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Abstract

Background Tumor-infiltrating lymphocytes are an important component of the tumor microenvironment (TME) in breast
cancer. They have been linked with tumor pathogenesis in advanced stages. However, little is known about their contribution
in early phases. In this study, we analyzed the infiltration of leukocytes and cancer stem cells (CSC) in tumors from patients
with early breast cancer.

Methods Samples of blood and tumor tissue from 30 patients with breast cancer were collected, and the number of dendritic
cells (DC), T cells, and CSC were analyzed by flow cytometry.

Results Tumor-infiltrating CD4 and CD8 T cells expressed higher levels of cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) compared with peripheral T cells. Regulatory T cells (Treg) were enriched in tumors and overexpressed gluco-
corticoid-induced TNFR-related protein and CTLA-4. Tumor Treg had a positive correlation with the amount of myeloid
DC (mDC) and disease progression. The CD8/Treg ratio was associated with lymph node metastasis and tumor stages.
The main subset of DC in early breast tumors was mDC, while plasmacytoid DC were almost absent. CSC were present in
most tumors with higher frequencies in patients with lymph node metastasis. CSC were also associated with the amount of
tumor-infiltrating Treg.

Conclusion Early breast cancer has an inflammatory milieu characterized by mDC, Treg, and CSC infiltration. The frequen-
cies of Treg, CSC and CD8/Treg ratio were associated with disease progression. The composition of leukocytes and the
presence of CSC in early breast tumors should be considered for the development of new therapeutic approaches.
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Introduction

Tumor development depends on a complex and orches-
trated network of interacting cells that form the TME.
In recent years, in several types of cancer, it has been
observed that one of the determining components in the
pathogenesis and response to treatments is the immune
system. Activated cytotoxic CD8 T cells and NK cells
have been associated with a good prognosis; in contrast,
the presence of Treg have a detrimental effect on several
cancers [1, 2]. Antigen-presenting cells (APC) also play an
essential role in tumor pathogenesis. The major subpopu-
lations of dendritic cells (DC) are myeloid DC (mDC) and
plasmacytoid DC (pDC); both populations have been iden-
tified in the leukocyte fraction that infiltrates breast cancer
tumors. Infiltration of DC in breast tumors is correlated
with higher tumor grade and lymph node involvement,
and pDC are associated with poor survival in advanced
tumors [3]. Both populations of DC are associated with the
induction and activation of Treg [4] and Th-2 responses
[5, 6], which are linked with tumor development and bad
prognosis in breast cancer [6, 7] and other tumors such as
pancreatic and ovarian cancer [8, 9]. The contribution of
these APC has been mainly described in aggressive tumors
and in advanced stages of the disease, where they gen-
erate a tolerogenic microenvironment for tumor antigens
through the induction and activation of suppressive cells
[2]. Nevertheless, the infiltration of immune cells in the
early stages of tumor development is less well studied in
human breast cancer.

In addition to leukocytes, cancer cells are critical for
the progression of the disease. These cells are a hetero-
geneous population showing distinct phenotypic and
functional properties, limiting therapeutic efficacy and
treatment outcomes. One of the central populations of
cancer cells associated with tumor progression, metas-
tasis, and recurrence is the CSC, also known as cancer
initiating cells. CSC are highly tumorigenic due to their
tumor-initiating, self-renewal, and differentiation abilities.
Accumulating evidence indicates that this cell popula-
tion is resistant to standard therapies, including chemo-
therapy and radiotherapy [10, 11]. CSC in solid tumors
were initially described in breast cancer and were defined
as CD45-CD44+CD24— cells [12]; a more recent study
has defined these cells as CD45—CD90"¢"CD24— cells
[13]. These cells showed a higher capacity to form tumors
in immunodeficient mice, and the tumors were highly
invasive and metastatic [13]. Although more studies are
required, these data suggest that CSC in breast cancer
play an important role in tumor metastasis and recurrence.
Breast cancer is a highly treatable disease if caught in the
primary stages; however, the risk of recurrence is still high
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and could be associated with the presence of CSC. There-
fore, it will be essential to determine the presence of these
cells in the early stages and their possible association with
prognostic factors. Additionally, the interaction of CSC
and the immune infiltrate seems to be critical in tumor pro-
gression according to some studies that show that immune
cells can favor the niche for CSC in the TME [13], and the
fact that CSC have been associated with immunoregula-
tory mechanisms [11]. For those reasons, in this study, we
aimed to analyze the frequency and correlation of CSC
and the immune infiltrate in breast tumors at early stages
of the disease.

Materials and methods
Patients

Samples of peripheral blood and tumor tissue from 30
patients with breast cancer who had surgical treatment and
did not receive chemotherapy or radiation treatment before
surgery were collected between October 2015 and February
2017 at the Gineco-Obstetrics Hospital of the Mexican Med-
ical Social Security Institute (IMSS). The clinicopathologic
characteristics of the patients are summarized in Table 1.
Written informed consent was obtained from each patient
before tissue donation. The protocol conformed to the ethical

Table 1 Clinicopathologic

. . Characteristic Frequency
characteristics of patients

Median age 57 (42-83)

Tumor grade®
Grade 1 13
Grade 2 6
Grade 3 10

Tumor size
T1 14
T2 13
T3 3
T4

Lymph node status
NO 16
N1 12
N2 2
N3 0

Biomarkers
ER—PR—HER2-
ER-PR-HER2+
ER+PR—-HER2-

ER+PR+HER2- 18
ER+PR+HER2+ 2

2One patient did not have report
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guidelines of the Declaration of Helsinki and was approved
by the ethics committees of the IMSS and FES Iztacala.

Cell suspensions

Peripheral blood mononuclear cells (PBMC) were isolated
by density gradient centrifugation (Lymphoprep, AXIS
SHIELD). Cell count and viability were assessed by Trypan
blue exclusion on a hemocytometer. Single-cell suspensions
from tumor tissue were obtained by tissue digestion. Fresh
tissue was cut into small pieces and digested with 0.5 mg/ml
of collagenase (Cat. C5138, Sigma-Aldrich) and 0.2 mg/ml
of DNase I (Cat. 10104159001, Roche) for 30 min at 37 °C.
After digestion, tissues were mechanically disrupted, and
cell suspensions were filtered through cell strainers. Finally,
dead cells, granulocytes, and erythrocytes were removed by
density gradient centrifugation.

Flow cytometry

Single-cell suspensions obtained from the clinical sam-
ples were analyzed by flow cytometry. Due to the limited
number of cells obtained from the tumor samples, not all
cell populations could be analyzed in each sample. Cells
were incubated with monoclonal antibodies labeled with
different fluorochromes for 10 min at room temperature
protected from light. Then, cells were washed to remove
excess antibody and analyzed on a BD LSRFortessa flow
cytometer, and the data were analyzed with Flowjo soft-
ware. For intracellular staining (FoxP3 and CTLA-4),
cells were treated with the FoxP3 staining buffer set from
Thermo Fisher Scientific. Anti-human antibodies used for
flow cytometry: FITC-labeled anti-Lineage (CD3, CD14,
CD16, CD19, CD20, CD56) cocktail-1 (Cat. 340546, BD
Biosciences) and anti-CD24 (eBIOSN3, Cat. 11-0247,
Thermo Fisher Scientific), Alexa Fluor 488-labeled anti-
GITR (110416, Cat. FAB689G, R and D Systems), PE-
labeled anti-ICOS-L (MIH12, Cat. 12-5889, Thermo Fisher
Scientific), CTLA-4 (eBio20A, Cat. 12-1528, Thermo Fisher
Scientific) and anti-CD127 (eBioRDRS5, Cat. 12-1278,
Thermo Fisher Scientific), PerCP-labeled anti-HLA-DR
(L243 Cat. 347402, BD Biosciences), anti-CD44 (IM7,
Cat. 65-0441, Tonbo biosciences), and anti-CD8 (SK-1, Cat.
340693, BD Biosciences), APC-labeled anti-FoxP3 (236A/
E7 Cat. 17-4777), anti-CTLA-4 (Mabl1, Cat. 17-7349)
from Thermo Fisher Scientific, anti-CD11¢ (S-HCL-3,
Cat. 340714, BD Biosciences), and anti-CD90 (BioLeg-
end. 328114, 5610), APC-Cy7-labeled anti-CD4 (RPA-T4,
Cat. 25-0049, Tonbo biosciences), PeCy7-labeled anti-
CD3 (UCTHI1, Cat. 25-0038) and anti-CD123 (6H6, Cat.
25-1239) from Thermo Fisher Scientific, V450-labeled anti-
CD45 (HI30, Cat. 75-0459, Tonbo biosciences) and e-Fluor
450-1abeled anti-FoxP3 (236A/E7, Cat. 48-4777, Thermo

Fisher Scientific). The identification of Treg was performed
by the expression of CD3, CD4, FoxP3, and the absence
of CD127. The pDC subset was identified as Lineage—
(CD3-/CD19-/CD20-/CD56—/CD14—/CD16-)/HLD-
DR+/CD123+ cells, whereas mDC were Lin—/HLD-DR+/
CD11c+. CSC were identified as CD45—CD24—CD90ME"CD44+
cells.

Statistical analysis

The differences between paired groups of data were analyzed
according to their distribution by either ¢ test or Wilcoxon
matched pairs test. Differences between non-paired groups
of patients were analyzed by either ¢ test or Mann—Whitney
test. Correlation analysis was performed by either Pearson
or Spearman test. All the statistical analysis was carried out
using GraphPad Prism Software and XLSTAT. P values less
than 0.05 were considered statistically significant (*P < 0.05;
*##P<(0.01; ***P<0.001).

Results
Clinicopathologic features of patients

Invasive ductal carcinoma was the main form of breast can-
cer observed (19/30, 63%), followed by invasive lobular
carcinoma (5/30, 17%). Importantly, early clinical stages
were predominant, 1A (7/30, 23%), 1A (11/30, 37%), IIB
(10/30, 33%), and only two samples corresponded to locally
advanced disease IITA (2/30, 7%). Patients with stage IIIA
were TIN2MO and T2N2MO, and they were labeled with
black dots in each graph where they were included. In 46.6%
of the patients (14/30), there was at least one axillary lymph
node with metastasis. Additional clinicopathologic charac-
teristics of patients of the cohort analyzed are summarized
in Table 1. Clinical follow-up was carried out in 26 patients
over a mean of 27.4 months (6-35 months). During this
period, there were no reports of recurrence or mortality.

Leukocyte infiltration

To determine if breast tumors in early stages are infiltrated
by immune cells, we analyze the presence of leukocytes
inside the tumor tissue. The identification of leukocytes
was performed by the expression of CD45 analyzed by flow
cytometry (Fig. 1a). Cell suspensions derived from tumor
tissues contained a mixture of leukocytes CD45+ plus a
fraction of CD45— cells that could correspond to tumor and
stromal cells. Data showed that all samples analyzed have
a considerable amount of leukocytes infiltrating the tumor
bed (Fig. 1b). However, we could not find any relation with
the clinicopathologic parameters examined, such as the size
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of the tumor, the stage, the grade, molecular subtype, or
the involvement of lymph nodes. The follow-up time of the
patients had less than 3 years; this time frame did not allow
performing analysis of recurrence, metastasis, or mortality,
because there were no reports of any of those conditions.

Tumor-infiltrating T cells reflected
an immunosuppressive microenvironment

As shown in Fig. 1c, we found larger proportions of CD3+
T lymphocytes in the leukocyte fraction of tumor tissue
(mean +SD, 41 +20.5%) than those observed in periph-
eral blood (32.1 +£23.2; P=0.011 ¢ test). However, the ratio
of CD4 and CDS8 T cells was very similar between both
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compartments (Fig. 2b), and the dominant population in both
cases was the CD4+ T cell subset. When we measured the
expression of CTLA-4, which is a negative regulatory mole-
cule, we observed a higher expression in both CD4 and CD8
tumor-infiltrating lymphocytes in comparison with those of
peripheral blood (Fig. 2c, d). Importantly, high percentages
of Treg identified as CD34+CD4+FoxP3+CD127— cells
(8.7 £5.4%) were observed into the tumors (Fig. 3a, b). Sim-
ilar to conventional T cells, we also found a higher expres-
sion of CTLA-4 in Treg derived from tumor tissues than that
observed in circulating Treg (Fig. 3c; P=0.0011 Wilcoxon
matched pairs test). Furthermore, tumor Treg expressed
higher levels of the co-stimulatory molecule GITR than
blood-derived Treg (Fig. 3d, P=0.0093 Wilcoxon matched
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Fig.2 Tumor-infiltrating T cells overexpressed CTLA-4. CD3+/
CD4+ and CD3+/CD8+ T lymphocytes in tumor tissue and periph-
eral blood were analyzed by flow cytometry. a Gating strategy. b
The proportions of CD4 and CD8 T cells in blood and tumor tis-

pairs test). The overexpression of both CTLA-4 and GITR
indicates that tumor-derived Treg are more activated than
blood Treg. Therefore, Treg are enriched and activated in
the TME at early stages of the disease.

The proportions of tumor-infiltrating Treg (TiTreg) were
higher in stage IIB than stage IA. Although no signifi-
cant differences were observed between stage IA and IIA,
there was a tendency to be higher in more advanced stages

sue. ¢ Expression of CTLA-4 in CD4 and CD8 T lymphocytes from
the blood (gray line) and tumor (black line). d Expression levels of
CTLA-4 in T cells derived from blood and tumor tissue. P values less
than 0.05 were considered statistically significant (*P <0.05)

(Fig. 3e). For stage III, there was only one sample analyzed;
therefore, no conclusions can be made. Of note, the frequen-
cies of TiTreg were significantly higher in patients with
metastatic lymph nodes (Fig. 3f), but no differences were
observed between molecular subtypes (Fig. 3g).

Because the ratio between CD8 T cells and Treg in the
tumor microenvironment analyzed mainly by immuno-
histochemistry in several tumors including breast cancer
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has been associated with disease outcome, we analyzed
if this ratio is associated with lymph node metastasis in
our cohort of patients (Fig. 4). As expected, LN metasta-
sis was higher in more advanced stages (Fig. 4a). Nota-
bly, the level of LN metastasis was different among the
molecular subtypes of breast cancer, HER2+ tumors have
the highest percentage of patients with positive LN metas-
tasis, whereas ER+PR—-HER2— has the lowest percentage

(Fig. 4b). Importantly, the CD8/Treg ratio was signifi-
cantly higher in patients without lymph node metastasis
(Fig. 4c), but we did not find differences among molecular
subtypes (Fig. 4d). We observed that stage IA has higher
levels of CD8/Treg ratio than those observed in stages 11
and III (Fig. 4e), indeed there was a negative correlation
between the proportions of tumor-infiltrating CD8 T cells
and Treg (Fig. 4f).
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Tumor-infiltrating DC in early breast tumors

The major subpopulations of DC are mDC and pDC, both
populations have been identified in the leukocyte fraction
that infiltrates breast cancer tumors; however, their fre-
quency is little known in the early stages of the disease. We

Fig.5 Early breast tumors are
mainly infiltrated by mDC,
which are positively correlated
with Treg. Cell suspensions
obtained from tumor tissue and
blood were analyzed by flow
cytometry. a Strategic analysis
to identify pDC (CD45 + Lin-
HLA-DR +CD123+) and

mDC (CD45 +Lin-HLA-

DR+ CDl1c+) in clinical
samples. b The frequency of
mDC and pDC among CD45+
cells in blood and tumor tis-
sue. ¢ Expression levels of
ICOS-L in pDC from blood
and tumor tissue. d Correlation
between DC and Treg derived
from breast tumors. Data were
analyzed with the Spearman test
(for mDC r=0.7 and P=0.005;
and for pDC r=- 0.03 and
P=0.92). Proportions of mDC
(e) and pDC (f) in patients strat-
ified by the molecular subtype
of breast tumors. P values less
than 0.05 were considered sta-
tistically significant (*P <0.05;
**P<0.01; ***P<0.001)
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is shown in Fig. 5a. When we compared both populations
in blood and tumor tissue (Fig. 5b), we found that mDC
are present in both compartments in similar proportions
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Contrary to pDC that had much higher frequencies in periph-
eral blood than into the TME (1 +1.6 vs. 0.2+0.22% of
CD45+ cells, P=0.001 Wilcoxon matched pairs test). Inter-
estingly, it was observed that in the blood of patients, there
was a clear predominance of pDC, whereas in the tumor
tissue, this proportion was inverted with a dominance of
mDC (Fig. 5b). Regarding the expression of the inducible
costimulator ligand (ICOS-L), mDC expressed relatively
low levels (Fig. 5a) and equivalent levels in the blood and
tumor tissue (data not showed). Meanwhile, pDC has a
high expression of ICOS-L, as observed in the histogram of
Fig. 5a. Comparatively, tumor-infiltrating pDC expressed
more elevated amounts of ICOS-L than blood-derived pDC
(Fig. 5¢c; P=0.019 Wilcoxon matched pairs test).

Because both pDC and mDC have been associated with
the induction and activation of Treg, we evaluated if there
was an association between the proportions of DC and Treg.
Importantly, we found a positive correlation between the
frequencies of tumor-infiltrating mDC and Treg (Spearman,
P=0.005, r=0.7), but not with pDC (P=0.92, r=— 0.03),
as observed in Fig. 5d. Regarding the molecular subtypes, no
differences were observed in the proportions of both mDC
and pDCs amongst the different subtypes (Fig. Se, ). Thus,
early breast tumors are mainly infiltrated by mDC, and they
have a positive correlation with the proportions of tumor
Treg.

Cancer stem cells’ infiltration is associated
with disease development and Treg frequencies

One subset of tumor cells that has been associated with
the spread of the tumor is the cancer stem cells. Several
markers have been defined to identify these cells; CD90 is
one of them. Although CD90 is not exclusively expressed
by CSC, it has been observed that CSC express high lev-
els of this molecule and CD44; and together with the lack
of CD45 and CD24 expression, it is possible to detect the
presence of CSC in breast tumors [13]. We investigated the
presence of these cells in our cohort of patients that were
mainly at the early stages of the disease; the strategy of gat-
ing is displayed in Fig. 6a. We found that CSC were present
in early breast tumors with a frequency of 0.2 +0.19% of
the total of live cells isolated from tumor tissues. Only in
2 patients of 25 analyzed (8%), we did not detect the pres-
ence of this cell population. In peripheral blood, we did not
identify the presence of CSC in most patients, only 3 of 25
(12%) had these cells with a frequency of 0.002 +0.009%
(Fig. 6b). Notably, we observed a significant difference in
the percentages of CSC between patients with or without
metastasis in lymph nodes (LN). Patients with LN positive
for metastasis (LN+) had a significantly higher proportion
of CD45-CD24—-CD90+CD44+ cells than those patients
without LN metastasis (LN—), P=0.02 Mann—Whitney test

(Fig. 6¢). However, we did not find clear differences in the
proportions of CSC between different stages (Fig. 6d) or
molecular subtypes (Fig. 6e). Finally, we observed a positive
correlation between the percentages of CSC and Treg pre-
sent in the tumor microenvironment (Spearman p =0.0007,
r=0.83, Fig. 6f).

Discussion

Although breast cancer has been considered poorly immuno-
genic, the presence of tumor-infiltrating leukocytes in breast
tumors was documented more than 30 years ago [14]. In our
cohort of patients, we observed that all the tumor samples
contained a significant amount of CD45+ cells irrespec-
tive of breast cancer subtype, and even though most of the
samples analyzed were at very early stages (I and II) of the
disease. This observation confirms previous reports describ-
ing the presence of immune cells in the early stages, includ-
ing carcinoma in situ and infiltrating ductal carcinoma [15].
Interestingly, we did not detect differences in the amount
of CD45+ or CD3+ T cells between molecular subtypes
of breast cancer, contrary to preceding reports stating that
triple-negative tumors and HER2+ have the highest lympho-
cyte infiltration in comparison with luminal tumors [16, 17].
This discrepancy could be due to different methods used to
evaluate the number of TILs because most of the previous
studies are based on histopathology evaluations, while we
used flow cytometry analysis. Histopathology and immuno-
histochemistry measure the numbers of cells over a specific
area of tissue, while flow cytometry measures the propor-
tions of cells within the total fragment of tissue analyzed,
and can define cell subpopulations to a more detailed extent.
Another important factor is the relatively small size of the
cohort used in our study.

We also found that T cells are one of the main population
infiltrating early tumors, and the dominant subset is CD4+
T cells. Of note, both CD4 and CD8 T cells infiltrating the
tumor tissue showed an elevated expression of CTLA-4, a
regulatory molecule associated with the down-regulation
of the immune response and selectively expressed on TILs
from different tumors [18, 19]. Indeed, CTLA-4 expression
has been associated with poor prognosis and break down of
anti-tumor immunity [20, 21]. The overexpression of this
molecule on TILs could suggest that an immunosuppres-
sive environment is present already at the early stages of
the disease.

In addition to the tolerogenic phenotype of tumor-infil-
trating T cells, we detected a high frequency of Treg in
the tumor bed, which corroborates the suppressive tumor
microenvironment. The presence of Treg in breast tumors
has been reported previously, showing that the amount of
these cells increased with the stage of the disease or the
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Fig.6 Cancer stem cells were associated with lymph node metasta-
sis in breast cancer. a Gating strategy for CSC that were identified as
live CD45-CD24—CD90"€"CD44+. b Frequencies of CSC in blood
and tumor tissue. ¢ The proportions of CSC analyzed by flow cytom-
etry compared between patients with lymph nodes that were not

presence of metastatic lymph nodes [22, 23]. We found that
the frequency of Treg was already enriched in early breast
cancer, and they were more abundant in stage II compared
with stage I. Patients with at least one lymph node with
metastasis had significantly higher frequencies of Treg than
patients without LN metastasis. Our results are in line with
previous reports showing that Treg can be present in carci-
noma in situ, and their frequency increases along with the
disease development [23, 24]. These data highlight the role
of this cell population in the early stages of breast tumor
development.
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affected by the tumor (LN—) with those who have at least one lymph
node positive for tumor cells (LN+). Proportions of CSC in patients
grouped by stage (d) or molecular subtype (e). f Correlation analy-
sis (Spearman) between the frequencies of CSC and TiTreg. P values
less than 0.05 were considered statistically significant (*P <0.05)

We show that TiTreg expressed elevated levels of
CTLA-4 and GITR in comparison with their counterpart in
peripheral blood, these observations are in agreement with
previous reports that showed that tumor Treg express high
levels of suppressive molecules like programmed cell death
protein 1 (PD-1) and CTLA-4 [22, 25], and they are highly
suppressive [26]. Thus, the presence of CTLA-4+ T cells
and activated Treg in early breast cancer confirms that the
immunosuppressive environment in the tumor bed is estab-
lished early in tumor development. Treg may be attracted
and activated by CCL-22 produced in the TME, according
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to previous studies [27]. Our results are in agreement with
several studies, mainly by immunohistochemistry, that have
associated the presence of Treg with the prognosis of the
disease and tumor development [28-30].

The ratio of cytotoxic CD8 T cells to Treg has been asso-
ciated with favorable prognostic in some cancers including
ovarian, colorectal cancer liver metastasis, oral squamous
cell carcinoma and breast cancer [30, 31]. The majority of
these studies were performed by immunohistochemistry
analysis, now we confirmed by flow cytometry that this
effector/suppressor ratio is associated with tumor status,
and it may be a more important indicator of outcome than
individual cell count.

Another population of tumor-infiltrating leukocytes asso-
ciated with poor prognostic are pDC [3]; they are reported
to accumulate in aggressive breast tumors [7]. We found
a low infiltration of pDC in breast tumors at early stages,
with a median of 0.04% of CD45+ cells, and 43% of the
samples were negative for pDC. Interestingly in peripheral
blood, the dominant subset of DC was pDC, this observa-
tion may be related to a previous report that shows that a
high numbers of circulating pDC are an indicator of good
prognosis [32], since most of the tumors in our cohort were
in early stages of the disease and no reports of recurrence
or mortality have been observed until now. Importantly, the
expression of ICOS-L was up-regulated in tumor-derived
pDC, as described in previous studies in melanoma, breast,
liver, and ovarian cancer. The presence of ICOS-L +pDC
has been associated with the induction of immunosuppres-
sive T cells in the TME [1, 4, 8, 33]. However, in early breast
tumors, the presence of this cell population was minimal,
suggesting that the induction/activation of Treg may be due
to other mechanisms independent of pDC. One possible
mechanism could be mediated by mDC, because there was
an infiltration of these cells in 87.5% of the samples ana-
lyzed with a frequency of about 0.3% of CD45+ cells. This
infiltration was positively correlated with the presence of
tumor-infiltrating Treg, suggesting that Treg may be induced
or activated by the mDC present in the tumor bed, because it
has been reported that tumor-derived mDC have tolerogenic
properties [9, 34] and they colocalize with Treg in lymphoid
infiltrates in breast cancer [27], but additional studies are
necessary to confirm this idea. These findings suggest that
mDC arrive at early stages and could be responsible for
Treg induction/activation. Meanwhile, pDC arrive late to
the TME in advanced stages when they play a pivotal role in
tumor development and are required for tumor progression
[35]. The analysis of DC subsets at different time points in
the tumor microenvironment and the draining lymph node,
and their correlation with immune responses may help clar-
ify these issues.

In addition to immune cells, cancer cells are piv-
otal in determining the curse of tumor development,

especially CSC, that have a high capacity to proliferate
and migrate to other tissues. We identified the presence of
CD45-CD24—CD90"E"CD44+ CSC in most of the tumors
analyzed. The presence of these cells was associated with
lymph node status. Patients with LN metastasis had higher
percentages of these cells in comparison with patients that
do not have metastasis in the lymph nodes, suggesting that
they have an active role in the progression of the disease due
to their migratory and proliferative capacities. Even though
most studies on the functionality of these cells have been
carried out in animal models, it has been observed an asso-
ciation between lymph node metastasis and the expression
of some markers of CSC in patients with breast cancer [36].
Similarly, the expression of CD44 and aldehyde dehydroge-
nase 1 (ALDH1), markers of CSC, has been associated with
an adverse prognosis and a high degree of metastasis [37,
38]. Indeed, in xenotransplanted mice with breast cancer cell
lines, ALDHI1+ cells have been related to tumor metastatic
capacity [39]. Nevertheless, it will be necessary to determine
their presence in the metastatic lymph nodes in future stud-
ies and confirms their functional properties. Furthermore,
we found an association between the proportions of CSC
and Treg present in the tumor microenvironment, suggesting
possible crosstalk between these cell populations as it has
been described in several models the interaction of CSC and
immune cells [13, 40]. However, these mechanisms are not
well known, guaranteeing the need for new studies aimed
at characterizing the possible immunoregulatory functions
of CSC.

In conclusion, our data, together with previous reports,
show that TME in breast cancer has an active immune com-
ponent from very early stages, and its compositions have
dynamic changes along with tumor development. At early
stages, mDC are the main population of DC, while pDC are
low or absent. However, in the late stages, pDC have a sig-
nificant role in tumor development and are associated with
a bad prognosis. T cells are present in the tumor bed, and
CD4+ T cells are dominant, from which a fraction corre-
sponded to activated Treg. The positive correlation of mDC
with Treg into the tumor tissue suggests an active interac-
tion in which mDC could be inducing and activating Treg
generating an immunosuppressive microenvironment. Fur-
thermore, CSC are present in early breast tumors, and they
are associated with lymph node metastasis and the frequency
of Treg, suggesting an active role of these cells in the patho-
genesis of early tumors. However, the interaction of this cell
population with immune cells and other cells in the TME
requires further investigations. The composition of leuko-
cytes and the presence of CSC in early breast tumors should
be considered for the development of new immunologic
therapeutic approaches. Identification of specific antigens in
CSC and immune checkpoint plays an important role in find-
ing targets for immunotherapy. Reciprocal to the blockade of
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co-inhibitory receptors, strategies to directly stimulate the
anti-tumor rejection like agonistic antibodies for co-stimu-
latory receptors and immunostimulatory cytokines would
be necessary to induce an effective anti-tumor immunity.
An example is the modulation of GITR because signaling
through GITR enhances effectors CD4+ and CD8+ T cells
and reduces Treg-mediated suppression. Additionally, strate-
gies that can modify the ratio of Tregs or to CD8+ effector
cells may be useful in improving outcomes in breast cancer.
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