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Popular science summary of the thesis 
Cancer, a complex set of diseases with diverse clinical features and a staggering 
global mortality rate, continues to have a significant impact globally, Among the 

challenges posed by cancer, the spread of cancer cells to other parts of the 

body, known as metastatic process, is particularly harmful and often fatal for 

patients with solid cancers. Despite progress in early detection and treatment, 
there is a paradoxical increase in late relapses with metastatic disease, 

highlighting the complexity of this relentless foe. 

The process of metastatic dissemination, where cancer cells spread early in 

cancer progression, is a significant challenge in the field of oncology. While the 

seeds of metastasis are sown early, the clinical signs may remain hidden for 
years, making it difficult to detect until it reaches an advanced stage. The silent 

progression of metastasis is a significant obstacle, requiring a deeper 

understanding of its mechanisms to effectively address this hidden threat. 

At the core of the interaction between cancer cells and the host organism is the 

tumour microenvironment (TME), a complex landscape shaped by the dynamic 
interplay between tumour cells and their surroundings. In the early stages of 

cancer, a mutual relationship develops, allowing cancer cells to survive, invade, 

and eventually metastasize. This intricate process involves not only genetic and 

epigenetic changes within the tumour cells but also dynamic communication 
that rearranges components of the TME. 

Understanding these interactions is crucial in the search for effective strategies 
against metastasis and improving patient outcomes. Tumour cells, like master 

manipulators, induce significant changes within their host tissues, creating an 

environment conducive to their survival, growth, and invasion. Recognizing these 

vulnerabilities in the metastatic process opens the door to potential therapeutic 
interventions. 

In Paper I, we explored uterine sarcomas, a rare but serious threat with limited 

treatment options. Thinking of immunotherapy, we analyzed 58 cases and 

identified immune signatures that could redefine treatment strategies. The study 

highlights the presence of specific immune cells in the most aggressive 
cases/cancers and their association with poor patient survival, offering hope for 

improved prognosis by new immunotherapy approaches in these patients. 
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However, challenges were also identified, emphasizing the need for tailored 

approaches across the uterine sarcoma subtypes. 

In Paper II, our study focused on the network morphology of collagen in different 

types of uterine tumours. We discovered a unique profile in uterine 

leiomyosarcomas, indicating a distinct path in their development. The study 

uncovered a key player, matrix metalloproteinase-14 (MMP14), suggesting a 
potential therapeutic target for uterine leiomyosarcoma. The adaptive 

mechanism of uterine leiomyosarcoma cells in low-stiffness environments 

revealed insights into their ability to thrive in specific conditions. 

In Paper III, we delved into the acellular microenvironment of ovarian cancer, 

highlighting the role of collagen VI. Simulations mimicking varying stiffness levels 
in ovarian tumours showed that increased stiffness promoted cancer cell growth 

and resistance to chemotherapy. Collagen VI emerged as a key player, 

influencing patient survival. The study emphasizes the importance of 

understanding both the tumour cell and the microenvironment in developing 
effective treatments. 

This groundbreaking research signifies that the tumour microenvironment holds 
the key to unlocking innovative approaches for better treatments and, ultimately, 

defeating gynaecological cancers. The findings not only contribute to our 

understanding of cancer biology but also pave the way for a future where 

personalized therapies can be tailored to the unique characteristics of each 
patient's tumour microenvironment. 

In summary, this thesis represents a significant step forward in the quest for 

more effective and tailored treatments for gynaecological cancers. The once-

mysterious tumour microenvironment is now emerging as a promising frontier in 

the ongoing battle against cancer.  



 

  

Abstract 
Cancer is a pervasive global threat that manifests with diverse clinical attributes 
and notable mortality rates, particularly attributable to its metastatic potential in 

solid cancers. These tumours encompass various types including epithelial 
cancers like high-grade serous ovarian cancer (HGSC) and mesenchymal 

cancers like uterine sarcomas (USs).  

Despite the differing origins of USs and HGSCs, the pivotal concept of the 

transition between epithelial and mesenchymal states remains remarkably 

plastic, occurring frequently in these cancers. This plasticity holds immense 

significance in understanding tumour invasiveness and metastasis. The TME 
emerges as a crucial influencer as exerting its impact on cancer progression, 

epithelial-mesenchymal transition (EMT), metastasis, and even chemoresistance. 

The TME comprises various elements, with the extracellular matrix (ECM) 

containing structural proteins like collagens, standing out as a key constituent. 

Moreover, immune cells within the TME, such as lymphocytes and macrophages, 
actively engage in interactions with both the ECM and cancer cells shaping local 

responses to kill the cancer cells or support their growth. Understanding the 

intricate tumour-TME interactions become imperative in formulating effective 

strategies aimed at modulating the immune response and halting cancer 
progression. Therefore, a nuanced comprehension of these complexities is 

crucial in developing strategies to combat cancer effectively. 

This thesis focuses on identifying TME factors, including ECM components and 

immune cell interactions in gynaecological cancers for improved precision 

medicine including immunotherapies and other novel treatments.  

In Paper I, Uterine sarcomas present distinct immune signatures with prognostic 

value, independent of tumour type. FOXP3+ cell density and CD8+/FOXP3+ ratio 
(CFR) correlated with  favourable survival in endometrial stromal sarcomas (ESS) 

and undifferentiated uterine sarcomas (USS). The CFR also highlighted the 

correlation between CFR high and upregulation of ECM organization pathways. In 

Paper II conversely, uterine leiomyosarcomas (uLMS) showed distinct 
behaviours, with lower collagen density and upregulated ECM remodelling 

enzymes correlating with aggressiveness. MMP-14 and yes-associated protein 1 

(YAP) were required for uLMS growth and invasion. In Paper Ⅲ, shifting to HGSC, 

matrisome, a group of proteins encoded by genes for core ECM proteins 
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(collagens, proteoglycans, and ECM glycoproteins) and ECM-associated proteins 

(proteins structurally resembling ECM proteins, ECM remodelling enzymes, and 

secreted factors) in the ECM, showed changes in expression depending on the 

type of tumour host tissues and after chemotherapy. Collagen VI, among 

scrutinized proteins, exhibited elevated expression linked to shortened survival 
in ovarian cancer patients. Mechanistically, collagen VI promoted platinum 

resistance via the stiffness-dependent β1 integrin-pMLC and YAP/TAZ pathways 

in HGSC cell lines  

In summary, this integrated exploration of uterine sarcomas and ovarian cancer 

provides a comprehensive understating of their TME. The study elucidates 
diverse immune and molecular features, offering potential prognostic markers 

and therapeutic targets. The findings underscore the complexity of these 

gynaecological malignancies, emphasizing the need for tailored approaches in 

understanding and combating these diseases. 
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1  Introduction 
Cancer is a devastating group of diseases with diverse clinical features and a 
high mortality rate. Metastatic disease often proves fatal for patients with solid 

cancers. While metastatic dissemination is often considered to begin  early in 

cancer progression, its clinical manifestation can take years. Improved 5-year 
survival rates, resulting from early detection and advanced therapies, have led to 

an increase in late relapses(1). Tumour cells induce substantial changes in their 

host tissues, creating the TME. In early stages, a dynamic interplay occurs 

between cancer cells and the TME, fostering survival, invasion, and metastasis. 
This involves genetic and epigenetic alterations in tumour cells and dynamic 

crosstalk reorganizing TME components. Comprising immune cells (e.g. T 

regulatory (Treg) cells, cytotoxic T cells, macrophages), stromal cells (e.g. 

fibroblast, adipocytes), and ECM (e.g. collagens, fibronectin), the TME exhibits 
variations in composition across not only different tumour types, but also the 

same tumour in different location in the same patient (2,3).  Based on the cellular 

and acellular TME compositions, T cells exhibit the capability to either eliminate 

tumour cells or hinder such cytotoxic activity (4). Additionally, fibroblasts and 
adipocytes have the capacity to release factors that stimulate angiogenesis, 

thereby promoting tumour growth and facilitating metastasis or vice versa (5). 

Moreover, collagens may contribute to metastatic processes by altering tissue 

stiffness (6). Therefore, TME is not merely a passive bystander but an active 
facilitator of cancer progression, and understanding TME is crucial for developing 

effective strategies against metastasis and improving patient outcomes.  

The purpose of this thesis is to uncover cancer-TME crosstalk mechanisms, as 

well as to utilize this new understanding to identify improved biomarkers and 

therapeutic strategies for targeting both the cancer and TME in gynaecological 

cancers. (2,3) 

Characterizing the immune microenvironment in USs using patient-derived 
tissue microarrays (TMAs) revealed that Tregs density is linked to favourable 

survival in ESS and USS. However, uLMS displayed distinct behaviour, with lower 

collagen density and upregulation of ECM remodelling enzymes, particularly 

collagen remodelling, correlating with aggressiveness. MMP-14 emerged as a key 
protein in collagen remodelling, and YAP activity facilitated uLMS growth and 

migration in low stiffness conditions. 
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Shifting focus on the microenvironment of HGSC, our results highlighted the 

functions of matrisome proteins on both chemotherapy-induced changes and 

host tissue type in determining tumour ECM gene signatures. In our experimental 

models, we observed that manipulating stiffness levels similar to those found in 

ovarian cancer tumours led to specific responses from cancer cells. This resulted 
in increased growth, mobility, and chemoresistance, resembling the 

characteristics seen in advanced tumours with heightened stiffness. Collagen VI, 

among the scrutinized matrisome proteins, exhibited elevated expression 

correlating with shortened survival in ovarian cancer patients. In our experiments, 
supplementing with collagen VI to the tumour cells induced chemoresistance. 

This phenomenon mirrors observations in recurrence of disease in ovarian 

cancer patients, where collagen VI heightened resistance and triggered 

mechanisms promoting cellular movement and migration. 

The overall findings of this thesis helped us to reveal the explanation of tumour 
profiles based on specific TME signatures, emphasizing immune cell- ECM 

crosstalk, collagen-related signalling pathways, and matrisome expression 

signatures, advocates for a more specific therapeutic approach compared to 

traditional histopathologic subtyping. The identification of potential therapeutic 
targets, including but not limited to FOXP3, MMP14, and COL6, underscores the 

imperative for personalized and precise interventions. As we navigate the 

intricate interplay between tumours and their TME, these insights pave the way 

for innovative therapeutic strategies, introducing a hope in the pursuit of 
effective treatments against these formidable gynaecological cancers. 
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2 Literature review 

2.1  Tumour microenvironment  

The tumour cells induce substantial molecular, cellular, and physiological 
alterations within their host tissues, giving rise to the intricate and dynamic 

entity known as the TME (7–9). In the early stages of tumour development, a 

dynamic and reciprocal interplay emerges between cancer cells and TME 

components, fostering or inhibiting cancer cell survival, local invasion, and 
metastatic dissemination (8,10,11). These processes are influenced by two 

principal factors: genetic/epigenetic alterations such as mutation, 

phosphorylation, methylation, etc. in the tumour cells and the reorganization of 

TME components through mutual and dynamic crosstalk(3,12). 

The dynamic interactions between cancer cells and their microenvironment 
involves cellular components such as stromal and immune cells, and acellular 

components such as ECM elements. These components play a crucial role in 

orchestrating a program promoting many different processes such as 

angiogenesis, thereby restoring oxygen and nutrient supply while eliminating 
metabolic waste, or remodelling the surrounding physical barriers, or infiltration 

Figure 1. The composition of tumour microenvironment. 
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of a diverse array of adaptive and innate immune cells, capable of exerting both 

pro- and anti-tumourigenic effects(13–18). Reciprocal cell-cell and cell-ECM 

interactions and the reprogramming of non-malignant cells by tumour cells 

induce functional alterations in stromal cells, prompting them to acquire new 

phenotypes that facilitate the aggression and invasion of tumour cells(11,19,20). 

Comprehending the underlying cellular and molecular mechanisms governing 
these interactions may provide a novel strategy for indirectly disrupting cancer 

cell interplay, thereby contributing to the formulation of effective and safe 

therapeutic approaches to combat cancer.  

2.2  Composition of TME 

The TME comprises cellular components such as tumour cells, tumour stromal 

cells, including stromal fibroblasts, endothelial cells, and adipocytes, as well as 
immune cells such as innate and adaptive immune cell(21,22). The TME also 

contains non-cellular components such as ECM, soluble factors, and ECM-

associated factors (Fig. 1). These components engage in intricate crosstalk, 

fostering tumour transformation, shielding the tumour from host immunity, 
promoting tumour growth and invasion, and facilitating resistance to therapeutic 

interventions(22,23). 

2.2.1 Cellular components 

2.2.1.1 Stromal cells 

Cancer cells strategically recruit supporting cells from the adjacent tissue 
stroma to facilitate pivotal stages in tumour formation(24). The composition of 

stromal cells exhibits considerable variation across different tumour types and 

may encompass vascular endothelial cells, pericytes, fibroblasts, and adipocytes, 

(25). Upon recruitment to the TME, stromal cells actively release a multitude of 
factors, thereby exerting influence over processes critical to cancer progression, 

including angiogenesis, proliferation, invasion, and metastasis (Fig. 2)(26). 

Tumour endothelial cells  

Endothelial cells constitute the inner layer of blood vessels in most solid 

tumours. Tumour-derived endothelial cells (TECs) exhibit disrupted morphology 

and phenotypes at cellular and molecular levels, mirroring the characteristics of 

the associated tumour. TECs, regardless of their origin or location (inside or 
outside the tumour site), play a pivotal role in promoting tumour progression, 
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metastasis, and drug resistance(27). Disorganized TECs confer a survival 

advantage to solid tumours, contributing to a tumour's distinct characteristics, 

including a leaky vascular system, elevated interstitial fluid pressure, reduced 

blood flow, tumour hypoxia, and acidosis(28,29). The vasculature surrounding 

tumours is not only a transport channel for nutrients, oxygen, and metabolites, 
but also a pathway for metastasis. With these properties, they foster tumour cell 

heterogeneity, cancer resistance, and hinder efficient drug delivery(30,31). 

 Tumour hypoxia induces angiogenesis by upregulating the expression of 

vascular endothelial growth factor (VEGF)(32)(33). On the other hand, MMP-9 

promotes endothelial cell migration and triggers the angiogenic switch by 
releasing VEGF during carcinogenesis, too(34). TECs, as integral components of 

the TME, do not only supply nutrients to the tumour but also influence immune 

cell infiltration and the arrangement of the tumour's stromal cells(35). Stimulation 

of leukocyte adhesion to the endothelium is one of the many TNF-alpha 
activities and is explained by the upregulation of adhesion molecules on the 

endothelial cell surface(36).  

Pericytes 

Pericytes, crucial multifunctional cells within the TME, envelop the surface of 

endothelial cells through cytoplasmic processes extending along the abluminal 
surface of the endothelium(37). Collaborating with endothelial cells, pericytes 

play a significant role in the remodelling of the basement membrane that is thin 

layers of a specialized ECM that form the supporting vascular structure on which 

epithelial and endothelial cells grow, during both angiogenesis and 
tumorigenesis(28,38). Furthermore, pericytes serve several functions within the 

immune system, including the attraction of innate leukocytes to exit blood 

vessels by CXCL1 secretion, regulation of monocyte activation by CCL2 

expression, and direct phagocytic activity(39,40). Hematogenous disseminated 
cancer cells competitively inhibit pericyte-endothelial cell binding by competing 

for the adhesion molecule L1CAM14 with pericytes. Tumour cell binding to 

L1CAM14 activates YAP and MRTF via the L1CAM-ILK signalling pathway to 

phosphorylate p21 kinase 1/2 (PAK1/2), causing morphological changes in both, 
with pericytes undergoing pericyte to fibroblast transition (PFT) and cancer cells 

emitting bulges, subsequently promoting angiogenesis, tumour progression, and 

metastasis (41,42). 
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Pericytes and tumour cells also have interactions through paracrine pathways. 

Pericytes secrete CCL5 to increase tumour cell drug resistance and promote 

DNA damage repair after drug action, and tumour cells upregulate pericytes to 

express a series of immunomodulatory molecules through exosomes(42,43). 

Multiple signalling pathways play an important role in the local angiogenic 
signalling pathway in tumours(44). PDGF-BB/DD and ET-1 bind to the 

corresponding receptors on free pericytes(45). NG2 on the surface of pericytes 

establishes and maintains contact between recruited pericytes and endothelial 

cells in a β1 integrin-dependent manner and by promoting collagen VI anchoring 
and collagen IV deposition, participating in the recruitment of pericytes and 

vessel maturation during angiogenesis(42,46).   

Cancer-associated fibroblast (CAFs) 

Cancer-associated fibroblasts (CAFs) within the immediate vicinity of cancer 
cells have important functions in tumorigenesis through various physicochemical 

mechanisms, contributing to reduced apoptosis and enhanced proliferation, 

migration, and viability of cancer cells(10). CAFs present in the TME are 

heterogeneous cells with diverse possible origins of resident stromal fibroblasts, 
endothelial cells via endothelial to mesenchymal transition (EndMT), pericytes 

via pericytes to fibroblast transition (PFT), epithelial cells via EMT, and 

Figure 2. The effect of stromal cells on ECM. 
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differentiation of resident mesenchymal stem cells (MSC), stellate cells, and 

adipocytes(47,48). They have pro or anti-tumour activities and display 

distinctive markers, including alpha-smooth muscle actin (α-SMA), myosin light 

chain 9 (MYL9), myosin light chain kinase (MYLK), MMP2, decorin (DCN), and 

collagen type I alpha 2 (COL1A2)(49).  

Analogous to their role in the normal wound healing process, CAFs interact with 
tumour cells at multiple interfaces in the context of cancer(50). CAFs contribute 

to the immunosuppression of tumour by producing ECM proteins, recruiting 

immunosuppressive cells such as monocytes, and inducing the polarization from 

anti-tumorigenic macrophages to immunosuppressive programmed cell death 
protein 1-positive tumour-associated macrophages (PD-1+ TAMs) , as 

demonstrated recently in vitro (51–53). Furthermore, CAFs promote 

angiogenesis by secreting FGF2 and VEGFA in various cancers(54). CAFs can 

also serve as a source of nutrients for cancer cells, as the oxidation of CAFs 
generates soluble factors such as chemokines and cytokines, which mediate 

mitochondrial biogenesis and autophagy in nearby cancer cells(55,56). 

Moreover, CAF-derived cytokines, including CCL5, IL6, and CXCL10, regulate the 

metabolism of cancer cells, influencing phosphorylation of phosphoglucomutase 
1, glycogen mobilization, nicotinamide adenine dinucleotide phosphate (NADPH) 

synthesis, and the tricarboxylic acid (TCA) cycle, ultimately facilitating the 

proliferation and metastasis of ovarian cancer cells in vivo(57).  

Adipocytes 

Adipocytes, specialized cells regulating energy balance and storing excess 

energy as fat, exert significant influence on the TME through the secretion of 

metabolites, enzymes, hormones, growth factors, and cytokines(58,59). In the 
dynamic interplay within the TME, adipocytes engage in a reciprocal relationship 

with tumour cells, particularly noteworthy in the many gynaecological cancer 

TME due to the predominant presence of white adipose tissue (WAT)(58,60,61). 

Cancer cells can induce lipid lysis in adipocytes, liberating free fatty acids 
utilized by cancer cells for energy production, cell membrane formation, lipid 

bioactive molecules, and exosomes(60,62,63). Leptin, a hormone produced by 

adipocytes, directly promotes tumour progression by influencing cancer cell 

proliferation and indirectly activates macrophages(64).  

Adipocytes also contribute significantly to the modification of the ECM through 
the secretion of metalloproteases, including MMP-1, MMP-7, MMP-10, MMP-11, 
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and MMP-14(65,66) . Adipose tissue constitutes a dynamic component of the 

tumour microenvironment, co-evolving with disease progression and supporting 

cancer growth and spread. Cancer cells adapt to the adipose tissue 

microenvironment by upregulating machinery for lipid utilization, allowing them a 

competitive advantage in nutrient-limited conditions(67). Obesity, a major risk 
factor for various cancers, including breast, pancreatic, and ovarian cancers, is 

prevalent in more than 40% of cancer patients(68). WAT , functioning as an 

endocrine organ, can enhance the metastasis of cancer cells to distant organs 

such as the liver and lungs through paracrine signalling(69).  

In the context of obesity-associated cancer, inflamed adipose tissue shares 
common features with cancer-infiltrated adipose tissue. They are also 

characterized by an increase of inflammatory factors, such CCL2, CCL5, IL-6(70). 

The immune cell profile of this tissue in obese individuals’ mirrors that of lean 

individuals with cancer. Adipocyte-derived metabolites and adipokines such 
free fatty acids and leptin impact immune cell function, thereby regulating 

cancer growth(71,72).  

Consequently, adipocytes, immune cells, and cancer cells emerge as a triad 

within the TME, influencing disease progression and survival. In ovarian cancers 

as omental metastasis, the transformation of soft adipose tissue to a stiff fibrotic 
TME involves a series of changes, particularly concerning adipocytes. The 

omentum, rich in adipose tissue, becomes a site for cancer metastasis. As 

cancer cells invade this adipose-rich environment, they interact with adipocytes 

and other cells. Cancer and stromal cells induce the production of extracellular 
matrix components, especially collagen, resulting in fibrosis within the TME. 

Adipocytes undergo changes in response to cancer invasion and 

microenvironmental cues, potentially altering their function and behaviour. The 

stiffened TME provides mechanical support for tumour growth, influences cancer 
cell behaviour, and may contribute to resistance to certain treatments (73,74).  

2.2.1.2 Immune Cells 

The immune cells constitute a pivotal element within the TME. The relationship 

between immune cells and TMEs exhibits a dichotomy, wherein immune cells 
can exert either suppressive or promoting effects on tumour growth (Fig. 3) (75). 

Chronic infection-induced persistent inflammation commonly underlies tumour 

formation in various cancers, such as ovarian, hepatocellular, and cervical 

cancer(76). Immune cells broadly categorize into two groups: adaptive immune 
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cells and innate immune cells. Adaptive immunity, triggered by exposure to 

specific antigens, employs immunological memory to assess threats and 

enhance immune responses. T-cells, B-cells, and Natural Killer (NK) cells are part 

of the adaptive immune response(77–79). Innate immunity, a non-specific 

defence mechanism, engages within hours of a foreign antigen entering the 
body. Macrophages, neutrophils, and dendritic cells are among the cells 

executing an innate immune response(77,79,80). 

T cells  

Each T cell undergoes the development of a unique T-cell receptor (TCR) 

designed to recognize a specific antigen(81). Within the TME, distinct populations 

of T cells play crucial roles in influencing tumorigenesis. Cytotoxic T cells (CD8+) 
identify abnormal tumour antigens on cancer cells, targeting these identified 

cancer cells for destruction(82). The presence of cytotoxic T cells in the TME 

often correlates with a positive prognosis in cancer patients(83). Beyond their 

tumour-killing functions, cytotoxic T cells also inhibit angiogenesis through the 
secretion of interferon-gamma (IFN-γ)(84). CD4+ T cells differentiate into 

various subtypes, coordinating diverse immune responses within the TME. T 

Figure 3. The effect of different immune cells on TME 
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helper 1 (Th-1) cells, as proinflammatory CD4+ T cells, support CD8+ cells by 

secreting interleukin-2 (IL-2) and IFN-γ(4,85). Increased Th-1 cell levels in the 

TME are associated with positive outcomes in various cancer types(86).  

Conversely, Tregs, typically responsible for suppressing inflammatory responses 

and controlling autoimmunity, become pervasive in the TME, promoting tumour 

development and progression by dampening anti-tumour immune 
responses(87). Tregs secrete IL-2, modulating NK cell homeostasis and 

function(88). Additionally, Tregs directly support cancer cell survival through the 

secretion of growth factors such as TGF-G, IGF and indirectly through 

interactions with stromal cells such as fibroblasts and endothelial cells(89). The 
immune landscape within the TME falls into three main categories: immune 

infiltrated, immune excluded, and immune silent(21). In an immune-infiltrated 

tumour, immune cells, such as cytotoxic T cells, are uniformly distributed 

throughout the tumour, indicating an active immune response(90). Conversely, 
some tumours are classified as immune excluded, where T cells are limited to 

the tumour periphery and have not infiltrated the TME(91,92). Finally, tumours 

categorized as 'immune silent' lack immune cell infiltrates entirely, signifying an 

absence of immune response to the tumour(92,93). 

B cells 

B cells, specialized immune cells responsible for antibody production, antigen 

presentation, and cytokine secretion, typically concentrate at the margins of 
tumours and are often found in lymph nodes close to TME(94). While fewer 

infiltrating B cells are observed in the TME compared to T cells, recent studies 

emphasize the significance of B cells in tumorigenesis(95). Tumour-infiltrating B 

cells play a crucial role in the formation of 'tertiary lymphoid structures’ ectopic 
lymphoid structures within the TME. These structures facilitate close interactions 

between T and B cells and serve as positive prognostic markers in breast cancer, 

melanoma, and ovarian cancer(95,96). 

The anti-tumorigenic functions of B cells include antigen presentation to T cells, 

production of anti-tumour antibodies, and secretion of cytokines such as IFN-γ, 
promoting cytotoxic immune responses(84,97). Conversely, B cells can exert 

pro-tumour effects, and their presence in the TME is indicative of poor 

outcomes in bladder cancer, prostate cancer, and renal cell carcinoma(98–100). 

Similar to Tregs, regulatory B cells contribute to tumour aggressiveness by 
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producing cytokines, including IL-10 and TGF-β, fostering immune-suppressive 

phenotypes in macrophages, neutrophils, and cytotoxic T cells(101–103). 

Natural killer cells 

NK cells typically patrol the bloodstream, actively seeking out virally infected 

host cells and tumour cells (104). Functionally, NK cells can be categorized into 

two classes: those directly involved in cell-mediated killing of tumour cells and 

those that secrete inflammatory cytokines (105). NK cells induce apoptosis in 
tumour cells by releasing cytolytic granules containing perforin and granzyme B 

or by interacting with tumour cells through Fas ligand (FASL) and TNF-related 

apoptosis-inducing ligand (TRAIL). Tumour cells expressing low levels of Major 

Histocompatibility Complex-I (MHC-I) molecules or high levels of induced stress 
ligands activate NK cells by activating receptors that override inhibitory 

receptors, a phenomenon referred to as 'missing self' or 'induced self-ligands' 

(105–108). 

NK cells demonstrate high efficacy in eliminating tumour cells within the 

circulation, contributing to the prevention of metastasis (108). However, their 

efficacy within the TME is notably compromised  (106,107). Tumour cells within 
the TME may upregulate inhibitory ligands that engage with inhibitory receptors 

on NK cells. For instance, the interaction between programmed death-ligand 1 

(PD-L1) on tumour cells and PD-1 on NK cells can lead to immune suppression 

(109,110). Additionally, tumour cells might also downregulate the expression of 
ligands that activate NK cells. This lack of activating signals reduces the ability of 

NK cells to recognize and eliminate tumour cells (111,112). The increased 

deposition of ECM components, such as collagen, in the TME can physically 

impede the movement and penetration of NK cells, limiting their access to 
tumour cells (113,114). Moreover, TGF-β is a cytokine often present in the TME that 

can suppress NK cell function. It inhibits the production of cytotoxic molecules 

by NK cells and promotes an immunosuppressive microenvironment (115–117). 

Macrophages 

Macrophages, integral components of the innate immune system, play a pivotal 

role in modulating immune responses through activities such as pathogen 
phagocytosis and antigen presentation(118). Furthermore, macrophages are 

crucial for wound healing and tissue repair(119). Monocyte-derived macrophages 

can be classified into a spectrum has two extremes: inflammatory M1 
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macrophages, which engage in phagocytosis and cell killing, and immune-

suppressive M2 macrophages, which contribute to wound healing and tumour 

progression (120,121).  

Although both macrophage classes can coexist within a tumour, the tumour 

microenvironment tends to promote the M2 phenotype through factors like 

hypoxia and cytokines (such as IL-4), fostering an environment conducive to 
tumour growth and progression. Certain tumour types exhibit substantial 

macrophage infiltration, accounting for up to 50% of a tumour's mass and 

elevated macrophage infiltration is typically correlated with an un favourable 

prognosis in various cancers, including breast, lung, and gastric cancers(122,123). 
Often, macrophages are localized around blood vessels in the tumour 

microenvironment, where they release VEGF and stimulate the formation of new 

blood vessels (124). 

Neutrophils 

Neutrophils, constituting up to 70% of circulating leukocytes, serve as the 

primary line of defence against numerous pathogens (125). In the context of 

cancer, the role of neutrophils is dual, with their actions either suppressing or 
promoting tumour growth contingent upon the tumour type and developmental 

stage (126). In the early stages of tumour growth, neutrophils are recruited to the 

tumour microenvironment, contributing to inflammation by releasing cytokines 

and reactive oxygen species that facilitate tumour cell apoptosis (127). However, 
as the tumour progresses, neutrophils shift their function to promoting tumour 

growth. This involves crating neutrophil extracellular traps (NETs), modifying the 

ECM, releasing VEGF, and producing MMP-9, thereby fostering angiogenesis, and 

ultimately advancing tumour progression and local invasion (21,128–132). 

Dendritic cells 

Dendritic cells play a fundamental role in the immune system as antigen-
presenting cells, skilled at recognizing, capturing, and presenting antigens to T 

cells within secondary lymphoid organs, such as lymph nodes (133). Functionally, 

dendritic cells serve as a crucial link between adaptive and innate immunity, 

orchestrating pathogen-specific T cell responses (134). The fate of dendritic cells 
within the tumour microenvironment is intricately shaped by cues that can 

either promote an anti-tumour immune response or induce tolerance (135). 

While dendritic cells are inherently programmed to exert an anti-tumorigenic 
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function in the body, the TME has the capacity to co-opt dendritic cells to 

support tumour progression (136). Specifically, cytokines released within the TME 

can prompt dendritic cells to tolerate the presence of tumour cells and impede 

the initiation of an effective immune response (136,137). 

2.2.2 Acellular components 

Extracellular matrix 

ECM is an intricate network composed of a noncellular three-dimensional 

network, traditionally comprising collagens, glycoproteins such fibronectin, and 

laminins, proteoglycans, glycosaminoglycans (138).  Components of the ECM link 
together to form a structurally stable composite, contributing to the mechanical 

properties of tissues such as its stiffness and viscoelasticity(138–140). The ECM 

is also a reservoir of growth factors and bioactive molecules(140). It is a highly 

dynamic entity that is of vital importance, determining and controlling the most 
fundamental behaviours and characteristics of cells such as proliferation, 

adhesion, migration, polarity, differentiation, and apoptosis (139,141).  

Basement membranes, composed primarily of collagen IV, laminins, and 

proteoglycans, form specialized structures that delineate epithelial or endothelial 

cells from underlying tissues (142). Perturbations in basement membrane 
composition often facilitate tumour invasion and metastasis (143). In the 

interstitial matrix, fibronectin, collagen I, collagen III, and MMPs have important 

functions (144–147). Fibronectin fosters cell adhesion and migration (148), while 

collagens provide tensile strength (149), and dysregulated MMP activity 
contributes to extracellular matrix remodelling, enabling tumour cell 

dissemination (150). Fibrin-based provisional matrices, formed during tissue 

injury, become exploited by cancer cells for adhesion, migration, and 

angiogenesis (151,152). The fibrinolytic system, involving plasminogen activation, 
regulates the degradation of these matrices (153). 

The ECM, crucial for providing a physical scaffold for cells, also plays a key role in 
promoting tumour cell dissemination within the TME(154,155). Solid tumours 

contain substantial ECM deposits, comprising up to 60% of the tumour mass 

(156). Large collagen deposits, combined with a high percentage of fibroblast 

infiltration, result in desmoplasia, strongly linked to poor prognosis for many 
carcinoma patients (157). Various cells within the TME secrete ECM components, 

with CAFs being the predominant source (10,47,50,54,158,159). The ECM also acts 

as a depot for cytokines and growth factors released by proteases (e.g., MMPs), 
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including proangiogenic factors like VEGF, FGF, PDGFB, and TGFB which regulates 

tumour immunity, angiogenesis, and stromal cell behaviours (160,161). 

Each matrix component interacts with cell adhesion receptors such as integrins, 

cadherins, CD44, LAIR-1 etc., creating a complex macromolecular network that 

influences signalling pathways transduced into cells from the ECM (162). These 

interactions contribute to a range of tumour biological behaviours, including 
survival, migration, differentiation, and metabolism (163). Recent studies propose 

that ECM proteins, like fibronectin, may not only serve extracellular functions but 

also play essential intracellular roles in promoting tumour proliferation (164–166). 

Furthermore, recent evidence suggest that the heterogeneity of ECM also plays 
a critical role in tumour proliferation by providing cells with sustaining growth 

signals, evading growth suppressors, and resisting cell death (167,168). This 

heterogeneity also influences tumour angiogenesis, invasion, and metastasis 

(167). 

ECM proteins undergo intricate posttranslational modifications such as 
glycosylation, sheering, and covalent crosslinking (169). ECM remodelling, 

particularly mesenchymal cell-mediated proteolysis by macrophages (170) and 

stromal cells (5,171), and re-synthesis, involves the activity of MMPs and lysyl 

oxidases (LOXs) (172). The MMP family, a class of proteolytic enzymes, degrades 
ECM components (173). MMPs are pivotal in cleaving, degrading, and rearranging 

ECM molecules, facilitating proteolysis and detachment of tumour cells from the 

ECM (169,174). This process is crucial for breaching vascular barriers, entering the 

bloodstream, and initiating metastasis, including cancer stem cell formation. 
MMP-10 is reported to be necessary for maintaining lung cancer stem cells, 

stimulating tumour initiation and metastatic ability (175). An elevated MMP 

expression is associated with poor prognosis in various malignancies, 

encompassing MMP-1, MMP-7, MMP-9, MMP-11, and MMP-13 (176). High 
expression of MMP-19 and MMP-20 is linked to the poor prognosis of ovarian 

cancer (177). Membrane type 1 MMP (MMP14), a cell surface proteinase, 

contributes not only to cancer survival and invasion but also promotes cancer 

stem cell-like characteristics, including self-renewal ability, low proliferation, 
resistance to chemo- and radiotherapy, and resistance to apoptosis (178,179).  

ECM composition dictates its rigidity, providing crucial biochemical and 
structural support for the TME(141,155). During re-synthesis, CAFs express high 

levels of LOX, cross-linking collagen, and elastin to increase ECM rigidity (180). 
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Additionally, the constant inflammatory state of the TME induces fibroblastic 

transformation into myofibroblasts, contributing to the desmoplasia (181).  A 

meta-analysis indicates a positive correlation between ECM stiffness and cancer 

cell genomic instability, proposing hypotheses related to DNA damage, 

aggressive phenotypes, and enhanced proliferation (182–184).  

The shift from the physiologic basement membrane to a collagen-rich, dense, 
and rigid ECM is hypothesized to be a key factor in therapy resistance (185). 

ECM stiffness within the TME is sensed primarily by integrins, which exhibit dual 

functions under mechanical stress as messengers interacting with intracellular 

signalling pathways (kinases such as FAK/Src, MAPK, ROCK, JNK) and anti-
apoptotic oncogenes (e.g., the YAP/TAZ/HIPPO pathway), delivering mechanical 

signals from surrounding cells and ECM to the transcription apparatus of the 

nucleus(185–187). Physically connecting to actin components of the 

cytoskeleton via linker proteins (e.g., vinculin, α-actinin, and talin), signalling 
molecules (FAK, Src), and adapter proteins (Paxillin, senescent cell-antigen-like 

containing domain 1, PINCH-1) to modify cytoskeletal contractile forces (188,189). 

The modification of the nuclear envelope concerning cancer cell progression 

involves the nuclear pore complex and lamins, greatly modulated in cancer cells 
(188,189). Acting as a mechano-sensor, the nuclear envelope converts and 

transmits signals to the nucleus, dictating nuclear deformability (190). This 

parameter regulates cellular plasticity, invasion of dense tissue, nuclear stiffness, 

impacting chromatin rearrangement, transcription of previously repressed genes, 
and changes in cellular polarity. These interactions support resistance to therapy 

and facilitate the metastatic process (191). For example, High mammographic 

density, characterized by a greater accumulation of connective tissue to fat, is 

associated with an increased risk of breast cancer development (192). 

Soluble factors 

An elevation in metabolic, physical stress and hypoxia within ECM-rich tumours 

result in poor diffusion, triggering the upregulation of immunosuppressive 
factors, including CCL22, CCL18, TGF-β, IL-10, VEGF-B, and PGE2(157,185). 

Numerous cytokines exert direct control over tumour development by reducing 

or inducing cancer cell proliferation, apoptotic cell death, or indirectly activating 

or deactivating antitumoural activity in specific immune cells such as NK cells or 
CD8+ T-lymphocytes. Particularly, TGF-β acts as a suppressor of CD8 CTLs and 

NK cells in the TME by attracting Tregs and serving as an M2-polarizing agent for 
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macrophages. Both phenomena negatively regulate the infiltration and activity of 

CTLs (193,194).  

Additionally, VEGF-A suppresses T cells by recruiting Tregs expressing NRP1, a 

coreceptor of VEGF (195). Tumour and stromal cells present in the TME, including 

tumour-infiltrating lymphocytes TILs, CAFs, cancer-associated macrophages, 

and endothelial cells, secrete high levels of pro-angiogenic factors that can 
create abnormal vasculature. This results in poorly perfused tumours or the 

secretion of several inflammatory mediators, such as TNF-α, IL-6, TGF-β, and IL-

10, which are involved in both the initiation and progression of cancer(196). 

 Chronic inflammation is also known to be implicated in the development and 

progression of several cancers, and the EMT is a process connected to cancer 
progression and metastasis(197). The observed EMT variations included changes 

from epithelial to mesenchymal morphologies, downregulation of the epithelial 

markers E-cadherin/β-catenin, upregulation of the mesenchymal markers N-

cadherin/vimentin/fibronectin, and upregulation of the EMT-transformation 
factors (EMT-TF) SNAI1/SNAI2/TWIST/ZEB (198,199). Considering that cytokines 

can induce EMT, promoting gynaecological cancer development and metastasis, 

a study hypothesized that developing new therapeutic strategies targeting 

cytokines or their signalling pathways in the EMT could be interesting in 
preventing cancer progression and drug resistance (200).  

A study described the role of the TGF-β pathway and other molecules in cancer 
onset and progression, with a focus on their involvement in cachexia (201). 

Cachexia is a multifactorial metabolic and immune system imbalance resulting in 

a loss of muscle mass and function, severely impacting the quality of life and 

survival of cancer patients (202). IL-6 has been also identified as a cytokine 
abundantly present in the TME of various tumour types (203). IL-6 not only plays 

a significant role during tumorigenesis but also facilitates a series of events 

necessary for the formation of metastasis (204). IL-6 signalling is not a 

standalone occurrence; instead, it intricately intertwines with a complex network 
of cellular communication, exerting influence on diverse biological processes and 

interactions within the immune system and beyond. Its significance transcends 

isolated signalling events, actively participating in the dynamic interplay of 

cytokines, receptors, and other molecular components. Together, they finely 
tune the response to physiological challenges and external stimuli. 
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2.3 Tumour promoting and suppressive functions of TME  

Tumorigenesis represents a multifaceted and dynamic process, encompassing 
initiation, progression, and metastasis stages. Tumours are enveloped by ECM 

and various stromal cells, with the TME playing a pivotal role at each phase of 

tumorigenesis (205). Presently, ten widely acknowledged characteristics define 

cancer, encompassing unlimited proliferation, evasion from growth suppressors, 
promotion of invasion and metastasis, resistance to apoptosis, stimulation of 

angiogenesis, 

maintenance of 

proliferative signalling, 
elimination of cell 

energy limitations, 

evasion of immune 

destruction, genome 
instability and mutation, 

and enhanced tumour 

inflammation (Fig. 4) 

(206).  

While considerable 
progress has been 

made in understanding 

most cancer 

characteristics, those 
specifically pertaining to cancer features, the focal point of this study, remain 

elusive (207). Following the widespread adoption of the 'ecological therapy' 

strategy, extensive efforts have been dedicated to unravelling how cellular and 

noncellular components of the tumoral niche contribute to the acquisition of 
these traits by tumours. The tumoral niche encompasses both cellular and 

noncellular elements within the TME, comprising ECM along with fibroblasts and 

various cellular players such as, pericytes and endothelial cells, adipose cells, 

immune-inflammatory cells, and the blood and lymphatic vascular networks 
(208).  

Additionally, TME has been increasingly recognized for its role in dictating 

aberrant tissue function and playing a crucial role in the progression of more 

aggressive malignancies (209). Oncologists have observed that a healthy 

Figure 4. “Hallmarks of Cancer: New Dimensions”. 

Graphic from Cancer Discovery. 
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microenvironment can act protectively against tumorigenesis and invasion, 

whereas an unhealthy state can contribute to and facilitate these processes. 

2.3.1 Cancer-Associated Fibroblasts in Promoting Metastasis 

 CAFs constitute a predominant stromal component in solid tumours, 
distinguished by the presence of various stromal markers, including integrin β1, 

fibroblast activation protein (FAP), and α-SMA (47,210). These fibroblasts can 

originate from diverse cell types within the TME such as local fibroblasts 

undergoing MMT, epithelial cells through EMT, endothelial cells following endMT, 
bone marrow-derived cells from hematopoietic stem cells or mesenchymal 

stem cells, and adipocytes (211,212).  

The activation of fibroblasts by cancer cells involves a three-step process: 

recruitment, transformation into CAFs, and maintenance within the TME. Once 

activated, CAFs release signalling molecules that support the survival of cancer 

cells and facilitate the recruitment and transformation of other cell types in the 
TME (213). CAFs have different functions to alter TME. They produce ECM 

remodelling enzymes like MMPs to cleave collagen (174,214). CAFs can also 

produce ECM such collagens and fibronectin (215,216). These activities result in 

the reorganization of the matrix, creating tracks that neoplastic cells exploit for 
directional migration, often accompanied by CAFs (216).  

Recent research has also identified a specific subset of CAFs in the 

microenvironment, referred to as CAF-S1, which was shown to suppress the 

immune system by attracting and promoting the survival, differentiation, and 

activation of CD4+CD25+ T lymphocytes as referred Tregs (217,218). Additionally, 
in women with primary tumours smaller than 2 cm without lymph node 

metastasis, the presence of CAF-S1 cells was found to favour breast cancer 

metastasis to the bone through CDH11/osteoblast cadherin (219). This highlights 

the diverse and dynamic roles of CAFs in shaping the tumour microenvironment 
and influencing cancer progression and metastasis. 

2.3.2 Functions of Immune Cells in Cancer Progression and Metastasis 

It is universally acknowledged that immune cells regulate the properties of 

cancer cells throughout various stages of the invasion-metastasis cascade, 
either by infiltrating the tumour or by affecting the systemic environment. At 

each step of the complex metastasis process, cancer cells face immune 

surveillance aimed at restraining their growth. The primary mediators of these 
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anti-tumour effects are CD8+ T cells and NK cells, which have been 

demonstrated to limit the metastatic outgrowth of tumour cells. Depletion of 

these cells enhances metastasis without significantly impacting primary tumour 

growth (220). However, as cancer cells evolve, they develop strategies not only 

to evade immune surveillance but also to induce systemic responses by 
manipulating immune cell types, such as myeloid cells, to enhance their 

metastatic efficiency (100).  

T lymphocytes, commonly referred to as T cells, are integral components of the 

adaptive immune system, serving as both orchestrators and effectors of immune 

responses. Depending on the immunological context, T cells can assume diverse 
functional and effector phenotypes, exerting direct inflammatory or anti-

inflammatory effects (221). In human tumours, T cells represent the second most 

prevalent immune cell type, after TAMs and have been extensively investigated 

across various cancer types (221,222). 

During the initial phases of tumour development, naive T cells undergo priming in 
draining lymph nodes when exposed to immunogenic antigens. Subsequently, 

activated T cells migrate to the TME to mount an effector immune response, 

eliminating immunogenic cancer cells. Histopathological analyses of human 

tumours reveal that tumour-associated T cells are not confined to the invasive 
tumour edge but also predominate in its hypoxic core (223,224). High levels of T-

cell infiltration in tumours are correlated with  favourable prognoses in various 

cancers, including melanoma, breast, lung, ovarian, colorectal, renal, prostate, and 

gastric cancers (225–234).  

CD8+ T cells emerge as pivotal anti-tumour effectors, differentiating into CTLs 

upon priming and activation by antigen presenting cells (APCs). CTLs, through 
the exocytosis of perforin- and granzyme-containing granules, execute potent 

anti-tumoral attacks, resulting in the direct destruction of target cells (235,236). 

Simultaneously, CD4+ Th-1-mediated anti-tumoral responses, characterized by 

the secretion of proinflammatory cytokines (IL-2, TNF-α, and IFN-γ), promote T-
cell priming, activation, and CTL cytotoxicity, as well as enhance the anti-tumoral 

activities of macrophages and NK cells (237–239). The presence of tumour-

infiltrating CD8+ T cells and Th-1 cytokines in tumours correlate with  favourable 

prognoses in terms of overall and disease-free survival in various malignancies 
(240). 
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Despite the effectiveness of T cells in eliminating malignant cells, certain cancer 

cells manage to evade effector T cell attacks. Preclinical investigations suggest 

that cancer cells exploit the immunosuppressive properties of T cells while 

impairing their effector functions, including infiltration into tumours, survival, 

proliferation, and cytotoxicity  (241). The efficacy of the anti-tumour T-cell 
immune response is contingent on both the immunogenicity of tumour antigens 

and the presence or absence of inhibitory signals that can impede T-cell 

functions (221). Less immunogenic cancer cells evade immune control and 

survive, leading to a process termed cancer immune editing (242). As tumours 
progress, cancer cells develop mechanisms mimicking peripheral tolerance, 

preventing local cytotoxic responses by effector T cells and other immune cells 

such as TAMs, NK cells, and tumour-associated neutrophils (243). 

As tumours grow and the TME evolves, new antigens are produced, altering the 

immune system's ability to prime new T cell repertoires and direct them toward 
the tumour (100). The immune system, working to impede tumour growth, faces 

simultaneous suppression by cancer cells and the TME, engaging immune 

checkpoints and recruiting Tregs (244). Tregs suppress the priming, activation, 

and cytotoxicity of other effector immune cells, exacerbating immune evasion 
(245). Treg-mediated immunosuppression involves contact-dependent and 

contact-independent mechanisms, including the expression of PDL-1, LAG-3, 

CD39/73, CTLA4, PD1, and the production of immune-suppressive molecules like 

IL-10, TGF-β, prostaglandin E2, adenosine, and galectin-1 (246,247). A high level of 
circulating Tregs has been also associated with an increased risk of metastasis in 

non-small lung carcinoma, breast cancer, colorectal carcinoma metastasis, and 

hepatocellular carcinoma patients (248–251). 

In the realm of immune homeostasis, regulation of effector T-cell responses 

through immune checkpoints, such as CTLA-4 and PD-1, is crucial to protect 
tissues from inflammatory damage. These checkpoint molecules act as negative 

regulators of T-cell function and have been associated with immune evasion in 

cancer (252). The engagement of PD-1 with its coreceptor, PDL-1, results in the 

downregulation of T-cell activity, inhibiting their anti-tumour activities. 
Immunotherapy, with its promising clinical potential, presents an opportunity to 

leverage antigen-specific T-cell responses against cancer. Immune checkpoint 

inhibitors, including anti-PD1 (pembrolizumab and nivolumab), anti-PD-L1 

(MPDL3280A), and anti-CTLA4 (ipilimumab), have shown remarkable success in 
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enhancing effector anti-tumour responses, particularly in melanoma and lung 

cancer  (253–256).  

In metastasis, CTLs exhibit an anti-metastatic effect in bone metastasis, while 

the level of circulating cancer cells inversely correlates with T cells in peripheral 

blood in lung and breast cancer patients (257–259). Clinical trials have reported 

the therapeutic efficacy of immune checkpoint inhibition in metastatic 
carcinomas, particularly in brain metastasis from melanoma and lung cancer 

(260). Recent evidence suggests that the effectiveness of checkpoint inhibition 

in melanoma brain metastasis depends on extracranial disease and peripheral 

activation of CD8+ T cells (261). Numerous efforts have been undertaken to 
broaden the applications of immunotherapeutic agents, particularly immune 

checkpoint inhibitors (ICIs), to encompass various malignancies, including those 

of gynaecological origin. While encouraging outcomes have been observed in 

cervical and endometrial neoplasms, a definitive assessment of the efficacy of 
ICIs, either as monotherapy or in conjunction with antiangiogenic agents, in 

ovarian cancer remains elusive (262). The current challenge is to 

comprehensively understand the mechanisms employed by cancer cells to 

evade T-cell attacks and elucidate factors contributing to the antigenic 
heterogeneity of tumours (256). This understanding will pave the way for 

improved immunotherapies, providing broader access to treatments for 

gynaecological cancer patients. 

Macrophages, derived from hematopoietic stem cells (HSC) in the bone marrow, 

are another key cell implicated in regulating metastasis (263). TAMs are 
recruited to the tumour site and play crucial roles at various stages of 

metastasis, including the activation of EMT, local invasion, intravasation into the 

bloodstream, circulation of cancer cells, extravasation, seeding at secondary 

sites, and promoting survival and outgrowth of cancer cells at distant organs 
(118,119,264).  

Their activities involve the secretion of chemokines, inflammatory molecules, and 
growth factors such as TGF-β and IL-6 that promote metastatic progression 

(265,266). At the primary tumour site, TAMs contribute to creating a 

microenvironment conducive to tumour invasion (267). The concept of "tumour 

microenvironment of metastasis" (TMEM) describes the close arrangement of 
cancer cells, perivascular TAMs, and endothelial cells at sites of intravasation 
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(267,268). Increased TMEM density in patient samples correlates positively with 

an elevated risk of distant organ metastases (269).  

Upon metastasis, macrophages infiltrating the metastatic site, termed 

"metastasis-associated macrophages" (MAMs), play essential roles in the 

extravasation of circulating tumour cells (CTCs) and their successful outgrowth 

at secondary sites (100,270). MAMs, originating from inflammatory monocytes 
(IMs), are recruited to secondary sites through interactions with chemokines 

such as CCL2 (271). The expression of CCL2 and the infiltration of macrophages 

at the metastatic site have been linked to metastatic disease (271,272). 

Understanding the interactions between cancer cells and immune cells, 
particularly macrophages, provides insights into potential therapeutic strategies 

targeting the metastatic process in various cancers. 

2.3.3 Role of the ECM in tumour progression and therapy resistance 

Similar to stromal and immune cells, the ECM, plays crucial roles in tumour 
progression and metastasis. During tumour progression, the ECM undergoes 

remodelling, transforming into a microenvironment that promotes metastasis 

(273). Structural rearrangements involve excessive collagen production in the 

interstitial matrix, leading to the development of fibrosis, a hallmark of many 
desmoplastic tumours (167,206,274). This fibrotic response is primarily driven by 

the activation of CAFs through TGF-β, which is a major contributor to collagen 

synthesis (24). Concurrently, LOX induces cross-linking of collagen fibers, 

causing tumour stiffening (275). ECM deposition and enhanced stiffness 
activates integrins and downstream signalling, inducing phenotypic variations 

such as EMT through YAP and TWIST (276–278).  

Multiple cancer models demonstrate how ECM rigidity influences 

chemotherapeutic resistance and cancer proliferation (279,280). Breast cancer 

exhibits resistance to sorafenib, correlated with collagen concentration and 
stiffness (281). Triple-negative breast cancer (TNBC) cells display resistance due 

to overexpression of β1-integrin, activating the JNK pathway. TNBC cells cultured 

in varying degrees of ECM stiffness show doxorubicin efficacy negatively 

correlates with ECM stiffness, with nuclear translocation of YAP driving EMT 
(282). Hepatocellular carcinoma (HCC) with extensive fibrosis demonstrates 

resistance to various drugs, positively correlated with ECM stiffness. High 

stiffness-ECM induces HCC dormancy with expression of stem cell markers 

(CD133, CXCR4, NANOG). ECM stiffness mediates HCC stemness and resistance 
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to oxaliplatin, depending on integrin expression in response to ECM-mediated 

stiffness, upregulating phosphorylation of the Akt/mTOR pathway crucial for 

self-renewal (283). These investigations highlight how ECM stiffness mediates 

treatment resistance, utilizing signals from cell-ECM connections as potential 

targets to mitigate resistance.  

Additionally, the differentially stiffened stroma, combined with tumour cell 
overpopulation in a physically restricted area, results in the development of 

compressive mechanical forces within the tumour, known as solid stress (284). 

Growth-induced solid stress in humans can be as high as about 25.0 kPa 

therefore this solid stress can also compress vessels, which can lead to hypoxia 
and reduced drug delivery (285,286). Cancer cells respond to stiffness and 

mechanical compression by undergoing actomyosin and cytoskeleton 

contraction, facilitating the formation of traction forces on their surroundings 

(287). Tumour cells become hyper-responsive to matrix compliance cues (288), 
propagated through mechanosensors such as integrin-ECM complexes, growth 

factors, and p130-associated proteins (273,287,289). Upon stimulation, 

mechanosensors transduce signals to focal adhesion signalling molecules, 

including small Rho-GTPases, FAK, SRC, paxillin, and RAS GTPase, activating 
downstream signalling cascades that promote malignancy(290–292) . In 

pancreatic cancer, solid stress can activate fibroblasts or directly act on 

pancreatic cancer cells, promoting migration via the GDF15-Akt pathway (293). 

Mechanical compression also facilitates the migration of glioblastoma cells by 
inducing Mek1/Erk1 signalling (294). 

2.4 Gynaecological cancers  

Gynaecological cancer refers to malignant growth that occurs in the female 
reproductive organs. These cancers can originate in various locations within the 

female pelvis, spanning from the area below the stomach wall to the hip bones 

(295). Annually, over 2 million women worldwide are diagnosed with 
gynaecological cancers, and nearly half of them pass away due to these cancers 

(296). Gynaecological cancers encompass carcinomas of epithelial origin and 

sarcomas derived from mesenchymal origin, depending on the initial site and 

histopathology of the tumours. The main types of gynaecological cancers 
include (Fig. 5): 
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• Uterine/Endometrial Cancer: This type of cancer originates in the lining of 
the uterus (endometrium). It can be further classified based on 
histopathological features (297). 

• Ovarian Cancer: Arising in the ovaries, ovarian cancer is a significant and 
potentially deadly type of gynaecological cancer (298). 

• Cervical Cancer: Cervical cancer develops in the cervix, the lower part of 
the uterus that connects to the vagina. Subtypes may exist based on 
histopathological characteristics (299). 

• Vulvar Cancer: Vulvar cancer occurs in the external genitalia, or vulva. Like 
other gynaecological cancers, it may have various subgroups (300). 

• Vaginal Cancer: Vaginal cancer originates in the vagina, the muscular tube 
connecting the uterus to the outer genitals(301). 

 Early detection and appropriate treatment are crucial for improving outcomes in 

patients with gynaecological cancers. Regular screenings, such as Pap smears 
and pelvic exams, can aid in the early identification of these cancers when they 

are more treatable (302). 

2.4.1 Uterine Sarcomas 

USs are a rare form of soft tissue sarcomas (STS) that originate in the uterus. 
They constitute a diverse group of malignant tumours with mesenchymal origins, 

Figure 5: The origins of gynaecological cancers. 
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exhibiting a range of behaviours based on histopathological subgroups and 

tumour stage (303). The two most common subgroups are uLMS and ESS, which 

themselves may have different subgroups, including low grade (LG-ESS), high 

grade (HG-ESS), and UUS (304). The frequency of USs is relatively low, 

accounting for 3-7% of all uterine cancers. However, their mortality rate is high, 
with more than 50% of diagnosed patients pass away to the disease (305). 

Research into treatments for USs faces challenges due to the limited number of 

cases available for clinical trials.  

Complete surgery is considered the primary treatment for USs, but adjuvant 

therapies, including chemotherapy, radiotherapy, and hormone therapies, may 
also be employed based on the patient's response (306). The effectiveness of 

adjuvant therapies remains inconclusive. Some studies suggest redirecting and 

using therapies developed for soft tissue sarcomas (STSs) as an alternative 

approach. One study investigated the use of pazopanib, a multitargeted 
receptor tyrosine kinase inhibitor, on uterine sarcomas, demonstrating clinically 

relevant tolerability and efficacy (307). Hormone receptor expression, typically 

found in benign tissues of the female genital tract, is retained in a subset of 

sarcomas and has been associated with a better prognosis in leiomyosarcomas 
(308). The division into mitotic index groups also has been shown to have 

prognostic significance for overall survival (309).  

Despite the challenges and limited evidence, ongoing research aims to 

understand the molecular characteristics of UUSs and explore potential 

therapeutic strategies. The difficulty in assembling enough cases for clinical trials 
remains a hurdle in advancing treatments for gynaecologic sarcomas, 

emphasizing the need for continued research efforts in this field. 

2.4.1.1 uLMS 

uLMS is the most common type of uterine sarcoma, characterized by its 
extreme aggressiveness and poor overall prognosis (310). Women affected by 

uterine leiomyosarcoma are often diagnosed in their perimenopausal years. The 

symptoms at presentation can be vague and may resemble those of other 

benign uterine conditions (311). Due to the rarity of these mesenchymal tumours, 
the preoperative diagnosis of leiomyosarcoma is challenging and is often 

confirmed only at the time of surgical resection.  

Histologically, uterine leiomyosarcomas are identified by cytologic atypia, a high 

mitotic index, and the presence of tumour necrosis (312). The management of 
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early-stage disease typically involves hysterectomy and complete surgical 

resection of the gross tumour (311). However, routine procedures like 

oophorectomy or lymph node dissection do not seem to provide significant 

clinical benefits. Adjuvant therapy for early-stage disease remains controversial, 

as multiple clinical trials have failed to demonstrate a clear benefit in terms of 
overall survival (313).  

Recent advancements in the treatment of advanced and recurrent uterine 

leiomyosarcoma have shown promise. Novel chemotherapeutics, targeted 

therapies like olaratumab and pazopanib, and new immunotherapies such as 

nivolumab and pembrolizumab have demonstrated efficacy in patients who 
were previously considered difficult to treat due to drug resistance (314). These 

developments represent a significant step forward in improving the therapeutic 

options for advanced and recurrent uterine leiomyosarcoma. However, they are 

still not effective enough for most of the patients.  

2.4.1.2 ESS 

ESS are rare malignant tumours of the uterus, and obtaining a proper 

preoperative diagnosis is challenging(315). In many cases, the diagnosis is 

confirmed only after hysterectomy for a presumed benign disease. Diagnostic 
clues can be obtained through endometrial sampling, ultrasound, and magnetic 

resonance imaging (315). The mainstay of management for endometrial stromal 

sarcomas is total hysterectomy with bilateral salpingo-oophorectomy (316). For 

early-stage disease, complete cure is achievable. Adjuvant hormone therapy, 
including progesterone, gonadotropin-releasing hormone analogues, and 

aromatase inhibitors, has proven effective in preventing recurrences (317–319). In 

cases of recurrence, a combination of hormone therapy, radiotherapy, and 

surgical excision of metastasis is recommended (317). The 2003 WHO 
classification divides endometrial stromal tumours into endometrial stromal 

nodule (ESN), ESS, and USS (320). The traditional classification into low-grade 

and high-grade categories has fallen out of favour. High-grade tumours without 

recognizable evidence of a definite endometrial stromal phenotype are now 
termed undifferentiated uterine sarcomas (UUS), while the term ESS is now best 

restricted to neoplasms formerly referred to as low-grade ESS (320,321). 

Differentiating between ESS and other conditions such as ESN and UUS requires 

extensive sampling of tissues for a confirmed diagnosis, with myometrial and 
vascular invasion being crucial features for differentiation (322,323). 
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2.4.1.3 UUS 

The Undifferentiated uterine sarcomas (UUS) are rare and aggressive uterine 
neoplasms (321,324). Available evidence, though limited, suggests that UUS 

behaves more aggressively than low-grade ESS (325). UUS is known for its 

aggressive behaviour, and 25% of patients survive at 5 years (309,321). The 

diagnosis of UUS is typically established post-surgery based on pathologic 
features (326). These sarcomas are characterized by severe nuclear 

pleomorphism, high mitotic activity, extensive myometrial invasion, necrosis, and 

a lack of specific differentiation. Diagnosis is often by exclusion after ruling out 

other high-grade uterine tumours with a sarcomatous component (326,327). Due 
to the rarity of UUS, there is limited information in the literature about the most 

effective treatment. Surgical intervention, including total hysterectomy and 

bilateral salpingo-oophorectomy, is the conventional treatment. 

Lymphadenectomy may or may not be performed as part of surgical staging 
(328). While radiotherapy and chemotherapy are considered adjuvant 

treatments, there is limited data on their effectiveness. Yet, there are a few 

research focused on immunotherapy opportunities on USS. 

2.4.2 Ovarian Cancer 

Ovarian cancer stands out as the most lethal type of gynaecological cancer in 
Europe, displaying significant histological and clinical heterogeneity (329). The 

classification includes three main types: germ cell, sex-cord-stroma, and 
epithelial. Among these, epithelial ovarian cancer (EOC) is the most prevalent 

subtype (330). The origin of EOC has been a subject of active debate, with 

current evidence pointing to its potential origination from the ovarian surface 

epithelium or fallopian tubal epithelium (331). EOC is characterized by prominent 
mutations in the TP53 gene and high chromosomal instability, with additional 

mutations observed in genes such as BRCA1, BRCA2, RB1, and NF1 (332). OC 

metastasis occurs through three primary routes: pleural, lymphatic, and 

hematogenous (333). Pleural and hematogenous metastases are associated with 
a more aggressive stage of OC(331,333,334). Pleural metastasis involves the 

dissemination of primary OC cells into the peritoneal cavity, where they survive 

and form clusters in the ascites fluid (334). The accumulation of highly protein-

rich fluid in the peritoneum is facilitated by increased vessel and mesothelial 
permeability (335). Within the ascites fluid, cancer cells thrive by accumulating 

inflammatory cytokines and chemokines, evading lymphatic drainage (336). 

Additionally, this microenvironment exposes cancer cells to various cues, 
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including cell-to-cell and cell-ECM interactions, enhancing proliferation, evasion 

from anoikis, and adhesion to the omentum—an adipose tissue covering the 

abdominal cavity protected by a mesothelial layer (336,337). Upon breaching 

this layer, metastatic cells invade the omentum, inducing a desmoplastic 

reaction that transforms the collagen-rich omentum into fibrotic tissue 
(338,339). This fibrosis prevents the normal function of abdominal organs, 

potentially leading to fatal consequences.  

2.4.2.1 High Grade Serous Ovarian Cancer (HGSC) 

High-Grade Serous Carcinoma (HGSC), the most prevalent form of ovarian 
cancer, represents an advanced epithelial malignancy originating in the ovary or 

fallopian tube (340). Unlike some other cancers, HGSC lacks early symptoms and 

specific biomarkers, and systematic screening programs are not currently 
implemented in the general population (341). Common symptoms shared with 

other conditions include abdominal or pelvic pain, digestive issues, vaginal 

bleeding, abdominal distension, and fatigue. As a result, diagnoses often occur in 

advanced stages, manifesting clinical evidence (341,342). 

Given the clinical similarities and similar treatment approaches for ovarian, 

fallopian tube, and peritoneal cancers, the International Federation of 
Gynecology and Obstetrics (FIGO) utilizes three criteria (T, N, M) to stage them 

in a unified system with four classes (I to IV) (343). FIGO staging serves as a 

powerful prognostic indicator, with most HGSCs staged as class III and IV (344). 

HGSCs exhibit a distinctive metastatic behaviour, spreading beyond the organ of 

origin along peritoneal surfaces rather than through blood or lymphatic vessels 
(345). Unlike the typical epithelial cancer metastasis involving a sequence of 

cellular transformations, HGSCs spread through direct extension to adjacent 

organs within the peritoneal cavity or detachment of cells from the primary 

tumour (346,347). Additionally, the presence and activity of malignant ascites, 
pathological fluid accumulating in the abdomen, contribute to the metastatic 

process (348,349). HGSC cells within malignant ascites form multicellular 

structures, potentially serving as chemo-resistant niches and reducing 

treatment response (350,351). The fluid-filled space in the peritoneal cavity lacks 
anatomical barriers, allowing suspended tumour cells to implant and seed 

distant organs, forming secondary tumour nodules (346–350). Therefore, 

understanding these distinct aspects of ovarian cancer metastasis is essential 

for developing effective diagnostic and therapeutic strategies. 
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3 Research aims 
The overall aim of this thesis is to provide new targets and therapeutic strategies 

for improved gynaecological cancer treatments. This involves understanding the 
mutual communication between the ECM, stromal, and immune cells, which 

affects immune surveillance, drug resistance, and tumour progression. 

The specific are following: 

Paper Ⅰ:  To profile the immune characteristics of Uterine Sarcomas, use 

Multiplex Immunofluorescence (IF) on TMAs. Simultaneously, to assess gene and 

protein expressions linked to TME-dependent functions and immune signatures 

affecting patient survival outcomes. 

Paper Ⅱ:  To explore the impact of the collagenous ECM on uLMS aggressiveness 
by employing patient-derived material to unveil potential therapeutic targets. 

Paper Ⅲ:  To comprehend the dynamic interplay between the ECM and the 

functional attributes of cancer cells in the different locations of HGSC metastasis 

and their involvement in resistance to chemotherapy. 

 

 

 

 

 

 

 

 

 

 

 



 

40 

 

4 Materials and Methods 
Here, all the methods used in the study are listed in Table 2 and further 

described in detail in the materials and methods in every respective papers. In 
this section, some of the key methods are presented.  

Methods Paper 

Multiplex immunofluorescence I 
Picrosirius red staining II 
siRNA knockdowns II 
Extracellular matrix array III 
Cytotoxicity III 
Tissue microarray preparation I, II 
Polyacrylamide gels (hydrogels) II, III 
Cancer cell lines culture II, III 
Primary cell isolation and culture II, III 
Immunofluorescence II, III 
chemotherapy and inhibitor treatments II, III 
Immunoblotting II, III 
Live cell imaging II, III 
3D collagen embedded cell culture II, III 
Image acquisition and analysis I, II, III 
RNA-sequencing  I, II, III 
Bioinformatics I, II, III 
Immunohistochemistry  I, II, III 
Statistical analysis I, II, III 

4.1 3-Dimensional (3D) Culture and 2-Dimensional (2D) Hydrogels  

Cells have been conventionally cultured on 2D cell surfaces, typically composed 
of stiff materials such as plastic or glass. However, these substrates lack the 

ability to replicate the stiffness observed in TME, often stiff TME induces 

morphological changes reminiscent of EMT in cultured primary cells. Moreover, 
2D cultures fail to replicate the barrier effects of the ECM and the gradients 

present in tumours, such as those found in the periphery versus the core. 

Additionally, monocultures in 2D lack the crucial interactions between different 

cell types and with the ECM in their microenvironment. To overcome these 

Table 1. The methods used in the thesis and corresponding papers. 
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limitations, we employed simple 2D monocultures in conjunction with 

polyacrylamide hydrogels, 3D cultures and 3D ECM models .  

4.1.1 3D collagen embedded cell culture 

In Paper II, III, cancer cell lines were embedded in 3D collagen type I (COL1) to 
replicate the fibrotic ECM. The collagen was derived from rat tail collagen type I, 

dissolved in 0.3% acetic acid to a stock concentration of 4.5 mg/ml, further 

diluted to a final concentration of 2.25 mg/ml in 2x MEM on ice, and adjusted to a 

pH of 7.5-8 with sodium hydroxide. Paper III, this collagen was supplemented 
with 50 µg/ml recombinant human COL6 or fibronectin in specific experiments, 

and laminin rich hydrogels were prepared by diluting growth factor reduced 

Matrigel (20.67 mg/ml) with Hank’s Balanced Salt Solution to 12 mg/ml on ice. In 

Paper II, in addition to single cell culture,  

Embedding cells and preformed spheroids in 3D matrices not only facilitated the 

establishment of ECM-mediated adhesion signalling but also provided barrier-
like structures for nutrient and anti-cancer drug exposure in various applications 

and assays. 

4.1.2 Collagen-I polyacrylamide hydrogels 

In Paper II, III, hydrogels functionalized for cell adhesion served as soft (2 kPa) 
and stiff (21 kPa) substrates, mirroring the physiologically relevant low and high 

stiffness range (0.40-33.13 kPa) reported in ovarian cancer, liver metastasis and 

many different cancer types (352,353).  

Round microscopy cover slides were washed with 70% ethanol and 0.1 m NaOH, 

covered with 3-aminopropyltrimethoxysilane (3-APTS) for 3 min for activation, 
incubated for 30 min in 0.5% glutaraldehyde and washed in sterile MilliQ water. 

Polyacrylamide solutions containing acrylamide monomers, crosslinker N,N-

methylene-bis-acrylamide and PBS in different concentrations were prepared to 

create different Young's modulus (0.5, 2, 4.5, 10, 20 and 115 kPa) as previously 
described (354). 5 μL of 10% ammonium persulfate and 0.75 μL N,N,N′,N′-
tetramethylethylenediamine were added into 0.5 mL mixtures, and one drop of 

the mixture was placed on rain repellent-treated microscopy slides, and the 

activated cover slides were placed on top. After polymerisation (3–10 min), the 
cover slides with polyacrylamide gels were washed with PBS. Next, the cover 

slides were treated with 1 mg·mL−1 N-sulfosuccinimidyl-6-(4′-azido-2′-
nitrophenylamino) hexanoate and exposed to ultraviolet (UV) light to allow 
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subsequent collagen-I binding. The cover slides were incubated at room 

temperature with 10 μg·mL−1 rat-tail collagen-I for 3 h, washed with PBS and 

placed in UV light for sterilisation. Wells containing cover slides were seeded with 

SKUT1 cells or primary SMC, uLMS, LM or MM cells in Paper II, and OVCAR4, 

OVCAR8, TYK-nu and TYK-nu R. cells in Paper III. These models enabled the 
recreation of biomechanical signalling characteristic of the increasingly 

desmoplastic and stiff tumour microenvironment.  

4.2 Immunofluorescence  

4.2.1 Multiplex IF staining 

In Paper I, TMA slides were air-dried at room temperature, deparaffinized, and 

then rehydrated in phosphate-buffered saline (PBS) for 15 min. Primary 

antibodies were diluted in 0.3% Triton X-100 containing 0.1% NaN3 in PBS pH7.4 
and applied to the slides for 16 h (4 °C). Afterward, sections were washed three 

times in Tris Buffered Saline solution, containing Tween® 20 (0.05%) for 15 min 

each. The sections were then incubated in a Tris–NaCl-blocking buffer (TNB) for 

30 min at room temperature. This was followed by the addition of the secondary 
fluorescent-labeled antibody mix diluted in TNB-buffer and sections were 

incubated for 90 min at room temperature. Subsequently, the sections were 

washed three times in 0.05% TBS-Tween 20 for 15 min, in the dark. The sections 

were then immersed in 70% EtOH for 5 min before being transferred to Sudan 
Black (1% solution, 70%EtOH) for 10 min and then rinsed in 70% EtOH for about a 

minute before mounting, using PVA/DABCO medium with DAPI.  

4.2.2 IF stainings of 3D cell cultures 

In Paper II, Paper III, 3D cultures were fixed with 4% PFA solution at 4°C for 
overnight. Fixed samples were washed three times with PBS for 15 min to remove 

all excess of PFA. 3D cultures were then post-fixed with ice-cold 1:1 

Acetone:MetOH for 45 sec, followed by washing thrice with PBS for 15 min. This 

was followed by incubation with blocking solution (15% FBS-PBS with 0.3% 
Triton-X).  For immunofluorescent staining, 3D cultures were first stained with 

primary antibodies against targeted protein / marker in blocking solution. After 

overnight incubation at 4°C, cells were washed with PBS-T (1x PBS with 0.45% 

Triton-X). Once for 5 min, followed by twice for 30 min on a tilted plate. Next, 3D 
cultures were stained with secondary antibodies and phalloidin in blocking 

solution at RT for 4 hours. Subsequently, 3D cultures were washed with PBS-T, 

once for 5 min and twice for 30 min on a tilted plate. This is followed by two 
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times washing with PBS for 10 min on a tilted plate. The droplets were placed on 

top of an object slide. The excess of fluid was dried with a tissue before 

mounting with a mounting media and putting a coverslip. The slides were stored 

at 4°C before imaging.   

4.3 Image acquisition 

4.3.1 Multiplex TMA image acquisition  

In Paper I, Fluorescent images were obtained using a “VSlide” slide scanning 

microscope (MetaSystems, Alltlussheim, Germany). The system has a CoolCube 
2 camera (12-bit grayscale), a 10x objective, and filter sets for 4′,6-diamidino-2-

phenylindole (DAPI) (EX350/50–EM470/40), Fluorescein isothiocyanate (FITC) 

(EX493/16–EM527/30), Cyanine (Cy) 3 (EX546/10–EM580/30), Cy3.5 (EX581/10–

EM617/40), and Cy5 (EX630/20–647/long pass). First, the whole TMA was initially 
pre-scanned at 2.5x to generate the TMA scanning area. Tissue and focus depth 

were detected based on the DAPI signal. All tissue-covered areas were scanned 

using a 10x objective. Finally, the individual images were stitched together 

(VSlide) to generate a large image of the entire section. After scanning, the 
images (vsi-files) were extracted to high-quality Iconforge Create Executable 

Library Data (ims)-files for further analysis using the software Qupath (v.0.2.0-

m2) (355). In order to facilitate the analysis, the images were not downsampled 

to avoid losing any valuable biological information. 

4.3.2 IF confocol image acquisition 

In Paper II, III, imaging was performed using a Zeiss LSM880 and Zeiss LSM980 

confocal microscope with airy scan and a 20x objective. Three lasers were used 

to excite fluorescence at multiple wavelengths: 488 nm (Alexa Fluor 488), 561 nm 
(Alexa Fluor 568), and 639 nm (Alexa Fluor 647).  Images were acquired at least 

1028 x 1028-pixel resolution by using ZEN 3.2 software. All the images were 

extracted as .czi extension to eliminate any data loss or resolution reduction.  

4.3.3 Live cell image acquisition 

In Paper III, live-cell imaging was performed using the BioTek Cytation 5 Cell 
Imaging microscope, containing objectives for 435, 488 nm, 562 nm wavelength, 

high contrast brightfield to detect targeted proteins or factors and widefield 

images for cell borders and morphology. The medium of the plates was 
exchanged by phenol red-free media containing 15 mM HEPES, cisplatin, and 

2 µM CellEventTM Caspase-3/7 Green. Green tagged ClvCsp 3/7 detection 
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reagent. The plates were incubated with %5 carbon dioxide, %21 Oxygen at 37°C. 

Cells were imaged (brightfield and green channels) every 3 h for a total of 72 h. 

The images of time lapse were extracted as .tiff images and .avi videos. 

4.4 Image Analysis  

Quantifications in Paper I, II, III, were mostly performed with the QuPath open 

source software to detect cells types and protein targets.  

4.4.1 Multiplex IF TMA image analysis by using machine learning 

In Paper I, 3 TMAs and 3 different panels were used to create a pipeline of cell 
and protein detection. Firstly, TMA cores were annotated by 1.5 mm diameter 

circles. Then by using watershed detection, we detected DAPI signals for 

nucleus. After optimization of nucleus detection, the different cell types are 
selected in one core to train classifications of different cell types by the machine 

learning embedded in Qupath (Fig. 6). The training set contains at least 50 cores. 

Finally, the algorithm was run onto all the patient cores, then export the results as 

different parameter such as type, density, and percentage of different cell types.  

4.4.2 3D culture IF image analysis  

In Paper II , Paper III,  we used confocal IF images to detect specific proteins on 
the cells. The Edu and Cleaved Caspase 3/7 were one of the target proteins. To 

detect the proliferation of the cells by using  EdU or ClvCsp 3/7 positive signals, 

we again annoated the images and used watershed detection. DAPI was seleted 

Figure 6. The scheme of cell detection in TMAs and the staining panel. 
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as nucleus staining in blue channel. After detection nucleus, we used positive cell 

detection option in Qupath and introduced a threshold of Intensity of EdU or  

ClvCsp 3/7 and train the system to select at least 5 EdU or  ClvCsp 3/7 positive 

cells. Then, we ran these parameters in different images to train. Finally we ran 

this pipeline to all the images to quantify EdU or  ClvCsp 3/7 positive cells.  
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5 Results 

5.1 Paper I: FOXP3-YAP-ECM dynamics is associated with 
aggressiveness in uterine sarcomas. 

The main aim of Paper I was to analyse the immune profile of Uterine Sarcomas 
using Multiplex IF on TMAs. We also investigated the gene and protein 

expressions linked to ECM-dependent functions and immune signatures, 
exploring their impact on patient survival outcomes. We found heterogeneity in T 

cell and macrophage infiltrates across different tumour types, with the certain 

immune cell subtypes associated with specific sarcoma subgroups. 

The expression of immune regulatory proteins (IRPs) such as PD-1, PD-L1, B7-H4, 

and IDO1 was also investigated. PD-1 expression was associated with a subset of 

FOXP3+ cells, and the study observed a correlation between CD4+ T cell 
infiltration and PD-1+ cells. We identified four distinct immune cell subtypes 

based on unsupervised clustering, revealing hot and cold tumours with varying 

immune cell infiltrates. 

The prognostic analysis indicated that FOXP3+ T cell and M1-like macrophage 

densities were associated with improved overall survival. We also introduced the 
concept of the CFR as a potential prognostic marker, with low CFR linked to 

better survival. The analysis of gene expression differences between tumours 

with high and low CFR highlighted alterations in ECM organization pathways. 

Furthermore, we identified a link between ECM signalling and distinct T cell 

populations. Tumours with high CFR showed upregulation of ECM-integrin 
interaction pathways, and ECM gene signature-positive tumours were 

associated with the presence of lymphovascular invasion. We also explored 

potential upstream regulators and drugs targeting the genes upregulated in 

tumours with high CFR, revealing the involvement of TEAD, TGFB1/2, TNF and 
PDGF-BB in tissue fibrosis, and suggesting a connection between ECM signalling 

and YAP-TEAD activity. 

In summary, the study provides insights into the heterogeneity of the immune 

microenvironment in uterine mesenchymal tumours, identifies potential 

prognostic markers including FOXP3, YAP, and suggests a connection between 

ECM signalling, immune cell infiltration, and overall survival in these sarcomas 
(Fig. 7). 



 

 47 

 

 

5.2 Paper II: Collagens-MMP14-YAP dynamics is associated with 
aggressiveness in uterine leiomyosarcoma. 

The aim of Paper II was to investigate the influence of the ECM on uLMS using 
patient-derived material. We sought to reproduce the distinctive ECM 

composition of uLMS to uncover potential therapeutic targets. The focus was on 

identifying strategies that could specifically target the unique ECM environment 
associated with uLMS. We compared normal myometrium (MM), benign uterine 

leiomyoma (LM), and uLMS tissues to analyse differences in collagen density and 

structure. We showed that uLMS tissues have lower collagen density, increased 

fibre endpoints, and reduced hyphal growth unit compared to MM and LM 
tissues. We then explored the association between fibrillar collagen 

characteristics and uLMS aggressiveness. A cohort of uterine sarcoma patients 

was analysed, revealing that low fibrillar collagen density and high fibre 

endpoints correlate with reduced overall survival and increased metastasis in 
uLMS patients. To understand the mechanisms behind the observed collagen 

characteristics in uLMS, we investigated the expression of collagen-related 

genes and collagen-degrading MMPs. uLMS tumours exhibited increased 

expression of collagen-degrading MMPs, with MMP14 being the most highly 
expressed. MMP14 activity was essential for uLMS cell proliferation in collagen-

rich environments.  

We further explored the role of YAP in uLMS cell proliferation. The uLMS cells 

exhibited enhanced YAP activation, which supported cell proliferation even in 

soft collagenous substrates. Inhibition of YAP activity resulted in reduced cell 
proliferation, indicating its role in uLMS aggressiveness. Additionally, we 

Figure 7. The summary of findings in Paper I. 
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examined the response of uLMS cells to substrate stiffness. Unlike normal 

myometrium and benign leiomyoma cells, uLMS cells showed reduced 

dependence on collagen adhesion and substrate stiffness for proliferation. This 

reduced sensitivity was associated with increased expression of collagen 

receptors in uLMS cells. We also investigated uLMS cell migration in response to 
collagen substrate stiffness. Uterine leiomyosarcoma cell migration was less 

affected by substrate stiffness compared to benign leiomyoma cells. 

In summary, the study provides insights into the unique characteristics of uLMS, 

including lower collagen density, increased MMP14 activity, enhanced YAP 

activation, and reduced sensitivity to substrate stiffness, which collectively 
contribute to the aggressive nature of uLMS tumours (Fig. 8).  

 

5.3 Paper III: Matrisome Composition, ECM stiffness and COL VI are 
associated with aggressiveness and chemoresistance in HGSC  

The primary objective of Paper Ⅲ was to elucidate the co-evolutionary 

dynamics between the ECM and cancer cell functionalities in the context of 

Figure 8. The summary of findings in Paper II. 
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HGSC metastasis and chemoresistance. This involved conducting RNA 

sequencing analyses on both pre- and post-chemotherapy samples obtained 

from HGSC patients, encompassing ascites, ovarian tumours, and metastatic 

tumours in the omentum, peritoneum, and mesentery. 

In pre-chemotherapy samples, the core ECM components, such as collagen and 

fibronectin, exhibited higher expression in solid tumour tissues compared to 
ascites samples. The metastatic tissues displayed evidence of a desmoplastic 

reaction, as confirmed through immunohistochemical collagen and fibronectin 

validation of HGSC tissues. The distinct matrisome signatures were identified in 

each solid tumour tissues. 

A comparative examination of the matrisome in pre- and post-chemotherapy 
samples revealed that platinum treatment induced alterations in core matrisome 

and ECM-affiliated genes within solid tumours. Conversely, the impact of the 

treatment on matrisome-associated soluble factors was more pronounced in 

the ascites. Pathways related to fibrotic signalling, ECM alterations, and 
mononuclear leukocyte activity were enriched in metastatic versus primary 

tumours. 

Post-chemotherapy metastatic tumours exhibited a less dense and more 

fragmented ECM, aligning with the presence of small cells resembling CD45+ 

immune cells. Patients who were resistant to platinum exhibited distinctions in 

their matrisome compared to platinum-sensitive patients. Post-chemotherapy 
metastatic tumours in resistant patients demonstrated upregulation of CCL28, 

MUC4, BGN, and S100A11, suggesting changes induced by metastasis and 

chemotherapy in HGSC. 

To comprehend the impact of ECM changes on cancer cells, biomechanical 

signalling elicited by tumour stiffness and adhesion signalling caused by ECM 
composition were investigated. Increased stiffness promoted HGSC cell 

proliferation, spreading, and protection against cisplatin-mediated apoptosis. 

ECM composition alterations induced variable effects on OC cell adhesion, 

migration, and chemoresistance, contingent upon cell line and cancer cell 
growth. 

Functional investigations into the putative role of COL6 in chemoresistance 

involved embedding HGSC cell lines and ascites-derived patient cells in 3D 

COL1-based matrices supplemented with COL6. This supplementation 
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intensified chemoresistance in already resistant cell lines and relapsed patient-

derived cells. The investigation uncovered that platinum treatment additionally 

triggered the formation of focal adhesions, phosphorylation of myosin light chain, 

and increased β1-integrin activity. These findings indicate a complex interplay 

between ECM characteristics and platinum resistance in HGSC cells. The study 
aims to decipher how both the mechanical and biochemical properties of the 

TME influence cellular responses to platinum-based chemotherapy. Utilizing 

polyacrylamide hydrogels mimicking the physiological stiffness range of HGSC 

omental metastasis tissues, the study employed various HGSC cell lines, each 
representing distinct phenotypes and platinum sensitivities. Increasing matrix 

stiffness induced HGSC cells to undergo enhanced spreading and focal adhesion 

formation, critical processes in cell-matrix interactions. Notably, platinum 

treatment intensifies these responses, signifying a synergistic impact of matrix 
stiffness and platinum-induced alterations. HGSC cells cultured on stiffer 

substrates exhibit elevated resistance to cisplatin-induced apoptosis, indicating 

that matrix stiffness regulates platinum resistance. 

Furthermore, the study investigates the influence of specific ECM components 

on platinum resistance, demonstrating diverse effects depending on the type of 
ECM protein. Clinical relevance is emphasized by patient data, linking high 

expression of certain ECM components, particularly COL6, with poorer overall 

survival in ovarian cancer patients. In a 3D model designed to mimic the tumour 

microenvironment, COL6 emerges as a key player supporting chemoresistance 
in a stromal-like environment. Patient-derived HGSC cells obtained at relapse 

exhibit selective protection against cisplatin when cultured on COL6, suggesting 

a potential link between integrin signalling and chemoresistance. 

This comprehensive exploration provides valuable insights into the multifaceted 

role of ECM stiffness and composition in modulating platinum response, offering 
potential avenues for the development of targeted therapies to overcome 

platinum resistance in HGSC. The study highlights the importance of 

understanding the ECM composition in the tumour microenvironment for 

devising effective therapeutic strategies in the context of ovarian cancer 
involvement in actomyosin contractility and migration (Fig. 9).  
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Figure 9. The summary of findings in Paper III. 
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6 Discussion 
Uterine sarcomas, characterized by their aggressive and rare mesenchymal 
nature, pose a formidable challenge in the absence of effective treatments 

(297,303). The intricate interplay between sarcomas and their microenvironment 

significantly influences the potential efficacy of immunotherapy (356). This 
study, delving into the complexities of the TME through multiplex 

immunofluorescence and transcriptomic analysis, aims to identify novel 

therapeutic markers. Additionally, the exploration of collagen-related signalling 

pathways in uLMS and the comprehensive analysis of the matrisome in fibrotic 
tumours within HGSC provide further insights into potential markers for targeted 

therapies. 

Understanding the immune microenvironment of sarcomas and its molecular 

mechanisms is crucial for the identification of novel diagnostic biomarker and 

therapeutic strategies. In Paper I, the immune microenvironment appears to be 

largely independent of tumour type, challenging previous notions associating 
immune cell accumulation with specific sarcoma subtypes. This finding 

underscores the importance of designing immunotherapy trials with a well-

considered translational component, allowing observed responses to be 

correlated with the TIME, irrespective of sarcoma subtype. Such diagnostic 
biomarkers such as FOXP3, and YAP could greatly facilitate the clinical 

management of sarcomas, particularly given the diverse histopathologic 

subtypes that often complicate subtype-specific trial designs. 

Furthermore, results in Paper I revealed that the nature of the immune cell 

infiltrate significantly influences overall survival, with the presence of FOXP3+ 
cells and M1-like macrophages associated with a better prognosis. Interestingly, 

a low CFR was linked to improved survival, contrary to the general association of 

CD8+ cells with  favourable outcomes in most tumours (357,358). This 

unexpected result suggests a distinctive role for FOXP3+ cells in uterine 
sarcomas, challenging conventional understanding and necessitating further 

exploration of their functional roles. 

In Paper I, the transcriptomic analysis also revealed pathways such as 

extracellular matrix organization, proteoglycans in cancer, regulation of cell 

adhesion, and integrin-mediated signalling to be associated with observed 
differences in the TIME. Predicted drug regulators, including verteporfin and 

chlorphenesin, point towards potential therapeutic avenues. The role of YAP 
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signalling and its predicted modulation through verteporfin adds a layer of 

complexity to the understanding of uterine sarcoma progression and immune 

regulation. 

Finally, the analysis of protein expression confirms the involvement of ECM 

regulatory proteins in the observed differences in immune cell infiltration. The 

differential YAP activity among tumour groups underscore its potential role in 
uterine sarcoma behaviour, with implications for immune regulation. 

In conclusion, Paper I suggests that characterizing tumours based on specific 

TME signatures, including immune cells and ECM, may offer a more precise 

approach to therapy than traditional histopathologic subtyping (Fig. 10). These 

findings emphasize the need for translational components in clinical trials to 
identify and evaluate immune responses and potential therapeutic targets, 

independent of sarcoma subtype. Therapies focusing on ECM modulation, in 

conjunction with immune interventions, should be considered for further 

exploration. 

Numerous ongoing clinical trials are presently assessing the therapeutic viability 

Figure 10. The paper 1 suggestion for a new approach for treatments by 

characterizing tumour microenvironment of Uterine sarcomas. 
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of targeting collagens and their downstream signalling pathways to address 

carcinomas (359–364). These treatments may offer a potential avenue for 

patients with uLMS and specific subtypes of uterine sarcoma, as heightened 

collagen deposition and YAP activity are linked to the aggressiveness of 

undifferentiated uterine sarcoma and endometrial stromal sarcoma (365). 
Despite these prospects, the potential benefits of targeting collagen-related 

molecules in uLMS remain unexplored due to limited understanding of the 

relationship between the collagenous ECM and uLMS cells. 

Contrary to LM tumours, our investigation reveals that uLMS tumours exhibit low 

fibrillar collagen density with higher fibre endpoints in Paper II. Notably, lower 
collagen density appears to correlate with a trend toward reduced overall 

patient survival and increased metastasis, suggesting an association between 

lower fibrillar collagen expression and tumour aggressiveness in uLMS. Unlike 

other carcinomas and non-uLMS uterine sarcomas, this unique characteristic 
implies that uLMS patients may not benefit from collagen-reducing therapies. A 

similar scenario is observed in pancreatic cancer, where collagen type I 

deposition is linked to reduced aggressiveness, serving as a protective barrier 

against pro-tumour immunity (366). 

Contrary to expectations, fibrillar collagen-related genes are not downregulated 
in uLMS. Instead, our findings indicate that uLMS tumours exhibit high expression 

of various collagen-remodelling genes, including collagen-crosslinking and matrix 

metalloproteinase genes, notably MMP14. This heightened expression of collagen 

biosynthesis and degradation genes suggests increased collagen turnover in 
uLMS tumours. The enhanced aggressiveness observed in low collagen-uLMS 

may result from the elevated collagen remodelling and degradation, fostering 

uLMS cell invasiveness, colonization of neighbouring tissues, and the formation of 

metastases (367). Alternatively, altered collagenous matrix composition could 
contribute to increased aggressiveness through the regulation of tumour 

immunity and other factors in the TME, such as vasculature (368), necessitating 

further exploration. 

Paper II demonstrates that MMP14 inhibition and knockdown reduce uLMS cell 

proliferation in collagenous matrices, with its gene expression associated with an 

unfavourable prognosis. The effect of MMP14 in uLMS proliferation may derive 
from reduced proliferation-inhibiting mechanical confinement due to collagen 

degradation(369). However, MMP14 activity could also mediate the activation of 
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proliferation-inducing factors. Although the clinical utility of specific MMP14 

inhibitors in cancer treatment remains unproven, our results suggest MMP14 as a 

potential target for uLMS treatment. 

Enhanced collagen degradation may lead to reduced matrix stiffness and 

adhesion ligand availability, typically associated with decreased cell proliferation 

and migration. Surprisingly, our study reveals that the impact of collagen 
adhesion on uLMS cell proliferation and migration is diminished compared to 

other sarcoma types. Notably, functional YAP, a central regulator of cell 

proliferation downstream of ECM adhesion, supports uLMS proliferation (370–

372). Inhibition of YAP induces a rounded shape in uLMS cells, indicating reduced 
invasiveness potential. While the direct investigation of YAP's function on uLMS 

cell migration sensitivity to substrate stiffness was not conducted, previous 

reports suggest that YAP activity regulates stiffness-dependent migration 

(373,374). Additionally, our findings demonstrate that YAP is overactivated in 
uLMS cells adhered to soft substrates compared to other sarcoma types. 

Inhibiting YAP, either directly or indirectly through YAP-regulatory molecules, 

could prove beneficial for uLMS treatment, particularly given YAP's involvement 

in chemotherapy resistance (375,376), supporting the consideration of 
combined YAP inhibition with less effective chemotherapeutics. 

Despite the apparent differences in the studied cancer types—US and HGSC 

commonalities emerge in the broader context of ECM influence on cellular 

behaviour. Both studies underscore the pivotal role of the ECM in modulating 

cancer cell responses, albeit through distinct mechanisms. In uLMS, the 
surprising resilience to collagen adhesion impact and the central involvement of 

YAP in cell proliferation reveal a unique regulatory pathway.  

Therefore, in Paper III we present a comprehensive analysis of matrisome 

expression signatures in fibrotic tumours within a longitudinal HGSC cohort. 

Additionally, we present experimental findings elucidating matrix component-

dependent and stiffness-induced platinum resistance in both 2D and 3D 
cultures, as well as patient-derived organoids. These results strongly support the 

emerging concept that the stiff fibrotic ECM of tumours promote 

chemoresistance (147,377,378). Furthermore, they underscore the intricate 

interplay between cancer cell intrinsic mechanisms and TME-dependent 
chemoresistance mechanisms, as evidenced by chemotherapy-induced 

alterations in ECM remodelling and sensing. 
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Excessive ECM deposition and remodelling has been consistently observed in 

HGSC (147,379). Our systematic description of the previously undefined human 

HGSC matrisome, encompassing primary and metastatic tumours, pre- and 

post-chemotherapy states, emphasizes the role of both chemotherapy-induced 

changes and host tissue type in determining tumour ECM gene signatures. 
Notably, the evolving matrisome exhibits general features such as the expression 

and deposition of fibrillar collagens, leading to tissue stiffening and promoting 

chemoresistance across various cancer types (147,273). Consistent with these 

observations, our results demonstrate that increased stiffness, within the range 
detected in HGSC metastases, induces focal adhesion kinase (FAK)- and YAP-

dependent resistance to cisplatin-induced DNA damage accumulation, 

indicating implications for an apoptosis-protecting TME in Paper III. 

Fibronectin, extensively studied in cancer, is known to stimulate Ovarian Cancer 

cell proliferation and support cell adhesion and migration via the α5β1-
integrin/c-MET/FAK/Src pathway (380,381). On the other hand, the less studied 

COL6 has been suggested to act as an anti-apoptotic factor and associate with 

tumour progression and poor survival in solid pre-chemotherapy tumours, 

including breast and pancreatic cancers (6,382,383). Our IHC results reveal early 
fibrosis around micro-metastases, rich in COL6 and FN, which evolves into an 

extensive desmoplastic TME during disease progression. The roles of other ECM 

components such as Collagen V (COL5) and Collagen XI (COL11), as well as 

proteolytic enzymes like MMPs, remain subjects of future investigation. 
Nevertheless, in Paper III our findings indicate that stromal COL6 is strategically 

positioned to support growth and apoptosis evasion in early metastasis, 

encapsulating treatment-escaping residual micro-metastatic HGSC lesions. 

Previous studies have reported upregulation of COL6A3 in platinum-resistant 

OC cells in vitro, suggesting its potential as a marker predicting poor 
chemotherapy response and shortened survival (6,384–386). Mechanistically, 

Paper III revealed a platinum-induced, COL6-dependent migratory response 

coincident with enhanced COL6-mediated platinum resistance and alterations 

in cell adhesion signalling via the stiffness-dependent β1 integrin-pMLC and 
YAP/TAZ pathways. Despite reports suggesting decreased actomyosin activity 

(387,388), we show that in cells with COL6-induced chemoresistance, cisplatin 

enhances myosin activation, likely related to increased β1 integrin activation and 

focal adhesion formation. 
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The diverse cancer cell responses described in this study to ECM proteins 

emphasize the need for precision medicine approaches targeting ECM pathways 

in disease development and chemoresistance. While integrin blocking combined 

with chemotherapy has shown limited success, ongoing investigations into 

targeting adhesion signalling and COL6, including small molecule inhibitors of 
AKT and FAK, as well as antibody-based targeting against cleaved C5A fragment 

of COL6, hold promise (389–391). Paper III provides substantial evidence that 

ECM biochemical properties and biomechanical signalling critically influence 

cancer cell survival and chemotherapy resistance. Given the essential role of the 
stromal compartment in mediating tumour progression and chemotherapy 

resistance, future mechanistic investigations targeting COL6-mediated and/or 

stiffness-dependent signalling pathways are warranted. 

In conclusion of Paper I, Paper II, Paper III, these collective findings challenge 

conventional therapeutic approaches for uterine sarcomas and high-grade 
serous ovarian cancer. The characterization of tumours based on specific TME 

signatures based on immune cells-ECM crosstalk, collagen-related signalling 

pathways, and matrisome expression signatures provides a more precise 

approach to therapy than traditional histopathologic subtyping. The 
identification of potential therapeutic targets, such as FOXP3, MMP14 and COL6, 

underscores the need for personalized and targeted interventions. The study 

advocates for translational components in clinical trials to evaluate immune 

responses and therapeutic targets, independent of sarcoma subtype or cancer 
type. As we navigate the intricate interplay between tumours and their 

microenvironment, these insights pave the way for innovative therapeutic 

strategies, offering hope in the quest for effective treatments against these 

challenging gynaecological malignancies. 
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7 Conclusions 
The overall aim of this thesis was to provide new targets for improved 

treatments by understanding the mutual TME communication of ECM, stromal 
and immune cells in gynaecological cancers. The main conclusion could be 

summarized as follows:  

• Uterine sarcomas present distinct immune signatures with prognostic 
value, independent of tumour type 

• The prognostic analysis indicated that FOXP3+ T cell and M1-like 
macrophage densities were associated with improved overall survival. The 

study also introduced the concept of the CFR as a potential prognostic 

marker, with low CFR linked to better survival. The analysis of gene 
expression differences between tumours with high and low CFR 

highlighted alterations in ECM organization pathways.  

• The study identified a link between ECM signalling and distinct T cell 
populations. Tumours with high CFR showed upregulation of ECM-integrin 

interaction pathways, and ECM gene signature-positive tumours were 
associated with the presence of lymphovascular invasion.  

• The ECM is a potential regulator of the immune microenvironment in 
uterine sarcomas. 

• In contrast to LM, LMS tumours present low collagen density and 
increased expression of collagen-remodelling genes, features associated 

with tumour aggressiveness. 

• The activity of MMP14, a central protein with collagen-remodelling 
functions particularly overexpressed in LMS, is necessary for LMS cell 
proliferation. 

• uLMS tissues exhibit lower fibrillar collagen density compared to MM and 
LM tissues. 

• Collagen fibers in uLMS are shorter and more fragmented, with increased 
fiber endpoints and reduced hyphal growth unit (HGU). 

• Patients with uLMS and lower fibrillar collagen density (high matrix 
density-HDM) or higher fiber endpoints show a trend towards reduced 

overall survival. 

• Higher endpoints and lower HDM are associated with increased 
metastasis in uLMS patients. 
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• Increased MMP14 expression is observed in uLMS tissues, suggesting a 

role in collagen degradation. 

• MMP14 activity supports uLMS cell proliferation in collagen-rich 
microenvironments. 

• YAP, a mechanotransducer and regulator of cell proliferation, is highly 
active in uLMS cells. 

• YAP activity in uLMS cells is less dependent on substrate stiffness and 
collagen adhesion compared to normal MM and LM cells. 

• Inhibition of YAP reduces uLMS cell proliferation. 

• uLMS cells express higher levels of collagen receptors (DDR2, ITGA10, 
ITGB1) compared to MM and LM cells. 

• Active integrin β1 levels are increased in uLMS cells, potentially 
contributing to YAP activation. 

• uLMS cell migration is less affected by collagen substrate stiffness 
compared to LM cells. 

• LM cell migration speed is stiffness-dependent, while uLMS migration 

speed remains relatively constant across different stiffness levels. 

• The study suggests a link between the altered characteristics of fibrillar 
collagens, MMP14 activity, YAP activation, and the aggressive behaviour of 

uLMS tumours. 

• ECM biochemical properties and biomechanical signalling are critical 
factors in cancer cell survival and chemotherapy resistance. 

• The tumour stroma is the major source of ECM, which increased gene 
expression in the solid tumours correlate with decreased PFI and PFS. 

• Revealing an unexpected platinum-induced, ECM substrate dependent 
migratory response coincident with enhanced ECM-mediated platinum 
resistance and a change in cell adhesion signalling via the stiffness-

dependent pathways. 
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8 Points of perspective 
The exploration of USs and HGSC in Papers I, II, and III unveils a paradigm shift in 
our understanding of these aggressive malignancies. The emphasis on TME 

signatures, immune-ECM crosstalk, and collagen-related pathways challenges 

conventional histopathologic subtyping and calls for a more nuanced, 
personalized therapeutic approach. Papers I and III advocate for the integration 

of TME-guided precision strategies into clinical trials, acknowledging the diverse 

immune responses and therapeutic targets across different sarcoma subtypes. 

The identification of unique biomarkers like FOXP3, MMP14, and COL6 offers 
promising avenues for targeted interventions, with potential implications for 

overcoming chemotherapy resistance. 

Moreover, Paper II in-depth investigation into uLMS provides critical insights into 

the unexpected relationship between fibrillar collagen expression, tumour 

aggressiveness, and patient survival. The distinct role of YAP signalling in uLMS 

proliferation and its potential as a therapeutic target introduce novel dimensions 
to the understanding of uLMS behaviour. These findings challenge preconceived 

notions about the impact of collagen adhesion on cancer cell behaviour, 

highlighting the need for tailored therapeutic strategies in uLMS treatment. 

Paper III further expands our comprehension of the ECM’s role in cancer 

progression and chemotherapy resistance. The matrisome analysis in fibrotic 
tumours within HGSC sheds light on the complex interplay between ECM 

components and cancer cell responses. The identification of COL6 as a potential 

target, its involvement in chemoresistance, and the exploration of targeted 

inhibitors provide a roadmap for future investigations and precision medicine 
approaches. 

In conclusion, the triad of papers collectively sets the stage for a transformative 

era in the treatment of uterine sarcomas and high-grade serous ovarian cancer. 

The integration of TME signatures, collagen-related pathways, and matrisome 

analysis offers a comprehensive understanding of the intricate interplay 
between cancer cells and their microenvironment. These insights not only 

challenge existing therapeutic paradigms but also pave the way for personalized, 

targeted interventions that hold the promise of improved outcomes for patients 

facing these challenging malignancies. As we embark on this journey of 
discovery, the lessons learned from these studies provide a solid foundation for 
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future research and innovative clinical approaches in the fight against these 

formidable cancers. 
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γύρω μου. Με είδες στα καλύτερα και τα χειρότερα μου. Σε ευχαριστώ για την αγάπη 

και την υπομονή σου. Σε ευχαριστώ που με δέχεσαι για  αυτόν ακριβώς που είμαι και 
με υποστηρίζεις άνευ όρων. 
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