dase and MMP2 (Figure 2b,c).

The levels of miR-200b, a positive regulator of IL-33 transcription, significantly de-
creased in TNBC cell lines compared with non-TNBC cell lines (log2 fold change: −0.65558,
p < 0.001) (Figure 2d, left). The expression of caspase-1, which activates IL-33, was signifi-
cantly high in TNBC cell lines compared with luminal cell lines (log2 fold change: 3.6958,
p < 0.001) (Figure 2d, right). Among immune checkpoint-related molecules, CD274 was
significantly correlated with FOXP3 in TNBC cell lines compared with luminal cell lines
(log2 fold change: 4.15994, p < 0.001) (Figure 1d). Thus, we focused on IL-33 and TGFB2 as
key markers involved in FOXP3+ TIL infiltration in TNBC.
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3.2. Histopathological Evaluation of Markers Involved in FOXP3 in TNBC

FOXP3, IL-33, and TGFB2 proteins were verified in the FFPE samples obtained by
biopsy before NAC from TNBC and luminal subtype patients. Table 1 shows the patient
characteristics following complete resection. The HER2 subtype, a typical subtype of breast
cancer, was excluded to verify the pure network analysis results. FOXP3 was positive for
5–35% of the stromal TILs. IL-33 and TGFB2 were positive in the stromal tumor lesion
(Figure 3a). Compared to the luminal subtype, TNBC showed a significantly high rate of
LPBC (TNBC 35.0% vs. luminal 5.0%, p < 0.05) and high pCR rate to NAC (TNBC 45.0%
vs. luminal 5.0%, p < 0.05) (Figure 3b, left). The TNBC group showed a higher ratio of
positivity for FOXP3, IL-33, and TGFB2 than the luminal group (Figure 3b right). The pCR
group significantly comprised more patients with LPBC than the non-pCR group (pCR
66.7% vs. non pCR 18.2%, p < 0.05) (Figure 3c, left). Moreover, the pCR group had a higher
positivity for IL-33 and TGFB2 than the non-pCR group (medium + high ratio of IL-33: pCR
100% vs. non-pCR 55.6%, p < 0.05; medium + high ratio of TGFB2: pCR 77.8% vs. non-pCR
55.6%, p < 0.05) (Figure 3c, right). Logistic regression analysis of pCR revealed that LPBC
and IL-33 were significant predictors of pCR (univariate analysis: LPBC, OR 2.13; IL-33,
OR 3.5; all p < 0.05; multivariate analysis: LPBC, OR 5.45; IL-33, OR 4.12; all p < 0.05) in
TNBC (Table 2). Logistic regression analysis of overall survival revealed LPBC and IL-33
were significant predictors of overall survival (univariate analysis: LPBC, OR 3.55; IL-33,
OR 2.63; all p <0.05; multivariate analysis: LPBC, OR 8.45; IL-33, OR 6.48; all p < 0.05.) in
TNBC (Table 3). The mean follow-up period of the study patients was 48 months.

Cancers 2021, 13, x FOR PEER REVIEW 8 of 16 

rate of LPBC (TNBC 35.0% vs. luminal 5.0%, p < 0.05) and high pCR rate to NAC (TNBC 
45.0% vs. luminal 5.0%, p < 0.05) (Figure 3b, left). The TNBC group showed a higher ratio 
of positivity for FOXP3, IL-33, and TGFB2 than the luminal group (Figure 3b right). The 
pCR group significantly comprised more patients with LPBC than the non-pCR group 
(pCR 66.7% vs. non pCR 18.2%, p < 0.05) (Figure 3c, left). Moreover, the pCR group had a 
higher positivity for IL-33 and TGFB2 than the non-pCR group (medium + high ratio of 
IL-33: pCR 100% vs. non-pCR 55.6%, p < 0.05; medium + high ratio of TGFB2: pCR 77.8% 
vs. non-pCR 55.6%, p < 0.05) (Figure 3c, right). Logistic regression analysis of pCR revealed 
that LPBC and IL-33 were significant predictors of pCR (univariate analysis: LPBC, OR 
2.13; IL-33, OR 3.5; all p < 0.05; multivariate analysis: LPBC, OR 5.45; IL-33, OR 4.12; all p 
< 0.05) in TNBC (Table 2). Logistic regression analysis of overall survival revealed LPBC 
and IL-33 were significant predictors of overall survival (univariate analysis: LPBC, OR 
3.55; IL-33, OR 2.63; all p <0.05; multivariate analysis: LPBC, OR 8.45; IL-33, OR 6.48; all p 
< 0.05.) in TNBC (Table 3). The mean follow-up period of the study patients was 48 
months. 

(a) 

(b)

Figure 3. Cont.



Cancers 2022, 14, 2138 9 of 16Cancers 2021, 13, x FOR PEER REVIEW 9 of 16 

(c) 

Figure 3. Histopathological assessment of FOXP3+ tumor-infiltrating lymphocytes (TILs) in TNBC 
and luminal subtype biopsy samples of patients who underwent neoadjuvant chemotherapy 
(NAC). All samples (TNBC, n = 20; luminal, n = 20) were obtained by biopsy of tumors before NAC. 
(a) Immunohistochemical staining of FOXP3, IL-33, and TGFB2 markers, and (above) non-lympho-
cyte-predominant breast cancer (LPBC) (stromal TILs < 50%) and (below) LPBC (stromal TILs ≥
50%). Representative ×100 magnification and ×400 magnification (top right) images of each case. (b)
Details about the incidence of stromal TILs (non-LPBC/LPBC), treatment response to NAC (non-
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Figure 3. Histopathological assessment of FOXP3+ tumor-infiltrating lymphocytes (TILs) in TNBC
and luminal subtype biopsy samples of patients who underwent neoadjuvant chemotherapy
(NAC). All samples (TNBC, n = 20; luminal, n = 20) were obtained by biopsy of tumors before NAC.



Cancers 2022, 14, 2138 10 of 16

(a) Immunohistochemical staining of FOXP3, IL-33, and TGFB2 markers, and (above) non-
lymphocyte-predominant breast cancer (LPBC) (stromal TILs < 50%) and (below) LPBC (stromal
TILs ≥ 50%). Representative ×100 magnification and ×400 magnification (top right) images of
each case. (b) Details about the incidence of stromal TILs (non-LPBC/LPBC), treatment response
to NAC (non-pathological complete response (pCR) and pCR), FOXP3, IL-33, and TGFB2 in TNBC
and luminal subtype. (c) Details about the incidence of stromal TILs and positivity of FOXP3, IL-33,
and TGFB2 in TNBC. The degree of positivity of markers was determined in the field of view of the
maximum fracture surface of the tumor. FOXP3: <3%, low; 3–10%, medium; and ≤10%, high of total
TILs. IL-33 and TGFB2: <5%, low; 5–30%, medium; and ≤30%, high of total tumor.

Table 1. Patient characteristics (pre NAC information).

Variate TNBC (n = 20)
Number (%)

Luminal (n = 20)
Number (%)

Age (year), median (range) 57 (38–65) 59 (40–66)
Histological type

Infiltrating duct carcinoma 16 (80) 15 (75)
Lobular carcinoma 0 (0) 4 (20)

Other 4 (20) 1 (5)
T status

T1 3 (15) 0 (0)
T2 7 (35) 12 (60)
T3 6 (30) 5 (25)
T4 4 (20) 3 (15)

Nodal metastasis
Negative 9 (45) 3 (15)
Positive 11 (55) 17 (85)

Histological grade
1 1 (5) 2 (10)
2 8 (40) 9 (45)
3 11 (55) 9 (45)

LVI
Negative 5 (25) 12 (60)
Positive 15 (75) 8 (40)

Ki-67 labeling index
<20% 2 (10) 6 (30)
≥20% 18 (90) 14 (70)

Stromal TILs
Non-LPBC (stromal TIL <50%) 13 (65) 19 (95)

LPBC (stromal TILs ≥50%) 7 (35) 1 (5)
Neoadjuvant chemotherapy

Non-pCR 11 (55) 19 (95)
pCR 9 (45) 1 (5)

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LPBC, lymphocyte-predominant
breast cancer; LVI, lymphovascular invasion; pCR, pathological complete response; TILs, tumor-
infiltrating lymphocytes.

Table 2. Univariate and multivariate analyses for predicting pathological complete response in TNBC.

Variate
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Ki-67 labeling index (≥20% vs. <20%) 2.34 (0.48–9.79) 0.158 1.89 (0.33–8.97) 0.264
TILs (LPBC vs. non LPBC) 2.13 (1.88–5.648) 0.002 5.45 (1.08–13.8) 0.002

Histological grade (0–1 vs. 2–3) 1.89 (0.22–5.98) 0.685 2.17 (0.45–6.58) 0.475
LVI (positive vs. negative) 5.12 (0.68–6.85) 0.445 4.98 (0.59–1.57) 0.555

IL33 (high vs. low) 3.54 (1.65–6.948) 0.001 6.32 (2.65–12.5) 0.003
TGFb2 (high vs. low) 4.12 (0.95–2.32) 0.542 3.85 (0.54–3.98) 0.335

CI, confidence interval; OR, odds ratio; LPBC, lymphocyte predominant breast cancer.
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Table 3. Univariate and multivariate analyses for overall survival in TNBC.

Variate
Univariate Analysis Multivariate Analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Ki-67 labeling index (≥20% vs. <20%) 3.25 (0.84–5.23) 0.658 2.45 (0.33–9.65) 0.678
TILs (LPBC vs. non LPBC) 3.42 (2.33–8.65) 0.008 6.54 (1.45–21.4) 0.015

Histological grade (0–1 vs. 2–3) 0.54 (0.24–5.75) 0.651 0.98 (0.35–5.42) 0.524
LVI (positive vs. negative) 2.57 (0.65–6.51) 0.447 5.26 (1.54–15.4) 0.284

Treatment response of NAC (pCR vs. non pCR) 3.55 (2.04–9.58) 0.002 8.45 (1.98–14.5) 0.001
IL33 (high vs. low) 4.12 (1.65–12.65) 0.003 6.48 (1.59–17.5) 0.004

TGFb2 (high vs. low) 2.31 (0.29–5.75) 0.514 1.57 (0.33–9.87) 0.246

CI, confidence interval; HR, hazard ratio; LPBC, lymphocyte predominant breast cancer; LVI, lymphovascular
invasion; TILs, tumor-infiltrating lymphocytes.

3.3. Survival Analysis of TNBC According to the Level of FOXP3 mRNA

Next, we analyzed large public TNBC data from the TGCA and METABRIC databases.
Regarding overall survival, FOXP3 was a significantly favorable marker in the IL-33 high
group compared with the IL-33 low group (HR2.1 [1.5–4.3]; p = 0.02) (Figure 4b). The
IL-33high/TGFB2high group showed the most significant favorable prognosis in patients
with FOXP3-high TNBC (HR3.5 [2.6–6.3]; p = 0.01) (Figure 4e).
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Figure 4. Overall survival of patients with TNBC in TGCA and METABRIC cohorts according
to FOXP3 mRNA levels under different conditions of IL-33 and TGFB2 mRNA levels (n = 302).
(a) FOXP3 high vs. low in the IL-33-low group (n = 200). (b) FOXP3 high vs. low in the IL-33-high
group (n = 102). (c) FOXP3 high vs. low in the TGFB2-low group (n = 153). (d) FOXP3 high vs. low
in the TGFB2-high group (n = 153). (e) Four groups (IL-33 high/TGFB2 high, IL-33 high/TGFB2
low, IL-33 low/TGFB2 high, and IL-33 low/TGFB2 low groups) in the FOXP3-high group (n = 135).
(f) Four groups (IL-33 high/TGFB2 high, IL-33 high/TGFB2 low, IL-33 low/TGFB2 high, and IL-33
low/TGFB2 low groups) in the FOXP3-low group (n = 167). *: p < 0.05.
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4. Discussion

We clarified the intratumoral interrelation between FOXP3+ regulatory T cells in
TNBC and verified whether these findings were related to the therapeutic response to
NAC and prognosis. We selected the luminal subtype instead of the HER2 subtype as a
comparison group; this is because the HER2 subtype has a distinct tumor environment
due to HER2-related pathways and an established treatment strategy (anti-HER2 agents).
Our results showed that the subpopulations of FOXP3+ TILs were associated with tumoral
inflammatory cytokine levels, treatment response to NAC, and prognosis in patients with
TNBC. The prognostic value of FOXP3 depends on the cytokine levels in TNBC. We
attempted to explore some cytokines specifically associated with FOXP3+ markers in
TNBC using a refined network search. The prognostic value of Tregs in the context of IHC
FOXP3 positivity or suppressive function of FOXP3+ TILs in breast cancer remains unclear.
Yeong et al. reported that higher densities of intratumoral FOXP3+ TILs are associated with
better prognosis in TNBC [26]. Some studies have reported that the balance of FOXP3+
TILs and other TILs is associated with breast cancer prognosis [27–31]; additionally, some
studies have shown that FOXP3+ Tregs have heterogeneous subpopulations; “effector”
Tregs (eTregs) have played roles in impeding antitumor immune responses, whereas “non-
Tregs” play a role in antitumor immune responses [32–34]. These subpopulations cannot
be detected by IHC staining because both are positive for FOXP3. Sugiyama et al. showed
that FOXP3high eTregs possess immunosuppressive functions, whereas FOXP3low non-
Tregs possess immunoprogressive functions and are associated with the production of
inflammatory cytokines [34]. Saito et al. demonstrated that a subpopulation of FOXP3 TILs
is associated with key cytokines, such as IL-12 and TBFB1, which influence the prognosis
of colorectal cancer [35]. We focused on IL-33 and TGF-β as significant markers related
to FOXP3+ TILs in TNBC. IL-33 is a cytokine belonging to the IL-1 family and is present
in the nuclei of various cells, including epithelial cells. IL-33 and IL-1α are damage-
associated proteins released extracellularly during tissue damage to transmit inflammatory
signals [36,37]. The IL-33 signal is transmitted via the ST2 receptor. The IL-33 receptor is
expressed in Tregs and is involved in proliferation and function [38]. The TGFB family
supposedly inhibits cellular immune responses and is a potent inducer of the epithelial-
to-mesenchymal transition in mammary cells. This transformation has been associated
with the acquisition of tumor stem-like properties [39]. The TGFB family influences the
cancer stem cell population; thus, cancer drug resistance may also be affected [40]. The
diversity of the subpopulations of FOXP3+ TIL infiltration is related to these cytokines,
and our findings may lead to new translational approaches for immunotherapy for TNBC,
such as decreasing FOXP3high eTregs or enhancing FOXP3low non-Tregs by the injection
of these cytokines. Our results also showed a significant relationship between Tregs and
PD-L1 expression in TNBC.

This study has some limitations. Network analysis is a study on a mathematical
model, and we have not conducted experiments to capture actual phenomena. We limited
the candidate cytokines and data as well as the discussions about other markers. Only a
limited number of samples underwent IHC. Our findings cannot elucidate the mechanism
underlying the increase or decrease in the levels of IL-33 and other cytokines in the tumor
microenvironment. Further validation studies and investigation of these findings may
help develop new therapeutic targets for FOXP3+ TILs. Enhancement of tumoral IL-33
by injection or specific induction of a relevant antagonist may improve the treatment
response and survival of patients with TNBC. Another translational strategy to identify a
more effective group for PD-L1 inhibitors according to FOXP3+ TIL levels in TNBC may
be effective.

5. Conclusions

Our findings indicate that IL-33 and TGFB2 were key cytokines of intratumoral in-
terrelation among FOXP3 in TNBC. FOXP3+ TIL infiltration is associated with tumoral
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expression of IL-33, and the prognostic value of FOXP3 depends on active expression of
these cytokines in TNBC.

Author Contributions: N.G. designed the study, wrote the initial draft of the manuscript and per-
fumed the whole analysis and completed the manuscript. C.N., I.N. and S.O. contributed to data
interpretation and critically reviewed the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: No funding was received for conducting this study.

Institutional Review Board Statement: The Institutional Review Board of Hiroshima Kyoritsu
Hospital, Hiroshima, Japan, approved this study in accordance with the Good Clinical Practice
guidelines and the 1964 Declaration of Helsinki and its later amendments or comparable ethical
approval (approval number: HK2020-3-01; approval date 1 March 2020).

Informed Consent Statement: The need for informed consent was waived due to the retrospective
nature of the study.

Data Availability Statement: The datasets used and analyzed during the current study are available
from the corresponding author on reasonable request.

Acknowledgments: We would like to thank all members of the Department of Pathology, Hiroshima
Kyoritsu Hospital for assisting with pathological analysis and other helpful support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Yin, L.; Duan, J.J.; Bian, X.W.; Yu, S.C. Triple-Negative Breast Cancer Molecular Subtyping and Treatment Progress. Breast Cancer

Res. 2020, 22, 61. [CrossRef] [PubMed]
3. Li, C.H.; Karantza, V.; Aktan, G.; Lala, M. Current Treatment Landscape for Patients with Locally Recurrent Inoperable or

Metastatic Triple-Negative Breast Cancer: A Systematic Literature Review. Breast Cancer Res. 2019, 21, 143. [CrossRef]
4. Masuda, N.; Lee, S.J.; Ohtani, S.; Im, Y.H.; Lee, E.S.; Yokota, I.; Kuroi, K.; Im, S.A.; Park, B.W.; Kim, S.B.; et al. Adjuvant

Capecitabine for Breast Cancer After Preoperative Chemotherapy. N. Engl. J. Med. 2017, 376, 2147–2159. [CrossRef] [PubMed]
5. Savas, P.; Salgado, R.; Denkert, C.; Sotiriou, C.; Darcy, P.K.; Smyth, M.J.; Loi, S. Clinical Relevance of Host Immunity in Breast

Cancer: From TILs to the Clinic. Nat. Rev. Clin. Oncol. 2016, 13, 228–241. [CrossRef] [PubMed]
6. Loi, S.; Michiels, S.; Salgado, R.; Sirtaine, N.; Jose, V.; Fumagalli, D.; Kellokumpu-Lehtinen, P.L.; Bono, P.; Kataja, V.;

Desmedt, C.; et al. Tumor-Infiltrating Lymphocytes Are Prognostic in Triple Negative Breast Cancer and Predictive for
Trastuzumab Benefit in Early Breast Cancer: Results from the FinHER Trial. Ann. Oncol. 2014, 25, 1544–1550. [CrossRef]
[PubMed]

7. Stanton, S.E.; Disis, M.L. Clinical Significance of Tumor-Infiltrating Lymphocytes in Breast Cancer. J. Immunother. Cancer 2016,
4, 59. [CrossRef]

8. Adams, S.; Gray, R.J.; Demaria, S.; Goldstein, L.; Perez, E.A.; Shulman, L.N.; Martino, S.; Wang, M.; Jones, V.E.; Saphner, T.J.; et al.
Prognostic Value of Tumor-Infiltrating Lymphocytes in Triple-Negative Breast Cancers from Two phase III Randomized Adjuvant
Breast Cancer Trials: ECOG 2197 and ECOG 1199. J. Clin. Oncol. 2014, 32, 2959–2966. [CrossRef] [PubMed]

9. Schmid, P.; Adams, S.; Rugo, H.S.; Schneeweiss, A.; Barrios, C.H.; Iwata, H.; Diéras, V.; Hegg, R.; Im, S.A.; Shaw Wright, G.; et al.
Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N. Engl. J. Med. 2018, 379, 2108–2121. [CrossRef]

10. Schmid, P.; Cortes, J.; Pusztai, L.; McArthur, H.; Kümmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.; Harbeck, N.; et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. N. Engl. J. Med. 2020, 382, 810–821. [CrossRef] [PubMed]

11. Baretta, Z.; Mocellin, S.; Goldin, E.; Olopade, O.I.; Huo, D. Effect of BRCA Germline Mutations on Breast Cancer Prognosis: A
Systematic Review and Meta-Analysis. Medicine 2016, 95, e4975. [CrossRef] [PubMed]

12. Robson, M.E.; Tung, N.; Conte, P.; Im, S.A.; Senkus, E.; Xu, B.; Masuda, N.; Delaloge, S.; Li, W.; Armstrong, A.; et al. OlympiAD
Final Overall Survival and Tolerability Results: Olaparib Versus Chemotherapy Treatment of Physician’s Choice in Patients with
a Germline BRCA Mutation and HER2-Negative Metastatic Breast Cancer. Ann. Oncol. 2019, 30, 558–566. [CrossRef] [PubMed]

13. Li, X.; Yang, J.; Peng, L.; Sahin, A.A.; Huo, L.; Ward, K.C.; O’Regan, R.; Torres, M.A.; Meisel, J.L. Triple-Negative Breast Cancer
Has Worse Overall Survival and Cause-Specific Survival than Non-Triple-Negative Breast Cancer. Breast Cancer Res. Treat. 2017,
161, 279–287. [CrossRef] [PubMed]

14. Sakaguchi, S.; Miyara, M.; Costantino, C.M.; Hafler, D.A. FOXP3+ Regulatory T Cells in the Human Immune System. Nat. Rev.
Immunol. 2010, 10, 490–500. [CrossRef] [PubMed]

15. Nishikawa, H.; Sakaguchi, S. Regulatory T Cells in Cancer Immunotherapy. Curr. Opin. Immunol. 2014, 27, 1–7. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.1186/s13058-020-01296-5
http://www.ncbi.nlm.nih.gov/pubmed/32517735
http://doi.org/10.1186/s13058-019-1210-4
http://doi.org/10.1056/NEJMoa1612645
http://www.ncbi.nlm.nih.gov/pubmed/28564564
http://doi.org/10.1038/nrclinonc.2015.215
http://www.ncbi.nlm.nih.gov/pubmed/26667975
http://doi.org/10.1093/annonc/mdu112
http://www.ncbi.nlm.nih.gov/pubmed/24608200
http://doi.org/10.1186/s40425-016-0165-6
http://doi.org/10.1200/JCO.2013.55.0491
http://www.ncbi.nlm.nih.gov/pubmed/25071121
http://doi.org/10.1056/NEJMoa1809615
http://doi.org/10.1056/NEJMoa1910549
http://www.ncbi.nlm.nih.gov/pubmed/32101663
http://doi.org/10.1097/MD.0000000000004975
http://www.ncbi.nlm.nih.gov/pubmed/27749552
http://doi.org/10.1093/annonc/mdz012
http://www.ncbi.nlm.nih.gov/pubmed/30689707
http://doi.org/10.1007/s10549-016-4059-6
http://www.ncbi.nlm.nih.gov/pubmed/27888421
http://doi.org/10.1038/nri2785
http://www.ncbi.nlm.nih.gov/pubmed/20559327
http://doi.org/10.1016/j.coi.2013.12.005


Cancers 2022, 14, 2138 15 of 16

16. de Kruijf, E.M.; van Nes, J.G.; Sajet, A.; Tummers, Q.R.J.G.; Putter, H.; Osanto, S.; Speetjens, F.M.; Smit, V.T.; Liefers, G.J.; van de
Velde, C.J.; et al. The Predictive Value of HLA Class I Tumor Cell Expression and Presence of Intratumoral Tregs for Chemotherapy
in Patients with Early Breast Cancer. Clin. Cancer Res. 2010, 16, 1272–1280. [CrossRef] [PubMed]

17. Ladoire, S.; Arnould, L.; Apetoh, L.; Coudert, B.; Martin, F.; Chauffert, B.; Fumoleau, P.; Ghiringhelli, F. Pathologic Complete
Response to Neoadjuvant Chemotherapy of Breast Carcinoma Is Associated with the Disappearance of Tumor-Infiltrating foxp3+

Regulatory T Cells. Clin. Cancer Res. 2008, 14, 2413–2420. [CrossRef] [PubMed]
18. Bates, G.J.; Fox, S.B.; Han, C.; Leek, R.D.; Garcia, J.F.; Harris, A.L.; Banham, A.H. Quantification of Regulatory T Cells Enables

the Identification of High-Risk Breast Cancer Patients and Those At Risk of Late Relapse. J. Clin. Oncol. 2006, 24, 5373–5380.
[CrossRef] [PubMed]

19. Yeong, J.; Thike, A.A.; Lim, J.C.; Lee, B.; Li, H.; Wong, S.C.; Hue, S.S.; Tan, P.H.; Iqbal, J. Higher Densities of Foxp3+ Regulatory T
Cells Are Associated with Better Prognosis in Triple-Negative Breast Cancer. Breast Cancer Res. Treat. 2017, 163, 21–35. [CrossRef]
[PubMed]

20. deLeeuw, R.J.; Kost, S.E.; Kakal, J.A.; Nelson, B.H. The Prognostic Value of FoxP3+ Tumor-Infiltrating Lymphocytes in Cancer: A
Critical Review of the Literature. Clin. Cancer Res. 2012, 18, 3022–3029. [CrossRef] [PubMed]

21. Wolff, A.C.; Hammond, M.E.H.; Allison, K.H.; Harvey, B.E.; Mangu, P.B.; Bartlett, J.M.S.; Bilous, M.; Ellis, I.O.; Fitzgibbons, P.;
Hanna, W.; et al. Human Epidermal Growth Factor receptor 2 Testing in Breast Cancer: American Society of Clinical Oncol-
ogy/College of American Pathologists Clinical Practice Guideline Focused Update. J. Clin. Oncol. 2018, 36, 2105–2122. [CrossRef]
[PubMed]

22. Sato, H.; Ishida, S.; Toda, K.; Matsuda, R.; Hayashi, Y.; Shigetaka, M.; Fukuda, M.; Wakamatsu, Y.; Itai, A. New Approaches to
Mechanism Analysis for Drug Discovery Using DNA Microarray Data Combined with KeyMolnet. Curr. Drug Discov. Technol.
2005, 2, 89–98. [CrossRef] [PubMed]

23. Colaprico, A.; Silva, T.C.; Olsen, C.; Garofano, L.; Cava, C.; Garolini, D.; Sabedot, T.S.; Malta, T.M.; Pagnotta, S.M.;
Castiglioni, I.; et al. TCGAbiolinks: An R/Bioconductor Package for Integrative Analysis of TCGA Data. Nucleic Acids Res. 2016,
44, e71. [CrossRef] [PubMed]

24. Curtis, C.; Shah, S.P.; Chin, S.F.; Turashvili, G.; Rueda, O.M.; Dunning, M.J.; Speed, D.; Lynch, A.G.; Samarajiwa, S.; Yuan, Y.; et al.
The Genomic and Transcriptomic Architecture of 2,000 Breast Tumours Reveals Novel Subgroups. Nature 2012, 486, 346–352.
[CrossRef] [PubMed]

25. Hothorn, T.; Lausen, B. On the Exact Distribution of Maximally Selected Rank Statistics. Comput. Stat. Data Anal. 2003, 43,
121–137. [CrossRef]

26. Zhang, L.; Wang, X.I.; Ding, J.; Sun, Q.; Zhang, S. The Predictive and Prognostic Value of Foxp3+/CD25+ Regulatory T Cells and
PD-L1 Expression in Triple Negative Breast Cancer. Ann. Diagn. Pathol. 2019, 40, 143–151. [CrossRef]

27. Liu, F.; Lang, R.; Zhao, J.; Zhang, X.; Pringle, G.A.; Fan, Y.; Yin, D.; Gu, F.; Yao, Z.; Fu, L. CD8+ Cytotoxic T Cell and FOXP3+

Regulatory T Cell Infiltration in Relation to Breast Cancer Survival and Molecular Subtypes. Breast Cancer Res. Treat. 2011, 130,
645–655. [CrossRef] [PubMed]

28. Miyashita, M.; Sasano, H.; Tamaki, K.; Chan, M.; Hirakawa, H.; Suzuki, A.; Tada, H.; Watanabe, G.; Nemoto, N.;
Nakagawa, S.; et al. Tumor-Infiltrating CD8+ and FOXP3+ Lymphocytes in Triple-Negative Breast Cancer: Its Correla-
tion with Pathological Complete Response to Neoadjuvant Chemotherapy. Breast Cancer Res. Treat. 2014, 148, 525–534. [CrossRef]
[PubMed]

29. Miyashita, M.; Sasano, H.; Tamaki, K.; Hirakawa, H.; Takahashi, Y.; Nakagawa, S.; Watanabe, G.; Tada, H.; Suzuki, A.;
Ohuchi, N.; et al. Prognostic Significance of Tumor-Infiltrating CD8+ and FOXP3+ Lymphocytes in Residual Tumors and
Alterations in These Parameters After Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer: A Retrospective Multicenter
Study. Breast Cancer Res. 2015, 17, 124. [CrossRef] [PubMed]

30. Asano, Y.; Kashiwagi, S.; Goto, W.; Kurata, K.; Noda, S.; Takashima, T.; Onoda, N.; Tanaka, S.; Ohsawa, M.; Hirakawa, K.
Tumour-Infiltrating CD8 to FOXP3 Lymphocyte Ratio in Predicting Treatment Responses to Neoadjuvant Chemotherapy of
Aggressive Breast Cancer. Br. J. Surg. 2016, 103, 845–854. [CrossRef] [PubMed]

31. Semeraro, M.; Adam, J.; Stoll, G.; Louvet, E.; Chaba, K.; Poirier-Colame, V.; Sauvat, A.; Senovilla, L.; Vacchelli, E.; Bloy, N.; et al.
The Ratio of CD8+/FOXP3 T Lymphocytes Infiltrating Breast Tissues Predicts the Relapse of Ductal Carcinoma In Situ. Oncoim-
munology 2016, 5, e1218106. [CrossRef] [PubMed]

32. Wing, J.B.; Tanaka, A.; Sakaguchi, S. Human FOXP3+ Regulatory T Cell Heterogeneity and Function in Autoimmunity and
Cancer. Immunity 2019, 50, 302–316. [CrossRef] [PubMed]

33. Miyara, M.; Yoshioka, Y.; Kitoh, A.; Shima, T.; Wing, K.; Niwa, A.; Parizot, C.; Taflin, C.; Heike, T.; Valeyre, D.; et al. Functional
Delineation and Differentiation Dynamics of Human CD4+ T Cells Expressing the FoxP3 Transcription Factor. Immunity 2009, 30,
899–911. [CrossRef] [PubMed]

34. Sugiyama, D.; Nishikawa, H.; Maeda, Y.; Nishioka, M.; Tanemura, A.; Katayama, I.; Ezoe, S.; Kanakura, Y.; Sato, E.;
Fukumori, Y.; et al. Anti-CCR4 mAb Selectively Depletes Effector-Type FoxP3+CD4+ Regulatory T Cells, Evoking Antitumor
Immune Responses in Humans. Proc. Natl. Acad. Sci. USA 2013, 110, 17945–17950. [CrossRef] [PubMed]

35. Saito, T.; Nishikawa, H.; Wada, H.; Nagano, Y.; Sugiyama, D.; Atarashi, K.; Maeda, Y.; Hamaguchi, M.; Ohkura, N.; Sato, E.; et al.
Two FOXP3(+)CD4(+) T Cell Subpopulations Distinctly Control the Prognosis of Colorectal Cancers. Nat. Med. 2016, 22, 679–684.
[CrossRef] [PubMed]

http://doi.org/10.1158/1078-0432.CCR-09-1844
http://www.ncbi.nlm.nih.gov/pubmed/20145162
http://doi.org/10.1158/1078-0432.CCR-07-4491
http://www.ncbi.nlm.nih.gov/pubmed/18413832
http://doi.org/10.1200/JCO.2006.05.9584
http://www.ncbi.nlm.nih.gov/pubmed/17135638
http://doi.org/10.1007/s10549-017-4161-4
http://www.ncbi.nlm.nih.gov/pubmed/28233108
http://doi.org/10.1158/1078-0432.CCR-11-3216
http://www.ncbi.nlm.nih.gov/pubmed/22510350
http://doi.org/10.1200/JCO.2018.77.8738
http://www.ncbi.nlm.nih.gov/pubmed/29846122
http://doi.org/10.2174/1570163054064701
http://www.ncbi.nlm.nih.gov/pubmed/16472233
http://doi.org/10.1093/nar/gkv1507
http://www.ncbi.nlm.nih.gov/pubmed/26704973
http://doi.org/10.1038/nature10983
http://www.ncbi.nlm.nih.gov/pubmed/22522925
http://doi.org/10.1016/S0167-9473(02)00225-6
http://doi.org/10.1016/j.anndiagpath.2019.04.004
http://doi.org/10.1007/s10549-011-1647-3
http://www.ncbi.nlm.nih.gov/pubmed/21717105
http://doi.org/10.1007/s10549-014-3197-y
http://www.ncbi.nlm.nih.gov/pubmed/25395319
http://doi.org/10.1186/s13058-015-0632-x
http://www.ncbi.nlm.nih.gov/pubmed/26341640
http://doi.org/10.1002/bjs.10127
http://www.ncbi.nlm.nih.gov/pubmed/26953091
http://doi.org/10.1080/2162402X.2016.1218106
http://www.ncbi.nlm.nih.gov/pubmed/27853639
http://doi.org/10.1016/j.immuni.2019.01.020
http://www.ncbi.nlm.nih.gov/pubmed/30784578
http://doi.org/10.1016/j.immuni.2009.03.019
http://www.ncbi.nlm.nih.gov/pubmed/19464196
http://doi.org/10.1073/pnas.1316796110
http://www.ncbi.nlm.nih.gov/pubmed/24127572
http://doi.org/10.1038/nm.4086
http://www.ncbi.nlm.nih.gov/pubmed/27111280


Cancers 2022, 14, 2138 16 of 16

36. Schiering, C.; Krausgruber, T.; Chomka, A.; Fröhlich, A.; Adelmann, K.; Wohlfert, E.A.; Pott, J.; Griseri, T.; Bollrath, J.;
Hegazy, A.N.; et al. The Alarmin IL-33 Promotes Regulatory T-Cell Function in the Intestine. Nature 2014, 513, 564–568. [CrossRef]
[PubMed]

37. Faustino, L.D.; Griffith, J.W.; Rahimi, R.A.; Nepal, K.; Hamilos, D.L.; Cho, J.L.; Medoff, B.D.; Moon, J.J.; Vignali, D.A.A.; Luster,
A.D. Interleukin-33 Activates Regulatory T Cells to Suppress Innate γδ T Cell Responses in the Lung. Nat. Immunol. 2020, 21,
1371–1383. [CrossRef] [PubMed]

38. Worthington, J.J.; Kelly, A.; Smedley, C.; Bauché, D.; Campbell, S.; Marie, J.C.; Travis, M.A. Integrin αvβ8-Mediated TGF-β
Activation by Effector Regulatory T Cells Is Essential for Suppression of T-Cell-Mediated Inflammation. Immunity 2015, 42,
903–915. [CrossRef]

39. Bhola, N.E.; Balko, J.M.; Dugger, T.C.; Kuba, M.G.; Sánchez, V.; Sanders, M.; Stanford, J.; Cook, R.S.; Arteaga, C.L. TGF-β Inhibition
Enhances Chemotherapy Action Against Triple-Negative Breast Cancer. J. Clin. Investig. 2013, 123, 1348–1358. [CrossRef]

40. Panagi, M.; Voutouri, C.; Mpekris, F.; Papageorgis, P.; Martin, M.R.; Martin, J.D.; Demetriou, P.; Pierides, C.; Polydorou, C.;
Stylianou, A.; et al. TGF-β Inhibition Combined with Cytotoxic Nanomedicine Normalizes Triple Negative Breast Cancer
Microenvironment Towards Anti-Tumor Immunity. Theranostics 2020, 10, 1910–1922. [CrossRef]

http://doi.org/10.1038/nature13577
http://www.ncbi.nlm.nih.gov/pubmed/25043027
http://doi.org/10.1038/s41590-020-0785-3
http://www.ncbi.nlm.nih.gov/pubmed/32989331
http://doi.org/10.1016/j.immuni.2015.04.012
http://doi.org/10.1172/JCI65416
http://doi.org/10.7150/thno.36936

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Patients and Tumor Samples 
	Pathological Assessment and Evaluation 
	Molecular Network and Pathway Analysis 
	Immunohistochemistry 
	External Gene Expression Data Analysis 
	Statistical Analyses 

	Results 
	Molecular Network Analysis of Treg Infiltration of TNBC 
	Histopathological Evaluation of Markers Involved in FOXP3 in TNBC 
	Survival Analysis of TNBC According to the Level of FOXP3 mRNA 

	Discussion 
	Conclusions 
	References

