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Background and Aim: The present study was conducted to evaluate the number of Tregs 
in triple negative breast cancer (TNBC), in normal breast parenchyma and in the peripheral 
blood of these patients and controls, in addition to their correlations with the clinico- 
pathologic features and the outcomes of TNBC.
Methods: Thirty adult treatment-naïve women with non-metastatic TNBC were recruited. In 
addition, 20 ages matched healthy females participated as a control group. Peripheral blood 
samples were collected from all participants in tubes containing heparin, fresh tumor tissues 
were also obtained from all patients undergoing surgery, and 20 normal breast tissue samples 
were obtained from the same patients’ areas adjacent to the safety margins; all these samples 
were taken for flow cytometric detection of Tregs.
Results: The mean percentages of CD4+CD25+highT cells and Tregs were higher in TNBC 
peripheral blood than healthy controls and in malignant tissue than normal tissue. Moreover, 
the frequencies of tumor-infiltrating CD4+T cells and Tregs were exceeding those in the 
peripheral blood of cancer patients. Only tumor-infiltrating Tregs have shown increasing 
levels with the increase in the tumor size and were significantly higher in patients with local 
recurrences than those without recurrence. In addition, Tregs showed significant inverse 
relation with DFS and direct relation with the level of the peripheral Tregs.
Conclusion: The findings of the current study support the possibility that TNBC micro-
environment conveys specific characteristics on Tregs distinguishing them from those in 
normal breast tissue or Tregs in peripheral blood, improving the capabilities of tumor- 
infiltrating Tregs to enhance tumor growth, local recurrence and reduce the DFS.
Keywords: triple negative breast cancer, Tregs, disease free survival, recurrences

Introduction
Significant attention has been given to regulatory T cells (Tregs) expressing the 
transcription factor fork head box protein P3 (Foxp3).1 Tregs have a fundamental 
role in sustaining immunological tolerance and controlling autoimmunity.2 They act 
by controlling the activation and differentiation of CD4+ Th cells and CD8+ 

cytotoxic T cells in response to environmental, autogenous, or tumor associated 
antigens. Studies have confirmed that Tregs have opposing actions in cancer 
immunity leading to immune evasion of cancer cells and implying a functional 
impact on tumor progression and metastasis.3–5

Interestingly, the clinical relevance of tumor-infiltrating Tregs has been found 
ambiguous. For instance, a high Tregs density in hepatocellular carcinoma is 
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predictive of poor prognosis, in line with the hypothesis 
that Tregs enhance tumor progression through tumor-spe-
cific T cell suppression. On the other hand, improved 
clinical outcome in other tumors as colorectal carcinoma 
is associated with a high Tregs density. These contrasting 
results indicate that the role of Tregs in tumor develop-
ment may vary substantially according to the affected 
site.6

Similarly, Tregs were suggested to be correlated with 
good outcome of breast cancer in one study,7 while other 
studies revealed that Tregs were associated with poor out-
come of breast cancer.8,9

Triple negative breast cancer (TNBC) is a type of 
breast tumors that do not express estrogen receptors 
(ER), progesterone receptors (PR), and human epidermal 
growth factor receptor 2 (HER2) on the surface.10 Patients 
with this TNBC have enhanced risk of metastasis and 
relapse, and cannot utilize targeted therapy.11

Increased tumor-infiltrating-lymphocytes (TILs) in 
TNBC support the high immunogenic nature of this sub-
type of breast cancer.12–14

It is not evident whether the Tregs found intra-tumoral 
are comparable to those in normal tissues or in the periph-
eral blood. The tumor microenvironment might imprint 
distinctive transcriptional and functional characteristics 
upon Tregs.15,16 Recently, peripheral blood Tregs repre-
sented the main source of intra-tumoral Tregs in human 
breast cancers and that their response to cytokine signaling 
indicates intra-tumoral immunosuppressive possibility and 
predicts clinical outcome.17

So far, the prognostic value of Tregs in breast cancer is 
still controversial, and further studies are needed to fully 
understand its significance.18–22 The present study was 
conducted to evaluate the number of Tregs in TNBC, in 
normal breast parenchyma and in the peripheral blood of 
these patients and controls, in addition to their correlations 
with the clinico-pathologic features and the outcomes of 
TNBC.

Patients and Methods
Thirty adult treatment-naïve women undergoing surgical 
treatment of non-metastatic TNBC in the South Egypt 
Cancer Institute and Clinical Oncology Department, 
Assiut University Hospital were enrolled. The clinical 
and histopathological characteristics of the patients are 
shown in Table 1. In addition, 20 age matched healthy 
females participated as a control group.

Ethical Statement
The Committee of Medical Ethics of faculty of medicine, 
Assiut University reviewed and accepted the research pro-
posal (IRB no. 17300416) and the study was done in 
compliance with the ethical guidelines of the Declaration 
of Helsinki 1975. Informed consent was obtained from all 
research participants before sharing in the study.

Surgical Procedures
After confirmation of breast cancer by needle biopsy, 
patients were offered preoperative assessment by multi-
sclice cut scans of chest and abdomen, bone scan, and 
tumor markers including CA15-3, and CEA in order to 
exclude metastatic cases, and then patients underwent 
either modified radical mastectomy (MRM), or breast con-
servative surgery (BCS).

Adjuvant Therapy
After surgery, pathologic assessment of tumor type, size, 
grade, lymph node (LN) status was done, followed by immu-
nophenotyping to ensure negativity of estrogen and progester-
one receptors, and HER2neu. All patients received adjuvant 
chemotherapy according to standardized guidelines, patients 
with BCS, > T2 lesions, positive LN, positive surgical margins, 
and perineural invasion were treated with 3 DCRT with doses 
ranging from 40 to 66 Gy over 15–33 fractions.

Follow Up
TNBC women in our study were followed up monthly by 
clinical examinations for the first 2 years, then every 3–6 
months for additional 3 years, then yearly later on, MSCT 
chest and abdomen and tumor marker were done every 3 
months in the first 2 years, then every 6 months in the next 3 
years, and then yearly later on, bone scan was done when 
indicated (bone pain, rising ALP, rising serum calcium, etc.), 
these follows ups continued until disease recurrence or death 
of patients to determine their disease free survival (DFS).

Sample Processing
Peripheral blood samples were collected from all participants 
in tubes containing heparin. Fresh tumor tissues were also 
obtained from all patients undergoing surgery for primary 
breast cancer immediately after surgery. In addition, 30 appar-
ently normal breast tissue samples were obtained from the 
same patients from areas adjacent to the safety margins (20 
tissue samples were areas devoid of any abnormalities; 
whether inflammatory or benign lesions and subsequently 
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included for comparison, while the other remaining 10 sample 
tissues were found to have abnormalities subsequently, were 
excluded). The tumor tissues were mechanically fragmented to 
prepare single-cell suspension. The cell suspensions were fil-
tered through cell strainers (100 μM). The contaminating red 
blood cells were removed by incubation with lysing solution 
for 5 minutes at 4°C, and the resultant suspension was washed 
twice with phosphate buffered saline (PBS).

Flow Cytometric Detection of Regulatory 
T Cells in Peripheral Blood and Breast 
Tissue
Fluoroisothiocyanate (FITC)-conjugated-Foxp3 (clone 
PCH101, eBioscience, Invitrogen, Thermofisher, US), 

phycoerythrin (PE) conjugated-CD25 (clone 2A3, 
Becton Dickinson (BD) Bioscience, CA, USA) and peri-
dinium-chlorophyll-protein (Per-CP)-conjugated-CD4 
(clone SK3, BD Bioscience, CA, USA) were used to 
detect Tregs. For assessment of Tregs, 1×106 cells of the 
breast tissue sample in 100 µL of PBS in one tube and 
50 µL of blood sample in another tube were incubated 
with 5 µL of CD4, CD25 for 15 minutes at 4°C in the 
dark. Following incubation, red blood cells lysis, wash-
ing with PBS then addition of fixation solution to fix the 
cells and incubation for 10 minutes were done. After 
that, the cells were washed with PBS, and permeabiliza-
tion solution (IntraSureTM kit, BD CA, USA) and 5 µL 
of Foxp3 were added and incubated for 20 minutes. The 
cells were then resuspended in PBS and analyzed by 
FACSCalibur flow cytometry with Cell Quest software 
(Becton Dickinson Biosciences, USA). An isotype- 
matched IgG negative control was used for each sample. 
Forward and side scatter histogram was used to define 
the lymphocytes population. Then CD4+cells were 
gated. Total CD4+CD25+low, CD4+CD25+High and 
CD4+CD25+HighFoxp3+ T cells were evaluated as per-
centages of CD4+ cells in both blood and tumor tissue 
as shown in Figures 1 and 2, respectively.

Statistical Analysis
Numerical data was expressed as mean, median and 
standard deviation or standard error mean. Qualitative 
data were presented as number and percentage. The 
independent sample t-test and One-way ANOVA were 
used to assess the statistical differences between groups. 
Paired-t-test was applied to compare the percentages of 
cells between tumor tissue and peripheral blood. Pearson 
correlation was used to evaluate the strength of linear 
association between variables. The disease-free survival 
(DFS) was calculated using Kaplan–Meier curve and the 
receiver operating characteristic (ROC) curve was 
employed to estimate the accuracy of tumor-infiltrating 
Tregs in prediction of DFS (≥3 years). All analysis was 
performed by SPSS 20.0 software (SPSS, Inc., Chicago, 
IL, USA).

Results
Characteristics of the Patients’ Group
The patients’ ages ranged from 28 to 77 years with a mean 
of 50.4±10.4. The tumor size in most of the patients was 
T2 (63.3%). Most of the patients were either N0 (46.7%) 

Table 1 Clinical and Histopathological Characteristics of the 
TNBC Patients’ Group

Characteristics Frequency

Age(years)

mean± SD 50.4±10.4

Range 28–77

Pathologic type
IDC 28 (98.3%)
ILC 2 (6.7%)

Histological gradea

G1 1 (3.3%)

G2 25 (83.3%)
G3 4 (13.3%)

Tumor size
T1 4 (13.3%)

T2 19 (63.3%)

T3 7 (23.3%)

Lymph node stage
N0 14 (46.7%)
N1 14 (46.7%)

N3 2 (6.7%)

Surgery
MRM 22 (73.3%)

BCS 8 (26.7%)

Local recurrence 5 (16.7%)

DFS (months)
mean± SE 39±3.1(95% CI=33–45)

median± SE 32±2.1 (95% CI= 28–36.1)

Notes: Data expressed as mean±SD/SE or number (percentage).aThe Nottingham 
Combined Histologic Grade (Modified Scarff-Bloom-Richardson Grade) (Ellis et al, 
2003). 
Abbreviations: TNBC, triple negative breast cancer; IDL, infiltrating ductal carci-
noma; ILC, infiltrating lobular carcinoma; G, grade; MRM, modified radical mastect-
omy; BCS, breast conservative surgery; DFS, disease free survival.
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or N1 (46.7%). Pathologic examination of breast cancer 
tissue showed that the majority was infiltrating ductal 
carcinoma (IDC) (98.3%) of G2 (83.3%). Modified radical 
mastectomy (MRM) was done in 73.3% of patients, 
whereas breast conservative surgery (BCS) in 26.7%. 
Local recurrence was observed in 16.7% of them. The 
median DFS±SE was 32±2.1 months (95% CI= 28–36.1) 
(Table 1).

Assessment of Tregs Levels in Peripheral 
Blood and Breast Cancer Tissue of 
Patients with TNBC in Comparison with 
the Control Group
As shown in Table 2, while the level of total CD4+ T cells in the 
peripheral blood was significantly lower in patients than 
healthy controls, their level in the malignant breast cancer 
tissue was higher than that in the normal tissue. The mean 

Figure 1 Gating strategy to identify regulatory T cells in peripheral blood. (A) The lymphocyte population was identified based on the forward and side scatter 
characteristics and was selected by R1. (B, C) CD4+ cells among the gated lymphocytes were selected by (R2) for further analysis on the basis of the level of CD25 
expression. (R3), (R4) and (R5) were drawn to identify CD4+cells with no, low and high CD25 expression, respectively. (D) Dot plot representing FoxP3 expression among 
the CD4+CD25+high cells to detect Tregs (CD4+CD25+high FoxP3+).
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Figure 2 Gating strategy to identify regulatory T cells in tumor tissue. (A) The lymphocyte population was selected by R1. (B, C) CD4+ cells among the gated lymphocytes 
were selected by (R2) then (R3), (R4) and (R5) were drawn to identify CD4+cells with no, low and high CD25 expression, respectively. (D) Dot plot representing FoxP3 
expression among the CD4+CD25+high cells to detect Tregs (CD4+CD25+high FoxP3+). (E, F) Representative dot plots of isotype control.
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percentages of CD4+CD25+highT cells and Tregs were higher 
in TNBC than healthy controls and in malignant tissue than 
normal tissue. Moreover, the frequencies of tumor-infiltrating 
CD4+T cells and Tregs were exceeding those in the peripheral 
blood of cancer patients (p <0.0001).

Relations Between Tumor-Infiltrating and 
Peripheral Blood Tregs and the 
Clinicopathologic Characteristics of 
Patients with TNBC
CD4+CD25+subsets and Tregs have shown no significant 
associations with most of the tested clinicopathologic char-
acteristics in both breast tissue and peripheral blood. Only 
tumor-infiltrating Tregs have shown increasing levels with 
the increase in the tumor size (p<0.0001) and were signifi-
cantly higher in patients with local recurrences than those 
without recurrence (p =0.001), (Tables 3 and 4, Figure 3).

Relations Between Tumor-Infiltrating 
Tregs and the DFS
Among all tested tumor-infiltrating CD4+CD25+subsets, 
only Tregs showed significant inverse relation with DFS 
(r=−0.6, p<0.0001) and direct relation with the level of the 
peripheral Tregs (r= 0.4, p= 0.046). The predictive accu-
racy of the levels of tumor-infiltrating Tregs in assessing 
the DFS period (≥3 years) was estimated using the ROC 
curve. Tumor-infiltrating Tregs showed good predictive 
accuracy [Area under the curve (AUC) =0.9±0.06, 95% 
confidence interval (CI): 0.79–1.00, p=0.001) at the cutoff 
point 6.91% with a sensitivity of 86% and a specificity of 

87%. The mean DFS for TNCB patients with tumor-infil-
trating Tregs <6.91% was 47.8±4 months (95% CI=40.15– 
55.43), while for those with Tregs >6.91% was 27.1±3 
months (95% CI=21.8–32.4), log rank=17.36, (p<0.001) 
(Figure 4). Of the 30 TNBC patients, 19 had tumor-infil-
trating Tregs level <6.91%, only one of them displayed 
local recurrence (5%), and 11 had Tregs level >6.91%, six 
of them showed local recurrences (55%) (p= 0.004).

Discussion
TNBC is an aggressive type of breast cancer characterized 
by poor prognosis and lack of targeted therapy.23 TNBC 
has higher immunogenicity and tends to have higher Tregs 
infiltration than other subtypes.22,24,25

Inconsistent findings on the influence and prognostic 
value of Tregs in TNBC has been reported in previous 
reports.18–22

In this study, the mean percentages of Tregs were higher 
in the peripheral blood of TNBC patients than healthy con-
trols and in tumor tissue than normal breast parenchyma. 
Consistent with our findings, Wang and Huang reported 
significantly increased serum levels of CD4+CD25+Foxp3 
+ Tregs in patients with breast cancer compared with healthy 
individuals.26 In addition, Plitas et al.16 found increased 
Tregs in breast cancer tissue as compared to normal breast 
parenchyma and peripheral blood. Furthermore, breast tumor 
cells utilize immune regulatory cells such as Treg and differ-
ent immunosuppressive pathways involving CD39, PD-1 
and CTLA-4 molecules in creating disturbed immune envir-
onment for them to survive.27

Table 2 Tregs Levels in Peripheral Blood and Breast Cancer Tissue of Patients with TNBC in Comparison with the Control Group

Peripheral Blood Parameters (%) Patients (N=30) Controls (N=20) p-value*

CD4+T cells 40.1±1 51.3±1 <0.0001

CD4+CD25+highT cells 7.1±0.5 4.3±0.2 <0.0001

CD4+CD25+highFoxP3+Tregs 2.3±0.1 1.7±0.1 <0.0001

Tissue parameters (%) Malignant tissue (N=30) Normal tissue (N=20) p-value**

CD4+T cells 58.2±2.7 46±2.2 0.031

CD4+CD25+highT cells 6.7±0.2 4.5±0.2 <0.0001

CD4+CD25+highFoxP3+Tregs 6.6±0.4 3.2±0.1 <0.0001

Parameter (%) Tissue lymphocytes (N=30) Peripheral lymphocytes (N=20) p-value**

CD4+T cells 58.2±2.7 40.1±1.4 <0.0001

CD4+CD25+highT cells 6.7±0.2 7.1±0.5 0.4

CD4+CD25+highFoxP3+Tregs 6.6±0.4 2.3±0.1 <0.0001

Notes: Data presented as mean± SE, *Independent sample t-test, **Paired-t test, significant p-value <0.05.

https://doi.org/10.2147/CMAR.S285128                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 6024

Zahran et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The increased tumor-infiltrating Tregs could be 
explained by expression of homing of receptors on Tregs 
that directs the migration of distinct populations to certain 
tissues28 and regional extension of pre-existing tissue resi-
dent Tregs.16 In addition, powerful stimulation of T cell 
receptors is needed for Treg cell activation, proliferation 
and inhibitory function.29 Additionally, chemokine signal-
ing, and cell migration were found to be the main single 
group of genes enriched in tumor-infiltrating Tregs.16

The tumor-infiltrating Tregs showed significant direct 
relation with the level of Tregs in the peripheral blood. 
Similarly, Cai et al.30 reported that the level of CD25 

+Foxp3+ Tregs in circulating CD4+T cells was positively 
correlated with the level ofCD25+Foxp3+Tregs in CD4 
+tumor-infiltrating lymphocytes in TNBC.

In contrast to tissue infiltrating Tregs, peripheral blood CD 
4+CD 25+Foxp3+ Tregs had no association with any of the 
clinico-pathological features of TNBC. These findings support 
the notion that tumor resident Tregs have distinct features that 
differ from Tregs in peripheral blood.16 On the other hand, the 
proportions of circulating Tregs were found to be associated 
with an increased occurrence of breast cancer.26

The association between the Tregs and the clinico- 
pathological features of TNBC suggested that increasing 

Table 3 Relations Between Tumor-Infiltrating Tregs and the Clinicopathologic Characteristics of Patients with TNBC

Parameters CD4+T Cells CD4+CD25+ low T Cells CD4+CD25+highT Cells Tregs

Tumor size*

T1 (n=4) 51±9 19.6±2 6.8±0.8 5.1±1.7

T2 (n=19) 58.6±4 19.3±0.8 6.7±0.3 6.0±0.2
T3 (n=7) 61.2±5 19.3±2 6.7±0.5 9.2±0.8

p-value 0.6 0.99 0.99 <0.0001

Lymph node stagea*

N0 (n=15) 59±3 19±1 6.6±0.3 6.3±0.5

N1 (n=14) 56.6±5 19±0.9 6.7±0.3 7±0.6

N3 (n=2) 54.6±3 20±1 7±0.4 6.2±0.4
p-value 0.9 0.97 0.97 0.6

Pathologic type**

IDC (n=28) 58.7±3 19.2±0.7 6.7±0.2 6.6±0.4

ILC (n=2) 51.6±23 21.2±3 7±0.9 6.7±0.2
p-value 0.5 0.4 0.4 0.98

Histological gradea*

G1 (n=1) 72±0 26.1±0 9±0 2.8±0

G2 (n=25) 56.4±3 19.3±0.7 6.7±0.3 6.7±0.4
G3 (n=4) 65.9±4 17.9±2 6.3±0.6 7±1

p-value 0.3 0.1 0.1 0.1

Type of surgery*

MRM (n=23) 56±3 19±0.6 6.6±0.2 6.9±0.5
BCS (n=7) 63±6 19.3±2 6.7±0.6 6.4±0.2

Simple mast. (n=1) 72±0 26±0 9±0.2 2.8±0

p-value 0.4 0.1 0.1 0.1

Recurrence**

No (n=23) 58.6±3 18.7±0.8 6.5±0.3 6±0.3

Yes (n=7) 57±6 21.3±1 7.4±0.4 8.8±0.7

p-value 0.8 0.1 0.1 0.001

Notes: Mean ±SE, *One-way ANOVA, **Independent sample t-test, aClassified according to the Union for International Cancer Control. 
Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MRM, modified radical mastectomy; BCS, breast-conserving surgery; mast., mastectomy; G, 
grade; N, lymph node stage; T, tumor stage.
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tumor-infiltrating Tregs was associated with increased 
tumor size and local recurrence as well as decreased dis-
ease-free survival.

Increased frequency of tumor-infiltrating Tregs was 
observed in the more aggressive BC subset; TNBC and 
was associated with higher-grade lesions among all studied 
breast cancer subsets.16 Liu et al.31 observed increased 
CD4+CD25+Foxp3+ Tregs infiltration in breast cancer tis-
sues and that was associated with high histologic grade, 
negative estrogen and progesterone receptors status, and 
overexpression of human epidermal growth factor receptor 

type 2, along with diminished overall as well as progres-
sion-free survivals. On the other hand, Yeong et al.21 

reported that high number of tumor-infiltrating 
CD4+CD25+Foxp3+ Tregs in TNBC patients was linked to 
a higher tumor grade, lymph node status and better prog-
nosis. Increasing the numbers of tumor-infiltrating Tregs 
may augment local immunosuppressive abilities, suppres-
sing the anti-tumor immunity, thus enhancing tumor growth 
and invasion,32 in addition; early breast cancer has an 
inflammatory milieu characterized by mDC, Treg, and can-
cer stem cells (CSC) infiltration. The frequencies of Treg, 

Table 4 Relations Between Peripheral Blood Tregs and the Clinicopathologic Characteristics of Patients with TNBC

Parameters CD4+ T Cells CD4+CD25+ low T Cells CD4+CD25+highT Cells Tregs

Tumor sizea*

T1 (n=4) 45.7±1 19.6±2 6.2±2 2.2±0.05

T2 (n=19) 39.1±2 19.3±0.8 7.2±0.6 2.4±0.1
T3 (n=7) 39.6±1 19.3±2 7.3±1 2.2±0.1

p-value 0.3 0.99 0.8 0.4

Lymph node stagea*

N0 (n=14) 39.6±2 19±1 7±0.7 2.3±0.2

N1 (n=14) 39.9±2 19±0.9 6.5±0.7 2.4±0.1

N3 (n=2) 46±3 20±1 12.5±0.9 2.1±0.08
p-value 0.7 0.97 0.07 0.8

Pathologic type**

IDC (n=28) 39.8±1 19.2±0.7 7.1±0.5 2.3±0.09

ILC (n=2) 43.8±5 21.2±3 7.5±3 2.5±0.2
p-value 0.5 0.4 0.8 0.7

Histological gradea*

G1 (n=1) 44.8±0 26±0 11.4±0 2±0

G2 (n=25) 40.7±1 19.3±0.7 6.9±0.5 2.4±0.1
G3 (n=4) 35±4 17.9±2 7 ±1 2.3±0.2

p-value 0.3 0.1 0.3 0.8

Type of surgery*

MRM (n=23) 40.9±2 19±0.6 7±0.6 2.4±0.1
BCS (n=7) 37.2±3 19.2±2 6.8±0.9 2.3±0.2

Simple mast. (n=1) 44.8±0 26±0 11.4±0 2±0

p-value 0.4 0.1 0.3 0.8

Recurrence**

No (n=23) 40±2 19.2±0.7 6.7±0.5 2.3±0.07

Yes(n=7) 40.2±3 19.7±2 9±1 2.5±0.4

p-value 0.97 0.8 0.09 0.6

Notes: Mean ±SE, *One-way ANOVA, **Independent sample t-test, aClassified according to the Union for International Cancer Control. 
Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; MRM, modified radical mastectomy; BCS, breast-conserving surgery; mast., mastectomy; G, 
grade; N, lymph node stage; T, tumor stage.
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CSC and CD8/Treg ratio were associated with disease pro-
gression including lymph node metastasis.33

Moreover, a previous review34 proposed that Tregs have 
cytotoxic capability that may directly kill effector T cell, which 

may explain the association between Foxp3+ Tregs infiltration 
and poor recurrence free survival of breast cancer patients.35

The study findings support the notion that Tregs can 
directly contribute to tumor progression rather than they 

Figure 3 Tumor-infiltrating Tregs showing increasing levels with the increase in the tumor size (A) and in patients with local recurrences (B).
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accumulate in the tumor tissue as a consequences of other 
immunologic mechanisms controlling tumor progression.

The current study had a number of limitations, the small 
number of patients was a crucial limitation that was responsible 
for absence of several statistical relations, and heterogeneity of 
patients as the study recruited early and locally advanced 
diseases.

Conclusion
The findings of the current study support the possibility 
that TNBC microenvironment conveys specific character-
istics on Tregs distinguishing them from those in normal 
breast tissue or Tregs in peripheral blood, improving the 
capabilities of tumor-infiltrating Tregs to enhance tumor 
growth, local recurrence and reduce the DFS. They also 

suggest the therapeutic value of targeting the function of 
tumor-infiltrating Tregs in TNBC.
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