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Background & Objective: Triple-negative breast cancer (TNBC) is an aggressive
subtype lacking estrogen, progesterone, and HER2 receptors, often leading to poor
prognosis due to high recurrence and metastasis. FOXP3 expression, associated with
suppressed anti-tumor immunity, is a potential prognostic marker in TNBC. However,
the association between FOXP3 expression and disease-free survival (DFS) in TNBC
remains controversial. This study aims to explore the relationship between FOXP3
expression and DFS in TNBC patients, contributing to the understanding of its
prognostic significance.

Methods: This retrospective study included 47 TNBC patients. Immunohistochemistry
examination assessed FOXP3 expression, which was then categorized into low and high
expression based on an optimal cut-off point. Univariate and multivariate analyses were
conducted using Cox regression test to determine association between variables and DFS.
Survival analysis was assessed using the Kaplan-Meier method and the log-rank test.

Results: All patients were female mostly over 50 years old (66%). The majority had
tumors >2 cm (87.2%) and LVI (66%). High-grade tumors (grade 3) were predominant
(93.6%). Most patients showed moderate TIL levels (91.5%). No significant
associations were found between FOXP3 expression and age (p=0.253), tumor size
(p=0.308), lymph node status (p=0.466), tumor grade (p=0.476), LVI (p=0.422),
patient's stage (p=0.644), and TILs (p=0.783). However, high FOXP3 expression was
significantly associated with worse DFS (p=0.019). Additionally, a higher stage was
associated with worse DFS (p=0.002).

Conclusion: High FOXP3 expression is associated with lower DFS in TNBC patients.
FOXP3 expression was not associated with age, tumor size, lymph node status, tumor
grade, LVI, TILs, or cancer stage.
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Introduction

Breast cancer is the most frequently diagnosed cancer
in women and ranks as the second leading cause of
cancer-related deaths worldwide, following lung cancer
(1). Mortality rates are exceptionally high in low- and
middle-income countries, including Indonesia, primarily
due to late diagnoses, often when the disease has already
metastasized (2,3).

Breast cancer is classified based on the expression of
the estrogen receptor (ER), progesterone receptor (PR),
and HER2. Triple-negative breast Cancer (TNBC), a
subtype of breast cancer, is characterized by the absence
of these three markers. TNBC is more common in women
under 40 years old and has a recurrence rate of 25% after
surgery. It is also a highly invasive form of breast cancer,
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with 46% of cases involving distant metastases, often in
the brain and visceral organs. The average survival period
for metastatic patients is only 13.3 months (4).

The poor prognosis of TNBC is largely attributed to
its immunogenic nature, which results from its unstable
genomic makeup and numerous mutations. Additionally,
TNBC exhibits higher levels of stromal tumor-infiltrating
lymphocytes (TILs) and elevated expression of
programmed death ligand 1 (PD-L1) (5).

TILs play a critical role in the tumor
microenvironment as effectors of adaptive host immune
responses, influencing cancer growth and progression.
Consequently, TILs serve as predictive and prognostic
biomarkers in TNBC. Several studies have shown that
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higher TIL levels are associated with higher pathological
complete response (pCR) rates in patients receiving
neoadjuvant chemotherapy and correlate with improved
overall survival in TNBC (5,6).

Previous studies have suggested that different
components of TILs are associated with varying
prognoses. One of the components of TILs, T regulators
(Tregs), is a heterogeneous group of T cells with distinct
phenotypes and functions, playing a crucial role in
suppressing antitumor immune responses. Tregs
modulate the immune system, maintain tolerance to self-
antigens, and prevent autoimmune diseases. Tregs are
characterized by the expression of the interleukin-2
receptor o chain (CD25) and Forkhead box protein 3
(FOXP3), with FOXP3 being a key regulator of Treg
development and function, making it the most specific
Treg marker (5). Studies analyzing FOXP3 expression in
breast cancer using immunohistochemistry have
demonstrated reliable and accurate localization and
visualization of FOXP3 protein within tissue sections,
allowing the identification of FOXP3 expression in
specific tumor regions or in tumor-infiltrating immune
cells such as regulatory T cells (Tregs) (7,8). High FOXP3
expression in breast cancer patients is often linked to a
poor prognosis (9,10,11).

A previous study found that patients with tumors
expressing high levels of FOXP3 Tregs had a lower 5-
year disease-free survival (DFS) rate compared to those
with low FOXP3 Treg expression (85.7% vs. 98.5%,
respectively) (12). However, the role of FOXP3 in
determining prognosis remains controversial. Some
studies suggest that FOXP3 presence makes tumors less
responsive to cytotoxic chemotherapy, as seen in ER+
breast cancer, while other studies indicate that higher
FOXP3 expression is associated with better outcomes,
particularly in HER2+/ER subtype breast cancer (5,9).
This study aims to clarify the significance of FOXP3 in
breast cancer prognosis by analyzing the association
between FOXP3 expression and clinicopathological
status, TILs, and disease-free survival (DFS).

Materials and Methods

Study Population
This study employed a retrospective cohort design,
involving breast cancer patients diagnosed with triple-
negative breast cancer (TNBC) at Surgical Oncology
Outpatient in Dr. Sardjito Hospital from July 2016 to
July 2020. Samples meeting inclusion and exclusion
criteria were analyzed retrospectively using medical
record data. Secondary data collected included
clinicopathological characteristics, tumor-infiltrating
lymphocytes  (TIL), FOXP3  expression in
histopathological examinations, cancer stage, and
findings from radiological investigations (breast
ultrasound, chest X-ray, and abdominal ultrasound).
Disease-free survival (DFS) was assessed during
follow-up visits, with recurrence or distant metastases
confirmed through pathological or radiological
evaluations. Patients with stage IV disease, samples
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with minimal tumor content and extensive necrosis,
and unusable or damaged tissue specimens were
excluded.

Immunohistochemistry Examination
According to established inclusion and exclusion
criteria, the study utilized Formalin Fixation and
Paraffin Embedding (FFPE) samples obtained from the
study population. Each sample was sectioned into 3-
micron thick slices, mounted on poly-L-lysine-coated
slides. Slides were incubated at 37°C overnight and
heated at 60°C for 10 minutes and subjected to
immunohistochemical analysis. Deparaffinization was
performed using xylene (three changes, 5 minutes
each), followed by rehydration through graded
alcohols (96%, 70%, 50%) and rinsing in running
water. Antigen retrieval was carried out in Tris-EDTA
buffer (pH 9.0) at 95°C for 20 minutes using a pressure
cooker, followed by cooling at room temperature.
Slides were washed in PBS (pH 7.4) and incubated
with peroxidase block, super block, and then with anti-
FOXP3 primary antibody. Subsequently, UltraTek
Anti-Polyvalent and UltraTek HRP were applied.
Detection was performed using DAB (3,3'-
diaminobenzidine) = and  counterstained  with
hematoxylin. Slides were then treated with bluing
reagent, dehydrated through graded alcohols, cleared
with xylene, and mounted with Ez Mount and cover
glass. Immunohistochemical staining results were
evaluated by two independent observers using an
Olympus CX23 microscope. Normal human tonsil
cells were the positive control for FOXP3 staining,
while the negative control was established by omitting
the primary antibody. FOXP3 expression was
quantified across ten visual fields using Imagel
software.

Statistical analysis

The optimal cut-off value for determining high and low
FOXP3 expression was established wusing the
Maximally Selected Rank Statistics method within the
Maxstat program (Jamovi statistical software version
2.3.26) (13,14,15). The Chi-square test assessed the
relationship between clinicopathological profiles and
the independent variables. Survival analysis was
conducted using the Kaplan-Meier method and the log-
rank test. All statistical analyses were performed using
IBM SPSS Statistics version 26. A p-value of <0.05
was considered statistically significant.

Results

Patient Characteristics

This study included 47 female breast cancer
patients with the triple-negative breast cancer (TNBC)
subtype, as described in Table 1. All subjects were
female, with the majority being over 50 years old (31
patients, 66%). Most tumors were larger than 2 cm in
41 patients (87.2%). Lymphovascular invasion (LVI)
was identified in 31 patients (66%). The most prevalent
tumor grade was grade 3, found in 44 patients (93.6%),
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and followed by grade 2 in 3 patients (6.4%), with no
patients diagnosed with stage 1 cancer. Tumor-
infiltrating lymphocytes (TILs) were low in 4 patients

(8.5%), while 43 patients (91.5%) had moderate TILs.
There were no cases with high TIL levels.

Table 1. Patients characteristics

16
1 Age

<50 years old 34%
>50 years old 31 66%
<2 cm 6 12.8%
2 Tumor Size
>2 cm 41 87.2%
Positive 31 66%
3 Lymph node status -
Negative 16 34%
Grade 1 0 0
4 Grade Grade 2 3 6.4%
Grade 3 44 93.6%
5 Lymphovascular Invasion Positive 31 66%
(LVD) Negative 16 34%
Stage 1 0 0
6 Stage Stage 2 14 29.8%
Stage 3 33 70.2%
Low 4 8.5%
Tumor Infiltrating . N
7 R om—STT Medium 43 91.5%
High 0 0

FOXP3 Expression Analysis
FOXP3 expression, primarily nuclear, was

was observed in 15 patients (31.9%), while high

evaluated using immunohistochemistry (IHC) in 47
FFPE samples from TNBC patients (Figure 1). The
analysis determined an optimal cut-off value of 2.13%
for FOXP3 expression. Samples with <2.13% TILs
were categorized as low expression, and those with
>2.13% as high expression. Low FOXP3 expression

W
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expression was found in 32 patients (68.1%). No
significant associations were found between FOXP3
expression and age (p=0.465), tumor size (p=0.936),
lymph node status (p=0.555), tumor grade (p=0.182),
LVI (p=0.211), cancer stage (p=0.716), or TILs
(p=0.417) (Table 2).

Fig 1. IHC analysis of FOXP3 expression in FFPE samples of TNBC. (a) representative image of tumors with low FOXP3
expression, (b) representative image of tumors with high FOXP3 expression
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Table 2. Association Between Clinicopathological Characteristics and FOXP3 Expression

No Characteristic FOXP3 Expression p-value
Low High

1 Age <50 years old
>50 years old
2 Tumor Size <2cm
>2 cm
3 Lymph node status Positive
Negative
4 Grade Grade 2
Grade 3
5 Lymphovascular Positive
Invasion (LVI) Negative
6 Stage Stage 2
Stage 3
7 Tumor Infiltrating Low
Lymphocytes (TILs)
Medium
Survival Functions
10 FOXjamoviCUT
low (n=10)
1 7 high (n=26)
osl 1 I~ Wgh-censored (r®
1
H
o L P
% 04 L

1000.00 1500.00

DFS

2000.00 2500.00

Fig 2. Kaplan Meier Curve showing survival analysis of
TNBC patients with high vs low tumoral FOXP3
expression

Survival Analysis

Survival analysis revealed that patients with low
FOXP3 expression had better disease-free survival
(DFS), with a median DFS of 1,987 days compared to
290 days in patients with high FOXP3 expression
(p=0.019) (Figure 2). Additionally, patients diagnosed
at stage 2 had better DFS than those at stage 3 (1,987
days vs. 376 days, p=0.002) (Figure 3). Univariate
analysis indicated that both the stage at diagnosis and
FOXP3 expression significantly influenced DFS
(Table 3). Patients at stage 2 had a significantly better
DFS than those at stage 3 (p=0.003). High FOXP3
expression was statistically significant and associated
with worse DFS (p=0.023). Other factors, including
age, tumor size, lymph node status, grade, LVI, and
TILs, did not show statistically significant results.
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Fig 3. Kaplan Meier Curve showing survival analysis of
TNBC patients with different stages

Multivariate Analysis

Multivariate analysis confirmed that patients at
stage 2 had significantly better DFS than those at stage
3 (p=0.015). High FOXP3 expression was again
associated with worse DFS (p=0.013). Other
clinicopathological parameters, such as age, tumor
size, lymph node status, grade, LVI, and TILs, did not
yield statistically significant findings (Table 3).
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Table 3. Univariate and Multivariate Analysis

Characteristics Univariate HR (95% CI) Multivariate HR (95% CI)
Age

0,947
0.555 (0,410-2,185) 0.898
1 (Reference)

Tumor Size

1 (Reference)
0.724 0,765 0.687

(0,207-2,819)

Lymph node status

0,889
0.097 (0,312-2,535) 0.825
1 (Reference)

Grade

1 (Reference)
0.395 0,677 0.657
(0,121-3,789)

Lymphovascular Invasion (L'VI)

Stage

0,643
0.481 (0,293-1,412) 0.272
1 (Reference)
0.003 1 (Reference)

4,309 0.015
(1,333-13,923)

Tumor Infiltrating Lymphocytes (TILs)

1 <50 years old © 6};52-32'1454)
>50 years old 1 (Reference)
2 <2 cm 1 (Reference)
1,209
>2 cm (0,422-3,462)
. 1,882
3 Positive (0,891-3,977)
Negative 1 (Reference)
4 Grade 2 1 (Reference)
1,866
Grade 3 (0,443-7,850)
N 0,785
5 Positive (0,401-1,538)
Negative 1 (Reference)
6 Stage 2 1 (Reference)
3,660
Stage 3 (1,538-8,709)
1,186
7 Low (0,358-3,933)
Medium 1 (Reference)
8 Low 1 (Reference)
, 2,544
High (1,136-5,698)
Discussion

Our analysis revealed no significant association
between FOXP3 expression and clinicopathological
features such as age, tumor size, lymph node status,
tumor grade, LVI, TILs, or tumor stage. While no
studies have specifically linked age with FOXP3
expression in the TNBC subtype, a survey by Berben
et al. (2020) in luminal B breast cancer suggested that
older patients tend to have a higher density of FOXP3
infiltration in their tumors (16). Our findings contrast
with those of Takenaka et al. (2013), who found a
significant association between FOXP3 expression and
larger tumor size (17). This discrepancy might be due
to the sample size and staging differences between the
studies; Takenaka et al.'s study included 100 patients,
predominantly in stages 1 and 2, whereas our study
included 47 patients, most of who were in stage 3, with
87.2% presenting with larger tumors. The relatively
low number of 47 cases in our study reflects the rarity

Vol.20, No.4 Fall, 2025

0,945
0.780 (0,219-4,070) 0.939
1 (Reference)

FOXP3

1 (Reference)
0.023 3,085 0.013

(1,272-7,481)

of triple-negative breast cancer (TNBC) over the four-
year study period. TNBC represents a minority of all
breast cancer cases, comprises approximately 10-15%
of all breast cancer diagnoses. As our institution serves
as a tertiary referral center, the patient population is
diverse, but TNBC remains relatively uncommon.

Bates et al. (2006) reported a positive association
between FOXP3 expression, high tumor grade, and
positive lymph node status (18). However, their study
involved 287 patients and included various breast
cancer subtypes, which may account for the difference
in findings. Additionally, Glajcar et al. (2021) noted
that tumors with LVI had significantly higher Treg
infiltration, but their study focused on luminal A breast
cancer, whereas ours was centered on TNBC (19).
Furthermore, Indiralia et al. (2018) observed that
FOXP3 expression was higher at early stages (T1 and
T2) and decreased at advanced stages (T3 and T4) (20),
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while Sudarsa et al. (2019) reported that high FOXP3
expression was not associated with advanced stage
TNBC. Still, low CDS8 expression significantly
increased the risk of advancing to a higher stage (21).

We found no significant relationship between the
number of TILs and FOXP3 expression. FOXP3 is a
specific marker for Tregs, a subset of TILs, but high
FOXP3 expression does not directly correlate with the
overall TIL count, as TILs comprise various types of T
cells, including CDS8-positive cells. The prognostic
significance of FOXP3 remains debated, with some
studies linking it to poorer outcomes due to its role in
suppressing antitumor immunity. In contrast, others,
such as DeLeeuw et al. (2012), have demonstrated
positive prognostic value in specific contexts. The
variability in FOXP3's prognostic significance may be
influenced by factors such as tumor location, molecular
subtype, cancer stage, and the tumor microenvironment
(22,23).

Our survival analysis showed that patients with low
FOXP3 expression had significantly better disease-free
survival (DFS), with a median DFS of 1,987 days
compared to 290 days for patients with high FOXP3
expression. These findings align with a meta-analysis
by Shou et al. (2016), which concluded that high
FOXP3 expression is associated with poorer survival
in hormone-positive breast cancer. However, this
contrasts with the findings of Jiang et al. (2015) and
Yeong et al. (2017), who reported that high FOXP3
expression in TNBC is associated with better survival
(24,25).

Univariate analysis identified the patient’s stage at
diagnosis (p=0.003) and FOXP3 expression (p=0.023)
as statistically significant factors. Multivariate analysis
further confirmed these findings, with stage (p=0.015)
and FOXP3 expression (p=0.013) being independent
prognostic factors. These results are consistent with
studies by Balsari et al. (2009), which identified
FOXP3 expression as an independent prognostic factor
in breast cancer (26), and by Aryandono (2006), which
highlighted the significant impact of cancer stage on
patient survival (27).

This study has several limitations. It is a
retrospective cohort study, and the findings need to be
validated in prospective studies. Additionally, there
needs to be a standardized method for assessing
FOXP3 expression, leading to discrepancies with other
studies. For example, Mahmoud et al. (2011) and
Merlo et al. (2009) categorized FOXP3 expression as
positive or negative (26,28), while Takenaka et al.
(2013) used a percentage-based scoring system (17),
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and Jamiyan et al. (2020) classified FOXP3 expression
as high or low based on the median cut-off of positive
cell numbers (6).

Moreover, this study only focused on FOXP3, a
subset of TILs. Future research should evaluate and
compare other TIL subsets, such as CD4, CDS, and
PDLI, to better understand their roles in TNBC.

Conclusion

In conclusion, high FOXP3 expression was
significantly associated with lower disease-free
survival in TNBC patients. However, in these patients,
FOXP3 expression was not associated with age, tumor
size, lymph node status, tumor grade, LVI, TILs, or
cancer stage.

Acknowledgments

We thank the Faculty of Medicine, Public Health,
and Nursing, Universitas Gadjah Mada for
administrative support. We also want to thank the
patients and everyone who participated in the study and
offered excellent technical support and help.

Data Availability

There is no additional data separate from available
in cited references.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sector.

Ethics Approval:

This research received approval from the Ethics
Commission of the Faculty of Medicine, Public Health,
and Nursing, Universitas Gadjah Mada with the
number KE/FK/1623/EC/2022. The study was
conducted under the Declaration of Helsinki. All
participants signed written informed consent for
participating in this study.

Conflict of Interest
The authors declared no conflict of interest.

IRANIAN JOURNAL OF PATHOLOGY



392 FOXP3 and Disease-Free Survival in TNBC

References
|

10.

11.

Sinaga ES, Ahmad RA, Shivalli S, Hutajulu SH. Age at
diagnosis predicted survival outcome of female patients
with breast cancer at a tertiary hospital in Yogyakarta,
Indonesia. Pan African Medical Journal. 2018;31.
[DOI:10.11604/pam;j.2018.31.163.17284] [PMID]
[PMCID]

Anwar SL, Avanti WS, Nugroho AC, Choridah L,
Dwianingsih EK, Harahap WA, et al. Risk factors of
distant metastasis after surgery among different breast
cancer subtypes: a hospital-based study in Indonesia.
World J Surg Oncol. 2020 Dec 30;18(1):117.
[DOL:10.1186/s12957-020-01893-w] [PMID] [PMCID]

Hutajulu SH, Prabandari YS, Bintoro BS, Wiranata JA,
Widiastuti M, Suryani ND, et al. Delays in the
presentation and diagnosis of women with breast cancer
in Yogyakarta, Indonesia: A retrospective observational
study. PLoS One. 2022 Jan 13;17(1):¢0262468.
[DOI:10.1371/journal.pone.0262468] [PMID]
[PMCID]

Yin L, Duan JJ, Bian XW, Yu S cang. Triple-negative
breast cancer molecular subtyping and treatment
progress. Breast Cancer Research. 2020 Dec 9;22(1):61.
[DOI:10.1186/s13058-020-01296-5] [PMID] [PMCID]

Zhang L, Wang XI, 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
Jun;40:143-51.
[DOI:10.1016/j.anndiagpath.2019.04.004] [PMID]

Jamiyan T, Kuroda H, Yamaguchi R, Nakazato Y, Noda
S, Onozaki M, et al. Prognostic impact of a tumor-
infiltrating lymphocyte subtype in triple-negative cancer
of the breast. Breast Cancer. 2020 Sep 28;27(5):880-92.
[DOI:10.1007/512282-020-01084-1] [PMID] [PMCID]

Jorgensen N, Hviid TVF, Nielsen LB, et al. Tumour-
infiltrating CD4-, CD8- and FOXP3-positive immune
cells as predictive markers of mortality in BRCA1- and
BRCA2-associated breast cancer. Br J Cancer.
2021;125(10):1388-1398. [DOI:10.1038/s41416-021-
01514-7] [PMID] [PMCID]

LiJ, Zhang X, Liu B, et al. The expression landscape of
FOXP3 and its prognostic value in breast cancer. Ann
Transl Med. 2022;10(14):801. [DOI:10.21037/atm-22-
3080] [PMID] [PMCID]

Semiglazov V, Tseluiko A, Kudaybergenova A,
Artemyeva A, Krivorotko P, Donskih R. Immunology
and immunotherapy in breast cancer. Cancer Biol Med.
2022 Jun 9;19(5):609-18. [DOI:10.20892/j.issn.2095-
3941.2021.0597] [PMID] [PMCID]

Dabrowska A, Grubba M, Balihodzic A, Szot O,
Sobocki BK, Perdyan A. The Role of Regulatory T Cells
in Cancer Treatment Resistance. International Journal of
Molecular Sciences. 2023; 24(18):14114.
[DOI:10.3390/ijms241814114] [PMID] [PMCID]

Li, Y., Zhang, C., Jiang, A. et al. Potential anti-tumor
effects of regulatory T cells in the tumor
microenvironment: a review. J Transl Med 22, 293.
2024. [DOI:10.1186/s12967-024-05104-y] [PMID]
[PMCID]

Vol.20, No.4 Fall, 2025

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kim S, Lee A, Lim W, Park S, Cho MS, Koo H, et al.
Zonal Difference and Prognostic Significance of Foxp3
Regulatory T Cell Infiltration in Breast Cancer. J Breast
Cancer. 2014;17(1):8. [DOI:10.4048/jbc.2014.17.1.8]
[PMID] [PMCID]

Deng L, LiL, QiuY, Cao Y, Lian S, Si Y. Preoperative
Platelet-Lymphocyte Ratio (PLR) as a prognostic
inflammation biomarker in Asian HIV-infected patients
with gastric cancer: a single-center study. BMC
Gastroenterol.  2023;23(1):187. 2023 May 26.
[DOI:10.1186/s12876-023-02828-x] [PMID] [PMCID]

Hothorn, T, Lausen, T. On the exact distribution of
maximally selected rank statistics, Computational
Statistics & Data Analysis, Volume 43, Issue 2, 2003,
Pages 121-137,ISSN 0167-9473, [DOI1:10.1016/S0167-

9473(02)00225-6.]

Ogluszka M, Orzechowska M, Jedroszka D, Witas P,
Bednarek AK. Evaluate Cutpoints: Adaptable
continuous data distribution system for determining
survival in Kaplan-Meier estimator. Comput Methods
Programs Biomed. 2019;177:133-139.
[DOI:10.1016/j.cmpb.2019.05.023] [PMID]

Berben L, Floris G, Kenis C, Dalmasso B, Smeets A,
Vos H, et al. Age-related remodelling of the blood
immunological portrait and the local tumor immune
response in patients with luminal breast cancer. Clin
Transl Immunology. 2020 3;9(10).
[DOI:10.1002/cti2.1184] [PMID] [PMCID]

Takenaka M, Seki N, Toh U, Hattori S, Kawahara A,
Yamaguchi T, et al. FOXP3 expression in tumor cells
and tumor-infiltrating lymphocytes is associated with
breast cancer prognosis. Mol Clin Oncol. 2013;
1(4):625-32. [DOI:10.3892/mc0.2013.107] [PMID]
[PMCID]

Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, Harris
AL, et al. 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
Dec 1;24(34):5373-80.
[DOI:10.1200/JC0O.2006.05.9584] [PMID]

Glajcar A, Lazarczyk A, Tyrak KE, Hodorowicz-
Zaniewska D, Streb J, Okon K, et al. Nodal status in
luminal A invasive breast cancer: relationships with
cytotoxic CDS8 +and regulatory FOXP3 + cells tumor-
associated infiltrate and other prognostic factors.
Virchows Archiv. 2021 Nov 12;479(5):871-82.
[DOL:10.1007/s00428-021-03126-1] [PMID] [PMCID]

Indiralia A, Rahniayu A, Mustokoweni S. Perbedaan
Ekspresi Foxp3+ dan Cd8+ Tumor Infiltrating
Lymphocytes Karsinoma Payudara pada Berbagai
Stadium T. Indonesian J Cancer. 2018;12(1):7.
[DOI:10.33371/ijoc.v12i1.549]

Sudarsa IW, Subawa DG, Adiputra PAT, Manuaba
IBTW. Correlation of CD8+ Expression, Foxp3+
Expression, and CDS8+/Foxp3+ Ratio with Triple
Negative Breast Cancer Stage in Sanglah General
Hospital. Open Access Maced J Med Sci. 2019
;7(10):1593-6. [DOI:10.3889/0amjms.2019.453]
[PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.11604/pamj.2018.31.163.17284
https://www.ncbi.nlm.nih.gov/pubmed/31086616
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6492206
https://doi.org/10.1186/s12957-020-01893-w
https://www.ncbi.nlm.nih.gov/pubmed/32473643
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7261382
https://doi.org/10.1371/journal.pone.0262468
https://www.ncbi.nlm.nih.gov/pubmed/35025941
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8757982
https://doi.org/10.1186/s13058-020-01296-5
https://www.ncbi.nlm.nih.gov/pubmed/32517735
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7285581
https://doi.org/10.1016/j.anndiagpath.2019.04.004
https://www.ncbi.nlm.nih.gov/pubmed/31096176
https://doi.org/10.1007/s12282-020-01084-1
https://www.ncbi.nlm.nih.gov/pubmed/32222891
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7438376
https://doi.org/10.1038/s41416-021-01514-7
https://doi.org/10.1038/s41416-021-01514-7
https://www.ncbi.nlm.nih.gov/pubmed/34365471
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8576013
https://doi.org/10.21037/atm-22-3080
https://doi.org/10.21037/atm-22-3080
https://www.ncbi.nlm.nih.gov/pubmed/35965804
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9372690
https://doi.org/10.20892/j.issn.2095-3941.2021.0597
https://doi.org/10.20892/j.issn.2095-3941.2021.0597
https://www.ncbi.nlm.nih.gov/pubmed/35676750
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9196061
https://doi.org/10.3390/ijms241814114
https://www.ncbi.nlm.nih.gov/pubmed/37762416
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10531820
https://doi.org/10.1186/s12967-024-05104-y
https://www.ncbi.nlm.nih.gov/pubmed/38509593
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10953261
https://doi.org/10.4048/jbc.2014.17.1.8
https://www.ncbi.nlm.nih.gov/pubmed/24744792
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988347
https://doi.org/10.1186/s12876-023-02828-x
https://www.ncbi.nlm.nih.gov/pubmed/37237259
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10214675
https://doi.org/10.1016/S0167-9473(02)00225-6.
https://doi.org/10.1016/S0167-9473(02)00225-6.
https://doi.org/10.1016/j.cmpb.2019.05.023
https://www.ncbi.nlm.nih.gov/pubmed/31319941
https://doi.org/10.1002/cti2.1184
https://www.ncbi.nlm.nih.gov/pubmed/33024560
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7532981
https://doi.org/10.3892/mco.2013.107
https://www.ncbi.nlm.nih.gov/pubmed/24649219
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3915667
https://doi.org/10.1200/JCO.2006.05.9584
https://www.ncbi.nlm.nih.gov/pubmed/17135638
https://doi.org/10.1007/s00428-021-03126-1
https://www.ncbi.nlm.nih.gov/pubmed/34117905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8572830
https://doi.org/10.33371/ijoc.v12i1.549
https://doi.org/10.3889/oamjms.2019.453
https://www.ncbi.nlm.nih.gov/pubmed/31210806
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6560283

22.

23.

24.

25.

deLeeuw RJ, Kroeger DR, Kost SE, Chang PP, Webb
JR, Nelson BH. CD25 Identifies a Subset of
CD4+FoxP3— TIL That Are Exhausted Yet
Prognostically Favorable in Human Ovarian Cancer.
Cancer Immunol Res. 2015;3(3):245-53.
[DOI:10.1158/2326-6066.CIR-14-0146] [PMID]

Shang B, Liu Y, Jiang S Juan, Liu Y. Prognostic value
of tumor-infiltrating FoxP3+ regulatory T cells in
cancers: a systematic review and meta-analysis. Sci
Rep. 2015 ;5(1):15179. [DOI:10.1038/srepl5179]
[PMID] [PMCID]

Jiang D, Gao Z, Cai Z, Wang M, He 1J.
Clinicopathological and prognostic significance of
FOXP3+ tumor-infiltrating lymphocytes in patients
with breast cancer: a meta-analysis. BMC Cancer.
2015;15(1):727.  [DOI:10.1186/s12885-015-1742-7]
[PMID] [PMCID]

Yeong J, Thike AA, Lim JCT, Lee B, Li H, Wong SC,
et al. Higher densities of Foxp3+ regulatory T cells are
associated with better prognosis in triple-negative breast
cancer. Breast Cancer Res Treat. 2017;163(1):21-35.
[DOI:10.1007/s10549-017-4161-4] [PMID]

Vol.20, No.4 Fall, 2025

26.

217.

28.

Himawan Adhitama et al. 393

Merlo A, Casalini P, Carcangiu ML, Malventano C,
Triulzi T, Ménard S, et al. FOXP3 Expression and
Overall Survival in Breast Cancer. J Clin Oncol.
2009;27(11):1746-52.
[DOI:10.1200/JC0O.2008.17.9036] [PMID]

Aryandono T, Harijadi, Soeripto. Survival from
operable breast cancer: prognostic factors in
Yogyakarta, Indonesia. Asian Pac J Cancer Prev. 2006
Jul-Sep;7(3):455-9. [PMID]

Mahmoud SMA, Paish EC, Powe DG, Macmillan RD,
Lee AHS, Ellis 10, et al. An evaluation of the clinical
significance of FOXP3+ infiltrating cells in human
breast cancer. Breast Cancer Res Treat. 2011;127(1):99-
108. [DOI:10.1007/s10549-010-0987-8] [PMID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1158/2326-6066.CIR-14-0146
https://www.ncbi.nlm.nih.gov/pubmed/25480168
https://doi.org/10.1038/srep15179
https://www.ncbi.nlm.nih.gov/pubmed/26462617
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4604472
https://doi.org/10.1186/s12885-015-1742-7
https://www.ncbi.nlm.nih.gov/pubmed/26475790
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609059
https://doi.org/10.1007/s10549-017-4161-4
https://www.ncbi.nlm.nih.gov/pubmed/28233108
https://doi.org/10.1200/JCO.2008.17.9036
https://www.ncbi.nlm.nih.gov/pubmed/19255331
https://pubmed.ncbi.nlm.nih.gov/17059344/
https://doi.org/10.1007/s10549-010-0987-8
https://www.ncbi.nlm.nih.gov/pubmed/20556505

