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Background: Immune escape of tumor cells is a new hallmark of cancer in general, and breast cancer, in
particular. Previous studies have demonstrated that the immunological profile in peripheral blood may be a
prognostic and/or predictive biomarker in breast cancer. Thus, higher number of regulatory T cells (Tregs)
in blood from patients with breast cancer has been reported in relation to normal donors. In the present
study, we planned to evaluate the changes in different cell populations in peripheral blood: neutrophils,
monocytes and lymphocytes, as well as lymphocyte subpopulations [natural killer (NK), B lymphocytes,
T lymphocytes, both CD4" and CD8’, and Tregs] from patients with local breast cancer (both Her2" and
Her2"), before, during and after neoadjuvant chemotherapy.

Methods: We have employed flow cytometry for the cell analysis of fresh samples obtained before and
whilst the neoadjuvant treatment was accomplished. We have studied 50 successive patients from the Breast
Cancer Unit of the Virgen Macarena University Hospital during 2 years.

Results: Neoadjuvant chemotherapy induced a significant reduction in B cells, especially in Her2™ patients,
and a reduction in NK cells. CD4" T cells decreased, whereas CD8" cells only decreased in Her2™ patients.
Tregs were also diminished, especially in Her2" patients, in response to treatment. Thus, higher CD8/Treg
ratio was observed in Her2" patients. A higher percentage of Her2" patients (66.6%) achieved complete
response than Her2™ patients (27.5%). Monocytes and neutrophils were not changed in peripheral blood.
Conclusions: Even though the decrease in B cells and NK cells in response to chemotherapy may be
deleterious in the neoadjuvant treatment of breast cancer, the decrease in Tregs and CD4 T cells, but not
CDS8 T cells, increasing the CD8/Treg ratio, especially in Her2" patients, may reveal a new tool to monitor

the immune response in breast cancer treated with chemotherapy in the neoadjuvant setting.
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Introduction

Regulatory T cells (Tregs) are T cells identified in
peripheral blood as CD4°CD25" cells with regulatory
properties (1). Recent studies have shown that Tregs
play an essential role in sustaining self-tolerance by
expressing a wide variety of pathological immune responses
against self, non-self, and tumor antigens (2). Tregs are
immunosuppressive lymphocytes that seem to play an
important role in controlling the immune escape (3,4).
Tregs represent roughly 10% of CD4 T cells in human
blood (1,2). Although the exact mechanisms of Treg
suppression remain unknown, this effect seems to be largely
dependent on the expression of the transcription factor
FOXP3 which controls some genes encoding proteins like
CD25, GITR, CTLA-4, and others, capable of mediating
Treg suppressive functions (5,6). In addition, FOXP3
inhibits production of effector cytokines like interleukin-2
(IL-2) after T-cell receptor (T'CR) stimulation of T" cells (7).
Other mechanisms of immunosuppression are direct
cell-to-cell contact with antigen presenting cells (APC)
via transforming growth factor B (TGF-B) or CTLA-4
and secretion of immunosuppressive cytokines such
as interleukin-10 (IL-10), TGF-B, and others (8,9).
Specifically, in breast carcinoma, the number of Tregs
and decreased ratios of CD8 T cells/Treg seem to be
correlated with a poor prognosis (10). As mentioned before,
immune function is generally compromised in cancer
patients, which have lower absolute numbers of peripheral
blood lymphocytes but increased numbers of functionally
suppressive CD4°'CD25" Treg (11). In addition, higher
numbers of Treg in blood from patients with breast cancer
has been reported in relation to normal donors (12).
Moreover, an inverse correlation has been found between
Tregs and clinical stage of breast cancer (13). Besides,
patients with high levels of CD4 have been found to have a
lower survival, whereas a longer survival has been associated
with a higher frequency of CD8 T cells (14). That is why
the CD8 T cell number, together with Tregs, and the CD8/
Treg ratio may be good markers to evaluate the clinical
outcome of breast cancer (14).

In the present work, we aimed to analyze cellular
populations in peripheral blood, including lymphocyte
subpopulations in peripheral blood before, during and after
neoadjuvant chemotherapy treatment.

Methods

Patients diagnosed of infiltrative breast carcinoma and
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suitable for neoadjuvant chemotherapy were recruited
from the Breast Cancer Unit of the University Hospital
Virgen Macarena (Seville, Spain) from March 2011 to
May 2013. All the patients were informed about the study
protocol and signed informed consent was obtained.
Consecutive patients were divided by protocol in two
treatment groups depending on their her2 status. Group
with her2 overexpression were treated with CDH schedule
(carboplatin, docetaxel and trastuzumab) plus G-CSF,
6 cycles. Patients without her2 overexpression received TAC
schedule (docetaxel, doxorubicin and cyclophosphamide)
plus G-CSE, 6 cycles.

Blood samples were collected in EDTA-K3 tubes before
every cycle of CT (basal and cycles 1-4) to determine
the immunophenotype and regulatory cell profile. Cell
populations were determined by flow cytometry analysis of
whole blood using the BD FACSCanto™ flow cytometry
system. Six-color immunofluorescence staining was
performed in one tube for lymphocytes subpopulations
(CD45, CD3, CD4, CD8, CD19, CD16"CD56). Tregs were
analyzed by three-color immunofluorescence (CD4, CD25,
CD127). Tregs were identified as CD4°'CD127°CD25"*".,
Anti-CDs monoclonal antibodies (mAbs) were obtained
from Becton Dickinson Immunocytometry Systems (BDIS,
San Jose, CA, USA) and were used at the manufacturer’s
recommended concentration.

Data are available upon request, through the institutional
review board from Virgen Macarena University Hospital.
The authors declare that there is no conflict of interest
regarding the publication of this paper.

Data shown are mean = standard error of mean (SEM).
The distribution of analyzed populations was checked by
the Shapiro-Wilk test. Biostatistical analysis was performed
comparing circulating cell populations before and after
neoadjuvant chemotherapy using the Wilcoxon matched
pairs test. Circulating cell number was compared using
Mann-Whitney U test (2 subgroups) or Kruskal-Wallis
one-way analysis of variance test (>2 subgroups).

Results

From March 2011 to May 2013, 50 patients (21 Her2"/29
Her2") with T2-T4 NO-N3 breast cancer treated with
neoadjuvant chemotherapy in the Breast Cancer Unit of
Virgen Macarena University Hospital (Seville, Spain) were
included. By December 2013, 50 patients (21 Her2/29
Her2") were operated with curative intent. Pathological
complete response (pCR), or near pathologic complete
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Figure 1 Neutrophils and monocytes in peripheral blood from women with breast cancer in response to neoadjuvant therapy. Graphs

represent the mean number of neutrophils and monocytes in peripheral blood before the treatment [B] and after the first [C1], second [C2],

third [C3] and forth [C4] cycle of treatment.

responses, were attained in 22 patients (44%). pCR was
obtained in 14/21 of Her2", representing 66.7% of tumors
overexpressing Her2. On the other hand, pCR occurred
only in 8/29 of Her2-negative tumors (27.6%)

Changes in peripberal blood cell leucocytes from breast
cancer patients in response to neoadjuvant treatiment

As shown in Figure I, neutrophil and monocyte concentration
in peripheral blood from breast cancer patients did not
change after neoadjuvant treatment. On the other hand,
lymphocyte concentration progressively diminished after
every cycle of treatment reaching statistical significance
after four cycles.

Changes in peripheral blood lymphocyte population from
breast cancer patients in response to neoadjuvant treatiment

As shown in Figure 2, some lymphocyte subpopulation
decreased after neoadjuvant treatment. Thus, CD19
(B lymphocytes) and CD3 CD16°CD56" (NK) cell
concentration significantly decreased after four cycles of
treatment. Even though total CD3" cell concentration
did not change significantly, CD3"CD4" (helper) T
lymphocytes cell concentration was significantly decreased
after 4 cycles of treatment. On the other hand, CD3+CD8+
(cytotoxic) T lymphocytes did not decrease in response to
the neoadjuvant treatment. CD4/CDS8 ratio progressively
decreased after neoadjuvant treatment but differences
were not statistically significant. Finally, Treg lymphocyte
concentration progressively decreased upon treatment,
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and changes were statistically significant after 4 cycles of
neoadjuvant therapy.

Since clinical response was better in Her2" patients, we
next compared the changes in lymphocytes populations
from both groups in response to neoadjuvant treatment.
As shown in Figure 3, B cells decreased in Her2™ patients
to significantly lower levels, compared with Her2" patients.
However, NK cells and CD4 cells decreased in a similar way
in both groups, whereas CD8 cells significantly decreased
only in Her2™ patients. No significant changes in CD4/CD8
ratio was observed in both groups. Finally, higher decrease
in Tregs was observed in Her2" patients in response to
treatment, compared with that observed in Her2™ patients.

Since the patients with better clinical response seem to
have lower number of Treg and higher number of CD8
cells, we have represented the CD8/Treg ratio comparing
Her2" and Her2" patients. As shown in Figure 4, Her2"
patients had an increase in CD8/Treg ratio compared
with Her2™ patients, that was statistically significant, after
4 cycles of treatment.

Discussion

The immune system plays an integral and complex role in
breast cancer biology (15), both promoting tumor growth
and mediating the eradication of disease. In this context,
Tregs seem to modulate host immune response to the
tumor, and may even mediate the immunopathogenesis of
breast cancer (16). Thus, increased number of Tregs in the
peripheral blood of cancer patients, including breast cancer
has been described (12). Moreover, it has been strongly
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Figure 2 Lymphocytes subpopulations in peripheral blood from women with breast cancer in response to neoadjuvant therapy. Graphs
represent the mean number of B, NK, CD4, CD8 and Treg cells, and CD4/CD8 ratio in peripheral blood before the treatment [B] and after
the first [C1], second [C2], third [C3] and forth [C4] cycle of treatment. *, P<0.05 compared with basal levels. NK, natural killer.

suggested that the increase in functional Treg cell levels in
cancer patients might be seen as a response to malignant
transformation (17). Treg cells are potent mediators of
peripheral immune tolerance, suppressing a wide range of
immune cells, including CD4" and CD8" T cells, natural
killer (NK) cells, NKT cells, B cells, and APC, through
inhibiting target cell activation and proliferation as well
as effector functions (18). Thus, quantifying Tregs has
become a valuable tool in the assessment of breast cancer
progression and prognosis (12,19).
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Previous works have studied the effects of conventional
therapeutic intervention on the number and function of
Tregs in different carcinoma patients, including breast
cancer (20). Thus, tamoxifen plus leuprolide has minimal
effect on Tregs, whereas docetaxel appears to significantly
increase the ratio between effector T cells and Tregs (19).
On the other hand, other groups have previously shown
that taxanes do not change NK cell number but increase the
activity (21). We have found that conventional neoadjuvant
treatment with carboplatin, docetaxel and trastuzumab,
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Figure 3 Lymphocytes subpopulations in peripheral blood from women with breast cancer Her2" or Her2", in response to neoadjuvant
therapy. Graphs represent the mean number of B, NK, CD4, CD8 and Treg cells, and CD4/CDS8 ratio in peripheral blood before the
treatment [B] and after the first [C1], second [C2], third [C3], and forth [C4] cycle of treatment, considering both Her2" (black bars) and
Her2™ patients (white bars). *, P<0.05 compared with basal; ¥, P<0.05 compared with Her2* group. NK, natural killer.

or with docetaxel, doxorubicin and cyclophosphamide
significantly decrease the number of Tregs in peripheral
blood. Moreover, Her2" patients had a greater decrease in
Treg number. This result along with the lower decrease in B
cell number, and the maintenance of CD8 T cells in Her2*
patients may be relevant, considering the better clinical
response of these subjects compared with Her2™ patients.
In this sense, a greater decrease in Treg number, and a
better CD8/Treg ratio, seems to be associated with a better
response, that especially in the Her2" population is strongly
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related with best overall survival (22).

The results reported in the present work may represent
only a part of the complex immune responses of the host
to the neoadjuvant treatment of breast cancer. But, in any
case, data released in this article strengthen the hypothesis
that conventional neoadjuvant treatment induces a positive
impact in the immune system of these patients, at least
those related with the inhibition of the Treg mediated
immunosuppressive effects. Moreover, even though the
number of B cells and NK cells were also decreased in
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Figure 4 CD8/Treg ratio in Her2" and Her2™ patients. Graphs

represent the mean values of CD8/Treg ratio in peripheral blood
before the treatment [B] and after the first [C1], second [C2], third
[C3], and forth [C4] cycle of treatment, considering both Her2"
(black bars) and Her2™ patients (white bars). *, P<0.05 compared
with basal; *, P<0.05 compared with Her2" group.

peripheral blood in response to the treatment, the decrease
in B cells was less pronounced in Her2" patients, and the
number of effector cytotoxic T lymphocytes (CD8" cells)
was maintained, especially in Her2" patients, suggesting that
the neoadjuvant chemotherapy does not negatively affect
the possible specific immune response of the host to the
breast cancer, and may even improve their immune profile.
Consequently, effects of these kinds of therapies could
be combined with modern immunotherapeutics, in order
to achieve a better clinical response (23-25). Therefore,
changes observed in peripheral blood during neoadjuvant
treatment indicate that Tregs may represent an interesting
therapeutic target in breast carcinoma and provides the
rationale for the combination of active immunotherapy with
standard therapies to improve clinical outcomes in breast
cancer.
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