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Abstract

The immune status of patients can impact on the clinical course of cancer. Lymph node (LN)
macrophages play critical roles in anti-cancer immunity via the activation of cytotoxic T-lym-
phocytes (CTLs). In this study, the prognostic significance of CD169* LN macrophages was
examined in patients with breast cancer. For this purpose the number of CD169" cells and
their ratio relative to total macrophages (CD68%) in regional LNs (RLNSs), as well as the num-
ber of CD8" CTLs in tumor tissues, were investigated using immunohistochemistry of paraf-
fin-embedded tissue samples from 146 patients with breast cancer. The association of
these data with clinicopathological factors was then analyzed. The number of cells positive
for the pan-macrophage marker CD68 remained relatively uniform, while the number of
CD169* cells varied across all cases. Moreover, a high density of CD169* cells correlated
with early clinical stage and no LN metastasis, while a higher CD169* to CD68* ratio was
significantly associated with small tumor size and a low Ki-67" rate. There was also a signifi-
cant correlation between the number of CD8" CTLs and that of CD169" macrophages in
high grade breast cancer cases with a Ki-67 index greater than 40%. However, neither the
density nor the ratio of CD169* cells, nor the density of CD8* CTLs, were associated with
relapse-free survival, distant relapse-free survival, or breast cancer-specific survival. These
findings suggest that CD169* macrophages in RLNs might be a useful marker for assessing
clinical stage, including LN states, in patients with breast cancer.

Introduction

Breast cancer is a frequent malignant tumor that occurs predominantly in women. The num-
ber of patients affected by this disease has continuously increased in recent years. It is well
established that breast cancer cell metastasis to the axillary lymph node is associated with
increased mortality [1, 2]. Notably, the immune status of patients can influence its clinical
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course [3]. For instance, decreased infiltration of CD8" cytotoxic T-lymphocytes (CTLs) in
tumor has been associated with lymph node metastasis and poor response to neoadjuvant che-
motherapy [4-6], while the activation of immune responses has been related to improved
overall survival in patients with breast cancer [7]. Thus, an anti-cancer immune status is
thought to be important for preventing cancer recurrence and metastasis. However, the mech-
anisms related to the induction or maintenance of anti-cancer immune reactions are not fully
understood.

Macrophages play an important role in the immune system. Their functions include phago-
cytosis, cytokine secretion, and antigen presentation. It is widely accepted that classically
activated (M1) macrophages preferentially contribute to the activation of Thl type immune
reactions, while alternatively activated (M2) macrophages are associated with Th2 type
immune reactions or tolerance [8, 9].

Recent findings indicate that the immune balance in the tumor-draining regional lymph
node (RLN) is significantly involved in anti-cancer immune responses. Moreover, phenotypic
change related to the Th1/Th2 immune balance in the LN has been related to clinical course in
patients with breast cancer or melanoma [10, 11]. CD169" sinus macrophages have been
shown to activate CTLs by presentation of dead cell-associated cancer antigens in LNs (Fig
1A); in contrast, their depletion abrogates the establishment of an anti-cancer immune
response [12]. Thus, sinus macrophages in RLNs are believed to play an important role in
anti-cancer immune responses [13, 14].

CD169, also known as Sialoadhesin or sialic acid-binding immunoglobulin-like lectin
(Siglec)-1, is a cell surface marker on macrophages that belongs to the Siglec family and that
functions as a sialic acid receptor. CD169 is expressed on macrophages of secondary lym-
phoid tissues such as those of the lymph node or spleen [15]. More specifically, these
CD169" macrophages are found at the marginal zone of the spleen and at the subcapsular
sinus of the lymph node. At these sites, CD169" macrophages are readily able to encounter
pathogens and present antigens to immune cells [16, 17]. CD169 is considered to be a marker
of M1 macrophages because it is upregulated in human macrophages by stimulation with
interferons [18].

Based on the above information, we speculated that CD169" macrophages in RLNs might
play a role in the establishment and maintenance of anti-cancer immunity. We therefore eval-
uated the relationships between CD169" macrophages in RLNs and clinicopathological factors
in patients with breast cancer.

Materials and Methods
Patients

Paraffin-embedded tumor and matched RLN samples were prepared from 167 patients who
were diagnosed with ductal carcinoma (21 with ductal carcinoma in situ and 146 with invasive
ductal carcinoma) between 2001-2008 at Kumamoto University Hospital. For the analysis of
CD8" lymphocytes in primary lesions, 136 patient samples were examined. The remaining 10
samples were unsuitable for evaluation. With respect to clinicopathological factors, estrogen
receptor (ER) values were missing for 2 patients, while Ki-67 data were missing for 5 out of the
146 patient RLN samples and for 4 out of 136 patient tumor samples. Patients were not treated
with neoadjuvant chemotherapy. After surgery, patients were followed for a median period of
86 months (range 1-159 months). Axillary lymph nodes, including sentinel and non-sentinel
lymph nodes, were used as RLNs. In cases with LN metastasis, only cancer cell-free LNs were
used for the analysis. All samples were obtained with informed patient consent in accordance
with protocols approved by the Human Ethics Review Committee of Kumamoto University
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Fig 1. Representative immunostaining of CD8, CD68, and CD169. Tumor infiltrating CD8* lymphocytes were evaluated in primary cancer
tissues, while CD68* and CD169" sinus macrophages were evaluated in RLNs (A). Representative images of CD8 (B) and of CD68 and
CD169 (C) immunostaining. HE, Hematoxylin-Eosin staining.

doi:10.1371/journal.pone.0166680.9001

(No.1176). The participants provide their written informed consent to participate in this
study. The present study data are managed and protected by the Department of Breast and
Endocrine Surgery, Graduate School of Medical Science, Kumamoto University. Tissue sam-
ples were fixed in 10% neutral buffered formalin and were embedded in paraffin as per routine
methodology. Patient characteristics are indicated in SI Table.

PLOS ONE | DOI:10.1371/journal.pone.0166680 November 18, 2016 3/13



@° PLOS | ONE

CD169* Sinus Macrophages in Breast Cancer

Immunostaining and cell counting

Immunohistochemical staining was performed on 3 pm-thick sections obtained from paraf-
fin-embedded tissues. Mouse monoclonal antibodies against CD68 (clone PG-M1; Dako,
Glostrup, Denmark), CD8 (clone C8/144B; Nichirei, Tokyo, Japan) and CD169 (clone
HSn7D2; Santa Cruz Biotechnology, CA) were used. After the samples were reacted with pri-
mary antibodies, they were incubated with horseradish peroxidase-labeled secondary anti-
mouse antibody (Nichirei, Tokyo, Japan). Signals were visualized using the diaminobenzidine
system (Nichirei, Tokyo, Japan). Normal mouse immunoglobulin (DAKO, Glostrup, Den-
mark) was used as a negative control and no signal was observed in those control sections.
Data regarding the Ki-67 labeling index, as well as the statuses of ER, PgR, and Her2, were pre-
viously evaluated by our research group [19, 20]. CD68-, CD169-, and CD8-positive staining
was counted in four randomly selected fields-of-view by two pathologists (TS and YM) who
were blind to patient information. The average numbers of counted cells were determined and
were used to calculate the number per mm?. To evaluate lymph node metastasis, sinus macro-
phages were counted in non-metastatic regions. The detailed methods of cell counting in
RLNs have been previously described [21].

Statistical analysis

JMP10 (SAS Institute, Chicago, IL, USA) was used for statistical analysis. The cumulative sur-
vival rate was compared between two groups using a log-rank test and was generalized using
the Wilcoxon test. The median was used as the cutoff value for the comparison of two groups.
Since the data were non-parametric the Mann-Whitney U and Kruskal-Wallis tests were used.
A p-value of <0.05 was considered to represent a statistically significant difference.

Results

A high density of CD169" macrophages is associated with small tumor
size, no lymph node metastasis, early clinical stage, and a low Ki-67 index

To investigate the prognostic value of CD169" macrophages in breast cancer, we first compared
their density in RLNs to that of CD8" CTLs in resected primary tumors (Fig 1A) of paired
patient samples, and then determined their correlation with clinicopathological features.
Immunostaining of CD8" lymphocytes is shown in Fig 1B and S1A Fig, while that of CD68"
and CD169" macrophages is shown in Fig 1C, and S1A Fig The average density of CD68" pan-
macrophages in the RLN sinus area was 909.56 cells/mm” (n = 146, range = 484.27-1397.67,
median = 904.22) (S1B Fig). There were no significant differences in the density of CD68" mac-
rophages across cases or in their correlation with clinicopathological factors (Fig 1C, Table 1).
In contrast, the density of CD169" macrophages in the RLN sinus area, as well as their ratio rel-
ative to CD68" macrophages, did vary across cases (n = 146, number of cells/mm? (ratio): aver-
age = 585.05 (64.78), range = 1.00-1282.55 (0.40-143.36), median = 596.83 (65.37)) (Fig 1C,
and S1B Fig). When the density of CD169" macrophages was examined in cases with and with-
out LN metastasis, it was significantly higher in cases without LN metastasis than in those with
LN metastasis; the average density was 643.61 cells/mm” (range = 1.00-1282.55) and 485.09
cells/mm? (range = 3.78-1066.9), respectively (p = 0.0012). Additionally, the ratio of CD169"
macrophages relative to total macrophage numbers, as represented by CD68™ cells, was signifi-
cantly higher in samples without LN metastasis (72.3, range = 0.94-143.36) than in those with
LN metastasis (51.95, range = 0.4-112.93) (p<0.0001) (Table 1, Fig 2A). A greater number

and higher ratio of CD169" macrophages were also associated with small tumors of <2 cm in
size (n = 62; number of cells/mm? (ratio): average = 642.86 (73.76), range = 1.00-1282.55
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Table 1. Association of CD169", CD68*, and CD8"expressing cells with clinicopathological parameters in the invasive breast cancer cohort.

Clinical Parameters

N

Age

<55 70

=56 (=median) 76
Menopause

Pre- 46

Post- 100
Tumor size

<2cm 62

=2cm 84
Clinical stage

Stagei 57

Stage2,3 89
Nodal status

Negative 92

Positive 54
Nuclear grade

Grade 1 71

Grade 2,3 75
ERa

negative 37

positive 107
PgR

negative 51

positive 95
HER2

negative 116

positive 30
Ki67

<20% 48

220% 93

doi:10.1371/journal.pone.0166680.1001

CD68(/mm?2) CD169(/mm2) CD169/CD68(%) CD8(/mm2)
Mean p value Mean p value Mean p value N Mean p value
915.66 0.80 555.89 0.24 61.61 0.21 64 173.89 0.68
903.94 611.90 67.69 72 186.11
912.12 0.95 579.46 0.79 63.65 0.70 93 183.66 0.80
908.38 587.62 65.30 43 173.21
888.78 0.20 642.86 0.029 73.76 0.002 58 165.06 0.58
924.90 542.37 58.15 78 191.74
875.00 0.074 660.00 0.009 76.40 <0.001 52 160.86 0.31
932.00 537.00 57.40 84 192.43
903.07 0.56 643.71 0.001 72.30 <0.001 85 171.08 0.43
920.62 485.09 51.95 51 195.82
901.65 0.58 616.12 0.19 69.32 0.083 65 160.78 0.053
917.05 555.63 60.48 71 198.28
935.68 0.40 544.57 0.25 58.45 0.15 34 209.34 0.20
896.80 596.44 66.96 100 168.60
909.63 0.92 542.64 0.15 59.66 0.12 47 215.07 0.053
909.52 607.81 67.52 89 162.03
906.70 0.82 598.98 0.20 66.65 0.12 111 172.25 0.14
920.62 531.18 57.52 25 216.38
875.10 0.13 625.80 0.083 72.52 0.005 44 139.63 0.023
932.19 551.76 58.90 88 198.16

(0.40-143.36), median = 678.17 (77.10)) rather than with tumors that were >2 cm in size

(n = 84, number of cells/mm? (ratio): average = 542.37 (58.15), range = 11.35-1109.06 (1.98—
113.73), median = 544.80 (58.60)) (number, p = 0.029; ratio, p = 0.002) (Table 1). Moreover, the
ratio of CD169" to CD68™ macrophages was negatively correlated with clinical stage (p<0.001)
(Fig 2B). Additionally, the number of CD169" cells and their ratio to CD68" macrophages were
negatively correlated with the Ki-67 index (p = 0.0446) (Table 1, Fig 2C). No significant correla-
tions were detected between the density of CD169" cells or the CD169"/CD68" macrophage
ratio and clinical prognoses such as relapse-free survival (RFS), distant relapse-free survival
(DRES), or breast cancer-specific survival (BCSS) (Fig 2D, Tables 2-4).

The density of CD8" lymphocytes is not associated with
clinicopathological factors or RLN macrophages

Since the infiltration of CD8+ lymphocytes in tumor tissue indicates an anti-cancer immune
response, we determined CD8+ cell density in tumors, compared it to that of CD169"
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Fig 2. Statistical analysis of associations of sinus macrophages with clinicopathological factors.
Analysis of the association of CD169" macrophage density and the CD169*/CD68" macrophage ratio with LN
metastasis (A), clinical stage (B), the Ki-67 index (C) and prognosis (D). The Mann-Whitney U test and
Kruskal-Wallis tests were performed to examine the prognostic value of CD169 in (D).

doi:10.1371/journal.pone.0166680.9002
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Table 2. Univariate and multivariate analysis of factors for relapse-free survival.

Variables

Menopause
Tumor size
Clinical stage
Nodal status
Nuclear Grade
ERa

PgR

Her2

Ki67

CD68

CD169
CD169/CD68
CcD8

pre vs. post
=2cmyvs. >2cm
1vs2,3

positive vs. negative
1vs2,3

negative vs. positive
negative vs. positive
positive vs. negative
>20% vs. =20%

low vs. high

low vs. high

low vs. high

low vs. high

doi:10.1371/journal.pone.0166680.t002

Reference Univariate analysis Multivariate analysis
p value HR 95% CI p value HR 95% CI
Lower Upper Lower Upper
post 0.22 1.91 0.67 5.33
=2cm 0.17 2.14 0.73 7.74 0.35 2.63 0.39 25.3
1 0.31 1.77 0.61 6.4 0.77 0.72 0.091 5.98
negative 0.19 1.96 0.71 5.6
1 0.21 1.96 0.7 6.31
positive 0.0017 5.23 1.88 15.6 0.0054 9.41 1.91 48.2
positive 0.11 2.28 0.82 6.51 0.32 0.44 0.085 2.22
negative 0.59 1.38 0.38 4.04 0.45 0.60 0.14 2.24
=20% 0.049 3.63 1 23.2 0.40 1.95 0.44 13.6
low 0.76 1.17 0.42 3.35
high 0.78 0.86 0.3 2.4 0.54 0.57 0.11 3.64
high 0.74 1.18 0.43 3.38 0.68 1.46 0.22 7.84
high 0.86 0.92 0.32 2.55 0.91 0.94 0.31 2.78

macrophages in matched RLN tissues, and further determined its correlation with clinico-
pathological factors. Based on previous studies, we expected that the CD169" macrophage cell
density, or the CD169*/CD68" macrophage ratio, would be associated with the density of
CD8" lymphocytes; however, no significant correlations were detected (density, p = 0.415;
ratio, p = 0.295) (Fig 3A). There were also no significant correlations between the density of
CD8" lymphocytes and clinicopathological factors (Table 1, Fig 3B, and S2 Fig).

A high density of CD8" lymphocytes is associated with a high density of
CD169" macrophages and a low incidence of LN metastasis in high
grade breast cancer cases

Next, we evaluated the relationships between CD169" macrophages and CD8" lymphocytes in
cases with higher malignant potential, as indicated by a Ki-67 index of >40%. Interestingly,

Table 3. Univariate and multivariate analysis of factors for distant relapse-free survival.

Variables Reference Univariate analysis Multivariate analysis
p value HR 95% CI p value HR 95% CI

Lower Upper Lower Upper
Menopause pre vs. post post 0.76 1.19 0.37 3.45
Tumor size =2cmvs. >2cm =2cm 0.15 2.41 0.74 10.8 0.62 1.80 0.21 23.3
Clinical stage 1vs2,3 1 0.31 1.89 0.57 8.52 0.81 1.33 0.14 15.6
Nodal status positive vs. negative negative 0.16 2.14 0.74 6.54
Nuclear Grade 1vs2,3 1 04 1.59 0.54 5.2
ERa negative vs. positive positive 0.0003 7.43 2.46 27.3 0.0034 9.29 2.06 48.2
PgR negative vs. positive positive 0.014 4.06 1.32 15.1 0.86 1.16 0.23 6.12
Her2 positive vs. negative negative 0.75 1.22 0.33 3.72 0.083 0.30 0.063 1.17
Ki67 >20% vs. =20% =20% 0.027 6.05 1.18 110.5 0.29 2.77 0.47 52.8
CD68 low vs. high low 0.74 0.82 0.41 3.66
CD169 low vs. high high 0.74 0.84 0.28 2.48 0.63 0.61 0.096 5.25
CD169/CD68 low vs. high high 0.86 1.1 0.36 3.44 1.00 0.99 0.10 6.80
CcD8 low vs. high high 0.93 1.05 0.36 3.08 0.77 1.18 0.38 3.75
doi:10.1371/journal.pone.0166680.t003
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Table 4. Univariate and multivariate analysis of factors for breast cancer-specific survival.

Variables

Menopause
Tumor size
Clinical stage
Nodal status
Nuclear Grade
ERa

PgR

Her2

Ki67

CD68

CD169
CD169/CD68
CcD8

pre vs. post
=2cmyvs. >2cm
1vs2,3

positive vs. negative
1vs2,3

negative vs. positive
negative vs. positive
positive vs. negative
>20% vs. =20%

low vs. high

low vs. high

low vs. high

low vs. high

doi:10.1371/journal.pone.0166680.t004

Reference Univariate analysis Multivariate analysis
p value HR 95% CI p value HR 95% CI
Lower Upper Lower Upper
post 0.79 1.18 0.31 3.92
=2cm 0.11 3.14 0.8 20.7 0.081 15.1 0.74 438.9
1 0.53 1.52 0.43 6.99 0.32 0.23 0.015 418
negative 0.32 1.84 0.55 6.4
1 0.16 2.47 0.71 11.3
positive <0.001 14 3.61 92.2 0.0012 18.7 2.97 172.9
positive 0.013 4.78 1.37 21.9 0.95 0.94 0.16 6.57
negative 0.78 1.22 0.26 4.24 0.22 0.38 0.069 1.77
=20% 0.054 0.97 0.41 94 0.72 1.50 0.20 30.6
low 0.73 0.81 0.23 2.71
high 0.3 0.53 0.14 1.75 0.55 0.49 0.060 5.55
high 0.74 0.82 0.24 2.72 0.75 0.68 0.048 6.07
high 0.82 0.87 0.25 2.89 0.75 0.80 0.19 3.09

analysis of these cases indicated that a high density of CD8" lymphocytes was associated with a
high density of CD169" macrophages (p = 0.0481) (Fig 3C). When the association of CD8"
lymphocyte density with LN metastasis was considered in these Ki-67-high cases, a higher den-
sity of CD8" lymphocytes was observed in cases without LN metastasis (n = 25, average =
235.08, range = 6.86-559.58, median = 224.89) than in those with LN metastasis (n = 25, aver-
age = 152.43, range = 15.28-385.37, median = 126.64) (p = 0.0478) (Fig 3D).

Discussion

We demonstrated that the CD169" cell density and the CD169"/CD68" macrophage ratio in
the RLNs of breast cancer patients correlated with early clinical stage and no LN metastasis as
well as with an increased density of CD8" lymphocytes in cases with a Ki-67 index of >40%.
These findings are in line with a previous study that showed that CD169" cells in RLNs are
closely associated with the priming of antigen-specific CTLs [12]. Dendritic cells are thought to
be the most professional antigen-presenting cells in LNs. Recently, however, Benhard et al.
reported that sinus CD169" macrophages induce antigen-specific CTLs in the context of den-
dritic cell depletion [22]. Our previous studies also demonstrated significant associations
between CD169" cells in RLNs and CD8" CTL infiltration in primary cancer tissues derived
from colorectal cancer and malignant melanoma. Moreover, we reported that patients with a
higher CD169" cell number or higher CD169"/CD68" macrophage ratio in RLNs had a better
clinical prognosis than those with lower levels of CD169" cells in those cancers [18, 21]. In the
present study, significant correlations were detected between CD169" cells in RLNs and CD8"
CTL infiltration in primary cancer tissues only in cases with a Ki-67 index of >40%. Since Ki-
67 is a marker of cell proliferation, these data suggest that CD169" cells in RLNs might be specif-
ically involved in the priming of CD8" CTLs in breast cancers with higher malignant potential.
CD169" macrophages might also contribute to anti-cancer immunity through additional
mechanisms. Regulatory T cells (Treg) express CD169 ligands on their surface that allow their
interaction with CD169" macrophages, which results in inflammation by CD169" macrophage-
mediated Treg suppression [23]. CD169" macrophages have also been demonstrated to uptake
and present lipid antigens that can lead to iNKT cell activation [24]. Thus, CD169" macro-
phages might influence Treg or iNKT cells in RLNSs to thereby impact on anti-cancer immunity.
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Fig 3. Statistical analysis of associations of CD8* lymphocytes with CD169* macrophages and clinicopathological
factors. Analysis of the association of CD8* lymphocyte density with CD169" macrophage density (upper) and the CD169*/CD68*
macrophage ratio (lower) (A) and with LN metastasis (B) in all cases. Similar analyses to (A) and (B) that were performed in cases
with a high Ki-67 index (>40%) are shown in (C) and (D), respectively.

doi:10.1371/journal.pone.0166680.g003
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Regarding the exact mechanism by which macrophage CD169 is activated, we have previously
shown that CD169 expression is significantly upregulated by type 1 interferon (IFN), suggesting
that its expression on sinus macrophages could be influenced by IFN-a secreting infiltrating
macrophages and plasmacytoid dendritic cells in RLNs [21]. Further studies related to Treg and
iNKT cells are necessary to uncover the detailed mechanisms that underlie the induction of
anti-cancer immune responses by CD169" macrophages in breast cancer.

A high density of CD8" CTLs shows a good correlation with better clinical prognosis in sev-
eral malignant tumors such as colorectal cancer and bladder cancer [25, 26]. In breast cancer,
a higher density of either CD3" or CD8" lymphocytes predicted better response to neoadju-
vant chemotherapy [27, 28]. Furthermore, CDS8" CTL infiltration in primary breast cancer
suppressed brain metastasis [29]. However, few reports have shown a significant correlation
between CD8" lymphocytes and clinical prognosis. In one such previous study, Menard et al.
reported that a high number of infiltrating CD8" lymphocytes in breast cancer was associated
with better prognosis in patients younger than 40 years old but not in those older than 40 years
old [30]. Although it would have been interesting to evaluate the prognostic value of CD169"
cells in RLNs and CD8" CTL infiltration in primary cancer tissues using this age cut-off, our
dataset only had a few cases where patients were younger than 40 years old (n = 9) and there-
fore statistical analysis using such an age cut-off was not performed. In another study, Liu et al.
demonstrated that CD8" tumor infiltrating lymphocytes were an independent prognostic fac-
tor associated with better patient survival in basal-like triple negative breast cancer (ITNBC)
[31]. Indeed, TNBC:s are associated with an increased cytotoxic T-cell-mediated immune
response, although the presence of programmed cell death receptor ligand 1, an immune
checkpoint molecule, is able to suppress T-cell activation [32]. The current dataset had only a
tew cases of TNBC (n = 17), and therefore analysis of this subset was not performed. However,
it would be of interest in future studies to evaluate the statistical correlation between CD169"
cells in RLNs and CD8" CTL infiltration in TNBCs.

When we focused on cases with a high Ki67 index of >40%, cases with a high density of
CD8" T cells showed a tendency to have a better prognosis than those with a low CD8" T cell
density (S2A and S2B Fig). In future studies, investigation of a larger cohort of patients with a
high Ki67 index would help to more fully comprehend the relationships between CD8+ T cell
infiltration and clinical prognosis. In the present study, we were unable to determine why the
CD169" cell density and the CD169"/CD68" macrophage ratio in RLNs correlated with clini-
cal stage and LN metastasis. However, many other studies that used animal models have sug-
gested that CD169" macrophages are significantly involved in anti-cancer immune responses,
and therefore such responses may be involved in these correlations.

Immunotherapy is of interest as a new anti-cancer therapy; however, there are few bio-
markers for evaluating anti-cancer immune responses. Many studies are now being carried
out in an attempt to develop methods by which anti-cancer immune responses can be evalu-
ated in order to predict the anti-cancer effect of immune-checkpoint inhibitors. While further
work is required, our study suggests that the CD169" cell density and the proportion of
CD169" to CD68" macrophages in RLNs might be useful for examination of the status of anti-
cancer immune responses. Moreover, these parameters might also represent a useful marker
for assessment of clinical stage including LN status in patients with breast cancer.

Supporting Information

S1 Fig. Images of immunostaining of CD8 and CD169 in other cases (scale bar, 100 pm) (A).
Scatter diagrams for CD68 and CD169 (B).
(TTF)
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S2 Fig. Statistical analysis of the associations of CD8" lymphocytes with clinical prognosis
in all cases (A) and in cases with a high Ki-67 index (>40%) (B).
(TIF)

S1 Table. Patient characteristics.
(DOCX)

Acknowledgments

We sincerely thank Ms. Yui Hayashida, Mr. Osamu Nakamura, and Mr. Takenobu Nakagawa
for providing valuable technical assistance. This study was supported in part by Grants-in-Aid
for Scientific Research (26460454) from the Ministry of Education, Culture, Sports, Science,
and Technology of Japan.

Author Contributions
Conceptualization: YK KO.
Data curation: TS YM.

Formal analysis: TS YM.
Investigation: TS YM.
Methodology: YK KO.

Project administration: MT YK.
Resources: MI YY HI.
Supervision: MT HI.
Validation: YK.

Visualization: TS.

Writing - original draft: TS.
Writing - review & editing: YK KO MT.

References

1. Darby S, McGale P, Correa C, Taylor C, Arriagada R, Clarke M, et al. Effect of radiotherapy after
breast-conserving surgery on 10-year recurrence and 15-year breast cancer death: meta-analysis of
individual patient data for 10,801 women in 17 randomised trials. Lancet. 2011; 378: 1707-16. doi: 10.
1016/S0140-6736(11)61629-2 PMID: 22019144

2. Rose BS, Jiang W, Punglia RS. Effect of ymph node metastasis size on breast cancer-specific and
overall survival in women with node-positive breast cancer. Breast Cancer Res Treat. 2015; 152: 209—
16. doi: 10.1007/s10549-015-3451-y PMID: 26041688

3. Vicente Conesa MA, Garcia-Martinez E, Gonzalez Billalabeitia E, Chaves Benito A, Garcia Garcia T,
Vicente Garcia V, et al. Predictive value of peripheral blood lymphocyte count in breast cancer patients
treated with primary chemotherapy. Breast. 2012; 21: 468—74. doi: 10.1016/j.breast.2011.11.002
PMID: 22119767

4. Kim ST, Jeong H, Woo OH, Seo JH, Kim A, Lee ES, et al. Tumor-infiltrating lymphocytes, tumor charac-
teristics, and recurrence in patients with early breast cancer. Am J Clin Oncol. 2013; 36: 224-31. doi:
10.1097/COC.0b013e3182467d90 PMID: 22495453

5. AnzD, Eiber S, Scholz C, Endres S, Kirchner T, Bourquin C, et al. In breast cancer, a high ratio of
tumour-infiltrating intraepithelial CD8" to FoxP3* cells is characteristic for the medullary subtype. Histo-
pathology. 2011; 59: 965—74. doi: 10.1111/j.1365-2559.2011.04040.x PMID: 22092408

PLOS ONE | DOI:10.1371/journal.pone.0166680 November 18, 2016 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166680.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0166680.s003
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://www.ncbi.nlm.nih.gov/pubmed/22019144
http://dx.doi.org/10.1007/s10549-015-3451-y
http://www.ncbi.nlm.nih.gov/pubmed/26041688
http://dx.doi.org/10.1016/j.breast.2011.11.002
http://www.ncbi.nlm.nih.gov/pubmed/22119767
http://dx.doi.org/10.1097/COC.0b013e3182467d90
http://www.ncbi.nlm.nih.gov/pubmed/22495453
http://dx.doi.org/10.1111/j.1365-2559.2011.04040.x
http://www.ncbi.nlm.nih.gov/pubmed/22092408

@° PLOS | ONE

CD169* Sinus Macrophages in Breast Cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Denkert C, Loibl S, Noske A, Roller M, Miiller BM, Komor M, et al. Tumor-associated lymphocytes as
an independent predictor of response to neoadjuvant chemotherapy in breast cancer. J Clin Oncol.
2010; 28: 105-13. doi: 10.1200/JC0O.2009.23.7370 PMID: 19917869

Takahashi R, Toh U, Iwakuma N, Takenaka M, Otsuka H, Furukawa M, et al. Feasibility study of per-
sonalized peptide vaccination for metastatic recurrent triple-negative breast cancer patients. Breast
Cancer Res. 2014; 16: R70. doi: 10.1186/bcr3685 PMID: 24992895

Gordon S, Martinez FO. Alternative activation of macrophages: mechanism and functions. Immunity.
2010; 32: 593-604. doi: 10.1016/j.immuni.2010.05.007 PMID: 20510870

Mills CD. Anatomy of a discovery: m1 and m2 macrophages. Front Immunol. 2015; 6:212. doi: 10.
3389/fimmu.2015.00212 PMID: 25999950

Kohrt HE, Nouri N, Nowels K, Johnson D, Holmes S, Lee PP. Profile of immune cells in axillary lymph
nodes predicts disease-free survival in breast cancer. PLoS Med. 2005; 2: e284. doi: 10.1371/journal.
pmed.0020284 PMID: 16124834

Grotz TE, Jakub JW, Mansfield AS, Goldenstein R, Enninga EA, Nevala WK, et al. Evidence of Th2
polarization of the sentinel lymph node (SLN) in melanoma. Oncoimmunology. 2015; 4: e1026504. doi:
10.1080/2162402X.2015.1026504 PMID: 26405583

Asano K, Nabeyama A, Miyake Y, Qiu CH, Kurita A, Tomura M, et al. CD169-positive macrophages
dominate antitumor immunity by crosspresenting dead cell-associated antigens. Immunity. 2011; 34:
85-95. doi: 10.1016/j.immuni.2010.12.011 PMID: 21194983

Martinez-Pomares L, Gordon S. CD169" macrophages at the crossroads of antigen presentation.
Trends Immunol. 2012; 33: 66-70. doi: 10.1016/}.it.2011.11.001 PMID: 22192781

Kuka M, lannacone M. The role of lymph node sinus macrophages in host defense. Ann N'Y Acad Sci.
2014; 1319: 38—46. doi: 10.1111/nyas.12387 PMID: 24592818

Hartnell A, Steel J, Turley H, Jones M, Jackson DG, Crocker PR. Characterization of human sialoadhe-
sin, a sialic acid binding receptor expressed by resident and inflammatory macrophage populations.
Blood. 2001; 97: 288-96. PMID: 11133773

Ravishankar B, Shinde R, Liu H, Chaudhary K, Bradley J, Lemos HP, et al. Marginal zone CD169+ mac-
rophages coordinate apoptotic cell-driven cellular recruitment and tolerance. Proc Natl Acad Sci U S A.
2014; 111:4215-20. doi: 10.1073/pnas.1320924111 PMID: 24591636

Prestwood TR, May MM, Plummer EM, Morar MM, Yauch LE, Shresta S. Trafficking and replication pat-
terns reveal splenic macrophages as major targets of dengue virus in mice. J Virol. 2012; 86: 12138—
47.doi: 10.1128/JV1.00375-12 PMID: 22933295

Ohnishi K, Komohara Y, Saito Y, Miyamoto Y, Watanabe M, Baba H, et al. CD169-positive macro-
phages in regional lymph nodes are associated with a favorable prognosis in patients with colorectal
carcinoma. Cancer Sci. 2013; 104: 1237—44. doi: 10.1111/cas.12212 PMID: 23734742

Yamamoto-lbusuki M, Yamamoto Y, Yamamoto S, Fujiwara S, Fu P, Honda Y, et al. Comparison of
prognostic values between combined immunohistochemical score of estrogen receptor, progesterone
receptor, human epidermal growth factor receptor 2, Ki-67 and the corresponding gene expression
score in breast cancer. Mod Pathol. 2013; 26: 79-86. doi: 10.1038/modpathol.2012.151 PMID:
22918168

Xu C, Yamamoto-Ibusuki M, Yamamoto Y, Yamamoto S, Fujiwara S, Murakami K| et al. High

survivin mRNA expression is a predictor of poor prognosis in breast cancer: a comparative study at the
mRNA and protein level. Breast Cancer. 2014; 21: 482-90. doi: 10.1007/s12282-012-0403-9 PMID:
22968628

Saito Y, Ohnishi K, Miyashita A, Nakahara S, Fujiwara Y, Horlad H, et al. Prognostic Significance of
CD169+ Lymph Node Sinus Macrophages in Patients with Malignant Melanoma. Cancer Immunol Res.
2015; 3: 1356-63. doi: 10.1158/2326-6066.CIR-14-0180 PMID: 26297710

Bernhard CA, Ried C, Kochanek S, Brocker T. CD169+ macrophages are sufficient for priming of CTLs
with specificities left out by cross-priming dendritic cells. Proc Natl Acad Sci U S A. 2015; 112: 5461-6.
doi: 10.1073/pnas.1423356112 PMID: 25922518

Wu C, Rauch U, Korpos E, Song J, Loser K, Crocker PR, et al. Sialoadhesin-positive macrophages
bind regulatory T cells, negatively controlling their expansion and autoimmune disease progression. J
Immunol. 2009 15; 182: 6508—16. doi: 10.4049/jimmunol.0804247 PMID: 19414805

Barral P, Polzella P, Bruckbauer A, van Rooijen N, Besra GS, Cerundolo V, et al. CD169(+) macro-
phages present lipid antigens to mediate early activation of INKT cells in lymph nodes. Nat Immunol.
2010; 11: 303—12. doi: 10.1038/ni.1853 PMID: 20228797

Naito Y, Saito K, Shiiba K, Ohuchi A, Saigeniji K, Nagura H, et al. CD8+ T cells infiltrated within cancer
cell nests as a prognostic factor in human colorectal cancer. Cancer Res. 1998; 58: 3491—4. PMID:
9721846

PLOS ONE | DOI:10.1371/journal.pone.0166680 November 18, 2016 12/13


http://dx.doi.org/10.1200/JCO.2009.23.7370
http://www.ncbi.nlm.nih.gov/pubmed/19917869
http://dx.doi.org/10.1186/bcr3685
http://www.ncbi.nlm.nih.gov/pubmed/24992895
http://dx.doi.org/10.1016/j.immuni.2010.05.007
http://www.ncbi.nlm.nih.gov/pubmed/20510870
http://dx.doi.org/10.3389/fimmu.2015.00212
http://dx.doi.org/10.3389/fimmu.2015.00212
http://www.ncbi.nlm.nih.gov/pubmed/25999950
http://dx.doi.org/10.1371/journal.pmed.0020284
http://dx.doi.org/10.1371/journal.pmed.0020284
http://www.ncbi.nlm.nih.gov/pubmed/16124834
http://dx.doi.org/10.1080/2162402X.2015.1026504
http://www.ncbi.nlm.nih.gov/pubmed/26405583
http://dx.doi.org/10.1016/j.immuni.2010.12.011
http://www.ncbi.nlm.nih.gov/pubmed/21194983
http://dx.doi.org/10.1016/j.it.2011.11.001
http://www.ncbi.nlm.nih.gov/pubmed/22192781
http://dx.doi.org/10.1111/nyas.12387
http://www.ncbi.nlm.nih.gov/pubmed/24592818
http://www.ncbi.nlm.nih.gov/pubmed/11133773
http://dx.doi.org/10.1073/pnas.1320924111
http://www.ncbi.nlm.nih.gov/pubmed/24591636
http://dx.doi.org/10.1128/JVI.00375-12
http://www.ncbi.nlm.nih.gov/pubmed/22933295
http://dx.doi.org/10.1111/cas.12212
http://www.ncbi.nlm.nih.gov/pubmed/23734742
http://dx.doi.org/10.1038/modpathol.2012.151
http://www.ncbi.nlm.nih.gov/pubmed/22918168
http://dx.doi.org/10.1007/s12282-012-0403-9
http://www.ncbi.nlm.nih.gov/pubmed/22968628
http://dx.doi.org/10.1158/2326-6066.CIR-14-0180
http://www.ncbi.nlm.nih.gov/pubmed/26297710
http://dx.doi.org/10.1073/pnas.1423356112
http://www.ncbi.nlm.nih.gov/pubmed/25922518
http://dx.doi.org/10.4049/jimmunol.0804247
http://www.ncbi.nlm.nih.gov/pubmed/19414805
http://dx.doi.org/10.1038/ni.1853
http://www.ncbi.nlm.nih.gov/pubmed/20228797
http://www.ncbi.nlm.nih.gov/pubmed/9721846

@° PLOS | ONE

CD169* Sinus Macrophages in Breast Cancer

26.

27.

28.

29.

30.

31.

32.

Sharma P, Shen Y, Wen S, Yamada S, Jungbluth AA, Gnjatic S, et al. CD8 tumor-infiltrating lympho-
cytes are predictive of survival in muscle-invasive urothelial carcinoma. Proc Natl Acad Sci U S A. 2007;
104: 3967—-72. doi: 10.1073/pnas.0611618104 PMID: 17360461

Brown JR, Wimberly H, Lannin DR, Nixon C, Rimm DL, Bossuyt V. Multiplexed quantitative analysis of
CD3, CD8, and CD20 predicts response to neoadjuvant chemotherapy in breast cancer. Clin Cancer
Res. 2014; 20: 5995-6005. doi: 10.1158/1078-0432.CCR-14-1622 PMID: 25255793

Miyashita M, Sasano H, Tamaki K, Chan M, Hirakawa H, Suzuki A, et al. Tumor-infiltrating CD8+ and
FOXP3+ lymphocytes in triple-negative breast cancer: its correlation with pathological complete
response to neoadjuvant chemotherapy. Breast Cancer Res Treat. 2014; 148: 525-34. doi: 10.1007/
$10549-014-3197-y PMID: 25395319

Liu Y, Komohara Y, Domenick N, Ohno M, Ikeura M, Hamilton RL, et al. Expression of antigen process-
ing and presenting molecules in brain metastasis of breast cancer. Cancer Immunol Immunother. 2012;
61:789-801. doi: 10.1007/s00262-011-1137-9 PMID: 22065046

Ménard S, Tomasic G, Casalini P, Balsari A, Pilotti S, Cascinelli N, et al. Lymphoid infiltration as a prog-
nostic variable for early-onset breast carcinomas. Clin Cancer Res. 1997; 3: 817-9. PMID: 9815754

Liu S, Lachapelle J, Leung S, Gao D, Foulkes WD, Nielsen TO. CD8" lymphocyte infiltration is an inde-
pendent favorable prognostic indicator in basal-like breast cancer. Breast Cancer Res. 2012; 14: R48.
doi: 10.1186/bcr3148 PMID: 22420471

Sabatier R, Finetti P, Mamessier E, Adelaide J, Chaffanet M, Ali HR, et al. Prognostic and predictive
value of PDL1 expression in breast cancer. Oncotarget. 2015; 6: 5449-64. doi: 10.18632/oncotarget.
3216 PMID: 25669979

PLOS ONE | DOI:10.1371/journal.pone.0166680 November 18, 2016 13/13


http://dx.doi.org/10.1073/pnas.0611618104
http://www.ncbi.nlm.nih.gov/pubmed/17360461
http://dx.doi.org/10.1158/1078-0432.CCR-14-1622
http://www.ncbi.nlm.nih.gov/pubmed/25255793
http://dx.doi.org/10.1007/s10549-014-3197-y
http://dx.doi.org/10.1007/s10549-014-3197-y
http://www.ncbi.nlm.nih.gov/pubmed/25395319
http://dx.doi.org/10.1007/s00262-011-1137-9
http://www.ncbi.nlm.nih.gov/pubmed/22065046
http://www.ncbi.nlm.nih.gov/pubmed/9815754
http://dx.doi.org/10.1186/bcr3148
http://www.ncbi.nlm.nih.gov/pubmed/22420471
http://dx.doi.org/10.18632/oncotarget.3216
http://dx.doi.org/10.18632/oncotarget.3216
http://www.ncbi.nlm.nih.gov/pubmed/25669979

