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For many years, cancer has been described as the accumulation of germinal and somatic 
mutations of the genome, impairing the function of tumor suppressor genes and stimulating 
oncogenes [1]. Nowadays, it is commonly accepted that the tumor is not only a mass of 
malignant cells, rather than the result of a delicate network of interactions between tumor and 
stromal cells. Indeed, bidirectional communications between cancer cells and the surrounding 
microenvironment can strongly influence tumor development and progression [2]. Stromal 
cells might support tumorigenesis, either via direct cell-cell contact mechanisms with tumor 
cells, or by releasing specific factors, including cytokines and growth factors in the surrounding 
extracellular matrix (ECM), with remodeling of the tumor microenvironment (TME) as  
a result [3, 4].

The aim of this thesis is to elucidate the delicate network of interactions between different 
TME components and tumor cells in prostate cancer (PCa) and oropharyngeal squamous cell 
carcinoma (OPSCC).

THE YIN AND YANG OF THE TUMOR MICROENVIRONMENT
Immune cells are major components of the TME. They include members of the adaptive 
immunity such as T- and B- lymphocytes, as well as members of innate immunity, such as 
macrophages, dendritic cells (DCs) and natural killer (NK) cells [5]. Multiple studies previously 
explored the role of the immune composition in relation to development and progression of 
many tumor types [6-9], and it is nowadays well accepted the fact that characterization of 
the type, density and location of immune cells, have a prognostic value [10-12]. The degree 
of heterogeneity of immune cells and other stromal cells that accumulate in the TME depends 
on multiple factors, including stage of tumor development, anatomic location and external 
stimuli, such as cytokines and growth factors present in the TME [13-16]. Both anti-tumor and 
pro-tumor phenotypes of the same stromal cell type have been described in different tumors 
[17, 18]. Macrophages exert extreme plasticity and represent one of the most studied cells in 
terms of phenotypic diversity. The dual role of macrophages to promote or suppress tumor 
progression was introduced by Mantovani more than 15 years ago [19]. An oversimplified 
classification of the tumor-associated macrophage (TAM) phenotypes divides them into M1 
or classically activated macrophages, usually associated with tumor regression, and M2, also 
called alternatively activated macrophages, usually associated with tumor progression [20]. 
However, great advances have been achieved in macrophage characterization in the last decade, 
in particular with the contribution of next-generation sequencing and the development of 
immunohistochemical methods. These studies have resulted in the identification of a large 
spectrum of macrophage polarization statuses, much broader than the M1 and M2 phenotypes, 
defined by specific functions and effects on tumor growth [21, 22]. Furthermore, it is now 
generally accepted the idea that a combination of TAMs markers, rather than individual markers 
can enhance the predictive power of TAMs infiltration in patients’ outcome [23]. 

Similarly, cancer-associated fibroblasts (CAFs) can be distinguished from not cancer cell-
associated or normal-associated fibroblasts (NAFs). While NAFs show inhibitory functions 
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on growth and cancer development via the release of inhibitory signals [24, 25], CAFs have 
been shown to possess promoting abilities for cancer cell growth, both in vitro and in vivo, 
and exhibit molecular and functional characteristics that might promote cancer progression 
via the secretion of specific growth factors, ECM proteins and immunomodulatory cytokines 
in the TME [26-28]. 

In summary, the specific composition of soluble factors found in the TME crucially 
modulates the phenotypic diversity of stromal cells. Moreover, in different organs, different 
soluble factors are released, and therefore, the role of the TME in cancer progression should be 
explored in a tissue specific manner.

PCA AND OPSCC AS MODELS OF COLD AND HOT 
TUMORS
Recent advances in cancer immunology and immunotherapy improved the understanding of 
the tissue-specific role of TME components in tumor progression and response to therapy [68]. 
Different cancer cell types colonize distinct organs, creating tissue specific tumor niches and 
secreting specific tumor-derived factors [69]. This suggests that anatomical location of the tumor 
dictates the TME composition and the specific sites where tumor cells tend to metastasize to. 
For instance, bones represent the primary metastatic site of prostate cancer cells, and their 
colonization of the bone is promoted by a repertoire of chemokines expressed in the stromal 
pre-metastatic niche, including CXCL12 and CXCL16 [29]. After colonization of the bone, 
specific factors secreted by PCa cells are able to promote osteoblastic lesions, ultimately leading 
to displacement of the bone marrow [30].

Tumors infiltrated by high numbers of immune cells, such as melanoma, lung cancer and 
oropharyngeal cancer are commonly called ‘hot tumors’, while poorly infiltrated tumors such as 
ER+ breast cancer and PCa, are called ‘cold tumors’ [31]. Hot tumors are generally associated 
with a high DNA mutational load and it is hypothesized that a high mutational load, will result 
into increased occurrence of neoantigens, which will enhance the recognition of the tumor as 
foreign. As a result, not only the number of infiltrating immune cells will increase but also their 
effectiveness in tumor killing [32, 33]. For this reason, hot tumors are considered good targets 
for immunotherapy treatment [34]. 

A large number of studies [35-37] focused on the predictive role of the tumor mutational 
burden after immunotherapy and enforced its role as a determinant of the immune mediated 
tumor killing and patient survival. However, cold tumors, generally characterized by low 
mutational burden, are the real challenge for immunotherapy. In fact, these tumors lack or 
show low numbers of infiltrating immune cells, especially T lymphocytes, which should 
exert tumor killing. However, while cold tumors often lack of  a T lymphocyte population, 
they might harbor high numbers of immune suppressive myeloid cells, including TAMs and 
myeloid-derived suppressive cells (MDSCs), that sustain tumor growth [38], and will limit  
immunotherapy effectiveness.

In this PhD thesis, we explored the role of the TME in cancer progression in both a ‘hot’ and 
‘cold’ tumor types: oropharyngeal squamous cell carcinoma and prostate cancer, respectively. 

Oropharyngeal Squamous Cell Carcinoma
Oropharyngeal squamous cell carcinoma (OPSCC) is a type of head and neck cancer found 
in the soft palate, side and back wall of the throat, tonsil and 1/3 of the tongue. Tobacco and 
alcohol consumption are among the most important risk factors for OPSCC development [39]. 
In addition, less than 20 years ago human papilloma virus (HPV) infection was also identified as 
a risk factor of OPSCC [40]. More specifically, the HPV oncoproteins E6 and E7, were described 
to inactivate the tumor suppressor gene products p53 and Rb, respectively [41]. Frequency of 
HPV-positive OPSCC is highly variable depending on geographical areas, as the incidence 
of HPV infection changes based on sexual habits, tobacco and alcohol consumption rate. In 
Europe, it is estimated that 30-50% of the total cases of OPSCC are HPV-positive [42]. These 
tumors are more susceptible to radiation therapy and are associated with better overall survival 
(OS), longer progression-free survival (PFS) and lower metastasis rates [43-45] compared to 
HPV-negative tumors.

Similar to HPV-negative OPSCC patients, HPV-positive OPSCC patients are stratified in 
smokers and non-smokers. Patients with HPV-positive tumor who smoke have less favorable 
outcomes compared to non-smokers patients in the same group [46]. Importantly, accumulation 
of tobacco-derived mutations over time results in a reduced dependence of the tumor on the E6/
E7 HPV -associated oncoproteins [47]. This suggests that tumors that arise with a HPV-induced 
molecular profile can develop tobacco-induced subclones over time, affecting prognosis and 
therapeutic decision making.

One of the possible explanations for the improved outcome observed in patients with HPV-
infection is the viral-induced immune reaction that modulates the recruitment of specific immune 
infiltrates into the TME [48, 49]. Indeed, OPSCC is considered a ‘hot tumor’, characterized by 
high influx of immune cells, including T lymphocytes, macrophages and dendritic cells (DCs).  
Although, several studies explored the role of specific immune cells in relation to patients’ 
survival [50-52], data elucidating the complex interactions between the different immune cell 
types in relation to HPV status are insufficient.

In this PhD thesis, we used OPSCC as a model of ‘hot’ tumor and studied the interactions 
between different immunological TME components and HPV-negative and HPV-positive 
OPSCC, and its relevance for patients’ outcome.

Prostate Cancer 
Prostate cancer (PCa) is the second most-common malignancy in men world-wide [53]. 
The vast majority of primary PCa are adenocarcinomas, and diagnoses is commonly preceded 
by a rise in serum prostate-specific antigen (PSA) levels. PCa confined to the prostate, can be 
treated with radiotherapy and radical prostatectomy with a curative intention [54]. However, 
approximately 35% of these patients will eventually develop a rise in PSA and a smaller 



CHAPTER 1 GENERAL INTRODUC TION AND OUTLINE

14 15

11
proportion will develop metastasis [55]. As PCa progresses, the TME architecture will change 
along, as a result of its dynamic nature. In fact, in each of the PCa developmental stages, from 
initiation to metastatic dissemination, the TME will have unique features [56]. In PCa, the TME 
show an altered phenotype which might support tumor growth, via increased ECM deposition 
and remodeling, increased protease activity, increased angiogenesis, and only in a minor part via 
influx of inflammatory cells. As already discussed, PCa is considered ‘cold tumor’, however, it is 
believed that the phenotype rather than the number of infiltrating immune cells have the biggest 
prognostic value in patients’ outcome [57].

Androgen receptor (AR) is a nuclear steroid hormone receptor that plays a crucial role in PCa 
initiation and development, as it is vital for the proliferation, migration and apoptosis of tumor 
cells [58]. Impairment of AR signaling by hormone therapy is the most effective treatment for 
metastasized PCa patients [59], nevertheless, a large proportion of these patients will eventually 
develop castration resistant prostate cancer (CRPC). Androgens and AR signaling profoundly 
affect PCa TME composition as well, as AR it is also expressed in stromal cells, where it can 
modulate the release of specific cytokines and growth factors [60, 61]. 

In this PhD thesis, we have studied the molecular mechanisms of AR functions and 
consequences for PCa progression, in two of the most abundant stromal cell populations present 
in the PCa TME, namely fibroblasts and macrophages [62, 63].

CONCLUSIONS AND OUTLINE OF THE THESIS
In conclusion, the work described in this thesis aims to elucidate the critical role of the TME 
in modulating disease progression. Using two very different tumor types, we showed how 
stromal cells of the TME react to organ-specific stimuli to either promote or suppress tumor 
progression. With the recent advances in immunotherapy and the possibility to target specific 
stromal components and interfering in cell-specific signaling pathways, we now have the tools 
to enhance the efficacy of cancer treatments.

The studies presented in this PhD thesis, focus on the different interactions between tumor 
cells and the stromal cells, with a special interest in the phenotypic diversity of the myeloid cells.

Chapter 2 reviews the literature addressing the role of stromal AR in PCa development and 
progression. This chapter is focused on the potential role of AR in specific stromal cells and 
the consequences in PCa development and progression. 

Chapter 3 reveals the role of AR signaling in CAFs and the effects on PCa progression. We 
propose a novel mechanisms by which AR signaling in CAFs results in a decreased production 
of CCL2 and CXCL8 chemokines, thus suppressing PCa cells migration and invasion in trans. 

Chapter 4 presents the first genomic data on AR signaling in macrophages. This chapter shows 
the molecular mechanisms behind the AR-mediated expression of pro-tumorigenic cytokines 
by macrophages, that ultimately promote PCa cells migration and invasion. In addition, the role 
of AR in promoting the differentiation of macrophages into TAMs is elucidated. Chapters 3 
and 4 highlight the dual role of stromal AR in PCa progression, as opposite effects have been 
observed in different stromal cell types.

Chapter 5 provides the first transcriptomic profile of native, PCa-associated macrophages at 
the single cell level. This chapter shows the degree of heterogeneity of macrophage populations in 
the PCa microenvironment. Specific macrophage phenotypes were identified with a significant 
impact in biochemical recurrence rate in PCa patients.

Chapter 6 presents a comprehensive multi-parametric study that explores the diversity of 
the TME composition in patients with HPV-negative and HPV-positive OPSCC. This study 
suggests that different phenotypes of T lymphocytes, macrophages and the expression of human 
leukocyte antigens (HLA) in the TME, affect survival of OPSCC patients.

Finally, Chapter 7 summarizes the main results described in this thesis and provides 
personal interpretations and comments on the most relevant findings. It also contains possible 
clinical implications and suggests future directions.
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