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Regulatory T lymphocyte infiltration in
metastatic breast cancer—an independent
prognostic factor that changes with tumor
progression
Jenny Stenström1, Ingrid Hedenfalk2 and Catharina Hagerling1*

Abstract

Background: Patients diagnosed with metastatic breast cancer have poor outcome with a median survival of
approximately 2 years. While novel therapeutic options are urgently needed, the great majority of breast cancer
research has focused on the primary tumor and less is known about metastatic breast cancer and the prognostic
impact of the metastatic tumor microenvironment. Here we investigate the immune landscape in unique clinical
material. We explore how the immune landscape changes with metastatic progression and elucidate the
prognostic role of immune cells infiltrating primary tumors and corresponding lymph node and more importantly
distant metastases.

Methods: Immunohistochemical staining was performed on human breast cancer tissue microarrays from primary
tumors (n = 231), lymph node metastases (n = 129), and distant metastases (n = 43). Infiltration levels of T
lymphocytes (CD3+), regulatory T lymphocytes (Tregs, FOXP3+), macrophages (CD68+), and neutrophils (NE+) were
assessed in primary tumors. T lymphocytes and Tregs were further investigated in lymph node and distant
metastases.

Results: T lymphocyte and Treg infiltration were the most clinically important immune cell populations in primary
tumors. Infiltration of T lymphocytes and Tregs in primary tumors correlated with proliferation (P = 0.007, P = 0.000)
and estrogen receptor negativity (P = 0.046, P = 0.026). While both T lymphocyte and Treg infiltration had a negative
correlation to luminal A subtype (P = 0.031, P = 0.000), only Treg infiltration correlated to luminal B (P = 0.034) and
triple-negative subtype (P = 0.019). In primary tumors, infiltration of T lymphocytes was an independent prognostic
factor for recurrence-free survival (HR = 1.77, CI = 1.01–3.13, P = 0.048), while Treg infiltration was an independent
prognostic factor for breast cancer-specific survival (HR = 1.72, CI = 1.14–2.59, P = 0.01). Moreover, breast cancer
patients with Treg infiltration in their distant metastases had poor post-recurrence survival (P = 0.039). Treg
infiltration levels changed with metastatic tumor progression in 50% of the patients, but there was no significant
trend toward neither lower nor higher infiltration.
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Conclusion: Treg infiltration could have clinical applicability as a prognostic biomarker, deciphering metastatic
breast cancer patients with worse prognosis, and accordingly, could be a suitable immunotherapeutic target for
patients with metastatic breast cancer. Importantly, half of the patients had changes in Treg infiltration during the
course of metastatic progression emphasizing the need to characterize the metastatic immune landscape.
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Background
Advancements in diagnostic tools and new therapeutic
options have resulted in earlier diagnosis and improved
survival for patients with early breast cancer [1, 2]. How-
ever, patients developing metastatic breast cancer are
still confronted with poor outcome [3, 4]. The current
number of deaths from breast cancer is estimated to be
over 600,000 per year worldwide, with metastatic disease
accounting for the majority of deaths [5, 6]. The most
common metastatic sites for breast cancer include me-
tastasis to the liver, lung, and bone with a median sur-
vival of approximately 2 years [7, 8]. Importantly, the
metastatic patterns differ between the various molecular
breast cancer subtypes. The triple-negative (TN) subtype
is associated with lower rates of metastases to the bone
and a higher rate of metastases to the brain and lung as
compared to luminal breast cancer [8, 9]. Different
metastatic locations are also associated to different sur-
vival durations after established metastatic disease, with
bone and loco-regional metastases having the most fa-
vorable prognosis [7, 10]. The underlying mechanism
explaining differences in metastatic behavior and how
the tumor microenvironment, including immune cells,
affect the fate of metastatic tumors and the clinical out-
come of metastatic breast cancer patients are largely
lacking. The great majority of breast cancer research has
focused on the primary tumor, while less is known about
the metastatic tumor microenvironment, including the
immune landscape, and its prognostic impact. Here we
elucidate the prognostic role of T lymphocytes, macro-
phages, and neutrophils in primary tumors of patients
with metastatic breast cancer. We further investigate T
lymphocyte and regulatory T lymphocyte (Treg) infiltra-
tion in lymph node and distant metastases and examine
how the immune landscape changes with metastatic
progression.
T lymphocytes are part of the adaptive immune sys-

tem. Previous studies have shown that a high number of
total T lymphocytes, as well as high gene expression of
the pan-T-lymphocyte marker CD3, in primary tumors
are associated with better overall survival in breast can-
cer patients [11–14]. Infiltration of cytotoxic T lympho-
cytes has also been linked to increased survival in breast
cancer [14–16]. Cytotoxic T lymphocytes also seem to

play a role in metastatic breast cancer. Blake-Mortimer
et al. showed that high levels of cytotoxic T lymphocytes
in peripheral blood is linked to prolonged survival in pa-
tients with metastatic breast cancer [17].
Another important T lymphocyte subtype is Tregs.

Tregs play a key role in regulating the immune response
and possess the ability to suppress inflammatory re-
sponses [18]. In breast cancer, reports have shown an as-
sociation between high Treg infiltration in primary
tumors and shorter survival, which has also been con-
cluded in meta-analyses [11, 19–21]. However, results
seem to differ depending on the breast cancer sub-
type. For example, associations between Treg infiltra-
tion in primary tumors and better outcome have been
demonstrated in estrogen receptor (ER)-negative
breast cancer [22, 23]. Moreover, Tregs have been
shown to play a role in the development of metastatic
breast cancer. Olkhanud et al. were able to show that
Tregs are important for the development of lung me-
tastases in breast cancer mouse models [24]. Further-
more, Treg infiltration in primary tumors has been
associated to the presence of circulating tumor cells
in patients with breast cancer, suggesting a role in
the dissemination of tumor cells [25].
Besides immune cells of the adaptive immune system,

myeloid cells, such as macrophages and neutrophils and
part of the innate immune response, have also been
shown to have an important role in breast cancer devel-
opment and prognosis. Several studies have found an as-
sociation between high macrophage infiltration in
primary breast cancer and poor prognosis [26–28]. Less
is known about the role of neutrophils in breast cancer.
However, Wculek et al. could in breast cancer mouse
models demonstrate that neutrophils are important in
promoting metastases to lungs [29].
Our study reveals the clinical importance of T lym-

phocytes, in particular Tregs, and their prognostic role
in metastatic breast cancer and that their infiltration
changes with metastatic progression.

Material and methods
Patient data and biological material
The breast cancer cohort analyzed initially included 304
women with metastatic breast cancer or locally advanced
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breast cancer taking part in a previous phase III clinical
trial investigating different combinations of chemother-
apy in metastatic breast cancer. The women were diag-
nosed with metastatic breast cancer in several different
clinics in Sweden between 2002 and 2007. In brief, ex-
clusion criteria were metastases to the brain, indication
for HER2 therapy, or other diagnosed malignancy within
5 years from metastatic breast cancer diagnosis. The
study cohort, construction of the tissue microarrays
(TMAs), and evaluation of histopathological characteris-
tics have previously been described in detail [30, 31]. In
brief, primary tumor material was available from 231 pa-
tients. Corresponding lymph node metastases and dis-
tant metastases were assessed for 129 and 43 patients,
respectively. Due to missing clinical information, patho-
logical information, or low quality of TMA samples,
fewer patients were included in the final analysis. The
median age at diagnosis in the entire cohort was 50
years, ranging from 27 to 71 years of age. Median follow-
up for patients alive at last follow-up was 8.2 years from
the initial diagnosis.

Immunohistochemistry
Immunohistochemistry (IHC) was performed on
formalin-fixed paraffin-embedded tissue microarray
(TMA) sections (4 μm). Slides were dried for 30 min in
60 °C and then deparaffinized in xylene before being
rehydrated. The slides were blocked for endogenous per-
oxidase and then washed in PBS. Heat-induced epitope
retrieval was then performed using Target Retrieval So-
lution (DAKO) in 95 °C in a pressure cooker heater for
20 min. Slides were then cooled down in RT for 20 min.
The slides were washed in PBST, followed by removal of
excess solution. For CD68, slides were protein blocked
in Protein Block Serum-Free Solution (X0909, DAKO).
Primary antibodies diluted in PBS containing 5% goat
serum were applied. After 60 min in room temperature,
slides were washed in PBST before the secondary anti-
bodies were applied. Slides were incubated for 30 min in
room temperature and then washed in PBS. Labeled
substrate-chromogen solution was applied. One drop of
Liquid DAB Chromogen (DAKO) was added for each 1
mL applied. Slides were then washed and counterstained
in hematoxylin. Slides were rinsed in water followed by
distilled water. To mount the slides, DAKO Paramount
Aqueous Mounting Medium was used.
The following antibodies were used: rabbit monoclonal

anti-CD3 (ab16669, Abcam (1:300)), mouse monoclonal
anti-Foxp3 (ab20034, clone 236A/E7, Abcam, Cam-
bridge, GB (1:400)), mouse monoclonal anti-CD68
(M0814, clone KP1, DAKO, Glostrup, Denmark (1:
1400)), and rabbit anti-neutrophil elastase (NE)
(ab68672, Abcam, Cambridge, GB (1:3000)). Secondary
antibodies used included BrightVidion anti-mouse-HRP

(DPVM55HRP, AH diagnostics, Tilst, Denmark), Bright-
Vision anti-rabbit-HRP (DPVR55HRP, AH diagnostics),
and Dako EnVision Dual Link System-HRP (K4063,
Dako).
T lymphocytes (CD3+), Tregs (FOXP3+), macrophages

(CD68+), and neutrophils (NE+) were assessed in pri-
mary tumor material. In lymph node and distant metas-
tases, only T lymphocytes and Tregs were assessed. Each
sample was scored from 0 to 3 depending on immune
cell density for each immunohistochemical staining, 0
meaning no immune cells and 3 meaning a high infiltra-
tion density. From each patient, one to three tissue cores
were available for evaluation in the TMA. The staining
intensity was evaluated twice by J. S and C. H, blinded
to all clinical information, first separately then combined
interpretation.

Statistical analysis
IBM SPSS Statistics version 26 was used for statistical
analyses. Spearman’s rank correlation was used to ex-
plore the correlation between immune cell infiltration
densities and clinicopathologic features. Clinicopatho-
logic features which were included for primary tumors
were age at diagnosis, T stage, nodal status, Ki67, histo-
logical grade, ER status, progesterone receptor (PR) sta-
tus, and molecular subtypes. In analyses for lymph node
metastases and distant metastases, age at diagnosis,
Ki67, ER, PR, and molecular subtypes of lymph node
and distant metastases were included.
Kaplan-Meier curves were constructed to compare

survival in patients with different infiltration scores. Sur-
vival measurements included recurrence-free survival
(RFS), breast cancer-specific survival (BCSS), and post-
recurrence survival (PRS). Patients with advanced
disease at initial diagnosis were excluded from RFS-
analyses. Log-rank test was used to test significance.
Analyses were performed with immune cell infiltration
scores from 0 to 3, then dichotomized into low and high
infiltration. T lymphocyte and macrophages were
assigned low when scored 0, 1, or 2 and high when
scored 3. Tregs and neutrophils were assigned low if
scoring was 0 and high if scoring was 1, 2, or 3.
Cox regression proportional hazards models were used

for estimation of hazard ratios (HRs) for recurrence and
death from breast cancer according to T lymphocyte
and Treg infiltration in both uni- and multivariable ana-
lysis. Covariates with a P value ≤ .05 in the univariable
analysis were included in the multivariable analysis. All
statistical tests were two sided and P ≤ .05 was consid-
ered significant.
McNemar’s test was used to investigate changes in T

lymphocyte and Treg infiltration over metastatic pro-
gression. Dichotomized values for infiltration levels were
used for this analysis.
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Results
Immune cell infiltration in primary tumors
We performed IHC on a TMA including 231 primary
tumors from patients with metastatic breast cancer, to
identify T lymphocytes (CD3+ cells), macrophages
(CD68+ cells), and neutrophils (NE+ cells) (Fig. 1). T
lymphocytes were shown to be the most clinically im-
portant immune cell population as compared to both
macrophages and neutrophils (Fig. 2, Table 1, Additional
files 1, 2, and 3). High T lymphocyte infiltration in pri-
mary tumors significantly correlated to several factors
associated with poor prognosis, including high prolifera-
tion (Ki67 ≥ 20%) (P = 0.007) and negative ER status (P =
0.041). T lymphocyte infiltration also correlated inversely
to luminal A subtype (P = 0.031) (Table 1). High T
lymphocyte infiltration was associated to shorter
recurrence-free survival (RFS) (P = 0.000) and breast
cancer-specific survival (BCSS) (P = 0.001) (Fig. 2). T
lymphocyte infiltration was a significant prognostic
factor in univariable analysis for RFS (HR = 2.61, CI =
1.57–4.32, P = 0.000) and was an independent prognostic
factor as shown by multivariable analysis (HR = 1.77,
CI = 1.01–3.13, P = 0.048) (Table 2). For BCSS, T
lymphocyte infiltration was significant only in univari-
able analysis (HR = 2.34, CI = 1.40–3.91, P = 0.001)
(Table 3).
Similar correlations to clinicopathological features

were seen for macrophages and neutrophils (see Add-
itional file 3). However, only macrophage infiltration had
a prognostic impact, with high infiltration being associ-
ated with shorter BCSS (P = 0.037) consistent with prior
research (see Additional files 1 and 2, [26–28]).

To better understand the immune landscape in breast
cancer, we further investigated correlations between im-
mune cell populations in primary tumors. We found sig-
nificant correlations between T lymphocytes and Tregs
(P = 0.000), T lymphocytes and macrophages (P = 0.000),
T lymphocytes and neutrophils (P = 0.007), Tregs and
macrophages (P = 0.000), and macrophages and neutro-
phils (P = 0.003) (see Additional file 4).

Tregs in primary tumors—an independent prognostic
factor
To further characterize which T lymphocyte subpopula-
tion could potentially be of clinical importance, we de-
cided to evaluate Tregs. Tregs in primary breast cancer
have previously been shown to be associated with poor
prognosis [11, 19, 20].
Treg infiltration correlated to several prognostic

factors, including high proliferation (P = 0.000) and
negative ER status (P = 0.026). Moreover, high Treg infil-
tration correlated with luminal B (P = 0.034) and TN
subtype (P = 0.019) and inversely to luminal A (P =
0.000) (Table 1). While Treg infiltration did not have
any impact on recurrence, patients with high Treg infil-
tration showed worse BCSS (P = 0.007) (Fig. 3). Univari-
able analysis showed that patients with high Treg
infiltration had a statistically significant increase in
breast cancer-specific death rate (HR = 1.64, CI = 1.39–
2.37, P = 0.008). Importantly, Treg infiltration was
shown to be an independent prognostic factor for BCSS
as determined with multivariable Cox regression analysis
(HR = 1.72, CI = 1.14–2.59, P = 0.01) (Table 3).

Fig. 1 Immunohistochemical stainings of primary tumors. a CD3, a marker for T lymphocytes. b FOXP3, a marker for regulatory T lymphocytes. c
CD68, a marker for macrophages. d NE, a marker for neutrophils. Scale bar = 200 μm. Black arrows indicate immune cells
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T lymphocyte and Treg infiltration changing with
metastatic progression
In order to determine whether T lymphocyte and Treg
infiltration would change or be unchanged over tumor
progression, we evaluated their infiltration in all stages
of tumor progression: primary tumors, lymph node, and
distant metastases. While there were significant correla-
tions between T lymphocyte and Treg infiltration within
all stages of tumor progression, in primary tumor (P =
0.000), lymph node metastasis (P = 0.000), and distant
metastasis (P = 0.000), there was no correlation between
infiltration levels of T lymphocytes in primary tumors
and distant metastases (Table 4). Discordance between
the primary tumor and distant metastasis for T lympho-
cytes and Tregs was 15.4% and 50%, respectively.
Changes in infiltration levels occurred in both directions;
hence, no trend toward neither lower nor higher infiltra-
tion was observed (Table 5).

Treg infiltration in lymph node metastases
There was no prognostic impact of either T lymphocytes
or Tregs in lymph node metastases (data not shown).
However, some correlations to negative prognostic
factors similar to those seen in primary tumors were
shown for Tregs in lymph node metastases (see
Additional file 5).

Treg infiltration in distant metastases
We continued with exploring the potential clinical im-
pact of T lymphocyte and Treg infiltration in distant
metastases (Fig. 4; for distant metastasis sites, see
Additional file 6). There were no correlations between
either T lymphocyte or Treg infiltration and clinicopath-
ological features related to distant metastases (see
Additional file 7). However, while T lymphocyte infiltra-
tion in distant metastases showed no significant differ-
ence in 2-year post-recurrence survival (PRS) (P = 0.886)

Fig. 2 Prognostic role of T lymphocytes in primary tumors. Kaplan-Meier plots (log-rank test) for a, b recurrence-free survival and c, d breast
cancer-specific survival among patients with different infiltration levels of T lymphocytes (CD3+) in primary tumors
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Table 1 Correlation between T lymphocyte (CD3+) and regulatory T cell (FOXP3+) infiltration and clinicopathological features in
primary breast cancer
Variable N (%) CD3 infiltration R P N (%) FOXP3 infiltration R P

0 1 2 3 0 1 2 3

All 175 (100) 37 70 48 20 176 (100) 67 66 39 4

Age

< 50 79 (45.1) 15 36 22 6 0,04 0,60 81 (46.0) 30 29 19 3 -0,05 0,54

≥ 50 96 (54.9) 22 34 26 14 95 (54.0) 37 37 20 1

Tumor size

≤ 20 mm 73 (41.7) 17 28 20 8 0,03 0,71 73 (41.5) 30 27 15 1 0,06 0,42

> 20 mm 102 (58.2) 20 42 28 12 102 (58.0) 37 38 24 3

Nodal metastasis

- 57 (32.6) 13 22 17 5 0,03 0,74 57 (32.4) 16 26 13 2 -0,10 0,18

+ 114 (65.1) 24 45 31 14 116 (65.9) 48 40 26 2

Ki67

- 108 (61.7) 28 47 23 10 0,21 0,01 109 (61.9) 52 38 18 1 0,33 0,000

+ 59 (33.7) 9 19 21 10 58 (33.0) 10 25 20 3

NHG

Grade 1/2 62 (35.4) 12 31 16 3 0,06 0,43 64 (36.4) 27 24 13 0 0,06 0,48

Grade 3 91 (52.0) 22 32 24 13 91 (51.7) 34 36 17 4

ER

- 33 (18.9) 6 9 10 8 -0,16 0,04 32 (18.2) 8 11 12 1 -0,17 0,03

+ 138 (78.9) 31 59 36 12 139 (79.0) 56 54 26 3

PR

- 74 (42.3) 18 23 20 13 -0,08 0,29 72 (40.9) 25 27 19 1 -0,07 0,39

+ 96 (54.9) 19 45 26 6 98 (55.7) 39 38 18 3

Luminal A 59 (33.7) 14 29 12 4 -0,17 0,03 60 (34.1) 32 20 7 1 -0,30 0,000

Luminal B 72 (41.1) 15 26 23 8 0,04 0,65 72 (40.9) 18 33 19 2 0,17 0,03

HER2 9 (5.1) 2 2 1 4 0,10 0,20 8 (4.5) 2 5 1 0 0,00 0,96

TN 22 (12.6) 3 7 9 3 0,11 0,16 22 (12.5) 5 6 10 1 0,18 0,02

Abbreviations: N number of patients included in analysis, R correlation coefficient, Ki67 proliferation marker, NHG Nottingham histologic grade, ER estrogen
receptor, PR progesterone receptor, TN triple negative. Spearman correlation, two-tailed P value. Bold indicates P value < 0.05

Table 2 Cox regression analyses for recurrence-free survival. Primary tumor
Variable HR (95% CI) P value HR (95% CI) P value

Univariable Multivariable

Tumor size

≤20 vs >20 1,52 (1.19 - 1.93) 0,001 1,39 (0.98 - 1.98) 0,068

NHG

1, 2 vs 3 1,62 (1.19 - 2.19) 0,002 1,55 (1.07 - 2.25) 0,021

Nodal metastasis

- vs + 1,31 (1.02 - 1.69) 0,035 1,71 (1.18 - 2.47) 0,005

ER

- vs + 0,50 (0.33 - 0.74) 0,000 0,60 (0.37 - 0.97) 0,037

CD3

low vs high 2,61 (1.57 - 4.32) 0,000 1,77 (1.01 - 3.13) 0,048

FOXP3

low vs high 1,26 (0.91 - 1.74) 0,16

Abbreviations: HR hazard ratio, CI confidential interval, NHG Nottingham histologic grade, ER estrogen receptor, PR progesterone receptor. CD3 indicates infiltration
level of T lymphocytes (low 0, 1, 2 vs high 3) in primary tumor. FOXP3 indicates infiltration level of regulatory T lymphocytes (low 0 vs high 1, 2, 3). Spearman
correlation, two-tailed P value. Bold indicates P value < 0.05
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Table 3 Cox regression analyses for breast cancer-specific survival. Primary tumor

Variable HR (95% CI) P value HR (95% CI) P value

Univariable Multivariable

Tumor size

≤20 vs >20 1,49 (1.14 - 1.96) 0,004 1,41 (0.94 - 2.12) 0,094

NHG

1, 2 vs 3 1,61 (1.14 - 2.28) 0,007 1,65 (1.07 - 2.53) 0,023

Nodal metastasis

- vs + 1,51 (1.13 - 2.02) 0,006 2,01 (1.30 - 3.10) 0,002

ER

- vs + 0,42 (0.27 - 0.63) 0,000 0,57 (0.34 - 0.97) 0,038

CD3

low vs high 2,34 (1.40 - 3.91) 0,001 1,39 (0.77 - 2.50) 0,28

FOXP3

low vs high 1,64 (1.39 - 2.37) 0,008 1,72 (1.14 - 2.59) 0,010

Abbreviations: HR hazard ratio, CI confidential interval, NHG Nottingham histologic grade, ER estrogen receptor, PR progesterone receptor. CD3 indicates infiltration
level of T lymphocytes (low 0, 1, 2 vs high 3) in primary tumor. FOXP3 indicates infiltration level of regulatory T lymphocytes (low 0 vs high 1, 2, 3). Spearman
correlation, two-tailed P value. Bold indicates P value < 0.05

Fig. 3 Prognostic role of Tregs in primary tumors. Kaplan-Meier plots (log-rank test) for a, b recurrence-free survival and c, d breast cancer-specific
survival among patients with different infiltration levels of regulatory T lymphocytes (Tregs, FOXP3+) in primary tumor
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(Fig. 5a, b), there was a significant difference in PRS for
Treg infiltration levels, with high infiltration being
associated to worse outcome (P = 0.039) (Fig. 5c, d).

Discussion
Previous studies have generally focused on the immune
microenvironment in primary breast cancer tumors
while less is known about the immune landscape in
metastatic breast cancer and how it changes with meta-
static progression. Distant metastases account for the
great majority of deaths related to breast cancer and
previous research has revealed highly varying post-
recurrence survival once metastatic tumors are estab-
lished [32, 33]. Despite advancements in diagnosing and
treating breast cancer, the overall survival is approxi-
mately 75%, with global mortality rates differing pro-
foundly and with metastatic disease accounting for the

majority of breast cancer-related deaths [6, 34]. Import-
antly, immunotherapeutic alternatives have proven ef-
fective in treating advanced cancer; however, not all
patients benefit from the treatment and as of yet immu-
nomodulators have only been approved for some subsets
of breast cancer patients [35, 36]. Deciphering which
breast cancer patients with metastatic disease might
benefit from immunotherapy could have important clin-
ical implications. Here we reveal that Treg infiltration, in
contrast to pan-T-lymphocyte infiltration, in distant me-
tastases can identify those patients with worse 2-year
survival and that accordingly might benefit from
immunotherapies, e.g., CTLA-4-related therapeutics.
CTLA-4 is an important immune checkpoint protein
receptor and highly expressed on Tregs [37, 38].
Interestingly, ipilimumab, a fully humanized monoclonal
antibody against CTLA-4, has been shown to reduce

Table 4 Correlation between T lymphocyte (CD3+) infiltration and Treg (FOXP3+) infiltration in primary tumors, lymph node
metastases, and distant metastases

CD3
Lnm

CD3
Dm

FOXP3
Prim

FOXP3
Lnm

FOXP3
Dm

CD3
Prim

R 0,22 0,12 0,54 0,23 -0,24

p 0,068 0,57 0,000 0,063 0,24

N 69 26 172 68 26

CD3
Lnm

R -0,39 0,26 0,55 0,23

p 0,17 0,031 0,000 0,42

N 14 70 78 14

CD3
Dm

R -0,074 -0,47 0,61

p 0,72 0,088 0,000

N 26 14 34

FOXP3
Prim

R 0,19 -0,18

p 0,12 0,37

N 69 26

FOXP3
Lnm

R -0,35

p 0,22

N 14

Abbreviations: R correlation coefficient, N number of patients included in analysis, Prim primary tumor, Lnm lymph node metastasis, Dm distant metastasis.
Spearman correlati on, two-tailed P value. Bold indicates P value < 0.05

Table 5 Changes in infiltration levels of T lymphocyte (CD3+) and regulatory T lymphocytes (FOXP3+) over tumor progression

N Low → high High → low Discordance (%) P

CD3 Prim → Lnm 69 10 7 24,6 0,63

Lnm → Dm 14 1 2 21,4 1,0

Prim → Dm 26 1 3 15,4 0,63

FOXP3 Prim → Lnm 69 19 12 44,9 0,28

Lnm → Dm 14 4 4 57,1 1,0

Prim → Dm 26 5 8 50,0 0,58

Abbreviations: N number of patients included in analysis, Prim primary tumor, Lnm lymph node metastasis, Dm distant metastasis. T lymphocytes (CD3)
dichotomized into low (0 + 1 + 2) and high (3) infiltration. Regulatory T lymphocytes dichotomized into low (0) and high (1 + 2 + 3) infiltration. P value from
McNemar’s test
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Fig. 4 Immunohistochemical stainings of distant metastases. a CD3, a marker for T lymphocytes. b FOXP3, a marker for regulatory T lymphocytes.
Scale bar = 200 μm

Fig. 5 Prognostic role of Tregs in metastatic tumors. Kaplan-Meier plots (log-rank test) for post-recurrence survival depending on infiltration levels
of a T lymphocytes (CD3+), b grouped T lymphocytes (CD3+), c regulatory T lymphocytes (Tregs, FOXP3+), and d grouped regulatory T
lymphocytes (FOXP3+) in distant metastasis
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Treg infiltration in responders among melanoma
patients [39].
The fact that high Treg infiltration in the metastatic

tumor microenvironment correlated to a decreased 2-
year PRS can be viewed as consistent with previous
observations of the immunosuppressive properties of
Tregs in aiding tumor progression seen in early breast
cancer [11, 19–21]. The negative prognostic role of
Tregs has also been shown in both early-stage breast
cancer and locally advanced breast cancer [40, 41].
Moreover, we here show that high T lymphocyte

and Treg infiltration in the primary tumor correlated
to poor prognostic factors and shorter survival. T
lymphocytes were shown to be an independent prog-
nostic factor for RFS. This contradicts previous, al-
though limited, studies showing a correlation between
high T lymphocyte infiltration and better outcome
[11–14]. The differential findings regarding the prog-
nostic role of T lymphocyte infiltration in primary
breast cancer might be that the cohort of this study
only included patients having advanced stages of
breast cancer. One could hypothesize that primary tu-
mors in patients developing metastatic breast cancer
recruit different T lymphocyte subtypes as compared
to primary breast cancer in tumors lacking metastatic
potential. Indeed, different subtypes are linked to dif-
ferent effects in the TME and prognostic outcome in
cancer [42, 43]. Future longitudinal studies comparing
the infiltration of various T lymphocyte subpopula-
tions in primary tumors of patients who later develop
or never develop metastatic breast cancer are needed
to further clarify this. Our data also suggest that there
are other T lymphocyte subpopulations, besides Tregs
that could have important clinical implications in
metastatic breast cancer. While the pan-T-lymphocyte
marker CD3 was an independent prognostic factor for
RFS, only FOXP3 was found to be an independent
prognostic factor for BCSS, in line with previous work
[19, 20], and able to decipher patients with worse 2-
year PRS. These data suggest that other T lymphocyte
subpopulations exist and have differential roles in
metastatic breast cancer.
Previous studies have shown a decrease of total T

lymphocyte and Treg infiltration from primary tumor to
distant metastasis in breast cancer, with tumors becom-
ing less immunogenic with progression [44–46]. Import-
antly, we could see a high discordance rate, especially in
Treg infiltration. However, we observed changes in
immune cell infiltrations in both directions. The fact
that Treg, in particular, changes with metastatic pro-
gression illustrates the need to characterize metastatic
breast tumors in detail independent of what is known
about the immune landscape in the corresponding
primary tumor.

Regarding other immune landscape markers assessed
in primary tumors, we saw correlations between most
immune cell populations. This can illustrate the import-
ant principal of what is referred to as “hot” and “cold”
tumors, meaning that some tumors have a higher in-
flammatory activity than others and are more immuno-
genic [47]. The TN subtype has previously been shown
to be the most immunogenic molecular subtype in
breast cancer [48, 49] and is therefore currently viewed
as being most appropriate for immunotherapeutic tar-
geting [50]. Hence, a high infiltration of certain immune
cell populations might not only be of negative prognostic
value, but also predictive of positive response to im-
munotherapy. Interestingly, while Tregs and neutrophils
correlated to TN subtype, and T lymphocytes, Tregs,
macrophages, and neutrophils in primary tumors corre-
lated to ER-negative breast cancer, no correlations to
molecular subtype or other clinicopathological factors
could be seen for either FOXP3 or CD3 in distant me-
tastases, suggesting that Tregs in distant metastases
could be a prognostic factor for patients with metastatic
breast cancer independent of breast cancer subtype.
Strengths of this study include the large number of

paired samples from primary tumors and lymph node
metastases from patients with metastatic breast cancer,
as well as the extensive information about clinicopatho-
logical factors that could be used in the analyses. To our
knowledge, no previous study has shown the prognostic
impact of immune cell infiltrations in distant metastases
of breast cancer. As mentioned above, one important
limitation was the limited material from metastatic loca-
tions. It would have been interesting to see whether
certain immune profiles are associated to specific meta-
static sites. Moreover, it would have been interesting to
investigate if the prognostic role of Tregs in distant me-
tastases is specific or whether other immune populations
in metastatic breast cancer tumors also have prognostic
impact. This would suggest that the concept of “hot”
and “cold” tumors also applies to distant metastases.
Future studies, preferentially including spatial profiling,
are warranted to in more detail expand the understand-
ing and the clinical impact of the immune microenviron-
ment in metastatic breast cancer.

Conclusions
Although the development of novel therapeutic alterna-
tives has resulted in better outcome in the early stages
of breast cancer, metastatic breast cancer still remains a
clinical challenge with poor outcome. Developing novel
therapies for metastatic disease and deciphering which
patients might benefit from immunotherapy is therefore
of great importance. In this study, we show that infiltra-
tion of T lymphocytes, Tregs, and macrophages in
primary tumors is associated with worse outcome.
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Importantly, we also show that patients with high Treg
infiltration in distant metastasis have shorter PRS and that
Treg infiltration changes with metastatic progression.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13058-021-01403-0.

Additional file 1. Kaplan Meier plots (log-rank test) showing a,b.
recurrence-free survival and c,d. breast cancer-specific survival among pa-
tients with different infiltration levels of Macrophages (CD68+) in primary
tumor.

Additional file 2. Kaplan Meier plots (log-rank test) for a,b. recurrence-
free survival and c,d. breast cancer-specific survival among patients with
different infiltration levels of neutrophils (NE+) in primary tumor.

Additional file 3. Correlation between macrophage (CD68+) and
neutrophil (NE+) immune cell infiltration and clinicopathological features
in primary breast cancer.

Additional file 4. Correlation between immune cell populations within
primary tumor.

Additional file 5. Correlation between T lymphocyte (CD3+) and
regulatory T lymphocyte (FOXP3+) infiltration and clinicopathological
features in lymph node metastasis.

Additional file 6. Location of distant metastases.

Additional file 7. Correlation between T lymphocyte (CD3+) and
regulatory T lymphocyte (FOXP3+) infiltration and clinicopathological
features in distant metastasis.

Abbreviations
TN: Triple negative; Treg: Regulatory T lymphocyte; ER: Estrogen receptor;
TMA: Tissue microarray; IHC: Immunohistochemistry; PR: Progesterone
receptor; RFS: Recurrence-free survival; BCSS: Breast cancer-specific survival;
PRS: Post-recurrence survival; HR: Hazard ratio

Acknowledgements
We thank the TEX Study Group for providing samples and clinical data and
Caroline Jansson for immunohistochemical staining of the TMAs.

Authors’ contributions
CH and IH designed the research and supervised the research. IH provided
the TMAs. JS and CH performed the research and wrote the manuscript. All
authors discussed the results and provided comments and feedback. The
authors read and approved the final manuscript.

Funding
This study was supported by the Swedish Society of Medicine, Gunnar
Nilsson Cancer Foundation, and governmental funding of clinical research
within the National Health Services (ALF) (to CH) and the Swedish Cancer
Society and governmental funding of clinical research within the National
Health Services (ALF) (to IH). Open Access funding provided by Lund
University.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Ethics approval and consent to participate
The clinical trial on which this study obtained patient information from was
based on written informed consent. This included consent to take part in
translational studies such as the present project. All clinics involved in the
study had obtained ethical approval from regional committees.

Consent for publication
Not applicable

Competing interests
The authors declare no competing interests.

Author details
1Division of Clinical Genetics, Department of Laboratory Medicine, Lund
University, SE-221 85 Lund, Sweden. 2Division of Oncology, Department of
Clinical Sciences Lund, Lund University, SE-221 85 Lund, Sweden.

Received: 21 October 2020 Accepted: 1 February 2021

References
1. Carioli G, Malvezzi M, Rodriguez T, Bertuccio P, Negri E, La Vecchia C. Trends

and predictions to 2020 in breast cancer mortality in Europe. Breast. 2017;
36:89–95.

2. Guo F, Kuo YF, Shih YCT, Giordano SH, Berenson AB. Trends in breast cancer
mortality by stage at diagnosis among young women in the United States.
Cancer. 2018;124(17):3500–9.

3. O’Shaughnessy J. Extending survival with chemotherapy in metastatic
breast cancer. Oncologist. 2005;10(Suppl 3):20–9.

4. Jones SE. Metastatic breast cancer: the treatment challenge. Clin Breast
Cancer. 2008;8(3):224–33.

5. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424.

6. Weigelt B, Peterse JL, van 't Veer LJ: Breast cancer metastasis: markers and
models. Nat Rev Cancer 2005, 5(8):591–602.

7. Largillier R, Ferrero JM, Doyen J, Barriere J, Namer M, Mari V, Courdi A,
Hannoun-Levi JM, Ettore F, Birtwisle-Peyrottes I, et al. Prognostic factors in
1,038 women with metastatic breast cancer. Ann Oncol. 2008;19(12):2012–9.

8. Kennecke H, Yerushalmi R, Woods R, Cheang MC, Voduc D, Speers CH,
Nielsen TO, Gelmon K. Metastatic behavior of breast cancer subtypes. J Clin
Oncol. 2010;28(20):3271–7.

9. Xiao W, Zheng S, Yang A, Zhang X, Zou Y, Tang H, Xie X. Breast cancer
subtypes and the risk of distant metastasis at initial diagnosis: a population-
based study. Cancer Manag Res. 2018;10:5329–38.

10. Imkampe A, Bendall S, Bates T. The significance of the site of recurrence to
subsequent breast cancer survival. Eur J Surgical Oncol. 2007;33(4):420–3.

11. Allaoui R, Hagerling C, Desmond E, Warfvinge CF, Jirström K, Leandersson K.
Infiltration of γδ T cells, IL-17+ T cells and FoxP3+ T cells in human breast
cancer. Cancer Biomark. 2017;20(4):395–409.

12. Castaneda CA, Mittendorf E, Casavilca S, Wu Y, Castillo M, Arboleda P, Nunez
T, Guerra H, Barrionuevo C, Dolores-Cerna K, et al. Tumor infiltrating
lymphocytes in triple negative breast cancer receiving neoadjuvant
chemotherapy. World J Clin Oncol. 2016;7(5):387–94.

13. Tsiatas M, Kalogeras KT, Manousou K, Wirtz RM, Gogas H, Veltrup E, Zagouri
F, Lazaridis G, Koutras A, Christodoulou C, et al. Evaluation of the prognostic
value of CD3, CD8, and FOXP3 mRNA expression in early-stage breast
cancer patients treated with anthracycline-based adjuvant chemotherapy.
Cancer Med. 2018;7(10):5066–82.

14. Rathore AS, Kumar S, Konwar R, Makker A, Negi MP, Goel MM. CD3+, CD4+
& CD8+ tumour infiltrating lymphocytes (TILs) are predictors of favourable
survival outcome in infiltrating ductal carcinoma of breast. Indian J Med
Res. 2014;140(3):361–9.

15. Mahmoud SM, Paish EC, Powe DG, Macmillan RD, Grainge MJ, Lee AH, Ellis
IO, Green AR. Tumor-infiltrating CD8+ lymphocytes predict clinical outcome
in breast cancer. J Clin Oncol. 2011;29(15):1949–55.

16. Peng GL, Li L, Guo YW, Yu P, Yin XJ, Wang S, Liu CP. CD8(+) cytotoxic and
FoxP3(+) regulatory T lymphocytes serve as prognostic factors in breast
cancer. Am J Transl Res. 2019;11(8):5039–53.

17. Blake-Mortimer JS, Sephton SE, Carlson RW, Stites D, Spiegel D. Cytotoxic T
lymphocyte count and survival time in women with metastatic breast
cancer. Breast J. 2004;10(3):195–9.

18. Plitas G, Rudensky AY. Regulatory T cells: differentiation and function.
Cancer Immunol Res. 2016;4(9):721–5.

19. Zhou Y, Shao N, Aierken N, Xie C, Ye R, Qian X, Hu Z, Zhang J, Lin Y.
Prognostic value of tumor-infiltrating Foxp3+ regulatory T cells in patients
with breast cancer: a meta-analysis. J Cancer. 2017;8(19):4098–105.

20. Wang Y, Sun J, Zheng R, Shao Q, Gao W, Song B, Chen X, Qu X. Regulatory
T cells are an important prognostic factor in breast cancer: a systematic
review and meta-analysis. Neoplasma. 2016;63(5):789–98.

21. Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, Harris AL, Banham AH.
Quantification of regulatory T cells enables the identification of high-risk

Stenström et al. Breast Cancer Research           (2021) 23:27 Page 11 of 12

https://doi.org/10.1186/s13058-021-01403-0
https://doi.org/10.1186/s13058-021-01403-0


breast cancer patients and those at risk of late relapse. J Clin Oncol. 2006;
24(34):5373–80.

22. Lee S, Cho EY, Park YH, Ahn JS, Im YH. Prognostic impact of FOXP3
expression in triple-negative breast cancer. Acta Oncologica (Stockholm,
Sweden). 2013;52(1):73–81.

23. West NR, Kost SE, Martin SD, Milne K, Deleeuw RJ, Nelson BH, Watson PH.
Tumour-infiltrating FOXP3(+) lymphocytes are associated with cytotoxic
immune responses and good clinical outcome in oestrogen receptor-
negative breast cancer. Br J Cancer. 2013;108(1):155–62.

24. Olkhanud PB, Baatar D, Bodogai M, Hakim F, Gress R, Anderson RL, Deng J,
Xu M, Briest S, Biragyn A. Breast cancer lung metastasis requires expression
of chemokine receptor CCR4 and regulatory T cells. Cancer Res. 2009;69(14):
5996–6004.

25. Xue D, Xia T, Wang J, Chong M, Wang S, Zhang C. Role of regulatory T cells
and CD8(+) T lymphocytes in the dissemination of circulating tumor cells in
primary invasive breast cancer. Oncol Lett. 2018;16(3):3045–53.

26. Medrek C, Ponten F, Jirstrom K, Leandersson K. The presence of tumor
associated macrophages in tumor stroma as a prognostic marker for breast
cancer patients. BMC Cancer. 2012;12:306.

27. Tiainen S, Tumelius R, Rilla K, Hämäläinen K, Tammi M, Tammi R, Kosma VM,
Oikari S, Auvinen P. High numbers of macrophages, especially M2-like
(CD163-positive), correlate with hyaluronan accumulation and poor
outcome in breast cancer. Histopathology. 2015;66(6):873–83.

28. Yuan ZY, Luo RZ, Peng RJ, Wang SS, Xue C. High infiltration of tumor-
associated macrophages in triple-negative breast cancer is associated with a
higher risk of distant metastasis. Onco Targets Ther. 2014;7:1475–80.

29. Wculek SK, Malanchi I. Neutrophils support lung colonization of metastasis-
initiating breast cancer cells. Nature. 2015;528(7582):413–7.

30. Hatschek T, Carlsson L, Einbeigi Z, Lidbrink E, Linderholm B, Lindh B, Loman
N, Malmberg M, Rotstein S, Söderberg M, et al. Individually tailored
treatment with epirubicin and paclitaxel with or without capecitabine as
first-line chemotherapy in metastatic breast cancer: a randomized
multicenter trial. Breast Cancer Res Treat. 2012;131(3):939–47.

31. Kimbung S, Kovács A, Danielsson A, Bendahl PO, Lövgren K, Frostvik Stolt M,
Tobin NP, Lindström L, Bergh J, Einbeigi Z, et al. Contrasting breast cancer
molecular subtypes across serial tumor progression stages: biological and
prognostic implications. Oncotarget. 2015;6(32):33306–18.

32. Insa A, Lluch A, Prosper F, Marugan I, Martinez-Agullo A, Garcia-Conde J.
Prognostic factors predicting survival from first recurrence in patients with
metastatic breast cancer: analysis of 439 patients. Breast Cancer Res Treat.
1999;56(1):67–78.

33. Mariotto AB, Etzioni R, Hurlbert M, Penberthy L, Mayer M. Estimation of the
number of women living with metastatic breast cancer in the United States.
Cancer Epidemiol Biomark Prevention. 2017;26(6):809–15.

34. Winters S, Martin C, Murphy D, Shokar NK. Breast cancer epidemiology,
prevention, and screening. Prog Mol Biol Transl Sci. 2017;151:1–32.

35. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, Dieras V,
Hegg R, Im SA, Shaw Wright G, et al. Atezolizumab and nab-paclitaxel in
advanced triple-negative breast cancer. N Engl J Med. 2018;379(22):2108–21.

36. de Melo GD, Buzaid AC, Perez-Garcia J, Cortes J. Immunotherapy in breast
cancer: current practice and clinical challenges. BioDrugs. 2020;34(5):611–23.

37. Buchbinder EI, Desai A. CTLA-4 and PD-1 pathways: similarities, differences,
and implications of their inhibition. Am J Clin Oncol. 2016;39(1):98–106.

38. Miyara M, Yoshioka Y, Kitoh A, Shima T, Wing K, Niwa A, Parizot C, Taflin C,
Heike T, Valeyre D, et al. Functional delineation and differentiation dynamics
of human CD4+ T cells expressing the FoxP3 transcription factor. Immunity.
2009;30(6):899–911.

39. Romano E, Kusio-Kobialka M, Foukas PG, Baumgaertner P, Meyer C, Ballabeni
P, Michielin O, Weide B, Romero P, Speiser DE. Ipilimumab-dependent cell-
mediated cytotoxicity of regulatory T cells ex vivo by nonclassical
monocytes in melanoma patients. Proc Natl Acad Sci U S A. 2015;112(19):
6140–5.

40. Kim ST, Jeong H, Woo OH, Seo JH, Kim A, Lee ES, Shin SW, Kim YH, Kim JS,
Park KH. Tumor-infiltrating lymphocytes, tumor characteristics, and recurrence
in patients with early breast cancer. Am J Clin Oncol. 2013;36(3):224–31.

41. Demir L, Yigit S, Ellidokuz H, Erten C, Somali I, Kucukzeybek Y, Alacacioglu A,
Cokmert S, Can A, Akyol M, et al. Predictive and prognostic factors in locally
advanced breast cancer: effect of intratumoral FOXP3+ Tregs. Clin
Experimental Metastasis. 2013;30(8):1047–62.

42. Speiser DE, Ho PC, Verdeil G. Regulatory circuits of T cell function in cancer.
Nat Rev Immunol. 2016;16(10):599–611.

43. Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in cancer:
from tumor initiation to metastatic progression. Genes Dev. 2018;32(19–20):
1267–84.

44. Szekely B, Bossuyt V, Li X, Wali VB, Patwardhan GA, Frederick C, Silber A, Park
T, Harigopal M, Pelekanou V, et al. Immunological differences between
primary and metastatic breast cancer. Ann Oncol. 2018;29(11):2232–9.

45. Ogiya R, Niikura N, Kumaki N, Bianchini G, Kitano S, Iwamoto T, Hayashi N,
Yokoyama K, Oshitanai R, Terao M, et al. Comparison of tumor-infiltrating
lymphocytes between primary and metastatic tumors in breast cancer
patients. Cancer Sci. 2016;107(12):1730–5.

46. Takada K, Kashiwagi S, Goto W, Asano Y, Takahashi K, Hatano T, Takashima
T, Tomita S, Motomura H, Ohsawa M, et al. Significance of re-biopsy for
recurrent breast cancer in the immune tumour microenvironment. Br J
Cancer. 2018;119(5):572–9.

47. Maleki Vareki S. High and low mutational burden tumors versus
immunologically hot and cold tumors and response to immune checkpoint
inhibitors. J Immunotherapy Cancer. 2018;6(1):157.

48. Jang N, Kwon HJ, Park MH, Kang SH, Bae YK. Prognostic value of tumor-
infiltrating lymphocyte density assessed using a standardized method based
on molecular subtypes and adjuvant chemotherapy in invasive breast
cancer. Ann Surg Oncol. 2018;25(4):937–46.

49. Keenan TE, Tolaney SM. Role of immunotherapy in triple-negative breast
cancer. J National Comprehensive Cancer Network. 2020;18(4):479–89.

50. Sugie T. Immunotherapy for metastatic breast cancer. Chin Clin Oncol. 2018;
7(3):28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Stenström et al. Breast Cancer Research           (2021) 23:27 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Material and methods
	Patient data and biological material
	Immunohistochemistry
	Statistical analysis

	Results
	Immune cell infiltration in primary tumors
	Tregs in primary tumors—an independent prognostic factor
	T lymphocyte and Treg infiltration changing with metastatic progression
	Treg infiltration in lymph node metastases
	Treg infiltration in distant metastases

	Discussion
	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

