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Co-localization of CD169+ macrophages and cancer cells in lymph node metastases of 
breast cancer patients is linked to improved prognosis and PDL1 expression
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ABSTRACT
Breast cancer is the most common form of cancer in women worldwide. Although the survival among 
breast cancer patients has improved, there is still a large group of patients with dismal prognosis. One of 
the most important prognostic factors for poor prognosis is lymph node metastasis. Increasing knowledge 
concerning the lymph nodes of breast cancer patients indicates that they are affected by the primary 
tumor. In this study we show that presence of CD169+ subcapsular sinus macrophages in contact with 
lymph node metastases in breast cancer patients, is related to better prognosis after adjuvant tamoxifen 
treatment, but only in patients with PDL1+ primary tumors. This is in contrast to the prognostic effect of 
CD169+ primary tumor-associated macrophages (TAMs). We further show that CD169+ macrophages were 
spatially associated with expression of PDL1 on nearby cells, both in primary tumors and metastatic lymph 
node, although PDL1 expression in metastatic lymph node as such did not have further prognostic impact. 
Our data suggest that CD169+ resident lymph node macrophages have a unique function in targeting 
immune responses against breast cancer and should be further investigated in detail.
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Introduction

Breast cancer is the most common type of cancer among women 
and is divided into different subtypes depending on the status of 
estrogen receptor (ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), Ki67, and histological 
grade.1 Whereas breast cancers with a hormone receptor- 
positive status (ER+PR+) have a beneficial short-term prognosis, 
those that lack all three receptors (ER−PR−HER2−; triple- 
negative breast cancers; TNBC) have a worse prognosis.1 Still, 
for all breast cancer subtypes, the dissemination of tumor cells to 
the lymph nodes is one of the most significant prognostic factors 
associated with worse prognosis.2

Lymph nodes are secondary lymphoid organs where 
immune responses are mounted.2 It is here that the tumor- 
associated antigens are transported to be recognized by the 
adaptive immune response, so that a tumor-specific immune 
attack can be started. In the lymph nodes, cells of the innate 
immune response are present, with various functions, but one 
important function is to act as antigen-pesenting cells (APCs); 
to phagocytose and present foreign substances (antigens) to the 
adaptive lymphocytes (T cells and B cells). The most important 
APC for the activation of naïve T cells are dendritic cells (DCs), 
while macrophages can induce activation of effector or mem-
ory T cells and naïve B cells.3 Tumor antigens are mutated 
proteins that are present in the malignant cells. Evidence sug-
gest that tumor-draining lymph nodes are affected by the 
tumor, and that the immune balance in the lymph node affects 
the anti-tumor immune response.4,5

Conventional tumor-associated macrophages (TAMs) located 
in the primary tumor are mostly associated with a worse prognosis 
in cancer patients.6–9 In lymph nodes however, there are resident 
macrophages, that are subdivided into specific populations. One 
subtype of lymph node resident macrophages is the subcapsular 
sinus macrophages (CD169+).10,11 These specialized CD169+ 

macrophages surround the lymphoid follicles in lymph nodes 
and act as gate-keepers for antigen delivery.3 In mice, they have 
been proposed to be involved in the activation of B, T and NK cells, 
but also in regulating overt immune responses and Tregs.10,12–15 

The CD169+ macrophages have also been shown to be specialized 
in phagocytosing and bringing distant tumor cell antigens to the 
lymph nodes in mice.16 In humans, the presence of CD169+ 

macrophages in metastasis-free lymph nodes of cancer patients 
with endometrial, bladder, prostate, and colorectal cancer has 
previously been correlated to an improved prognosis.17–20 In con-
trast, a similar study on breast cancer patients showed that pre-
sence of lymph node CD169+ macrophages, in lymph nodes 
without metastasis, correlated to early tumor stage, but not to 
prognosis.21 High expression of SIGLEC1 (CD169) in primary 
breast tumors, on the other hand, is associated with shorter dis-
ease-specific survival in public datasets derived from tumor sam-
ples from breast cancer patients.22

During the last years, immune checkpoint inhibitors have 
revolutionized clinical care in oncology.23 Antibodies targeting 
CTLA4, PD1, and PDL1 have been evaluated with therapeutic 
success in many types of cancer. In breast cancer however, the 
success is hitherto more limited.24 The only example in breast 
cancer is the positive effect of anti-PDL1 (atezolizumab) – nab- 
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paclitaxel combination therapy in advanced TNBC.25 The reason 
to this is unknown and more information is needed to understand 
breast cancer-induced immune responses.24,26 PDL1 is expressed 
on both APCs and tumor cells.26 In cervical cancer patients, PDL1- 
expressing macrophages with immunosuppressive character have 
been found surrounding metastatic tumor cells in lymph nodes 
with metastasis,27 and this correlated with non-responsive, tolero-
genic lymphocytes.28 Interestingly, CD169+ macrophages are 
responsible for induction of PDL1 expression via local type 
I IFN production in viral infections, which lead to a local T cell 
exhaustion.12 Whether PDL1 is co-expressed with CD169, in 
vicinity of, or on the subset of CD169+ subcapsular sinus macro-
phages in lymph nodes with metastases and primary tumors of 
cancer patients, and what the consequences this would have on 
immune escape, is not known.

This study included patients with primary breast cancer who 
received 2 years of adjuvant tamoxifen. We retrieved tissue sam-
ples from primary tumors and synchronous lymph nodes with 
metastases. We investigated whether CD169+ subcapsular sinus 
lymph node macrophages, present in direct contact with cancer 
cells in lymph node metastases, as compared to CD169+ macro-
phages located in primary tumor (TAMs), would be a prognostic 
factor for breast cancer patients or not. We further investigated 
whether CD169+ lymph node and CD169+ primary tumor- 
associated macrophages were associated with PDL1 expression 
in breast cancer patients, as they are in viral infections,12 and 
how this correlated to prognosis.

Materials and methods

Patients

This study was based on a representative cohort of primary stage 2 
breast cancer patients (N = 445) from two prospective- 
randomized clinical trials that included patients from the South- 
Swedish Health Care Region during 1985–1994.29–31 At that time 
neither adjuvant chemotherapy nor anti-HER2 therapy were 
included in general treatment guidelines for primary breast cancer 
in the South Swedish Health Care Region. Only patients treated 
with 2 years of tamoxifen were included. Two of the premenopau-
sal patients received adjuvant chemotherapy in addition to tamox-
ifen. 159 patients were excluded due to loss of primary tumor and 
metastatic lymph node tissue, leaving 286 for the present study. 
272 samples were annotated for CD169 and PDL1 expression in 
primary tumor and 180 for metastatic lymph node. Matched 
primary tumor and lymph node samples were obtained from 
166 patients (Figure 1(a)). For CD68 staining, 261 samples were 
annotated for primary tumor and 184 for metastatic lymph node. 
Matched samples were obtained from 169 patients. For PD1 
staining, 263 samples were annotated for primary tumor and 177 
for metastatic lymph node. Matched samples were obtained from 
159 patients. Patient and tumor characteristics for the patients 
included, as well as those excluded, are summarized in Table 1. 
Ethical approval for the use of retrospective breast cancer and 
lymph node specimens (Dnr 240–01), IHC control lymph node 
(Dnr 2010/477), and IHC control tonsil (Dnr 2017/941) was 
obtained from the Regional Ethics Committee in Lund, Sweden, 
and have been handled all in accordance with the 1964 Helsinki 

declaration and its later amendments or comparable ethical 
standards.

Tissue microarray and immunohistochemistry

The expression levels of ER, PR, Ki67, and HER2 had been 
reevaluated on whole sections or tissue microarrays (TMAs) 
from paraffin-embedded tumor material as previously 
described.31,34,35 The experimental biomarkers in the present 
study were analyzed on TMAs. All cores were 1.0 mm in 
diameter.

Following antibodies and dilutions were used: anti-CD169 
(dilution 1:500, Spring M5160), anti-PDL1 (dilution 1:500, Cell 
Signaling 29122), anti-CD68 (dilution 1:1500, DAKO M0876) 
chosen at a dilution and time to highlight the variations in inten-
sity between macrophages located in different areas of a human 
lymph node as previously discussed by us in a recent review,36 

anti-PD1 (dilution 1:100, Abcam 137132). For control staining of 
metastasis-free lymph node and human tonsil see Figure 1(b,c). 
TMA-sections were automatically pre-treated using the PT Link 
system and then stained in an Autostainer Plus (DAKO) at pH9 
with an overnight staining protocol. As secondary antibody- 
staining protocol, a Double Stain Polymer Kit from Nordic 
Biosite (anti-mouse HRP (brown) and anti-rabbit AP (pink)) 
was used according to the manufacturer´s guidelines. The glass 
slides were fixed and mounted using xylene and Cyto Seal 
(DAKO).

Biomarker evaluation

CD169, CD68, and PDL1 staining was scored independently by 
three of the authors (FGB, NA and KL) and discordant scorings 
were discussed until consensus was reached. The density of 
CD169+ or CD68+ macrophages or PDL1+ cells, either in the 
primary tumor or in direct contact with the cancer cells in 
lymph node metastases of breast cancer patients, was scored as 0 
(absent), 1 (<10%) or 2 (≥10%). If at least one of two cores was 
positive for biomarker expression, this tumor was classified as 
positive. For statistical analysis, these categories were dichoto-
mized into absent (0) or present (1–2) biomarker expression. 
Figures 1(b,c) and 2 show examples of immunohistochemical 
(IHC) staining of CD169, CD68, and PDL1. In addition to indivi-
dual biomarker scoring, samples were also scored positive for 
CD169 and PDL1 co-expression (CD169+PDL1+), but only if the 
cells expressing the markers were in close proximity or both 
markers were expressed on the same cell. We also evaluated PD1 
to visualize PD1 expressing lymphocytes in relation to PDL1 
expression and macrophage distribution, and found PD1 to be 
expressed in the T cell zone, lymphoid follicles and germinal 
centers mainly (Figure 2(a) right). In the primary tumor and 
metastatic lymph node specimens, PD1 was scored as 0 (absent), 
1 (<10%), 2 (≥10-25%) or 3 (>25%), whereby categories were 
dichotomized into low (0–2) or high (3) biomarker expression.

Statistical analysis

The association between primary tumor (PT) and metastatic 
lymph node (MLN) expression of CD169, CD68, PDL1, and 
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Figure 1. Cohort flow diagram and immunohistochemical staining of biomarkers in lymph node. (a) Cohort flow diagram for biomarker evaluation. 
aExcluded = both primary tumor (PT) and metastatic lymph node (MLN) material missing. b CD169 and PDL1 evaluation. c CD68 evaluation. (b) Positive 
staining control for CD169 (left) and CD68 (right) macrophages in a metastasis free control lymph node from a breast cancer patient. Arrows point to 
Subcapsular sinus macrophages (CD169+) surrounding the lymphoid follicles. The CD68 staining was titrated to show differences in intensity of CD68 in the 
various macrophage compartments in human lymph node, where black arrows point to subcapsular sinus macrophages with weak CD68 expression and 
dashed arrows point to germinal center tingible body macrophages with a strong CD68 expression.32 (c) Positive staining control for PDL1 in a human 
tonsil. Arrows point to epithelial crypt cells (black arrows) and to a small extent and of weak expression in the germinal center macrophages in lymphoid 
follicles (dashed arrows) as previously described.33
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PD1, and different patient and tumor characteristics was ana-
lyzed using Fisher’s exact test, logistic regression, or Mann– 
Whitney U test, where appropriate. When planning the study, 
5-year distant recurrence-free interval (DRFi) was chosen as 
endpoint for the prognostic analyses of the experimental mar-
kers. Longer follow-up could have been used, but prognostic 
effects of biomarkers, measured at the time of diagnosis, tend 
to weaken with follow-up time leading to non-proportional 
hazards. DRFi was defined as the time from surgery of the 
primary tumor until radiological and/or biopsy-verified recur-
rence or breast cancer-related death. Kaplan–Meier graphs 
were used to illustrate differences in 5-year DRFi according 
to CD169, CD68, PDL1, and PD1 expression and log-rank tests 
used to quantify the evidence against the null hypotheses of 
equality. Cox regression models were used for estimation of 
hazard ratios (HR) with 95% confidence interval (CI) accord-
ing to CD169 expression in metastatic lymph node in both uni- 
and multivariable analysis. Proportional hazards assumptions 
were checked graphically. The established prognostic factors 
tumor size, histological grade, ER, PR, Ki67, HER2, and age, 
were included in multivariable Cox analyses. Statistical calcu-
lations were performed using IBM SPSS Statistics (version 
26.0). All P values presented are two-sided and should in 
general be regarded as continuous measures of evidence, but 
following Benjamin et al., two thresholds will be used through-
out this paper: suggestive evidence for P values between 0.05 
and 0.005 and significant evidence for P < 0.005.37

Results

Distribution and characterization of CD169+ macrophages

To investigate CD169+ lymph node macrophages and CD169+ 

TAMs, antibodies were chosen that recognize resident subcapsu-
lar sinus CD169+ macrophages surrounding the lymphoid follicles 
in lymph nodes (Figure 1(b)), and the pan-macrophage marker 
CD68 used at a concentration and time to visualize the various 
staining intensities that macrophages have in different locations of 
human lymph node (Figure 1(b)).36 A PDL1 antibody that recog-
nized cells primarily in the epithelial crypt cells of human tonsil 
and to a small extent and of weak expression in the germinal 
center macrophages as previously shown,33 was chosen and ver-
ified (Figures 1(c) and 2(a) left).

In lymph node with metastasis, the investigated lymph node 
CD169+ macrophages were located in direct contact with lymph 
node metastases, mostly surrounding and not preferentially infil-
trating (Figure 2(a) left). Lymph node macrophages in general 
(CD68+), and PD1+ lymphocytes, were present also in the metas-
tases and in lymphoid follicles (Figure 2(a) right). When PDL1 
expression was present in the lymph node metastases, it was found 
primarily in the malignant cells per se or co-expressed on CD169+ 

macrophages (Figure 2(a) left and Figure 2(b)). In the primary 
tumor, CD169+ tumor-associated macrophages (CD169+ TAMs) 
were often associated near or in direct contact with PDL1+ malig-
nant cells, and co-expression of CD169+PDL1+ on macrophages 
was also observed (Figure 2(c) right).

Association between the experimental biomarkers and 
clinicopathological parameters

Presence of CD169+ macrophages in primary tumor (CD169+ 

PT) showed evidence of correlation with high Ki67 in the 
primary tumor, as well as with premenopausal status (Table 
2). Presence of CD169+ cells in metastatic lymph node 
(CD169+ MLN) on the other hand, correlated with smaller 
primary tumor size, and to a lesser degree with PR-positivity 
(PR+) of the lymph node metastasis (Table 2).

Just like CD169+ macrophages, presence of any CD68+ TAMs 
in the primary tumor in general (CD68+ PT), correlated with high 
Ki67 in the primary tumor and to premenopausal status. It further 
correlated with ER-negativity (ER−) of the primary tumor and 
higher histological grade. Interestingly, presence of CD68 in meta-
static lymph node (CD68+ MLN) only showed evidence of corre-
lation with high Ki67 in primary tumor and to some extent with 
high Ki67 in lymph node metastasis (Table 2).

PDL1 expression in the primary tumor (PDL1+ PT) showed 
evidence for correlation with ER− in both primary tumor and 
lymph node metastases, as well as to a TNBC primary tumor 
subtype (Table 3). It further correlated with high Ki67 in both 
primary tumor and lymph node metastases and PR-negativity 
(PR−) in the primary tumor (Table 3). PDL1 expression in 
metastatic lymph node (PDL1+ MLN) correlated both with 
younger age and a premenopausal status (Table 3).

Since most patients had PD1+ cells present in the primary 
tumor, and all had PD1+ cells present in the metastatic lymph 
node, high infiltration of PD1+ immune cells (PD1high) was used 
for statistical evaluation. As shown in Supplementary Table 1, 
PD1high in the primary tumor correlated with ER−, high Ki67, 

Table 1. Patient characteristics and clinicopathological features.

Variable
Included 
(n = 286) (%)

Excluded 
(n = 159) (%)

Age (years)
Median (range) 62 (26–81) 64 (33–80)
<50 57 (20) 21 (13)
≥50 229 (80) 138 (87)

Menopausal status
Pre 63 (22) 23 (14)
Post 223 (78) 136 (86)

Tumor size
<20 mm 88 (31) 42 (26)
≥20 mm 198 (69) 117 (74)

Histological grade
G1 15 (6) 2 (10)
G2 181 (66) 10 (45)
G3 78 (28) 10 (45)
missing 12 137

Ki67
Low (≤20%) 172 (63) 12 (67)
High (>20%) 99 (37) 6 (33)
missing 15 141

ER
Neg (<10%) 77 (29) 38 (25)
Pos (≥10%) 193 (71) 114 (75)
missing 16 7

PR
Neg (<10%) 123 (47) 84 (56)
Pos (≥10%) 140 (53) 67 (44)
missing 23 8

HER2
Neg 205 (87) 125 (84)
Pos 30 (13) 24 (16)
missing 51 10

TNBC
No 173 (79) 119 (84)
Yes 45 (21) 22 (16)
missing 68 18

ER = estrogen receptor, PR = progesterone receptor, HER2 = Human epi-
dermal growth factor receptor 2, TNBC = triple negative breast cancer.
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and a TNBC subtype in the primary tumor. PD1high in metastatic 
lymph node did not correlate with any of the clinicopathological 
features.

Correlation of CD169+ macrophages with PDL1, and PD1 
expression

We next investigated whether CD169 expression would correlate 
with PDL1 expression as previously shown in viral infections.12 

Indeed, CD169 expression correlated positively with PDL1 expres-
sion both in primary tumor (OR = 8.4, 95% CI: (3.8–18.6), 
P < 0.001) and metastatic lymph node (OR = 3.6, 95% CI: (2.1–-
6.4), P < 0.001), although PDL1 expression was mostly present on 
adjacent cells, and only occasionally on the same cell 
(CD169+PDL1+) (Figure 2(c)). Co-expression of CD169 and 
PDL1 in the primary tumor (CD169+PDL1+ PT) correlated with 
ER− in primary tumor and lymph node, PR− in primary tumor, 
high Ki67 in primary tumor, and positively with a TNBC primary 

a

b

Ly
m

p
h

 n
o

d
e 

m
et

as
ta

si
s

CD68 (brown) / PD1 (red)

Primary tumorLymph node metastasis

Metastasis

Follicles

Border

CD169 (red) / PDL1 (brown) 

Germinal
Centers

Metastasis
PDL1+

   CD169+PDL1+

macrophage

CD169 (red) / PDL1 (brown) CD169 (red) / PDL1 (brown) 

50 µm

100 µm 100 µm

PDL1+

CD169+PDL1+

TAMs

CD169+

TAMs

c

30 µm

CD169+PDL1+

TAMsPDL1+

50 µm

Metastasis
PDL1-

50 µm

CD169+

macrophages

Figure 2. Immunohistochemical staining of CD169, PDL1 and CD68 in primary human breast tumors with paired lymph node metastases. (a) CD169 expression (red) and 
PDL1 expression (brown) (left) and CD68 expression (brown) and PD1 expression (red) (right) in lymph node metastases of breast cancer patients. Arrows point to the 
indicated histological structures. (b) CD169 expression (red) and PDL1 expression (brown) in lymph node metastases of breast cancer patients. The images show two 
metastases representing a PDL1+ (upper) and a PDL1− (lower) metastasis. Arrows point to single PDL1+ malignant cells, or co-expressing CD169+ PDL1+ macrophages. 
(c) CD169 expression (red) and PDL1 expression (brown) in primary tumor. Arrows point to single PDL1+ malignant cells, single CD169+ tumor associated macrophages 
(TAMs) or co-expressing CD169+ PDL1+ TAMs. The images show two representative primary tumors.

ONCOIMMUNOLOGY e1848067-5



Ta
bl

e 
2.

 O
dd

s 
ra

tio
s 

of
 p

re
se

nc
e 

of
 C

D
16

9+
 an

d 
CD

68
+

 m
ac

ro
ph

ag
es

 in
 m

et
as

ta
tic

 ly
m

ph
 n

od
e 

(M
LN

) a
nd

 p
rim

ar
y 

tu
m

or
 (P

T)
 b

y 
pa

tie
nt

 a
nd

 t
um

or
 c

lin
ic

op
at

ho
lo

gi
ca

l f
ea

tu
re

s.

CD
16

9+
 PT

CD
16

9+
 M

LN
CD

68
+

 PT
CD

68
+

 M
LN

Cl
in

ic
op

at
ho

lo
gi

ca
l f

ea
tu

re
s

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

Ag
e

63
†

26
–8

1‡
0.

15
b

27
2

63
†

26
–8

1‡
0.

21
b

18
0

63
†

26
–8

1‡
0.

11
b

26
1

63
†

26
–8

1‡
0.

08
7b

18
4

M
en

op
au

sa
l

Pr
e

1
58

1
41

1
56

1
42

st
at

us
Po

st
0.

38
0.

17
–0

.8
4

0.
01

2
21

4
0.

64
0.

26
–1

.5
7

0.
40

13
9

0.
40

0.
19

–0
.8

4
0.

01
5

20
5

0.
83

0.
37

–1
.8

4
0.

70
14

2
Tu

m
or

 s
iz

e
≤

20
 m

m
1

78
1

81
1

76
1

82
>

20
 m

m
1.

13
0.

63
–2

.0
4

0.
76

19
4

0.
31

0.
14

–0
.6

8
0.

00
3

99
1.

20
0.

68
–2

.1
2

0.
56

18
5

0.
64

0.
33

–1
.2

6
0.

24
10

2
H

is
to

lo
gi

ca
l

G
1

1
15

1
10

1
15

1
11

gr
ad

e
G

2
0.

87
0.

27
–2

.8
6

0.
82

c
17

3
0.

91
0.

18
–4

.5
6

0.
91

c
11

6
2.

09
0.

72
–6

.0
5

0.
18

c
16

4
2.

17
0.

62
–7

.6
0

0.
23

c
11

9
G

3
1.

24
0.

35
–4

.4
0

0.
74

c
75

0.
61

0.
11

–3
.2

3
0.

56
c

48
5.

81
1.

77
–1

9.
06

0.
00

4c
73

2.
80

0.
72

–1
0.

97
0.

14
c

48
Ki

67
 P

T
Lo

w
 (≤

20
%

)
1

16
9

1
10

9
1

16
2

1
11

3
H

ig
h 

(>
20

%
)

2.
31

1.
24

–4
.3

3
0.

00
9

97
1.

45
0.

68
–3

.1
1

0.
36

60
7.

19
3.

38
–1

5.
28

<
0.

00
1

94
3.

29
1.

42
–7

.6
3

0.
00

4
60

Ki
67

 M
LN

Lo
w

 (≤
20

%
)

1
48

1
46

1
45

1
47

H
ig

h 
(>

20
%

)
2.

93
0.

75
–1

1.
48

0.
15

19
1.

82
0.

51
–6

.4
2

0.
55

19
3.

84
0.

78
–1

8.
92

0.
12

19
6.

88
0.

83
–5

6.
92

0.
05

1
19

ER
 P

T
N

eg
 (<

10
%

)
1

74
1

43
1

72
1

43
Po

s 
(≥

10
%

)
0.

93
0.

51
–1

.7
2

0.
88

18
5

1.
37

0.
62

–3
.0

1
0.

53
12

7
0.

40
0.

20
–0

.7
8

0.
00

6
17

6
0.

91
0.

41
–1

.9
9

1.
00

13
1

ER
 M

LN
N

eg
 (<

10
%

)
1

43
1

45
1

42
1

46
Po

s 
(≥

10
%

)
1.

39
0.

64
–3

.0
1

0.
42

12
2

1.
27

0.
58

–2
.7

8
0.

54
12

6
0.

59
0.

27
–1

.3
3

0.
25

11
6

1.
10

0.
52

–2
.3

4
0.

85
12

9
PR

 P
T

N
eg

 (<
10

%
)

1
11

9
1

76
1

11
3

1
77

Po
s 

(≥
10

%
)

1.
10

0.
63

–1
.9

1
0.

78
13

5
1.

63
0.

80
–3

.3
3

0.
21

90
0.

58
0.

33
–1

.0
2

0.
07

0
13

0
0.

53
0.

26
–1

.0
6

0.
08

5
93

PR
 M

LN
N

eg
 (<

10
%

)
1

82
1

84
1

77
1

86
Po

s 
(≥

10
%

)
1.

65
0.

81
–3

.3
7

0.
21

81
2.

27
1.

09
–4

.7
5

0.
03

1
85

0.
98

0.
50

–1
.9

2
1.

00
79

0.
85

0.
44

–1
.6

7
0.

73
87

H
ER

2 
PT

N
eg

1
20

2
1

12
4

1
15

9
1

12
7

Po
s

1.
12

0.
45

–2
.7

7
1.

00
29

0.
48

0.
17

–1
.3

3
0.

16
19

2.
38

0.
87

–6
.5

3
0.

09
0

28
1.

00
0.

36
–2

.7
9

1.
00

20
H

ER
2 

M
LN

N
eg

1
72

1
76

1
67

1
76

Po
s

1.
33

0.
34

–5
.2

6
1.

00
15

0.
56

0.
19

–1
.6

8
0.

38
16

1.
47

0.
37

–5
.8

2
0.

75
15

0.
96

0.
30

–3
.0

6
1.

00
16

TN
BC

N
o

1
17

0
1

11
3

1
16

4
1

11
7

Ye
s

1.
82

0.
79

–4
.1

9
0.

18
45

1.
17

0.
40

–3
.4

7
1.

00
22

1.
91

0.
86

–4
.2

5
0.

14
45

0.
95

0.
36

–2
.5

4
1.

00
22

Ab
br

ev
ia

tio
ns

: E
R 

=
 e

st
ro

ge
n 

re
ce

pt
or

. P
R 

=
 p

ro
ge

st
er

on
e 

re
ce

pt
or

. H
ER

2 
=

 h
um

an
 e

pi
de

rm
al

 g
ro

w
th

 fa
ct

or
 r

ec
ep

to
r 

2.
 T

N
BC

 =
 t

rip
le

 n
eg

at
iv

e 
br

ea
st

 c
an

ce
r. 

PT
 =

 p
rim

ar
y 

tu
m

or
. M

LN
 =

 m
et

as
ta

tic
 ly

m
ph

 n
od

e.
 

O
R 

=
 O

dd
s 

ra
tio

. 9
5%

CI
 =

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
. 

† M
ed

ia
n 

ag
e 

in
 y

ea
rs

. ‡
Ra

ng
e 

in
 y

ea
rs

. 
a Fi

sh
er

’s 
ex

ac
t 

te
st

 u
nl

es
s 

ot
he

rw
is

e 
st

at
ed

. b
M

an
n-

W
hi

tn
ey

 U
 t

es
t. 

c Lo
gi

st
ic

 r
eg

re
ss

io
n.

e1848067-6 F. BJÖRK GUNNARSDOTTIR ET AL.



Ta
bl

e 
3.

 O
dd

s 
ra

tio
s 

of
 p

re
se

nc
e 

of
 P

D
L1

+
 ce

lls
 a

nd
 c

o-
ex

pr
es

si
ng

 C
D

16
9+

PD
L1

+
 ce

lls
 in

 m
et

as
ta

tic
 ly

m
ph

 n
od

e 
(M

LN
) a

nd
 p

rim
ar

y 
tu

m
or

 (P
T)

 b
y 

pa
tie

nt
 a

nd
 t

um
or

 c
lin

ic
op

at
ho

lo
gi

ca
l f

ea
tu

re
s.

PD
L1

+
 PT

PD
L1

+
 M

LN
CD

16
9+

PD
L1

+
 PT

CD
16

9+
PD

L1
+

 M
LN

Cl
in

ic
op

at
ho

lo
gi

ca
l f

ea
tu

re
s

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

O
R

95
%

CI
P 

va
lu

ea
N

Ag
e

63
†

26
–8

1‡
0.

21
b

27
2

63
†

26
–8

1‡
0.

01
3b

18
0

63
†

26
–8

1‡
0.

16
b

27
2

63
†

26
–8

1‡
0.

01
1b

18
0

M
en

op
au

sa
l

Pr
e

1
58

1
41

1
58

1
41

st
at

us
Po

st
0.

67
0.

35
–1

.2
9

0.
27

21
4

0.
43

0.
19

–0
.9

7
0.

04
2

13
9

0.
65

0.
36

–1
.1

9
0.

20
21

4
0.

73
0.

36
–1

.4
7

0.
47

13
9

Tu
m

or
 s

iz
e

≤
20

 m
m

1
78

1
81

1
78

1
81

>
20

 m
m

1.
25

0.
72

–2
.1

8
0.

47
19

4
1.

02
0.

55
–1

.8
8

1.
00

99
1.

40
0.

78
–2

.5
0

0.
32

19
4

0.
74

0.
41

–1
.3

3
0.

36
99

H
is

to
lo

gi
ca

l
G

1
1

15
1

10
1

15
1

10
gr

ad
e

G
2

0.
56

0.
17

–1
.8

4
0.

34
c

17
3

1.
09

0.
29

–4
.0

8
0.

90
c

11
6

2.
29

0.
50

–1
0.

52
0.

29
c

17
3

0.
55

0.
15

–2
.0

0
0.

36
c

11
6

G
3

1.
58

0.
44

–5
.7

2
0.

48
c

75
1.

62
0.

40
–6

.6
3

0.
50

c
48

6.
00

1.
27

–2
8.

44
0.

02
4c

75
1.

29
0.

33
–5

.0
3

0.
72

c
48

Ki
67

 P
T

Lo
w

 (≤
20

%
)

1
16

9
1

10
9

1
16

9
1

10
9

H
ig

h 
(>

20
%

)
3.

58
1.

93
–6

.6
4

<
0.

00
1

97
1.

53
0.

77
–3

.0
2

0.
24

60
3.

93
2.

29
–6

.7
6

<
0.

00
1

97
1.

48
0.

78
–2

.7
9

0.
26

60
Ki

67
 M

LN
Lo

w
 (≤

20
%

)
1

48
1

46
1

48
1

46
H

ig
h 

(>
20

%
)

8.
18

1.
00

–6
7.

09
0.

02
8

19
1.

49
0.

46
–4

.9
0

0.
57

19
1.

96
0.

65
–5

.9
5

0.
26

19
1.

58
0.

54
–4

.6
3

0.
43

19
ER

 P
T

N
eg

 (<
10

%
)

1
74

1
43

1
74

1
43

Po
s 

(≥
10

%
)

0.
38

0.
20

–0
.7

2
0.

00
3

18
5

0.
55

0.
25

–1
.1

9
0.

14
12

7
0.

40
0.

23
–0

.7
1

0.
00

2
18

5
0.

73
0.

36
–1

.4
6

0.
38

12
7

ER
 M

LN
N

eg
 (<

10
%

)
1

43
1

45
1

43
1

45
Po

s 
(≥

10
%

)
0.

42
0.

19
–0

.9
6

0.
04

0
12

2
0.

59
0.

28
–1

.2
5

0.
20

12
6

0.
45

0.
22

–0
.9

4
0.

05
0

12
2

0.
94

0.
47

–1
.8

6
0.

86
12

6
PR

 P
T

N
eg

 (<
10

%
)

1
11

9
1

76
1

11
9

1
76

Po
s 

(≥
10

%
)

0.
53

0.
31

–0
.9

0
0.

02
3

13
5

0.
80

0.
42

–1
.5

2
0.

52
90

0.
51

0.
30

–0
.8

8
0.

02
0

13
5

0.
67

0.
36

–1
.2

4
0.

21
90

PR
 M

LN
N

eg
 (<

10
%

)
1

82
1

84
1

82
1

84
Po

s 
(≥

10
%

)
0.

98
0.

51
–1

.8
7

1.
00

81
0.

79
0.

42
–1

.4
8

0.
52

85
0.

85
0.

43
–1

.6
8

0.
73

81
0.

77
0.

42
–1

.4
2

0.
44

85
H

ER
2 

PT
N

eg
1

20
2

1
12

4
1

20
2

1
12

4
Po

s
1.

86
0.

72
–4

.7
9

0.
28

29
0.

59
0.

22
–1

.5
6

0.
31

19
2.

91
1.

32
–6

.4
3

0.
01

0
29

0.
66

0.
24

–1
.8

5
0.

46
19

H
ER

2 
M

LN
N

eg
1

72
1

76
1

72
1

76
Po

s
1.

54
0.

39
–6

.0
3

0.
75

15
0.

79
0.

27
–2

.3
6

0.
44

16
2.

28
0.

73
–7

.1
0

0.
22

15
0.

93
0.

27
–3

.2
3

1.
00

16
TN

BC
N

o
1

17
0

1
11

3
1

17
0

1
11

3
Ye

s
2.

59
1.

13
–5

.9
1

0.
02

0
45

2.
87

0.
91

–9
.0

4
0.

08
8

22
2.

66
1.

35
–5

.2
3

0.
00

6
45

2.
54

1.
00

–6
.4

4
0.

05
8

22

Ab
br

ev
ia

tio
ns

: E
R 

=
 e

st
ro

ge
n 

re
ce

pt
or

. P
R 

=
 p

ro
ge

st
er

on
e 

re
ce

pt
or

. H
ER

2 
=

 h
um

an
 e

pi
de

rm
al

 g
ro

w
th

 fa
ct

or
 r

ec
ep

to
r 

2.
 T

N
BC

 =
 t

rip
le

 n
eg

at
iv

e 
br

ea
st

 c
an

ce
r. 

PT
 =

 p
rim

ar
y 

tu
m

or
. M

LN
 =

 m
et

as
ta

tic
 ly

m
ph

 n
od

e.
 

O
R 

=
 O

dd
s 

ra
tio

. 9
5%

CI
 =

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
. 

† M
ed

ia
n 

ag
e 

in
 y

ea
rs

. ‡
Ra

ng
e 

in
 y

ea
rs

. 
a Fi

sh
er

’s 
ex

ac
t 

te
st

 u
nl

es
s 

ot
he

rw
is

e 
st

at
ed

. b
M

an
n-

W
hi

tn
ey

 U
 t

es
t. 

c Lo
gi

st
ic

 r
eg

re
ss

io
n.

ONCOIMMUNOLOGY e1848067-7



tumor subtype, the same clinicopathological features that corre-
lated with PDL1 expression alone in primary tumor, with the 
exception of high Ki67 in lymph node. Co-expression of CD169 
and PDL1 in primary tumor showed evidence for further correla-
tion with higher histological grade and HER2+ in primary tumor 
(Table 3). Co-expression of CD169 and PDL1 in metastatic 
lymph node (CD169+PDL1+ MLN) only showed evidence for 
a correlation with age, just as younger age correlated with PDL1 
expression alone in metastatic lymph node (Table 3).

CD169 expression did not correlate with PD1 expression in 
the primary tumor (OR = 1.77, 95% CI: (0.70–4.48), P = 0.22) or 
in the metastatic lymph node (OR = 2.08, 95% CI: (0.68–6.38), 
P = 0.19), while PDL1 expression correlated with PD1 expres-
sion both in the primary tumor (OR = 9.44, 95% CI: (2.21–-
40.40), P < 0.001) and the metastatic lymph node (OR = 4.14, 
95% CI: (1.37–12.52), P = 0.007).

The prognostic importance of the experimental 
biomarkers when analyzed individually

In univariable analyses, suggestive evidence for an associa-
tion to better prognosis was seen for patients with CD169+ 

macrophages in metastatic lymph node compared to 
patients with no CD169+ macrophages in metastatic lymph 
node (Figure 3(a) left; HR = 0.46, 95% CI: (0.25–0.85), 
P = 0.013). This association was not seen when considering 
CD169 macrophages in the primary tumor (Figure 3(a) 
right; HR = 1.32, 95% CI: (0.73–2.41), P = 0.35). In contrast, 
patients with CD68+ macrophages in the primary tumor had 
worse prognosis compared to patients with no CD68+ 

macrophages in the primary tumor (Figure 3(b) right; 
HR = 2.24, 95% CI: (1.17–4.30), P = 0.016), an association 
not seen when considering CD68+ macrophages in the meta-
static lymph node (Figure 3(b) left; HR = 0.67, 95% CI: 
(0.36–1.22), P = 0.19). Interestingly, suggestive evidence 
for the same survival trend as for CD68 was seen for PDL1 
expression per se, with no association in the metastatic 
lymph node (Figure 3(c) left; HR = 0.79, 95% CI: (0.43– 
1.43), P = 0.44), but with an association to worse prognosis 
for patients with PDL1+ primary tumors (Figure 3(c) right; 
HR = 1.82, 95% CI: (1.00–3.29), P = 0.049). Suggestive 
evidence was also seen for an association between PD1high 

in the primary tumor and worse prognosis (Supplementary 
Fig. 1A right; HR = 2.01, 95% CI: (1.09–3.72), P = 0.025) in 

c
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Figure 3. Differences in 5-year distant recurrence-free interval (DRFi) according to CD169, CD68 and PDL1 expression in metastatic lymph node (MLN) and primary tumors (PT) of 
breast cancer patients. P value by log-rank test. (a) CD169 expression – in metastatic lymph node (CD169 MLN) (left) and primary tumor (CD169 PT) (right). (b) CD68 expression 
(-/+) in metastatic lymph node (CD68 MLN) (left) and primary tumor (CD68 PT) (right). (c) PDL1 expression (-/+) in metastatic lymph node (PDL1 MLN) (left) and primary tumor 
(PDL1 PT) (right).
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agreement with previous studies.38,39 This association was 
not seen in the metastatic lymph node (Supplementary Fig. 
1A left; HR = 0.81, 95% CI: (0.34–1.93), P = 0.64).

We next performed multivariable analyses. The suggestive 
evidence for a better prognosis for patients with CD169+ macro-
phages in the metastatic lymph node prompted us to investigate 
whether the lymph node CD169+ macrophages had an indepen-
dent prognostic effect on 5-year DRFi. A series of Cox regression 
analyses adjusting for tumor size, histological grade, ER, PR, Ki67, 
HER2, and age, both individually and all together, were performed 
and summarized in a forest plot (Figure 4). Unadjusted, presence 
of CD169+ macrophages in metastatic lymph node was associated 
to better prognosis (see above), but the association was consider-
ably weaker after multivariable adjustment (HR = 0.70, 95% CI: 
(0.32–1.50), P = 0.36).

Prognostic importance of experimental biomarker 
combinations

We continued investigating the prognostic importance of experi-
mental biomarker combinations, starting within the primary 
tumor and metastatic lymph node, separately. When combining 
the individual scoring of CD169 and PDL1 expression in the 
metastatic lymph node (Figure 5(a) left), PDL1 expression did 
not add prognostic information for either the CD169+ group (red 
lines Figure 5(a) left; HR = 0.96, 95% CI: (0.41–2.25), P = 0.93), or 
the CD169− group (blue lines Figure 5(a) left; HR = 0.85, 95% CI: 
(0.29–2.44), P = 0.76). In contrast, in the primary tumor, there 
was a tendency that patients with PDL1− tumors had a better 
prognosis than patients with PDL1+ tumors in both the CD169+ 

group (red lines Figure 5(a) right; HR = 0.74, 95% CI: (0.37–-
1.48), P = 0.40) and the CD169− group (blue lines Figure 5(a) 
right; HR = 0.31, 95% CI: (0.10–1.00), P = 0.05). Based on these 
results, we decided to compare the two extreme groups. Patients 
lacking both CD169 and PDL1 expression in primary tumor 
(solid blue line Figure 5(a) right) had better prognosis compared 

to patients positive for both CD169 and PDL1 (red dashed line 
Figure 5(a) right; HR = 0.36, 95% CI: (0.13–1.00), P = 0.05).

We next investigated the effect of PDL1+ primary tumors on 
lymph node macrophages. Since primary tumors have the capacity 
to modify draining lymph nodes40 and PDL1 expression is 
induced by IFNs and proinflammatory cytokines that can be 
produced at higher levels in breast tumor subtypes like 
TNBC,12,36 we investigated whether PDL1+ primary tumors 
would affect the prognostic importance of metastatic lymph 
node macrophages to a higher extent than PDL1− primary tumors 
would. Interestingly, when stratifying for PDL1 expressing pri-
mary tumors (Figure 5(b,c)), we saw that patients with CD169+ 

macrophages in metastatic lymph node seemed to have a better 
prognosis only when primary tumors were PDL1+ (Figure 5(b) 
left; HR = 0.45, 95% CI: (0.22–0.94), P = 0.033). This trend was not 
observed in patients with PDL1− tumors (Figure 5(b) right; 
HR = 0.68, 95% CI: (0.20–2.31), P = 0.53). When the same division 
was used to analyze CD68+ macrophages in PDL1+ tumors, no 
effect was seen (Figure 5(c) left; HR = 0.86, 95% CI: (0.37–1.99), 
P = 0.73). However, patients with CD68+ macrophages in meta-
static lymph node and PDL1− tumor did show a trend toward 
better prognosis (Figure 5(c) right; HR = 0.30, 95% CI: (0.08–1.16), 
P = 0.080).

Finally, we analyzed CD169 and PDL1 co-expression. Patients 
with co-expression of CD169 and PDL1 on either the same cell or 
nearby cells (CD169+PDL1+) in metastatic lymph nodes had 
slightly better prognosis (Supplementary Fig. 1B left; HR = 0.60, 
95% CI: (0.32–1.12), P = 0.11) and in primary tumors a slightly 
worse prognosis compared to all other patients, but the evidence 
was weak (Supplementary Fig. 1B right; HR = 1.42, 95% CI: 
(0.85–2.36), P = 0.18).

Discussion

In this study we observed that CD169+ macrophages presence near 
lymph node metastases of breast cancer patients was associated 

0.1 1 10
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+ Hist grade (N=174)

+ HER2 (N=143)
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+ Tumor size (N=180)
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p=0.027

CD169+ Lymph node

Hazard Ratio with 95% CI

+

Figure 4. Forest plot showing results from Cox regression analysis on 5-year distant recurrence-free interval (DRFi) in breast cancer patients with CD169 expression in 
metastatic lymph node. Adjusted for tumor size, age, estrogen receptor (ER), progesterone receptor (PR), Ki67 expression, HER2 status and histological grade, both 
individually and all together. Dots indicate hazard ratios, horizontal lines indicate 95% confidence interval (95% CI). Note that the scale is logarithmic.
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with smaller tumor size and, in univariable analyses, to improved 
prognosis after adjuvant tamoxifen. This is in contrast with CD68+ 

macrophages in lymph node metastases, which were not 

associated with prognosis, although these macrophages were asso-
ciated with more aggressive tumor characteristics of the primary 
tumor (higher histological grade, high Ki67, and ER-negativity). 

C

B

CD68 MLN 
in PDL1+ PT

CD68 MLN 
in PDL1- PT

1.0

0.8

0.6

0.4

0.2

0
0     1     2     3     4    5 0     1     2     3     4    5

P=0.73 P=0.063

Numbers at risk:    -  :    22      19     19     16     13    13
                              + :    91      85     78     68     56    44

    23      20     20     19     18    12
    33      33     33     29     21    20

P
ro

p
o

rt
io

n
 

d
is

ta
n

t 
re

cu
rr

en
ce

 f
re

e

Follow up (years) Follow up (years)

CD169 MLN 
in PDL1+ PT

CD169 MLN 
in PDL1- PT

1.0

0.8

0.6

0.4

0.2

0
0     1     2     3     4    5 0     1     2     3     4    5

P=0.028 P=0.53

Numbers at risk:    -  :     25      21     17     15     11    10
+ :     85      80     77     66     55    44

     15      14     13     13     12     9
     41      39     39     34     26    22

P
ro

p
o

rt
io

n
 

d
is

ta
n

t 
re

cu
rr

en
ce

 f
re

e

Follow up (years) Follow up (years)

-
+

-
+

A
CD169 and PDL1 

expression in MLN

1.0

0.8

0.6

0.4

0.2

0

0         1         2         3         4        5

CD169 and PDL1 
expression in PT

1.0

0.8

0.6

0.4

0.2

0
0        1         2         3         4        5

CD169-PDL1-
CD169+PDL1-
CD169-PDL1+
CD169+PDL1+P=0.083 P=0.16

Numbers at risk:     -  -           30           25          22          21          17         14
              - +           11           10            8            7            6           5
             + -            34           33          33          30          21         16
             + +         105           99          96          83          71         59  

-  -           39          38          36          36          30         22
- +           33          32          28          26          22         17
+ -           49          47          46          41          33         29
+ +        151         142        130        114          96         80 

P
ro

p
o

rt
io

n
 

d
is

ta
n

t 
re

cu
rr

en
ce

 f
re

e

)sraey(puwolloF)sraey(puwolloF

P
ro

p
o

rt
io

n
 

d
is

ta
n

t 
re

cu
rr

en
ce

 f
re

e

Figure 5. Kaplan-Meier curves illustrating differences in 5-year distant recurrence-free interval (DRFi) according to CD169, CD68 and PDL1 expression in metastatic lymph node 
(MLN) and primary tumors (PT) of breast cancer patients. P value by log-rank test. (a) Combined individual expression of CD169 and PDL1 in metastatic lymph node (left) and 
primary tumor (right). Solid lines indicate PDL1− tumors, and dashed lines PDL1+ tumors, with (red) or without (blue) CD169 expression respectively (3-df test). (b) CD169 
expression (-/+) in metastatic lymph node (CD169 MLN) in patients with PDL1 positive primary tumor (PDL1+ PT) (left) and PDL1 negative primary tumor (PDL1− PT) (right). (c) 
CD68 expression (-/+) in metastatic lymph node (CD68 MLN) in patients with PDL1 positive primary tumor (PDL1+ PT) (left) and PDL1 negative primary tumor (PDL1− PT) (right).
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One possible explanation to this difference in prognostic impor-
tance may be that patients with advanced tumors have a stronger 
tumor-derived effect on the draining lymph node follicles, result-
ing in loss of beneficial CD169+ subcapsular sinus macrophages 
specifically.41 Another explanation could be that the CD169+ 

macrophages present in metastatic lymph nodes reorganize to 
other sites picking up tumor antigens for cross presentation.16 

Our findings in this study differ from another study published 
on CD169+ lymph node subcapsular sinus macrophages in breast 
cancer patients.21 There, presence of CD169+ lymph node macro-
phages correlated to small tumor size, no lymph node metastasis, 
and low Ki67 in the primary tumor, but did not correlate with 
relapse-free or breast cancer-specific survival. The reason for this 
may be that in our study we evaluated CD169+ macrophages in 
direct contact with metastasis, while Shiota et al. only used 
cancer cell-free lymph nodes for analysis and did not analyze 
CD169 expression in the primary tumor samples, only CD8 
expression.21 To our knowledge, we here show for the first time 
that CD169+ macrophages located in direct vicinity of lymph node 
metastasis in breast cancer patients, correlate with improved prog-
nosis. The evidence for a prognostic importance in our study was, 
however, not retained after adjustment for other clinicopathologi-
cal features. In multivariable analysis, we found that the presence 
of CD169+ macrophages in lymph node metastases was not 
a strong independent risk factor for prognosis. The patients in 
the cohort used in this study had all received adjuvant tamoxifen, 
which also could have an impact on outcome of this study, and 
therefore further studies are needed to verify our results. On the 
other hand, this fact also excludes any treatment-related effect on 
the CD169+ macrophages other than tamoxifen.

We also compared the differences between CD169+ macro-
phages in metastatic lymph node and primary tumor. In many 
cases, although the correlation with clinicopathological bio-
markers was weak, the location of CD169+ macrophages ren-
dered opposite trends in metastatic lymph node and primary 
tumor. The same was noted for the 5-year DRFi analysis where 
CD169+ macrophages in metastatic lymph node correlated 
with better prognosis while CD169+ macrophages in primary 
tumor did not. At this stage, it is impossible to say whether the 
CD169+ macrophages in the metastatic lymph nodes are solely 
resident CD169+ macrophages or a blend of resident and 
monocyte-derived CD169+ macrophages. Our finding would, 
however, support that the CD169+ macrophages in these two 
different locations have different functions with regard to 
tumor cells, or adaptive immune cells, and that they most likely 
have different origin, although further evidence is needed to 
prove this. These findings could also give an explanation to 
a previous experimental study performed in mice, where deple-
tion of all CD169+ macrophages, and not only lymph node 
resident, lead to a reduced breast tumor growth and less 
metastasis.42 Interestingly, high expression of SIGLEC1 in pri-
mary breast tumors has formerly been associated with shorter 
recurrence-free survival in public datasets.22

Around 30% of the primary tumors were PDL1+, and PDL1 
expression in the primary tumor of the breast cancer patients in 
this cohort correlated with PD1 expression, TNBC primary tumor 
subtype classification, and hallmarks of TNBC; ER and PR nega-
tivity and high Ki67. This is in line with previous research that 
shows that PDL1 is associated with more aggressive basal subtypes 

of breast cancer.43 We further saw that breast cancer patients with 
PDL1 expression in the primary tumor had worse prognosis than 
patients with PDL1 negative tumors. The same effect was not seen 
when PDL1 expression in the lymph node metastasis was exam-
ined. PDL1 expression on APCs, as compared to on malignant 
cells, is of more relevance for successful anti-PDL1 therapy.44 

Interestingly, a recent study showed that it was PDL1 expression 
on tumor-infiltrating lymphocytes (TILs) in tumors of TNBC 
patients, but not on the tumor cells themselves, that was associated 
with poor prognosis.45 As mentioned before, in viral infections 
CD169+ macrophages have been shown to induce type I IFNs that 
promotes PDL1 expression.12 That supports our findings in this 
study, where the presence of CD169+ macrophages both in pri-
mary tumor and in metastatic lymph node correlated with the 
presence of PDL1+ cells in the same location. In our hands, the 
PDL1-expressing nonmalignant cells could probably be of both 
lymphoid as well as myeloid origin, but the CD169+PDL1+ co- 
expressing cells are most likely macrophages (APCs) as judged by 
their morphology and CD169 expression.

When we combined the individual scoring of PDL1 and 
CD169, we saw that CD169 expression was associated with the 
prognosis in the metastatic lymph node, while PDL1 expression 
affected the prognosis in the primary tumor negatively, although 
this was more pronounced in primary tumors lacking CD169+ 

TAMs. Interestingly, though, patients with CD169+ macro-
phages in metastatic lymph node seemed to have a better prog-
nosis only when primary tumors were PDL1+. When assessing 
co-expression, CD169+PDL1+, on the same or nearby cells, we 
observed a similar pattern. In the metastatic lymph nodes, the 
prognostic effect of CD169 alone is stronger than that of 
CD169+PDL1+ co-expressing cells. This indicates that CD169+ 

macrophages, independent of PDL1 expression, are important 
for prognosis when present in metastatic lymph nodes, while in 
the primary tumors, a subpopulation of CD169+ macrophages 
co-expressing PDL1 may have a worse effect on tumor progres-
sion than CD169+ macrophages alone. Interestingly, the co- 
expression of CD169 and PDL1 in both primary tumor and 
metastatic lymph node did not seem to change the correlation 
to clinicopathological features that PDL1 expression alone had.

In conclusion, we observed that CD169+ macrophages have 
a positive effect on the prognosis when expressed in the meta-
static lymph node, compared to no effect when expressed in the 
primary tumor, which further supports the theory that CD169+ 

macrophages differ in the properties between the two locations. 
This effect was not seen in patients with PDL1− primary 
tumors. We also observed that the expression of CD169 was 
correlated with expression of PDL1, both in metastatic lymph 
node and in the primary tumor. This merits further research 
since to our knowledge, the relationship between CD169 and 
PDL1 expression in breast cancer has not been explored, thus 
investigating the biological differences between lymph node 
and primary tumor CD169+ macrophages will be of impor-
tance in the near future.
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