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Abstract

Background Tumors can acquire tolerance to tumor immunity and develop enhanced proliferation. Regulatory B cells
(Bregs), whose role in immune tolerance is similar to that of regulatory T cells (Tregs), appear to be involved in tumor immu-
nity. Recently, Bregs were found to induce Tregs against tumor immunity. However, the platform for the coexistence of Bregs
and Tregs in cancer patients and its clinical significance remain unclear; thus, they were evaluated in breast cancer patients.
Methods In 489 breast cancer patients, CD25- and IL10-positive Bregs and Foxp3-positive Tregs were immunohistochemi-
cally evaluated in tumor-infiltrating lymphocyte aggregates (TIL aggregates) that consisted of CD19-positive B-cell follicles
and CD3-positive T-cell parafollicles. Then the correlations of the localization and existence of these cells with metastasis-
free survival (MFS) were evaluated in breast cancer patients.

Results TIL aggregates were observed in marginal regions of tumors in breast cancer patients. In the TIL aggregates, the
existence of Bregs was closely related to that of Tregs (» <0.0001). On multivariate analysis, the coexistence of Bregs and
Tregs in TIL aggregates was correlated with MFES in breast cancer patients (p =0.007). Furthermore, MFS was significantly
shorter for patients with the coexistence of Tregs and Bregs in TIL aggregates than in those with Tregs alone without Bregs
(p=0.0475).

Conclusions The present results suggest that Bregs are related to the induction of Tregs in TIL aggregates and the develop-
ment of metastasis of breast cancer cells. Bregs are expected to be a new diagnostic and therapeutic target in breast cancer
patients.
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Introduction

A relationship between tumor growth and immune cells has
been reported [1-3]. The initial focus was on the cytotoxic
Ele'ctronic Supplementary material The online version of thlS effect of tumor_inﬁltrating lymphocytes (TIL) agalnst tumor
article (https://dot.org/10.1007/512282-018-0910-4) contains [4-7]. Since then, it has been found that tumors acquire
supplementary material, which is available to authorized users. .

tolerance, through mechanisms such as regulatory T cells

P< Masahiro Sakakibara (Tregs), to tumor immunity, which enhances their prolif-
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the platform where Bregs are evoked by tumor and where
Bregs induce Tregs has been unclear. Furthermore, Bregs
were expected to become diagnostic and therapeutic targets
for breast cancer patients. However, the clinical significance
of Bregs in breast cancer patients remains unclear. There-
fore, in this study, Bregs were identified in tissue samples
of breast cancer patients by immunohistochemistry (IHC),
the platform where Bregs interact closely with tumor cells
and Tregs was identified, and the clinical significance of the
existence of Bregs in this platform was evaluated in breast
cancer patients.

Patients and methods
Patients

This study included 258 invasive ductal carcinoma (IDC)
patients with axillary lymph node metastases and 231 ductal
carcinoma in situ (DCIS) patients who underwent surgery
in the Department of Surgery at the Chiba University Hos-
pital between 2000 April and 2011 December. Patients
who received preoperative hormonal therapy or neoadju-
vant chemotherapy were excluded. DCIS was diagnosed
by examination of surgical specimens and did not include
cases with micro-invasion. In DCIS patients, no distant
metastases or deaths due to breast cancer were observed.
All IDC patients received doxorubicin and cyclophospha-
mide (AC) (60/600 mg/m2 q3w) or fluorouracil, epirubicin,
and cyclophosphamide (FEC) (500/100/500 mg/m? q3w)
and/or weekly paclitaxel (80 mg/m?) or docetaxel (75 mg/
m?) chemotherapy. When four or more axillary lymph node
metastases were observed, the chest wall and the supracla-
vicular area were irradiated. Endocrine therapy was per-
formed after surgery for all estrogen receptor (ER) and/or
progesterone receptor (PR)-positive patients. For human
epidermal growth factor receptor-2 (Her2)-positive patients,
trastuzumab treatment was given as adjuvant therapy. Dur-
ing follow-up of IDC patients, 47 patients (18.2%) devel-
oped distant metastases due to breast cancer, and 23 (8.9%)
patients died due to breast cancer. The mean survival time
was 106 months, whereas the mean metastasis-free survival
(MES) was 99 months (range 7—-195 months). Follow-up data
were collected up to June 1, 2017, and the median length
of follow-up for censored cases was 113 months (range
12-206 months). The study was reviewed and approved by
the Institutional Ethic Committee. Informed consent was
obtained from all patients who participated.

Immunohistochemical staining

Four-micrometer-thick, paraffin-embedded sections were
deparaffinized in xylene and rehydrated in graded alcohol.

Antigen retrieval was performed by autoclaving (121 °C for
15 min) in citrate buffer at pH 6.0 for CD3 and IL-10 and
at pH 9.0 for CD19, CD25, and Foxp3. Endogenous peroxi-
dase activity was blocked by incubation for 15 min in 3%
hydrogen peroxide solution. All slides were incubated with
primary antibodies CD3 (LN-10, 1:200, Leica, Newcastle,
UK), CD19 (LE-CD19, M729629, 1:100, Dako, Tokyo,
Japan), CD25 (ab128955, anti-IL-2 receptor alpha antibody,
1:400, Abcam Cambridge, UK), IL-10 (E-10, 1:100, Santa
Cruz Biotechnology, TX, USA), FoxP3 (ab22510, anti-
FOXP3 antibody, 1:200, Abcam) at room temperature for
60 min. EnVision Kits (K4007, Dako, Glostrup, Denmark)
were used for visualization. The sections were washed three
times with phosphate-buffered saline following each proce-
dure. All sections were counterstained with Mayer’s hema-
toxylin. ER and PR were considered positive when > 1%
of the tumor cells were immunohistochemically stained
positive using standard methods and the anti-ER antibody,
clone 1D5, or the anti-PR antibody, PgR636 (DAKO, Tokyo,
Japan). Staining for Her2 was scored as one of four grades
(score 0, 1, 2, 3), and tumors with scores of 3+ were con-
sidered to be Her2 positive (Her2, PN2A antibody, DAKO,
Tokyo, Japan). Ki67 was defined as positive when >15%
of the tumor cells were immunohistochemically stained
positive using standard methods and the anti-Ki67 antibody
clone MIB-1, IgG isotype (DAKO, Tokyo, Japan). Immuno-
histochemical staining was evaluated by three investigators
(E.I., M.S., Y.N.) who were blinded to clinical outcomes.

Assessment of Bregs and Tregs

In 489 breast cancer patients, TIL aggregates that consisted
of CD19-positive B-cell follicles and CD3-positive T-cell
parafollicles were detected. Some TIL aggregates were
included in germinal center-like formations in B-cell fol-
licles. Bregs were observed using IHC with CD25 or IL10
in B-cell follicles around the germinal center, in which all
cells were CD19 positive. CD25-positive B cells in TIL
aggregates were counted and scored as 0, none or less than
5 positive cells per 400x high-power field (HPF); 1, 5 and
more, and less than 10 per HPF; 2, 10 and more, and less
than 20 per 400x high-power field (HPF); and 3, 20 and
more per HPF. Scores 1, 2, and 3 were considered CD25-
positive Bregs. IL10-positive B cells in TIL aggregates were
counted and scored as 0, none or less than 50 positive cells
per 400x high-power field (HPF); 1, 50 and more, and less
than 100 per HPF; and 2, 100 and more per HPF. Scores 1
and 2 were considered IL10-positive Bregs. Foxp3-positive
T cells were counted and scored as 0, none or less than 5
per 400x high-power field (HPF); 1, 5 and more, and less
than 20 per HPF; and 2, 20 and more per HPF. Scores 1 and
2 were considered Foxp3-positive Tregs.
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Statistical analysis

Pearson’s Chi-square tests were used for the analysis of cor-
relations with the number of immune cells and patient charac-
teristics in the two groups. MFS was analyzed by the log-rank
test using Kaplan—Meier curves. Univariate and multivariate
analyses using a Cox proportional hazards model were used for
survival analysis. A p value <0.05 was considered significant.
These analyses were performed using statistical software.

Results

Lymphoid follicles including B cells and T cells were
formed in marginal regions of tumor in patients with ductal
carcinoma in situ and invasive ductal carcinoma of breast.

First, to identify where Bregs are produced, TIL were
observed in the tumors of breast cancer patients. In DCIS
patients, TIL were aggregated around DCIS lesions. Most
were only one or two TIL aggregates around each DCIS

(c)

40

20

DCIS

IDC

Fig. 1 TIL aggregates. TIL aggregates are observed in patients with
ductal carcinoma in situ (DCIS) (a, left) and invasive ductal carci-
noma (IDC) (a, right). TIL aggregates (b, left) consist of CD3-posi-
tive T cells (b, middle) and CD19-positive B cells (b, right). There is
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no significant difference in the rates of TIL aggregates between DCIS
and IDC patients (p=0.3228) (c). In IDC patients, there is no sig-
nificant difference in metastasis-free survival (MFS) between patients
with and without TIL aggregates (p=0.2451) (d)
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lesions (Fig. 1a). In IDC patients, most TIL were localized in
marginal regions or superficial regions of tumors, and a few
were seen in the tumor bed. In about half of the cases, TIL
were aggregated like lymphoid follicle in marginal regions of
the tumors (Fig. 1a). These aggregates were evaluated by IHC
using CD19 and CD3 antibodies. Most of the TIL aggregates
in the marginal regions of tumors were B cells (Fig. 1b). There
were a small number of B cells without TIL aggregates, and
most of the B cells were localized in these aggregates. Fur-
thermore, close to these B-cell aggregates, there were T-cell
aggregates resembling parafollicles (Fig. 1b). Although the
number of TIL aggregates differed greatly between DCIS
and IDC patients, there was no significant difference in the
frequency of TIL aggregates between DCIS (43%) and IDC
patients (48%) (p=0.3228) (Fig. 1c). The clinicopathological
features of patients with and without TIL aggregates in IDC
are shown in Table 1. In IDC patients, TIL aggregates were
associated with a significantly higher rate of large tumor size,
high histological grade, negativity for ER, negativity for PR,
positivity for Her2, high expression of Ki67, and positivity for

lymphatic invasion (ly) (p=0.0045, p=0.0042, p=0.0015,
p=0.0119, p<0.0001, p=0.0149, respectively). However,
there was no significant difference in metastasis-free survival
(MFS) between patients with and without TIL aggregates
(p=0.2451) (Fig. 1d). In DCIS patients, TIL aggregates were
associated with a significantly higher rate of high nuclear
grade and negativity for ER (» <0.0001, p=0.0007, respec-
tively) (Supplemental Table).

CD25-positive regulatory B cells and IL10-positive
regulatory B cells were found in TIL aggregates
of breast cancer

Next, the presence of Bregs in TIL aggregates was evalu-
ated. Of 231 DCIS patients with TIL aggregates, 49 patients
(21.2%) showed CD25-positive B cells (which were also
CD19 positive), and 58 patients showed IL10-positive B
cells (25.1%) (Fig. 2a, b). In contrast, of 258 IDC patients
with TIL aggregates, 129 (50%) showed CD25-positive B
cells, and 119 showed IL.10-positive B cells (46.1%) (Fig. 2c,

Table 1 Relationships between

. (n=258) TIL aggregates posi- TIL aggregates nega- p value
the ex%st.ence of TIL. aggregates tive (n=125) tive (n=133)
and clinicopathological factors
in invasive breast cancer Tumor size 0.0045°%
patients Tl 120 (46.5) 47 (37.6) 59 (44.4)
T2,3,4 137 (53.1) 78 (62.4) 73 (54.9)
Unknown 1(0.4) 1(0.8)
Lymph node metastasis 0.3141
<4 193 (74.8) 90 (72.0) 103 (77.4)
>4 65 (25.2) 35 (28.0) 30 (22.6)
Histological grade 0.0042*
1,2 192 (74.4) 83 (66.4) 109 (82.0)
3 66 (25.6) 42 (33.6) 24 (18.1)
Estrogen receptor 0.0015*
Positive 205 (79.5) 89 (71.2) 116 (87.2)
Negative 53 (20.5) 36 (28.8) 17 (12.8)
Progesterone receptor 0.0005%*
Positive 183 (70.9) 76 (60.8) 107 (80.5)
Negative 75 (29.1) 49 (39.2) 26 (19.6)
Her2 0.0119*
Positive 37 (14.3) 25 (20.0) 12 (9.0)
Negative 221 (85.7) 100 (80.0) 121 (91.0)
Ki67 <0.0001*
>15% 118 (45.7) 74 (59.2) 44 (33.1)
<15% 140 (54.3) 51 (40.8) 89 (66.9)
ly 0.0149*
Positive 117 (45.3) 67 (53.6) 50 (37.6)
Negative 136 (52.7) 57 (45.6) 79 (59.4)
Unknown 5(1.9) 1(0.8) 4 (3.0)

Her2 human epidermal growth factor receptor 2

p<0.05
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d). TIL aggregates of IDC patients contained significantly
more CD25-positive B cells and IL10-positive B cells than
those of DCIS patients (p <0.0001, p=0.0025, respectively)
(Fig. 2e). In IDC patients with TIL aggregates, there was a
significant correlation between the rates of CD25-positive
B cells and of IL10-positive B cells (p <0.0001) (Fig. 2f).
Then, in this study, CD25-positive or IL10-positive B cells
(which were also CD19-positive) were defined as Bregs.
The clinicopathological features of IDC patients with and
without Bregs are shown in Table 2. No factors were signifi-
cantly different between these two groups. However, MFS
was significantly shorter in patients with Bregs than in those
without Bregs (p =0.0050) (Fig. 2g).

Regulatory T cells were found in parafollicles in TIL
aggregates of breast cancer.

Next, the presence of Tregs, which are known to be induced
by Bregs, was evaluated. In IHC, most Foxp3-positive cells

were present in superficial regions of tumors, and parafol-
licles in TIL aggregates were present in marginal regions of
tumors (Fig. 3a, b). In this study, these Foxp3-positive cells
were defined as Tregs. Of 258 IDC patients, 144 (55.8%)
showed Tregs in superficial regions, and 121 (46.9%)
showed Tregs in TIL aggregates. There was no significant
correlation between the presence of Tregs in superficial
regions and Tregs in TIL aggregates (p =0.1045) (Fig. 3c).
There was no significant difference in MFS between
patients with and without Tregs in superficial regions
(p=0.4370) (Fig. 3d). In contrast, MFS was significantly
shorter in patients with than in those without Tregs in TIL
aggregates (p=0.0102) (Fig. 3e). Furthermore, the rate of
the presence of Tregs in TIL aggregates was significantly
correlated to that of Bregs in TIL aggregates (p < 0.0001)

(Fig. 3f).
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40 40
20 20
0
DCIS IDC DCIS IDC
(9)
() MFS
(%) +
80 p<0.0001* 08 Breg (-)
1
60 0.6 Breg (+)
40 0.4
20 02
o p=0.0050*
0 1000 2000 3000 4000 5000 6000
CD25(-) CD25(+) (days)

Fig.2 Regulatory B cells in TIL aggregates. Using serial sections,
immunohistochemistry for CD19, CD25, and IL10 was performed.
CD25-positive cells and IL10-positive cells were evaluated in lesions
in which all cells were CD19-positive B cells in TIL aggregates in
patients with ductal carcinoma in situ (DCIS) and invasive ductal
carcinoma (IDC), and patients with CD25-positive (a), CD25-nega-
tive (b), IL10-positive (c), and IL10-negative tumors were identified
(d). Rates of patients with CD25-positive (p <0.0001) (e, right) and
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IL10-positive (p=0.0025) (e, left) cells are significantly higher in
IDC patients than in DCIS patients. The rate of patients with CD25-
positive cells is significantly correlated with that of IL10-positive
cells (p<0.0001) (f). Cells that are CD25 positive or IL10 positive
in TIL aggregates are considered regulatory B cell (Breg) positive in
this study. Metastasis-free survival (MFS) is significantly shorter for
patients with Bregs in TIL aggregates than in those without Bregs
(»=0.0050) (g)
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Table 2 Relationship between clinicopathological factors and the
existence of Bregs in TIL aggregates in invasive breast cancer
patients

(n=125) Breg Breg p value
positive negative
(n=179) (n=46)
Tumor size 0.3793
T1 47 (62.4) 32(40.5) 15(32.6)
T2,3,4 78 (37.6) 47(59.5) 31(67.4)
Lymph node metas- 0.1090
tasis
<4 90 (72.0) 53(67.1) 37 (80.4)
>4 35(28.0) 26(32.9) 9 (19.6)
Histological grade 0.1748
1,2 83 (66.4) 49 (62.0) 34 (73.9)
3 42 (33.6) 30(38.0) 12(26.1)
Estrogen receptor 0.6093
Positive 89 (71.2) 55(69.6) 34(73.9)
Negative 36(28.8) 24(304) 12(26.1)
Progesterone receptor 0.9903
Positive 76 (60.8) 48 (60.8) 28 (60.9)
Negative 49 (39.2) 31(39.2) 18(39.1)
Her2 0.1942
Positive 25(20.0) 13(16.5) 12(26.1)
Negative 100 (80.0) 66(83.5) 34 (73.9)
Ki67 0.7720
>15% 74 (59.2) 46(58.2) 28 (60.9)
<15% 51(40.8) 33(41.8) 18(39.1)
ly 0.4236
Positive 67 (53.6) 40(50.6) 27 (58.7)
Negative 57 (45.6) 38 (48.1) 19(41.3)
Unknown 1(0.8) 1(1.3)

Her2 human epidermal growth factor receptor 2
*p<0.05

Coexistence of regulatory B cells and regulatory
T cells in TIL aggregates was an independent
prognostic factor in breast cancer patients

The rate of the presence of Tregs in TIL aggregates was
correlated to that of Bregs in ILFs. To study the correla-
tion between Bregs and Tregs in TIL aggregates in greater
depth, the correlations of the 4-level presence (score 0-3)
of CD25-positive Bregs and of the 3-level presence (score
0-2) of IL10-positive Bregs with the 3-level presence
(score 0-2) of Tregs in TIL aggregates were evaluated.
The presence of both CD25-positive Bregs and of IL10-
positive Bregs was increased in proportion to the presence
of Tregs in TIL aggregates (Fig. 4a). These results sug-
gested that the presence of Tregs was closely correlated
to the presence of Bregs in TIL aggregates. Finally, the
clinical significance of the coexistence of Bregs and Tregs

in TIL aggregates was evaluated in IDC patients. Fifty-
one patients had Bregs and Tregs in TIL aggregates. On
univariate analysis of clinicopathological factors (tumor
size, histological grade, nodal status, ER expression,
PgR expression, Her2 expression, Ki67 expression, and
ly status), including the coexistence of Bregs and Tregs
in TIL aggregates, large tumor size (T2-4), histological
grades 3 and 4 and more lymph node metastases, ER nega-
tive, ly positive, and the coexistence of Bregs and Tregs
in TIL aggregates were significantly correlated to MFS
(p<0.0001, p<0.0001, p=0.0040, p=0.0045, p=0.0029,
p<0.0001, p=0.0149, respectively) (Table 3). On mul-
tivariate analysis of these 6 factors with correlations to
MFS on univariate analysis, large tumor size (T2-4),
histological grade 3, and coexistence of Bregs and Tregs
in TIL aggregates were significantly correlated to MFS
(p=0.009, p=0.042, p=0.007, respectively) (Table 3).
Furthermore, 60 patients had Tregs in TIL aggregates, and
51 patients had the coexistence of Bregs and Tregs in TIL
aggregates. Thus, 9 patients had no Bregs, only Tregs, in
TIL aggregates. To confirm the clinical significance of the
coexistence of Bregs and Tregs in TIL aggregates, MFS
was compared between patients with the coexistence of
Bregs and Tregs in TIL aggregates and those with Tregs
alone in TIL aggregates. MFS was significantly shorter
in the coexistence group than in the Treg-alone group
(p=0.0475) (Fig. 4a). These data indicated the clinical
significance of the coexistence of Bregs and Tregs in TIL
aggregates in IDC patients.

Discussion

To the best of our knowledge, this is the first report to show
the platform where Bregs were evoked by tumor, where
Bregs induced Tregs, and the clinical significance of the
coexistence of Bregs and Tregs in TIL aggregates in patients
with breast cancer.

This study focused on TIL aggregates in breast cancer and
found CD25-positive or IL10-positive Bregs. TIL aggregates
were formed in about half of IDC patients, especially in
patients with high-grade malignancies. However, there was
no difference in MFS between patients with and without
TIL aggregates. In addition, TIL aggregates were observed
in DCIS patients. These data suggest that all TIL aggregates
are not related to invasion and metastasis of breast cancer
cells and may be reasonably considered to be the host’s
response to tumor proliferation. In contrast, in about half of
IDC patients with TIL aggregates in marginal regions of the
tumors, Bregs were observed in TIL aggregates. MFS was
shorter in patients with Bregs than in those without Bregs
in TIL aggregates. Additionally, The positive rate of Bregs
in DCIS patients was significantly lower than that in IDC
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Fig.3 Regulatory T cells in TIL aggregates. Foxp3-positive Tregs
are localized in parafollicles in TIL aggregates (a) and superfi-
cial regions of tumor (b). There is no difference in the positive
rate of patients with Tregs in TIL aggregates and Tregs in superfi-
cial regions (p=0.1045) (c). Metastasis-free survival (MFS) of
patients with Tregs in superficial regions is not different from that

patients. These data indicate that Bregs in TIL aggregates
are related to invasion and metastasis of breast cancer cells.
TIL aggregates in marginal regions show lymphoid follicle-
like structure and these TILs are considered as a platform
to produce Bregs. Furthermore, Tregs may be induced by
Bregs in these TIL platforms.

Recently, there are many articles about the immune reac-
tion surrounding DCIS [34-37]. These reports showed that
DCIS which was microinvasive, of high grade and high
malignancy (ER negative, Her2 positive or high prolifera-
tion) was with higher immune reaction (CD4 T cells, CD 8
T cells and B cells) than DCIS which was not microinvasive,
of low grade and low malignancy. These immune reactions
were considered as a barometer for systemic therapies in
DCIS patients. In this study, we evaluated TIL aggregates
and Bregs in patients with pure DCIS. Compared to IDC
patients, the absolute number of TIL aggregates in tumor
was low in DCIS patients. However, some DCIS cases of
high grade and ER negative showed TIL aggregates around
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without (p=0.4370) (d). In contrast, MFS of patients with Tregs
in TIL aggregates is significantly shorter than that in patients with-
out (p=0.0102) (e). The rate of patients with Tregs in TIL aggre-
gates is significantly correlated to that with Bregs in TIL aggregates
(p<0.0001) ()

DCIS lesion. Similar to IDC patients, most TIL aggre-
gates may be only host’s response to tumor proliferation.
However, about 20% patients showed Bregs in TIL aggre-
gates. Because the absolute number of TIL aggregates as
platform that Bregs induced Tregs is low, Bregs of DCIS
patients may not cause metastasis directly. However, TIL
aggregates are increased in high-grade and high-malignancy
DCIS. Furthermore, MFS of IDC patients with Breags in
TIL aggregates was significantly shorter than that without
Bregs. Then, DCIS patients with Bregs in TIL aggregates,
especially with high grade and high malignancy, should be
given consideration to systemic therapy.

In this study, we considered CD25-positive B cells or
IL10-positive B cells as Bregs. There was significant cor-
relation between the positive rates of CD25 and IL10 in
CD19-positive B cells (data not shown). Patients with
CD25-positive B cells were in strict correspondence with
patients with IL10-positive B cells. Naturally, there were
patients with single-positive CD25 or IL10. There was no
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Fig.4 Coexistence of regulatory B cells and regulatory T cells in TIL
aggregates. To evaluate the correlation of regulatory B cells (Bregs)
and regulatory T cells (Tregs) in TIL aggregates, the correlations of
the numbers of CD25-positive Bregs (4 levels: score 0-3) and IL10-
positive Bregs (3 level: score 0-2) to Foxp3-positive Tregs (3 levels:

clinical difference among patients with CD25 and IL10 dou-
ble positive, CD25 single positive and IL10 single positive
(data not shown). Then, we regarded CD25-positive B cells
and IL10-positive B cells as Bregs collectively.

Recently, Olkhanud et al. reported that tumor-evoked
CD19-positive and CD25-positive Bregs induced Tregs,
and they were related to lung metastasis of breast cancer
cells in vivo [38]. In the present study, there was a close
relationship between CD25-positive B cells and Tregs in
TIL aggregates in breast cancer patients. Furthermore,
there was also a close relationship between IL10-positive

score 0-2) were examined. The numbers of CD25-positive Bregs and
IL10-positive Bregs are closely related to the number of Foxp3-posi-
tive Tregs (a). Metastasis-free survival (MFS) is significantly shorter
for patients with the coexistence of Bregs and Tregs in TIL aggre-
gates than in those with Tregs alone (p=0.0475) (b)

B cells and Tregs in TIL aggregates. Thus, CD25-positive
or IL10-positive B cells were considered Bregs in the pre-
sent study, and the coexistence of Bregs and Tregs in TIL
aggregates was shown to be an independent prognostic fac-
tor in breast cancer patients. Furthermore, a comparison of
MEFS between patients with coexistence of Bregs and Tregs
in TIL aggregates and patients with Tregs alone confirmed
the clinical significance of the coexistence of Bregs and
Tregs in TIL aggregates.

There have been two previous reports about the rela-
tionship between the localization of Tregs in tumors and
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Table 3 Metastasis-free survival analysis of the 258 invasive breast cancer patients using a Cox proportional hazards model

Univariate Multivariate

HR 95% CI p value HR 95 %CIl p value
T2-4/T1 3.22 1.69-6.65 <0.001* 2.44 1.24-5.16 0.009*
Histological grade (3/1, 2) 2.86 1.60-5.07 <0.001%* 1.99 1.02-3.84 0.042*
Node metastasis (>4/<4) 241 1.33-4.28 0.004* 1.47 0.76-2.75 0.245
Estrogen receptor (—/+) 1.96 1.02-3.60 0.045* 1.01 0.47-2.06 0.978
Progesterone receptor (—/4) 1.08 0.56-1.98 0.810
Her2 (+/-) 1.46 0.63-2.96 0.351
Ki67 (> 15%/<15%) 1.71 0.97-3.10 0.066
ly 1.91 1.07-3.50 0.029* 1.32 0.69-2.56 0.397
CD25 or IL10 Bregs and Tregs 2.98 1.63-5.30 <0.001* 2.44 1.29-4.53 0.007*

HR hazard ratio, CI confidence interval, Her2 human epidermal growth factor receptor 2

#p <0.05

prognosis in breast cancer patients [39, 40]. Menetrier-
Caux et al. showed that Tregs in TIL aggregates in mar-
ginal regions of tumors, not Tregs in the tumor bed, were
correlated with a worse prognosis in breast cancer patients
[39]. Kim et al. showed similarly that Tregs in peripheral
regions, not Tregs in the tumor bed, were correlated with
a worse prognosis in breast cancer patients [40]. In the
present paper, it was clearly demonstrated that Tregs in
parafollicles in TIL aggregate with Bregs, not Tregs in
superficial regions of tumors.

Previous study demonstrated that Bregs induce Tregs.
In this study, the number of Tregs was closely correlated
with that of Bregs in TIL aggregates in marginal regions of
tumors. Furthermore, MFS was significantly shorter in the
coexistence of Tregs and Bregs in TIL aggregate than in
the Tregs alone. These data suggested the clinical impor-
tance of Bregs in breast cancer progression.

In this study, Bregs were evaluated in serial sections of
specimens. In patients with TIL aggregates, some showed
germinal center formation in B-cell follicles in TIL aggre-
gates. There was no difference in MFS between patients with
and without germinal center formation in TIL aggregates
(data not shown). Most Bregs in TIL aggregates were not in
the germinal centers, but in B-cell follicles around the ger-
minal centers. CD3-positive T cells were in germinal centers
of TIL aggregates and not in B-cell follicles around germinal
centers. All lymphoid cells in B-cell follicles around germi-
nal centers were considered CD19-positive B cells. Thus,
IHC was performed with CD25 and IL10, and these posi-
tive cells were considered CD19-positive and CD25-positive
Bregs and CD19-positive and IL10-positive Bregs.

In conclusion, the present results suggest that TIL
aggregates are formed by proliferation of breast cancer
cells as a host response, but if Bregs are induced in TIL
aggregates, Bregs may induce Tregs in TIL aggregates
against tumor immunity and encourage metastasis of

@ Springer

breast cancer cells. Bregs are expected to become a new
diagnostic and therapeutic target in breast cancer patients.
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