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ABSTRACT
Objective: This study aimed to assess the prognostic value of CD4+CD25+ T
lymphocyte in peripheral blood among breast cancer patients treated with adoptive
T lymphocytes immunotherapy.
Methods: 217 patients participated in the follow-up study. CD4+CD25+ proportion
was measured by flow cytometry in peripheral T cells. The median survival was
estimated by Kaplan-Meier curve, Log-rank test and Cox hazard proportion regression
model, between groups of CD4+CD25+ proportion more than 5% and less than or equal
to 5% in peripheral T cells.
Results: Peripheral CD4+CD25+ T lymphocytes had not a relationship with
progression-free survival. It was featured that above 5% peripheral CD4+CD25+
proportion of T cells was related with the median overall survival by a shorten of 51
months (p < 0.05) with the HR 1.65 (95%CI 1.04, 2.62). Above 5% CD4+CD25+proportion
of T cells produced the HR to be 1.76 (95%CI 1.07, 2.87) In stage 0-II patients, and
3.59 (95%CI 1.05, 12.29) in triple negative breast cancer patients.
Conclusion: Cellular immunity restoration recovered by adoptive T cell infusions
which resulted in less proportion of peripheral CD4+CD25+T lymphocytes could be a
potential prognostic indicator among early stage and triple negative patients.

more prevalent patients the more health services required.
Currently, the screening program was inadequate to reduce
BC burden in China [2].
Current clinical evidences showed that cancer
immunotherapy has been becoming the promising
approaches which enhance the microenvironment anticancer ability and reject the T cell exhausting [3]. The
mechanism of immunotherapies included stimulation and
redirection of the cellular immune responses to cancer
cells and the action of cell lysis [4]. Dendritic cells (DC)

INTRODUCTION
Breast cancer (BC) is the second most common
cancer worldwide, with an estimated 1.67 million new
cases diagnosed in 2012 (25% of all cancers) [1]. By
far, BC is the most common female cancer in China,
with 187213 new cases in 2012. However, in 2012 the
5-year prevalent cases were 697327 [1]. The gap between
incident number and prevalent number indicated a big
health care demand for Chinese BC patients that the
www.impactjournals.com/oncotarget
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RESULTS

are the antigen-presenting cells and able to promote the
generation of helper T cells and cytotoxic T cells. DC
acts as effective T-cell stimulators and induces a tumorspecific immune response. Cytokine induced killer (CIK)
cells are ex vivo-expanded T lymphocytes—a subset
of T lymphocytes with a natural killer T-cell phenotype
expressing both the CD56 and the CD3 markers, present
non-histocompatibility complex cytotoxicity against target
cells [5, 6]. Our previous study indicated that high-dose
chemotherapy combined with dendritic cells-cytokine
induced killer cells (DC-CIK) improved both progressionfree and overall survival in metastatic BC patients [7].
Continuous DC-CIK infusions were capable of improving
clinical efficacy, physical activity and cellular immunity
among advanced malignancy patients [8]. Recently
such combination of chemotherapy and adoptive T cells
generated the encouragingclinical benefits for young
triple negative breast cancer (TNBC) patients [9]. In a
meta-analysis, DC-CIK cell therapy markedly prolonged
survival time by 1-year more, enhanced immune function
by NK cell increase, and improved the clinical efficacy
[10]. Increasing evidences suggest that DC-CIKs can
increase the survival and quality of life among BC
patients. It was emerging to explore the significant
predictive and prognostic biomarkers for immunotherapy
to prospectively evaluate clinical treatments.
T lymphocyte subtypes were observed to be
associated with BC patients’ survival [7]. Increased
level of tumor-infiltrating regulatory CD4+CD25+ T
lymphocytes was related with lymph node metastasis
among BC patients [11]. Intratumoral CD4+CD25+
regulatory T cell number was a prognostic factor for
progression-free and overall survival for BC patients
with neoadjuvant and adjuvant chemotherapy [12, 13].
However, it is not feasible to obtain re-biopsies for T
cell infiltration tests among advanced BC patients.
Thus there was an increasing demand that whether
alternatively monitoring the circulating T lymphocytes
to predict the prognosis of cancer patients rather than
tissue biopsy tests. We have previously reported that
peripheral blood CD8+CD28− subsets could be used as
the independently prognostic factor in metastatic BC
[14]. There are more and more BC patients receiving
DC-CIK infusion treatment worldwide but the markers
of predicting the clinical responses and outcomes
were few determined. Additionally, triple negative
BC patients (TNBC) were reported to have special
immunological characteristics by elevated expression of
immune genes, suggesting the potential bebefuts from
immunotherapy [15]. This study aimed to investigate
the prognostic effects of peripheral blood but not tissue
infiltrating CD4+CD25+ T cells for BC patients receiving
DC-CIK infusions, to testify the feasibility and values
of T cell subsets proportion as substitute biomarkers for
breast cancer patients.
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BC patients with more than 5% CD4+CD25+
proportion in peripheral T cells were younger than
patients with the proportion less than or equal to 5%, but
the difference was not significant (Table 1). Between the
two groups of peripheral CD4+CD25+proportion of T cells,
patients had not significant differences in pathological
stage, estrogen receptor, HER2+ and molecular subtypes
(Table 1). Patients with a high proportion had the positive
progesterone receptor being 14.4% higher (p < 0.05,
Table 1). Clinical treatments including chemotherapy,
radiotherapy and endocrine-therapy were not different
between low and high CD4+CD25+ proportion of
peripheral T cells (Table 1).
Peripheral CD4+CD25+ proportion of T cells was
not related with BC patients’ progression-free survival,
the median survival time being 37.0 months in patients
with the proportion less than or equal to 5% and 28.0
months in patients with the proportion more than 5% (p
> 0.05, Figure 1a). CD4+CD25+ proportion in peripheral
blood had a significant association with overall survival
(Figure 1b). Median survival length was 97.8 months
among patients with proportion less than or equal to
5%, in contrast with 46.8 months among patients with
CD4+CD25+proportion more than 5% (p = 0.02, Table 2).
More than 5% CD4+CD25+proportion in peripheral blood
increased the relative risk of death to 1.65 (95%CI 1.04,
2.62) with confounder adjustment (Table 2). Positive
progesterone receptor and endocrine-therapy increased
the overall survival too (Table 2).
With stratification analysis, the significantly survival
difference was observed among the patients in early
stage, HR of more than 5% CD4+CD25+ proportion of T
cells increasing to 1.76 (95%CI 1.07, 2.87) in stage ≤ II
(Figure 2, Table 3). Stratified with molecular subtypes,
CD4+CD25+ T cells were related with overall survival
among TNBC patients, more than 5% proportion of
peripheral T cells increasing the HR to be 3.59 (95%CI
1.05, 12.29) (Figure 3, Table 3).

DISCUSSION
The prognostic significance of tissue tumorassociated CD4+CD25+ T cells was observed in many
previous studies. Liu et al. reported high tumor-infiltration
of Forkhead/winged helix transcription factor 3 (FOXP3)+
CD4+CD25+ regulatory T cell was related with shorter
survival among BC patients and high amount cells
produced a 1.90-fold high risk of death and a 1.53-fold
high risk of progression [16]. Another study indicated
high level of intratumoral CD4+CD25+ regulatory T cells
was even related with a 5.93-fold high risk of death [13].
Increased intratumoral CD4+CD25+ regulatory T cells was
related with shorter survival of BC patients, especially
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Table 1: Characteristics for BC patients with low and high CD4+CD25+ T lymphocytes
p

Proportion of cells
less than or equal to 5%

more than 5%

51.43 (41.56, 56.93)

46.34 (41.18, 56.07)

0.07

≤I

16 (16.7)

8 (7.4)

0.11

II

41 (42.7)

47 (43.5)

≥III

39 (40.6)

53 (49.1)

Age, median (interquartile
range)*
Stage, n (%)

Estrogen receptor, n (%)

0.82

Negative

41 (43.6)

47 (45.2)

Positive

53 (56.4)

57 (54.8)

Progesterone receptor, n (%)

0.04

Negative

39 (41.9)

58 (56.3)

Positive

54 (58.1)

45 (43.7)

HER2+

0.52

–

34 (35.8)

45 (43.7)

+

17 (17.9)

21 (20.4)

++

24 (25.3)

21 (20.4)

+++

20 (21.1)

16 (15.5)

Molecular subtype, n (%)

0.50

Luminal A

37 (50.7)

42 (50.0)

Luminal B

8 (11.0)

9 (10.7)

HER2+

12 (16.4)

8 (9.5)

Triple Negative

16 (21.9)

25 (29.8)

Chemotherapy, n (%)

0.05

Primary line

48 (59.3)

43 (55.2)

Second line

13 (16.0)

24 (30.8)

≥Third line

20 (24.7)

11 (14.1)

Radiotherapy, n (%)

0.42

No

61 (59.2)

66 (62.3)

Yes

42 (40.8)

40 (37.7)

No

53 (50.5)

63 (56.3)

Yes

52 (49.5)

59 (43.7)

Endocrine-therapy, n (%)
0.39

*Wilcoxon-Rank Sum test
basal-like subtype and the patients with hormone therapy
[17]. Even among early BC patients, high tumor-infiltrating
CD4+CD25+ regulatory T cells were associated with earlier
recurrence, lymph node metastasis, and expression of p53
www.impactjournals.com/oncotarget

and K67 [11]. Tumor infiltration status of CD4+CD25+
regulatory T cell was prognostic indicator of diseasefree and overall survival. Proportion of peripheral blood
CD4+CD25+ regulatory T cells were also related with BC
41352
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b

Figure 1: Effects of CD4+ CD25+ proportion of T cells on survival with 95%CI among BC patients, a. progression-free
survival, b. overall survival.
pathological characteristics that advanced stages were more
likely to present higher level cells [18]. The percentage
of CD4+CD25+ regulatory T in the peripheral blood was
significantly higher in BC patients and significantly
ascended by the stage [19]. For the difficulties of accessing
to tissue biopsies during treatment process, detection of
peripheral CD4+CD25+ T cells was an alternative to predict
the prognosis.
Many molecules involved in the mechanism
pathway of CD4+CD25+ regulatory T cells. Bulk transfer
of lymphocytes containing suppressor lymphocyte subsets,
such as regulatory T cells, was reported to damage antitumor effect [20]. Infusion of autologous infiltrating
lymphocytes depleting CD4+CD25+ regulatory T cells
to BC murine, was capable of increasing activation and

www.impactjournals.com/oncotarget

proliferation of CD4+ and CD8+ T cells, enhancing IL-4 and
IFN-γ secretion, postponing tumor growth and prolonging
survival [20]. Basal-like subtype of BC had a higher
CXCR4 expression in CD4+CD25+ regulatory T cells and
CXCR4 expression played an important role of promoting
CD4+CD25+ regulatory T recruitment and suppressing
immune response [17]. Immunopositivity of p53 and
K67 were correlated with high CD4+CD25+ regulatory
T infiltration [11]. Generation of CD4+CD25+ regulatory
T cells is known to play a major role in progression and
modulation of the immune-escape mechanisms in cancers.
These cells express FOXP3 and Cytotoxic T-lymphocyte
antigen-4 (CTLA-4), as a negative regulatory molecule:
BC patients had increased levels FOXP3 and CTLA-4
[21]. CA15-3 was another molecule correlated with
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Table 2: Univariate and multivariate analysis between interested factors and overall survival
Median survival
(months)

p value of Log-Rank
test

HRcrude (95%CI)

HRadjusted
(95%CI)*

≤5%

97.8

0.023

1.00

1.00

>5%

46.8

1.69 (1.07, 2.68)

1.65 (1.04, 2.62)

1.00

1.00

0.41 (0.26, 0.63)

0.55 (0.32, 0.96)

1.00

1.00

CD4+CD25+ proportion
of T cells

PR
Negative

35.2

Positive

96.1

<0.001

Chemotherapy
Primary line

87.2

0.104

Second line

43.8

1.65 (0.98, 2.79)

1.73 (0.96, 3.58)

≥Third line

38.7

1.56 (0.89, 2.74)

1.62 (0.91, 3.46)

1.00

1.00

1.31 (0.86, 2.01)

1.68 (0.90, 2.87)

1.00

1.00

0.63 (0.42, 0.96)

0.49 (0.26, 0.91)

Radiotherapy
No

73

Yes

58.4

0.205

Endocrine-therapy
No

52.4

Yes

94.7

0.028

*further adjusted age

Figure 2: Effect of CD4+CD25+proportion of T cells on overall survival with 95%CI among BC patients in stage ≤ II.

the percentage of CD4+CD25+ regulatory T cells in the
peripheral blood [19]. Immune dysregulation was related
with elevated level of functionally active CD4+CD25+
www.impactjournals.com/oncotarget

regulatory T cells in melanoma patients and patients with
increased CD4+CD25+ regulatory T cells have higher
risk of progression [22]. High percentage of CD4+CD25+
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Table 3: Subgroup analysis between CD4+CD25+ T cell and overall survival
cell proportion

Median survival
(months)

p

HR*

≤5%

97.8

0.02

1.00

>5%

50.9

≤5%

67.7

>5%

34.3

≤5%

108.0

>5%

NA

≤5%

70.8

>5%

33.9

≤5%

38.7

>5%

16.1

≤5%

NA

>5%

26.3

95%CI

Stage
≤II
>II

1.76

1.07, 2.87

1.91

0.93, 3.93

0.73

0.30, 1.79

5.90

0.64, 54.47

1.23

0.31, 4.85

3.59

1.05, 12.29

0.09

Molecular subtype
Luminal A
Luminal B
HER2+
TNBC

0.46
0.10
0.73
0.04

*adjusting age, PR, chemotherapy, endocrine-therapy and radiotherapy.

Figure 3: Effect of CD4+CD25+proportion of T cells on overall survival with 95%CI among TNBC patients.
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T cells had inhibitory effect on immune system and
impaired the therapeutical actions.
FOXP3 is a marker for immunosuppressive
CD4+CD25+ regulatory T cells. In TNBC patients,
more than 15 FOXP3-positive CD4+CD25+ regulatory
T per 10 high power fields in the peritumoral area was
an independent prognostic factor for overall survival
and progression free survival with hazard ratios of 2.4
(95% CI 1.0–5.6; p = 0.049) and 2.0 (95% CI 1.1–3.6;
p = 0.032), respectively [23]. High FOXP3+ tumor
infiltrated lymphocyte levels were strongly associated
with prolonged recurrence-free survival among TNBC
patients but not ER-negative cases [24]. Compared with
Lunimal A, TNBC patients had higher levels of IL5, IFN-γ, IFN-α2 and TNF-α, indicating the particular
immune function [15]. Early stage of BC intended to have
high level of IL-2 [25]. Higher average numbers of FoxP3+
cells were also significantly associated with larger tumor
size [26]. The high immunity in early stage might explain
the prognostic effects of CD4+CD25+ T lymphocytes in
stage 0 I and II. The particular immune profiles in TNBC
and early stage cases might induce the prognostic effect of
CD4+CD25+ T cells and the potential immunotherapeutic
targets among these patients.
Depletion of CD4+CD25+ T cells was a potential
strategy for cancer treatment. Low dose cyclophosphamide
had inhibitory effect to CD4+CD25+ T cells. Radiation
combining low dose cyclophosphamide and anti-CD25
antibody, compared irradiation alone significantly
increased the effector T cells, survival rate, and
suppressed tumor growth [27]. In lung cancer rice model,
cyclophosphamide could inhibit lung metastasis, reduce
tumor weight and volume, and decrease the CD4+CD25+
T cells in spleen and metastasis foci [28]. Meanwhile,
cyclophosphamide decreased the levels of IL-6, TGF-β,
IL-23, IFN-γ, Foxp3, RORγt, JAK2 and STAT3 but
increased SOCS3 level [28]. The depletion of CD4+CD25+
T cells might activate through SOCS/JAK-STAT pathway
and inflammatory cytokine responses. Combination
of therapeutic vaccine and CD4+CD25+ T depletion
strategy prolonged survival and reduced progression in
mice with pancreatic intraepithelial neoplasm, compared
with vaccine alone [29]. To metastasized BC patients,
metronomic cyclophosphamide treatment could reduce
CD4+CD25+ T cells, induce stable tumor-specific T
cell responses and improve disease stabilization and
survival [30]. CD4+CD25+ T cell was a potential target for
therapeutic strategy for malignant patients.
DC-CIK infusion was related with BC survival
and improvement of immune function. Ren et al reported
combined therapy of chemo and DC-CIK immunotherapy
increased the progression-free and overall survival
of metastatic BC [7]. DC co-cultured with CIK cells
was capable of reducing the number and function of
CD4+CD25+ T cells [31, 32]. One of our data also
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presented an improvement in immune function and BC
clinical outcome from DC-CIK infusions [8].
Since there were increasingly evidences that cancers
included immunogenetic or non-immunogenetic types,
we were not able to discriminate the types for those BC
patients. The T cell infiltration in tumor microenvironment
was not identified as well. This will lead to further studies
on the precise immune modulators and determine the
choices of immunotherapy including therapeutic vaccines
and cytokines combinations. The sample size in subgroups
was limited for estimation and introduced false-negative
findings possibly. Missing data in collection was another
limitation in this study.

PATIENTS AND METHODS
This study was approved by both Peking University
Cancer Hospital and Beijing Shijitan Hospital Institutional
Review Board. Written consent was obtained from all
patients.
251 Patients were invited into the study between
January 2007 and June 2011. All patients were eligible
for receiving standard salvage chemotherapy and
had at least an Eastern Cooperative Oncology Group
performance status of 0–2 and a life expectancy at least
three months. We excluded patients that had already
received immunotherapies following chemotherapy. 34
cases failed to test CD4+CD25+ proportion of T cells in
peripheral blood after DC-CIK therapy and were excluded.
After recruitment, the included 217 subjects were followed
up every three months though telephone interview and
collected the data of progression and survival status till
March 31, 2012. The start time of follow-up was defined
as the diagnosis date and 7.8% cases were lost to followup
finally. One cycle DC-CIKs treatment included three
infusions and T lymphocyte detection was performed at
the end of the first DC-CIK cycle.
Mononuclear cells were harvested from peripheral
blood and expanded in vitro. For the induction of DCCIKs, peripheral blood mononuclear cells were mobilized
by G-CSF. Apheresis was performed using the COBE
Spectra cell separator (COBE BCT, Lakewood, CO,
USA) until CD34+ reaching ≥4.5 × 106/kg. 25–50 ml of
the apheresis product was co-cultured with IL-4, TNFαand GM-CSF in vitro to generate autologous DCs. With
adequate cell counts, the cultured cells were infused
intravenously and cellular immunity in peripheral blood
was measured by flow cytometry.
Two milliliters of heparinized peripheral venous
blood was obtained from each patient. Whole blood
(100 μl) was incubated in the dark with primary antibody
at 4°C for 15 min. After hemolysis for 10 min, samples
were centrifuged for 10 min at 1,500 rpm at room
temperature, and then washed twice in PBS and subjected
to flow cytometric analysis. Primary antibodies included:
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anti-CD3-PC5 (Beckman-Coulter), anti-CD4-FITC
(Beckman-Coulter) and anti-CD25-PE (BeckmanCoulter).
Three-color flow cytometric analysis was performed
to determine cell phenotypes. CD4+CD25+ T lymphocyte
subset levels were reported as percentages of the total T
lymphocytes in peripheral blood. Flow cytometry was
performed using an FC500 (Beckman-Coulter), and CXP
analysis software (Beckman-Coulter). Lymphocytes were
gated by forward scatter versus side scatter. T lymphocytes
were gated on CD3+ positive cells, and CD4+CD25+
T lymphocytes were gated on CD4+CD25+ cells in the
lymphocyte gate. Analysis was set to collect 5,000 gated
events.

(XMLX201413) and by Natural Science Foundation of
China (No. 81172534).

CONFLICTS OF INTEREST
There are none.

REFERENCES
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S,
Mathers C, Rebelo M, Parkin D, Forman D, Bray F.
GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 11 [Internet]. Lyon,
France: International Agency for Research on Cancer.
2013; Available from: http://globocan.iarc.fr, accessed on
26/01/2015.

Statistical analysis
The median percentage of CD4+CD25+proportion of
T cells was 5% in total peripheral T lymphocytes and set as
cut-off point for two groups (≤5% vs. >5%). The statistical
analyses were conducted under SPSS software 17.0
version. Age was analyzed by Wilcoxon-Rank Sum test
between the two groups. Stage, HER2+ status, estrogen
receptor, progesterone receptor, molecular subtypes,
chemotherapy, radiotherapy and endocrine-therapy were
analyzed through Chi-square test. Association between
CD4+CD25+ proportion of T cells, progression-free and
overall survival was estimated by Kaplan-Meier method
with Log-rank test. The Kaplan-Meier survival curve
and 95% confidence interval (95%CI) were displayed
by MedCal software (https://www.medcalc.org/index.
php). Cox hazard proportion regression model was used
to estimate the hazard ratio (HR) and 95%CI, where
survival was set as dependent variable and independent
variables included CD4+CD25+ proportion of T cells, age,
progesterone receptor, chemotherapy, endocrine-therapy,
and radiotherapy. All comparisons were conducted twotailed tests with significant level of 0.05.

2. Song Q, Wang X, Zhou X, Yang H, Li Y, Wu J, Ren J,
Lyerly HK. Breast Cancer Challenges and Screening in
China: Lessons from Current Registry Data and Population
Screening Studies. The Oncologist. 2015; 20:1–7.
3. Jiang Y, Li Y, Zhu B. T-cell exhaustion in the tumor microenvironment. Cell death & disease. 2015; 6:e1792.
4. Choudhury A, Palma M, Mellstedt H. The future of cancer vaccines for non-small-cell lung cancer: ongoing trials.
Clinical lung cancer. 2008; 1:S37–44.
5. Joshi PS, Liu JQ, Wang Y, Chang X, Richards J,
Assarsson E, Shi FD, Ljunggren HG, Bai XF. Cytokineinduced killer T cells kill immature dendritic cells by TCRindependent and perforin-dependent mechanisms. Journal
of leukocyte biology. 2006; 80:1345–1353.
6. Zhang YS, Yuan FJ, Jia GF, Zhang JF, Hu LY, Huang L,
Wang J, Dai ZQ. CIK cells from patients with HCC possess strong cytotoxicity to multidrug-resistant cell line Bel7402/R. World journal of gastroenterology : WJG. 2005;
11:3339–3345.
7. Ren J, Di L, Song G, Yu J, Jia J, Zhu Y, Yan Y, Jiang H,
Liang X, Che L, Zhang J, Wan F, Wang X, Zhou X,
Lyerly HK. Selections of appropriate regimen of high-dose
chemotherapy combined with adoptive cellular therapy with
dendritic and cytokine-induced killer cells improved progression-free and overall survival in patients with metastatic
breast cancer: reargument of such contentious therapeutic
preferences. Clinical & translational oncology : official publication of the Federation of Spanish Oncology Societies and of
the National Cancer Institute of Mexico. 2013; 15:780–788.

CONCLUSIONS
As intra-tumor infiltrating T cells, peripheral blood
of CD4+CD25+ T cells could be regarded as an alternative
biomarker to predict the clinical outcomes among whom
exposure to DC-CIK infusions, especially among early
stage and TNBC patients.

ACKNOWLEDGMENTS AND FUNDING

8. Zhao YJ, Jiang N, Song QK, Wu JP, Song YG, Zhang HM,
Chen F, Zhou L, Wang XL, Zhou XN, Yang HB, Ren J,
Lyerly HK. Continuous DC-CIK Infusions Restore CD8+
Cellular Immunity, Physical Activity and Improve Clinical
Efficacy in Advanced Cancer Patients Unresponsive to
Conventional Treatments. Asian Pacific journal of cancer
prevention : APJCP. 2015; 16:2419–2423.

This work was supported by the collaborative
research project of Duke University Medical Center,
Durham, NC, US and Capital Medical University Cancer
Center, Beijing, China(No.2013 ZLNK,2013 ZLYJS),
Beijing Municipal Administration of Hospitals Clinical
Medicine Development of Special Funding Support

www.impactjournals.com/oncotarget

41357

Oncotarget

9. Wang X, Ren J, Zhang J, Yan Y, Jiang N, Yu J, Di L,
Song G, Che L, Jia J, Zhou X, Yang H, Lyerly HK.
Prospective study of cyclophosphamide, thiotepa, carboplatin combined with adoptive DC-CIK followed by metronomic cyclophosphamide therapy as salvage treatment for
triple negative metastatic breast cancers patients (aged < 45).
Clinical & translational oncology : official publication of the
Federation of Spanish Oncology Societies and of the National
Cancer Institute of Mexico. 2015. [Epub ahead of print].

cancer and in stage IV breast cancer. Cancer immunology,
immunotherapy : CII. 2012; 61:911–916.
19. Abo-Elenein A, Elgohary SE, Hashish A, El-Halaby E.
Significance of immunoregulatory T cells in different stages
of breast cancer patients. The Egyptian journal of immunology / Egyptian Association of Immunologists. 2008;
15:145–152.
20. Xu L, Xu W, Jiang Z, Zhang F, Chu Y, Xiong S. Depletion
of CD4(+)CD25(high) regulatory T cells from tumor
infiltrating lymphocytes predominantly induces Th1 type
immune response in vivo which inhibits tumor growth in
adoptive immunotherapy. Cancer biology & therapy. 2009;
8:66–72.

10. Wang ZX, Cao JX, Wang M, Li D, Cui YX, Zhang XY,
Liu JL, Li JL. Adoptive cellular immunotherapy for the
treatment of patients with breast cancer: a meta-analysis.
Cytotherapy. 2014; 16:934–945.
11. Kim ST, Jeong H, Woo OH, Seo JH, Kim A, Lee ES,
Shin SW, Kim YH, Kim JS, Park KH. Tumor-infiltrating
lymphocytes, tumor characteristics, and recurrence in
patients with early breast cancer. American journal of clinical oncology. 2013; 36:224–231.

21. Jaberipour M, Habibagahi M, Hosseini A, Habibabad SR,
Talei A, Ghaderi A. Increased CTLA-4 and FOXP3 transcripts in peripheral blood mononuclear cells of patients
with breast cancer. Pathology oncology research : POR.
2010; 16:547–551.

12. Liu F, Li Y, Ren M, Zhang X, Guo X, Lang R, Gu F, Fu L.
Peritumoral FOXP3(+) regulatory T cell is sensitive to chemotherapy while intratumoral FOXP3(+) regulatory T cell
is prognostic predictor of breast cancer patients. Breast cancer research and treatment. 2012; 135:459–467.

22. Muthu Raja KR, Rihova L, Zahradova L, Klincova M,
Penka M, Hajek R. Increased T regulatory cells are associated with adverse clinical features and predict progression
in multiple myeloma. PloS one. 2012; 7:e47077.
23. Lee S, Cho EY, Park YH, Ahn JS, Im YH. Prognostic
impact of FOXP3 expression in triple-negative breast cancer. Acta oncologica (Stockholm, Sweden). 2013; 52:73–81.

13. Demir L, Yigit S, Ellidokuz H, Erten C, Somali I,
Kucukzeybek Y, Alacacioglu A, Cokmert S, Can A,
AkyolM, Dirican A, Bayoglu V, Sari AA, Tarhan MO.
Predictive and prognostic factors in locally advanced breast
cancer: effect of intratumoral FOXP3+ Tregs. Clinical &
experimental metastasis. 2013; 30:1047–1062.

24. West NR, Kost SE, Martin SD, Milne K, Deleeuw RJ,
Nelson BH, Watson PH. Tumour-infiltrating FOXP3(+)
lymphocytes are associated with cytotoxic immune
responses and good clinical outcome in oestrogen receptor-negative breast cancer. British journal of cancer. 2013;
108:155–162.

14. Song G, Wang X, Jia J, Yuan Y, Wan F, Zhou X, Yang H,
Ren J, Gu J, Lyerly HK. Elevated level of peripheral
CD8(+)CD28(-) T lymphocytes are an independent predictor of progression-free survival in patients with metastatic
breast cancer during the course of chemotherapy. Cancer
immunology, immunotherapy : CII. 2013; 62:1123–1130.

25. Hrubisko M, Sanislo L, Zuzulova M, Michalickova J,
Zeleznikova T, Sedlak J, Bella V. Immunity profile in
breast cancer patients. Bratislavske lekarske listy. 2010;
111:20–26.

15. Hong CC, Yao S, McCann SE, Dolnick RY, Wallace PK,
Gong Z, Quan L, Lee KP, Evans SS, Repasky EA,
Edge SB, Ambrosone CB. Pretreatment levels of circulating Th1 and Th2 cytokines, and their ratios, are associated
with ER-negative and triple negative breast cancers. Breast
cancer research and treatment. 2013; 139:477–488.

26. Bohling SD, Allison KH. Immunosuppressive regulatory T
cells are associated with aggressive breast cancer phenotypes: a potential therapeutic target. Modern pathology : an
official journal of the United States and Canadian Academy
of Pathology, Inc. 2008; 21:1527–1532.

16. Liu F, Lang R, Zhao J, Zhang X, Pringle GA, Fan Y, Yin D,
Gu F, Yao Z, Fu L. CD8(+) cytotoxic T cell and FOXP3(+)
regulatory T cell infiltration in relation to breast cancer survival and molecular subtypes. Breast cancer research and
treatment. 2011; 130:645–655.

27. Son CH, Bae JH, Shin DY, Lee HR, Jo WS, Yang K,
Park YS. Combination Effect of Regulatory T-Cell
Depletion and Ionizing Radiation in Mouse Models of Lung
and Colon Cancer. International journal of radiation oncology, biology, physics. 2015; 92:390–398.

17. Yan M, Jene N, Byrne D, Millar EK, O’Toole SA,
McNeil CM, Bates GJ, Harris AL, Banham AH,
Sutherland RL, Fox SB. Recruitment of regulatory T cells is
correlated with hypoxia-induced CXCR4 expression, and is
associated with poor prognosis in basal-like breast cancers.
Breast cancer research : BCR. 2011; 13:R47.

28. Liu S, Wang XM, Yang GW. Action mechanism of fuzheng
fangai pill combined with cyclophosphamide on tumor
metastasis and growth. Evidence-based complementary and
alternative medicine : eCAM. 2014; 2014:494528.
29. Keenan BP, Saenger Y, Kafrouni MI, Leubner A, Lauer P,
Maitra A, Rucki AA, Gunderson AJ, Coussens LM,
Brockstedt DG, Dubensky TW Jr., Hassan R, Armstrong
TD, Jaffee EM. A Listeria vaccine and depletion of

18. Wang ZK, Yang B, Liu H, Hu Y, Yang JL, Wu LL,
Zhou ZH, Jiao SC. Regulatory T cells increase in breast

www.impactjournals.com/oncotarget

41358

Oncotarget

T-regulatory cells activate immunity against early stage
pancreatic intraepithelial neoplasms and prolong survival
of mice. Gastroenterology. 2014; 146:1784–1794. e1786.

31. Schmidt J, Eisold S, Buchler MW, Marten A. Dendritic
cells reduce number and function of CD4+CD25+ cells in
cytokine-induced killer cells derived from patients with pancreatic carcinoma. Cancer immunology, immunotherapy :
CII. 2004; 53:1018–1026.

30. Ge Y, Domschke C, Stoiber N, Schott S, Heil J, Rom J,
Blumenstein M, Thum J, Sohn C, Schneeweiss A,
BeckhoveP, Schuetz F. Metronomic cyclophosphamide
treatment in metastasized breast cancer patients: immunological effects and clinical outcome. Cancer immunology,
immunotherapy : CII. 2012; 61:353–362.

www.impactjournals.com/oncotarget

32. Li H, Ren XB, Zhang P, An XM, Liu H, Hao XS. [Dendritic
cells reduce the number and function of CD4+CD25+ cells
in cytokine-induced killer cells]. Zhonghua yi xue za zhi.
2005; 85:3134–3138.

41359

Oncotarget

