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Abstract

Background Historically, humoral immunity was considered unimportant in anti-tumor immunity, and the differentiation
and anti-tumor activity of B cells in breast cancer are poorly understood. However, it was recently discovered that B cells
participate in tumor immunity through both antibody production and immunosuppressive mechanisms. We analyzed the
expression of B-cell differentiation markers in detail using fluorescence-activated cell sorting to investigate the relationship
between B-cell subsets and breast cancer etiology.

Methods Blood samples were taken from breast cancer patients and healthy donors, and peripheral blood mononuclear
cells were collected. B cells at various stages of differentiation were identified by the expression of combinations of the cell
surface markers CD5, CD19, CD21, CD24, CD27, CD38, CD45, and IgD. Statistical analysis of the proportions of each
B-cell subtype in the different patient groups was then performed.

Results Twenty-seven breast cancer patients and 12 controls were considered. The proportion of total B cells was signifi-
cantly higher in cancer patients than in controls (11.51 + 2.059 vs 8.905 + 0.379%, respectively; p = 0.001). Breast cancer
patients were then classified as High-B or Low-B for further analysis. A significantly higher proportion of memory B cells
was found in the High-B group than in the Low-B or control groups (p = 0.003 and p = 0.043, respectively).

Conclusions Breast cancer patients generally have a higher proportion of B cells than healthy controls, but this is highly
variable. Analysis of the major B-cell surface markers indicates that memory B cells in particular are significantly expanded,
or more robust, in breast cancer patients.
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Introduction

Electronic supplementary material The online version of this Immunotherapeutic approaches such as peptide vaccines
article (https://doi.org/10.1007/s12282-017-0824-6) contains have been used to stimulate the host’s intrinsic immune
supplementary material, which is available to authorized users. response to cancer [1]. Previously, we developed the novel
anti-HER2 peptide vaccine CH401MAP following an
in vitro analysis of T cells from Japanese breast cancer (BC)
patients that revealed lower proportions of both killer and
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T-cell subsets is very clear in cancer progression, with many
groups, including ours, reporting studies concerning their
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role in tumor rejection [5]. B cells carry specific antibodies
on their cell surface that enable them to recognize specific
antigens, and may then differentiate into either memory B
cells or antibody-producing plasma cells that are capable
of producing large quantities of antibodies when the cells
encounter their specific antigens for a second time. Addi-
tionally, when presenting specific antigens to T cells, B cells
secrete immunoregulatory cytokines to modulate cellular
immunity and activate antibody production. Furthermore,
there is a growing appreciation of the role of B cells in can-
cer development [6].

Recently, regulatory B cells producing IL-10 have been
reported [7], initially in the context of responses to autoim-
mune and infectious diseases. Evans et al. reported that B
cells can be both etiologic agents and suppressors of disease,
and showed that splenic T2 marginal zone B-cell precursors
were the major IL-10-producing B cells in a murine model
of collagen-induced arthritis [8]. IL-10 expression was also
detected in splenic plasma cells from Salmonella-infected
mice [9]. More recently, B cells have been reported to sup-
press immune responses to cancer, and regulatory B cells
in particular have been suggested to be important for this
immunosuppression [10]. Conversely, the importance of
B-cell migration in anti-tumor immune responses has also
been discussed [7, 11], and a role for tumor-specific anti-
bodies in the prevention of tumor recurrence has been sug-
gested [12]. There is, therefore, a growing body of evidence
to suggest that B cells do participate, both positively and
negatively, in anti-tumor immune responses.

We hypothesized that the B-cell subsets that develop
within the tissues of BC patients and healthy controls will
differ, as was seen in experiments examining T-cell subsets.
We, therefore, performed fluorescence-activated cell sort-
ing (FACS) analysis of peripheral blood mononuclear cells
(PBMCs) from 27 BC patients and 12 healthy donors, and
analyzed in detail the expression of B-cell differentiation
markers and thus the proportion of each cellular subset.

Materials and methods
Selection of patients and healthy donors

When selecting BC patients, 27 women of 20 years of age
or older, who displayed histologically confirmed breast can-
cer but no history of malignant disease and who had not
yet undergone surgery, were enrolled at Tokai University
Hospital in Kanagawa, Japan, between September 2013
and November 2014. The control group consisted of twelve
healthy female donors with no history of malignant disease.
The design of this study was approved by the Tokai Uni-
versity Hospital Institutional Review Board, and met all
the ethical standards defined in the declaration of Helsinki.

All participants gave informed consent prior to the study’s
commencement.

Immunohistochemistry to define study groups

“Hormone receptor and HER?2 receptor status was deter-
mined using immunohistochemistry analysis. In case of an
uncertain result for the HER2 receptor status, fluorescent in
situ hybridization (FISH) analysis was used to clarify the
status.”

Sample processing

Blood samples (7.5 ml) were collected both from healthy
donors and from patients on the morning of their surgery
using Vacutainer ACD tubes (NIPRO Corporation, Japan,
Osaka). PBMCs were then isolated from the collected blood
by density centrifugation at 5000g for 30 min at 20 °C using
Ficoll-Hypaque reagent (Sigma-Aldrich, London, UK)
according to the manufacturer’s instructions. PBMCs were
aspirated and washed with phosphate-buffered saline at
3000g for 5 min at 4 °C. All samples were processed within
12 h of collection.

Immunofluorescence staining and flow cytometry
analysis

The antibodies used in B-cell staining and characterization
methods are described below. PE/Cy7-conjugated anti-
human CD5 antibody (clone UCHT2), APC/Cy7-conjugated
anti-human CD19 antibody (clone HIB19), PerCP/Cy5.5-
conjugated anti-human CD24 antibody (clone ML5), Alexa
Fluor 700-conjugated anti-human CD38 antibody (clone
HIT2), and Pacific Blue-conjugated anti-human CD45 anti-
body (clone HI30) were purchased from BioLegend (San
Diego, CA, USA). PE-conjugated anti-human CD27 anti-
body (clone M-T271) and FITC-conjugated anti-human IgD
antibody (clone IA6-2 (were purchased from BD Bioscience
(Franklin Lakes, NJ, USA). APC-conjugated anti-human
CD21 antibody (clone FAB4909A) was purchased from
R&D Systems (Minneapolis, MN, USA).

Immunofluorescent staining was performed according to
previously reported protocols [2, 3], using Fixation/Permea-
bilization Concentrate, Fixation/Permeabilization Diluent,
and Permeabilization buffer (10x) from BD Biosciences
(CA, USA).

Cell surface protein expression was examined using flow
cytometry. The fluorescence intensity of fluorochrome-
labeled cells was measured using a BD Fortessa flow cytom-
eter (BD Biosciences) and FlowJo software version 7.6.1
(Tree Star, Inc. Ashland, Oregon). Data were first gated on
the lymphocyte population before subsequent analyses were
performed.
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Statistical analyses

The statistical significance of differences between patient
groups was assessed with an unpaired two-tailed Stu-
dent’s ¢ test, performed using Microsoft Excel version
14.7.1. Values of p < 0.05 were considered statistically
significant. All data are presented as the mean + standard
deviation of the mean.

Results

Histopathological characteristics of patients with BC
patients

For this study, 27 BC patients and 12 healthy donors
were enrolled, with mean ages of 59.2 + 10.8 and
37.6 + 13.9 years, respectively (Table 1). Histological
analysis of the BC patients revealed one ductal carcinoma
in situ (DCIS), one invasive lobular carcinoma, and 25
invasive ductal carcinoma cases. Table 1 shows the health
status of the HDs and the patient’s cancer status (age, ER,
PgR, HER2, Ki-67, Histology and LN metastasis status).
The size of the tumor and the status of individual patients,
HDs are described in supplemental table 1.

Table 1 Baseline characteristics of breast cancer patient and healthy donor

Analysis of B-cell populations using
immunofluorescence staining and FACS

The relative proportions of B-cell subsets were analyzed in
detail in BC patients and healthy donors. The cell popula-
tions found throughout the B-cell differentiation process,
and the cell surface markers that define each differentiation
stage, are illustrated in Fig. la. Flow cytometry data identi-
fying each B-cell population, defined using these markers,
was collected for all study participants, and representative
data from a healthy 49-year-old patient is shown in Fig. 1b.
The B-cell data were obtained firstly by gating on lympho-
cytes and then selecting the CD45%/CD19* cells. Sequential
gating was then used to identify and quantify B-cell subsets
at different stages of differentiation. The specific combina-
tions of surface markers used to identify each subset are
described in the Fig. 1b legend.

Using the cell surface markers indicated in Fig. 1, profiles
of the relative proportions of B-cell subsets at each differen-
tiation stage were analyzed for BC patients versus healthy
controls (Table 2). Overall, a significantly higher propor-
tion of PBMCs were B cells (CD45%/CD19%) in BC patients
than in healthy donors (11.51 + 2.059 and 8.905 + 0.379%,
respectively; p = 0.001), with more variation seen in the
patient group (Table 2 and Fig. 2). Conversely, while the
proportion of B cells at each differentiation stage was gener-
ally higher in BC patients, these differences were not statisti-
cally significant (Table 2).

Patient number (n=27)

Healthy donor (n=12)

Median 37.6 y.o. (range 26-75)

Ductal carcinoma in situ 1

Invasive lobular carcinoma 1

age Median 59.2 y.o. (range 41-87)
ER expression
positive 7
negative 20
PgR expression
positive
negative 18
HER2 expression
0 11
1 1
2 4
3
Histology
Invasive ducttal carcinoma 25

Tumor size (invasive)

2.048 + 1.464 cm (range 0-7)

Nodular status

positive 2

negative 25
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Fig. 1 Identifying B-cell subsets using surface marker profiles and
fluorescence-activated cell sorting (FACS). a Schematic showing cel-
lular subsets during B-cell differentiation and the cell surface markers
that are expressed on the corresponding B-cell subsets. Firstly, imma-
ture B cells enter the bloodstream from the bone marrow before even-
tually reaching the central arterioles and then the marginal zone (MZ)
of the spleen. The immature B cells then become transitional B cells,
and are classified as either T1, T2, or T3. T1 B cells express CXCRS
on their surface and migrate from the MZ region to the B region of
the spleen by interacting with CXCL13 secreted by follicular den-
dritic cells, and mature into T2 and then T3 B cells before leaving
the spleen as mature, naive B cells. Naive B cells have yet to recog-
nize antigen and comprise approximately 60% of peripheral blood B
cells. These cells are characterized as CD27" and recognize antigens
through IgM- and IgD-type receptors. When naive B cells migrate to
the lymph nodes, where they recognize antigens, they then differen-
tiate at the germinal center to become memory B cells, expressing
cell surface IgG, IgA, and IgE, or, occasionally, IgM. Naive B cells
may also be activated to differentiate directly into antibody-producing
plasma cells. Finally, when memory B cells circulating in the periph-
eral blood encounter an antigen for a second time, they may become
a plasma cell and rapidly produce large numbers of high affinity anti-
bodies. The common white blood cell antigen CD45 and the B-cell
marker CD19 are expressed at all stages from immature B cell to

To further investigate B-cell characteristics in the BC
group, patients were designated either ‘High-B’ or ‘Low-
B’ according to the proportion of B cells within the PBMC

24

plasmablast. Transitional B cells are reported to express CD5 [26].
While CD24 is expressed at the more immature T1/T2 stages, CD21
expression increases as the cells mature towards the T2/T3 stage.
Mature naive B cells express high levels of IgD, memory B cells
express CD27, and antibody-producing plasma cells express CD27
and CD38. b Representative FACS data depicting normal PBMCs
taken from a 49-year-old woman. The arrow denotes the fraction that
has been expanded. (i) Firstly, forward scatter (FSC) and side scat-
ter (SSC) were measured, and the lymphocyte gate was defined. (ii)
CD45" cells were selected from the lymphocyte fraction. (iii) Cells
highly positive for both IgD and CD45 were defined as Naive B cells.
(iv) CD45% cells were selected and then CD19 (horizontal axis) and
CD5 (vertical axis) positivity was assessed. (v) CD45*/CD19%/CD5~
cells were selected and then the CD38 and CD27 positivity of this
subset, shown on the horizontal and vertical axes, respectively, was
assessed. CD45%/CD19*/CD57/CD38* cells were defined as plas-
mablast cells and CD45%/CD19%/CD57/CD27% cells were defined
as memory B cells. (vi) CD45%Y/CD19%/CD5% cells were selected
and then the CD38 and CD27 positivity of this subset, shown on the
vertical and horizontal axes, respectively, was assessed. (vii) CD45%/
CD19%/CD5*/CD38%/CD27" cells were selected and levels of CD24
and CD21 positivity, shown on the horizontal and vertical axes,
respectively, was assessed. The CD24" and CD21* cells were defined
as T1 and T3 transitional B cells, respectively

population, with ‘High-B’ being defined as those above
the highest recorded B-cell proportion in healthy donors
(Fig. 2). The proportion of each cell subset for the two
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Table 2 Profiles of the relative proportions of B-cell subsets at each

differentiation stage

Healthy donors (%) Breast cancer patient  p value

n=12) (%) (n=27)
B cell 8.905 + 0.379 11.51 £ 2.059 0.001*
T1 0.113 + 0.080 0.240 + 0.346 0.065
T3 1.926 + 1.585 2.340 +4.013 0.287
Naive 5.790 + 2.759 7.095 + 5.481 0.383
Memory 3.265 +1.932 4.840 + 3.560 0.069
Plasma 2.407 + 1.061 2.215 + 1.300 0.618
Others 6.170 + 0.378 1.186 + 2.059 0.141

Values represent mean + SD. p values were calculated with an

unpaired two-tailed Student’s # test. *p < 0.05

Fig.2 Strip chart showing the
proportion of total PMBCs that
are defined as B cells (CD45%/
CD19") in healthy donors and
BC patients. The filled square
denotes the group medians. The
dashed line marks the highest
recorded proportion of B cells
in the healthy controls, and
defines the boundary between
the ‘High-B’ and ‘Low-B’
groups. *p < 0.05

(%)

30

25

20

patient groups and statistical analyses of the differences
between the groups are shown in Table 3.

As expected, there were significantly more B cells in the
PBMC population of the High-B group than in the controls
or the Low-B group, and statistically fewer B cells in the
Low-B group than in the controls. No significant differences
were seen in the proportions of T1 or T3 transitional B cells,
naive B cells, or plasma cells between any of the groups.
Interestingly, however, while the proportion of memory B
cells present in the healthy donor and Low-B groups were
equivalent (3.265 + 1.932 and 3.566 + 2.567%, respectively;
p =0.309), significantly more memory B cells were seen in
the High-B group than in the other groups (5.649 + 2.409%;
p = 0.003 vs healthy donors, and p = 0.043 vs Low-B
group).

Representative FACS data for the High-B and Low-B
groups are shown in Fig. 3. The Low-B patient was a

Proportion of PBMCs (%)

Healthy Donors (n=12)

High -B
. patients
3
u :
. ¢ Low- B
. * patients

BC patients (n=27)

Table 3 Comparison of the ratio of B cells between HD, High-B and Low-B at each stage

Healthy donors (%) High-B (%) (n = 12) Low-B (%) (n = 15) p value
=12

(n ) HD/high-B HD/low-B High-B/low-B
B cell 8.905 + 0.379 12.12 £ 2.782 9.204 + 0.140 0.024* 0.04* < 0.001*
T1 0.113 £ 0.080 0.246 + 0.216 0.160 + 0.202 0.111 0.493 0.333
T3 1.926 + 1.585 4.488 +5.642 1.458 +1.185 0.193 0.499 0.125
Naive 5.790 £ 2.759 7.638 +4.181 5.180 + 3.270 0.151 0.867 0.137
Memory 3.265 +1.932 5.649 +2.409 3.566 + 2.567 0.003* 0.309 0.043*
Plasma 2.407 + 1.061 2.463 + 1.240 2.126 + 1.360 0913 0.559 0.53
Others 6.170 + 0.378 2.738 +£2.495 1.611 +1.772 0.247 0.432 0.238

Values represent mean + SD. p values were calculated with an unpaired two-tailed Student’s 7 test. *p < 0.05
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Fig.3 Representative FACS data showing the identification of mem-
ory B cells in a High-B group patient (a) or a Low-B group patient
(b). The cell surface markers being detected are noted in the axis
labels. Black square: gate on memory B cells, defined as CD45%/

65-year-old HER2 0 group woman with a 16 X 15 mm lesion
of the scirrhous subtype of invasive ductal carcinoma, no
lymph node metastasis and immunohistochemistry staining
showing 90% ER, 80% PgR, and 5% Ki-67. The High-B
patient was a 67-year-old HER2 1 + group woman, with a
15 X 15 mm lesion of the papillotubular subtype of invasive
ductal carcinoma, no lymph node metastasis, and immuno-
histochemistry staining also showing 90% ER, 80% PgR,
and 5% Ki-67. The major differences in memory B-cell
numbers between the two patients are highlighted by black
boxes (Fig. 3). Although the clinical data were similar, the
proportion of memory B cells in the respective total PBMC
populations varied greatly.

Discussion

In this study, we found differences in B-cell differentiation
between BC patients and healthy donors. The proportion of
total B cells was significantly higher in BC patients than in
controls, although no differences in the relative proportion of
each subset were observed. The proportion of B cells in BC

CD19%/CD57/CD38%/CD27*. Inset numbers refer to the proportion
of total PBMCs within each gate. SSC side scatter. FSC forward scat-
ter

patients ranged widely, and we classified BC patients into
High-B or Low-B groups depending on their B-cell propor-
tion, with High-B being defined as values above the highest
B-cell proportion observed in healthy controls. Interestingly,
the proportion of memory B cells in the High-B group was
significantly higher than in either the Low-B BC group or
the healthy donor controls. In this study, the upper limits of
HDs without cancer history were classified as Low-B and
High-B groups using threshold values. Whether this clas-
sification is the best is currently not known.

Cancer immunity is mainly conferred by the natural killer
cells and natural killer T cells of the innate immune system,
by helper and cytotoxic T cells, and by humoral immunity
via antibody-producing B cells [13]. The relative contribu-
tions of innate and acquired immunity have been well stud-
ied and continue to be debated [10, 14-16].

The effectiveness of antibody-based therapies, includ-
ing trastuzumab and bevacizumab, in breast cancer is well
established, and the importance of the immune system in
cancer development was highlighted once again by studies
using inhibitors of immune checkpoint pathway compo-
nents such as PD-1, PD-L1, and CTLA-4. Cancer cells
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can co-opt these checkpoints to evade the immune system,
and immune checkpoint inhibitors act to override these
immune blockades and thus enhance cancer immunity
[17].

Immune checkpoint inhibitors in combination with pep-
tide vaccines are predicted to accelerate the anti-tumor activ-
ity of the immune system, although the peptide vaccines
GP2 and AE75, designed to stimulate cytotoxic T cells, have
thus far only succeeded in preventing the recurrence of can-
cer [18, 19]. Indeed, peptide vaccines that activate only T
cells may trigger the expression of cytokines such as IL-2
and IFN-y in T cells, but will not overcome the immune
checkpoint blocks induced by PD-1 and PD-L1 expression.
However, increased tumor-specific antibody production
through the activation of B cells in combination with check-
point inhibitors provides an as yet poorly studied potential
new treatment strategy.

Previously, we reported preclinical research into a novel
anti-HER?2 peptide vaccine named CH401MAP that could
both increase T-cell proliferation and the proportion of acti-
vated T cells, and trigger specific antibody production from
B cells [2, 3]. Unlike previous peptide vaccines, a unique
and promising feature of CH401MAP is its ability to stimu-
late both T cells and B cells simultaneously, as well as its
potential utility in BC patients with a wide range of HLA
types.

In the present study, we report that the total B-cell popu-
lation was significantly increased in the BC patient group
compared to controls, indicating that B cells may have a
role to play in tumor promotion. The number of WBCs of
the patients ranged from 4000 to 9000, which is not differ-
ent from the normal range in HDs. Therefore, we focused
on the ratio of B-cell subsets in PBMC population, because
the condition of the immunity of patients was reflected in
the cellularity. Therefore, we found correlation between age
and B-cell ratio in HD group, BC patient group, HD + BC
patient group (supplemental figure 1). However, there was
no correlation between age and B-cell ratio in all groups.
Considering the two patient groups identified, Low-B
patients had the same proportion of B cells as the control
group, while the proportion of B cells in High-B patients
was higher than in the controls. Comparative statistical
analysis revealed this B-cell increase to be due to the signifi-
cantly increased proliferation or survival of memory B cells
in the High-B group compared with the other groups. The
increase in B cell in BC patients, and the increase in memory
B cells in particular, is indicative of previous humoral immu-
nity activation in BC patients, although the cause of this and
its implications for cancer progression cannot be determined
in this study. If the expanded memory B cells are tumor anti-
gen-specific, then activation of these cells would be expected
to suppress cancer development; conversely, if the expanded
B-cell populations act to suppress T-cell responses through
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the production of cytokines such as IL-10, this could actu-
ally drive cancer progression.

Previously, it was impossible to analyze B-cell differen-
tiation without using in vivo systems [20]. It is now possi-
ble to perform detailed analyses using only flow cytometry,
although more comprehensive analysis of the cellular differ-
entiation process will likely require the use of complemen-
tary methods. However, the manpower and cost involved in
collecting multiple samples should be considered, and the
approach used here, using specific subsets of cell surface
markers, is an effective and practical alternative to advanced
staining techniques.

In the future, it will be interesting to analyze B-cell activa-
tion and differentiation in BC patients following the in vitro
stimulation of PBMCs with peptide vaccines, as a corre-
sponding increase in the proportion of B cells at each dif-
ferentiation stage would be expected. In our study, we found
that the proportion of memory B cells is elevated within BC
patients, but this is not considered to be an increase in the
role of memory. Because they are actually affected by BC.
The reason that the ratio of memory B cells increased was
the possibility that Breg was included in this fraction. Breg
is a cell population defined by CD19 +/CD24"eh/CD3ghieh
and IL-10 is defined as Breg [7]. It is possible that Breg was
included in the fraction of memory B cells in this analysis.
There is a possibility that more interesting results may be
obtained by further analyzing in the future. IL-10 secreted
by plasmablasts suppresses cancer immunity. Detailed analy-
sis of the B-cell differentiation process, and the subsequent
selection of patients who are expected to produce antibod-
ies following peptide vaccine administration, could lead to
enhanced antitumor immunity in some cases.

The antitumor effects of peptide vaccine administra-
tion and side effects of the peptide vaccine, as well as the
progression of the tumor, must be considered when decid-
ing treatment, and the risks and benefits of treatment must
be carefully considered. Appropriate treatment decisions
depend on many factors, including clinical diagnosis, stag-
ing and immune status. In this study, the number of patients
was limited, and the stage and subtype of BC were not con-
sidered. Additionally, the mechanisms underlying the differ-
ences in B-cell subsets between the groups are unclear. In
future, it will be necessary to conduct more detailed analyses
on a larger number of clinical samples. Presently, several
TILs have been detected in TNBC and HER 2 types [21-25].
Further analysis of TIL, in this study, may form a basis for
understanding the tumor microenvironment in detail.

In summary, we show that the proportion of B cells
among PBMCs was significantly higher in BC patients
compared to healthy donors, but that this proportion of B
cells within the BC patient group was highly variable. Fur-
thermore, memory B cells were significantly enriched in the
group of patients with the highest proportion of B cells, as
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determined using the simple and practical method developed
in this study that involves the staining of major cell surface
markers. Multicolor FACS analysis could, therefore, repre-
sent a powerful tool in the detection of patients B-cell status.

Acknowledgements We are grateful to Yuko Okudaira for excellent
technical support. This work was supported by JSPS KAKENHI (Grant
numbers. 25861165, 2013, and 2014), Tokai University School of Med-
icine Research Aid, and the 2012-2016 MEXT-Supported Program for
the Strategic Research Foundation at Private Universities.

Compliance with ethical standards
Conflict of interest The authors have no conflicts of interest to declare.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Khong H, Overwijk WW. Adjuvants for peptide-based cancer vac-
cines. J Immunother Cancer. 2016;4:56.

2. Banri Tsuda YK, Goto Y, Saito Y, Suzuki Y, Habu S, Inoko H,
Tokuda Y. A human B cell receptor epitope-based erbB-2 peptide
(N: 163-182) with pan-reactivity to the t cells of japanese breast
cancer patients. J Vaccines Vaccin. 2012;3:159.

3. Banri Tsuda YK, Miyamoto A, Miyako H, Kumaki N, Ogiya R,
Oshitanai R, Terao M, Morioka T, Niikura N, Okamura T, Saito Y,
Suzuki Y, Tokuda Y. The effect of peptide treatment on the HLA-
binding and antibody production in peripheral blood mononuclear
cells obtained from japanese breast cancer patients. J Vaccines
Vaccin. 2015;6:159.

4. Sharma P, Kranz DM. Recent advances in T-cell engineering for
use in immunotherapy. F1000Res. 2016;5:159.

5. Busch DH, Frassle SP, Sommermeyer D, Buchholz VR, Riddell
SR. Role of memory T cell subsets for adoptive immunotherapy.
Semin Immunol. 2016;28:28-34.

6. Tsou P, Katayama H, Ostrin EJ, Hanash SM. The emerging role
of B cells in tumor immunity. Cancer Res. 2016;76:5597-601.

7. Mauri C, Menon M. The expanding family of regulatory B cells.
Int Immunol. 2015;27:479-86.

8. Evans JG, Chavez-Rueda KA, Eddaoudi A, Meyer-Bahlburg A,
Rawlings DJ, Ehrenstein MR, Mauri C. Novel suppressive func-
tion of transitional 2 B cells in experimental arthritis. ] Immunol.
2007;178:7868-78.

9. Neves P, Lampropoulou V, Calderon-Gomez E, Roch T, Stervbo
U, Shen P, Kuhl AA, Loddenkemper C, Haury M, Nedospasov
SA, Kaufmann SH, Steinhoff U, Calado DP, Fillatreau S. Signal-
ing via the MyD88 adaptor protein in B cells suppresses protective
immunity during Salmonella typhimurium infection. Immunity.
2010;33:777-90.

10. Ahmed M, Cheung NK. Engineering anti-GD2 monoclonal anti-
bodies for cancer immunotherapy. FEBS Lett. 2014;588:288-97.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mizoguchi A, Bhan AK. A case for regulatory B cells. J Immunol.
2006;176:705-10.

Olkhanud PB, Damdinsuren B, Bodogai M, Gress RE, Sen R,
Wejksza K, Malchinkhuu E, Wersto RP, Biragyn A. Tumor-
evoked regulatory B cells promote breast cancer metastasis by
converting resting CD4(+) T cells to T-regulatory cells. Cancer
Res. 2011;71:3505-15.

DiLillo DJ, Hamaguchi Y, Ueda Y, Yang K, Uchida J, Haas
KM, Kelsoe G, Tedder TF. Maintenance of long-lived plasma
cells and serological memory despite mature and memory B
cell depletion during CD20 immunotherapy in mice. J Immunol.
2008;180:361-71.

Rosenberg SA, Yang JC, Restifo NP. Cancer immunotherapy:
moving beyond current vaccines. Nat Med. 2004;10:909-15.
Bos R, Sherman LA. CD4+ T-cell help in the tumor milieu is
required for recruitment and cytolytic function of CD8 + T lym-
phocytes. Cancer Res. 2010;70:8368-77.

Eyileten C, Majchrzak K, Pilch Z, Tonecka K, Mucha J, Taciak
B, Ulewicz K, Witt K, Boffi A, Krol M, Rygiel TP. Immune
cells in cancer therapy and drug delivery. Mediat Inflamm.
2016;2016:5230219.

Park J, Kwon M, Shin EC. Immune checkpoint inhibitors for can-
cer treatment. Arch Pharm Res. 2016;39:1577-87.

Clive KS, Tyler JA, Clifton GT, Holmes JP, Ponniah S, Peoples
GE, Mittendorf EA. The GP2 peptide: a HER2/neu-based breast
cancer vaccine. J Surg Oncol. 2012;105:452-8.

Riedmann EM. Positive Phase II interim data on AE37 cancer
vaccine released. Hum Vaccin Immunother. 2012;8:152.

Sims GP, Ettinger R, Shirota Y, Yarboro CH, Illei GG, Lipsky PE.
Identification and characterization of circulating human transi-
tional B cells. Blood. 2005;105:4390-8.

Wang K, Shen T, Siegal GP, Wei S. The CD4/CDS ratio of
tumor-infiltrating lymphocytes at the tumor-host interface has
prognostic value in triple negative breast cancer. Hum Pathol
2017;69:110-117.

Leon-Ferre RA, Polley MY, Liu H, Gilbert JA, Cafourek V, Hill-
man DW, Elkhanany A, Akinhanmi M, Lilyquist J, Thomas A,
Negron V, Boughey JC, Liu MC, Ingle JN, Kalari KR, Couch
FJ, Visscher DW, Goetz MP. Impact of histopathology, tumor-
infiltrating lymphocytes, and adjuvant chemotherapy on prognosis
of triple-negative breast cancer. Breast Cancer Res Treat 2017.
https://doi.org/10.1007/s10549-017-4499-7.

Hamy AS, PiergaJY, Sabaila A, Laas E, Bonsang-Kitzis H, Lau-
rent C, Vincent-Salomon A, Cottu P, Lerebours F, Rouzier R,
Lae M, Reyal F. Stromal lymphocyte infiltration after neoadjuvant
chemotherapy is associated with aggressive residual disease and
lower disease-free survival in HER2-positive breast cancer. Ann
Oncol. 2017;28:2233-40.

Huszno J, Nozynska EZ, Lange D, Kolosza Z, Nowara E. The
association of tumor lymphocyte infiltration with clinico-
pathological factors and survival in breast cancer. Pol J Pathol.
2017;68:26-32.

Levin VA, Hess KR, Choucair A, Flynn PJ, Jaeckle KA, Kyrit-
sis AP, Yung WK, Prados MD, Bruner JM, Ictech S, Gleason
MJ, Kim HW. Phase III randomized study of postradiotherapy
chemotherapy with combination alpha-difluoromethylornith-
ine-PCV versus PCV for anaplastic gliomas. Clin Cancer Res.
2003;9:981-90.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10549-017-4499-7

	B-cell populations are expanded in breast cancer patients compared with healthy controls
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Selection of patients and healthy donors
	Immunohistochemistry to define study groups
	Sample processing
	Immunofluorescence staining and flow cytometry analysis
	Statistical analyses

	Results
	Histopathological characteristics of patients with BC patients
	Analysis of B-cell populations using immunofluorescence staining and FACS

	Discussion
	Acknowledgements 
	References




