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GENERAL INTRODUCTION

Breast cancer is the most common cause of cancer death among women worldwide (1). Recent 

treatment strategies focus on induction of tumor cell death using chemotherapeutic, anti-

hormonal and targeted agents. However, it is increasingly recognized that not only the tumor 

cells, but also the tissue embedding the tumor cells; the tumor microenvironment, plays an 

important role in tumor progression.  A role for the ‘soil’ was already suggested in 1890 by Paget 

who formulated this hypothesis based on the different metastasizing pattern between different 

primary tumors types (2). Accumulating data has confirmed this hypothesis and the role of the 

microenvironment has been included in the hallmarks of cancer (3). Also a gene expression 

signature based on breast cancer stromal tissue, was shown to be prognostic in different gene 

expression data sets (4). Interestingly, this signature identifies patients with worse outcome 

independently of breast cancer subtypes.

Also the influx of tumor infiltrating lymphocytes (TILs) is correlated with better patient 

outcome, which is breast cancer subtype dependent (5, 6).   

The breast cancer microenvironment consists of several cellular components, 

soluble components and the extracellular matrix (ECM). An intense interplay between 

microenvironmental factors gives rise to a complex network, which modulates cancer behavior 

at various levels. Specific microenvironmental components induce pro- and anti-tumorigenic 

effects. The presence of tumor infiltrating TILs, for example, results in better patient outcome (5, 

6). There is also a pro-tumorigenic aspect of the microenvironment (7), which is illustrated by the 

prognostic role of a higher relative amount of stroma in tumor tissue for primary breast cancer 

patients’ outcome (8). 

The effects of microenvironmental components on breast cancer behavior are manifold 

including tumor growth, migration and treatment sensitivity. Tumor growth is induced by soluble 

factors secreted by fibroblasts, macrophages and adipocytes (9-11). Indirectly, tumor growth 

is influenced by immune response modulation. Tumor growth is enhanced by the expression 

of membrane bound factors on cancer and immune cells resulting in immune response 

suppression, which leads to tumor growth (12). Tumor migration is enhanced by factors secreted 

by fibroblasts and adipocytes (13, 14). Integrins, metalloproteinases, lysyl oxidases secreted by 

cancer and stromal cells, guide migration of cancer cells by altering the ECM (15). Moreover, 

components of the microenvironment can affect treatment sensitivity. Efficacy of chemotherapy 

as well as targeted agents can be modulated by changing the stromal composition (16, 17). The 

composition of the microenvironment varies between tissue types, thereby giving rise to tissue 

dependent signals modulating breast cancer cell behavior (18). 

Thus, the contributing role of the microenvironment to breast cancer behavior has become 

evident in the past years. 
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This thesis aims to further characterize the influence of the microenvironment on breast cancer 

behavior via different approaches and to describe strategies for exploiting the microenvironment 

for improved breast cancer treatment. With preclinical models, the functionality of the tumor-

stroma interaction is studied and the effect of metastastic localization on tumor characteristics 

is studied in a clinical setting.  

OUTLINE OF THE THESIS

In chapter 2, a systematic overview of relevant factors and processes in the breast cancer 

microenvironment is provided. Data was collected via PubMed, ClinicalTrials.gov and conference 

abstract databases of the San Antonio Breast Cancer Symposium and the latest annual meetings 

of the American Society Clinical Oncology and the American Association Cancer Research. We 

focus on the current knowledge of established processes in the breast cancer microenvironment 

and their clinical relevance. Of the key factors involved, the biological mechanisms, current 

strategies for intervention and prediction of treatment response are clarified. This overview 

aims to support optimizing (future) strategies for exploiting the microenvironment for improved 

breast cancer treatment. 

Breast cancer research generally focuses on female breast cancer. Due to the rarity of the 

disease, male breast cancer specific data is scarce. As a result, men with breast cancer are treated 

according to therapy regimens optimized for female breast cancer patients. However, apparent 

differences exist between the male and female breast. The framework embedding the cancer 

cells is distinct and can thereby modulate breast cancer behavior gender specifically (19). To 

characterize the male breast cancer microenvironment, we perform an immunohistochemistry 

study based on cancer tissue of 803 male breast cancer patients. An important component of the 

breast cancer microenvironment comprises the interaction between cancer cells and immune 

system.  Chapter 3 focuses on immune factors in the male breast cancer microenvironment. 

The presence of TILs and the expression pattern of programmed death ligand (PD-L)1 and 

programmed death (PD)-1 in male breast cancer samples is evaluated by immunohistochemistry. 

Staining intensities are quantified and the relation with clinicopathological characteristics and 

patient survival is analyzed.  

The role of the microenvironment in treatment sensitivity is studied in chapter 4. The 

bisphosphonate zoledronic acid shows an anti-cancer effect in breast cancer patients (20). A 

role for the microenvironment has been hypothesized in this setting, but is not confirmed. To 

study the role of the microenvironment with respect to zoledronic acid treatment, we optimized 

a tumor model of the chorioallantoic membrane (CAM) of fertilized chicken eggs. By using this 

in vivo model, the human stroma-breast cancer interaction can be studied with only limited 

interference of tissue of the host species. We compare the anti-cancer effect of zoledronic acid 

in the absence and presence of human stroma. The role of transforming growth factor (TGF)-β is 
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studied as mediator of the cancer-stroma interaction by quantification of protein expression and 

receptor activity with and without stromal cell presence. 

Molecular imaging can provide local real time information about the in vivo interaction of 

the tumor and its microenvironment. In chapter 5, the feasibility of the ex ovo CAM assay of 

fertilized chicken eggs is explored for its use as preclinical in vivo imaging model. In this chapter 

is examined whether near infrared fluorescence labeled antibodies can be intravenously injected 

into the ex ovo CAM and subsequently quantified by measuring tracer uptake in breast cancer 

xenografts by IVIS imaging. 

The microenvironment modulates breast cancer behavior in a tissue dependent fashion, which 

leads to organ specific metastases within one patient. Different metastatic surroundings could 

have implications for tumor characteristics and thus for therapy response. Currently, the most 

important molecular characteristic of breast cancer is estrogen receptor (ER)α. Overexpression of 

this receptor is present in approximately 75% of all breast cancers. However, limited knowledge 

is available on heterogeneity in ER expression across tumor lesions and their environment within 

metastatic breast cancer patients. 16α-[(18)F]-fluoro-17β-oestradiol ((18)F-FES) positron emission 

tomography (PET) can visualize the ER in tumor lesions, and tracer uptake is known to reflect 

ER expression. 18F-FES-PET therefore can provide non-invasive whole body information on 
18F-FES tracer uptake. In chapter 6, existing 18F-FES PET scans are re-evaluated for uptake in 

tumor lesions and tumor background of ER positive metastatic breast cancer patients to analyze 

ER heterogeneity in these patients. Cluster analysis was performed with different metastasis 

(imaging) features per patient as input variables.

Finally, in chapter 7 the experimental results of this thesis are summarized which is followed 

by a discussion on the implications of our findings and an overview of future perspectives. 

Chapter 8 provides a summary of the thesis in Dutch.  
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