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Purpose: The current investigation is to assess FOXP3 expression in breast cancer patients and evaluate the predictive significance of
FOXP3.

Patients and Methods: A cohort of 313 cases between January 2015 and November 2015 were enrolled this research.
Immunohistochemistry (IHC) assay was utilized to detect the expression levels of FOXP3 in primary breast carcinoma specimens.
These patients were separated into two groups by semiquantitative scoring approach. Chi-square test and Fisher’s exact test were
conducted to investigate the correlations between FOXP3 expression in tumors and clinicopathological variables. Kaplan—-Meier
method and Log rank test were utilized to generate survival curves for disease-free survival (DFS) and overall survival (OS). The
independent factors were examined using Cox regression analysis. Nomogram models were created for assessing DFS and OS rates.
Results: Depending on the levels of FOXP3 expression in tumors, these patients were categorized into two groups: low FOXP3
expression (174 cases) and high FOXP3 expression (139 cases). The patients exhibiting low levels of FOXP3 expression in tumors
demonstrated a longer survival duration contrasted with those with high expression (DFS: 88.75 vs 65.87 months, 3°=36.1100,
P<0.0001; OS: 89.70 vs 78.37 months, x*=32.4900, P<0.0001). Multivariate analysis revealed that FOXP3 was a significant prognostic
factor [DFS: hazard ratio (HR): 2.822, 95% CI: 1.595-4.992, P<0.0001; OS: HR: 3.232, 95% CI: 1.812-5.763, P<0.0001]. The good
predictive clinical utility of FOXP3-based nomograms within the threshold probability range for different survival rates was
demonstrated by calibration curve and decision curve analyses.

Conclusion: FOXP3 expression serves as a crucial prognostic indicator in breast cancer patients, and may aid preoperative evaluation
in clinical practice.
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Introduction

Breast cancer tops the list of the most commonly diagnosed malignancies' and also represents the primary cause of
cancer-related deaths among female populations globally.” Data from the National Cancer Center in China, breast cancer
is expected to about 357,200 new cases, and 75,000 deaths due to breast cancer.” Breast cancer represents a diverse range
of neoplastic diseases, characterized by their considerable heterogeneity.* The current prediction of breast cancer
outcomes remains imperfect, necessitating the discovery of additional prognostic factors to enhance the precision of
individualized treatment strategies. Many evidences prove that the capability of the immune system to detect and
eliminate tumor cells through surveillance is dysfunctional in breast cancer patients.””’
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Tumor-infiltrating lymphocytes (TILs) are considered to reflect the immune system’s defense mechanism against
malignant tumors.®® Tregs, also named regulatory T cells, are an exceptional subpopulation within the T cells that can
inhibit the activation of immune cells, thereupon then sustaining systemic immune homeostasis.'*'" Furthermore, Tregs,
a subset within the CD4+ T cells, are identified by their expression of the forkhead box transcription factor 3 as a distinct
marker molecule.'? Forkhead box protein 3 (FOXP3) is categorized within the forkhead / winged-helix transcription
regulator family, and is thought to the standard, distinctive identifier for Treg cells.'*'* The increase of FOXP3+ Tregs
induced by the tumor cells suggest potential obstacles in the attempt of cancer immunotherapy.'* Some studies have
proved that the elevated Treg infiltration within the tumor bed was related to adverse clinical outcome.'>'® The
expression of FOXP3 in tumor cells not only increases the possibility of tumor infiltrating Tregs affecting anti-tumor
immunity but also increases the possibility of tumor cells themselves regulating T cell function via FOXP3, providing
a potential prognostic marker. In small cell lung cancer (SCLC), patients with higher ratios of FOXP3(+) cells in tumor
infiltrates have a worse survival rate.'” However, no definitive conclusion has been drawn regarding the association
between the expression of FOXP3 in tumor cells and the prognostic outcome of malignant tumors, particularly breast
cancer.

Our research was undertaken to evaluate the predictive value of FOXP3 in breast cancer tissues, and demonstrated the
correlation between FOXP3 expression levels in tumor cells and clinical features among patients with breast cancer. The
Cox regression model was performed to discern the prognostic markers. Consequently, the current study indicated that
FOXP3 was an underlying predictive biomarker for patients with breast cancer, low FOXP3 expression in tumor cells
was related to better breast cancer prognosis, offering a novel biomarker for predicting patient survival.

Materials and Methods

Patients and Specimens

The 313 cases of breast cancer patients who received operations in our hospital from January 2015 to November 2015
were enrolled in the retrospective cohort study. The patients’ tissue samples preserved with formalin-fixed paraffin-
embedded (FFPE) were obtained from the pathology department. This research received approval from the Ethics
Committee of Harbin Medical University Cancer Hospital (Grant Number: KY2023-38). In this study, all participants
were thoroughly informed about the objectives, procedures, potential risks, and their rights related to the research.
Specifically, written informed consent was obtained from each participant, documenting their agreement to participate in
the research and authorizing the use of their data for scientific analysis.

Inclusion and Exclusion Criteria

The following were the inclusion criteria: 1) diagnosed with breast cancer by histopathology; 2) all selected patients
underwent surgical treatment; 3) entire follow-up documentation. The following were the exclusion criteria: 1) under-
went antitumor therapy, including chemotherapy and radiotherapy; 2) characterized by metastasis or other forms of
malignancy; 3) accompanied by autoimmune diseases.

IHC Staining Assay

The standard protocols were followed for the manual THC staining assay: (1) The tissues of breast cancer patients
underwent paraffin embedding. (2) The paraffin slicing procedure followed by dewaxing process involves soaking the
slices in xylene for three rounds of 15 minutes each, then two rounds of 5 minutes in anhydrous ethanol, followed by
5 minutes in 85% and 75% alcohol, respectively. Finally, the slices are rinsed with distilled water. (3) Antigen retrieval:
the tissue slices were submerged in a restoration chamber filled with EDTA-based antigen retrieval solution (pH 9.0) and
underwent antigen retrieval by microwave irradiation. Then, the medium heat was maintained for 8 minutes until boiling,
then the heat was turned off for 8§ minutes, and subsequently reduced to medium low heat for 10 minutes. (4) Blocking
endogenous peroxidase: the slice was immersed in a 3% hydrogen peroxide solution and incubated in the dark at room
temperature for 25 minutes. (5) Blocking of nonspecific binding: after incubation in a 3% solution of bovine serum
albumin (BSA), the tissue was sealed for 30 minutes at room temperature. (6) Primary antibody added: The FOXP3
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antibody (Ab20034, Abcam, Shanghai, China), diluted to a ratio of 1:500, was incubated overnight at 4°C in a humidified
chamber. (7) Secondary antibody added: the goat anti-mouse IgG H&L (GB23301, Servicebio, Wuhan, China) diluted to
a ratio of 1:200, was incubated for 1 hour at room temperature in a humidified chamber. (8) DAB color rendering. (9)
Nuclear staining with recombinant reagents. (10) Dehydration followed by sealing. (11) Observation under a microscope
by the Aperio Image Scope system.

Assessment Techniques for Pathological Clinical Indices

Cancer staging was performed in accordance with the staging systems established by the American Joint Committee on
Cancer (AJCC) and the Union for International Cancer Control (UICC). IHC was used to determine the expression of
FOXP3, which was subsequently assessed according to the intensity of the cells and staining density, and was blinded to
the clinicopathological data. The density of positively stained cells of FOXP3-positivity (FOXP3+) was as below: (1)
0-score: <1% stained; (2) 1-score: 1% to 10% stained; (3) 2-score: 11% to 50% stained; (4) 3-score: 51% to 75% stained;
(5) 4-score: 76% to 100% stained. The staining intensity of FOXP3-positivity (FOXP3+) could be categorized as below:
(1) O-score: no staining observed. (2) 1-score: Slight yellow tint visible. (3) 2-score: Moderate brownish yellow
coloration. (4) 3-score: Prominent yellowish-brown staining. According to the intensity and staining density of the
cells: 1) Negative = 0 point; 2) Weak positive = 1-3 point; 3) Moderately positive = 4-8 points; 4) Strong positive = 9—12
points, respectively. In this study, patients were separated into two separate groups based on FOXP3 expression: low
expression (scores < 4 based on stained cell density and intensity) and high expression (scores > 4).

Followed-Up

In our investigation, post-surgical follow-up data were obtained from inpatient visits, outpatient appointments, or
phone calls. The DFS referred to the duration between the date following curative resection and the occurrence of
either local or distant metastasis. The OS was conceptualized as the duration that begins on the date following curative
resection and ends either with the death of the patient for any reason or at the date of the last follow-up, depending on
the context.

Data Analysis Statistics
All data analysis statistics were performed utilizing the SPSS Statistics software version 22.0, provided by IBM Corp.,
as well as the R statistical computing language, version 4.2.2, originating from Vienna, Austria. The URL for R is:

http://www.R-project.org/. An investigation was conducted to assess the relationships between FOXP3 expression

levels and various clinicopathological factors among breast cancer patients, employing both the Fisher’s exact tests and
Chi-square test. The Kaplan—Meier method was utilized for computing the survival curves of both DFS and OS,
followed by a comparison using the Log rank test. The potential independent factors were determined through a Cox
regression analysis. Nomogram models were additionally developed to assess the DFS and OS rates. The clinical
utility of the prediction models was analyzed by using calibration curve and decision curve analysis.

Results
Detection of FOXP3 in Breast Cancer Tissues

The IHC staining was utilized to assess the expression of FOXP3 in breast cancer tissues. Based on electron microscopy
and semi-quantitative scoring, 174 breast cancer patient samples exhibited low FOXP3 expression (negative or weakly
positive), while 139 samples demonstrated high FOXP3 expression (median-positive or strongly positive).
Representative images for the expression of FOXP3 are presented in Figure S1. In breast cancer patients, those with
low FOXP3 expression exhibited significantly longer survival times than those with high expression, both in DFS (DFS:
88.75 vs 65.87 months) and OS (OS: 89.70 vs 78.37 months). The difference was statistically significant (DFS:
x*=36.1100, P<0.0001; OS: ¥*=32.4900, P<0.0001) (Figure 1A and B).
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Figure | Breast cancer survival curve correlating FOXP3 expression with disease-free survival (DFS) (A) and overall survival (OS) (B).

Demographic Features

Of these enrolled patients, 71 (22.7%) cases with a family history, 69 (22.0%) cases with basic disease, including 40
cases with hypertension, 16 cases with diabetes mellitus, and 13 cases with coronary heart disease. According to the
FOXP3 expression levels, the patients were segregated into two separate groups: one group exhibiting low FOXP3
expression (174 cases) and another demonstrating high FOXP3 expression (139 cases). In comparison to these patients,
the level of FOXP3 expression was significantly related to histologic grade (P=0.025), molecular subtype (P=0.004), ER
(P<0.001), endocrine therapy (P=0.001). The detailed information was presented in Table 1.

Table | Demographic and Clinicopathologic Characteristics of Patients with Breast Cancer

Parameter Level Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

Age <51 154 (49.2) | 91 (52.3) 63 (45.3) 0.266
251 159 (50.8) | 83 (47.7) 76 (54.7)

BMI <238 156 (49.8) | 89 (51.1) 67 (48.2) 0.686
223.8 157 (50.2) | 85 (48.9) 72 (51.8)

Family history No 242 (77.3) | 137 (78.7) 105 (75.5) 0.593
Yes 71 (22.7) | 37 (21.3) 34 (24.5)

Basic disease No 244 (78.0) | 140 (80.5) 104 (74.8) 0.290
Yes 69 (22.0) | 34 (19.5) 35 (25.2)

Hypertension No 273 (87.2) | 155 (89.1) 118 (84.9) 0.351
Yes 40 (12.8) 19 (10.9) 21 (I5.1)

Diabetes mellitus No 297 (94.9) | 166 (95.4) 131 (94.2) 0.839
Yes 16 (5.1) 8 (4.6) 8 (5.8)

Coronary heart disease | No 300 (95.8) | 168 (96.6) 132 (95.0) 0.679
Yes 13 (42) 6 (3.4) 7 (5.0)

Menarche age <15 121 (38.7) | 68 (39.1) 53 (38.1) 0.956
215 192 (61.3) | 106 (60.9) 86 (61.9)

Menopause No 152 (48.6) | 87 (50.0) 65 (46.8) 0.649
Yes 161 (51.4) | 87 (50.0) 74 (53.2)

Blood type A 72 (23.0) | 43 (24.7) 29 (20.9) 0.196
B 118 (37.7) | 69 (39.7) 49 (35.3)
@) 89 (28.4) | 41 (23.6) 48 (34.5)
AB 34 (10.9) | 21 (12.1) 13 (94)

(Continued)
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Table | (Continued).

Parameter Level Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

Primary tumor site Upper outer quadrant 178 (56.9) | 99 (56.9) 79 (56.8) 0.632
Lower outer quadrant 29 (9.3) 17 (9.8) 12 (8.6)
Lower inner quadrant 23 (7.3) Il (6.3) 12 (8.6)
Upper inner quadrant 44 (14.1) 28 (l6.1) 16 (11.5)
Central 39 (12.5) 19 (10.9) 20 (14.4)

US-BIRADS BIRADS 4 173 (55.3) | 103 (59.2) 70 (50.4) 0.179
BIRADS 5 129 (41.2) | 67 (38.5) 62 (44.6)
BIRADS 6 I (3.5) 4(23) 7 (5.0)

Operative time <75 143 (45.7) | 88 (50.6) 55 (39.6) 0.068
275 170 (54.3) | 86 (49.4) 84 (60.4)

Type of surgery Mastectomy 293 (93.6) | 165 (94.8) 128 (92.1) 0.452
Breast-conserving surgery | 20 (6.4) 9 (5.2) 11 (7.9)

Tumor size <2 154 (49.2) | 88 (50.6) 66 (47.5) 0.800
>2 and<5 149 (47.6) | 80 (46.0) 69 (49.6)
25 10 (3.2) 6 (3.4) 4 (2.9)

Histologic grade [ 8 (2.6) 7 (4.0 1 (0.7) 0.025
Il 183 (58.5) | 110 (63.2) 73 (52.5)
1] 106 (33.9) | 48 (27.6) 58 (41.7)
Unknown 16 (5.1) 9 (5.2 7 (5.0)

Pathological T Stage Tl 167 (53.4) | 95 (54.6) 72 (51.8) 0.430
T2 134 (42.8) | 73 (42.0) 61 (43.9)
T3 10 (3.2) 6 (3.4) 4 (2.9)
T4 2 (0.6) 0 (0.0 2 (1.4

Pathological N Stage NO 129 (41.2) | 74 (42.5) 55 (39.6) 0.261
NI 97 31.0) 55 (31.6) 42 (30.2)
N2 50 (16.0) 30 (17.2) 20 (14.4)
N3 37 (11.8) 15 (8.6) 22 (15.8)

Pathological TNM Stage | | 85 (27.2) | 49 (28.2) 36 (25.9) 0.738
1l 138 (44.1) | 78 (44.8) 60 (43.2)
1] 90 (28.8) | 47 (27.0) 43 (30.9)

TLN <lé6 149 (47.6) | 84 (48.3) 65 (46.8) 0.879
216 164 (52.4) | 90 (51.7) 74 (53.2)

PLN <l 134 (42.8) | 78 (44.8) 56 (40.3) 0.489
>| 179 (57.2) | 96 (55.2) 83 (59.7)

Molecular subtype Luminal A 58 (18.5) 37 (21.3) 21 (15.1) 0.004
Luminal B HER2+ 63 (20.1) | 42 (24.1) 21 (I5.1)
Luminal B HER2- 63 (20.1) | 40 (23.0) 23 (l6.5)
HER2 enriched 65 (20.8) | 27 (15.5) 38 (27.3)
Triple negative 64 (20.4) 28 (le.1) 36 (25.9)

ER 0-25% 144 (46.0) | 64 (36.8) 80 (57.6) <0.001
26-50% 26 (8.3) Il (6.3) 15 (10.8)
51-75% 48 (15.3) 36 (20.7) 12 (8.6)
76-100% 95 (30.4) 63 (36.2) 32 (23.0)

PR 0-25% 192 (61.3) | 95 (54.6) 97 (69.8) 0.051
26-50% 35(11.2) | 22 (12.6) 13 (9.4)
51-75% 35(11.2) 24 (13.8) 11 (7.9)
76-100% 51 (l6.3) 33 (19.0) 18 (12.9)

(Continued)
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Table | (Continued).

Parameter Level Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

HER2 Negative 185 (59.1) | 105 (60.3) 80 (57.6) 0.701
Positive 128 (40.9) | 69 (39.7) 59 (42.4)

Ki67 0-25% 147 (47.0) | 88 (50.6) 59 (42.4) 0.520
26-50% 105 (33.5) | 53 (30.5) 52 (37.4)
51-75% 46 (14.7) 25 (14.4) 21 (15.1)
76-100% 15 (4.8) 8 (4.6) 7 (5.0

CK5/6 Negative 221 (70.6) | 126 (72.4) 95 (68.3) 0.509
Positive 92 (29.4) | 48 (27.6) 44 (31.7)

E-cad Negative 11 (3.5) 529 6 (4.3) 0.704
Positive 302 (96.5) | 169 (97.1) 133 (95.7)

P120 Negative 293 (93.6) | 165 (94.8) 128 (92.1) 0.452
Positive 20 (6.4) 9 (5.2) 11 (7.9)

P53 Negative 170 (54.3) | 94 (54.0) 76 (54.7) 0.999
Positive 143 (45.7) | 80 (46.0) 63 (45.3)

Blood vessel invasion No 289 (92.3) | 157 (90.2) 132 (95.0) 0.177
Yes 24 (7.7) 17 (9.8) 7 (5.0

Chemotherapy No 23 (7.3) 9 (5.2) 14 (10.1) 0.152
Yes 290 (92.7) | 165 (94.8) 125 (89.9)

Radiotherapy No 220 (70.3) | 124 (71.3) 96 (69.1) 0.765
Yes 93 (29.7) 50 (28.7) 43 (30.9)

Endocrine therapy No 150 (47.9) | 68 (39.1) 82 (59.0) 0.001
Yes 163 (52.1) | 106 (60.9) 57 (41.0)

Abbreviations: FOXP3, forkhead box protein 3; BMI, Body Mass Index; TNM, Tumor Node Metastasis; TLN, total lymph nodes;
PLN, positive lymph nodes; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2;
CK5/6, Cytokeratin 5/6; E-cad, E-cadherin.

Linkages Between the FOXP3 Expression Levels and Metastatic Information in Breast

Cancer
The detailed metastasis data were presented in Table 2. The levels of FOXP3 expression were correlated with lung
metastasis (P=0.006), liver metastasis (P=0.003), bone metastasis (P=0.001), clavicle metastasis (P=0.006).

Association Between FOXP3 Expression and Standard Hematological Indices

In the present investigation, utilizing the median values of parameters, the standard hematological indices were divided
into two groups. By comparing the two groups based on FOXP3 expression, notable relationships were observed for
lactate dehydrogenase (LDH) (P=0.046), blood urea nitrogen (BUN) (P=0.030), prealbumin (PAB) (P=0.014), carci-
noembryonic antigen (CEA) (P=0.026), international normalized ratio (INR) (P=0.045), prothrombin time (PT)
(P=0.035). The detailed information was presented in Table 3.

Analysis of Adjuvant Therapy Subgroups Based on FOXP3 Expression Within the
Group of Breast Cancer Patients Following Surgery

The 290 cases among these patients were given chemotherapy. According to the FOXP3 expression, the patients were
segregated into two distinct groups: a low (165 cases) and a high (125 cases) FOXP3 expression group. Low FOXP3
expression patients had significantly longer DFS (88.97 months vs 65.87 months) and OS (89.83 months vs 78.60
months) compared to high expression patients, the difference was statistically significant (DFS & OS: P<0.0001)

(Figure S2).
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Table 2 Associations Between FOXP3 Expression and Metastasis in Breast

Cancer

Parameter Level | Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

Lung metastasis No 281 (89.8) | 164 (94.3) 117 (84.2) 0.006
Yes 32 (10.2) 10 (5.7) 22 (15.8)

Bone metastasis No 273 (87.2) | 162 (93.1) 111 (79.9) 0.001
Yes 40 (12.8) 12 (6.9) 28 (20.1)

Liver metastasis No 284 (90.7) | 166 (95.4) 118 (84.9) 0.003
Yes 29 (9.3) 8 (4.6) 21 (15.1)

Mediastinal metastasis | No 299 (95.5) | 170 (97.7) 129 (92.8) 0.071
Yes 14 (4.5) 4 (2.3) 10 (7.2)

Brain metastasis No 297 (94.9) | 168 (96.6) 129 (92.8) 0.216
Yes 16 (5.1) 6 (34) 10 (7.2)

Pleural metastasis No 302 (96.5) | 171 (98.3) 131 (94.2) 0.106
Yes 11 (3.5) 3(1.7) 8 (5.8)

Chest wall metastasis | No 301 (96.2) | 169 (97.1) 132 (95.0) 0.488
Yes 12 (3.8) 5(2.9) 7 (5.0)

Axillary metastasis No 154 (49.2) | 94 (54.0) 60 (43.2) 0.073
Yes 159 (50.8) | 80 (46.0) 79 (56.8)

Clavicle metastasis No 264 (84.3) | 156 (89.7) 108 (77.7) 0.006
Yes 49 (15.7) 18 (10.3) 31 (223)

Abbreviation: FOXP3, forkhead box protein 3.

Table 3 Relationship Between FOXP3 Expression and Common
Hematological Parameters

Parameter | Level | Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

ALT <2l 142 (45.4) | 76 (43.7) 66 (47.5) 0.577
221 171 (54.6) | 98 (56.3) 73 (52.5)

AST <23 147 (47.0) | 83 (47.7) 64 (46.0) 0.859
223 166 (53.0) | 91 (52.3) 75 (54.0)

AST/ALT <l 155 (49.5) | 88 (50.6) 67 (48.2) 0.762
z].1 158 (50.5) | 86 (49.4) 72 (51.8)

LDH <170 156 (49.8) | 96 (55.2) 60 (43.2) 0.046
2170 157 (50.2) | 78 (44.8) 79 (56.8)

GGT <l4 142 (45.4) | 86 (49.4) 56 (40.3) 0.134
214 171 (54.6) | 88 (50.6) 83 (59.7)

ALP <70 154 (49.2) | 90 (51.7) 64 (46.0) 0.376
270 159 (50.8) | 84 (48.3) 75 (54.0)

GLU <5.1 147 (47.0) | 86 (49.4) 61 (43.9) 0.389
251 166 (53.0) | 88 (50.6) 78 (56.1)

ALB <45 145 (46.3) | 80 (46.0) 65 (46.8) 0.981
245 168 (53.7) | 94 (54.0) 74 (53.2)

BUN <49 I51 (48.2) | 94 (54.0) 57 (41.0) 0.030
249 162 (51.8) | 80 (46.0) 82 (59.0)

URIC/CRE <0.078 | 154 (49.2) | 83 (47.7) 71 51.1) 0.631
20.078 | 159 (50.8) | 91 (52.3) 68 (48.9)

(Continued)
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Table 3 (Continued).

Parameter | Level | Overall Low FOXP3 | High FOXP3 | p

n 313 174 139

CRE <63 150 (47.9) | 83 (47.7) 67 (48.2) 1.000
263 163 (52.1) | 91 (52.3) 72 (51.8)

URIC <253 156 (49.8) | 89 (51.1) 67 (48.2) 0.686
2253 157 (50.2) | 85 (48.9) 72 (51.8)

TBIL <12.45 | 156 (49.8) | 93 (53.4) 63 (45.3) 0.189
21245 | 157 (50.2) | 81 (46.6) 76 (54.7)

DBIL <39 155 (49.5) | 88 (50.6) 67 (48.2) 0.762
239 158 (50.5) | 86 (49.4) 72 (51.8)

IBIL <829 156 (49.8) | 89 (51.1) 67 (48.2) 0.686
2829 157 (50.2) | 85 (48.9) 72 (51.8)

TP <74 132 (42.2) | 76 (43.7) 56 (40.3) 0.625
274 181 (57.8) | 98 (56.3) 83 (59.7)

G <29 137 (43.8) | 78 (44.8) 59 (42.4) 0.759
229 176 (56.2) | 96 (55.2) 80 (57.6)

AIG <1.5 104 (33.2) | 58 (33.3) 46 (33.1) 1.000
2|5 209 (66.8) | 116 (66.7) 93 (66.9)

PAB <267 156 (49.8) | 98 (56.3) 58 (41.7) 0.014
2267 157 (50.2) | 76 (43.7) 81 (58.3)

Cco2 <285 156 (49.8) | 85 (48.9) 71 51.1) 0.781
228.5 157 (50.2) | 89 (5I.1) 68 (48.9)

CAI53 <9.82 156 (49.8) | 94 (54.0) 62 (44.6) 0.123
29.82 157 (50.2) | 80 (46.0) 77 (55.4)

CEA <1.49 156 (49.8) | 97 (55.7) 59 (42.4) 0.026
=1.49 157 (50.2) | 77 (44.3) 80 (57.6)

D-D <0.25 I51 (48.2) | 79 (45.4) 72 (51.8) 0312
20.25 162 (51.8) | 95 (54.6) 67 (48.2)

FBG <26 153 (48.9) | 91 (52.3) 62 (44.6) 0.215
226 160 (51.1) | 83 (47.7) 77 (55.4)

INR <0.97 139 (44.4) | 68 (39.1) 71 (51.1) 0.045
20.97 174 (55.6) | 106 (60.9) 68 (48.9)

PT <l 138 (44.1) | 67 (38.5) 71 (51.1) 0.035
2111 175 (55.9) | 107 (61.5) 68 (48.9)

APTT <27.5 152 (48.6) | 90 (51.7) 62 (44.6) 0.255
227.5 161 (51.4) | 84 (48.3) 77 (55.4)

TT <172 154 (49.2) | 83 (47.7) 71 (51.1) 0.631
217.2 159 (50.8) | 91 (52.3) 68 (48.9)

Abbreviations: FOXP3, forkhead box protein 3; ALT, alanine aminotransferase; AST, aspartate
transaminase; LDH, lactate dehydrogenase; GGT, gamma glutamyl transferase; ALP, alkaline
phosphatase; GLU, glucose; ALB, albumin; BUN, blood urea nitrogen; CRE, Creatinine; URIC,
Uric acid; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect Bilirubin; TP, total protein; G,
globulin; A/G, albumin/globulin; PAB, prealbumin; CAI153, carbohydrate antigen 153; CEA,
carcinoembryonic antigen; D-D, D-Dimer; FBG, Fibrinogen; INR, international normalized
ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time.

The 163 cases underwent endocrine therapy among these patients. Patients were grouped into low (106 cases) and
high (57 cases) FOXP3 expression based on their expression levels. Patients with low FOXP3 expression had
a prolonged survival duration than those with high expression (DFS: 89.00 vs 78.80 months; OS: 89.83 vs 81.67
months), but the observed difference lacked statistical significance (DFS: P=0.16; OS: P=0.17) (Figure S3).
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The 93 cases of these patients underwent radiotherapy. Patients were grouped into low (50 cases) and high (43 cases)
FOXP3 expression based on their expression levels. Patients exhibiting low FOXP3 expression demonstrated
a significantly a prolonged survival duration compared to those with high FOXP3 expression, as reflected in their DFS
and OS (DFS: 83.94 vs 39.20 months; OS: 85.94 vs 78.67 months), statistical analysis confirmed the significance of the
difference observed between the two groups. (DFS: P=0.0036; OS: P=0.0066) (Figure S4).

Post-Surgical Subgroup Evaluation of FOXP3 Expression in Relation to TNM Staging in

Breast Cancer

The patients in this study were classified as follows: 85 cases classified as stage I, 138 cases as stage II, and 90 cases as
stage III. The patients in Stage I were categorized into two distinct groups by FOXP3 expression levels: a low expression
group (49 cases) and a high expression group (36 cases). Patients demonstrating low levels of FOXP3 expression showed
significantly longer survival times compared to those with high expression (DFS: 82.42 vs 77.95 months; OS: 87.30 vs
79.29 months). The two groups exhibited a statistically meaningful difference in terms of survival time. (DFS: P=0.035;
OS: P=0.035) (Figure S5).

The patients in Stage II were segmented into two different groups based on FOXP3 expression: one with low
expression (50 cases) and the other with high expression (88 cases). The patients displaying low levels of FOXP3
expression exhibited longer survival durations compared to those expressing high levels (DFS: 89.90 months vs 76.82
months; OS: 89.97 months vs 79.87 months), the statistical significance of difference separating the two groups was
verified (DFS: P=0.043; OS: P=0.068) (Figure S6).

The patients in stage III were classified into two distinct groups: 47 cases with low FOXP3 expression and 43 cases
with high FOXP3 expression, based on their FOXP3 levels. Patients with lower FOXP3 expression survived longer than
those with higher expression (DFS: 72.63 vs 32.99 months; OS: 82.77 vs 53.07 months), and the survival disparity
exhibited statistical significance (DFS & OS: P<0.0001) (Figure S7).

The Univariate and Multivariate Approaches Were Applied to Analyze Potential

Prognostic Elements Through the Cox Proportional Hazards Model

Multivariate assessment utilizing the DFS proportional hazard modeling revealed that FOXP3 [95% CI: 1.595-4.992,
HR: 2.822, P<0.0001], lung metastasis (95% CI: 1.266—6.291, HR: 2.822, P=0.011), brain metastasis (95% CI:
3.407-16.280, HR: 7.447, P<0.0001), bone metastasis (95% CI: 1.611-7.338, HR: 3.438, P=0.001), pathological TNM
Stage (95% CI: 3.009-12.639, HR: 6.167, P<0.0001), radiotherapy (95% CI: 0.148-0.621, HR: 0.303, P=0.001),
endocrine therapy (95% CI: 0.109-0.378, HR: 0.203, P<0.0001), chemotherapy (95% CI: 0.089-0.376, HR: 0.183,
P<0.0001) were the indicators of prognosis (Table 4). The multivariate analysis, relying on the OS proportional hazard
modeling, revealed that FOXP3 (95% CI: 1.812-5.763, HR: 3.232, P<0.0001), chemotherapy (95% CI: 0.088-0.381,
HR: 0.183, P<0.0001), endocrine therapy (95% CI: 0.140-0.465, HR: 0.255, P<0.0001), pathological TNM Stage (95%
CI: 3.374-15.827, HR: 7.308, P<0.0001), radiotherapy (95% CI: 0.152-0.562, HR: 0.293, P<0.0001), were the indicators
of potential outcome (Table 5). High FOXP3 levels were associated with pathological TNM Stage, radiotherapy,
endocrine therapy, chemotherapy.

Nomograms Created for Predicting Survival Outcomes

The prognostic nomogram for DFS prediction was formulated using various factors identified through multivariate
analyses, which encompassed FOXP3, the pathological TNM stage, and the presence of lung, bone, and brain metastases,
along with the administration of chemotherapy, radiotherapy, and endocrine therapy (Figure 2A). The establishment of an
OS-predicting nomogram utilized the parameters derived from multivariate analyses, including FOXP3, pathological
TNM Stage, as well as chemotherapy, radiotherapy, and endocrine therapy (Figure 2B). The calibration curves exhibited
alignment between predicted and observed survival rates for 1-, 3-, and 5-year DFS (Figure 3A—C) and OS (Figure 3D-
F). In addition, the decision curve analysis revealed that the nomogram models developed displayed superior predictive
clinical utility compared to relying solely on FOXP3 for predicting the survival rates for 3-year and 5-year DFS
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Table 4 Univariate and Multivariate COX Regression Models Analyses for the Prediction of DFS in Breast Cancer

Variables DFS Univariate P Multivariate
P HR 95% CI HR 95% CI
Low High Low High
FOXP3 Low 0.000 | (Ref.) 0.000 I (Ref)
High 4.588 2.343 8.984 2.822 1.595 4.992
Age <51 0.446 I (Ref))
251 1.399 0.590 3316
BMI <238 0.261 | (Ref.)
223.8 1.381 0.787 2.426
Family history No 0.056 I (Ref.)
Yes 1.899 0.983 3.667
Basic disease No 0.970 I (Ref.)
Yes 0.987 0.500 1.949
Menarche age <I5 0.185 I (Ref.)
=15 1.514 0.820 2.794
Menopause No 0.962 I (Ref.)
Yes 1.022 0.420 2.485
CAI53 <9.82 0.107 | (Ref)
29.82 0.604 0.327 1115
CEA <1.49 0.698 | (Ref.)
=1.49 0.876 0.448 1711
Type of surgery Mastectomy 0.395 I (Ref.)
Breast-conserving surgery 2.120 0.375 11.966
Tumor size <2 0.907 I (Ref)
>2 and<5 0.848 1.083 0.478 2.454
25 0.659 1.333 0.371 4.786
Pathological TNM Stage | 0.000 I (Ref.) 0.000 I (Ref.)
Il 0.480 1.495 0.490 4.564 0.760 1121 0.538 2336
n 0.001 14.113 3.158 63.065 | 0.000 | 6.167 3.009 12.639
TLN <16 0.892 I (Ref)
216 0.953 0.477 1.904
PLN <l 0.335 | (Ref)
| 0.587 0.199 1.735
Molecular subtype Luminal A 0.129 I (Ref.)
Luminal B HER2+ 0.054 | 4.319 0.974 19.159
Luminal B HER2- 0.185 | 2.698 0.623 11.689
HER2 enriched 0.477 1.808 0.353 9.261
Triple negative 0.813 1.233 0.217 7.007
CK5/6 Negative 0.892 I (Ref)
Positive 0.961 0.537 1.718
E-cad Negative 0.812 I (Ref.)
Positive 1.201 0.265 5.447
P120 Negative 0.155 I (Ref.)
Positive 1.914 0.782 4.683
P53 Negative 0.238 I (Ref.)
Positive 1.430 0.790 2.589
Blood vessel invasion No 0.803 I (Ref.)
Yes 0.861 0.266 2.788
Lung metastasis No 0.012 I (Ref.) 0.011 I (Ref.)
Yes 3.344 1.302 8.586 2.822 1.266 6.291
(Continued)
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Table 4 (Continued).
Variables DFS Univariate P Multivariate
P HR 95% ClI HR 95% ClI
Low High Low High

Bone metastasis No 0.024 I (Ref.) 0.001 I (Ref.)

Yes 2.641 1.136 6.139 3.438 1611 7.338
Liver metastasis No 0.502 I (Ref.)

Yes 1.313 0.593 2.908
Brain metastasis No 0.000 I (Ref.) 0.000 I (Ref.)

Yes 7.047 2.627 18.905 7.447 3.407 16.280
Chemotherapy No 0.041 I (Ref.) 0.000 I (Ref.)

Yes 0.385 0.154 0.962 0.183 0.089 0.376
Radiotherapy No 0.010 I (Ref.) 0.001 I (Ref)

Yes 0.315 0.132 0.755 0.303 0.148 0.621
Endocrine therapy No 0.000 I (Ref)) 0.000 I (Ref.)

Yes 0.124 0.045 0.343 0.203 0.109 0.378

Abbreviations: FOXP3, forkhead box protein 3; DFS, disease-free survival; BMI, Body Mass Index; CA153, carbohydrate antigen 153; CEA, carcinoembryonic antigen;
TNM, Tumor Node Metastasis; TLN, total lymph nodes; PLN, positive lymph nodes; HER2, human epidermal growth factor receptor 2; CK5/6, Cytokeratin 5/6; E-cad,

E-cadherin.

Table 5 Univariate and Multivariate COX Regression Models Analyses for the Prediction of OS in Breast Cancer

Variables os Univariate P Multivariate
P HR 95% CI HR 95% ClI
Low High Low High

FOXP3 Low 0.000 I (Ref) 0.000 I (Ref))

High 4.488 2.254 8.938 3232 1.812 5.763
Age <51 0.802 I (Ref)

251 I.115 0.476 2,612
BMI <238 0.305 I (Ref)

223.8 0.736 0.410 1.322
Family history No 0.467 I (Ref.)

Yes 1.286 0.653 2.534
Basic disease No 0.851 I (Ref.)

Yes 1.064 0.557 2.031
Menarche age <15 0.429 I (Ref.)

215 1.290 0.686 2.427
Menopause No 0.469 I (Ref.)

Yes 1.390 0.570 3.387
CAIS53 <9.82 0.076 I (Ref)

29.82 0.572 0.308 1.060
CEA <1.49 0.927 I (Ref)

=149 0.970 0.506 1.860
Type of surgery Mastectomy 0.389 I (Ref.)

Breast-conserving surgery 0.390 0.046 3.323
Tumor size <2 0.544 I (Ref)

>2 and<5 0.738 1.152 0.503 2.641

>5 0.282 1.994 0.568 7.001

(Continued)
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Table 5 (Continued).

Variables os Univariate P Multivariate
P HR 95% CI HR 95% ClI
Low High Low High
Pathological TNM Stage | 0.000 I (Ref.) 0.000 I (Ref.)
Il 0.732 1.224 0.386 3.885 0.574 1.241 0.584 2.641
n 0.002 11.086 2.349 52.314 | 0.000 | 7.308 3.374 15.827
TLN <16 0.793 | (Ref))
216 0911 0.453 1.832
PLN <l 0.354 I (Ref)
2| 0.588 0.192 1.806
Molecular subtype Luminal A 0.089 I (Ref.)
Luminal B HER2+ 0.093 3.482 0.8l1 14.957
Luminal B HER2- 0.196 | 2.532 0.619 10.354
HER?2 enriched 0.563 1.616 0318 8.220
Triple negative 0.822 | 0.818 0.143 4.693
CK5/6 Negative 0.656 I (Ref.)
Positive 0.874 0.484 1.580
E-cad Negative 0.486 I (Ref.)
Positive 1.709 0.378 7.729
P120 Negative 0.084 I (Ref.)
Positive 2.182 0.901 5.285
P53 Negative 0.147 I (Ref.)
Positive 0.635 0.344 1.173
Blood vessel invasion No 0.181 I (Ref.)
Yes 0.445 0.136 1.458
Lung metastasis No 0.086 I (Ref.)
Yes 2.036 0.904 4.585
Bone metastasis No 0.158 I (Ref.)
Yes 1.791 0.797 4.024
Liver metastasis No 0.268 I (Ref.)
Yes 1.560 0.711 3425
Brain metastasis No 0.206 I (Ref.)
Yes 1.827 0.718 4.650
Chemotherapy No 0.018 I (Ref) 0.000 I (Ref))
Yes 0.326 0.129 0.824 0.183 0.088 0.381
Radiotherapy No 0.002 I (Ref) 0.000 I (Ref))
Yes 0.309 0.145 0.659 0.293 0.152 0.562
Endocrine therapy No 0.000 I (Ref.) 0.000 I (Ref.)
Yes 0.134 0.047 0.384 0.255 0.140 0.465

Abbreviations: FOXP3, forkhead box protein 3; OS, overall survival; BMI, Body Mass Index; CAI53, carbohydrate antigen 153; CEA, carcinoembryonic antigen; TNM,
Tumor Node Metastasis; TLN, total lymph nodes; PLN, positive lymph nodes; HER2, human epidermal growth factor receptor 2; CK5/6, Cytokeratin 5/6; E-cad, E-cadherin.

(Figure 4A and B) and OS (Figure 4C and D). Moreover, the time-dependent receiver operating characteristic (TDROC)
analysis demonstrated area under the receiver operating characteristic curve (AUROC) values of 0.715 (95% CI:
0.613-0.818) and 0.781 (95% CI: 0.753—0.808) for 1-year DFS and OS survival rates, respectively, during postoperative
follow-up. For 3-year survival rates, the AUROC values following surgical follow-up were 0.703 (95% CI: 0.633-0.774)
for DFS and 0.693 (95% CI: 0.610-0.777) for OS. Similarly, for 5-year survival rates, the AUROC values were 0.720
(95% CI: 0.657-0.784) for DFS and 0.718 (95% CI: 0.654-0.782) for OS during the postoperative follow-up period
(Figure 5).
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Figure 2 Disease-free survival (DFS) (A) and overall survival (OS) (B) nomograms predicted survival outcomes for breast cancer patients.

Discussion

TILs regard as a marker for the tumor immune microenvironment to reflect malignant tumors.'®'” TILs subsets
encompass cells that eradicate cancer cells, including CD8+T lymphocytes, as well as cells that promote tumor
proliferation such as Treg cells.’>*' Treg cells are instrumental in mediating the inactivation of CD8+ TILs and play
a crucial role in triggering tumor cell death within the tumor microenvironment.?* Currently, FOXP3 stands as the most
frequently utilized marker to identify Treg cells. A growing number of evidence indicated that Treg cells exerted a vital
influence on the mechanisms of tumor immune evasion.”*** FOXP3+ Treg cells, present in diverse cell populations
exhibiting both regulatory and non-regulatory T cell functions, trigger the release of a range of cytokines, which played
multiple-interaction in cancer progression.”> Studies have shown that the elevated infiltration of FOXP3+ lymphocytes
within the tumor microenvironment was strongly linked to unfavorable prognosis among cancer patients.”**’ In Song
JJ’s study, Foxp3 protein expression in tumor cells serves as a predictor for both 5-year relapse-free survival (RFS) and
OS in patients diagnosed with oral squamous cell carcinoma (OSCC), and acts as a promising therapeutic target. Notably,
those exhibiting overexpression of FOXP3 tend to have shorter OS and RFS durations.”® In an investigation centered
around non-small cell lung cancer (NSCLC), the patients displaying elevated FOXP3+ infiltration demonstrated poorer
survival rates, underscoring FOXP3’s substantial prognostic value in resected NSCLC cases.”’ High expression of
FOXP3+ in tumor cells is an independent predictor of tumor recurrence after hepatic resection for liver cancer
(PMID: 17928188).%® Another study indicated that an increase in both tumor-infiltrating and circulating FOXP3(+)
Tregs was observed in patients with early-stage hepatocellular carcinoma, which correlated significantly with poorer OS
(P = 0.041 and 0.002, respectively) and a shortened RFS (P = 0.049 and 0.002, respectively).?’

Even so, the clinicopathological and predictive significance of detecting FOXP3+ TILs remain inconclusive and
debatable in patients with breast cancer. A meta-analysis revealed that the identification of FOXP3+ TILs in both core
needle biopsies and excised specimens is feasible, thereby indicating a potential hazard indicator for lymph node
metastasis in patients with breast cancer.’® West NR’s study shown that elevated levels of FOXP3(+) TILs were
significantly linked to extended recurrence-free survival, and the status of FOXP3 remained unaffected by standard
prognostic indicators in ER-negative breast cancer.®’ Miyashita M’s study indicated that triple-negative breast cancers
characterized by a high CD8+/FOXP3+ ratio exhibited greater sensitivity to anthracycline and taxane-based chemother-
apy. Furthermore, the combined analysis of CD8+/FOXP3+ ratio and Ki-67 levels could effectively predict pathological
complete response among triple-negative breast cancer patients receiving neoadjuvant chemotherapy.’* Takada K’s study
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Figure 3 Calibration curves, serving to assess the predictive accuracy of nomograms, were utilized to evaluate survival time after surgery for breast cancer patients, focusing
on both the |-, 3-, and 5-year survival rates of disease-free survival (DFS) (A—C) and overall survival (OS) (D-F).

demonstrated that in patients with HER2-positive breast cancer undergoing trastuzumab, pertuzumab, and docetaxel,
those with a high CD8/FOXP3 ratio, high CD8+ levels, and PD-L1 negativity exhibited significantly longer progression-
free survival compared to patients with a low CD8/FOXP3 ratio, low CD8+ levels, and PD-L1 positivity.>* Despite that,
the predictive abilities, and roles of FOXP3 expression in breast cancer tissues remain incompletely explored. Hence, our
findings suggested FOXP3 as a promising prognostic marker for breast cancer, offering fresh insights into its association
with treatment outcomes in patients.

Interestingly, the FOXP3 expression in tumor cells also related to the hematological indices, such as lactate
dehydrogenase, blood urea nitrogen, prealbumin. In Karube K’s study, FOXP3 did not differ significantly in lactate
dehydrogenase in serum and overall survival.** One study also indicated that lactic acid plays an important role in
regulating Treg cell differentiation and affects FOXP3 protein and gene expression.>” For sepsis-associated acute kidney
injury (SA-AKI), combined with MSCs plus Gal-9 could decrease the levels of blood urea nitrogen, then induced FOXP3
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Figure 4 Decision curve analysis was conducted to assess the clinical usefulness of nomograms, particularly in predicting the 3-year and 5-year survival rates for both
disease-free survival (DFS) (A and B) and overall survival (OS) (C and D) among breast cancer patients following surgical procedures.

expression.>® The number of FOXP3+TILs was associated to the preoperative serum albumin levels, and also was an
independent prognostic marker for the survival of CRC patients.?’

This study assessed FOXP3 expression levels in tumor tissues from 313 breast cancer patients using IHC. Then, we
analyzed the relationships among FOXP3 expression and the clinical pathological parameters, and the data revealed
a connection between the expression of FOXP3 and molecular subtype (P=0.004). Qian F’s study indicated that the
abundance of FOXP3+ T cells infiltrating tumor tissue was indicative of a less favorable prognosis in ER-positive breast
cancer.’® Jadskeldinen MM’s study shown that an increased quantity of FOXP3+ TILs correlated with shorter durations
of DFS (P=0.040, 54% vs 79%) in Luminal B HER2+ breast cancer.>’ Besides, of these patients, association analysis
verified that the presence of FOXP3 expression correlated with the occurrence of metastasis, such as lung metastasis and
liver metastasis. In Stenstrom J’ study, regulatory T lymphocytes (Tregs, FOXP3+) infiltration independently influenced
the prognosis of survival in metastatic breast cancer patients (95% CI = 1.14-2.59, HR = 1.72, P = 0.01).%° Moreover, the
Treg infiltration deciphered patients with metastatic breast cancer facing poorer prognosis may benefit from targeting
Tregs and FOXP3+ infiltration as an immunogenic therapy.*’

At the same comment, we found that the low FOXP3 expression in tumor cells was predictive of longer DFS and OS
among breast cancer patients. Importantly, multivariate Cox analysis revealed FOXP3 as a potential standalone indicator
for both DFS and OS. In breast cancer patients, we further explored the correlation between FOXP3 expression and
adjuvant therapy following surgery. Our results revealed that patients displaying lower FOXP3 expression tended to
survive longer than those with higher expression, particularly among those undergoing chemotherapy or radiotherapy. In
Ladoire S’s study, in the Phase III UNICANCER-PACS 01 trial, the expression of FOXP3 in tumor cells could serve as
a precise biomarker to predict the effectiveness of anthracyclines among patients diagnosed with primary breast cancer
receiving adjuvant chemotherapy.*' Other study demonstrated that after neoadjuvant chemotherapy, patients with TNBC
displaying a favorable CD8/FOXP3 ratio and high CD8(+) TIL counts in residual tumors can precisely forecast a better
prognosis, despite a non-pathological complete response.42 It is generally believed that the TNM stage is the remarkable
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Figure 5 Time-dependent receiver operating characteristic (TDROC) analysis was utilized to examine the plots of analysis demonstrated area under the receiver operating
characteristic curves (AUROCs) for FOXP3 expression in breast cancer patients postoperatively. (A and C) Dynamic AUROC: assessing DFS and OS over time. (B and D)
Dynamic changes in the 95% CI surrounding the AUROC: for disease-free survival (DFS) and overall survival (OS). The dotted red line represents the 95% confidence
interval (95CI) of AUROC values, whereas the solid red line depicts the AUROC value for various survival times.

indicator to forecast the prognosis of malignant tumors. Within this investigation, we dug deeper to understand the
association between FOXP3 expression levels and TNM staging following breast cancer surgery. Our findings revealed
that patients exhibiting low FOXP3 expression levels in tumor cells leaned towards a longer survival duration contrasted
with those with high expression, particularly among those diagnosed with stage III disease.

The previously discovered potential mechanisms may provide an explanation for the observed role of FOXP3 in
breast cancer. FOXP3, as Treg cells, is contemplated to play a key function in safeguarding against autoimmune diseases,
maintaining immune tolerance, and suppressing antitumor immune responses.*> FOXP3 suppresses breast cancer
development by blocking the transcriptional activation of oncogenic factors like SKP2 and HER2.** Moreover,
FOXP3 can interact with TCF4 and B-catenin to strengthen their function and provoke the transcription of Wnt-
regulated genes to enhance cellular proliferation, invasion, and EMT initiation.*> FOXP3+ Treg promotes immune
escape of tumor cells by inhibiting effector T lymphocytes.*®

This study has some limitations. Firstly, this study is a retrospective analysis with one single institution only.
Secondly, we mainly detect the expression of FOXP3 in breast cancer tissues. The tumor infiltrating Tregs by Treg
marker of CD4 need studied in the further study. Thirdly, follow-up time of the current study is limited, and extending the
follow-up and observation time may lead to different findings. Lastly, the nomograms established need to be tested and
verified by external validation cohort in the further study.

Conclusion

In summary, our study revealed the presence of FOXP3 expression in 313 breast cancer patients, validating its standalone
predictive capability for survival and disease outcome. The nomograms incorporating FOXP3 can simplify decision-
making processes. Although further investigations are needed before suggesting a change in clinical practice, the current
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results suggest that the evaluation of FOXP3 combined with other risk factors can improve cancer prognostic stratifica-
tion. To elucidate the fundamental mechanism of how FOXP3 impacts tumor cell functionality within the breast cancer
microenvironment, additional research is imperative. We anticipate that the FOXP3 expression levels could emerge as
a promising biomarker, guiding therapeutic alternatives for breast cancer patients.
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