
Abstract. Background: To investigate the correlation between
circulating tumor cells (CTCs) bearing cancer stem cell (CSC)
and epithelial-to-mesenchymal (EMT) phenotypes and the
different immunosuppressive cells in peripheral blood of
patients with metastatic breast cancer (mBC). Materials and
Methods: Blood was obtained from 38 pre-treated patients with
mBC before a new line of treatment. CTC detection and
characterization was performed by triple immunofluorescent
staining, while Myeloid-derived Suppressor Cells (MDSCs) and
T regulatory cells (Tregs) were analyzed by multi-flow
cytometry. Results: CTCs were detected in 16 (42.1%) of
patients. Based on the co-expression of ALDH1, TWIST and
CK, CTCs revealed an important heterogeneity: CTCs with a
CSC/partial-EMT, CSC/Epithelial-like, non-CSC/partial-EMT
and non-CSC/Epithelial-like phenotype were detected in 7
(18.4%), 7 (18.4%), 1 (1.4%) and 9 (23.7%) of patients,
respectively. Immunophenotyping of MDSCs identified 2
monocytic [M-MDSCs; CD14+CD15+CD11b+CD33+HLA-
DR−Lin− (CD14+CD15+) and CD14+CD15–CD11b+CD33+
HLA-DR−Lin− (CD14+CD15–)] and one granulocytic [G-
MDSCs; CD14−CD15+CD11b+CD33+HLA-DR−Lin− (CD14–

CD15+)] subpopulations, expressing inducible nitric oxide
synthase (iNOS) and reactive oxygen species (ROS),
respectively. Patients with detectable CTCs had a higher
frequency of Tregs (CD3+CD4+CD25high; p=0.022) whereas
a positive correlation was found between CTC counts and the
percentage of Tregs (p=0.005) and CD14+CD15+ M-MDSCs
(p=0.024). Patients with a partial-EMT phenotype had a
higher frequency of CD14+CD15+ M-MDSCs (p=0.023).
Patients harboring the non-CSC/epithelial-like CTC
subpopulation had an increased frequency of CD14-CD15+ G-
MDSCs (p=0.020), along with decreased levels of
CD3+CD4+CD25high FoxP3+ Tregs (p=0.020). Conclusion:
These findings provide evidence that CTCs in ER+/HER2–
mBC patients may be under the control of the immune system
and various immune escape mechanisms might be involved
during the different stages of their biological evolution.

According to the immune-editing theory, most developing
cancer cells will be eliminated by the intact immune
system. However, progressively, cancer cells may escape
and survive from the surveillance effect of immune cells
leading to tumor progression; this escape from the immune
control is due to several key suppressive mechanisms
mediated by both innate and adaptive immunity (1).
Nowadays, it is well established that cancer cells activate
several types of immunosuppressive cells, including
tumor-associated macrophages (TAMs) (2), natural killer
T (NKT) cells (3), MDSCs (4), CD4+ and CD8+ cells,
Tregs (5) and others. Tregs and MDSCs contribute to the
prevalence of immunosuppressive mechanisms (6-8) and
their presence has been associated with the patients’
clinical outcome (9-11).
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MDSCs are a heterogeneous population and, in humans,
they have been classified into CD14+ depicting their monocytic
origin and CD15+ depicting their granulocytic origin. In the
literature, many distinct MDSC populations have been
described in BC patients such as Lin−HLA-DR−/low (12),
CD15+ (13), HLA-DR−Lin−CD11b+CD33+ (14), CD14+HLA-
DR−/low (15) and CD15+CD11b+CD33+HLA-DR− (16).
During the recent years, it has been reported that circulating
immunosuppressive cells are increased not only in the tumor
microenvironment (TME), but also in the peripheral blood of
cancer patients, providing important clinical information (14,
17). We recently described that various CD4+ Treg and MDSC
cell subpopulations were increased in the blood of patients with
Non-Small Cell Lung Cancer (NSCLC) and that these
increased levels were strongly associated with poor clinical
outcome (18, 19).

Circulating tumor cells (CTCs), detected in the peripheral
blood of cancer patients, constitute an important biomarker
with clinical relevance in several tumor types (20, 21).
Moreover, there is increasing evidence supporting the
hypothesis that the survival of CTCs in the bloodstream is
directly linked to their surveillance by circulating immune
cells of innate immunity. Indeed, natural killer (NK) cells
may target CTCs through direct cell-to-cell contact (22),
while the adherence of CTCs on platelets and neutrophils
seems to be involved in immune escape mechanisms (23-25).
In line with this, CTCs of BC patients might prevent their
phagocytosis by macrophages by expressing the CD47
“don’t eat me” signal (26-28). Even though the presence of
CTCs is correlated with high levels of circulating MDSCs in
patients with metastatic breast (29)15, the role of adaptive
immunity in the surveillance of CTCs is less clear. Thus, the
expression of the first apoptosis signal (FAS) on peripheral
CD4+ T cells of BC patients was shown to be increased
among those who had detectable CTCs (30), whereas the
expression of programmed cell death ligand-1 (PD-L1) on
CTCs of BC patients has been suggested as another
mechanism for their immune escape (31).

Epithelial-to-mesenchymal transition (EMT) is a process
highly associated with enhanced metastatic potential of tumor
cells and it has been recently shown that a partial EMT
phenotype, characterized by the concomitant expression of
both epithelial and mesenchymal features, confers even more
invasive potential to tumor cells (31, 32). In addition, both
EMT and stemness properties are characterized by a decreased
sensitivity to cytotoxic effector cells (33). Preclinical data
support that EMT holds an important role in regulating the
immune escape of tumor cells through the induction of TAMs,
Tregs and MDSCs (34-36). The current study was designed to
investigate the association of the different immune cell
populations, both effector and suppressive, with the detection
of CTCs bearing EMT or/and stem cell phenotype in patients
with ER+/HER2– mBC.

Materials and Methods
Patients. Thirty-eight female patients with histologically-
documented ER+/HER2– mBC were enrolled in the study. All
patients had received at least one line of systemic treatment for
metastatic disease according to the physicians’ choice in the context
of standard of care (hormone treatment or chemotherapy). In all
patients, peripheral blood (25 ml in EDTA) was obtained at the
middle of venipuncture, after the first 5 ml of blood were discarded,
before the initiation of a new line of treatment. Peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque
density centrifugation and used for the detection and
characterization of CTCs. Peripheral blood was also collected from
a normal control (NC) group (n=16 sex and age-matched healthy
volunteers; age: 60±2 years). The present study was approved by
the Institutional Ethics and Scientific Committees of the University
General Hospital of Heraklion, Heraklion, Crete, Greece (#392783);
the patients and healthy volunteers provided written informed
consent to participate in the study, to the use of samples and to the
use of their medical data and publication before sampling, according
to the Declaration of Helsinki. The patients’ characteristics are
shown in Table I. 

Cell immunophenotyping by flow cytometry. Fluorescence-active cell
sorting (FACS) analysis was performed on freshly isolated PBMCs
according to a standard procedure (19). Briefly, PBMCs were stained
using a combination of monoclonal antibodies conjugated to
fluorochromes for the detection of the following cell populations: (a)
MDSCs: anti-CD14/PE-Cy7; anti-CD15/V450; anti-CD11b/PE
Dazzle; anti-CD33/Alexa 700; anti-HLA-DR/APC-H7; anti-
Lin(CD3/CD19/CD56)/PE and (b) T cells and CD4+ Tregs: anti-
CD3/PE-CF594; anti-CD4/V500; anti-CD25/PE-Cy7 and anti-
CD8/APC-Cy7 (BD Biosciences, Franklin Lakes, NJ, USA). For
intracellular staining, T cells were fixed and permeabilized by BD
FoxP3 buffer set (BD Biosciences) according to the manufacturer’s
instructions and incubated for 1h with anti-FoxP3/FITC. For
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Table I. Patients’ demographics.

Patients (N=38)                                                        N (%) 

Age, years
 Median (range)                                                    63 (37-80) 
Histology
 Ductal                                                                   35 (92.1)
 Lobular                                                                   3 (7.9)
HR status
 ER(+)/PR(+)                                                         28 (73.7)
 ER(+)/PR(–)                                                         10 (26.3)
Disease sites
 Visceral                                                                 27 (71.1)
 Non-visceral                                                         11 (28.9)
Prior adjuvant treatment
 Yes                                                                        26 (68.4)
 No                                                                        12 (31.6) 
Line of treatment
 Second                                                                  17 (44.7)
 ≥Third                                                                   21 (55.3) 



intracellular staining, the cells were permeabilized by BD IntraSure
kit (BD Biosciences) according to manufacturers’ instructions and
stained for inducible nitric oxide synthase (iNOS)-PerCP (Santa Cruz,
CA, USA). Multicolour analysis was done using a LSRII flow
cytometer (BD Biosciences) and analysis of data was performed using
FACSDiva Software (BD Biosciences). MDSCs were subclassified
into two monocytic populations [CD14+CD15+CD11b+CD33+HLA-
DR−Lin− and CD14+CD15−CD11b+CD33+HLA-DR−Lin− (referred
to as CD14+CD15+ and CD14+CD15−, respectively)] and one
granulocytic population [G-MDSCs; CD14−CD15+CD11b+CD33+
HLA-DR−Lin− (referred to as CD14−CD15+ throughout the text) (19).
MDSC percentages were calculated within the CD11b+CD33+HLA-
DR−Lin− cells.

Tregs were defined as CD3+CD4+CD25high in CD3+ T cells and
CD3+CD4+CD25highFoxP3+ within the CD3+CD4+CD25high
population. For MDSCs analysis all cells, except lymphocytic
mononuclear cells, were included. For T cell subset, the acquisition
and analysis gates were restricted to the lymphocyte population.
Each measurement contained 500,000 events.

Reactive oxygen species (ROS) detection. The intracellular oxidant
intensity was determined by using 5-(and-6)-chloromethyl-2’,7’-
dichlorodihydrofluorescein diacetateacetylester (DCFDA;
Invitrogen, Carlsbad, CA, USA), which is metabolized to
fluorescent 2’-7’-dichlorofluorescein (DCF) upon oxidation. Single-
cell suspensions from blood were incubated in RPMI1640 medium
containing 2.5 μM DCFDA with/or without 30 ng/mL PMA for 30
min at room temperature. Subsequently, cells were washed twice in
flow buffer and stained with MDSC mAbs and the mean
fluorescence intensity (MFI) of intracellular DFC was determined
by flow cytometry.

Detection and phenotypic characterization of CTCs. PBMCs’
cytospins (500,000 PBMCs/slide) were prepared and stored at
−80˚C until use. Cytospins were used for triple immunofluorescent
(IF) staining, using antibodies against putative markers for epithelial
cells (Cytokeratin 8, 18 and 19; A45-B/B3; Micromet AG, Munich,
Germany), CSCs (ALDH1; Abcam, Cambridge, USA) and EMT
(TWIST1; Abcam) as previously reported (37). Briefly, cells were
fixed with 3% (v/v) paraformaldehyde (PFA) and permeabilized
with 0.5% Triton X-100. After an overnight blocking with PBS/1%
BSA at 4˚C, the cells were incubated with primary and secondary
antibodies. Zenon technology (FITC-conjugated IGg1 anti-mouse
antibody; Molecular Probes, Invitrogen), along with Alexa 555- and
633- conjugated secondary antibodies (Molecular Probes,
Invitrogen) were used to target primary antibodies and DAPI- -
antifade reagent (Molecular Probes, Invitrogen) was then added to
each sample for cell nuclear staining. IF analysis was performed
using the ARIOL microscopy system (Genetix, Cambridge, UK) and
a total of 106 PBMCs/patient were analyzed for the detection and
characterization of Cytokeratin-positive CTCs. Based on our
previous studies, the detection of CTCs was based on the expression
of CK; CK+ CTCs expressing high ALDH1 expression levels were
characterized as CSC+, whereas low or absent ALDH1 expression
was defined as a non-CSC phenotype. CK+ CTCs bearing nuclear
TWIST1 localization were characterized as a partial-EMT+, whereas
cytoplasmic or absent TWIST1 was defined as an epithelial-like
phenotype (37). The detailed description of the methods used for
the characterization of ALDH1 and TWIST1 on CTCs, as well as
their sensitivity and specificity have been previously reported (37).

Statistical analysis. Because of the observational nature of this study,
it was not possible to make a clear statistical hypothesis to estimate
the appropriate number of patients to be enrolled. The Mann Whitney
U-test was used to compare the incidence of different immune cell
subpopulations between different patient groups. Spearman’s rho
analysis was performed to investigate the correlation between
immune cell percentages and different CTC counts. Statistical
analysis was performed using IBM SPSS Statistics version 20. p-
Values were considered statistically significant at the 0.05 level.

Results

Detection and phenotypic characterization of peripheral
blood immune cells. Phenotypic analysis of patients’ CD4+
and CD8+ T cells demonstrated significantly decreased
percentages of CD4+ T cells (56.02%±2.38% vs.
77.24%±2.98%, p<0.0001), along with slightly elevated
CD8+ T cells (23.28%±1.58% vs. 17.64%±1.08%, p=0.06)
compared to NC (Figure 1A). The percentages of both
monocytic and granulocytic MDSC subsets were significantly
increased in patients compared to NC [Μ-MDSCs
(CD14+CD15+: 4.66%±1.15% vs. 0.79%±0.15%; (p=0.03)
and CD14+CD15−; 13.21%±2.11% vs. 3.80%±1.08%;
(p=0.02); G-MDSCs (CD14–CD15+: 3.96%±0.69% vs.
0.88%±0.16%; (p=0.002)] (Figure 1B). On the contrary, the
percentages of CD3+CD4+CD25high Tregs were significantly
lower compared to NC (0.42%±0.02% vs. 0.58%±0.05%,
respectively; p=0.003), whereas there was no difference
regarding the CD3+CD4+CD25highFoxP3+ Tregs between
patients and NC (66.66%±4.89% vs. 76.74%±6.16%,
respectively; p=0.243) (Figure 1C).

The functionality of the defined MDSC subpopulations
was assessed using the expression of ROS and the
production of iNOS. Higher percentages of ROS-expressing
cells were detected in G-MDSCs from mBC patients
compared to NC (25.35%±3.7% vs. 0.45%±0.11%;
p=0.0002), but the mean fluorescence intensity (MFI) did not
differ between the two groups (Figure 2A, B). Conversely,
no monocytic MDSCs producing ROS could be detected in
both patients and NC. 

The immunosuppressive properties of MDSCs were also
assessed by iNOS production. A higher frequency of CD15+
M-MDSCs producing iNOS was detected in BC patients
compared to NC (2.53%±0.43% vs. 0.73%±0.37%; p=0.028);
moreover, the expression levels of iNOS, as determined by
MFI, were higher in both CD15+ and CD15– M-MDSCs
(1219±127.4 vs. 133.7±5.35; p=0.0004 and 870.8±48.14 vs.
116.8±3.75; p=0.0004, respectively) in mBC patients
compared to NC (Figure 2C, D). The CD15+ M-MDSCs
produced increased levels of iNOS both in terms of number
of producing cells (2.53%±0.43% vs. 0.81%±0.16%;
p=0.003) as well as in terms of the amount of MFI iNOS
expression (1219±127.4 vs. 870.8±48.14; p=0.018,
respectively) compared to CD15– M-MDSCs. 

Papadaki et al: CTCs and Immunosuppressive Cells in Metastatic Breast Cancer

663



Detection and phenotypic characterization of CTCs.
Cytokeratin-positive CTCs were detected in 16 out of 38
patients (42.1%), with a total number of 70 CTCs [mean CTC
number/patient: 1.84 (range=0-14)]. According to the different
expression patterns of ALDH1 and TWIST1, four different
phenotypic CTC subtypes could be identified, confirming the
heterogeneity of these cells in ER+HER2– mBC patients (Table
II). CTCs bearing a CSC+/epithelial-like phenotype were

observed in 7 out of 38 (18.4%) patients representing the
47.1% of the total number of detected CTCs whereas, CTCs
with a mixed CSC+/partial-EMT+ phenotype were detected in
7 out of 38 (18.4%) patients and represented the 24.3% of the
total number of CTCs. Conversely, the non-CSC/partial-EMT+
CTCs subpopulation was rare (1.4% of the total CTCs). Non-
CSC/epithelial-like cells were detected in 9 (23.7%) patients
representing the 27.1% of the total number of detected CTCs. 
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Figure 1. Incidence of circulating immunosuppressive cells among mBC patients (n=38) and healthy volunteers (normal controls, NC; n=16). (A)
Percentage of CD14+CD15+ M-MDSCs and CD14+CD15− M-MDSCs and CD14−CD15+ G-MDSCs. (B) Percentage of CD3+CD4+CD25high Tregs
and CD3+CD4+CD25highFoxP3+ Tregs. The bars denote mean values±SEM and the p-values are determined by the Mann Whitney U-test. 



Correlation between CTCs and Tregs. Patients with
detectable CTCs had a significantly higher percentage of
CD3+CD4+CD25high Tregs compared to patients without
CTCs (0.49±0.03 vs. 0.36±0.03, respectively; p=0.002)
(Figure 3A). Moreover, a positive correlation was observed
between the number of CTCs/patient and the percentage of

CD3+CD4+CD25high Tregs (p=0.005). Conversely, there was
no correlation between the presence of CTCs and the various
subpopulations of Tregs identified by the expression of
CD127 (IL-7Rα) and CD152 (data not shown). However, the
presence of non-CSC/epithelial-like CTCs was associated
with decreased levels of CD3+CD4+CD25highFoxP3+

Papadaki et al: CTCs and Immunosuppressive Cells in Metastatic Breast Cancer

665

Table II. Phenotypic subpopulations of CTCs according to the expression of CSC and EMT phenotypic profiles.

CTC Phenotypes                                                                                                                         Patients                                                  CTCs
                                                                                                                                                     No (%)                                                 No (%)

CSC/partial-EMT (CK+ALDH1highTWIST1nuc)                                                                      7 (18.4)                                               17 (24.3)
CSC/epithelial-like (CK+ALDH1highTWIST1cyt/-)                                                                  7 (18.4)                                               33 (47.1)
non-CSC/partial-EMT (CK+ALDH1low/-TWIST1nuc)                                                              1 (0.18)                                                 1 (1.4)
non-CSC/epithelial-like (CK+ALDH1low/-TWIST1cyt/-)                                                          9 (23.7)                                               19 (27.1)
Total CK+ cells (n=16 pts)                                                                                                                                                                     70 (100)

Cytokeratin-positive CTCs were analyzed using the ARIOL system; high ALDH1 and co-expression of CK with nuclear TWIST1 were defined as
CSC and partial-EMT phenotypes, respectively. The first column refers to the number and percentage of patients harvesting each CTC subpopulation.
The second column shows the number and percentage of phenotypically different CTCs among the total 70 CTCs detected.

Figure 2. ROS production and iNOS expression in different MDSCs’ subtypes. Percentages of (A) ROS-producing and (C) iNOS-expressing cells
from normal donors (n=13) and mBC patients (n=38). Intracellular levels of (B) ROS and (D) iNOS in all tested subpopulations. Intracellular ROS
levels are expressed as mean fluorescence intensity (MFI) in subpopulations of MDSCs before and after PMA stimulation. The data are represented
as the mean±SEM and the p-values are determined by the Mann-Whitney U-test. ND: Normal donors.



(46.29%±10.41% vs. 72.98%±5.07%; p=0.02) (Figure 3C),
whereas there was no correlation between the three
remaining CTC subsets (CSC+/epithelial-like, non-CSC/
partial-EMT+ or CSC+/partial-EMT+) and the different
subpopulations of Tregs, as well as with CD4+ and CD8+ T
cells (data not shown).

Correlation between CTCs and MDSCs. Patients with
detectable CTCs had a significantly higher percentage of
CD14+CD15+ M-MDSCs (p=0.024) whereas there was no
correlation with the other subpopulations of MDSCs
[CD14+CD15− M-MDSCs or CD14−CD15+ G-MDSCs;
(p=0.194 and 0.771, respectively)]. Further analysis revealed
that the detection of CSC+/partial-EMT+ CTCs was associated
with a significantly higher percentage of CD14+CD15+ M-
MDSCs compared to patients who did not harbor this CTC
subpopulation (11.63%±4.82% vs. 3.08%±0.70%; p=0.023)
(Figure 3B). Conversely, the presence of non-CSC/epithelial-
like CTCs was associated with increased CD14+CD15− M-
MDSC levels (21.53%±5.14% vs. 10.62%±2.08%; p=0.033).
There was no association between the detection of CTCs
expressing intermediate phenotypes (CSC+/epithelial-like and

non-CSC/partial-EMT+) and the percentage of M-MDSCs, as
well as of the different CTC subpopulations and the presence
of G-MDSCs.

Discussion

The presence of CTCs and their role in the development of
distant metastasis in cancer biology are well-established,
suggesting that, at least during the metastatic phase of the
disease, these cells evade the immune surveillance.
Numerous studies have demonstrated the high phenotypic
and functional heterogeneity of CTCs; however, it is yet
unclear whether the distinct CTC subpopulations have
different ways to interact with immune cells. We have
previously demonstrated that in mBC patients, single CTCs
co-expressing putative stem and partial-EMT phenotypes, as
defined by the high ALDH1 expression levels and the
nuclear localization of the transcription factor TWIST1, were
significantly increased compared to patients with early stage
BC (37-39). Similar data were also recently reported by
other investigators (38, 39). In addition, our group recently
reported that the presence of CSC+/partial-EMT+ CTCs in

ANTICANCER RESEARCH 41: 661-670 (2021)

666

Figure 3. Correlation between immunosuppressive cells and CTCs with distinct CSC and EMT phenotypes in mBC patients (n=38). Evaluation of
the percentage of different immunosuppressive cell populations in the presence and absence of CTCs and within different CTC subpopulations. (A)
Percentage of CD3+CD4+CD25high Tregs among CTC-positive and CTC-negative patients; (B) Percentage of CD14+CD15+ M-MDSCs among
patients with and without CSC/partial-EMT CTCs; (C) Percentage of CD14+CD15– M-MDSCs and CD3+CD4+CD25high Tregs among patients
with and without detectable non-CSC/epithelial CTCs. p-Values are determined by the Mann-Whitney U-test.



the peripheral blood of mBC patients represents a strong and
independent factor for reduced PFS, whereas in HER2–
disease it is also highly predictive for decreased OS (40).

In the present study we used the same methodology to
investigate the association between various subpopulations of
CTCs, expressing CSC and partial-EMT phenotypes, and the
immune cells in the peripheral blood of patients with mBC.
Our findings confirmed the important heterogeneity of CTCs
bearing an exclusively epithelial phenotype, as well as CTC
subsets with CSC and/or partial EMT phenotype, as previously
reported (36). Moreover, the presented data revealed, for the
first time, a clear association between the presence of these
subpopulations of CTCs and the circulating immune
suppressive cells. Indeed, Tregs, both CD3+CD4+CD25high and
CD3+CD4+CD25highFoxP3+ subsets, were associated with the
detection of CTCs in contrast to Stanzer’s et al. study which
failed to reveal a similar association (41). More importantly,
although the presence of non-CSC/epithelial-like CTCs was
associated with decreased levels of CD3+CD4+CD25high
FoxP3+ cells, there was no correlation between the three
remaining CTC subsets (CSC/epithelial-like, non-CSC/partial-
EMT or CSC/partial-EMT) and the different subsets of Tregs.
However, it is interesting to note that our findings failed to
demonstrate an association between CTCs and the levels of
CD4+ and CD8+ T cells, which has been previously reported
(30, 41). 

The present study also demonstrated that two phenotypically
distinct monocytic (CD14+CD15+CD11b+CD33+HLA-DR−
Lin− and CD14+CD15−CD11b+CD33+HLA-DR−Lin−) and one
granulocytic population (CD14−CD15+CD11b+CD33+HLA-
DR−Lin−) of MDSCs, which have been previously shown to
be associated with NSCLC patients’ clinical outcome (14),
were significantly higher in mBC patients in agreement with
previous reports (28, 29). However, to the best of our
knowledge, our findings demonstrate, for the first time, that the
presence of CTCs is associated with a high percentage of
CD14+CD15+ but not with CD14+CD15– or CD14–CD15+
MDSCs; moreover, it should be noted that CD14+CD15+
MDSCs displayed a stronger immunosuppressive function, as
suggested by their higher levels of iNOS production, compared
to the CD14+CD15– MDSCs. Importantly, the presence of
CSC+/partial-EMT+ CTCs was associated with a significantly
higher percentage of CD14+CD15+ M-MDSCs, whereas the
presence of non-CSC/epithelial-like CTCs was associated with
increased levels of CD14+CD15– M-MDSCs. On the other
hand, CTCs bearing a non-CSC/epithelial-like phenotype were
associated with increased levels of CD14+CD15– M-MDSCs
along with decreased percentages of CD3+CD4+CD25high
FoxP3+ Tregs. It is noteworthy that there was no correlation
between G-MDSCs, CD8+ or CD4+ T cells and the detection
of the above-mentioned CTCs subpopulations. These
observations, taken together with the relatively similar data
regarding the Tregs, as mentioned above, strongly suggest that

different immune cells and effective mechanisms are involved
in the clonal selection of various CTC subsets, thus leading to
their escape from immunosurveillance.

The data presented in the current study are in line with
recent studies which propose different mechanisms of
immunological escape of cancer cells. Indeed, tumor cells
may evade the host immune system by hiding their tumor-
specific antigens (42), through different molecular events,
such as down-regulation or loss of MHC class I proteins
(43). In addition, it has been shown that CSCs are more
resistant to immunological control compared with non-CSCs,
and cancer immune surveillance enriches a subpopulation of
cancer cells with stem-like properties (44). Furthermore,
previous studies have shown that CSCs express low levels
of molecules involved in processing and presenting tumor
antigens to T cell receptors, which is a crucial stimulatory
signal to T-cell response, leading thus, to escape from
immune surveillance (45, 46). Interestingly, accumulating
evidence indicates that CSCs can also suppress T-cell
activation since high PD-L1 expression on CSCs may
contribute to CSC immune evasion; however, the regulatory
mechanisms contributing to the enriched PD-L1 expression
in the CSC populations remain unclear (47-49). Finally, a
recent study demonstrated a positive correlation between the
levels of MDSCs infiltrating the tumor and CSCs in patients
with breast cancer (50). To this direction, both preclinical
and clinical findings suggest that different immune cell
subpopulations are involved in the surveillance of CSCs.

The current study enrolled previously treated patients with
mBC and this could represent a substantial weakness
explaining, at least partly, the significant difference of the
percentages of the various populations of immune cells
compared to NC. It is unknown whether these differences are
due to the disease itself or to the various therapies that
patients had previously received. The heterogeneity of
previous administered treatments limited the possibility to
define relatively homogeneous subgroups of patients for
further analysis. 

The acquisition of CSC properties and EMT are two
processes that hold an important role in tumor biology (51).
Peripheral blood is considered as a very hostile environment
for CTCs, where they are exposed to a high amount of
immune cells. Even though previous studies suggest a direct
link between tumor cells bearing EMT or CSC features and
immune cells (52, 53), the data presented in the current study
strongly supports a similar interaction between immune cells
and CTCs. Therefore, it is reasonable to hypothesize that the
acquisition of distinct EMT and/or CSC features might
contribute and facilitate the ability of CTCs to efficiently
escape from the immune surveillance. In vitro co-cultures
and functional assays are required to validate the interactions
between immunosuppressive cells and CTCs with CSC and
partial-EMT characteristics.
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