
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Function of Innate Immune Cells in Breast Cancer

Gunnarsdóttir, Fríða Björk

2021

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Gunnarsdóttir, F. B. (2021). Function of Innate Immune Cells in Breast Cancer. [Doctoral Thesis (compilation),
Department of Translational Medicine]. Lund University, Faculty of Medicine.

Total number of authors:
1

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/13364104-e008-4d32-b5d5-c115ac2032d4


Function of Innate Immune Cells  
in Breast Cancer 





Function of Innate Immune Cells  
in Breast Cancer 

Fríða Björk Gunnarsdóttir 

DOCTORAL DISSERTATION 

by due permission of the Faculty of Medicine, Department of Translational 
Medicine, Lund University, Sweden. 

To be defended at Clinical Research Center Aula, Jan Waldenströms gata 35, 
Malmö on December 3rd 2021 at 9:15 am. 

Faculty opponent 
Professor Charlotta Dabrosin 

Department of Biomedical and Clinical Sciences, 
Linköping University, Linköping, Sweden 



Organization: 
LUND UNIVERSITY 
Faculty of Medicine 

Document name 
DOCTORAL DISSERTATION 

Department of Translational Medicine 
Malmö 

Date of issue 2021-12-03 

Author: Fríða Björk Gunnarsdóttir 
Sponsoring organization 

Title and subtitle: Function of Innate Immune Cells in Breast Cancer 
Abstract: 
Tumor associated macrophages (TAMs) are key cells in creating an immunosuppressive tumor 
microenvironment (TME). In general, presence of TAMs is associated with worse outcome in 
cancer patients. Macrophages with anti-tumor effect can be found in the TME but are usually in 
minority. This thesis focuses on the role of innate immune cells, and especially macrophages, in 
breast cancer.  

In the first project we showed that pro-inflammatory macrophages downregulate estrogen receptor 
alpha (ERα) on breast cancer cells. We unveiled the molecular mechanism behind this, showing 
that TNF-α derived from macrophages inactivates transcription factor FOXO3a. Moreover, 
presence of TAMs in breast cancer tumors associated with ER negativity and worse prognosis in 
ERα+ patients.  

In projects two and three we shifted our focus towards CD169+ macrophages in lymph nodes (LN) 
and primary tumors (PT) of breast cancer patients. In project II we showed that presence of CD169+ 
macrophages in metastatic LN correlated with better prognosis, while presence of CD169+ 
macrophages in PT did not. Association with PD-L1 expression was found in both locations. In 
project III we saw that CD169+ TAMs are most likely monocyte derived in a type I IFN 
environment and display a unique pro-inflammatory phenotype and cytokine profile, but with 
immunosuppressive function. In a patient cohort they were associated with tertiary lymphoid 
structures and regulatory T cells, and therefore with worse prognosis. 

In conclusion, TAMs represent a broad spectrum of macrophages with unique origin, phenotype, 
and function. In this thesis we have added to the growing knowledge of these cells and their role in 
breast cancer. Not only does the type of cancer matter for their function, but further their location 
and surrounding environment within breast cancer.

Key words: Tumor associated macrophages, breast cancer, ERα, FOXO3a, CD169, PD-L1, 
metastatic lymph node 
Classification system and/or index terms (if any) 

Supplementary bibliographical information Language: English 

ISSN and key title: 1652-8220 ISBN: 978-91-8021-147-5 
Recipient’s notes Number of pages: 77 Price 

Security classification

I, the undersigned, being the copyright owner of the abstract of the above-mentioned dissertation, 
hereby grant to all reference sources permission to publish and disseminate the abstract of the above-
mentioned dissertation. 

Signature  Date 2021-10-28  



Function of Innate Immune Cells  
in Breast Cancer 

Fríða Björk Gunnarsdóttir 



Cover photo by the Author 

Copyright © Fríða Björk Gunnarsdóttir 
Paper 1 © The Authors  
Paper 2 © The Authors 
Paper 3 © Gunnarsdóttir et al. (Manuscript unpublished) 

All illustrations (Fig. 1-10) are created with BioRender. 

Lund University 
Faculty of Medicine 
Department of Translational Medicine, Malmö 

ISBN 978-91-8021-147-5 
ISSN 1652-8220 

Printed in Sweden by Media-Tryck, Lund University, Lund 2021 



Deyr fé,
deyja frændur, 

deyr sjálfur ið sama. 
En orðstír 

deyr aldregi 
hveim er sér góðan getur. 

Cattle die,
kindred die,  

Every man is mortal:  
But the good name  

never dies  
of one who has done well.  

Hávamál – 76 
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Popular Science Summary 

With around 9000 new cases diagnosed in Sweden every year, breast cancer is a 
burden on the healthcare system and greater society. In most cases the prognosis is 
good, but still around 15% of patients diagnosed will die because of the disease. 
When breast cancer is diagnosed it is categorized into subtypes according to 
expression of hormone receptor on the breast cancer cells. These receptors are 
Estrogen receptor, Progesterone receptor and HER2 receptor. If the tumors are 
receptor positive that means that the tumor depends on hormones or growth factors 
and uses the receptors to capture and make use of these growth factors to grow. The 
cancer can be treated by blocking these receptors, but some breast cancers do not 
express any of these receptors. They are called triple negative breast cancers and 
have worse prognosis due to lack of treatment options and faster growing cancers. 
If the tumor cells have spread to nearby lymph nodes the cancer has metastasized 
which means worse prognosis for the patient.  

The body’s immune system is designed to protect from disease. It detects and 
responds to a wide variety of invading pathogens such as bacteria, viruses, parasites, 
but also to cancer cells. Cancer is a group of diseases that all involve abnormal 
growth of cells that can spread to other parts of the body. Cancer results from 
damages in DNA and loss of normal function of the cell. Under normal 
circumstances cell division is tightly regulated but mutations that spontaneously 
occur can sometimes affect genes that control cell growth and division. This can 
lead to tumor formation. Some immune cells can recognize tumor cells, since they 
do have features that distinguish them from normal cells even though they are not 
invading pathogens. After recognition of tumor cells, the immune system initiates a 
process to eliminate the cancer cells. In most cases this eradication is successful, 
and the body has been protected, but in some cases the tumor can evade immune 
surveillance and continue to grow and spread. It does so by creating a 
microenvironment in the tumor which benefits the cancer cells and dampens further 
attacks from the immune system. This can be because of proteins that cancer cells 
secrete, receptors on their surface that inhibit function of immune cells, or by 
recruiting anti-inflammatory immune cells and hijacking mechanisms from the 
immune system for its own benefit.  

Macrophages are cells of the immune system that are professional eating cells or 
phagocytes. They are found in all types of tissue in the body, patrol the environment 
for pathogens, and recruit other immune cells to the site of infection or damage. 
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They also have an anti-inflammatory role and can limit immune responses. 
Inflammatory macrophages have been known as M1-like macrophages and anti-
inflammatory macrophages as M2-like macrophages. Macrophages have been 
shown to infiltrate tumors, but tumor associated macrophages are usually anti-
inflammatory and lead to tumor growth and worse prognosis for cancer patients. In 
this thesis we have looked at different types of macrophages in breast cancer and 
what role they have within the tumor environment.  

In the first project we looked at downregulation of the hormone receptor estrogen 
receptor alpha (ERα) and what could possibly be responsible for it. Patient with 
ERα positive breast cancer can respond to hormone treatment, but treatment 
resistance is common and is associated with downregulation of ERα on the breast 
cancer cells. Without ERα on the breast cancer cells the patient cannot be treated 
with hormone therapy, limiting the treatment options and worsening prognosis. We 
saw that when we injected mice with breast cancer cells that formed tumors in 
combination with monocytes from humans, the breast cancer cells lost their 
expression of ERα. The injected monocytes develop into macrophages in the mice, 
so we wanted to know if these macrophages were responsible for the loss of ERα. 
We saw that the pro-inflammatory M1-like macrophages secrete a protein called 
tumor necrosis factor alpha (TNF-α), which sends a message to other immune cells 
to start inflammation that destroys tumor cells. TNF-α in this setting was also the 
reason for ERα downregulation. TNF-α downregulates ERα by inactivating a 
regulatory protein in the tumor cells named FOXO3a. Inactivation of FOXO3a is 
often seen in cancer and is known as a tumor suppressor, but here we saw that it also 
regulated ERα expression on breast cancer cells. This would mean that the pro-
inflammatory and anti-tumor M1-like macrophages also have the less desirable 
effect of downregulating ERα on the tumor cells, and consequently worsening 
prognosis for breast cancer patients.  

In our second project we shifted our focus to macrophages in breast cancer that 
express a surface marker known as CD169. It is found in high amounts on 
macrophages that are located in lymph nodes and are called subcapsular sinus (SCS) 
macrophages. There they are the first layer of cells in draining lymph nodes where 
they capture proteins derived from pathogens and cancer cells and present them to 
other immune cells for recognition. We had also observed macrophages expressing 
CD169 in primary breast cancer tumors and wanted to see if they were related to the 
CD169+ SCS macrophages in lymph nodes. We used a breast cancer patient cohort 
and saw that patients with CD169+ macrophages in lymph nodes with breast cancer 
metastases had better prognosis than patients without. Interestingly, presence of 
CD169+ macrophages in the tumor (CD169+ TAM) did not correlate with better 
prognosis but showed the opposite trend. We also saw that presence of CD169 on 
macrophages was correlated with presence of another surface protein, PD-L1. PD-
L1 plays a major role in suppressing immune cells in cancer that would normally 
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attack tumor cells. Binding of this protein on cancer cells to their ligand on immune 
cells put a brake on the immune response.  

In project three we wanted to investigate these CD169+ tumor associated 
macrophages (CD169+ TAMs) better and see if they were related to the CD169+ 
macrophages found in lymph nodes with regards to origin, surface proteins, and 
function. Using a mouse model like in project one, was saw that these CD169+ 
TAMs were most likely derived from monocytes, just like the other tumor 
macrophages are. In our experiments we saw that they have a similar surface protein 
expression as pro-inflammatory M1-like macrophages and secrete proteins that are 
linked to activation and recruitment of other immune cells. Surprisingly, they 
showed and anti-inflammatory and pro-tumor function. In another patient cohort, 
we saw that they were positioned together with clusters of immune cells (tertiary 
lymphoid structures; TLS) that has in many cancer types been correlated to better 
survival of patients. Here we saw that the presence of CD169+ TAMs in this location 
correlated with worse survival and it also correlated with presence of highly anti-
inflammatory immune cells, regulatory T cells. Our conclusion here was that 
CD169+ TAMs and CD169+ SCS macrophages in lymph nodes are not of the same 
origin or function and should be considered as different targets in breast cancer 
studies.  

The main conclusion of this thesis is that we have uncovered more pieces in the 
tumor macrophage puzzle. They are very diverse cells with different function, and 
their subtype, origin, protein production, and interaction with other cells must be 
assessed individually for each subset of macrophage, to know more about their 
function in breast cancer. Not only does that matter, but their location and the tumor 
environment surrounding them plays perhaps the biggest role in their activity. 
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Introduction to the immune system 

Every day the human body is exposed to a variety of threats and invaders. To protect 
the normal functions of the body, the immune system has evolved to be finely tuned 
and ready to shield from and eliminate intruders such as bacteria, virus, fungi, and 
parasites. Not only is the protection from external threats an important role of the 
immune system, but also protection from internal threats. These can be tissue 
damage, cell death and cancer cells. The immune system is therefore involved in 
several processes that are linked to internal stress of the body, like wound healing 
processes, tissue remodeling and elimination of cancer cells. The key here is the 
ability to distinguish the body’s own tissue from foreign invaders – self from non-
self. The immune system consists of a complex network of various immune cells, 
their mediators, and organs of the immune system. It can be divided into two arms, 
the innate immune system and the adaptive immune system (Fig. 1).  

Figure 1. Overview of immune cells of innate and adaptive immunity. The left side shows cells mainly operating 
within the innate immune response. On the right are B cells and T cells, which belong to the adaptive arm of the immune 
system. Overlapping are cells that possess both innate and adaptive immune characters. Even though they are of the 
T cell lineage, they recognize antigens in an invariable and often semi-specific manner.  
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Leukocytes, also known commonly as white blood cells, appear white when isolated 
from red blood cells and plasma. In Greek, leuk- means white and cyt- means cells. 
Leukocyte is therefore an umbrella term for cells of the immune system. Leukocytes 
are divided into subgroups based on their progenitor cells: myeloid cells, which 
includes granulocytes, monocytes, macrophages, and dendritic cells; and lymphoid 
cells, which are B cells, T cells and Natural killer cells. 
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Innate immune system 

When a pathogen enters the body, the first line of defense is the innate immune 
system. Immediate innate immune mechanisms include features that are constantly 
present in the body such as epithelial barriers, mucus, defensins, certain innate 
receptors and soluble mediators, such as cytokines, expressed by cells already 
present in all tissue 1. Cytokines are small proteins that are important in cell 
signaling. They are produced by a broad range of cells, immune cells as well as 
endothelial cells, fibroblasts and stromal cells 2. Receptors in or within these cells, 
known as pattern recognition receptors (PRRs), recognize molecules from 
pathogens, pathogen-associated molecular patterns (PAMPs), or damage-associated 
molecular patterns (DAMPs) which are endogenous cell derived molecules released 
from damaged or dying cells 3. This initiates the process of acute inflammation, 
activating innate immune cells and releasing inflammatory mediators and secreting 
cytokines, which leads to clinical signs of inflammation 4,5. The later induced innate 
immune mechanisms includes innate immune cells recruited to the site of infection 
like granulocytes (neutrophils, eosinophils, basophils, mast cells), monocytes, 
macrophages, dendritic cells (DCs) and natural killer (NK) cells 6. Even though this 
first line of defense detects and destroys pathogens that enter the body within hours, 
due to low-specificity recognition receptors, an innate immune response is less 
effective than an adaptive immune response and holds no immunological memory 
of previous pathogen encounters.  

For efficient protection, the adaptive immune system needs to be activated. Certain 
cells of the innate immune system called professional antigen presenting cells 
(APCs) are responsible for this activation. The main APCs are DCs and 
macrophages. Adaptive immune cells consist of B and T cells and are primarily 
located in secondary lymphoid organs in the body, which means that they are 
generally not present as naïve cells at the main entry points of pathogens. They 
therefore rely on innate immune APCs to capture products from pathogens, process 
them and present them as peptides, also known as antigens, to adaptive immune 
cells to be able to activate them. Antigens are presented on either Major 
Histocompatibility complex (MHC) class I or MHC class II molecules on the cell 
surface. The human version of MHC is also known as human leukocyte antigen 
(HLA). MHC class I is expressed on all nucleated cells and presents antigens from 
intracellular pathogens, like viruses 7. There are three major (HLA-A, B, C) and 3 
minor (HLA-E, F, G) MHC class I genes in humans. MHC class II on the other hand 
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are mainly found on professional APCs and presents antigens from extracellular 
sources, like bacteria 8. There are 3 major (HLA-DP, DQ, DR) and 2 minor (HLA-
DM, DO) MHC class II genes in humans. Activation of the adaptive immune cells 
by the innate immune cells leads to immune mechanisms capable of destroying the 
invading pathogens, as well as to an immunological memory, immunity. In this way, 
the co-operation between innate and adaptive immune cells results in elimination of 
most invading pathogens. 

Neutrophils 
Granulocytes are a subtype of innate immune cells that are characterized by 
presence of granules in their cytoplasm. This category includes Eosinophils, 
Basophils, Mast cells and Neutrophils. Neutrophils are the most abundant of the 
granulocytes, as well as being the predominant circulating immune cell population 
in humans, making up between 40 and 70% of leukocytes in blood 9. They are rather 
short-lived cells, with an average lifespan of 8 hours in circulation in humans 10. 
Due to their numbers, neutrophils are among the first cells to encounter pathogens 
within the body. They have high motility and are attracted to site of infection 
through cytokines secreted by endothelial cells and activated macrophages. They in 
return secrete cytokines that amplify the immune reaction. They have three main 
methods for pathogen attack: phagocytosis and internal killing of microbes; 
degranulation where they release an assortment of proteins with antimicrobial 
properties; and lastly release of neutrophil extracellular traps (NETs) 11. NETs are 
web-like structures made up of fibers composed of chromatin and serine proteases, 
trapping, and killing microbes 12. Recent studies have shown that neutrophils are 
complex cells that are capable of many specialized functions. There are several 
subsets, some with anti-inflammatory roles, and recent studies have linked 
neutrophils to myeloid derived suppressor cells (MDSCs) involved in cancer 13, 
which will be discussed in more detail later in this thesis.  

Monocytes 
Monocytes are versatile cells, comprising around 10% of circulating leukocytes in 
human blood. They have a role in early inflammation, clearing of pathogens and 
dead cells, tissue repair, homeostasis, activation of the adaptive immune system and 
controlling inflammation. This wide range of effect shows how important they are 
in both health and disease. Monocytes further provide a progenitor pool of cells that 
can differentiate into DCs, macrophages and MDSCs 14. Monocytes are generated 
from a common myeloid progenitor in the bone marrow, and can be characterized 
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by high cytoplasm to nucleus ratio, kidney shaped nucleus, and certain surface 
markers 15. They have been grouped into subtypes based on the expression of surface 
markers cluster of differentiation (CD), CD14 and CD16: Classical monocytes 
(CD14++CD16-) which correspond to up to 90% of blood monocytes and are more 
likely to differentiate into monocyte-derived DCs (moDC); non-classical 
(CD14dimCD16++); and intermediate monocytes (CD14++CD16+), both of which are 
more likely to differentiate into macrophages 16. Recent research has expanded the 
number of surface markers for monocyte phenotyping 17.  

Classical and intermediate subsets have high phagocytic capacity and respond better 
to bacterial stimuli than non-classical monocytes, which respond better to viral 
stimuli and have a lower phagocytic capacity. Classical monocytes are actively 
recruited to sites of inflammation and can produce both pro- and anti-inflammatory 
mediators 17. The frequency of monocyte subsets seems to be tightly regulated, 
which reinforces the idea that functional differences between the subsets merit strict 
regulation 16. Different subsets of monocytes have context-dependent functions, 
which has generated controversy in the literature, where a function of a specific 
monocyte subset has often been generalized for all monocytes responding to the 
same stimuli 18. Furthermore, most of the knowledge we have on monocytes comes 
from extensive studies in murine models, where the surface marker Ly6c is used to 
divide monocytes into subtypes 19. This means that a clearer definition of human 
monocytes subsets and functions is needed. 

Macrophages 
Macrophages originate either as recruited macrophages from circulating monocytes, 
or as resident macrophages derived from the yolk sac erythro-myeloid precursors or 
liver before birth, that are then maintained in their tissue location throughout life 
20,21. Macrophages are found in essentially all tissues throughout the body, and 
during an infection the majority of macrophages derive from recruited, circulating 
monocytes that have relocated to the site of infection. Macrophages got their name 
from the Greek words makrós meaning large and phagein which means to eat, being 
aptly named as the main recyclers of the body. They phagocytose cells and recycle 
cell components, removing cell debris, clearing dead cells and are involved in 
healing wounds 22. Like monocytes, they are highly plastic cells, and in humans are 
usually identified by the pan-macrophage marker CD68 23. During infection, 
macrophages respond to stimuli that can originate from pathogens, innate immune 
cells, antigen-specific T cells or even to autocrine signals. Depending on signals 
from the microenvironment they can polarize towards a spectrum of subtypes. 
Modern fate-mapping techniques have been used to explore the origin of 
macrophages, proving that macrophages can also be established in the embryo as 
mentioned before. The tissue specific niche can highly impact the phenotype of 
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tissue resident macrophage as well as the ratio between embryonically derived and 
monocyte derived macrophages. The various subtypes of tissue resident 
macrophages throughout the body have different names based on their location, 
such as Kupffer cells in the liver, alveolar macrophages found in pulmonary alveoli 
of the lungs, and microglia in the brain and spinal cord. These cells are all classified 
as macrophages and are therefore a part of the mononuclear phagocyte system 24,25. 

Macrophage subtypes 
In the past, macrophage subtypes have been classified along a linear scale, with the 
two ends of the scale represented by M1 as classically activated macrophages, and 
M2 as alternatively activated macrophages. This division of macrophages into 
classically or alternatively activated, was first described in the early 1990s 26. Just 
under a decade later, the M1 and M2 nomenclature was introduced to reflect the 
nomenclature for T helper cells 27. M1 macrophages are defined as pro-
inflammatory macrophages that are induced by bacterial lipopolysaccharide (LPS), 
Interferon (IFN)-γ and tumor necrosis factor (TNF). They secrete high levels of 
Interleukin (IL)-12 as well as IL-6, TNF, IL-1β, inducible nitric oxide synthase 
(iNOS), and reactive oxygen species (ROS). M2 on the other hand are defined as 
anti-inflammatory or tissue-remodeling. They are induced by IL-4, IL-10 and IL-13 
and lack TNF-α secretion, but secrete IL-10, transforming growth factor (TGF)-β 
and vascular endothelial growth factor (VEGF) 28,29. 

Figure 2. Color wheel of macrophage activation. The three main populations of macrophages proposed by Mosser 
and Edwards, arranged on a primary color wheel. Here the three primary colors represent sub-populations of 
macrophages, red as classically activated, blue as regulatory and yellow as wound healing. Shown in parenthesis is 
alternative nomenclature. Adapted from Mosser and Edwards, 2008 22. 

This classification system has its flaws, since essentially, M2 macrophages covered 
all macrophages that did not fall into the M1 classification 22. M2 macrophages have 
been expanded into even more subtypes (M2a, M2b, M2c and M2d) due to the vast 
difference in biochemistry and function of these immune cells 28. In 2008, Mosser 
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and Edwards proposed that macrophages be classified according to their different 
activities: host defense, wound healing, and immune regulation. This would, just 
like the three primary colors, represent a wheel of macrophage spectrum, where 
these three basic macrophage populations would blend into different shades of 
activation 22. This is illustrated in Fig. 2. Secondary colors, such as green, would 
represent populations with a mixture of functions, such as tumor associated 
macrophages (TAMs) which have both wound healing and regulatory functions. 
TAMs will be discussed in more detail later in this thesis. In 2013 a group of 
researchers, including Mosser, met at the International Congress of Immunology 
and drafted a macrophage-activation nomenclature and reporting standard for in 
vitro experiments, which was published a year later 30. They recommend among 
other things that scientist should note whether macrophages were differentiated 
using Macrophage colony-stimulating factor (M-CSF) or Granulocyte-macrophage 
colony-stimulating factor (GM-CSF). This would be followed with post-
differentiation stimulation using IFN-γ or IL-4 respectively to give rise to different 
subtypes. To describe how macrophages are activated, scientists should adopt 
nomenclature that mirrors the activation standards. This can for example be M(IL-
4) or M(IFN-γ) instead of M2a, M2b etc. In the end, using a combination of markers 
or lack of markers to describe macrophage activation is recommended 30. An 
overview including surface markers and this nomenclature can be seen in Fig. 3.  

 

Figure 3. Overview of macrophage activation states. Summary macrophage subtypes with different nomenclature, 
main function, and surface marker expression. The diagram shows most prevalent examples of macrophage activation 
and lists markers associated with distinct activation subtypes. Alternative nomenclature mentioned in text is shown in 
grey. Upstream signals are shown in boxes. This figure illustrates the problem with M1 and M2 division of macrophages, 
where M2 macrophages are heterogeneous and functionally distinct subtypes of macrophages, illustrated in all sections 
in white. Arrows show how TAMs can have many different phenotypes. Adapted from Rőszer, 2015 31. 
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For remainder of this thesis, macrophage subtypes will be referred to as M1 or M2 
like, with reference to their culture conditions, surface markers or function where 
applicable. 

Secondary lymphoid organs and resident macrophages 
Lymph nodes are kidney shaped, secondary lymphoid organs of the lymphatic 
system of the body. They are enclosed in fibrous capsule with outer cortex and inner 
medulla. Lymphatic vessels link together a large number of individual lymph nodes, 
serving as major sites for immune cells. They act as filters for foreign particles, 
filtering lymph for identification of ongoing infections. Lymph enters the capsule 
of the lymph node and passes into the narrow subcapsular sinus (SCS) that overlays 
the cortex, rich with lymphocytes. After passing through the cortex, lymph collects 
in medullary sinus that then drains into efferent lymphatic vessels and exits the 
lymph node 32. It is to the secondary lymphoid organs that professional APCs travel 
to present antigen to the adaptive immune system. Just like secondary lymphoid, so 
called tertiary lymphoid structures (TLS) are lymph node-like cell follicles that can 
form at sites of inflammation. They share structural and functional characteristics 
with conventional lymph nodes in that they can contain B-cell follicles and germinal 
centers surrounded by T cells. They are prominent peripheral centers of antigen 
presentation. TLSs exist also at different maturation stages in tumors, culminating 
in germinal center formation 33-35. Schematic overview of a lymph node is shown in 
Fig. 4, highlighting the various compartments and cell types found in each location. 
Just like most tissues of the body, lymph nodes contain specialized macrophages, 
with both lymph node specific and general immune functions. They are found both 
in the SCS and the medulla and are named accordingly; Subcapsular Sinus 
macrophages (SSMs) and Medullary Sinus macrophages or Medullary Cord 
macrophages 36. This thesis work will focus on SSMs. SSMs form a dense cellular 
sheet that lines the SCS above the B cell follicle (Fig. 4). 

Early mouse work showed that SSMs have great ability to acquire various soluble 
antigens, but have a low rate of internalization and degradation 37. They are instead 
able to catch these antigens on their surface and present them to follicular B cells, 
serving as a fly trap for lymph entering the lymph node 38-40. They have also been 
shown to be specialized in bringing distant tumor cell antigens to lymph nodes in 
mice 41. In the mouse, these SSMs are CD11b+CD18+CD169+ while having a low 
expression of F4/80, a murine macrophage marker. Despite low expression of 
F4/80, SSMs are still defined as macrophages due to their differentiation depending 
on M-CSF 42,43. In humans, SSMs are CD68+CD169+ 44. CD169, also known as 
Siglec-1 or sialoadhesin, binds sialylated glycans and facilitates interactions 
between cells 45. CD169 interaction with sialic acid on the surface of microbes is 
believed to be involved directly in the before mentioned lymph filtration. When 
exposed to type I IFN, which is common in viral infections, SSMs upregulate 
CD169 on their surface. This upregulation can also be seen on macrophages in the 
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periphery, which normally don’t express high levels of CD169 46. The role of SSMs 
and other CD169+ macrophages in cancer is discussed in Paper II and III of this 
thesis. 

 

Figure 4. Schematic overview of lymph node. Shown here are the different compartments and cell types found in 
each location. Lymph nodes are encased in a capsule. Lymph enters lymph nodes through afferent lymphatic vessels 
and enter the subcapsular sinus (SCS). SCS macrophages line the SCS overlying follicles containing B cells and 
follicular dendritic cells (FDCs). Deeper in the lymph node lies the T cell zone, containing naïve T cells, DCs and high 
endothelial venules (HEVs). The medulla is the innermost layer of lymph nodes and medullary sinus drains lymph into 
efferent lymphatic vessels. Note that not all cells found in lymph nodes are shown in the figure. 

Dendritic cells 
Dendritic cells (DCs) are the most efficient professional APCs and play the main 
role in connecting the innate and adaptive immune system. DCs main function is to 
recognize and process extracellular and intracellular pathogens and present them as 
peptide antigens to naïve T cells. Immature DCs circulate in the blood and tissue, 
sampling possible antigens. Upon stimulation by innate immune receptors, DCs 
upregulate expression of co-stimulatory signals for other immune cells and increase 
their own cytokine secretion. They migrate towards lymph nodes in order to get in 
contact with and stimulate T cells 47. There is no single cell marker that identifies 
DCs in humans, so a combination of markers either present or absent is usually used 
for identification. DCs originate from the bone marrow like monocytes, arising from 
precursor cells but with distinct progenitor cell populations that split the monocytes 
and macrophages from the DC lineage.  
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Once the cells have committed to the DC lineage, they are further divided into 
subtypes based on pattern recognition receptors, surface markers and function: 
plasmacytoid DCs (pDC) which respond to viral and intracellular pathogens and 
produce large amounts of type I IFN; conventional DC1 (cDC1) which also respond 
to viral and intracellular pathogens and are specially adapted to perform cross-
presentation and prime CD8+ T cells; and cDC2 which along with intracellular 
stimuli also respond to extracellular bacteria, fungi, and parasites. Lastly, as 
previously discussed, there are moDCs that originate from monocytes that 
differentiate into DC like cells during infection and inflammation. They can cross-
present antigens to adaptive immune cells and activate CD8+ T cells and secrete IL-
12 48. Cross presentation is when innate immune cells, mostly DCs, pick up 
extracellular antigens and present them on MHC class I. These can be antigens from 
virus infected cells, bacteria and from tumors 49,50. They process the antigens, reload 
them intracellularly and present them to adaptive immune cells on their own MHC 
class I. This is of particular importance, since it facilitates the presentation of 
exogenous antigens, normally presented on MHC class II and activating helper T 
cells, to be presented on MHC class I molecules, activating cytotoxic T cells. This 
is important for presentation of tumor antigens, since DCs can present antigen 
derived from tumor cells without expressing it themselves, as will be discussed later 
51,52.  

NK cells 
Natural killer (NK) cells make up around 5-15% of peripheral blood lymphocytes 
and are a part of the innate immune system, even though they differentiate from the 
common lymphoid progenitor like B and T cells, and not the common myeloid 
progenitor like monocytes and macrophages. NK cells are classified as innate 
immune cells even though their function overlaps with both innate and adaptive 
immune cell functions. They express both activating and inhibitory receptors, but 
unlike B and T cells lack antigen-specific receptors. Since they fall on the border 
between innate and adaptive immune functions, they have sometimes been 
classified with a recently discovered group of immune cells named innate lymphoid 
cells (ILCs) 53. ILCs do not carry antigen-specific receptors but rather regulate the 
immune system through cytokines resembling T cell generated cytokines. NK cells 
do differ from ILCs in some crucial ways. ILCs either have very low or no 
cytotoxicity and are tissue resident, while NK cells have high cytotoxicity and 
circulate 54,55.  

The name natural killer cells refers to their ability to kill tumor cells and cells that 
are missing MHC class I self-markers, in an inherent or natural way without 
requiring prior activation, as described when they were discovered in the 1975 56,57. 
This ability to recognize and kill stressed or virus infected cells without immune 
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sensitization makes the immune reaction very fast. Human NK cells are traditionally 
defined as CD3-CD56+ and have been divided into subtypes based on the expression 
level of CD56, into CD56bright and CD56dim NK cells 58. CD56dim NK cells are able 
to kill target cells that lack self MHC class I, by releasing cytotoxic granules that 
contain granzymes, perforin and other lytic proteins, resulting in apoptosis of the 
target cell. The apoptosis of the target cell can also be death receptor mediated, e.g. 
FasL or TRAIL mediated 59. CD56dim NK cells also express high levels of CD16 
and can initiate antibody-dependent cellular cytotoxicity (ADCC), where the CD16 
receptors recognize antibodies bound on the target cell resulting in cell lyses 58,60. 
CD56bright cells are less cytotoxic and release high levels of cytokines such as IFN-
γ and TNF-α as well as other immunoregulating cytokines and chemokines 61. 

NK cell activity needs to be tightly regulated which is accomplished through 
integration of signals from inhibitory and activating receptors. The strength of the 
NK cell response is regulated by interaction of receptors with ligands during NK 
cell development. Binding to HLA-A, B, C and E inhibits NK cell killing of normal 
cells 62,63. Inhibitory signals dominate over activating signals to maintain self-
tolerance. The activating receptors bind IgG antibodies, MHC class I related chain 
A and B, DNAX accessory molecule 1 and Natural cytotoxicity receptors 64. NK 
cell activation receptors can be inhibited, even during lack of MHC class I, through 
binding with HLA-G. NK cells are not solely stimulated by receptors but also by 
secreted cytokines, the most prominent being IL-2, IL-12, IL-15, IL-18 and type I 
IFNs. NK cell activity is further negatively regulated by cytokines such as TGF-β 
and IL-10 65. 
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The adaptive immune system  

As stated before, innate immunity serves as a broad first line defense of the body 
against invading pathogens. However, it is limited in adaptability against the 
diversity of pathogens 66. If an infection persists and cannot be cleared by the innate 
immune response, the adaptive immune response is activated. An adaptive immune 
response is way more diverse and mediates a finely tuned antigen-specific attack. 
This attack is mediated by lymphocytes, which are broadly divided into two major 
populations: T cells, which provide cell-mediated immunity; and B cells, which 
provide humoral or secreted antibody immunity (immunoglobulins; Ig). Ig are the 
secreted form of a plasma membrane bound B cell receptor (BCR) that can 
recognize and bind to antigens directly in their natural form. T cells are responsible 
for the cell-mediated arm of adaptive immunity. They carry T cell receptors (TCRs) 
on their surface, which just like BCRs are highly specific for antigens. Both BCR 
and TCR are formed with somatic rearrangements of their DNA in order to develop 
a broad repertoire of receptors with unique binding specificity 67-69.  

During development, B and T cells undergo a selection process. BCRs and TCRs 
need to recognize and bind potential non-self-antigens strongly enough without 
binding to self-antigens 67,70,71. This selection process, known as central tolerance, 
results in a broad but fine-tuned adaptive immune response that can distinguish self 
from non-self. Without this fine-tuning, adaptive immune cells responding to self-
antigens would result in autoimmune disease and complications 72. Despite this 
selection system, some self-reactive T and B cells do end up in circulation, so 
peripheral tolerance needs to be maintained. Peripheral tolerance includes for T 
cells: continued peripheral deletion of self-reactive lymphocytes; anergy induction; 
regulation by other immune cells; and an anti-inflammatory cytokine environment 
73. For central B cell tolerance there are three mechanisms: clonal deletion, where 
after recognition of self-antigens in the bone marrow and cross-linking of BCRs 
they undergo apoptosis; receptor editing, which re-activates genes associated with 
BCR rearrangement and recombination, creating a new BCR; and anergy, after low 
affinity recognition of self-antigens and downregulation of the BCR 74. 
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B cells 
B cells develop and mature in bone marrow and then migrate to secondary lymphoid 
organs such as spleen and lymph nodes. There they are activated upon binding of 
antigen to BCR. The BCR is formed by the same genes that encode for antibodies 
or Immunoglobulins (Ig), so the BCR is also known as membrane immunoglobulin 
or surface immunoglobulin 75. After antigen binding to BCR, helper T cells 
recognize the peptide fragments presented on MHC class II molecules on B cell 
surface and stimulate B cells, by binding of CD40 on T cell surface to CD40 ligand 
on B cell surface, as well as with cytokines. This happens on the border of B cell 
and T cell areas of secondary lymphoid organs 75. This interaction continues after 
migration of the activated cells to follicles and formation of germinal center where 
somatic hypermutation and isotype switch occurs (Fig. 5) 76.  

 

Figure 5. Overview of Germinal center (GC) reaction. Naïve B cells respond to antigens and get help from CD4+ T 
cells and the B cell : T cell border. They then proliferate within the dark zone of GCs. This displaces resting B cells 
towards the periphery, forming the mantle zone. In the dark zone, B cells go through a process called somatic 
hypermutation, altering Ig genes which results in affinity maturation and selection of mutated B cells with high affinity 
for antigen. Additionally, class switching allows selected B cells to produce Igs with various effector functions. In the 
light zone, B cells with high affinity BCR capture antigens presented by follicular DCs, receive help from follicular helper 
T cells, and differentiate into either plasma cells or memory B cells. Those with no antigen bound to BCR receive no 
help, eventually die, and are cleared by tingible body macrophages. 
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B cells can also be activated without help from T cells, through T cell-independent 
antigens 77. Activated B cells then proliferate and differentiate into plasma B cells 
or memory B cells. Plasma cells are the effector form of B cells that secrete 
antibodies with the same specificity for antigens as the BCR. 78,79. Secreted 
antibodies have many functions: Neutralizing antibodies that bind to surface of 
pathogens to render its attack ineffective; glue together foreign cells and antigens, 
forming targets for phagocytosis; and activating the complement system, resulting 
in lysis of foreign cells and inflammation 5. Memory B cells are long lived and 
circulate in the blood in quiescent state, sometimes for decades 80. When memory B 
cells bind to their target antigen, they process it and present it to T cells as peptide 
MHC class II complex 81. B cells can secrete both pro- and anti-inflammatory 
cytokines depending on their activation conditions, but do not secrete cytokines to 
the same degree as T cells 82. 

T cells 
T cells unlike B cells do not secrete their surface TCR. TCRs further differ by the 
fact that they are not able to bind directly to antigens in their natural form. They 
require antigen to be processed and presented by APCs as a ligand bound to MHC 
molecules on the APC surface to be activated. As stated before, MHC class I is 
found on all nucleated cells and MHC class II on professional APCs. APCs carrying 
antigen on their MHC molecule usually encounter T cells in secondary lymphoid 
organs such as lymph nodes. Reacting T cells will have TCRs with specificity to 
that particular antigen, carried by the APC. The TCR is constructed with two protein 
chains, around 95% of T cells in humans carry TCR composed of one alpha and one 
beta chain (αβ T cells) and about 1-5% of T cells carry TCR composed of one 
gamma and one delta chain (γδ T cells) 83. The TCR further contains a receptor 
complex named CD3 that is the protein complex responsible for TCR signaling. T 
cells are generally divided into two major types; CD4+ T-helper (Th) cells and CD8+ 
cytotoxic T cells (CTL) 84, as explained below. Activation of T cells requires two 
signals: from engagement of the TCR, through binding of the TCR to peptide 
presented on MHC molecules on surface of another cells; and from co-stimulation, 
where surface protein CD28 on T cells binds to co-stimulatory ligands CD80 or 
CD86, also known as B7 proteins 1 and 2 respectively, expressed mainly on 
professional APCs. TCR signaling alone, without co-stimulatory signals results in 
anergy of the T cell 85-87. 

CD4+ Th cell are further divided into subtypes based on their transcription factor 
profile, cytokine secretion or location, the main ones being Th1, Th2, Th17, follicular 
helper T cells (Tfh) and regulatory T cells (Tregs) 88. Th cells assist other lymphocytes, 
like activating B cells or cytotoxic CD8+ T cells, hence their name. CD4+ Th cells 
become activated when binding to its peptide in a complex with MHC class II 
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molecules 89. Th1 cells secrete pro-inflammatory cytokines and are mainly involved 
in activating macrophages but can also stimulate B cells to produce antibodies and 
activate CTLs. Th2 cells are important for B cell stimulation and antibody 
production while Th17 cells are characterized by their production of IL-17, which 
results in recruiting of neutrophils among other things. Th17 cells are heavily 
involved in defense against gut pathogens 88. Tfh are found in lymph node follicles, 
and provide help to B cells there 90. Tregs are important for maintaining 
immunological tolerance. Their main function is to counteract T cell mediated 
immunity when no longer needed, and to suppress autoreactive T cells. The most 
specific Tregs marker is the transcription factor FoxP3. They produce inhibitory 
cytokines such as TGF-β and IL-10 and can induce apoptosis of effector cells among 
other mechanisms 90,91. 

Cytotoxic CD8+ effector T cells (CTLs), also known as killer T cells, can destroy 
virus infected cells and tumor cells. They recognize their target after binding to 
peptides presented on MHC class I molecules, which all nucleated cells express. 
They can then release cytotoxins such as perforin, granzymes and granulysin which 
eventually leads to apoptosis of the infected or cancerous cells. They can also induce 
apoptosis through surface protein interaction, which it thought to play a bigger role 
in eliminating other T cells 60,92. Memory T cells are long lived and can quickly 
expand to large number of effector T cells after re-exposure to their specific antigen 
93-95. Innate-like T cells have also been described, which trigger rapid immune 
response independent of MHC molecules. There are three large populations: Natural 
killer T cells, which recognize glycolipid antigens presented on CD1d, and can 
perform functions associated with both CD4+ and CD8+ T cells 96; Mucosal 
associated invariant T cells; and Gamma Delta T cells, which have a γδ TCR instead 
of the more common αβ TCR, and seem to be able to recognize whole proteins 
rather than peptides 97,98. 
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Tumor immunology 

Overview of cancer 
Cancer is a grouping of around 200 pathological diseases, all of which include the 
abnormal or out of control division of cells. Every day, cells in the human body 
undergo cell division to maintain normal body function. During the course of normal 
cell division, DNA replication errors can occur, leading to mutations and genetic 
aberrations. This risk of mutations can be increased by environmental factors such 
as UV light and smoking. Under normal conditions most of these mutations are 
silent or are repaired by the DNA repair mechanisms of the body. However, in some 
cases this repair mechanism fails, and cells accumulate mutations which can in the 
end lead to them becoming cancerous. In 2000, Hanahan and Weinberg proposed 
six hallmarks of cancer shared among all tumor types 99. In 2011 they added four 
additional hallmarks, two involving the immune system (Fig. 6) 100. 

 

Figure 6. Hallmarks of cancer. Hallmarks introduced in 2000 are shown in blue and hallmarks introduced in 2011 in 
red. Adapted from Hanahan and Weinberg, 2011 100. 
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Immunity and cancer 
In 1902 Ehrlich proposed the idea that the immune system is able to suppress cancer 
development and this idea has been the foundation for the concept of immune 
surveillance, a hypothesis published in the 1960s 100, although it took decades before 
being confirmed 101,102. Immune surveillance is the process by which cells of the 
immune system detect and destroy premalignant or malignant cells in the body. The 
immune system can protect the body from developing tumors by eliminating tumor 
inducing pathogens and by resolving inflammation promptly and preventing 
establishment of inflammatory environment that can lead to tumorigenesis. Lastly, 
it can identify and eliminate tumor cells based on their expression of tumor-antigens 
(TAs) 103. This immune surveillance concept has been built up over decades using 
various murine experiments which have shown that both innate and adaptive 
immunity is involved 102. Humans with systemic immune suppression have been 
found to have increased rates of both viral- and non-viral induced cancer 104,105, and 
presence of both T cells and NK cells in tumors has been correlated with improved 
prognosis in multiple cancer types 106-109. Unfortunately, the immune system does 
not only have a protective role in cancer immunity, but also a detrimental one. One 
example is the presence of macrophages within the tumor environment being 
associated with worse prognosis 110. This interaction between immune cells and 
cancer cells has been defined as immune editing and is usually divided into three 
steps, the three E’s of immune editing: Elimination, Equilibrium and Evasion (Fig. 
7)102. 

 

Figure 7. The three E’s of cancer immune editing. During the elimination phase, cancer cells are detected and 
eliminated by the immune system. Over time, tumor cells can escape eradication by the immune system, which leads 
to an equilibrium or balance between tumor cell death and survival. Lastly, the cancer cells become non-immunogenic 
and avoid immune eradication and escape immune surveillance 102. 
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During early tumorigenesis, cells of the innate immune system can respond to 
DAMPs that are expressed by cells during transformation. This activates innate 
immune responses, with innate immune cells killing the tumor cells, which releases 
tumor antigens that can be taken up by phagocytes and presented to adaptive 
immune cells in draining lymph nodes. T cells activated by this presentation, along 
with NK cells, eliminate tumor cells and enhance the already present anti-tumor 
immune responses through pro-inflammatory cytokine secretion. This results in 
elimination of the tumor cells, and in most cases ends the process of tumor formation 
102,111. In some cases, elimination of all tumor cells is unsuccessful, and the tumor 
environment moves into equilibrium.  

During the equilibrium phase, tumor cell that are less immunogenic can escape 
elimination by the immune system and through mutagenesis can acquire features 
that increase their immune resistance. These non-immunogenic cells are selected for 
further growth but at the same time the immune system is still capable of eradicating 
tumor cells, just not completely. This phase is the longest of the three and can last 
for years, with a balance between proliferation and division versus elimination. With 
prolonged selection of immunotolerant tumor cells, immunogenicity decreases and 
immune suppressive mechanisms within the tumor environment increase, leading to 
immune escape of the tumor 102,112. 

In the final escape phase, the immune system does no longer recognize cancer cells 
and can therefore not fully eradicate the tumor. The tumor cells have acquired 
immune-tolerance through various mechanisms such as down-regulation of MHC 
class I on their surface that inhibits effective T cell responses, downregulation of 
costimulatory molecules or up regulation of inhibitory co-receptors, upregulation of 
non-classical MHC I that inhibit NK cell reactions, resistance to apoptosis, secretion 
of anti-inflammatory cytokines, and through recruitment of immune-suppressing 
immune cells. This results in uncontrolled growth and expansion of the tumor 102,113-

115.  

Tumor microenvironment 
The tumor microenvironment (TME) is a complex mixture of cells and structures 
that provide the tumor with essential support for sustainability. TME includes 
surrounding blood vessels and endothelial cells, immune cells, cancer-associated 
fibroblasts (CAFs), extracellular matrix (ECM) and various proteins and cytokines. 
Tumor ECM differs from normal ECM, with stiffer structure and remodeling. This 
is due to increased collagen crosslinking and integrin signaling, which supports the 
finding that women with extensive mammographic breast density have increased 
risk of developing breast cancer 116. Since most cancers are formed from epithelial 
tissues which is not vascularized, angiogenesis or formation of new blood vessels is 
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upregulated in tumors. The TME is often hypoxic as the tumor mass increases, 
leading to genetic instability and cancer progression 117. The stroma surrounding the 
cancer cells is made up of nonmalignant cells such as CAFs, immune cells and 
endothelial cells and can comprise up to 90% of the TME, making it an important 
part of the tumor and its progression (Fig. 8) 118.  

 

Figure 8. Tumor microenvironment (TME). TME is made up of multiple cell types, which together form an intricate 
network involved in the tumor environment and progression. 

Fibroblasts in healthy tissue are spindle-shaped cells that produce ECM-regulating 
components such as collagen and fibronectin and play an important role in wound 
healing. They drive homing of circulating leukocytes, enhance local T cell 
persistence through TGF-β secretion and reduce T cell apoptosis through secretion 
of type I IFN 119. During tumorigenesis their function is pirated by the tumor, 
supporting the tumor growth by secreting VEGF, fibroblast growth factors and 
producing pro-angiogenic signals 120. They further contribute to pro-tumor and anti-
inflammatory environment with enhanced TGF-β secretion 121. CAFs also produce 
matrix metalloproteinases (MMP) that break down the ECM and facilitate 
endothelial migration, allowing cancer cells to escape from their location into the 
blood stream where they can metastasize to other locations 122. In general, presence 
of CAFs is associated with worse prognosis for cancer patients 123.  
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Macrophages in cancer  
Tumor associated macrophages (TAMs) are one of the most abundant immune cell 
types in TME. They usually have an anti-inflammatory phenotype, being M2 like in 
function, with low capacity to present antigens, impaired phagocytosis, low 
cytotoxicity, and an immunosuppressive cytokine profile 124. They further secrete 
growth factors benefiting the tumor and pro-angiogenic factors such as VEGF and 
accumulate in hypoxic areas of the tumor 125. One of the major functions of TAMs 
in the TME is immune suppression. They suppress T cell mediated immune 
responses towards tumor cells, through IL-10 and TGF-β secretion, the latter 
polarizing CD4+ T cells into Tregs, as well as through surface expression of 
programmed death-ligand 1 (PD-L1) and B7-homologs 126,127. PD-L1 binds to 
programmed cell death protein (PD-1), and B7 to cytotoxic T-lymphocyte antigen 
4 (CTLA-4), which are both immune checkpoints present on the surface of T cells 
that provide inhibitory signals 128.  

Although most TAMs show an M2 like phenotype, pro-inflammatory macrophages 
can be found within the TME. TAMs can therefore, just like macrophages present 
in healthy tissue, be described with a spectrum of functional phenotypes, rather than 
just pro- or anti-tumoral. The same can be said about their origin, where numbers of 
monocyte derived macrophages versus tissue resident macrophages most likely can 
depend on the tumor type, stage, size and the location 129. Several immune- and 
tumor-cell derived factors have been linked to TAM recruitment and induction, such 
as CCL2, GM-CSF, M-CSF, VEGF, IL-4, IL-10 and TGF-β 130-132. Some of these 
factors promote homodimerization of the inhibitory NFκB family member p50 
leading to anti-inflammatory profiles 133. Using the M1 and M2 nomenclature, 
studies have found that the M1/M2 ratio is a better prognostic factor, compared to 
the total amount of TAMs, which correlates with worse outcome in many different 
cancer types 126,134-137. Patients with a higher number of M1 like macrophages 
compared to M2 like macrophages often have better prognosis and TAMs with M2 
like phenotype have been associated with more aggressive form of cancer 138-142. 

Myeloid derived suppressor cells 
During severe infection and cancer, a heterogeneous group of immune cells termed 
myeloid derived suppressor cells (MDSCs) expand strongly. This term was coined 
in 2007 to describe both the origin of these cells as well as their distinctive 
immunosuppressive function 143. They have been studied in sepsis, chronic 
infections and autoimmune disease, but MDSC research has mainly been focused 
on studying them in relation to cancer 144. They are usually divided into two 
subpopulations: polymorphonuclear or granulocytic MDSCs (G-MDSCs) and 
monocytic MDSCs (Mo-MDSCs). In mouse models, MDSCs are defined as 
CD11b+Gr1+, with G-MDSCs as Ly6G+/Ly6C- and Mo-MDSCs as LY6G-/Ly6C+ 
145. Characterizing MDSCs solely based on their surface marker phenotype is 
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limiting in humans, due to overlap with markers common on other myeloid cells. 
Mo-MDSCs are in fact very similar to monocytes, being defined as 
CD14+CD11+HLA-DR-/lowCD15-, and G-MDSCs are similar to neutrophils being 
defined as CD11b+CD33+CD15+HLA-DR-/low and lacking lineage markers. G-
MDSCs have also been recorded having CD66b surface expression and collecting 
in low density in Ficoll gradients 146.  

The origin of MDSCs has been debated for years but recent evidence suggests that 
Mo-MDSCs derive from reprogrammed monocytes and G-MDSCs might be 
derived from all stages of neutrophil development including as a subset of mature 
neutrophils 13,147. MDSCs respond to tumor-derived factors such as Granulocyte 
colony-stimulating factor (G-CSF), GM-CSF, IL-6, IL-10, VEGF, and 
Prostaglandin E2 (PGE2), accumulating in peripheral blood, lymphoid organs, and 
in tumors 145,146,148,149. MDSCs have a highly immunosuppressive profile, most 
importantly their ability to inhibit T cell functions. They produce Arginase-1 (Arg-
1) and iNOS which depletes L-arginine and hinders T cell proliferation, as well as 
producing ROS which inhibits T cell activity. This results in enhanced resistance in 
malignant cells to T cell cytotoxicity and impairs infiltration of T cells to the TME 
146,150. Not only do MDSCs inhibit T cell activity, but also NK cell, DC and 
macrophage activity 151. MDSCs also produce anti-inflammatory cytokines such as 
IL-10 and TGF-β, promote angiogenesis through production of MMP9, and induce 
Tregs 

146,151. 

Cancer Immunotherapy 
As mentioned before, the immune system is equipped to eradicate cancer, and does 
so in most cases, but sometimes the cancer evades the immune response. Cancer 
immunotherapy aims to artificially stimulate the immune system’s natural ability to 
fight and eliminate cancer cells. The foundation for cancer immunotherapy can be 
traced back to the 17th and 18th century. The best known experiments are from 1890s, 
where heat-inactivated bacteria mixture was used as cancer cure, but cancer 
immunotherapy still remained in obscurity for decades 152. Cancer immune 
treatment now includes a broad range of therapies that have been expanded greatly 
in the last two decades, and there are now over 2000 immuno-oncology agents in 
either preclinical or clinical development 153. Therapies can be divided into either 
active therapy, which targets tumor cells specifically, or passive therapy, which does 
not target cancer cells directly but instead enhances anti-tumor immune cell 
functions. This thesis will discuss and summarize cytokine therapies, cellular 
immunotherapies, and antibody therapies. 
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Cytokine therapies 
The first immunotherapeutic treatments for cancer to be tested in humans were 
recombinant cytokines. Both type I and type II IFNs have been tested, but only type 
I has been shown to be clinically effective, although responses in patients with solid 
tumors were limited. IFN-α has been approved as treatment for multiple cancer 
types, while IFN-γ has not been approved for clinical use even though showing 
promising results in patients with bladder carcinoma, ovarian carcinoma, and 
melanoma. IFN-λ has shown promising anti-tumor effects but only in animal 
models 154,155. IL-2 has been used in treatment of melanoma, with long lasting 
response but in only a small fraction of patients 156. High dose of IL-2 has also been 
effective in patients with renal cell carcinoma, but this high dose IL-2 treatment 
comes with severe adverse side effects. Lower doses have been used in more recent 
times, in combination with other therapies as an enhancer 157,158. 

Cellular therapies 
The principle for adoptive cell therapy (ACT) is to isolate immune cells from cancer 
patients, usually tumor infiltrating lymphocytes (TILs), and expand cells that react 
to the tumor before re-injecting them into the patient. The major limitation of ACT 
is the isolation and culture of cells, as well as limited success in solid tumors other 
than melanoma which is a highly immunogenic tumor due to mutational load 159. 
Scientists have developed strategies to bypass these bottlenecks, most notably using 
artificially designed chimeric antigen receptors (CAR) that recognize TAs, 
expressed on the surface of activated T cells after viral transduction 160. As of March 
2019, there are over 350 ongoing clinical trials using CAR-T cells, most targeting 
blood cancers, with FDA approval for CD19 CAR-T cells, for acute lymphoblastic 
leukemia and non-Hodgkin lymphoma 161. Scientists have recently engineered 
human macrophages with CARs (CAR-M) which activates and enhances their 
phagocytic effect and shifts their phenotype from anti-inflammatory to pro-
inflammatory 162. There are also studies underway to develop CAR-NK cells, which 
could provide an “off the shelf” treatment with less toxicity. This could offer the 
advantage of combining NK cell ability of intrinsic tumor killing with the CAR-
dependent killing mechanism, but so far this treatment is still in pre-clinical studies 
and clinical trials 163.  

Dendritic cell therapy has also been developed. DCs can be induced to present TAs 
by vaccination with either short peptides corresponding to TAs or with autologous 
tumor lysates. DCs can also be activated in vivo by getting tumor cells to produce 
GM-CSF either with genetic engineering or oncolytic viruses. DCs can like T cells 
be isolated from patients and stimulated ex vivo with TAs 164. The only approved 
DC treatment is Sipuleucel-T in prostate cancer, where APCs are removed from 
blood and grown with a fusion protein, made from GM-CSF and antigen prostatic 
acid phosphatase that is present in 95% of prostate cancers, that are then re-infused 
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into the patients 165. In late stage trials, use of Sipuleucel-T resulted in extended 
survival compared to placebo, with around 22% overall reduced risk of death in 
treated patients compared to control group 166.  

Antibody therapies 
Monoclonal antibody technology is used to engineer and generate antibodies that 
are specific against tumor antigens, with two types used in cancer treatments; naked 
monoclonal antibodies and conjugated antibodies that are joined to other molecules, 
either cytotoxic or radioactive. Approved antibodies can trigger ADCC from NK 
cells, activation of complement system or bind to proteins, blocking them from 
interacting with other proteins like growth factors on tumor cells or immune cell 
receptors 167-169. This blocking forms the basis of immune checkpoint inhibition 
therapies. Immune checkpoints are key regulators of the immune system and are 
critical for dampening immune responses. Immune checkpoint inhibitor therapies 
have been expanded immensely in the last two decades and most notable are T cell 
targeted therapies, which have revolutionized cancer treatments 170. A complete T 
cell activation is dependent on TCR binding to an antigen-presenting MHC 
molecule as well as binding of costimulatory molecules CD28 on T cells and B7 on 
APCs. On the surface of T cells are CD28 homologues, and checkpoint proteins, 
CTLA-4 and PD-1 that impair T cell activation. CTLA-4 binds to B7 in a 
competitive manner and PD-1 binds to its own ligand PD-L1, which is a B7 
homolog present on APCs (Fig. 9) 171.  

The first checkpoint antibody approved by the FDA was Ipilimumab in 2011, 
targeting CTLA-4, which has been approved in multiple cancer types 172. In patients 
with advanced melanoma, it induces durable response and significantly prolonged 
overall survival (OS) 173. However, severe side effects are associated with 
Ipilimumab treatment, and only a limited number of patients respond to treatment. 
Inhibition of PD-1 was approved as treatment in 2014 with Nivolumab, followed by 
Pembrolizumab, which resulted in higher response rate, less toxic side effects and 
longer survival compared with Ipilimumab 174,175. Several PD-L1 antibodies have 
been approved as well, including Atezolizumab, which in combination with nab-
paclitaxel has been approved as treatment for triple negative breast cancers, 
discussed in more detail later in this thesis 176. PD-1/PD-L1 is expressed on many 
types of cells, such as T cells, NK cells, moDCs, epithelial-, and endothelial cells, 
as well as on cancer cells. It is notably expressed on macrophages and treatment can 
increase their anti-tumor functions, although macrophages might also play a 
negative role in anti-PD-1 treatments by preventing CTLs from reaching the tumor 
177,178. While treatment targeting the PD-1/PD-L1 axis has been more successful 
with regards to response and adverse effects compared to those targeting CTLA-4 
alone, combination treatment with agents targeting both pathways has been even 
more beneficial with improved response rate and OS in melanoma and colorectal 
cancer, although with the addition of anti-CTLA-4 severity of side effects increases 
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174,179,180. Current immune checkpoint inhibition research focuses mostly on 
understanding the precise mechanism of action in the CTLA-4/PD-1 combination 
therapy success, and why some patients don’t respond to treatment at all, mapping 
and exploring resistance mechanisms.  

 

Figure 9. Immune checkpoint inhibitors. Checkpoint proteins CTLA-4 and PD-1 are expressed on T cells. Upon 
binding to their ligands PD-L1/2 and B7 homologs (CD80/86) on APCs or cancer cells, T cell activation dependent on 
binding of costimulatory molecules, such as CD28, is inhibited (left). Checkpoint inhibitor antibodies bind to CTLA-4, 
PD-1 and PD-L1, inhibiting this checkpoint control which leads to T cell activation and increased anti-tumor T cell activity 
(right). 
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Breast cancer 

In 2019, over 70.000 individuals in Sweden were diagnosed with cancer. Out of 
those, 8.288 women were diagnosed with breast cancer, making it the most common 
form of cancer diagnosed in females. One of ten women are diagnosed with breast 
cancer before they turn 75 years old, with the median age of women diagnosed being 
65 years. Even though the number of diagnosed breast cancer cases has been 
increasing in the last decades, the mortality rate is slowly going down 181. In general, 
the prognosis is good for breast cancer patients. As of 2018, the 5- and 10-year 
survival of breast cancer patients in Sweden was approximately 90% and 85% 
respectively 182. About 1% of all breast cancers are diagnosed in males, but this 
thesis will focus on breast cancer in females. 

Etiology  
In most cases, it’s not clear what exactly has caused the breast cancer to form, but 
around 10% of cases can be linked to inherited genetic mutations.  Breast cancer 
gene 1 (BRCA1) and BRCA2 were the first two major susceptibility genes that were 
identified for breast cancer in the 90’s 183,184. They are the best known of a small 
group of genes that are associated with breast cancer. Others include TP53 and 
PTEN 185. The BRCA genes function as tumor suppressors, maintaining and 
repairing DNA double strand breaks. Mutations in BRCA genes account for 
approximately 40% of familial breast cancers 186. The risk of getting breast cancer 
increases with age and is way more common in women. Longer exposure to 
hormones such as estrogen can increase the risk of breast cancer development. A 
number of things can affect the hormonal exposure and have been correlated to 
increased risk of breast cancer: increased age of first childbirth and breastfeeding 
187; earlier first menstrual period and late menopause 185; and hormonal replacement 
therapy 187. Other risk factors also include diet and obesity, alcohol consumption, 
smoking and mammography density 188-190. Obesity can even lead to elevated 
estrogen levels in serum and local estrogen production. This can then promote breast 
cancer development in postmenopausal women, adding obesity to the number of 
factors that can affect hormonal exposure 191. 
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Breast cancer development 
The human breast is a mammary gland, composed of layers of different tissue with 
two types being the most prominent, glandular tissue surrounded by supportive 
tissue. The supportive tissue is made up of adipose- and connective tissue which 
provides structure for the branching ductal network of the breast, blood vessels and 
a range of cells such as fibroblasts and immune cells. The ductal network connects 
the terminal duct lobular units (TDLUs) that secrete milk, with the nipple for 
release. The lobes and milk ducts are made up of lumen that is lined with inner 
luminal epithelial and an outer myoepithelial cell layer, with a basement membrane 
surrounding the structure (Fig. 10).  

 

Figure 10. Schematic illustration of a breast and breast cancer development. The terminal duct lobular unit (TDLU) 
is a branch like complex that extends from the nipple. It is composed of an inner lumen lined with lumen epithelial cells, 
myoepithelial cells, and basement membrane. Schematic overview of breast cancer progression, from normal intact 
duct, through atypical hyperplasia with appearance of lesions, carcinoma in situ characterized by increased genetic 
instability and recruitment of stromal and immune cells, leading to invasive cancer with disruption of the basement 
membrane.  

The luminal cells can be divided further into alveolar cells that produce milk and 
ductal cells that line the ducts 192. Immune cells are not only located in the 
surrounding fat tissue, but also within the epithelial component in the TDLUs 193. 
Majority of breast cancers originate from TDLUs and start with appearance of 
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lesions or epithelial atypia. The next step is atypical hyperplasia and development 
of carcinoma in situ. During this transition, increased genetic changes and instability 
occur. Shift from carcinoma in situ to invasive cancer involves recruitment of 
stromal cells and ECM proteins, resulting in breakdown of basement membrane and 
spread of malignant cells to surrounding stroma 194. 

Diagnosis and histological classification 
The most commonly used screening methods for breast cancer are physical 
examination of breasts, mammography and ultrasound. If abnormalities are detected 
a biopsy can be taken. Most types of breast cancers are easy to diagnose based on a 
microscopic evaluation of a biopsy. This is then used to classify the breast cancer. 
Breast cancers are primarily classified based on their histological appearance and 
most breast cancers are derived from the epithelium lining the ducts or lobules, 
classified as ductal or lobular carcinoma. Carcinoma in situ is where cancer cells 
proliferate within the epithelial tissue without invading surrounding tissue while 
Invasive carcinoma has invaded surrounding tissue (Fig. 10). Both invasive and 
non-invasive carcinoma can originate from lobular and ductal unit of the breast 194. 
The majority of breast cancers are invasive ductal carcinoma, with the second most 
common being ductal carcinoma in situ 195.  

The Nottingham system is a valuable grading tool for breast cancer. It grades breast 
carcinomas based on morphological characteristics: tubule formation, nuclear 
polymorphism, and miotic count, with each scored on a scale of 1 to 3 196. These are 
then added together for a final overall score. A lower Nottingham score means a 
well differentiated carcinoma with better prognosis, and a higher score means a 
poorly differentiated carcinoma with worse prognosis. Staging is another tool for 
evaluating breast cancer progression. This is assessed using TMN staging, which 
takes tumor size (T), lymph node involvement (N), and distant metastases (M) into 
account 197. Stages 1-3 are within the breast or regional lymph nodes, while stage 4 
is metastatic cancer that has spread beyond the breast and regional lymph nodes and 
is associated with the worst prognosis for breast cancer patients 204. Presence of 
metastases in axillary lymph nodes predicts increased risk of local and distant 
recurrence, and lymph node metastasis has long been considered the most important 
prognostic factor for poor prognosis 198. 
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Receptor status and molecular subtype 
Receptor status was traditionally considered by reviewing each individual receptor 
(Estrogen receptor (ER), Progesterone receptor (PR), and Human epidermal growth 
factor receptor 2 (HER2)), with recent approaches looking at these together, and in 
combination with tumor grade. This divides breast cancer into molecular classes 
with varying prognosis 199. The most recent molecular classification categorizes 
breast cancer into five different subtypes: Luminal A and B that in general are ER 
and PR positive, with a higher expression of Ki67 in Luminal B subtype, which is 
associated with increased proliferation and worse prognosis for the patients 200; 
HER2 positive, where HER2 is overexpressed or amplified, which have higher 
recurrence rate and a more aggressive disease 201; Basal-like which have features 
similar to basal or myoepithelial cells, are aggressive and have poor prognosis 202; 
and Claudine-low which display high expression of epithelial to mesenchymal 
transition (EMT) related genes, have stem cell like gene expression and high levels 
of immune cell infiltration 199,203. Basal-like and Claudin-low breast cancers most 
often lack all expression of hormone receptors and are therefore classified as triple 
negative breast cancers (TNBC).  

Breast cancer treatment 
Treatment of breast cancer depends on various factors, such as stage of the cancer, 
age of patient, spread to lymph nodes, hormone receptor status, and molecular 
characteristics such as BRCA status. The most common treatment is surgical 
removal of the tumor, which can then be followed by chemotherapy or radiation 
therapy 205. Surgery standards can include removal of the whole breast, one quarter 
of the breast, or a small part, and one or more lymph nodes may be resected during 
surgery. Adjuvant radiation and/or chemotherapy can be added as a treatment. 
Endocrine therapy which includes selective estrogen receptor modulators, 
Tamoxifen and aromatase inhibitors being the most common, is used for ER+ 
tumors. Therapy targeting HER2 is used for HER2 amplified tumors, including 
trastuzumab and lapatinib 206. Chemotherapy is most commonly used in patients 
with ER- and HER2- tumors and advanced breast cancer of all subtypes. Poly ADP-
ribose polymerase inhibitors have been approved for treatment of TNBC, which 
makes it harder for cancer cells with BRCA1 and BRCA2 mutations to survive 207. 
Recently Atezolizumab, which blocks PD-L1, has been approved for treatment of 
TNBC in combination with nab-paclitaxel, a chemotherapeutic medicine 208. PD-L1 
is significantly higher expressed in TNBC patients compared to non-TNBC patients 
and further research is ongoing into expanding treatment option of PD-1/PD-L1 
pathways in TNBC 176,208,209. 
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The present investigation 

Aims 
The general aim of this thesis is to investigate the role of innate immune cells, with 
focus of macrophages of different subtypes and functions, in breast cancer. This 
includes both in vitro and in vivo research in mouse models and humans. 

 

The specific aims were: 

I. To investigate the effect primary human macrophages have on ERα 
expression on breast cancer cells and uncover the mechanism involved in 
the proposed downregulation of ERα by macrophages, previously 
described.  

 

II. To investigate whether resident subcapsular sinus lymph node CD169+ 
macrophages located in direct contact with lymph node metastasis, as 
compared with CD169+ macrophages located in primary tumors, would be 
a prognostic factor for breast cancer patients. We further wanted to see if 
these were associated with PD-L1 expression.  

 

III. Based on results from paper II, we wanted to explore the function of 
CD169+ TAMs in breast cancer further. We wanted to investigate why 
presence of CD169+ TAMs does not lead to a beneficial prognosis in breast 
cancer patients, and relate this to CD169+ subcapsular sinus macrophages, 
with regards to origin, function, and phenotype. 
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Paper I 
 

Inflammatory macrophage derived TNF-α downregulates estrogen receptor α 
via FOXO3a inactivation in human breast cancer cells. 
 
Background 

Breast cancers are classified and divided into subtypes based on expression of 
hormone receptors. The luminal A subtype (ER+PR+HER2-Ki67low) is the one most 
often associated with better prognosis for the patients 210, in part because endocrine 
therapy can be used as a treatment targeting the ERα signaling pathway. For patients 
with estrogen receptor positive (ER+) breast cancer, resistance to endocrine therapy 
is commonly caused by downregulation of ERα in the disseminated cancer cells. 
Myeloid cells in the tumor microenvironment can be both beneficial and detrimental 
for the patient 136,137,211. Macrophages have also been proposed to downregulate ERα 
in breast cancer cells through an unknown mechanism 212,213.  

 

Methods and materials 

In this paper we used xenograft breast cancer models to study the effect of human 
monocyte derived macrophages on ERα expression in vivo. Immunohistochemistry 
was used to analyze relevant markers in a breast cancer patient cohort. Gene 
expression analyses were also performed, using the publicly available database R2. 
For in vitro studies, immune cells from healthy donors and breast cancer cell lines 
were used. Condition media from primary human monocyte derived macrophages 
was analyzed for cytokines and used for breast cancer cell line cultures. ERα 
expression of the breast cancer cell lines was analyzed on mRNA level using RT-
qPCR, as well as on protein level, using western blots. Expression of various 
downstream transcription factors was analyzed, in combination with blocking or 
silencing strategies of signaling mediators.  

 

Results and discussion 

We saw that co-transplantation of primary human monocytes with ER+ breast cancer 
cells in NSG mice results in long-term significant downregulation of ERα on the 
breast cancer cells, which was not observed in xenografts with breast cancer cells 
injected without monocytes. Using primary human monocyte derived macrophages 
cultured in vitro, we further confirmed this downregulation in MCF7 cells cultured 
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in macrophage condition media (CM) from M1 like macrophages. This was seen on 
both protein level using western blots, as well as on mRNA level using RT-qPCR. 

We showed that M1 like macrophages secrete significantly higher levels of TNF-α 
compared to M2 like macrophages, and addition of TNF-α to MCF7 and T47D 
cultures resulted in downregulation of ERα. When TNF-α inhibitor Etanercept was 
added to the cultures, that hindered the M1 CM induced ER-α downregulation. 
When looking at the signaling pathways downstream of TNF-α in the breast cancer 
cells, we confirmed that it was the Akt-pathway that was specifically activated, 
rather than MAPK/ERK pathway. TNF-α induced activation of Akt/PKB and 
subsequent downregulation of the tumor suppressor FOXO3a by phosphorylation. 
We again saw that the use of Akt inhibitor reversed the M1 CM induced 
downregulation of ERα, and when the mouse xenografts were stained for P-
FOXO3a we saw significant increase in the co-transplanted MCF7 and monocyte 
xenografts, with sequestration of P-FOXO3a in the cytoplasm of the MCF7 cells. 
We further observed that presence of macrophages and downregulation of ERα may 
correlate with initiation of epithelial to mesenchymal transition (EMT), which 
results in increased motility and metastasis of tumor cells.  

In conclusion, this study shows that different macrophage subtypes within the tumor 
microenvironment in breast cancer have various and unique impact on breast cancer 
progression. In general, pro-inflammatory M1 like macrophages are associated with 
better prognosis and slower tumor progression compared to anti-inflammatory M2 
like macrophages. Here we observe that despite being pro-inflammatory, M1 like 
macrophages may have unwanted and detrimental effect on endocrine resistance in 
breast cancer patients, as well as playing a potential role in EMT of the tumor, 
through TNF-α mediated downregulation of FOXO3a.  
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Paper II 
 

Co-localization of CD169+ macrophages and cancer cells in lymph node 
metastases of breast cancer patients is linked to improved prognosis and PD-
L1 expression. 
 
Background 

Although 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. Tumor associated macrophages (TAMs) have in general been 
associated with worse prognosis in cancer patients 135,136,211, while the presence of 
CD169+ macrophages in metastasis-free lymph nodes of cancer patients have in 
contrast been associated with improved survival 214-217 . This has however not been 
found in breast cancer so far 218. High gene expression of CD169 has been associated 
with worse survival in breast cancer patients though 219. In viral infections, CD169+ 
macrophages are responsible for induction of PD-L1 expression, via local type I 
IFN secretion, which leads to T cell exhaustion 220. 

 

Methods and material 

In this study, a patient cohort including 286 patients with primary breast cancer was 
used for immunohistochemical staining and statistical analysis. All patients had 
received 2 years of adjuvant tamoxifen and were a part of a representative cohort 
from two randomized clinical trials that included patients from the South Swedish 
Health Care Region during 1985-1994 221-223. Tissue microarrays were stained for 
common macrophage markers, as well as the markers investigated in this study, 
CD68, CD169, PD-L1 and PD-1, using immunohistochemistry (IHC). For statistical 
analysis, primary tumor and metastatic lymph node samples were scored and 
evaluated, and previous clinical parameters evaluated by physicians were included 
in the analysis. 

 

Results and discussion 

In this study we used a primary breast cancer tissue cohort from patients that 
received treatment with adjuvant tamoxifen for 2 years. We analyzed samples from 
primary tumor as well as from synchronous lymph nodes with metastasis for 
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expression of CD68, CD169, PD-L1 and PD-1 using IHC. We observed that 
presence of CD169+ macrophages near lymph node metastases of breast cancer 
patients was associated 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 associated with more aggressive tumor 
characteristics of the primary tumor. 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 prognosis. The evidence for a 
prognostic importance in our study was, however, not retained after adjustment for 
other clinicopathological features. 

We further showed that CD169+ macrophages were spatially associated with 
expression of PD-L1 on nearby cells, both in primary tumors and metastatic lymph 
node, although PD-L1 expression in metastatic lymph node as such did not have 
further prognostic impact. The previously described prognostic effect of CD169+ 
macrophages in metastatic lymph nodes of breast cancer patients was only seen in 
patients with PD-L1+ primary tumors. This merits further research since to our 
knowledge, the relationship between CD169 and PD-L1 expression in breast cancer 
has not been explored. Our data suggests that CD169+ resident lymph node 
macrophages have a unique function in targeting immune responses against breast 
cancer and investigating the biological differences between lymph node and primary 
tumor CD169+ macrophages is of great importance. That includes investigating 
possible origins, as well as phenotype and function of CD169+ TAMs and if they 
can be re-programmed or shifted towards a more anti-tumor status. 
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Paper III 
 

CD169+ macrophages present in primary tumors are monocyte derived type I 
IFN producers that possess broad immunosuppressing functions 
 
Background 

In Paper II we showed that CD169+ macrophages in lymph nodes with metastasis 
were associated with better prognosis in breast cancer patients, while CD169+ 
macrophages present in primary breast tumor (CD169+ TAMs) were not associated 
with better prognosis. Interestingly, this effect of CD169+ lymph node macrophages 
was only seen in patients with PD-L1+ primary tumors. It has been shown that 
CD169+ subcapsular sinus macrophages in lymph nodes can phagocytose and 
present lymph-borne tumor cell antigens to other cells in the lymph node, but their 
exact role is unknown in cancer patients 41. The role of CD169+ TAMs in primary 
tumors is so far unknown as well. We wanted to investigate whether CD169+ TAMs 
and CD169+ lymph node macrophages had any functional relationship or other 
similarities that would be of importance. 

 

Methods and materials 

For in vitro studies, monocytes were isolated from healthy donors and differentiated 
into different macrophage subtypes. Type I IFN was used to upregulate surface 
expression of CD169. Phenotypical and functional assays included flow cytometry 
for surface markers and cytokine secretion, ELISA and multiplex for cytokine and 
chemokine analysis, pinocytosis assay for phagocytic ability evaluation, co-cultures 
with both T cells and NK cells for immune function assays and RT-qPCR for gene 
expression analysis. Mouse models were used to investigate the origin of tumor 
associated CD169+ macrophages, using the syngeneic 4T1-model, Balb/c mice, and 
by using NSG mice co-injected with SUM-159 breast cancer cell line cells and 
primary human monocytes isolated from donor blood. Samples were stained and 
analyzed using immunohistochemistry (IHC) and fluorescence. Two clinical breast 
cancer cohorts consisting of 23 patients (small) with invasive primary breast cancer 
with lymph node or distal metastasis, from the South Swedish Health Care Region 
between 1976-2005, and 304 patients (large) diagnosed with locally advanced 
inoperable or metastatic breast cancer in Sweden between 2002 and 2007, were used 
for IHC analysis of cores from primary tumor, lymph node metastasis and/or distal 
metastasis. The patient cohorts were used to investigate the spatial organization of 
infiltrating CD169+ TAMs in relation to other immune cells, to guide in 
understanding their function in primary human breast tumors. Gene expression 
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analysis were also performed, using the publicly available database R2 and the 
Michigan Portal for the Analysis of NGS Data (MiPanda). 

 

Results and discussion 

In this study we showed that CD169+ TAMs can be derived from monocytes in a 
type I IFN stimulating tumor microenvironment. We saw this using a xenograft co-
transplantation of human TNBC cell line SUM-159, together with primary human 
monocytes in NSG mice. Co-transplanted monocytes showed co-expression of 
CD169 and PD-L1. This indicated differentiation into CD169+ TAMs. By 
evaluating expression of the murine macrophage marker F4/80 in the 4T1-model, 
we confirmed that tumor associated CD169+ macrophages can be monocyte derived 
also in the murine setting. 

In vitro we saw an upregulation of CD169 on primary human monocyte derived 
macrophages cultured under M2 culture conditions with the addition of IFN-α, co-
expression of PD-L1 on their surface. The CD169+ macrophages had a pro-
inflammatory cell surface phenotype and showed secretion of IL-15 and CXCL10, 
confirmed at the mRNA gene expression level. Using the TCGA database and 
MiPanda, we also showed that CXCL10 and Siglec1 expression in breast cancer 
specimens were significantly associated. This indicated a unique cytokine profile of 
the CD169+ macrophages in vitro. However, these CD169+ macrophages had low 
pinocytotic ability, a T cell suppressing effect, and did not induce an increase in NK 
cell cytotoxic killing of breast cancer cells in co-culture. We further saw 
upregulation of immunoregulatory genes PGE2 and HLAG in the CD169+ 
macrophages. Inhibitors for PD-L1 and HLA-G did not affect NK cell cytotoxicity 
or alleviate T cell suppression. CD169+ macrophages further had significantly lower 
ability to kill MDA-MB-231 cells, compared to M1 like macrophages. 

Using a clinical human breast cancer cohort, we finally showed a spatial association 
of CD169+ TAMs with tertiary lymphoid structures (TLS), and more importantly 
with presence of Tregs. CD169+ TAMs were also associated with worse prognosis 
for the breast cancer patients. This showed that the unique beneficial functions that 
CD169+ subcapsular sinus macrophages have when located in lymph nodes are not 
the same for monocyte derived CD169+ TAMs in primary tumors of breast cancer 
patients.  

The main conclusion for paper III is that CD169+ TAMs located in primary breast 
tumors are functionally distinct from lymph node resident subcapsular sinus 
CD169+ macrophages and are likely to be monocyte derived in a type I IFN 
environment, rather than tissue resident macrophages. In vitro they show a surface 
phenotype similar to pro-inflammatory M1 like macrophage, but do not exhibit the 
same pro-inflammatory function. In vivo, they are spatially associated with tertiary 
lymphoid structures (TLS), and more importantly with presence of Tregs. CD169+ 
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TAMs are also associated with a worse prognosis in the breast cancer patients. Our 
findings show that the origin and therefore location of CD169+ macrophages in 
breast cancer patients, has profound impact on their prognostic, functional and thus 
therapeutic perspectives, since only lymph node resident CD169+ macrophages have 
a beneficial effect on survival. We propose that lymph node resident macrophages 
should be considered as a therapeutic target, while considering the negative side 
effects of CD169+ TAMs.  
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Conclusions 

I. We showed that M1-like macrophages may have a detrimental effect on 
endocrine resistance in breast cancer cells in vitro through TNF-α mediated 
downregulation of FOXO3A and hence estrogen receptor alpha. They 
further seem to be linked to EMT of the breast tumor. This shows that 
TAMs can have various and unexpected roles in breast cancer. 

 

II. Presence of CD169+ macrophages near lymph node metastases of breast 
cancer patients was associated with improved prognosis, but only in patients 
with PD-L1+ primary tumors. This effect was not seen when looking at 
CD169+ macrophage presence in primary tumor (CD169+ TAMs), giving 
us a foundation for the hypothesis that cells in these locations, although 
sharing CD169 surface expression, do have functional differences. We also 
saw that CD169 expression correlated strongly with PD-L1 expression in 
both locations. 

 

III. Building on the hypothesis from paper II, we showed that CD169+ TAMs 
are functionally distinct from lymph node resident subcapsular sinus 
CD169+ macrophages. They are also likely to be monocyte derived in a type 
I IFN environment, and even though they show a pro-inflammatory surface 
phenotype, their function seems to be anti-inflammatory. They further 
correlate with presence of tertiary lymphoid structures in breast cancer 
patient’s primary tumors and metastasis and with presence of Tregs. They are 
therefore associated with worse prognosis in the breast cancer patients.  
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Everyone needs a strong and fierce queen like you in their life. Also, an extra thank 
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Susan, Tamae and Totte. I wish I had joined Karin’s group sooner, only to have 
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you for the fun excursions and the now deceased Tuesday fika. Extra thank you to 
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To Carro for organizing our Thursday seminars and for all the valuable help in the 
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My “non-science” friends: Hulda Rós, my best and oldest friend! Every time I come 
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for always being there and for coming to visit me here in Lund. It means so much 
when I’m so far away.  
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A B S T R A C T

Patients with estrogen receptor α positive (ERα+) breast cancer can respond to endocrine therapy, but treatment
resistance is common and associated with downregulation of ERα expression in the dormant residual cells. Here
we show, using long-term NSG xenograft models of human breast cancer and primary human monocytes, in vitro
primary cell cultures and tumors from breast cancer patients, that macrophage derived tumor necrosis factor
alpha (TNFα) downregulates ERα in breast cancer cells via inactivation of the transcription factor Forkhead box
O transcription factor 3a (FOXO3a). Moreover, presence of tumor associated macrophages in the primary tumor
of breast cancer patients, was associated with ERα negativity, and with worse prognosis in patients with ERα+

tumors. We propose that pro-inflammatory macrophages, despite being tumoricidal, may have direct effects on
tumor progression and endocrine resistance in breast cancer patients. Our findings suggest that TNFα antago-
nists should be evaluated for treatment of ERα+ breast cancer.

1. Introduction

Breast cancers are divided into different subtypes based on receptor
status (Estrogen Receptor α [ER], Progesterone Receptor [PR] and
Human Epidermal growth factor Receptor 2 [HER2]). The luminal A
subtype of breast cancer (ER+PR+HER2-Ki67low; according to the St
Gallen molecular classification [1]) is most often associated with a good
prognosis, partly because endocrine therapy can be used to target the
ERα signaling pathway, while the triple negative breast cancers (TNBC;
ER−PR-HER2-) have a poor prognosis [2,3]. Different breast cancer
subtypes tend to metastasize with varying aggressiveness, a process that
often is associated with epithelial mesenchymal transition (EMT) [4].
For patients with ERα+ breast cancer, resistance to endocrine therapy
is commonly caused by downregulation of ERα in the disseminated
cancer cells [2,3].

Myeloid immune cells are known to affect tumor development and
progression, and infiltration of tumor associated macrophages is
therefore associated with a worse prognosis [5]. Conceptually however,
macrophages can be both beneficial for the patient (pro-inflammatory
macrophages [CD68+ CD163-]); by eliminating cancer cells and acti-
vating anti-tumor immune responses, or detrimental for the patient
(anti-inflammatory macrophages [CD68+ CD163+] or myeloid sup-
pressor cells [CD68−CD163+]); by promoting tumor progression, in-
hibiting pro-inflammatory immune responses, and inducing wound
healing reactions such as angiogenesis and matrix degradation, all of
which promote metastatic spread [6–8].

Forkhead box O transcription factors (FOXO) are a subgroup of
Forkhead box (FOX) transcription factors that are involved in normal
physiological as well as pathological processes [9,10]. FOXO proteins
(FOXO1, 3a, 4 and 6) are tumor-suppressors that are regulated by the
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PI3K/Akt pathway and are involved in crucial processes such as
apoptosis, cell-cycle arrest, metabolism and differentiation [9,10]. In
breast cancer, inactivated FOXO3a that is sequestered in the cytoplasm,
has been linked to both EMT and aggressive breast cancer subtypes
[11–14]. In line with this, FOXO3a has been shown to inhibit breast
tumor growth, angiogenesis, invasion and metastasis [9,10]. Lately,
FOXO3a has also been suggested to be involved in endocrine resistance
[10]. A functional interaction between FOXO proteins and ERα sig-
naling was proposed, mainly as mediators in cross-talks of ER and
growth factor receptor signaling [12,15], although FOXO3a induced
ESR1 transcription has also been proposed [14].

We hypothesized that primary human macrophages can modify ERα
expression in human breast cancer cells in vivo. We show that co-
transplantation of primary human monocytes together with ERα+

breast cancer cells in NSG mice induced a long-term significant
downregulation of ERα expression. This was supported by similar
findings in vitro, where primary human monocyte derived macrophage
cultures also downregulated ERα in human breast cancer cells. We
further show that the mechanism behind the downregulation was pro-
inflammatory macrophage derived TNFα. The molecular mechanism
was TNFα-induced Akt, that inhibited and sequestered FOXO3a in the
cytoplasm of the breast cancer cells in vivo. The inhibition of FOXO3a
lead to lack of ESR1 (ERα) transcription. Our findings were supported
by clinical specimens, where the presence of CD68+ macrophages in
the primary tumor of breast cancer patients was associated with ERα
negativity, and to worse prognosis primarily in ERα+ breast cancer
patients. We propose that pro-inflammatory macrophages, despite
being tumoricidal, may have direct effects on tumor progression and
metastasis as well as on endocrine resistance in breast cancer patients.

2. Materials and methods

2.1. Ethical approval

Ethical permit was obtained from the regional ethical committee at
Lund University (Dnr 613/02, Dnr 2012/689, Dnr 2014/669, Dnr
2017/949) whereby written consent was given, or when not required
patients were offered the option to opt out, as approved by the regional
ethical committee at Lund University, according to the Declaration of
Helsinki. The NSG models (approvals M11-15) were approved by the
regional ethics committee for animal research at Lund University,
Sweden.

2.21. Isolation of primary human monocytes and macrophage
differentiation

Concentrated leukocytes were obtained from healthy donors. PBS
containing 5 mM EDTA and 2.5% w/v sucrose was used to dilute the
concentrated leukocytes and Ficoll-Paque Plus (GE Healthcare Bio-sci-
ences, Uppsala, Sweden) gradient used to isolate peripheral blood
mononuclear cells (PBMCs). Monocytes were isolated from PBMCs by
magnetic cell sorting (MACS) using Monocyte Isolation kit II (Miltenyi
Biotec, Bergisch Gladbach, Germany) according to manufacturer's
protocol. M0/M1/M2 monocyte-derived macrophages were generated
as previously described [16] and flow cytometry used to verify polar-
ization using CD14, CD86, CD206, HLADR antibodies (BD Biosciences).
All cytokines used in differentiation cultures or stimulation cultures
were from R&D Systems. Conditioned media (CM) was harvested and
stored at −80 °C. Human Inflammatory Cytokine bead array (CBA) was
used to measure cytokines secreted by macrophages (BD Biosciences).
Samples were analyzed using a FACSVerse (BD Biosciences). TGFβ was
measured using Human TGF-beta 1 quantikine ELISA kit (R&D sys-
tems).

2.3. In vitro cultures

MCF-7 and T47D (ERα+) and MDA-MB-231 (TNBC) breast cancer
cells were purchased from and characterized by ATCC and cultured in
RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS)
(Biosera, Boussens, France), 1% sodium pyruvate (Hyclone), 1% HEPES
(Hyclone) and penicillin/streptomycin (100 U/ml and 100 μg/ml, re-
spectively). Mycoplasma testing was performed as a routine. Thawing of
cells were done from low passages of the original expanded ATCC vials.
For macrophage effect study, cancer cells were cultured for 48 h in M0,
M1 or M2 CM. Control samples were cultured in Opti-MEM medium
supplemented with 100 U/ml penicillin and 100 μg/ml streptomycin.
The Akt inhibitor MK-2206 was obtained from Selleckchem (Houston,
TX, US) and reconstituted in DMSO. MK-2206 was added (2,5 μM/well)
for 48 h with DMSO added to control wells. TNFα inhibitor Etanercept
(Merck) was added (10 μg/ml) with Opti-MEM medium 30 min before
CM addition. For cytokine stimulation, cancer cells were serum starved
for 12 h after which the following cytokines were added: IL8 (100 ng/
ml), IL1β (25 ng/ml), IL6 (50 ng/ml), IL10 (10 ng/ml) and TNFα
(25 ng/ml). The control samples were treated identically but left un-
stimulated.

2.4. Western blots

All antibodies used for Western blot are shown in Supplementary
table 1 (clone; dilution; company). Antibodies used for detection of
proteins of interest were: ERα, anti-FOXO3a that detects total FOXO3a
expression, anti-FOXO3a (phospho S253) that only detects FOXO3a
phosphorylated at Serine 253, anti-ERK1/2, anti-phospho ERK/P-p44/
42 MAPK, anti-Akt pan, anti-phospho Akt S473, anti-CAR, and anti-E-
Cadherin. For housekeeping control, β-Actin and GAPDH antibodies
were used.

2.5. siRNA transfections

Transient siRNA transfections were performed using Lipofectamine
2000 according to the manufacturer's instructions (Invitrogen,
Carlsbad, CA, USA). In all, 30 nM of Silencer Select Negative Control #2
and siFOXO3 (s5262) (ThermoFisher) were used. All analyses were
performed 72 h post transfection.

2.6. RNA extraction, cDNA synthesis and real-time quantitative PCR (RT-
qPCR)

Total RNA was extracted from monocytes, M0, M1 and M2 macro-
phages harvested in TRIzol™ Reagent according to manufacturer's
protocol for cells grown in monolayer. Total RNA was extracted from
breast cancer cells using RNeasy Plus Mini Kit (Qiagen) according to
manufacturer's protocol. qRT–PCR was performed in triplicates using
Maxima SYBR Green/Rox (Thermo Scientific) according to manufac-
turer's instructions. qRT–PCR analysis was performed on the Mx3005 P
QPCR system (Agilent Technologies, Santa Clara, CA, USA) and the
relative mRNA expression was normalized to ACTB, GAPDH and SDHA
and calculated using the comparative Ct method. List of primer se-
quences can be found in Supplementary Table 2.

2.7. Gene expression analyses

The publicly available database R2: microarray analysis and visua-
lization platform [17]; TCGA 1097 was used for gene expression profile
analyses. For breast cancer subtype RNA expression profiles Metabric
was used [18,19].

2.8. Animal procedures and xenografts

Female 8-week old NSG-mice (NOD.Cg-Prkdc(scid)Il2rg(tm1Wji)/
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SzJ strain, The Jackson Laboratory, Maine, USA) were housed in a
controlled environment and all procedures were approved by the re-
gional ethics committee for animal research at Lund University, Sweden
(M11-15). Mice were anesthetized by isoflurane and injected with
human breast cancer cells (MCF-7, T47D or MDA-MB-231 cells
(1 × 106 cells)) on the right flank, alone or in combination with pri-
mary human monocytes (1 × 106 cells/mouse) as previously described
[20]. For sacrifice, mice were anesthetized by isoflurane and eu-
thanized by cervical dislocation. Tumors were excised on day 21 (for
T47D, MCF-7 and TNBC MDA-MB-231 cells) after injection, or for long-
term evaluation on day 90 (for MCF-7 and MCF-7 + primary human
monocytes) and subsequently fixed in 4% paraformaldehyde and em-
bedded in paraffin. Five (N = 5) mice were used in each group except
for 21 d MCF-7 and 21 d MCF-7 + primary human monocytes (N = 3).
The animal work was performed in accordance with the ARRIVE re-
porting guidelines.

2.9. Breast cancer patients and samples

The breast cancer study cohort has been previously described
[21–23] and included 498 patients who were diagnosed with invasive
breast cancer between January 1, 1988 and December 31, 1992 at the
Department of Pathology, Skåne University Hospital, Malmö. Ethical
approval for the primary breast cancer cohort study was obtained from
the Ethics Committee at Lund University (Dnr 613/02). Informed con-
sent was not required and patients were offered the option to opt out.

2.10. TMA

Tissue microarrays (TMA) were constructed as previously described
[21–23]. Analysis of ER, PR and HER2 status of the tumors in the TMA,
was performed according to current Swedish guidelines. CD68 had been
scored previously [24]. Pearson Chi square-test was used for crosstabs.
Kaplan-Meier analysis was used to evaluate the impact of a low mac-
rophage infiltration (CD68 low) or high macrophage infiltration (CD68
high) on breast cancer recurrence free survival (RFS) in patients with
ERα negative tumors and ERα positive tumors respectively. Log rank
test was applied to analyze any significant differences in Kaplan-Meier
survival plots. All P values were two-tailed. p ≤ 0.05 was considered
significant. All calculations and statistical analyses were performed
with IBM SPSS Statistics version 23.0 (SPSS Inc).

2.11. Immunohistochemistry

Antibodies used were: anti-CD68, anti-ERα, anti-E-cadherin, anti-
CD11b (specific for human), anti-vimentin, anti-P-FOXO3a (phospho
S253). All primary antibodies used for IHC are shown in Supplementary
table 3 (clone; dilution; company). The E-cadherin and ERα staining
was scored by intensity (0–3). In the primary human breast cancers,
expression of ERα in tumor cells and of CD68 in immune cells had been
annotated previously [22–24].

2.12. Statistics

Analysis of variance (ANOVA) or t-tests according to figure legends,
was performed for the in vitro experiments using the Graph Pad Prism

Fig. 1. Downregulation of ERα in breast cancer cells by primary human macrophages in vivo. Primary human monocytes were long term co-transplanted together
with ERα+ (MCF-7 for 90 days) or ER− (MDA-MB-231 for 21 days) breast cancer cell lines in NSG mice [20]. Controls were only MCF-7 or MDA-MB-231 transplanted
cells. The xenografts were resected and immunohistochemistry was performed. A significant downregulation of ERα was seen in the MCF-7 + monocytes xenografts.
Myeloid cells were detected using CD11b (MCF-7 + monocytes and MDA-MB-231 + monocytes) and Vimentin (MCF-7 + monocytes). Histograms represent the
mean score of the xenografts for each staining. Representative pictures are shown. Unpaired t-test (Vimentin Mann Whitney t-test; due to identical numbers). Error
bars indicate SEM. N = 5 for each group. *p < 0.05, **p < 0.01, ***p < 0.001.
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software. For the primary human breast cancer cohort, and Pearson Chi
Square tests for E-cadherin/CD11b cross tabular IHC NSG expression,
calculations were performed with IBM SPSS Statistics version 23.0
(SPSS Inc). All statistical tests were two sided and p ≤ 0.05 was con-
sidered significant. Correlations between TNF and ESR1 expressed in
the human breast cancer 1097 TCGA database was performed via R2:
microarray analysis and visualization platform http://r2.amc.nl. For
breast cancer subtype RNA expression profiles Metabric was used
[18,19].

3. Results

3.1. Primary human monocytes downregulate ERα in cancer cells
xenografts

To investigate what specific long term effects primary human
macrophages might have on ERα+ human breast cancer cells in vivo, we
co-transplanted primary human monocytes together with ERα+-breast
cancer cells (MCF-7) for 90 days in a previously described NSG xeno-
graft model from our group [20]. One of the questions we asked was
whether primary human macrophages would downregulate ERα in
human breast cancer cells in vivo. The intensity levels of ERα were
significantly reduced in the tumors with co-transplanted primary
human monocytes (a mixed population of MCF-7 cells and primary
human monocytes were injected, and tumors resected at 90 days), as
compared to the xenografts without (MCF-7; 90 days) (Fig. 1). As
control xenografts, we used a TNBC cell line lacking ERα (MDA-MB-
231; resected at 21 days for ethical reasons), and as shown in Fig. 1 the
lack of ERα in the control TNBC xenografts remained unaffected by co-
transplanting primary human monocytes, although the transplanted
monocytes themselves expressed ERα as previously published [25] and
verified by the myeloid human specific CD11b marker (arrows Fig. 1).
Vimentin was also used to detect the human myeloid cells (arrows
Fig. 1), as we have previously shown that transplanted monocytes
specifically express vimentin in MCF-7 xenografts [20]. Vimentin is
constitutively expressed in MDA-MB-231 cells. Despite the slow growth,
MCF-7 xenografts at 21 d, as well as another ERα+ cell line T47D, were
performed as controls for 21 d, with similar but non-significant effect
on ERα expression (Supplementary Figure 1A).

3.2. Macrophages induce ERα-downregulation in breast cancer cells in vitro
through TNFα

To elaborate on the finding that primary human macrophages may
affect the ERα expression of breast cancer cells in vivo, we next set out
to investigate a possible molecular mechanism. We therefore cultured
primary human monocyte derived macrophages differentiated into ei-
ther an M0 (unpolarized), M1 (pro-inflammatory) or an M2 (anti-in-
flammatory) phenotype, harvested the supernatant (conditioned media;
CM), and cultured MCF-7 breast cancer cells in the media for 48 h. As
shown in Fig. 2a, ERα was clearly downregulated both at the protein
(Fig. 2a) and mRNA levels (Fig. 2b), by soluble mediators produced by
the M1 pro-inflammatory macrophages, but only slightly by M0 or M2
macrophages. Different macrophage subtypes secrete overlapping but
also unique mediators, and to test which mediators were selectively
secreted by the M1 pro-inflammatory macrophages in our experiments,
we investigated protein levels of some of the most common macro-
phage-derived cytokines IL8, IL1β, IL6, IL10 and TNFα. Both M1 and
M2 macrophages secreted IL8, IL1β, IL6 and IL10, but only M1 mac-
rophages secreted TNFα (Supplementary Fig. 1b). To investigate whe-
ther any of the cytokines analyzed could have a direct effect on ERα
expression levels, we next stimulated MCF-7 cells with the corre-
sponding recombinant cytokines for 48 h (Fig. 2c). A clear down-
regulation of ERα in MCF-7 cells was observed by TNFα (Fig. 2c and d)
and a slight downregulation by IL1β (Fig. 2c). This was confirmed using
another ERα+ breast cancer cell line (T47D; Fig. 2d) although with

larger variations between experiments, and by adding the TNFα an-
tagonist Etanercept that hindered the M1 CM induced ER down-
regulation (Fig. 2e). We also investigated whether TNF expression in
human primary breast cancers correlated to ESR1 (ERα) expression
using the publicly available database R2 (TCGA 1097; http://r2.amc.nl)
(Fig. 2f). Indeed, a significant inverse correlation between TNF and
ESR1 was present in primary human breast cancers (R = −0.259;
P = 2.66e-18). In summary, pro-inflammatory primary human mac-
rophages have the potential to downregulate ERα in human breast
cancer cells via secreted TNFα.

3.3. Macrophage derived TNFα phosphorylates FOXO3a leading to ERα-
downregulation

We wanted to understand the molecular mechanism of how TNFα
can promote ERα-downregulation in breast cancer cells. Analyses of
signals downstream of TNFα in the breast cancer cells indicated that the
Akt pathway was specifically activated by pro-inflammatory M1 CM
(Fig. 3a) rather than the MAPK/ERK pathway (Supplementary Fig. 1c).
We therefore searched for transcription factors involved in ESR1-reg-
ulation and found FOXO3a, that in its un-phosphorylated form is active
in the nucleus transcribing ESR1 [11,14], but upon P-Akt-induced
phosphorylation of Ser253 [26,27], or IκB induced phosphorylation of
Ser 644 [12], is inactivated and sequestered in the cytoplasm. We
confirmed that the M1 CM induced downregulation of ERα was relieved
by addition of an Akt inhibitor (Fig. 3b), and that indeed TNFα was able
to induce phosphorylation of FOXO3a also in MCF-7 cells (Fig. 3c),
while IL1β was not (Supplementary Fig. 1d). The total levels of FOXO3a
was slightly higher at both mRNA (Fig. 3d) and protein (Supplementary
Fig. 1e) level in the MCF-7 breast cancer cell line, and slightly higher in
the M1 CM treated MCF-7 cells (Fig. 3d and Supplementary Fig. 1e),
also in combination with the Akt inhibitor (Fig. 3b). However, studying
a large cohort of breast cancer signatures using Metabric [18,19]
(Fig. 3e) we could not confirm a higher level of total FOXO3 in any
breast cancer subtype, which is in sharp contrast to the FOXA1 gene
that represents one of the molecular hallmarks for ERα+ breast cancers
(Fig. 3d–e). Silencing of total FOXO3 in MCF-7 cells confirmed that
FOXO3a expression correlates with ESR1 transcription (Fig. 3f). We
finally stained representative xenografts with an antibody specific for P-
Ser253-FOXO3a, and found a clear pattern of P-Ser253-FOXO3a in the
cytoplasm primarily in xenografts with co-transplanted primary human
monocytes (Fig. 3g). Together this indicates that TNFα produced by
pro-inflammatory human macrophages induce activation of the Akt
pathway, that subsequently phosphorylates Ser253-FOXO3a thus se-
questering it to the cytoplasm, leading to a reduced transcription of
ESR1 (ERα).

3.4. FOXO3a induced ERα downregulation is associated with EMT traits

ERα negativity has previously been associated with downregulation
of E-cadherin and silencing of ERα has even been shown to induce EMT
[28–30]. Furthermore, indications that anti-inflammatory macrophages
can induce EMT in cancer cells has been raised [31,32], but also that
pro-inflammatory mediators like TNFα can induce EMT [33,34]. Re-
cently, downregulation of FOXO3a was shown to promote EMT in
pancreatic ductal adenocarcinoma via SPRY2 [35]. We also found EMT
associated changes in relation to the TNFα-FOXO3a induced ERα
downregulation, both in vitro and in vivo. As shown in Supplementary
Fig. 2a, the EMT regulated proteins E-cadherin (Supplementary Fig. 2a)
and Coxsackie and Adenovirus Receptor (CAR) (Supplementary Fig. 2b)
were downregulated in MCF-7 cells under M1 CM conditions. Silencing
of total FOXO3 in MCF-7 cells, which decreased ESR1 transcription
(Fig. 3f), also lead to an increase in SNAI2 (Slug), but to decreased
TWIST1 and SNAI1 (Supplementary Fig. 2c). TGFβ was not induced in
our primary macrophage cultures (Supplementary Fig. 2d). In xeno-
grafts co-transplanted with primary human monocytes, E-cadherin was
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also downregulated, although not significantly as compared to the xe-
nografts without primary human monocytes, (Supplementary Fig. 2e).
Low E-cadherin expression levels did however correlate significantly to
high presence of primary human monocytes (P=0.046; Supplementary
Fig. 2F), also visualized using double IHC staining of E-cadherin and
CD11b (Supplementary Fig. 2G). Thus, the macrophage derived TNFα

that causes downregulation of ERα, might eventually have severe
consequences on breast cancer progression by Slug induced EMT traits.

(caption on next page)
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3.5. Primary tumor macrophage infiltration correlates with ERα-negative
tumors

Using a cohort consisting of primary tumors from 498 breast cancer
patients, we show that high overall presence of infiltrating

macrophages (CD68+ high) in the primary tumor is significantly asso-
ciated with lack of ERα expression (Table 1; Pearson Chi-Square, Linear
by Linear association p=0.018). Representative images for im-
munohistochemical (IHC) staining are shown in Fig. 4A. A dense in-
filtration of macrophages (CD68+ high) in the primary tumor also

Fig. 2. Downregulation of ERα in breast cancer cells by primary human macrophages in vitro. (A) ERα+ human breast cancer cells (MCF-7) were cultured in
supernatants (conditioned media [CM]) generated from in vitro cultures of human macrophages of M0, M1 and M2 type. The Western blot shows a representative
experiment. The histogram represents the OD values of the ERα bands in order to visualize the ERα protein downregulation, compared to the untreated MCF-7 cells
or untreated MDA-MB-231 as a negative control. One-way ANOVA multiple comparison Holm-Sidaks’ test. N = 5. (B) The histogram represents the relative mRNA
levels of ESR1 (ERα), compared to the untreated MCF-7 cells or untreated MDA-MB-231 as a negative control. N = 4. Ratio Paired t-test. (C) The corresponding
recombinant cytokines were tested to analyze their individual ability to downregulate ERα. The cytokines were added for 48 h at the concentrations: IL8 (100 ng/ml),
IL1β (25 ng/ml), IL6 (50 ng/ml), IL10 (10 ng/ml) and TNFα (25 ng/ml). Control samples were treated identically but left unstimulated. The blot is a representative
experiment. (D) TNFα downregulates ERα in two different ERα+ breast cancer cell lines; MCF-7 and T47D. The blot is a representative experiment. The lower
histograms represent the relative OD values of the ERα bands in order to visualize the ERα downregulation. N = 4. Paired t-test. (E) A TNFα inhibitor (Etanercept)
reverses the M1 CM caused ERα downregulation in MCF-7 cells. The blot is a representative experiment. The histogram represents the relative OD values of the ERα
bands in order to visualize the ERα upregulation. N = 4. Ratio Paired t-test. (F) Correlation between TNF and ESR1 expression in primary human breast cancers using
the publicly available database R2: microarray analysis and visualization platform [17] (TCGA 1097; R = −259, p = 2.66e-18). Error bars indicate SEM.
*p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 3. FOXO3a in breast cancer cells is inhibited by TNFα induced Akt phosphorylation. (A) CM generated from primary human M1 macrophages induce phos-
phorylation of Akt in MCF-7 cells, but not as much from cultures of M0 and M2 type human macrophages. The Western blot shows a representative experiment. (B)
ESR1 expression (ERα) is significantly increased in MCF-7 cells treated with M1 CM when the Akt pathway is inhibited. The histogram represents the relative mRNA
levels of ERα in MCF-7 cells cultured in M1 CM, with (MK2206) or without (DMSO) Akt-inhibition. N = 3. Ratio Paired t-test. (C) Recombinant TNFα induced
phosphorylation of FOXO3a in human breast cancer MCF-7 cells. The Western blot shows a representative experiment. The histogram represents the relative OD
values of the Ser253 P-FOXO3a bands in relation to total FOXO3a, in order to visualize the phosphorylation, and compared to the untreated MCF-7 cells as a negative
control. Paired Ratio t-test. N = 3. (D) The relative mRNA levels of FOXO3 and FOXA1 in MCF-7 cells cultured in M0, M1 or M2 CM, compared to the untreated MCF-
7 cells or untreated MDA-MB-231 as a negative control. N = 4. Paired Ratio t-test. (E) Expression levels of the FOX genes FOXA1, FOXC1 and FOXO3 in different
human breast cancer subtypes according to the Metabric database [18,19]. (F) Relative mRNA levels of FOXO3 (FOXO3a) and ESR1 (ERα) in MCF-7 cells transfected
with siFOXO3 to inhibit FOXO3a, and compared to the MCF-7 cells treated with scrambled siRNA (Scr). N = 4. Paired t-test. (G) Phosphorylation and sequestration of
FOXO3a (P-FOXO3a) in the cytoplasm of breast cancer xenografts of primary human macrophages cells co-transplanted with MCF-7 cells in NSG mice, as controlled
to only MCF-7 breast cancer cells. Immunohistochemistry was performed using Ser253 P-FOXO3a specific antibodies. Error bars indicate SEM. *p < 0.05,
**p < 0.01, ***p < 0.001.
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correlated to a shorter recurrence free survival (RFS), but only sig-
nificantly so for patients with ERα+ breast tumors (p = 0.379 for pa-
tients with ERα− tumors; p = 0.006 for patients with ERα+ tumors
using Log Rank test) (Fig. 4B). In summary, infiltration of macrophages
is associated with a shorter RFS in breast cancer patients with ERα+

tumors, but ERα− breast cancers are most likely to be associated with
infiltration of tumor associated macrophages, thus making it difficult to
assess a direct correlation to ERα-downregulation in vivo. Therefore,
future studies should evaluate the putative effect of macrophages on
ERα-downregulation in remaining metastasizing cancer cells in cohorts
with paired specimens from the primary tumor and multiple metastatic
sites.

4. Discussion

Endocrine therapy is a valuable treatment option for patients with
ERα+ tumors [36]. The endocrine treatments offered are usually ta-
moxifen or aromatase inhibitor therapy, which both target estrogen
actions, hence hindering tumor progression. One of the main resistance
mechanisms for ERα-positive tumors is downregulation of ERα in the
remaining cancer cells [37] and the identification of additional thera-
pies that may reverse this ERα downregulation are warranted. In this
study we show that primary human macrophages are capable of
downregulating ERα expression in breast cancer cells, both in vivo and
in vitro, via secreted TNFα. The downregulation is persistent and as-
sociated with a TNFα-P-Akt induced inactivation of FOXO3a, thus se-
questering it from the nucleus and disrupting ESR1 transcription.

Our findings that presence of tumor infiltrating macrophages in the
primary tumor per se correlate with lack of ERα, is consistent with
previous findings [5,38]. These findings make the evaluation of a po-
tential local downregulation of ERα in the primary tumor of patients
difficult to address, especially since ERα negative tumors have a more
profound effect on skewing infiltrating macrophages to an anti-in-
flammatory profile [20,38]. The potential effect of macrophages on
ERα-downregulation in metastasizing cells (lymph nodes and distant
metastases) should ideally be evaluated in cohorts with paired primary
tumor and metastases. The observation that presence of macrophages in
the primary tumor of breast cancer patients, is associated with an in-
creased recurrence rate only in patients with ERα+ tumors, strengthens
our proposed mechanisms, but could also be explained by the fact that
ERα− breast cancer patients in general have a poorer prognosis. As we
also noted, presence of macrophages and downregulation of ERα may
correlate to initiation of EMT as assessed by reduced levels of E-cad-
herin and CAR in vitro and in vivo. In our hands, we claim to having
observed only a partial initiation of EMT for several reasons, one being
that vimentin was not upregulated in the malignant cells in vivo in
xenografts co-transplanted with human monocytes. Two mediators that
have been linked to initiation of EMT are TGFβ and TNFα [4], but a
direct link to human macrophage derived TNFα has to our knowledge
not been reported previously. Likewise, ERα− tumors often have an
EMT phenotype [39]. Our observation that silencing of total FOXO3,
and thus ESR1 in breast cancer cells, led to increased SNAI2 (Slug), but
not TWIST1 and SNAI1, is interesting and fully in line with a previous
report on ERα-Slug linked EMT [40].

ERα-negative breast cancers, especially TNBC, explicitly affect im-
mune infiltration [20,32,38] and the connection to ERα expression and
presence of immune cells is therefore ambiguous. The results we ob-
tained in this study indicate that pro-inflammatory CD68+ macro-
phages present in the primary tumors may indeed downregulate ERα
via secreted cytokines, such as TNFα. Macrophages have previously

Table 1
Cross-correlations of ERα expression (0, 1) and presence of CD68+ macro-
phages (low, high) in primary human breast tumors.

ERα Total

0 1

CD68 Low 10 112 122
high 63 309 372

Total 73 421 494a

a Pearson Chi-Square, Linear by Linear association p=0.018.

Fig. 4. High infiltration of macrophages correlates with ERα− breast cancers,
but also to a worse prognosis primarily in ERα+ breast cancer patients. (A)
Immunohistochemical staining of ERα and CD68 in primary human breast
cancer. The images show representative primary tumor samples with high or
low expression levels of ERα or densities of CD68+ macrophages. (B) RFS ac-
cording to the infiltration of the pan-macrophage cell marker CD68 (low
macrophage infiltration (CD68 low) or high macrophage infiltration (CD68
high)) in ERα− and ERα+ breast cancer patients respectively. Log-rank P
value < 0.05 was considered significant.
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been proposed to downregulate ERα in breast cancer cells, albeit
through an unknown molecular mechanism [41,42]. Pro-inflammatory
cytokines have in common that they induce activation of NFκB and
STAT3 [43]. It is well documented that activation of NFκB can induce
downregulation of ERα [44]. However, in our study we found that
TNFα was the only cytokine tested that significantly downregulated
ERα, thus reducing the possibility for NFκB activation as the only ex-
planation. Instead we found that TNFα inhibits the ESR1 transcriptional
regulator FOXO3a. TNFα has been shown to downregulate ERα in an
Akt-dependent manner previously, but an involvement of FOXO3a
phosphorylation was not indicated [45]. TNFα has also been shown to
phosphorylate FOXO3a previously via IκB in breast cancer cells
[11,46], but a connection with Akt and ESR1 regulation was not sug-
gested. It is also still possible that macrophages regulate ERα expression
at the post-transcriptional level [47], as ERα protein levels seem to be
more drastically affected as compared to ESR1 mRNA levels. Con-
trasting the effect on FOXO3a, TNFα has been shown to be a positive
regulator of FOXO1 [48].

In the present study, we could not see a correlation between anti-
inflammatory M2 macrophages and ERα downregulation in vitro, in-
dicating that it is pro-inflammatory macrophages that have this po-
tential. Our findings suggest that different macrophage subtypes have
various and unique impacts on breast cancer progression, and that pro-
inflammatory macrophages, despite being tumoricidal, may have un-
wanted, direct effects on endocrine resistance mechanisms in breast
cancer patients. A nationwide cohort study on breast cancer patients
with rheumatoid arthritis, showed no increase in breast cancer re-
currences in patients treated with TNFα antagonists, as compared to the
untreated group [49]. A relevant follow up study should investigate
TNFα antagonist treatment and survival in patients with ERα+ tumors
specifically. We propose that human macrophages, in a breast tumor
context, have the capacity to induce endocrine resistance through
downregulation of ERα via TNFα. Since TNFα antagonists have been
shown to be tolerable in a large cohort of breast cancer patients
[49,50], the combination of TNFα antagonists and endocrine therapy
should be re-evaluated. We hypothesize that TNFα antagonists could
provide a dual-hit effect in ERα+ breast cancer, targeting both in-
flammation and endocrine therapy treatment resistance.
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Supplementary Figure 1. 

(A) Primary human monocytes were co-transplanted together with MCF-7 or T47D

cells for 21 days [1]. Controls were only MCF-7 or T47D transplanted cells. The 

xenografts were resected and immunohistochemistry was performed. The histograms 

represent the mean IHC ER intensity score of the xenografts. Representative IHC ER 

staining of the T47D xenografts are shown. Unpaired t-test. Error bars indicate SEM. 

N=3 for MCF-7 21d and N=5 for T47D 21d. *p<0.05, **p<0.01, ***p<0.001.  

(B) Human inflammatory cytokine bead array (CBA) of supernatants (CM) generated

from in vitro cultures of human macrophages of M0, M1 and M2 type (left). The 

histogram panels indicate the relative protein level for each cytokine as compared to 

M0. N=5. Ratio Paired t-test. To the right in the panel, histogram mean fluorescence 

intensity (MFI) from representative flow cytometry profiles on primary human 

macrophages of M0, M1 and M2 type is shown. Gated on CD14+HLADR+; histogram 

MFI showing CD86high (M1 marker) and CD206high (M2 marker) expression. 

(C) CM generated from primary human M0, M1 and M2 macrophages induce similar

phosphorylation levels of P-ERK1/2 in human breast cancer MCF-7cells, compared to 

the untreated MCF-7 cells or untreated MDA-MB-231 as a negative control. The 

western blot shows a representative experiment. N=4. 

(D) Recombinant TNFα, but not IL-1β, induce phosphorylation of FOXO3a in human

breast cancer MCF-7cells. The western blot shows a representative experiment. The 

histogram represents the relative OD values of the Ser253 P-FOXO3a bands in 

relation to total FOXO3a, in order to visualize the phosphorylation, and compared to 

the untreated MCF-7 cells as a negative control. Paired Ratio t-test. N=3. 

(E) The protein levels of FOXO3a in MCF-7 cells treated with CM generated from

primary human M0, M1 and M2 macrophages, compared to the untreated MCF-7 

cells or untreated MDA-MB-231 as a negative control. The western blot shows a 

representative experiment. 





Supplementary Figure 2. 

The primary human M1-macrophage induced ERα downregulation is accompanied 

by EMT associated traits in vitro and in vivo. (A) M1 CM generated from primary 

human M1 macrophages induce downregulation of the EMT markers E-cadherin (A) 

and CAR (B) in human breast cancer MCF-7 cells, in contrast to CM from cultures of 

M0 and M2 type primary human macrophages. The western blots show representative 

experiments. The histogram represents the relative OD values of the E-cadherin bands 

in order to visualize the E-cadherin protein downregulation, compared to the 

untreated MCF-7 cells or untreated MDA-MB-231 as a negative control. Ratio Paired 

t-test. N=3. (C) Relative mRNA levels of Twist, Snail and Slug in MCF-7 cells

transfected with siFOXO3 to inhibit FOXO3a, and compared to the untreated MCF-7 

cells. N=5. Ratio Paired t-test. (D) TGFβ ELISA of supernatants (CM) generated 

from in vitro cultures of human macrophages of M0, M1 and M2 type. The histogram 

panels indicate the relative protein level for TGFβ as compared to M0. N=5. Ratio 

Paired t-test. Error bars indicate SEM. *p<0.05, **p<0.01, ***p<0.001. 

(E) Downregulation of E-cadherin on breast cancer xenografts of primary human

macrophages cells co-transplanted with MCF-7 cells in NSG mice, as controlled to 

only MCF-7 breast cancer cells. The histogram represents the mean score of the 

xenografts for the E-cadherin staining. N=5. Unpaired t-test. Error bars indicate SEM. 

*p<0.05, **p<0.01, ***p<0.001.

(F) Low E-cadherin expression levels correlate significantly to high presence of

primary human monocytes as measured by IHC (*P=0.046; N=4. Pearson Chi Square 

test) (G) Double IHC staining of E-cadherin (brown) and CD11b (red). 



Supplementary Tables 

Supplementary Table 1. WB antibodies 
Antibody  Clone Company Dilution 
β-Actin AC-15 Sigma 1:5000
Akt (pan) 40D4 Cell Signaling 1:2000 
Phospho-Akt (Ser47) D9E Cell Signaling 1:2000 
CAR  E1-1 Santa Cruz 1:200 
E-Cadherin 36/E-Cadherin BD Biosciences 1:200 
ERK 1/2 C-9 Santa Cruz 1:1000 
ERα D-12 Santa Cruz 1:200
FOXO3A  EP1949Y Abcam 1:5000 
FOXO3A phospho S253 EPR1951(2) Abcam 1:5000 
GAPDH  0411 Santa Cruz 1:5000 
Phospho-p44/42 MAPK 
(Erk1/2) (Thr202/Tyr204) 

197G2 Cell Signaling 1:1000 

Supplementary Table 2. Primer sequences for RT-qPCR 
Gene Sequence 
ERα F: 5’-GCAGGGAGAGGAGTTTGTGT-3’ 

R: 5’-ATGTGGGAGAGGATGAGGAG-3’ 
FoxA1 F: 5’-GGGGGTTTGTCTGGCATAGC-3’ 

R: 5’-GCACTGGGGGAAAGGTTGTG-3’ 
FoxO3 F: 5’-CAAACCCAGGGCGCTCTT-3’ 

R: 5’-CTCACTCAAGCCCATGTTGCT-3’ 
Twist1 F: 5’-  

R: 5’-  
ACTB F: 5’-CTGGAACGGTGAAGGTGACA-3’ 

R: 5’-AAGGGACTTCCTGTAACAATGCA-3’ 
GAPDH F: 5’-TGCACCACCAACTGCTTAGC-3’ 

R: 5’-GGCATGGACTGTGGTCATGAG-3’ 
SDHA 

Supplementary Table 3. IHC antibodies 
Antibody  Clone Company Dilution 
CD11b  EP1345Y Abcam 1:100 
CD68a KP1 DAKO 1:1500
E-Cadherin M3612 NCH-38 DAKO 1:100 
ERα M7047  1D5 DAKO 1:50
P-FoxO3a phospho S253 EPR1951(2) Abcam 1:100 
Vimentin  V9 DAKO 1:1000 

a For CD68 staining in the primary human breast cancer cohort see [2] 
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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 
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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

CD169 MLN CD169 PT

P
ro

p
o

rt
io

n
 

d
is

ta
n

t 
re

cu
rr

en
ce

 f
re

e

Follow up (years)

1.0

0.8

0.6

0.4

0.2

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

CD68 MLN CD68 PT
1.0

0.8

0.6

0.4

0.2

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

a

-
+

P=0.011 P=0.35 P=0.19 P=0.013

b

Numbers    -  :    41      35     30     28     23    19
    at risk: + :   139    132   129   113    92    75

    72      70    64     62     52    39
   200    189  176   154   129  109

-  :    49      43     43     39     35    27
+ :   135    128   121   107    85    71

    82      80     78     71     59    45
   179    168   153   139   117   98

Follow up (years)

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)

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

PDL1 MLN PDL1 PT
1.0

0.8

0.6

0.4

0.2

0

P=0.43 P=0.046

Numbers    -  :    64      58     55     51     38    30       88     85     82     77     63    51
    at risk: + :   116    109   104    90     77    64      184   174   158   140   118    97 

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)

-
+

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 
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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 
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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). 
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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) 
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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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