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Abstract
Background The compartments of memory Tcells play a fun-
damental role in the immune system by substantiating specific
and acquired immunity. A new subset of memory cells, T stem
cell memory (TSCM) cells, with stem cell-like properties, a
high capacity to proliferate, a long survival, and an ability to
differentiate into all effector and memory cells has recently
been introduced. In the present study, we aimed to determine
the frequency of CD4+ TSCM and other T memory cell subsets
in tumor draining lymph nodes of breast cancer patients.
Materials and methods Mononuclear cells were obtained
from axillary lymph nodes of 52 untreated patients with breast
cancer (BC) and stained with fluorochrome conjugated anti-
CD4, −CCR7, −CD45RO and -CD95 antibodies to detect
different subtypes of memory cells in CD4+ lymphocyte pop-
ulations. Data were acquired using a four-color FACSCalibur
flow cytometer and analyzed using CellQuest Pro software.
Results We found that >70% of CD4+ lymphocytes in
draining lymph nodes of BC patients exhibited a memory
phenotype of which 7.04 ± 1.04% had a TSCM phenotype

(CD4+CCR7+CD45RO−CD95+). The frequency of TSCM

cells was significantly higher in tumor positive lymph nodes
compared to tumor negative lymph nodes (p = 0.026) as well
as among those patients who had at least one affected lymph
node (p = 0.012). Moreover, we found that the total frequency
of central memory T cells (TCM) with a low expression of
CD45RO was significantly higher among these patients. The
percentage of CD45ROLow TCM cells was also found to in-
crease with tumor progression from stage I to stage III
(p = 0.020). On the other hand, we found that the percentage
of CD95Hi effector memory T cells (TEM) was significantly
decreased in involved lymph nodes (p = 0.009).
Conclusion Our data suggest that following long-term expo-
sure to putative tumor antigens, TSCM cells proliferate to gen-
erate a pool of committed memory and effector T cells. As the
tumor progresses, the immunosuppressive milieu induced by
tumor cells may slow down the differentiation of CD45ROLow

TCM cells to more functional sub-populations.

Keywords Breast cancer . Lymph node . CD4+ Tstem cell
memory cells

1 Introduction

The immunological memory pool is regarded as an important
component of adoptive immune responses. Having faced the
antigen, naïve T cells become active to proliferate and differenti-
ate, gradually gaining – throughout the maturation process – the
effector functionality, thereby losing the capability to self-renew
and survive. During this process, a small portion of the cells
evolves into subsets of T memory cells exhibiting a high longev-
ity. These cells subsequently settle in secondary lymphatic organs
and tissues where they turn into effector T cells upon
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encountering the antigen, and provide effective secondary immu-
nologic responses against pathogens and tumors [1–5].

The subsets of memory T cells are heterogeneous and can
be divided into two main categories of central (TCM) and ef-
fector (TEM) memory cells based on the expression of surface
markers, i.e., molecules responsible for lymphocyte homing
and functionality [6]. TCM cells highly express CCR7 and
CD62L and circulate inside the lymphatic organs. They ex-
hibit a relative high longevity, but can be converted into more
short-lived TEM cells [6, 7]. TEM cells, in contrast, do not
express CD62L, CCR7 and CD45RA, but are CD45RO pos-
itive and circulate mainly in non-lymphatic organs. These
cells have a low capacity to proliferate and are actually in
the end-stage of differentiation [4, 8].

A number of complex issues have arisen as a result of recent
studies that introduced a new subset of memory cells, T stem cell
memory (TSCM) cells [9]. In healthy individuals, these cells make
up only 2–3% of the Tcells population. However, their similarity
to stem cells – i.e., self-renewability and multipotency to differ-
entiate into various cell lineages – has made them of significant
importance [10–12]. Currently, the presence of TSCM cells in
mice, humans and primates has been proven. These cells have
markers in common to naïve T cells (CCR7+CD45RO−CD95+)
and express CD62L at high levels. They can, however, be dis-
tinguished from naïve T cells through the expression of CD95
and CD122, markers that are also expressed by memory cells [9,
13, 14]. Theirmemory functionality, including a rapid production
of cytokines after Tcell receptor (TCR) stimulation and longtime
survival, suggests that they may be responsible for immunity
throughout human lifetime [15]. Their high capacity to prolifer-
ate, their long survival and their ability to change into all effector
andmemory cell subgroups, grant TSCM cells the possibility to be
highly effective in tumor destructionwith a small number of cells
compared to other T cell subsets. The role of this T cell memory
subset in various pathologic conditions, such asAIDS, has amply
been studied [10], whereas investigations aimed at the role of
these cells in cancer are still in a preliminary stage [16, 17]. In
the present study, we determined the frequency of CD4+ TSCM
cells in tumor draining lymph nodes (TDLNs) of breast cancer
patients. In addition, we investigated putative associations of
these cells with various clinical and pathological features of these
patients.

2 Materials and methods

2.1 Patient samples

Fifty-two patients with breast cancer (BC) were recruited for the
study before receiving any treatment. Following routine patho-
logical examination, parts of axillary lymph nodes were referred
to our laboratory. All samples were obtained after giving in-
formed consent. Tumor infiltration to the nodes was

histologically determined by pathologists. Lymph nodes that
were infiltrated by tumor cells were classified as node positive.
The patients were considered lymph node positive when at least
one resected regional lymph node was found to be infiltrated by
tumor cells (LN+ patients). All positive lymph nodes had macro-
metastases (0.5–4.5 mm). Clinical and pathological information
was obtained from patient files. Patient stages were determined
using the TNM system according to the 7th edition of the AJCC
cancer staging manual.

2.2 Preparation of lymph node mononuclear cells

To obtain single cell suspensions, fresh lymph nodes were
mechanically minced into small pieces in complete culture
medium containing 10% fetal bovine serum (FBS; Gibco,
USA), 100 units/ml penicillin and 100 μg/ml streptomycin
(Biosera, UK) and filtered through a 40 μm cell strainer (BD
Biosciences, USA). Next, mononuclear cells were separated
using Ficoll-Hypaque (Biosera, UK) gradient centrifugation
in 600×g at 20 °C for 20 min. The mononuclear ring was
harvested, washed twice and dissolved in 1× phosphate buff-
ered saline (PBS) for further analysis. A Trypan Blue dye
(Biosera, UK) exclusion test was used to determine the num-
ber of viable cells. Finally, the cells were transferred at a
250 × 103 concentration to polystyrene round bottom flow
cytometric tubes (BD Biosciences, USA) in 50 μl PBS.

2.3 Cell staining and flow cytometry

To determine the frequency of CD4+ memory T cell subsets,
the following antibodies were used: PerCP–conjugated anti-
CD4, clone: Sk3, FITC–conjugated anti-CCR7, clone: 3D12,
PE–conjugated anti-CD95, clone: Dx2 and APC–conjugated
anti-CD45RO, clone: UCHL1. The isotype controls used
were: PerCP–conjugated mouse IgG1, FITC–conjugated
mouse IgG2a, PE–conjugated mouse IgG1 and APC–conju-
gated mouse IgG2a. All antibodies were purchased from BD
Biosciences, USA. The mononuclear cells were surface-
labeled with appropriate antibodies for 20 min at room tem-
perature. Next, the cells were washed twice with 1× PBS to
remove unbound antibodies after which ~100 × 103 events
were acquired on a four-color FACSCalibur flow cytometer
(BD Biosciences, USA). The data were analyzed using the
CellQuest Pro software tool (BD Biosciences, USA). The
mean fluorescent intensity (MFI) of CD45RO as well as
CD95 normalized to MFI of negative cells, was reported as
mean expression of these molecules on memory cells.

2.4 Statistical analysis

Nonparametric Mann–Whitney U test and Kruskal-Wallis H
were used to determine statistical differences between sub-
groups. Correlations between the prevalence of each memory
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Tcell subset and tumor size were assessed by Spearman’s rank
correlation. SPSS15 software (SPSS GmbH Software,
Germany) was used for all statistical analyses and p < 0.05
(two-tailed) was considered significant. GraphPad Prism 6
software (GraphPad Software, San Diego, CA, USA) was
used for drawing the graphs.

3 Results

3.1 Patient inclusion characteristics

After pathological confirmation, 52 untreated patients with BC
(mean age = 48.38 ± 11.40 years) were recruited for this study. In
total 53 lymph nodes were acquired from these patients (two
lymph nodes were obtained from one patient, one was involved
and one was free). According to the pathological reports, in 24 of
53 (45.28%) lymph nodes tumor cells were seen (involved LNs).
Infiltrative ductal carcinoma was the most frequent tumor type
(80.39%). Most patients were in stage II (52.83%) and none of
them showed distant metastases at the time of diagnosis. The
main clinicopathological characteristics of the patients are listed
in Table 1.

3.2 Frequency of CD4+ memory subsets in tumor draining
lymph nodes of breast cancer patients

To determine the frequencies of the various T cell memory sub-
sets after selecting CD4+ cells in the lymphocyte gate (Fig. 1a),
the phenotypes of the different subsets were defined based on the
expression of CCR7, CD45RO and CD95 (Fig. 1b).
CD95+CD4+ lymphocytes simultaneously expressing CCR7
and CD45RO were considered as TCM cells (Fig. 1c and d). A
small population with a CCR7−CD45RO+CD95+CD4+ pheno-
type was considered as TEM cells (Fig. 1e), whereas
CCR7+CD45RO− cells that did not express CD95 were consid-
ered as naïve Tcells. A subgroup of cells with a naïve phenotype
(CCR7+CD45RO−) but positive for CD95 was coined as TSCM

Table 1 Clinicopathological characteristics of breast cancer patients

Characteristics Value

Age (years) 48.38 ± 11.40

Lymph node status

Free 29 (55.0%)

Involved 24 (45.0%)

N0 15 (28.0%)

N1 23 (43.0%)

N2 11 (21.0%)

N3 4 (8.0%)

Tumor size in lymph node 1.7 ± 1.74 (0.5–4.5 mm)

Stage

I 9 (17.0%)

II 28 (53.0%)

III 16 (30.0%)

IV 0 (0%)

Tumor type

IDC 41(80.0%)

MC 4 (8.0%)

ILC 4 (8.0%)

Mixed IDC and ILC 2 (4.0%)

Missing 2

Tumor size

T1 (≤2) 20 (40.0%)

T2 (2–5) 29 (58.0%)

T3 (>5) 1 (2.0%)

Missing 3

Histological grade

Well differentiated (I) 5 (12.0%)

Moderately differentiated (II) 27 (63.0%)

Poorly differentiated (III) 11 (26.0%)

Missing 10

Estrogen receptor (ER)

Negative 8 (17.0%)

Positive 38 (83.0%)

Missing 7

Progesterone receptor (PR)

Negative 11 (25.0%)

Positive 33 (75.0%)

Missing 9

Her2 expression

Negative 33 (63.0%)

Positive 14 (27.0%)

Equivocal 5 (10.0%)

Missing 1

Invasion

Lymphatic invasion

Negative 11 (23.0%)

Positive 37 (77.0%)

Missing 5

Vascular invasion

Table 1 (continued)

Characteristics Value

Negative 11 (23.0%)

Positive 37 (77.0%)

Missing 5

Perineural invasion

Negative 5 (10.0%)

Positive 43 (90.0%)

Missing 5

*All percentages are valid and missing data are excluded from the
calculations
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cells (Fig. 1f). CD95 and CD45RO were found to exhibit a
gradient of expression ranging from low to high. Accordingly,
twomain subgroupswere defined among the TCM subpopulation
for each marker: CD95+ and CD95Hi cells and CD45ROHi and

CD45ROLow cells (Fig. 1c and d). The average frequencies of the
different memory T cell subtypes along with the mean CD95
fluorescent intensities (MFI) on the surface of these cells were
recorded in the CD4+ lymphocyte population (listed in Table 2).

Fig. 1 Phenotypic determination of CD4+ T cell memory subsets in
TDLNs of breast cancer patients. After selecting CD4+ positive cells in
the lymphocyte gate (a), the phenotypes of the different subsets were
defined based on the expression of CCR7, CD45RO and CD95 (b).
CD95+CD4+ lymphocytes with a CCR7+CD45RO+ phenotype were
considered as TCM cells in both CD95+ and CD95Hi populations (c and
d), whereas lymphocytes with a CCR7−CD45RO+CD95+CD4+

phenotype were considered as TEM cells (e) and CCR7+CD45RO− cells
that did not express CD95 were considered as naïve T cells (f). A
subgroup of lymphocytes with naïve phenotype (CCR7+CD45RO−) but
positive for CD95was coined as TSCM cells (f). TSCM: StemCell Memory
T cell; TCM: Central Memory T cell; TEM: Effector Memory T cell; TN:
Naïve T cell
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3.3 Memory CD4+ T cell subsets in breast cancer patients
with different clinical and pathological characteristics

3.3.1 CD4+ TSCM cells

The percentage of cells with a CD4+CCR7+CD45RO−CD95+

phenotype, TSCM, was found to be 7.04 ± 1.04 in the draining
lymph nodes of the BC patients. We also found that the frequen-
cies of these cells significantly increased in involved LNs
(p = 0.026) (Fig. 2a). In addition, regarding CD95 expression,

both CD95+ (p= 0.012) andCD95Hi (p= 0.041) TSCM cells were
found to be elevated in patients with a lymphovascular invasion
(Fig. 2c, p = 0.015 for CD95+ and p = 0.006 for CD95Hi cells).
The frequency of CD95Hi TSCM cells was also found to be ele-
vated in patients with perineural invasions (Fig. 2d, p = 0.048).
The frequencies of CD4+ TSCM cells did not show any significant
changes in patients at different stages of the disease (Fig. 2b) nor
in patients with other clinical and pathological characteristics.
Similar results were obtained in patients with an invasive ductal
carcinoma (IDC) tumor type.

Table 2 Frequencies of different memory T cell subsets in tumor draining lymph nodes of breast cancer patients

Cell subset Markers Minimum Maximum Median Mean ± SEM

CD45RO+ lymphocytes CD45RO+ 13.97 59.24 35.51 35.19 ± 1.37

CD45RO+CD4+ CD4+CD45RO+ 28.84 97.1 73.77 72.56 ± 1.87

CD4+CD45ROHi 19.13 79.95 37.60 41.93 ± 2.02

CD4+CD45ROMed 5.85 59.78 30.36 30.64 ± 1.26

CD4+CD45ROLow 16.24 60.00 30.85 31.76 ± 1.23

TSCM CCR7+CD45RO−CD95+ 0.29 37.14 4.11 7.04 ± 1.04

CCR7+CD45RO−CD95Hi 0.02 59.24 0.40 1.77 ± 1.11

CCR7+CD45RO−CD95Med 0.22 23.40 0.22 5.88 ± 0.77

TCM CCR7+CD45RO+CD95+ 5.00 94.65 53.71 56.54 ± 2.09

CCR7+CD45RO+CD95Hi 19.44 73.23 38.00 40.47 ± 1.93

CCR7+CD45RO+CD95Med 6.60 41.84 15.41 16.85 ± 0.99

CD45ROHi TCM CCR7+CD45ROHiCD95+ 19.14 79.84 38.29 41.50 ± 1.91

CCR7+CD45ROHiCD95Hi 16.36 68.50 29.48 33.55 ± 1.79

CCR7+CD45ROHiCD95Med 0.81 33.65 5.23 7.65 ± 0.93

CD45ROLow TCM CCR7+CD45ROLowCD95+ 6.54 47.01 15.60 16.82 ± 1.00

CCR7+CD45ROLowCD95Hi 0.51 22.22 5.82 6.94 ± 0.56

CCR7+CD45ROLowCD95Med 2.04 23.05 9.34 9.51 ± 0.53

TEM CCR7−CD45RO+CD95+ 0.07 8.27 2.56 2.82 ± 0.45

CCR7−CD45RO+CD95Hi 0.04 7.66 2.15 2.43 ± 0.19

CCR7−CD45RO+CD95Med 0.03 3.63 0.26 0.39 ± 0.07

CD95+CD4+ CD4+CD95+ 20.92 79.23 40.22 43.38 ± 2.08

CCR7+CD4+ CD4+CCR7+ 90.09 99.74 97.30 96.86 ± 0.26

TNaive CCR7+CD45RO−CD95+ 2.13 80.23 14.21 18.39 ± 2.34

non-CD4 CD45RO+ CD4−CD45RO+ 0.05 24.71 6.35 6.88 ± 0.50

non-CD4 CD95+ CD4− CD95+ 1.15 29.61 5.51 6.6 5 ± 0.63

Mean expression of CD95 on different memory CD4+ T cell subsets (based on MFI)

TSCM CCR7+CD45RO−CD95+ 3.17 10.59 4.99 5.61 ± 0.25

TCM CCR7+CD45RO+CD95+ 7.26 31.95 17.16 18.09 ± 0.81

CCR7+CD45RO+CD95Hi 9.32 97.52 30.16 30.80 ± 1.99

CD45ROHi TCM CCR7+CD45ROHiCD95+ 5.82 34.81 15.43 16.94 ± 0.96

CCR7+CD45ROHiCD95Hi 6.98 56.86 20.83 22.23 ± 1.29

CD45ROLow TCM CCR7+CD45ROlowCD95+ 4.65 98.47 9.08 11.09 ± 1.72

CCR7+CD45ROlowCD95Hi 7.46 71.51 22.19 23.74 ± 1.51

TEM CCR7−CD45RO+CD95+ 20.10 149.46 61.53 64.90 ± 4.27

CCR7−CD45RO+CD95Hi 1.55 159.58 71.27 76.30 ± 4.67

TN CCR7+CD45RO−CD95+ 3.17 31.66 4.99 6.12 ± 0.55

*TSCM: Stem Cell Memory T cell; TCM: Central Memory T cell; TEM: Effector Memory T cell; TN: Naïve T cell
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3.3.2 CD4+ TCM cells

Central memory T cells with a CD4+CCR7+CD45RO+CD95+

phenotype were found to represent the most frequent CD4+

memory subset in the draining lymph nodes of BC patients
(56.54 ± 2.09). We also found that the percentage of
CD45ROLow expressing TCM sub-populations with different
CD95 expression levels were significantly increased in tumor
cell-involved lymph nodes compared to the tumor cell-free ones
(p = 0.004 and p = 0.019 for CD95+ and CD95HiCD45ROLow

TCM cells, respectively; Fig. 3a). Considering the number of
involved lymph nodes, the frequency of the various TCM cell
subgroups and CD95 MFI on these cells were found to be gen-
erally elevated, with increases in the number of tumor cell-
involved lymph nodes (Fig. 3b).

Similarly, we found after comparison of CD4+ TCM cells in
the patients at different stages of the disease that, while the
tumor progresses from stage I to stage III, the percentage of
CD95HiCD45ROLow TCM cells significantly increases.

Further analysis indicated that these cells were more
frequent in patients at stage II (p = 0.012) and stage
III (p = 0.010) than in patients at stage I. We also
found that the CD95 MFI in CD95HiCD45ROLow TCM

cells were increased in patients at stage II and III
(p = 0.004 and p = 0.0005, respectively) compared to
those at stage I (Fig. 3c). Again, we found that the
results were similar in patients with an IDC tumor type.

Regarding other clinical and pathological parameters, we
found that the percentages of the various sub-populations of
TCM cells generally increased in patients positive for
lymphovascular invasion, although the frequency of
CD95MedCD45ROHi TCM cells was found to be decreased in
these patients (Fig. 3d). The percentages of the different TCM

sub-populations in patients with other clinical and pathologi-
cal parameters, including histological tumor grade, tumor site
as well as estrogen, progesterone and human epidermal
growth factor receptor expression, did not show any signifi-
cant differences.

Fig. 2 Frequency of TSCM in TDLNs of breast cancer patients with
different pathological conditions. Percentages of the various TSCM

memory cell subsets in TDLNs of BC patients with tumor cell-involved
lymph nodes (a), at different stages (I-III) (b) with lymphovascular

invasion (LVI) (c) and with perineural invasion (PI) (d). The data are
presented as mean ± SEM. *Difference significant at 0.05 level (2-tailed),
**Difference significant at 0.01 level (2-tailed)
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Fig. 3 Frequency of TCM cells in TDLNs of breast cancer patients with
different pathological condition. Percentages of the various CD4+ TCM

memory cell subsets and mean CD95 intensities on these cells in TDLNs
of patients with involved lymph nodes (a), number of involved lymph
nodes (b), stages (I-III) (c) and lymphovascular invasion (LVI) (d). The

data are presented as mean ± SEM. *Difference significant at 0.05 level
(2-tailed), **Difference significant at 0.01 level (2-tailed), *** Difference
significant at 0.001 level (2-tailed). N0: free (0), N1: 1–3, N2: 4–9 and
N3: >9

Memory CD4+ T cell subsets in tumor draining lymph nodes of breast cancer... 7



3.3.3 CD4+ TEM cells

The frequency of TEM cells with a CD4+CCR7−CD45RO+CD95+

phenotype was found to be 2.82 ± 0.45, the lowest
frequency among the memory subsets in TDLNs of the breast
cancer patients tested. Based on CD95 expression, we found that
the percentage of the various sub-populations of TEM cells was
significantly decreased in involved lymph nodes (p = 0.014 and
p = 0.040, respectively for the CD95Hi and CD95Low/Med sub-
populations; Fig. 4a). In addition, we found that the frequency of
this subset showed a significant reduction in patients with
lymphovascular invasion (Fig. 4c). The mean expression of
CD95 on CD95Hi TEM cells in patients with progesterone recep-
tor expressing tumors (PR+) was found to be significantly in-
creased in comparison to the PR negative ones (78.84 ± 6.28
versus 67.41 ± 8.72, p = 0.041, Supplementary Fig. 1). No sig-
nificant differences were observed in the frequencies of the var-
ious TEM sub-populations in patients at different stages of the

disease (Fig. 4b) nor in patients with other clinical and patholog-
ical characteristics.

3.3.4 Other T cell subsets in draining lymph nodes of breast
cancer patients

Along with the different memory subsets, the frequencies of
naïve Tcells with a CD4+CCR7−CD45RO−CD95− phenotype
and expression of CD45RO, CCR7 and CD95 in the total
lymphocyte population, as well as CD4+ cells, were deter-
mined in draining lymph nodes of BC patients. By doing so,
we found that CD45RO+ lymphocytes were increased in pa-
tients with lymphovascular invasion (p = 0.025, Fig. 3d). The
other subsets did not show any significant differences in pa-
tients with various clinical and pathological characteristics.
The results were found to be similar in patients with an IDC
tumor type.

Fig. 4 Frequency of TEM in TDLNs of breast cancer patients with
different pathological condition. Percentages of the various CD4+ TEM

subsets in TDLNs of patients with a different node status (a), stages (I-III)

(b) lymphovascular invasion (LVI) (c) and perineural invasions (PI)
(d).The data are presented as mean ± SEM. *Difference significant at
0.05 level (2-tailed), **Difference significant at 0.01 level (2-tailed)
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4 Discussion

We investigated the presence of CD4+ T memory subsets in
tumor draining lymph nodes of patients with breast cancer
(BC) and found that >35% of the lymphocytes in the draining
lymph nodes exhibited a memory phenotype, of which the
frequency rises to >70% in the CD4+ population. The frequen-
cy of CD4+ lymphocytes with a memory phenotype also
showed a significant increase in patients with tumor free
lymph nodes. It is well documented that the generation of an
appropriate memory response against tumor antigensmay pre-
vent tumor relapse in patients with different types of cancers,
including BC [18–20]. Concordantly, high frequencies of
CD45RO+ cells among BC tumor infiltrating lymphocytes
have been found to correlate with a smaller size of the tumor,
a lower stage, a smaller number of involved lymph nodes, less
invasion into the lymphatic system and a longer survival fol-
lowing treatment [21]. These observations confirm the notion
that memory cells may efficiently prevent tumor relapse.
Accordingly, the observed increase in the frequency of
CD4+ memory cells in TDLNs of BC patients in our study
may suggest a protective role for these cells in preventing
metastasis to lymph nodes and, hence, tumor progression. In
the only study available so far on lymph nodes, Oberg et al.
[19] showed that in patients with colon cancer higher percent-
ages of CD45RO+ cells may be indicative of a better progno-
sis with a 5-year survival rate of ~66%. One of the major
limitations of previous studies on memory cells is the exclu-
sive use of CD45RO as a marker for the memory T cell phe-
notype, mostly by immunohistochemistry which, besides its
low sensitivity, in its own cannot properly distinguishmemory
cells from other effector subsets. Memory cells can be divided
into different subgroups according to their functionality and
their cytokine expression. This is the first study investigating
various CD4+ memory T cell sub-populations within lymph
nodes of BC patients with a specific focus on TSCM cells.

We found that CD4+ TSCM cells with a CD4+CCR7+

CD45RO−CD95+ phenotype represent ~7% of the lympho-
cyte population within the TDLNs of BC patients. Our anal-
yses indicated that the percentage of these cells within the
lymph nodes was increased, regardless of whether the inves-
tigated lymph nodes were positive or negative for tumor cells.
This increase was also found to be accompanied by invasion
into the lymphovascular and neural systems. TSCM cells are, in
fact, a new subgroup of memory T cells that have only been
recognized in recent years. Phenotypically speaking, they are
more similar to naïve T cells, but they can be distinguished
through expression of the CD95 and CD122 memory markers
[9, 13]. These cells exhibit a high proliferative capacity, a high
self-renewal capacity, and a multipotency to differentiate into
other memory T cell subsets. These properties have turned
these cells into invaluable tools in the design of adoptive T
cell therapies in cancer [10–12]. The majority of studies on

memory stem cells have been conducted in the context of
AIDS. In the only study on breast cancer so far, published as
an abstract by Pincha et al. [22], TSCM cells with a
CCR7+CD45RO−CD127+CD45RA+CD95+CXCR3+IL-
2Rβ+ phenotype were found to be present in the peripheral
blood and bone marrow of BC patients among both CD4+ and
CD8+ cell populations. Compared to healthy individuals, the
frequency of TSCM cells was found to be elevated up to three-
fold in BC patients, particularly among CD8+ cells. These
authors also reported that > 95% of the TSCM cells did not
express exhaustion markers, i.e., PD-1 and LAG-3, indicating
less exhaustion of these cells compared to other cells. We
observed an increase in the frequency of TSCM cells in
TDLNs of BC patients along with tumor progression as well
as tumor cell metastasis to draining lymph nodes. Such an
increase may possibly be attributed to long-term contact with
tumor antigens, resulting in both central and effector memory
cell pools during anti-tumor immune responses. As a result of
tumor-induced suppression or factors released by tumor cells,
however, the effector cells may be tightly regulated in such a
way that they cannot competently control tumor growth and/
or spread. This assumption is in line with Feuerer et al. [23,
24] who found that in BC patients the number of bonemarrow
memory cells was higher after tumor metastasis to the bone
marrow. To substantiate this notion, however, further studies
are required to assess the differentiation capacities and func-
tions of TSCM cells in BC patients. In another study, Nagai
et al. [17] showed that TSCM cells were increased in patients
with acute adult T cell leukemia. In these patients the TSCM

cells, along with other memory cells, may express specific
HTLV-1 receptors, which indicates that these cells are also
prone to viral contamination and, therefore, deemed as a res-
ervoir for HTLV-1 viruses. On the other hand, Gattinoni et al.
[15] found that in a transgenic mouse model of melanoma the
adoptive transfer of a very small number of TSCM cells could
cause tumor regression. They also showed that the TSCM cells
exhibited a high capacity to both proliferate and survive after
transfer to immunodeficient nod scid gamma (NSG) mice.
Stronger anti-tumor responses and longer survival rates were
found to be induced by TSCM cells compared to both TCM and
TEM cells [9].

We also investigated the frequency of CD4+ TCM cells with
a CCR7+CD45RO+CD95+ phenotype. We found that these
cells were most abundant among the memory T cell subsets
(as much as 56%) within BC draining lymph nodes. Besides
variation in the CD95 expression level, these cells could clearly
be divided into two groups based on CD45RO expression: one
subgroup with a high CD45RO expression (CD45ROHi) and
another subgroup with a low to moderate CD45RO expression
(CD45ROLow/Med). Assessment of the total frequency of TCM
cells and their subsets revealed that the percentage of
CD45ROLow/MedCD95+ TCM cells in the involved lymph nodes
was significantly increased. The frequency of CD45ROLow/
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MedCD95+ TCM cells was also found to be positively correlated
with the number of involved lymph nodes, and progression of
the disease from stage I to stage III. Meanwhile, the frequency
of the CD45ROHi TCM sub-population in patients without
lymph node involvement and/or any invasion to lymphatic
vessels was found to be higher. Together, these data suggest
that a high frequency of CD4+ TCM cells with a low-to-
moderate expression of CD45RO is associated with a more
advanced stage of the disease and with tumor progression. In
contrast, we found that the occurrence of more differentiated
CD4+ TCM cells, discriminated by a higher CD95 expression, is
associated with a better clinical status and a decreased tumor
growth. Despite the fact that the role of memory T cells in the
generation of an appropriate immune response in pathologic
conditions such as cancer is well documented and that they
have been associated with better prognosis in many cases, the
role of TCM cells in cancer has not been appropriately studied
yet. Results from a phase II colon cancer clinical trial revealed
that in patients receiving granulocyte macrophage colony-
stimulating factor (GM-CSF) and Aldesleukin (GOLFIG-1) a
continuous increase in the frequency of CD4+ and CD8+ TCM
cells was accompanied by a decline in the percentage of sup-
pressive regulatory T cells (Treg), as well as activation of cyto-
toxic T cells. This finding was found to be correlated with anti-
tumor activity, although in our study more differentiated forms
of CD4+ TCM cells with a higher expression of CD45RO and
CD95 have been noted [25].

We observed that CD4+ TEM cells (CD4+CCR7−CD45RO−

CD95+) exhibited the lowest frequency among the subgroups
of memory T cells in TDLNs of BC patients. This observation
is consistent with the role reported for these cells in the mi-
gration to inflammatory sites.We found a higher percentage of
TEM cells in tumor free lymph nodes and also in LN− patients.
It seems that by generating an appropriate immune response
against tumor antigens, TEM cells may play an important role
in inhibiting tumor progression and spread to lymph nodes.
Concordant with our results in breast cancer, in colon cancer
the percentage of memory cells with a similar phenotype to
TEM (CD45RO+CCR7−CD27−CD28−) has been found to be
increased during tumor progression, whereas a high infiltra-
tion was found to be correlated with absence of metastasis and
less advanced stages of the disease [26]. The total frequency
of TEM cells with more CD8+ T cells than CD4+ T cells was
also found to be increased in BC patients vaccinated with an
E57 peptide [27]. In patients with hepatocellular carcinoma it
has been found that CD4+ TEM cells constitute the most abun-
dant memory T cell sub-population [28]. All in all it seems
that, similar to CD8+ TEM cells, an increase in CD4+ TEM cells
in tumor free lymph nodes and LN− patients, along with an
increase in patients without vascular and perineural invasion,
may be indicative of an important role of these cells in
preventing tumor cell metastasis to lymph nodes and, hence,
tumor progression.

5 Conclusions

Our results indicate that in breast cancer patients the percent-
ages of TSCM and CD45ROLow TCM cells are increased in
involved lymph nodes, whereas the percentage of CD4+

TEM cells is increased in tumor free lymph nodes, implying
a protective role in preventing tumor metastasis to lymph
nodes and in preventing tumor progression. A similar result
as for TEM cells was obtained with more differentiated CD4+

TCM forms, which can be distinguished based on a higher
level of CD95 expression. Collectively, our observations
may indicate that, due to suppressive conditions resulting
from the presence of tumor cells within lymph nodes [29],
TCM cell differentiation may be blocked in primary stages at
which CD45RO is expressed at a low level. As a result, we
hypothesize that the formation of an appropriate anti-tumor
immune response may fail, but this hypothesis should be test-
ed using additional functional studies and/or larger patient
sample sizes. In addition, the investigation of tumor infiltrat-
ing lymphocytes in respect to significance of CD4+ TSCM

merits further investigation.
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