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Abstract Breast cancer survival was associated with
higher frequencies of CD8+ T cytotoxic T cells in infil-
trating lymphocytes. On the other hand, the frequency
of CD4+CD25+FoxP3+ regulatory T cells was inversely
correlated with clinical outcomes of breast cancer. The
regulation and interaction of different types of tumor-
infiltrating T cells in different stages of breast cancer patients
are still unclear. In this study, we examined the functions and
regulations of CD8+ T cells and CD4+CD25+FoxP3+ T cells
from resected tumors from 12 stage I, 24 stage II, and 20 stage
III untreated breast cancer patients. We found that tumor-
infiltrating CD8+ T cells from stage III patients were more
refractory to Tcell receptor (TCR) stimulation than those from
stage I and stage II patients in terms of interferon gamma
(IFN-γ) production and proliferation. On the other hand,
tumor-infiltrating CD4+CD25+FoxP3+ T cells had higher pro-
liferation in stage III tumors than in stage I and stage II tumors.
In addition, we found that tumor-infiltrating CD4+CD25+

T cells can suppress CD8+ T cell inflammation ex vivo.
Altogether, our data demonstrated that stage III tumors in
breast cancer patients had a more immunosuppressive
microenvironment.
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Introduction

Breast cancer is a complex and heterogeneous disease and is
currently the most frequently diagnosed type of cancer in
Chinese female population [1]. The 5-year survival rate of
patients with breast cancer is strongly associated with the
stage of discovery, from as high as 100 % in stages 0 and I
to merely 22% in stage IV [2, 3]. A growing body of literature
has demonstrated that actions of tumor-infiltrating immune
cells can act to either suppress or promote the development
of breast cancers, depending on the specific stages and types
of cancer [4, 5]. Improved patient survival and long-term pos-
itive clinical outcome have been linked with stronger antitu-
mor immunity in tumor-infiltrating lymphocytes [6]. Studies
have shown that higher frequencies of CD8+ T cytotoxic T
cells in infiltrating lymphocytes are associated with better
breast cancer patient survival [7, 8]. Moreover, in colorectal
cancer, the presence of activated CD8+ T cells within the tu-
mor and the peritumoral stroma may have better prognostic
power than traditional stagingmethods in that most stage I and
II patients without T cell infiltration had cancer recurrence
within 5 years while stage III patients with T cell infiltration
were associated with unusually long disease-free intervals
[9, 10].

Effective antitumor activity mediated by CD8+ cytotoxic T
cells requires adequate CD4+ Tcell help [11, 12]. CD4+ Tcells
represent a group of heterogeneous, multifunctional lympho-
cytes with central roles in recruiting effector cells to the site of
inflammation, providing proliferation signals to the activated
T cells and B cells, modulating and structuring the surround-
ing microenvironment, and regulating and suppressing
prolonged inflammation that may cause excessive tissue dam-
age. Among various CD4+ T cell fractions, a particular subset
with CD4+CD25+FoxP3+ expression was previously de-
scribed as regulatory T cells and was shown to mediate
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suppression of autoimmunity in type I diabetes, rheumatoid
arthritis, multiple schlerosis, and systemic lupus erythemato-
sus [13–16]. Various mechanisms of suppression, including
blocking priming of effector T cells, preventing dendritic cell
maturation, and direct inhibition of tissue inflammation by
production of anti-inflammatory cytokine IL-10 were ob-
served in regulatory T cells [17]. On the other hand,
regulatory T cells are thought to blunt tumor-specific
immune responses [18] and were shown to induce perforin-
dependent dendritic cell death in tumor-draining lymph nodes
[19]. In breast cancer, studies have found that the frequency of
CD4+CD25+FoxP3+ regulatory T cells is inversely correlated
with clinical outcomes of breast cancer [20], possibly through
inhibition of antitumor activity by CD8+ cytotoxic T cells
[20]. The depletion of CD4+CD25+ T cells in a mouse model
of human breast cancer was shown to reduce CD4+CD25+ T
cell-mediated suppression, improve immunity, and enhance
tumor regression [21].

Although the participation of tumor-infiltrating T cells in
antitumor immunity has been well studied, it is still unclear
why some patients had more tumor-infiltrating CD8+ T cells
than others. Moreover, the interaction between tumor-
infiltrating CD8+ T cells and regulatory T cells and their reg-
ulation in different breast cancer stages is unknown. To solve
this problem, we designed the following study. We obtained
resected tumor tissues from 12 stage I, 24 stage II, and 20 stage
III breast cancer patients and examined the frequencies and
functions of tumor-infiltrating T cells in different stages. We
also examined the correlations and interactions between differ-
ent types of tumor-infiltrating T cells in different stages. Our
study provided insight into the differential regulation of
intratumoral Tcells in different stages of breast cancer patients.

Method

Study subjects

Peripheral blood samples and resected tumors were obtained
from 12 stage I, 24 stage II, and 20 stage III untreated breast
cancer patients recruited at Yuhuangding Hospital. All the
patients were invasive ductal carcinoma. The demographic
and clinical characteristics of the study cohort were summa-
rized in Table 1. All patients gave written informed consent.
This study was approved by Yuhuangding Hospital Research
Ethics Committee.

Sample preparation

For the preparation of peripheral blood cells, 20 mL of blood
was obtained by venipuncture at the upper arm at the time of
diagnosis. Peripheral blood mononuclear cells were then ob-
tained by extracting the leukocyte layer after standard Ficoll

centrifugation. For isolation of tumor-infiltrating lympho-
cytes, fresh resected tumor samples were first examined to
remove the surrounding nontumor tissues. The remaining tu-
mor samples were then cut into fragments and placed in X-
VIVO 20 medium (Lonza, Switzerland) for mechanical disso-
ciation with the GentleMACS Dissociator (Miltenyi,
Germany). Remaining connective tissues were removed by a
40 μm cell strainer. The resulting single cell suspension was
then subjected to Ficoll gradient centrifugation to obtain the
tumor-infiltrating lymphocytes. All cells were cultured in
RPMI 1640 medium (Invitrogen, MA, USA) supplemented
with L-glutamine, penicillin/streptomycin, and 10 % fetal bo-
vine serum (FBS) during experiments.

Flow cytometry

The following monoclonal antibodies were used: anti-human
CD3, CD4, CD8, CD19, CD25 (BioLegend, CA, USA),
FoxP3 (eBioscience, CA, USA), and interferon gamma
(IFN-γ) (BioLegend, CA, USA). An additional anti-human
CD19 (mouse IgG1, kappa) were used in place of IFN-γ of
the same isotype and same fluorescence to provide gating
control for IFN-γ-expressing T cells. For surface staining,
cells were first washed with PBS+2 % FBS, incubated with
LIVE/DEADFixable Violet Dead Cell Stain (Invitrogen,MA,
USA) for 30 min, and then stained with surface antibodies.
For intracellular IFN-γ staining, cells were first incubated in
culture medium or with plate-bound anti-human CD3/CD28
monoclonal antibodies for 6 h, in the presence of GolgiStop/
GolgiPlug (BD, NJ, USA), and then stained with the surface
staining protocol, after which the cells were fixed and perme-
abilized using Cytofix/Cytoperm (BD, NJ, USA), and the
anti-IFN-γ monoclonal antibody was added in diluted
PermWash (BD, NJ, USA). For FoxP3 staining, the FoxP3/
Transcription Factor Staining Buffer Set (eBioscience, CA,
USA) was used and the staining proceeded as per manufac-
turer’s protocol. All samples were fixed with 2 % formalin at
the end of the staining procedure and immediately analyzed
on a FACSCanto II (BD, NJ, USA).

Proliferation

Cells were labeled with carboxyfluorescein succinimidyl ester
(CFSE) using the CellTrace CFSE Cell Proliferation Kit
(Invitrogen, MA, USA) according to manufacturer’s protocol
and stimulated with 1 μg/mL each of anti-CD3 and anti-CD28
antibodies. After 72 h, the cells were harvested and the prolif-
eration was measured by flow cytometry.

Cell isolation and coculture

For CD4+CD25+ depletion experiments, fresh tumor-
infiltrating lymphocytes were separated into three portions.
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Purified CD8+ T cells were obtained by magnetic negative
selection using EasySep Human CD8+ T cell Enrichment Kit
(Stemcell, Canada) on one portion, and whole CD4+ T cells
were obtained by magnetic negative selection using EasySep
Human CD4+ T cell Enrichment Kit (Stemcell, Canada). To
obtain CD4+CD25+-depleted T cells, anti-human CD25
monoclonal antibody (BioLegend, CA, USA) was added in
the antibody cocktail mix in the CD4 enrichment kit prior to
magnetic negative selection. Purified CD8+ T cells were then
cocultured with whole CD4+ T cells or CD4+CD25+-depleted
T cells for 72 h, after which 1 μg/mL anti-CD3/anti-CD28
antibodies were added to the coculture to stimulate the cells
and the intraceullar IFN-γ production was measured using the
aforementioned method.

Statistical analysis

The significance of the differences between multiple groups
was evaluated by Kruskal-Wallis one-way ANOVA followed
by Dunn’s multiple comparison test. The significance of the
differences between two conditions on samples from the same
individual was evaluated by Wilcoxon matched-pairs signed
rank test. Correlations were computed by Pearson correlation
test. All statistical analyses were done using Prism software
(GraphPad, CA, USA). P<0.05 (two-tailed) is considered
significant.

Result

No significant differences in the overall frequencies
of tumor-infiltrating CD8+ T cells were found
between different stages of breast cancer tumors

Given the positive role of CD8+ cytotoxic T cells in clinical
outcomes, we first examined the frequencies of CD8+ T cells
in peripheral blood and resected tumors of patients in all three
stages (Fig. 1a). We found that the frequencies of intratumoral

CD8+ T cells were significantly reduced compared to those in
peripheral blood (Fig. 1b), consistent with previous reports
demonstrating a reduction of CD8+ T cells in the tumor site
of breast cancer patients [7]. When we compared the frequen-
cies of CD8+ T cells between the three stages, no significant
differences were observed in either peripheral blood or
tumor.

Stage III subjects had significantly higher frequencies
of intratumoral CD4+CD25+FoxP3+ T cells than stage I
and II subjects

Since the numbers of CD4+CD25+FoxP3+ Tcells were shown
to negatively impact breast cancer prognosis, we also exam-
ined the expression of CD4+CD25+FoxP3+ T cells in study
subjects (Fig. 1c). We found that the intratumoral frequencies
of CD4+CD25+FoxP3+ T cells in stages II and III patients
were significantly increased than the peripheral blood fre-
quencies. Moreover, within the resected tumor tissue, stage
III patients had significantly higher CD4+CD25+FoxP3+ T
cells than stage I and stage II patients.

Stage III intratumoral CD8+ T cells have reduced
proliferation capacity and less IFN-γ production
in response to T cell receptor stimulation

IFN-γ production by tumor-infiltrating CD8+ T cells is
thought to improve antitumor immunity [22]. To examine
the intratumoral CD8+ T cell response in different stages of
resected tumors, we examined the secretion of IFN-γ and
proliferation of CD8+ T cells ex vivo. Anti-CD3/anti-CD28
monoclonal antibodies were added in some experiments to
provide T cell receptor (TCR) stimulation and costimulation
signals. We found that under unstimulated conditions, no sig-
nificant differences were found in IFN-γ production by
tumor-infiltrating CD8+ T cells in the three stages (Fig. 2b);
however, after TCR stimulation by anti-CD3/CD28 monoclo-
nal antibodies, intratumoral CD8+ T cells from stage III

Table 1 Demographic and
clinical characteristics of study
subjects

I II III P

N 12 24 20

Sex (% female) 100 100 100

Age at diagnosis, year (median, range) 52, 35–64 55, 38–66 56, 37–67 >0.05

Primary smoker, N 2 1 1 >0.05

Menopausal status (% premenopausal) 42 50 45 >0.05

Receiving estrogen therapy, N 4 7 7 >0.05

ER status (positive, negative) 8, 4 17, 7 12, 8 >0.05

HER2 status (positive, negative) 10, 2 16, 8 15, 5 >0.05

Nodal involvement (median, range) 0, 0 2, 0–3 6, 2–9 <0.001

Tumor size, cm (median, range) 1.2, 0.8–1.9 2.7, 1.2–4.0 4.1, 2.8–5.1 <0.001
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patients had significantly reduced frequencies of IFN-γ-
producing cells than stage I and stage II patients (Fig. 2c).

We also examined the proliferation capacity of tumor-
infiltrating CD8+ T cells by CFSE staining. We found that in
stage III patients, the total intratumoral CD8+ T cells prolifer-
ated less than those from stage II patients when stimulated
through TCR. Moreover, we also examined the proliferation
of IFN-γ-producing cells and found that IFN-γ-producing
CD8+ Tcells from stage III patients had a significant reduction

in proliferation capacity than those from stage I and stage II
patients. When examining the proliferation of CD8+ T
cells within each stage, we found that in stage I and
stage II, the proliferating CFSElo cells were enriched in
the IFN-γ+ compartment, while in stage III, no such
enrichment was seen (Fig. 3b). Rather, the proliferating
CFSElo cells were enriched in the CD4+CD25+FoxP3+ T
cell compartment in stage III, compared to those in stage I and
stage II (Fig. 3c).

Fig. 1 T cell composition in
peripheral blood and resected
tumor of different stages of breast
cancer patients. a Representative
gating strategy for CD8+ T cells
and CD4+CD25+FoxP3+ T cells
in the peripheral blood and tumor
of one stage III patient. b
Frequencies of peripheral and
intratumoral CD8+ T cells in
stages I, II, and III patients. c
Frequencies of peripheral and
intratumoral CD4+CD25+FoxP3+

T cells in stages I, II, and III
patients, calculated by
multiplying the percentage of
CD25+FoxP3+ cells and the
percentage of CD4+ cells. Bar
represents mean. Kruskal-Wallis
one-way ANOVA. *P<0.05.
**P<0.01. ***P<0.001

Fig. 2 Percentages of IFN-γ-
producing cells in tumor-
infiltrating CD8+ T cells. a
Representative gating strategy for
IFN-γ+ cells from one stage III
patient. Control antibody was
anti-human CD19 of the same
fluorescence as the anti-human
IFN-γ antibody. b Percentages of
IFN-γ-producing tumor-
infiltrating CD8+ T cells under
unstimulated condition ex vivo. c
Percentages of IFN-γ-producing
tumor-infiltrating CD8+ T cells
after being stimulated for 6 h with
plate-bound anti-CD3/CD28
antibodies. Bar represents mean.
Kruskal-Wallis one-way ANOVA
and Dunn’s test. **P<0.01.
***P<0.001. N.S. not significant
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Intratumoral CD4+CD25+ T cells could suppress IFN-γ
production from tumor-infiltrating CD8+ T cells ex vivo

Having observed the reduction in the frequency, IFN-γ secre-
tion, and proliferation of tumor-infiltrating CD8+ T cells and
the increase in the frequency of CD4+CD25+FoxP3+ Tcells in
stage III breast cancer patients, we wondered whether
CD4+CD25+FoxP3+ T cells in breast cancer tumors have reg-
ulatory capacity in suppressing tumor-infiltrating CD8+ T cell
responses. We first examined the correlation between CD8+ T
cell responses and the frequencies of CD4+CD25+FoxP3+ T
cells. We found that in stage III subjects, the frequency of
tumor-infiltrating CD8+ T cells and the percentage of IFN-γ-
producing CD8+ T cells were negatively correlated with the
frequency of tumor-infiltrating CD4+CD25+FoxP3+ T cells
(Fig. 4a). No significant correlation in stages I and II was
observed.

CD4+CD25+FoxP3+ regulatory T cells were described in
numerous studies to have suppressive effects on antitumor
responses [22, 23]. To examine whether the tumor-
infiltrating CD4+CD25+FoxP3+ T cells could suppress
IFN-γ production from CD8+ T cells ex vivo, we cocultured
purified tumor-infiltrating CD8+ T cells with either whole
CD4+ T cells or CD4+CD25+-depleted T cells at 1:1 ratio.
The IFN-γ production from tumor-infiltrating CD8+ T cells
after TCR stimulation was then measured. The number of
tumor-infiltrating T cells isolated from smaller tumors, espe-
cially those in earlier stages, was limited in quantity.
Therefore, we were only able to perform this experiment with

samples from four stage II patients and eight stage III patients.
We found that in stage III patients, the tumor-infiltrating CD8+

Tcells cocultured with tumor-infiltrating CD4+CD25+-deplet-
ed T cells had significantly higher levels of IFN-γ production
after TCR stimulation (Fig. 4b). The same trend is observed in
four out of four stage II patients.

Together, these data demonstrated that the frequency of
tumor-infiltrating CD4+CD25+FoxP3+ T cells was negatively
correlated with the frequency and IFN-γ production of
tumor-infiltrating CD8+ T cells. In addition, intratumoral
CD4+CD25+ T cells were able to suppress IFN-γ production
from autologous tumor-infiltrating CD8+ T cells ex vivo.

Discussion

Understanding the functions and interactions of different
tumor-infiltrating lymphocytes is crucial for the development
of antitumor immunotherapies. Inflammation seems to promote
tumorigenesis under certain conditions, while in other situa-
tions, infiltration of lymphocytes were shown to suppress tumor
growth [24, 25]. This highlights the fact that efficacy of im-
mune responses in tumor suppression are highly dependent on
the specific types of cancer and the time of immune activation.
In this study, we focused on breast cancer and examined the role
of intratumoral lymphocytes in different tumor stages. First, we
observed that similar to that in other cancers, resected tumor
from breast cancer patients of all stages had significantly re-
duced numbers of tumor-infiltrating CD8+ T cells compared to

Fig. 3 Proliferation of tumor-
infiltrating CD8+ T cells and
CD4+CD25+FoxP3+ T cells in
resected tumor. a Representative
gating strategy for CFSElo cells in
CD8+ T cells, IFN-γ+CD8+ T
cells, and CD4+CD25+FoxP3+ T
cells. Data were from one stage III
patient. Cells were treated with
CFSE and stimulated with anti-
CD3/CD28 for 72 h before
surface and intracellular staining.
b Percentage of CFSElo cells in
total or IFN-γ-secreting CD8+ T
cells in all three stages. c
Percentage of CFSElo cells in
CD4+CD25+FoxP3+ T cells in all
three stages. Bar represents mean.
Kruskal-Wallis one-way ANOVA
and Dunn’s test. *P<0.05.
**P<0.01. ***P<0.001
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peripheral blood. This reduction was only observed on CD8+ T
cells but not on CD4+CD25+FoxP3+ T cells. We also observed
an upregulation of intratumoral CD4+CD25+FoxP3+ T cells in
stage III breast cancer patients. These data suggested a more
tolerogenic immune profile in stage III cancer. When we exam-
ined the IFN-γ production, we found that the IFN-γ production
as well as proliferation by tumor-infiltrating CD8+ T cells after
TCR stimulation was reduced in stage III subjects compared to
stage I and stage II patients, suggesting that tumor-infiltrating
CD8+ T cells in stage III patients were more refractory to TCR
stimulation. The tumor-infiltrating CD4+CD25+FoxP3+ Tcells,
on the other hand, were proliferating more robustly in stage III
cancer patients, which may help explain the upregulation of
CD4+CD25+FoxP3+ T cells in stage III tumors. Together, these
data demonstrated that the ex vivo tumor microenvironment
tended to be more suppressive in stage III tumors than stage I
and stage II tumors.

CD4+CD25+FoxP3+ surface expression is frequently used
as markers for regulatory T cells [26, 27]. We found that the
frequency of intratumoral CD4+CD25+FoxP3+ T cells was
negatively correlated with the frequency of intratumoral
CD8+ T cells and their IFN-γ production in stage III cancer.
These correlations may simply reflect the tendency that an
overall tolerogenic immune profile tends to be enriched in
regulatory T cells and deficient in effector CD8+ T cells. To
assess whether the intratumoral CD4+CD25+FoxP3+ Tcells in
effect possessed regulatory activity to intratumoral CD8+ T
cells, we cocultured CD8+ T cells from resected tumors with
whole CD4+ T cells or with CD4+CD25+-depleted T cells and
found that CD8+ T cells cocultured with CD4+CD25+-deplet-
ed T cells had increased IFN-γ production, suggesting that
intratumoral CD4+CD25+ T cells can suppress intratumoral
CD8+ T cell function ex vivo. Previously, regulatory T cells
was found to suppress tumor-specific CD8+ Tcell and CD4+ T

Fig. 4 The association between CD4+CD25+FoxP3+ Tcells and CD8+ T
cell inflammation in all three stages. a Correlation between the
percentages of tumor-infiltrating CD4+CD25+FoxP3+ T cells and the
frequency, IFN-γ expression, and proliferation of tumor-infiltrating
CD8+ T cells in all three stages. Pearson correlation test. If P<0.05, a
standard line of interpolation is drawn. b IFN-γ expression in tumor-

infiltrating CD8+ T cells after incubation with either autologous whole
CD4+ T cells or autologous CD4+CD25+-depleted T cells at 1:1 ratio for
72 h. Cells were then stimulated by anti-CD3/CD28 antibodies and IFN-γ
production measured by flow cytometry. Wilcoxon matched-pairs
signed-rank test. *P<0.05
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cell effector functions and was thought to account for potential
failures in antitumor immunotherapy [26, 28, 29]. These re-
sults further demonstrated the importance of diagnosing and
treating breast cancer in earlier stages.

Some remaining issues need to be addressed in future ex-
periments. First, we noticed that the CD8+ T cell proliferation
after TCR stimulation is enriched in IFN-γ-producing cells in
stage I and stage II but not in stage III. The effector function of
non-IFN-γ-producing CFSElo CD8+ T cells and their impact
on tumorigenesis need to be studied. Second, since stage III
tumors in general are larger in size (Table 1), the lack of CD8+

T cell activation and proliferation might be due to a state of
hypoxia observed in larger tumors [30], but the precise mech-
anism of higher immune suppression in stage III requires fur-
ther study. Third, tumor-infiltrating lymphocytes were known
to modulate tumor microenvironment and promote or inhibit
local immune activations [5]. The impact of tumor-infiltrating
T cells in shaping the local inflammation in different stages of
cancer needs to be examined.
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