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Abstract

Purpose The role of cytokine-producing B cells in antitumor immunity is mostly overlooked. In the present study, we investi-
gated changes in B cell cytokine profiles in breast tumor-draining lymph nodes (TDLNSs) during disease progression, and
associations of these changes with prognostic indicators.

Methods Flow cytometry was used to measure the expression of TNF-«, IL-10, TGF-f3, IL-2 and IFN-y in B cells from 42
axillary lymph nodes. The frequencies of IL-10" and FoxP3* T regulatory cells (Tregs) were also determined.

Results No significant changes in B cell cytokine profiles were observed during breast cancer progression from stage I to III, but
the percentage of B cells with high TNF-« expression (TNF™) showed a negative relationship with lymph node involvement and
Her2 expression (p < 0.05). The percentage of IL-10" B cells was found to be significantly higher in non-metastatic lymph nodes
in node-negative compared to node-positive patients (p = 0.001). The frequencies of IL-10* and TNF™ B cells were found to be
negatively correlated with the number of involved lymph nodes. The frequency of TNF™ B cells showed an inverse correlation
with the frequency of FoxP3* Tregs, which in turn was associated with indicators of a poor prognosis.

Conclusions Our data indicate that the cytokine profiles of B cells in TDLNs of patients with breast cancer show associations with
various disease parameters. TNF™ and IL-10" B cells correlated positively with indicators of a good prognosis. Further functional
studies are required to elucidate the role of cytokine production by B cells in immunity against breast cancer.

Keywords Breast cancer - Tumor-draining lymph nodes - B cells - TNF-« - B10 cells - T regulatory cells

1 Introduction

Tumor immunology studies have shown that immune re-
sponses to tumors may play critical roles in cancer outcome.
The immune profile of tumor-draining lymph nodes (TDLNs)
or tumor-infiltrating lymphocytes has been proposed to be
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associated with disease parameters, and to be potentially use-
ful as an indicator of a patient’s prognosis or response to
therapy [1-4]. For many years, T cells were the primary focus
of tumor immunology research. Recently, however, more at-
tention has been given to the role of B cells in immunity
against cancer.

Apart from generating tumor-specific antibodies, B cells can
produce different effector molecules and cytokines (e.g. gran-
zyme B, TNF-« and IFN-y), express co-stimulatory molecules,
and present or cross-present antigens, thereby promoting anti-
tumor immunity directly or indirectly through effector CD4*
and CD8" T cells [5, 6]. In vitro and in vivo studies have
suggested a role for activated or engineered B cells in enhanc-
ing antitumor immunity [7-9]. In this context, B cells in the
tumor margins of hepatocellular carcinomas have been found to
co-localize with CD8" T cells, and higher frequencies of these
B cells have been reported to be associated with increased sur-
vival. Further work showed that these B cells express [FN-y,
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granzyme B, TRAIL and high levels of co-stimulatory mole-
cules, which may reflect their role in antitumor immunity [10].

In addition, B cells may be pro-tumorigenic given that they
are able to produce suppressor cytokines such as IL-10,
TGF-3 or IL-35, or express inhibitory molecules such as
PD-L1 [11]. A subset of IL-10"PD-L1* plasma cells has been
shown to suppress cytolytic activity against prostate cancer,
and several other studies have provided evidence that IL-10"
and TGF-B* B cells may contribute to immune suppression in
various types of cancer [12—15]. In addition to suppressing T
effector cell responses, B cells can negatively influence anti-
tumor immunity by inducing and/or expanding T regulatory
(Treg) cells [11]. It has been shown that B cells can induce
Treg cells in the breast tumor microenvironment in a TGF-f3
dependent manner, thereby enhancing tumor metastasis [16].
However, another study reported that B cell depletion resulted
in breast cancer progression, whereas the transfer of CpG-
stimulated B cells improved antitumor immune responses.
These findings underscore the complex role of B cells in
breast cancer immunity [17].

Clearly, a more complete insight into the roles of B cells in
the tumor microenvironment requires additional research. To
shed light on these roles, we tracked changes in B cell pheno-
types and cytokine profiles in TDLNs from women with
breast cancer during disease progression. In a previous study
we reported that the phenotypic profile of B cells in TDLNs
undergoes significant changes upon lymph node metastasis
[18]. To expand these findings, we assessed the cytokine pro-
files of B cells and their relationships with disease parameters
in the present study. To explore possible connections between
B cell subsets and Treg cells, we also determined the frequen-
cies of IL-10" and FoxP3* Treg cells and their correlation with
different cytokine-producing B cells.

2 Materials and methods
2.1 Patients

Forty-two women with breast cancer were enrolled in this
study, and one axillary lymph node (LN) sample was obtained
from each patient. None of the patients received chemothera-
py or radiotherapy prior to surgery. The study was approved
by the Ethics Committee of Shiraz University of Medical
Sciences, and all patients provided their informed consent in
writing. A small part of each LN was excised and kept in
RPMI-1640 medium containing 10% FBS (both from
Gibco, Life Technologies, USA), while the remaining tissue
was used for routine pathological examination. The clinical
and pathological characteristics of the patients are listed in
Table 1. The LNs were categorized into two groups: metastatic
lymph nodes (MLNs) with tumor involvement, and non-
metastatic lymph nodes (nMLNs), which were tumor free.
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The patients were also categorized into two groups: node pos-
itive (LN+), with at least one involved lymph node, and node
negative (LN-), with no involved lymph nodes.

2.2 Isolation of mononuclear cells from lymph node
samples

Fresh LN samples were cut into very small pieces in RPMI-
1640 medium containing 10% FBS and 1% penicillin/strep-
tomycin, and filtered using a 40-um cell strainer (SPL Life
Sciences, South Korea). To isolate mononuclear cells, cell
suspensions were centrifuged over a Ficoll-Hypaque gradient
(Lymphodex, Inno-Train Diagnostik, Germany).

2.3 B cell enrichment and activation

After the isolation of mononuclear cells, B cells were enriched
by depleting CD3* T cells using anti-CD3 micro-beads and
MACS columns (Miltenyi Biotec, Germany) according to the
manufacturer’s instructions. Through this method, B cells
were enriched to more than 80%. Next, cells were resuspend-
ed in complete medium (2 x 10° cells/ml) and stimulated with
CpG (ODN 2006, 10 pg/ml; Invivogen, USA) and recombi-
nant CD40L (200 ng/ml, R&D Systems, USA) for 10 h. In the
final 6 h of stimulation, PMA (50 ng/ml, Sigma-Aldrich,
Germany), lonomycin (1 pg/ml, Sigma-Aldrich) and
Brefeldin A (1 pl, BD Biosciences, USA) were added to the
culture.

2.4 Flow cytometry
2.4.1 Antibodies

The anti-human antibodies used for flow cytometry include:
[B cell associated markers: PerCP—-Cy5.5—conjugated anti-
CD19 (Clone HIB19), FITC—conjugated anti-CD24 (Clone
MLYS), FITC—conjugated anti-CD23 (Clone M-L233),
FITC—conjugated anti-CD25 (Clone M-A251), PE—
conjugated anti-CD27 (Clone M-T271), PE—conjugated anti-
CD38 (Clone HIT2), PE—conjugated anti-CD1d (Clone
CD1d42), PE—conjugated anti-CD11c (Clone B-ly6), PE—
conjugated anti-IgD (Clone 1A6-2), FITC—conjugated anti-
CD43 (Clone 1G10)], PerCP-Cy5.5—conjugated anti-CD4
(Clone RPA-T4), PE—conjugated anti-FoxP3 (Clone
259D/C7), APC—conjugated anti-IL-10 (Clone JES3-19F1),
PE—conjugated anti-TGF-3 (Clone TW4-9E7), PE—
conjugated anti-TNF-o (Clone MAB11), APC—conjugated
anti-IL-2 (Clone MQ1-17H12) and their isotype-matched an-
tibodies, all purchased from BD Biosciences. PE—conjugated
anti-IFN-y (Clone 25,723) and its isotype control were obtain-
ed from R&D Systems.
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Table 1 Clinical and pathological

characteristics of breast cancer Characteristics Value
patients
Age (years) 47+9.7 (26-68)
Lymph node (LN) status
NO (No LNs) 7 (16.7%)
N1 (1-3 involved LNs) 25 (59.5%)
N2 (4-9 involved LNs) 7 (16.7%)
N3 (> 9 involved LNs) 3(7.1%)
Tumor size (greatest dimension, cm)
TI (£2) 14 (33.3%)
T2 (2-5) 20 (47.6%)
T4 3(7.1%)
Tx (Unknown) 5(11.9%)
Stage
I 4(9.5%)
I 23 (54.8%)
I 13 31%)
Unknown 2 (4.8%)
Histological grade
Well differentiated (1) 7 (16.7%)
Moderately differentiated (II) 18 (42.9%)
Poorly differentiated (III) 11 (26.2%)
Unknown 6 (14.3%)
Tumor type
Infiltrating ductal carcinoma (IDC) 34 (81%)
Others (including Medullary and Lobular Carcinoma) 6 (14.3%)
Unknown 2 (4.8%)
Her2 expression
Positive 13 31%)
Negative 26 (61.9%)
Equivocal 1 (2.4%)
Unknown 2 (4.8%)
ER expression
Positive 32 (76.2%)
Negative 9 (21.4%)
Unknown 1 (2.4%)
PR expression
Positive 27 (64.3%)
Negative 13 31%)
Unknown 2 (4.8%)
Lymph node characteristic
MLNs 17(40.5%)
nMLNs 25(59.5%)

MLN metastatic lymph node, nMLN non-metastatic lymph node, ER estrogen receptor, PR progesterone receptor

2.4.2 Surface and intracellular staining for B cell cytokine
profiling and B10 cell phenotyping

After activation, B cells were harvested, washed with staining
buffer (PBS +2% FBS), stained with anti-CD19 antibody,
fixed with 1% paraformaldehyde, permeabilized with perm/

wash buffer (BD Biosciences) and stained with anti-IL-10,
anti-IFN-y, anti-TGF-f3, anti-IL-2 and anti-TNF-«, or their
respective isotype antibodies. For B10 cell phenotyping, B
cells were first stained for surface CD19 and other B cell
markers (as noted above) and, after fixation and perme-
abilization, stained with anti-IL-10 antibody.
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2.4.3 Treg cell detection

Lymphocytes were stimulated for 5 h with PMA (20 ng/ml)
and lonomycin (1 pg/ml) in the presence of Brefeldin A (1 pul/
ml). Once activated, lymphocytes were washed and stained
with anti-CD25 antibody, fixed and permeabilized using
FoxP3 buffer set (BD Biosciences) and subsequently stained
with anti-CD4, anti-FoxP3 and anti-IL-10 antibodies.

2.4.4 Flow cytometry data analysis

All flow cytometry data were acquired using a FACSCalibur
cytometer (BD Biosciences) and analyzed with FlowJo soft-
ware (version 7.6.2, USA). Lymphocytes were gated and dead
cells were excluded according to their forward and side scat-
ter. The geometric mean fluorescent intensity (MFI) of each
cytokine was regarded as the criterion for its expression. MFIs
were normalized to the isotype of each test.

2.5 Statistical analysis

To compare the frequencies of B cell and T cell subpopula-
tions in two or more groups, the nonparametric Mann-
Whitney U test and Kruskal-Wallis H test were used, respec-
tively. Spearman’s rank correlation was used to determine the
correlation between the frequency of each B or T cell subset
with each other or with tumor size or the number of involved
LNs. SPSS software (version 13.5; SPSS Inc., USA) was used
for all statistical analyses, and p values < 0.05 (two-tailed)
were considered statistically significant. GraphPad Prism 5
software (GraphPad Software, Inc., USA) was used to pro-
duce the graphs.

3 Results

3.1 B cell cytokine profiles and IL-10"/FoxP3™ Treg
cells in MLNs and nMLNs of patients with breast
cancer

The frequencies of B cells that produced IL-10, IL-2, TGF-{3,
IFN-y and TNF-o« were determined in axillary LNs of patients
with breast cancer (Fig. 1, Table 2), and compared between met-
astatic and non-metastatic LNs (MLNs and nMLNs; Fig. 2a). We
found that MLNs and nMLNSs did not differ in terms of frequen-
cies of TGF-B*, IFN-y* and IL-2* B cells. The percentage of IL-
10 producing B cells was slightly lower in MLNs than in
nMLNS, but the difference was not statistically significant (p =
0.1). The frequency of TNF-« producing B cells was found to be
lower (although not significantly so) in MLNs than in nMLNs
(p=0.065). In almost all LNs, we detected two distinct
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populations of TNF-« producing B cells: those with a higher
expression of TNF-o« (TNF by and those with a lower expression
of this cytokine (TNF'™). The frequency of TNF" B cells was
significantly lower in MLNSs (p = 0.026), whereas the percentage
of TNF™ B cells did not differ significantly between MLNs and
nMLNS. In line with this finding, the geometric MFI of TNF-«
production was found to be significantly lower in B cells from
MLNSs than from nMLNs (p =0.025).

Next, to investigate the relationship between changes in dif-
ferent cytokine-producing B cell subpopulations and IL-10* or
FoxP3™ Treg cells, the percentages of CD4"CD25"FoxP3™,
CD4"CD25 FoxP3" and CD4*IL-10" T cells were determined
in 10 MLNs and 19 nMLNs of patients with breast cancer
(Fig. 3, Table 2). The percentage of CD4" T cells in the lympho-
cyte gate was found to be significantly lower in MLNs than in
nMLNs (p=0.048, Fig. 2b). The percentage of
CD25*FoxP3*CD4" T cells was slightly higher in MLNs,
whereas IL-10"CD4" T cells were non-significantly less frequent
in MLNs (p =0.085).

Further analysis revealed a significant inverse correlation be-
tween the percentage of TNF" B cells and the number of in-
volved LNs, whereas the percentage of TNF°™ B cells correlated
directly with the number of involved LNs (Table 3). Similarly,
the geometric MFI of TNF-« in B cells exhibited a significant
negative correlation with the number of involved LNs (Table 3).
In addition, we found that the percentage of IL-10* B cells in
nMLNSs correlated negatively with the number of involved LNs.
On the other hand, a significant positive correlation was noted
between the frequency of CD25"FoxP3"CD4* T cells and the
number of metastatic LNs (Table 3).

3.2 B cell cytokine profiles and Treg cells in nMLNs
of LN+ and LN- patients

To investigate the effect of lymphatic involvement on the B
cell cytokine profile in nMLNSs, the percentages of cytokine-
producing B cells were compared in nMLNs of LN+ and LN—
patients (Fig. 4a). In nMLNs of LN+ patients, we observed
significantly lower frequencies of IL-10* and TNF" B cells
(p=0.001 and p=0.034, respectively) and a significantly
higher frequency of TNF'™ B cells (p = 0.008). No significant
differences were found in the frequencies of TGF-[3-, [FN-y-,
IL-2- and TNF-a-producing B cells between LN+ and LN—
patients. Similarly, IL-10" and FoxP3* Treg cells showed no
significant differences between the two groups (Fig. 4b).

Comparisons of the frequencies of cytokine-producing B
cells or Treg cells in MLNs and nMLNs of LN+ patients
revealed no significant differences, but both TNF-«* and
TNF" B cells, as well as IL-10" T cells, were found to be less
frequent (although not significantly so) in MLNs than in
nMLNS.
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Fig. 1 Flow cytometry analysis a

of B cell cytokine profiles in
tumor-draining lymph nodes of
breast cancer patients. (a and b)
CD19" cells were gated in the
lymphocyte population.
Percentages of (¢) TNF-oc* (d) IL-
10", (e) TGF-B*, fIL-2" and (g)
IFN-y* cells were assessed in the
B cell gate
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3.3 Relationship between the frequency
of cytokine-producing B cells or Treg cells and tumor
size or disease stage

Patients with breast cancer were categorized into two groups
according to their tumor size (greatest dimension): patients
with tumors <2 cm (Ts1) and those with tumors >2 c¢m
(Ts2). Subsequent analysis of the frequencies of different
cytokine-producing B cell subsets revealed no significant dif-
ferences between Ts1 and Ts2 (Fig. 5a). However, the percent-
ages of FoxP3" and CD25"FoxP3*CD4™ T cells were signif-
icantly higher in Ts2 (p =0.020 and p =0.015, respectively,
Fig. 5b). In line with these findings, significant positive cor-
relations were seen between the frequencies of FoxP3* and
CD25*FoxP3*CD4" T cells and the greatest dimension of the
tumor (Table 3).

Neither the cytokine profile of B cells nor the frequency of
Treg cells showed significant associations with breast cancer

stages, but in nMLNs the frequencies of both IL-10" and
TNE" B cells showed non-significant decreasing trends from
stage I to stage III.

3.4 Cytokine profiles of B cells and IL-10*/FoxP3™ Treg
cells in TDLNs of breast cancer patients according
to Her2, ER and PR expression

No significant differences were found in the percentages of
IL-10*, IL-2*, TGF-B* or IFN-y* B cells in TDLNs of Her2+
compared to Her2— patients (Fig. 6a). TNF-oc" B cells showed
a decreasing trend in Her2+ compared to Her2— patients (p =

0.053), and the frequency of TNF™ B cells was found to be
significantly lower in Her2+ patients (p = 0.030). On the other
hand, we found that the frequencies of different cytokine-
producing B cell subsets in MLNs did not differ significantly
between Her2+ and Her2— patients. In contrast, we found that
the frequency of TNF-* B cells along with that of TNE" B

@ Springer



386 F. Mehdipour et al.

Table 2 .Percentages of B and T cell subsets in TDLNs from breast CD25"FoxP3"CD4" Treg cells. Nevertheless, when LNs were

cancer patients categorized into MLNs and nMLNs, the correlations were

Cell subset Min  Max Median Mean+SD  significant only in the latter.

B cell subsets (n =42 LNs) 3.6 Surface phenotype of IL-10 producing B cells
CD19*IL-10* (B10 cells) 0.7 7.3 3 32+15 in TDLNs of breast cancer patients
CDI19*TGF-B* 0 349 39 8.9 + 10.6
CDI9"TEN-y* 0 27 05 0.8+0.7 The surface phenotype of IL-10-competent B cells (B10 cells)
CDI19"IL-2* 0.1 6.8 08 13+14 was determined in 9 TDLNs (4 MLNs and 5 nMLNs) from
CDI19"TNF-o* 13 924 769 729 +154  patients with breast cancer. Flow cytometric analysis showed
CDI19"TNF-o™ 04 755 365 3554168  thatmost IL-10"CD19" cells were CD23", CD43~, CD5 and
CDI19*TNF-" 126 564 3738 372+98  CDllc . The frequencies of IL-10* B cells with a CD1d'*™/ "

T cell subsets (=29 LNs) or CD38™™M phenotype were significantly higher than those
cD4* 243 65 496 487+93  witha CD1d" or CD38'Y" phenotype. In addition, we found
CD4*FoxP3*CD25* 32 122 7 71+£22 that 83.4 + 6% of B10 cells were CD25 . Most (82.2 +6.2%)
CD4*FoxP3*CD25~ 23 82 4 43+15  IL-10 producing B cells exhibited a CD24™CD27" active/
CD4*IL-10* 0.3 44 1.5 19+12 memory rather than a CD24°¥CD27  naive phenotype.

TDLN tumor-draining lymph node

cells was significantly lower in nMLNs of Her2+ compared to
Her2— patients (p =0.008 and p=0.014, respectively).
Analysis of the association between the frequency of Treg
cells and Her2 expression revealed that the frequency of
CD4*FoxP3* T cells was significantly higher in Her2+ pa-
tients (p=0.024, Fig. 6b). The percentage of
CD4"CD25"FoxP3" T cells was higher in Her2+ patients,
but this difference was not statistically significant (p = 0.052).

The cytokine profiles of B cells showed no associations
with ER expression. However, the frequency of TNF™ B cells
showed a decreasing trend, whereas the percentage of TNF'*™
B cells showed an increasing trend, in ER— patients compared
to ER+ patients. Similarly, we found that the frequency of
TNF" B cells was significantly lower in PR— patients (p =
0.034, Fig. 7a), whereas TNF'"" B cells showed an increasing
trend in TDLNs from these patients (p = 0.050). T cell analy-
ses revealed that the percentage of CD25"FoxP3* T cells in
TDLNs from ER—/PR— patients was significantly higher than
that in ER+/PR+ patients (»p =0.028 and p=0.015,
respectively, Fig. 7b).

3.5 Relationship between the frequencies
of IL-10°CD4" or FoxP3™" Treg cells and different
cytokine-producing B cells

We found that the percentages of CD4"1L-10" and
CD25"FoxP3*CD4" T cells did not correlate significantly
with that of IL-10- or TGF-f3-producing B cells in TDLNs
from breast cancer patients. Significant inverse correlations,
however, were observed between the frequencies of TNF-oc*
or TNF" B cells and CD25"FoxP3*CD4* T cells (Table 3).
Similarly, we found that the geometric MFI of TNF-« in B
cells correlated inversely with the frequency of
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Moreover, our data showed that B10 cells could have both a
CD27'IgM™ switched memory or a CD27*IgM™* unswitched
memory phenotype. Of note is that a population of B cells
with the CD27 IgM ™ phenotype (CD27 memory B cells)
accounted for 7.4+ 3.4% of the B cells in axillary LNs. A
small fraction of B10 cells (2.2 £0.7%) was found to have a
CD27 IgM  phenotype.

4 Discussion

It is well accepted that the immune profile of axillary LNs in
patients with breast cancer changes during cancer progression,
and that these changes are related to disease parameters [19,
20]. We determined the cytokine profiles of B cells in TDLNs
from patients with breast cancer, and tracked how they change
during LN involvement and disease progression.

We found that B cells expressed IL-10, TGF-f3, IL-2,
IFN-y and TNF-« at different frequencies. Between 13%
and 92% of B cells produced TNF-«, with a declining trend
in MLNs compared to nMLNs. Moreover, we found that B
cell production of TNF-« was associated with breast cancer
parameters such as LN involvement and Her2 expression.
TNF-« is a pleiotropic cytokine produced by multiple im-
mune and nonimmune cells, including tumor cells [21].
TNF-o plays a major role in mediating and orchestrating in-
flammatory responses, but evidence also points to the notion
that this cytokine may exert suppressive effects on inflamma-
tion and immunity [22]. Similarly ample, but controversial,
evidence exists on the effects of TNF-o& on tumor immunity
or tumor growth [22]. Multiple studies have demonstrated that
TNF-« induces tumor growth, vascularization and metastasis
via several mechanisms such as those mediating chronic in-
flammation, endothelial cell differentiation and angiogenesis,
epithelial-to-mesenchymal transition and Treg cell expansion
[22, 23]. On the other hand, TNF-« has been found to inhibit
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Fig. 2 (a) Comparison of the B cell cytokine profiles in MLNs and
nMLNs of breast cancer patients. CD19" cells were gated as B cells,
and the percentages of cells expressing each cytokine in the B cell gate
was determined. Geometric MFI of TNF-« was regarded as a criterion for
its expression in B cells. (b) Comparison of the frequencies of CD4* T
cells, CD25"/CD25~ FoxP3" CD4*, and IL-10* CD4" T cells in MLNs

tumor growth and to enhance tumor immunity by mediating
hemorrhagic necrosis in certain types of tumors, recruiting
effector T and NK cells to the site of the tumor, and providing
costimulatory signals for CD4* and CD8" T cells [21-23]. It
has been suggested that the role played by TNF in inflamma-
tion and immunity is complicated, and depends on a variety of
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and nMLNs of breast cancer patients. The percentage of CD4™ cells was
determined in the lymphocyte population. The percentage of each subset
was subsequently determined in the CD4" gate. Data are shown as the
mean + SEM. * p <0.05. SEM: standard error of the mean, MFI: mean

fluorescent intensity

factors including its dose, form (soluble versus membrane-
bound), receptor usage (TNFR1 versus TNFR2), duration of
exposure (short versus chronic) and concomitant stimulation
(e.g. by other cytokines) [24]. Tumor cells secrete low
amounts of TNF-«, and low doses of this cytokine have been
reported to support tumor growth, but it has also been reported
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Fig. 3 Flow cytometry analysis a

of FoxP3/IL-10 expression in
CD4" T cells in tumor-draining
lymph nodes of breast cancer pa-
tients. (a and b) CD4" cells were
determined in the lymphocyte
gate. The (¢) IL-10" cells and (d)
CD25%/CD25 FoxP3* cells were
determined in the CD4" T cell
gate
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that TNF-« causes dose-dependent cell death in prostate can-
cer cells [21, 25]. Several studies have shown that angiogen-
esis is induced by lower doses of TNF-x, whereas higher
doses inhibit endothelial cell proliferation, capillary structure
formation and vascularization [26-28]. According to our data,
the MFI of TNF-« expression and the frequency of B cells
with high levels of TNF-x expression are significantly lower
in breast cancer MLNs compared to nMLNs, whereas the
percentage of B cells expressing lower levels of TNF-«
remained unchanged. This TNF profile of B cells may favor
tumor growth in MLNs, because lower doses of TNF-o can
induce tumor growth, vascularization and possibly metastasis,
whereas these effects are inhibited by higher doses.

It has been proposed that the immune profile of TDLNs is
different in LN— compared to LN+ breast cancer patients. In
TDLNs from LN- patients, “immune-related pathways” have
been found to be upregulated, whereas in TDLNs from LN+
patients, upregulation of “tumor-promoting pathways” has
been observed even in nMLNs [29]. In line with this, we
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previously reported an increase in the percentage of B cells
with a regulatory phenotype in nMLNs from node-positive
compared to node-negative breast cancer patients [18]. Here,
we found that the percentage of TNF™ B cells was significant-
ly lower, whereas the frequency of TNF'Y B cells was higher,
in nMLNs from LN+ compared to LN— patients. As noted
above, low TNF production can maintain chronic inflamma-
tion and vessel formation, thereby preparing a safe microen-
vironment for metastatic tumor cell homing. Therefore, in
comparison to TNE" B cells, B cells with a lower TNF-&
expression may exhibit more potential to support further nodal
invasion. The significant inverse correlations observed be-
tween the percentage of TNF" B cells or the MFI of TNF-ot
in B cells and the number of involved LNs in breast cancer
patients may support this idea.

It has been shown that B cells may induce and expand
Treg cells by producing TGF-3, IL-10 and IL-35 or via
contact-dependent mechanisms [11]. In the present study,
we found that IL-10- or TGF-f3-producing B cells
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Table 3

Correlations of the frequencies of different cell subsets with each other, tumor size and the number of involved lymph nodes

CD25%FoxP3*CD4™ T cells (%)

Tumor size (greatest dimension) Number of involved LNs

TNF" B cells (%) (), **
(R=—0.5, p=0.003)

TNF"°" B cells (%)

TNF-o* B cells (%) (-), *¥*
(R=-10.5,p=0.009)
Geometric MFI of TNF-x in B cells (), *

(R=— 04, p=0.035)
IL-10* B cells (% in nMLNs)

CD25"FoxP3"CD4" T cells (%)

FoxP3*CD4" T cells (%)

(—), skksksk

(R=-0.5, p<0.0001)
(), **

(R=0.4, p=0.004)

), *
(R=-04,p=0017)

(7), ek

(R=—0.5, p=0.006)
(+), ** (+), *
(R=0.6, p=0.003) (R=0.4, p=0.041)
(+), *

(R=0.5,p=0.011)

hi high, MFI mean fluorescent intensity, nMLNs non-metastatic lymph nodes, (—) negative correlation, (+) positive correlation

exhibited no correlation with Treg cell frequencies. Instead, we
observed a negative correlation between the percentage of
TNE™ B cells or the MFI of TNF in B cells and the frequency
of CD25*FoxP3™ Treg cells, which in turn showed a positive
correlation with poor prognostic indicators such as tumor size
and the number of involved LNs. Accumulating data suggest
that TNF can be critical in the balance between Treg and T
effector cells under inflammatory conditions [24]. High levels
of TNFR2, which mostly binds to membrane-bound TNF
(mTNF), are expressed by mouse and human Treg cells, and
TNFR?2 signaling has been reported to play a pivotal role in
Treg cell survival, functional stability and expansion [30-34].
However, other studies have shown that TNF can downregulate
FoxP3 expression and Treg cell activity in vitro, and reduce
TGF--induced Treg cell differentiation [35-37]. On the other
hand, TNF has been reported to have a critical co-stimulatory
effect on CD4" and CD8* T effector cells and to promote their
proliferation, inflammatory cytokine production, and resistance
to Treg cell or TGF-f3 suppression [38—41]. Most costimulatory
effects of TNF have been attributed to TNFR2 which, in con-
trast to Treg cells, is expressed at low levels in resting T cells but
becomes upregulated shortly after activation [24].

Our knowledge of how TNF can play such contradictory
roles is still incomplete. One possibility, however, is that
chronic exposure to TNF decreases T effector cell activation
while augmenting Treg cell expansion and activation [24, 42,
43]. Furthermore, the negative effect of TNF on Treg cells has
been seen at higher rather than lower doses [24]. Hence, B
cells with a high TNF expression may facilitate the co-
stimulatory signal for T effector cells with a lower TNF recep-
tor expression to a greater extent than those for Treg cells,
allowing the former to compete with Treg cells in TNF con-
sumption, thereby hindering Treg cell expansion as suggested

by Chen and Oppenheim [23]. This hypothesis can be tested
by investigating the expression of TNF receptors on T effector
and T regulatory cells, and by determining the association
between TNF™ B cells and T cell polarization. Because
TNFR2 binds mostly to membrane-bound TNF, it might be
informative to determine the expression of mTNF on B cells
and its role in T cell polarization.

One unexpected finding in the present study was the sig-
nificantly higher frequency of IL-10 producing B cells in the
nMLNs of node-negative compared to node-positive patients.
IL-10 producing B cells comprise an important subgroup of B
regulatory cells, and their capacity to suppress immune re-
sponses has been reported in autoimmune disorders, infec-
tious diseases and cancer [44]. Recent studies have shown that
the frequency of B10 cells is increased in peripheral blood,
tumor tissues or draining lymph nodes in several types of
cancer including esophageal, gastric and ovarian cancer, and
have assessed the relationship between B10 cells and immune
suppression or disease progression [13—15]. Whether pro-
duced by B or T cells, IL-10 is largely known for its
immune-regulatory properties related to the inhibition of T
or antigen-presenting cells [45, 46]. However, several reports
have suggested that IL-10 can positively influence antitumor
immunity and surveillance [47-49]. IL-10 deficiency curtails
tumor immune surveillance, whereas overexpression in trans-
genic mice or treatment with pegylated IL-10 (PEG-IL-10)
has been found to inhibit carcinogenesis or to offer long-
lasting tumor immunity [47, 49-51]. This cytokine has been
shown to induce tumor rejection via the activation and expan-
sion of tumor-infiltrating CD&" T cells in a mouse tumor mod-
el [47]. It has also been reported that IL-10 augments [FN-y
production by tumor antigen-specific CD8" T cells, and en-
hances granzyme B and perforin expression by intra-tumoral
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Fig. 4 (a) Comparison of B cell cytokine profiles in nMLNs of LN+ and
LN~ breast cancer patients. CD19" cells were gated as B cells, and the
percentages of cells expressing each cytokine were determined in the B
cell gate. (b) Comparison of the frequencies of CD4" T cells, CD25"/
CD25 FoxP3" CD4*, and IL-10* CD4" T cells in nMLNs of LN+ and

CDS8" T cells [49]. Another study has shown that IL-10
inhibited FoxP3* Treg cell induction and increased
IFN-y*CD4" T cells, and that treatment with PEG-IL-10
decreased the frequency of tumor-infiltrating FoxP3* Treg
cells in 4T1 tumor-bearing mice [52]. Treatment with
PEG-IL-10 has already undergone a phase I clinical trial
in advanced stages of several types of solid malignancies,
and the preliminary data show that recombinant IL-10

@ Springer

LN- breast cancer patients. The percentage of CD4" cells was determined
in the lymphocyte population, after which the percentage of each subset
was determined in the CD4™" gate. Data are shown as the mean + SEM. *
p<0.05, ** p<0.01. SEM: standard error of the mean

induces effector CD8" T cell responses [51, 53].
Therefore, currently available evidence shows that IL-10
can enhance cellular immunity against tumors.
Accordingly, a higher percentage of IL-10 producing B
cells in nMLNs from node-negative patients with breast
cancer may positively influence antitumor immunity. This
idea, however, awaits further functional studies. In the
present study, neither the frequency of IL-10-producing
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Fig.5 (a) Comparison of'the frequencies of different cytokine-producing
B cell subsets in TDLNSs of breast cancer patients according to their tumor
size. CD19" cells were gated as B cells, after which the percentages of
cells expressing each cytokine were assessed in the B cell gate. (b)
Comparison of the frequencies of CD4" T cells, CD25*/CD25 FoxP3*
CD4*, and IL-10* CD4* T cells in TDLNs of breast cancer patients

B cells nor the percentage of IL-10* T cells were related
to poor prognostic indicators. Accordingly, additional
mechanistic studies are required to fully elucidate the role
of B10 cells or IL-10 in immunity against breast cancer.
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according to their tumor size. The percentage of CD4" cells was
determined in the lymphocyte population and the percentage of each
subset was determined in the CD4" gate. Data are shown as the mean +
SEM. * p < 0.05. TS1: patients with tumor size <2 cm, Ts2: patients with
tumor size > 2 cm, SEM: standard error of the mean

As a final point regarding potential limitations of this
work, we note that because of ethical and medical standards
and considerations, obtaining fresh axillary LN samples
was difficult. Thus the most important limitation of this
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Fig. 6 (a) Comparison of B cell cytokine profiles in TDLNs of Her2+
and Her2- breast cancer patients. CD19* cells were gated as B cells after
which the percentages of cells expressing each cytokine were assessed in
the B cell gate. (b) Comparison of the frequencies of CD4"* T cells,
CD25%/CD25  FoxP3*, and IL-10" CD4" T cells in TDLNs of breast

study is that the sample sizes in some subgroups were small,
so the results of some subgroup analyses should be validat-
ed using larger sample sizes. In addition, the main aim of
this study was to provide descriptive data on the frequency
of cytokine-producing B cells and their relationships with
breast cancer parameters. This study may serve as a basis for
future functional studies designed to elucidate the role of
cytokine-producing B cells in T cell polarization and breast
cancer immunity.

@ Springer

cancer patients according to Her2 status. The percentage of CD4™" cells
was determined in the lymphocyte population, after which the percentage
of each subset was determined in the CD4* gate and compared in Her2+
versus Her2— patients. Data are shown as the mean + SEM. * p < 0.05, **
p<0.01. SEM: standard error of the mean

5 Conclusion

Our study provides further evidence that the immune profile
of TDLNs changes during breast cancer progression and is
related to prognostic markers. To our knowledge, this is the
first report of an association between the B cell cytokine
profile in TDLNSs from patients with breast cancer and dis-
ease parameters. The frequencies of TNF™ B and B10 cells
showed a negative relationship with lymph node
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Fig. 7 (a) Comparison of B cell cytokine profiles in TDLNs of PR+ and
PR~ breast cancer patients. CD19" cells were gated as B cell and the
percentages of cells expressing each cytokine were assessed in the B cell
gate. (b) Comparison of the frequencies of CD4" T cells, CD25*/CD25~
FoxP3* CD4", and IL-10* CD4" T cells in TDLNs of breast cancer
patients according to PR expression. The percentage of CD4" cells was

involvement. The percentage of TNF™ B cells correlated
inversely with that of Treg cells. In turn, higher percentages
of Treg cells were found to be associated with poor prog-
nostic indicators such as tumor size and the number of in-
volved lymph nodes. Our findings suggest that TNF™ B
cells and B10 cells may play a positive role in immunity
against breast cancer. Although this study sheds additional
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determined in the lymphocyte population and the percentage of each
subset was determined in the CD4" gate and compared in PR+ versus
PR-— patients. (The results for the association with ER expression were the
same as for PR; the only difference was that TNF™ B cells showed a
decreasing trend (which was not siginificant) in ER— patients). Data are
shown as the mean + SEM. * p < 0.05. SEM: standard error of the mean

light on the significance of cytokine-producing B cells in
TDLNs from patients with breast cancer, more functional
studies are needed to further elucidate the interplay between
cytokine-producing B cells and tumor or Treg cells.
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