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Peroxisome proliferator-activated receptors (PPARs) are nuclear receptors and function as transcriptional factors involved in some chronic diseases such as lipid metabolism disorder and cancer, which include PPAR alpha, PPAR beta/delta, PPAR gamma. Among them, PPAR beta/delta has exhibited explicitly proangiogenic effects on physiological and pathological angiogenesis.

Angiogenesis has been known as a hallmark of cancer. PPAR beta/delta has been suggested to be involved in the regulation of the angiogenic switch in tumor progression. However, until now, it is still unclear to what extent the expression of PPAR beta/delta in tumor endothelium influences tumor progression and metastasis formation. Thus, we addressed this question using transgenic mice with conditional inducible vascular-endothelium specific PPAR beta/delta overexpression. We also induced syngenic tumors following specific PPAR beta/delta overexpression in endothelial cells. We observed higher tumor neovascularization and enhanced tumor growth and metastasis formation in tumors of animals with vascular-specific PPAR beta/delta overexpression. In order to identify potential downstream molecular targets of PPAR beta/delta in tumor endothelium, we sorted endothelial cells from the tumors and performed RNA sequencing. We identified platelet-derived growth factor B (PDGFB), platelet-derived growth factor receptor beta (PDGFR beta) and the receptor tyrosine kinase KIT (c-KIT) as new PPAR beta/delta dependent molecules by ChIP assay. Thus, we demonstrated that PPAR beta/delta activation, regardless of its action on different cancer cell types, promotes tumor progression and metastasis formation through enhancement of tumor angiogenesis.

ii Impact de l'expression vasculaire PPAR beta/delta sur la progression des tumeurs et la formation de métastases RÉSUMÉ Les récepteurs activés par les proliférateurs de peroxysomes (PPARs) sont des récepteurs nucléaires et fonctionnent comme des facteurs de transcription impliqués dans certaines maladies chroniques telles que le trouble du métabolisme lipidique et le cancer, qui incluent PPAR alpha, PPAR beta/delta, PPAR gamma. Parmi eux, PPAR beta/delta a montré des effets explicitement proangiogéniques sur l'angiogenèse physiologique et pathologique.

L'angiogenèse est connue pour être une caractéristique du cancer. Il a été suggéré que PPAR beta/delta était impliqué dans la régulation du commutateur angiogénique dans la progression tumorale. Cependant, jusqu'à présent, on ne sait toujours pas dans quelle mesure l'expression de PPAR beta/delta dans l'endothélium tumoral influence la progression tumorale et la formation de métastases. Ainsi, nous avons abordé cette question en utilisant des souris transgéniques avec une surexpression PPAR beta/delta spécifique de l'endothélium conditionnel inductible. Nous avons également induit des tumeurs syngéniques suite à une surexpression spécifique PPAR beta/delta dans les cellules endothéliales. Nous avons observé une néovascularisation tumorale plus élevée et une augmentation de la croissance tumorale et de la formation de métastases dans les tumeurs d'animaux avec une surexpression PPAR beta/delta spécifique vasculaire. Afin d'identifier des cibles moléculaires potentielles en aval de PPAR beta /delta dans l'endothélium tumoral, nous avons trié les cellules endothéliales des tumeurs et effectué le séquençage de l'ARN.

Nous avons identifié le facteur de croissance dérivé des plaquettes B (PDGFB), le récepteur beta du facteur de croissance dérivé des plaquettes (PDGFR beta) et le récepteur tyrosine kinase KIT (c-KIT) en tant que nouvelles molécules dépendantes de PPAR beta/delta par l'essai de ChIP. Ainsi, nous avons démontré que l'activation de PPAR beta/delta, quelle que soit son action sur différents types de cellules cancéreuses, favorise la progression tumorale et la formation de métastases grâce à l'amélioration de l'angiogenèse tumorale.
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Introduction

Chapter I Angiogenesis 1.1. Normal Angiogenesis and Tumor Angiogenesis

Angiogenesis is the physiological process through which new capillary networks can be formed from the pre-existing vasculature (Carmeliet, 2005;Carmeliet et al., 2011). This process is different from vasculogenesis which denotes de novo blood vessel formation (mostly during embryogenesis) in which endothelial progenitor cells migrate to sites of vascularization, differentiate into endothelial cells, and coalesce into the initial vascular plexus (Risau et al., 1995;Carmeliet et al., 2003). Angiogenesis refers to the development of new blood vessels from pre-existing capillaries. Vasculogenesis, is the process of blood vessel formation in the embryo, occurring by a de novo production of endothelial cells. Angiogenesis, is the formation of new capillary networks from the pre-existing vasculature. PC: Pericyte; SMC: Smooth muscle cell (Image modified from Carmeliet, 2005).

Molecular basis of angiogenesis

Apart from the interaction of pro-angiogenic factors and anti-angiogenic factors, angiogenesis is a cellular and molecular biological process involved with multiple mechanisms and multiple molecules including extracellular matrix (ECM) components, cell adhesion molecules (CAMs), matrix metalloproteinases (MMPs) and basement membrane (BM) components.

Angiogenesis occurs throughout life in both health and disease and relies on migration, proliferation, and differentiation of endothelial cells (ECs), which line the inside wall of blood vessels. During this process, the first step is the degradation of the vascular basement membrane, then vascular endothelial cells migrate into the surrounding matrix and proliferate and form solid sprouts connecting neighboring vessels.

Under the influence of various pro-angiogenic signals, such as growth factors and hypoxia, a fraction of previously quiescent vascular ECs can rapidly switch to an angiogenic state, and differentiate into specialized tip cells with a pro-migratory phenotype and vessel sprouting is initiated, whereas the following ECs, named as stalk cells, proliferate to elongate the branch, contribute to the structural integrity of nascent vessels, and form a vascular lumen. In this process, upon the stimuli of pro-angiogenic factors, such as VEGF (vascular endothelial growth factor), ECs lose their adherence junctions, then matrix metalloproteinases (MMPs) are activated to degrade extracellular matrix (ECM), which helps tip cells to extend and migrate around to form a long columnar filopodia, and guide the new sprout toward an angiogenic stimulus [START_REF] Bock | Role of endothelial cell metabolism in vessel sprouting[END_REF][START_REF] Potente | Basic and therapeutic aspects of angiogenesis[END_REF]. Upon formation of the new vessel, this undergoes stabilization and maturation, a process mainly mediated by intercellular adhesion and mural cell coverage including pericyte cells (PC) and vascular smooth muscle cells (SMC). surrounding environment, which is followed by the migrating column formed by proliferating ECs, the so-called stalk cells. (D) ECs sprouting and vascular lumen formation within stalk cells coalesce. (E) The newly forming vessel undergoes a process of stabilization and maturation that is mainly mediated by intercellular adhesion and mural cell coverage including PCs and SMCs (Image from [START_REF] Francavilla | The functional role of cell adhesion molecules in tumor angiogenesis[END_REF].

Tumor angiogenesis

Angiogenesis is a physiological and vital process in growth and development, in which pro-angiogenic factors and anti-angiogenic factors coordinate. Once the balance in the expression levels between pro-angiogenic and anti-angiogenic signal molecules is broken, causing angiogenesis in pathological conditions, such as diabetic retinopathy and tumor growth. For example, once the imbalance between pro-angiogenic and anti-angiogenic signaling molecules gradually comes to a point at which angiogenesis is triggered by tumor cells, then the socalled "angiogenic switch" of tumors is turned on (Bergers & Benjamin, 2003).

Angiogenesis is also a fundamental step by which most of benign tumors transit to malignant ones. When the growth and development of solid tumors exceed 1 mm 3 , they need to develop rapidly a new vascular network to supply nutrients, oxygen and immune cells, and also to remove waste products (McDougall et al., 2006). In this case, angiogenesis becomes an essential condition (Folkman, 1971;Figg & Folkman, 2008). Due to the abnormal structure and function of the vessels in the tumor tissue, and due to the fact that the vascular wall structure is imperfect in tumors, the microvasculature is prone to leakage. Thus, the tumor cells do not need to undergo a complicated invasion process and can directly penetrate into the blood vessels or lymphatic vessels to circulate through the intravascular system and then proliferate at another distant site, which represents the origin of metastasis formation (Folkman,1971). As a result of the intensive angiogenesis, most malignant tumors grow rapidly and have the ability to spread to adjacent or distant organs, which makes it life threatening.

Normal vasculature tissue comprises organized ECs forming a monolayer and mural cells. However, unlike normal vasculature, tumor blood vessels are structurally and functionally highly abnormal. Probably due to the high levels of pro-angiogenic factors secreted by tumor and stromal cells, such as VEGF, tumor vasculature is immature and unstable. ECs lining tumor vessels are disorganized and hypermigrative, and are seperated by weak, loose and irregular inter-endothelial junctions. The structural abnormalities lead to tumor blood vessels hyperpermeability, vascular leakage, poor tumor perfusion and increased hypoxia. Moreover, hypoxia is a major driver of tumor neovascularization. More invasive and aggressive cancer cells are selected under the hypoxic microenvironment and can escape from the tumor-killing action of immune cells. In addition, mural cells also demonstrate structural abnormalities, as they are loosely associated with ECs or detached from ECs, or even absent. In such conditions, the tumor vessel abnormalities further facilitate invasive tumor cells to metastasize in distant organs. Furthermore, the abnormal tumor perfusion impedes the delivery of chemotherapeutic drugs to tumor itself, thus largely reducing the efficacy of anti-tumor therapies [START_REF] Jain | Normalization of tumor vasculature: an emerging concept in antiangiogenic therapy[END_REF]De Bock et al., 2011;Carmeliet et al., 2011;[START_REF] Goel | Normalization of the vasculature for treatment of cancer and other diseases[END_REF]. Normal vasculature tissue comprises organizaed layers of ECs and pericytes. ECs line the inside wall of blood vessels, which are referred to as phalanx cells. Tumor vasculature is heterogeneous in size and shape, which is highly irregular and excessively branched. ECs lining tumor vessels are disorganized and are separated by wide and loose junctions. In addition, tumor vessels are covered by fewer pericytes which are detached from endothelial cells. This leads to tumor vascular leakage and increased permeability, therefore further facilitating invasive cancer cells to metastasize in distant organs (Image from [START_REF] Cantelmo | Vessel pruning or healing: endothelial metabolism as a novel target?[END_REF].

Molecular Mechanisms in Tumor Angiogenesis

Vascular endothelial growth factor and its receptos (VEGF/VEGFR)

Pro-angiogenic factors include protein growth factors and steroids secreted by vascular endothelial cells, tumor and stromal cells. A common feature of these factors is the ability to initiate and promote angiogenesis. Vascular endothelial growth factor (VEGF), is the most important and most studied of all the pro-angiogenic factors which have been discovered and identified so far. The VEGF glycoproteins family comprises 6 members, VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placenta growth factor (PIGF-1 and PIGF-2).

There also exist multiple isoforms of VEGF in tissues because of alternative pre-mRNA splicing of 8 exons. However, differential selection of terminal exon splice site determines the different fate of VEGFxxx isoforms, leading to 2 families of isoforms, the pro-angiogenic VEGF isoforms including VEGF121, VEGF165, VEGF189 and VEGF206, and the antiangiogenic isoforms such as VEGF121b, VEGF165b and VEGF189b. Among them, VEGF165 is in most angiogenic states, and is the most physiologically relevant and most frequently expressed isoform in tissues, with characteristics in between highly diffusible VEGF121 and ECM-bound VEGF189 [START_REF] Harper | VEGF-A splicing: The key to anti-angiogenic therapeutics?[END_REF][START_REF] Ladomery | Alternative splicing in angiogenesis: The vascular endothelial growth factor paradigm[END_REF].

VEGFs play different biological functions in embryonic development, physiological and pathological conditions, by binding to 3 different tyrosine kinases receptor (VEGFRs) including VEGFR1 (Flt1), VEGFR2 (Flk1/KDR) and VEGFR3 (Flt4). VEGFA plays the most important role during vasculogenesis and angiogenesis and stimulates directly ECs proliferation and migration (Nagy et al., 2007). During the angiogenic process, endothelial cells consist of tip cells in leading stage and stalk cells in vascular proliferation. The direction of migration of tip cells and of microtube formation are determined based on the VEGF concentration gradient. VEGF gradients mainly regulate the formation of tip cells filopodia and proliferation of stalk cells in microtubule branches (Gerhardt et al., 2003;Hellstrom et al., 2007). In addition to, VEGFA can also upregulate the expression of matrix metalloproteases (MMPs) involved in the degradation of extracellular matrix (ECM) and in ECs migration (Bergers et al., 2000).

Activation of VEGF/VEGFR signaling is essential for vascular homeostasis, canonical VEGF signaling through binding of VEGFR1/VEGFR2 to regulate cell survival and guide cell proliferation and cell migration [START_REF] Lee | Autocrine VEGF signaling is required for vascular homeostasis[END_REF].

VEGFR2 as the dominant signal directly involved in pathological neovascularization, plays the main role in promoting vascular permeability and ECs mitogenesis, which has therefore become an important target for drug therapy. Even though VEGF/VEGFR2 signaling is an important promoter of ECs function, it is also shown that VEGF/VEGFR2 plays a negative role in vessel maturation by inhibiting vascular smooth muscle cell (VSMC) function, and disrupting pericyte coverage [START_REF] Greenberg | A role for VEGF as a negative regulator of pericyte function and vessel maturation[END_REF].

In some conditions, VEGFR1 functions as an antagonistic receptor, which can prevent VEGFA binding to VEGFR2 [START_REF] Park | Placenta growth factor. Potentiation of vascular endothelial growth factor bioactivity, in vitro and in vivo, and high affinity binding to Flt-1 but not to Flk-1/KDR[END_REF]. But, VEGFR1 plays important role in haematopoiesis, which can recruit monocytes [START_REF] Barleon | Migration of human monocytes in response to vascular endothelial growth factor (VEGF) is mediated via the VEGF receptor flt-1[END_REF] and other bone marrow-derived cells into the tumor microenvironment (TME) to promote tumor angiogenesis. VEGFR-3 is an important regulator of lymphangiogenesis. Lymphangiogenesis is a similar biological process as angiogenesis through which the formation of new lymphatic vessels occurs from existing lymphatic ECs. A study displayed that in human cancers, a strong correlation between the levels of VEGFC/VEGFD expression and lymph node metastasis exists [START_REF] Cao | Direct role of PDGF-BB in lymphangiogenesis and lymphatic metastasis[END_REF][START_REF] Tobler | Tumor and lymph node lymphangiogenesis impact on cancer metastasis[END_REF].

VEGF signaling also may participate in tumor vascularization by recruiting endothelial progenitor cells (EPCs) to sites of neovascularization in adults.

Overexpression of VEGF has been linked to an aggressive phenotype in numerous cancers, such as breast cancer, which further contributes to tumor progression and poor prognosis in many carcinomas [START_REF] Konecny | Association between HER-2/ neu and vascular endothelial growth factor expression predicts clinical outcome in primary breast cancer patients[END_REF][START_REF] Foekens | High tumor levels of vascular endothelial growth factor predict poor response to systemic therapy in advanced breast cancer[END_REF][START_REF] Nakopoulou | Expression of the vascular endothelial growth factor receptor-2/Flk-1 in breast carcinomas: correlation with proliferation[END_REF][START_REF] Banerjee | Mechanisms of disease: angiogenesis and the management of breast cancer[END_REF].

There exist various vascular inhibitors, including anti-VEGF antibodies [START_REF] Ferrara | Angiogenesis as a therapeutic target[END_REF], anti-VEGFR antibodies [START_REF] Ellis | VEGF-targeted therapy: mechanisms of anti-tumor activity[END_REF], small molecule nucleic acids which specifically recognize VEGF, soluble VEGF receptors, and various small molecule inhibitors that target VEGF signaling pathway [START_REF] Ferrara | Angiogenesis as a therapeutic target[END_REF]. A. VEGF binds to different receptors involved in various critical biological process, VEGFR2 being the dominant signaling pathway in physiological and pathological vasculogenesis and angiogenesis. B. There are various monoclonal antibodies targeting the VEGF-A (a), the VEGF receptors (b,c), and soluble VEGF receptors (d). Small molecule VEGF RTK inhibitors that inhibit ligand-dependent receptor autophosphorylation of VEGFR1 and VEGFR2, and aptamers that bind to the heparinbinding domain of VEGF165, such as pegaptanib (e) (Image A left from [START_REF] Apte | VEGF in signaling and disease: beyond discovery and development[END_REF]; Image B right from [START_REF] Ferrara | Angiogenesis as a therapeutic target[END_REF].

1.2.2. Platelet-derived growth factor B and its receptor Platelet-derived growth factor beta (PDGFB/PDGFRB) PDGF/PDGFR signaling pathway is essential for tumor angiogenesis. The PDGF (platelet derived growth factor) family comprises 5 members (PDGF-A, -B, -AB, -C and -D), and there exist 3 types of PDGF receptors (PDGFR-A, -B and -AB). Many studies have shown that PDGF/PDGFR signaling plays various roles in cell growth, survival, cell proliferation and cell migration, therefore it has been implicated in different conditions and diseases including wound healing, angiogenesis and tumor [START_REF] Sato | Platelet-derived growth factor indirectly stimulates angiogenesis in vitro[END_REF][START_REF] Raica | Platelet-Derived Growth Factor (PDGF)/ PDGF Receptors (PDGFR) Axis as Target for Antitumor and Antiangiogenic Therapy[END_REF].

PDGF especially plays a critical role in the maintenance and maturation of the newly forming vascular wall by promoting pericyte recruitment, which consequently regulates vessel permeability and tumor vessel maturation in tumor angiogenesis. Reduction of up to 90% of the pericyte coverage in mice results in structural and functional abnormalities in the microvasculature, threatening embryonic and postnatal survival [START_REF] Enge | Endothelium-specific platelet-derived growth factor-B ablation mimics diabetic retinopathy[END_REF]. Previous studies have also shown that pericyte recruitment in developmental angiogenesis depends on endothelium-derived PDGFB and PDGFB receptor expression on pericytes (Lindahl et al., 1997;Hellström et al., 1999).

Additionally, studies have demonstrated long before that mice deficient for PDGFB died perinatally and displayed several renal, cardiovascular and hematological abnormalities (Levéen et al., 1994;[START_REF] Soriano | Abnormal kidney development and hematological disorders in PDGF beta-receptor mutant mice[END_REF].

Furthermore, in another in vivo study, a classical Pdgfb ret/ret mouse model also demonstrated that in mice transplanted into PDGFB retention motif deficient in the endogenous PDGFB protein, pericytes were fewer and were partially detached from the vessel wall in tumors, resulting in increased tumor vessel diameter and haemorrhage [START_REF] Abramsson | Endothelial and nonendothelial sources of PDGF-B regulate pericyte recruitment and influence vascular pattern formation in tumors[END_REF].

Thus, a defect in pericyte state caused by genetic deletion of PDGFB and PDGFRB leads to hemorrhage in early embryos, as a consequence of defective vascular development, and the formation of microvessels with many of the typical hallmarks of tumor vessels. The expression of PDGFRB is correlated with tumor progression and metastasis, and the inhibition of PDGFB/PDGFRB axis would theoretically diminish tumor development and invasion.

Furthermore, it is noteworthy that PDGF also can regulate indirectly angiogenesis by inducing VEGF secretion and transcription [START_REF] Wang | Induction of vascular endothelial growth factor expression in endothelial cells by platelet-derived growth factor through the activation of phosphatidylinositol 3-kinase[END_REF].

However, interestingly, it has been also demonstrated that in the presence of both VEGF and PDGF, VEGF-R2 can limit pro-angiogenic signals. Under conditions of PDGF-mediated angiogenesis, VEGF can inhibit the pericyte coverage of newly forming vessels, blood vessel maturation, and disrupt VSMCs function, leading to vessel destabilization. VEGF-mediated activation of VEGFR2 can suppress the PDGFRB signaling in VSMCs through the induction of the assembly of a receptor complex consisting of PDGFRB and VEGFR2.

Additionally, deletion of VEGF in tumor cells can also disrupt the PDGFRB/VEGFR2 complex formation, and then increase tumor vessel maturation (also mentioned above in VEGF part, [START_REF] Greenberg | A role for VEGF as a negative regulator of pericyte function and vessel maturation[END_REF]. Hence, there exists a specific antagonistic relationship between PDGF and VEGF during neoangiogenesis.

Importantly, previous studies have shown that PDGFBB can promote endothelial cell proliferation and tube formation and angiogenesis in vitro through specifically binding to PDGFR-beta, thus suggesting that PDGF may mediate amplified angiogenesis by directly activating PDGFR-beta expressed on endothelial cells [START_REF] Battegay | PDGF-BB modulates endothelial proliferation and angiogenesis in vitro via PDGF beta-receptors[END_REF]. In fact, it was initially reported that upregulation of PDGFR beta expression in vascular endothelial cells was associated with a malignant glioma phenotype, indicating its potential involvement in angiogenesis [START_REF] Hermansson | Endothelial cell hyperplasia in human glioblastoma: coexpression of mRNA for platelet-derived growth factor (PDGF) B chain and PDGF receptor suggests autocrine growth stimulation[END_REF].

Furthermore, genetic ablation of Pdgfb in endothelial cells in vivo resulted in organ defects in development including cardiac, placental and renal abnormalities similar to those observed in complete Pdgfb null mice (Bjarnegard et al., 2004). However, interestingly, in contrast to the embryonic lethality in Pdgfb null mice, most of the endothelium-specific Pdgfb knockout mice can survive until into adulthood with persistent microvascular pathologies such as brain microhemorrhages and kidney glomerulus abnormalities, clarifying the role of endothelial-derived PDGFB expression during development and possibly providing a model to address a role of pericytes in the microvasculature of adult mice (Bjarnegard et al., 2004). These observations also suggest that mice can tolerate up to 90% pericyte loss and survive into adulthood without severe organ dysfunction but die during embryonic stage due to the more extensive pericyte loss (Bjarnegard et al., 2004).

Moreover, the overexpression of PDGFR beta has been shown to promote PDGF-induced endothelial progenitor cells (EPCs) proliferation, migration and angiogenesis via activation of PI3K/Akt signaling pathway (Wang et al., 2012). In fact, it has been previously demonstrated that the interaction between PDGFBB and PDGFR beta can induce PDGFR phosphorylation and activate PI3K [START_REF] Heldin | Signal transduction via platelet-derived growth factor receptors[END_REF]. And PI3K signal cascade activation can promote various cellular process including cell survival, proliferation and angiogenesis [START_REF] Cantley | The phosphoinositide 3-kinase pathway[END_REF].

PDGF receptor signal transduction has been suggested to be involved in various tumor-associated processes such as tumor angiogenesis and tumor fibroblasts recruitment and regulation [START_REF] Ostman | PDGF receptors-mediators of autocrine tumor growth and regulators of tumor vasculature and stroma[END_REF]. PDGFR beta has been shown

previously to promote early endothelial cell differentiation and regulate vascular or hematopoietic development [START_REF] Rolny | Platelet-derived growth factor receptorbeta promotes early endothelial cell differentiation[END_REF]. Subsequently, it was shown that PDGFR beta constitutive activity promoted angiogenesis in vivo and in vitro (Magnusson et al., 2007). Moreover, teratomas generated from Pdgfrb D849V/+ ES cells in nude mice were more densely vascularized compared with wild-type ES cells-derived teratomas. And it was also suggested that the increased PDGFR beta kinase activity is associated with elevated expression of VEGFA and VEGFR2, directly acting on ECs and leading to enhanced vessel formation (Magnusson et al., 2007).

Another study also firstly described an interplay between angiogenic factors FGF2 and PDGF-BB that synergistically promoted murine tumor neovascularization and metastasis (Nissen et al., 2007). The interaction between different angiogenic factors in the tumor microenvironment (TME) may result in the formation of disorganized and primitive vasculatures that further facilitate tumor growth and metastasis in mice (Nissen et al., 2007;[START_REF] Cao | Regulation of tumor angiogenesis and metastasis by FGF and PDGF signaling pathways[END_REF]. And subsequently, it was further shown that FGF2 induced PDGFR beta expression in the newly forming blood vessels, and PDGFR beta receptor was suggested to be required for vascular stability (Zhang et al., 2009) [START_REF] Xue | PDGF-BB modulates hematopoiesis and tumor angiogenesis by inducing erythropoietin production in stromal cells[END_REF]. The telomeric protein TRF2 has been demonstrated to regulate angiogenesis via direct transactivation of PDGFR beta (EI Maï et al., 2014). This also further indicates the important role of PDGFBB and PDGFR beta in promotion of neovascularization and re-endothelialization via stimulation on EPCs (Wang et al., 2012). Ovarian PDGFB administration has been shown to patially restore follicular development and improve ovarian angiogenesis in a rat model with PCOS (polycystic ovary syndrome) (Di [START_REF] Pietro | Local administration of platelet-derived growth factor B (PDGFB) improves follicular development and ovarian angiogenesis in a rat model of polycystic ovary syndrome[END_REF].

Most recently, a study has shown that lymphatic endothelial cells (LEC)specific deletion of Pdgfb in vivo can prevent smooth muscle cell (SMC) recruitment to dermal collecting lymphatics, resulting in vessel dilation (Wang et al., 2017). PDGFB has been considered to be required for SMC recruitment to large diameter vessels, but LEC-specific overexpression of Pdgfb is not sufficient to induce SMC recruitment to lymphatic capillaries (Wang et al., 2017). [START_REF] Paulsson | Prognostic significance of stromal plateletderived growth factor beta-receptor expression in human breast cancer[END_REF][START_REF] Seymour | Tissue platelet derived-growth factor (PDGF) predicts for shortened survival and treatment failure in advanced breast cancer[END_REF].

PDGF and its receptor may also affect cancer growth and progression by directly acting on TME. And at this point, some studies have focused on the role of PDGF receptor signals in cancer-associated fibroblasts (CAFs) that are responsible for deposition and remodeling of ECM components in tumor stromal matrix (Gialeli et al., 2014). CAFs, as primary or metastatic tumor stroma, is an important component in tumor formation and progression [START_REF] Shan | Prometastatic mechanisms of CAF-mediated EMT regulation in pancreatic cancer cells[END_REF]. It has been shown that PDGF-activated CAFs upregulates the expression of the pro-apoptotic protein Puma, which causes Puma-dependent binding of Bak to Bcl-2 and the pro-apoptotic change of Bak, leading to enhanced cell apoptosis in vivo (Rizvi et al., 2014).

In addition, PDGF as important growth and survival factor, has been suggested to be involved in the CAF-cancer cell crosstalk which may affect the radiation protective effects of cancer cells (Chu et al., 2014 (Yang et al., 2016).

Lu et al. demonstrated that PDGF-BB expression was increased

significantly in HepG2 cells under hypoxic conditions. It has been suggested that hypoxia-induced HCC-derived PDGF-BB stimulates the accumulation and proliferation of HSCs in the tumor stroma, and enhances VEGFA expression in HSCs, possibly leading to the promotion of angiogenesis in HCC [START_REF] Lu | Hypoxia-induced secretion of platelet-derived growth factor-BB by hepatocellular carcinoma cells increases activated hepatic stellate cell proliferation, migration and expression of vascular endothelial growth factor-A[END_REF]. In fact, PDGF-BB has also been previously reported to affect the angiogenic properties of HSCs during liver fibrosis [START_REF] Jia | Epimorphin promotes human hepatocellular carcinoma invasion and metastasis through activation of focal adhesion kinase/extracellular signal-regulated kinase/matrix metalloproteinase-9 axis[END_REF]. Most recently, PDGFR beta has also been indicated to promote the migration and invasion of human pterygial fibroblasts via activation of the ERK/MMP-1 signaling pathway [START_REF] Mai | Targeting platelet-derived growth factor receptor beta inhibits the proliferation and motility of human pterygial fibroblasts[END_REF]. Moreover, it has been further suggested that specific targeting of PDGFR beta kinase activity in the TME can inhibit tumor growth and vascularization in tumors with high PDGF-BB expression such as LLC and B16/PDGF-BB (Tsioumpekou et al., 2020).

Based on the evidence provided by many previous studies, PDGF/PDGFR has undoubtedly become a valid anti-tumor target in drug development. PDGFR inhibitors and PDGFR-targeting monoclonal antibodies have been developed in some clinical studies. However, further development will be still essential to improve response to drug treatment and resistance of PDGFR-directed cancer therapies.

In conclusion, given the crucial role of PDGFB/PDGFRB in endothelial cells, EPCs, and pericyte and SMC recruitment, PDGFB/PDGFRB has been suggested to be involved in neovascularization as key angiogenic factors.

Basic fibroblast growth factor (bFGF)

Basic fibroblast growth factor (bFGF/ FGF2/ FGFB) is encoded by the FGF2 gene, which belongs to the FGF proteins family (Kim,1998). bFGF, first identified in mouse pituitary extracts, can promote mouse 3T3 cell growth (Gambarini & Armelin,1982). bFGF, located in sub-endothelial ECM and BM of blood vessels, functions as angiogenic peptides and broadly regulates cell survival, cell proliferation and migration [START_REF] Montesano | Basic fibroblast growth factor induces angiogenesis in vitro[END_REF]. Additionally, bFGF can stimulate ECM degradation, ECs proliferation and migration in the angiogenic process [START_REF] Presta | Fibroblast growth factor/fibroblast growth factor receptor system in angiogenesis[END_REF].

bFGF can also directly regulate angiogenesis by binding to its receptor, hence promoting subsequent biological processes such as wound repair.

Importantly, it has been reported that bFGF is overexpressed in many tumor types and promotes tumor progression and metastasis (Figg & Folkman, 2008).

High levels of bFGF are also correlated largely with the extent of disease and clinical status, and correlate with poor prognosis in patients with cancer. And it has been shown that the treatment with anti-bFGF drugs can prevent the tumor formation. Thus, bFGF-based cancer therapy may be another desirable therapeutic approach [START_REF] Nguyen | Elevated levels of an angiogenic peptide, basic fibroblast growth factor, in the urine of patients with a wide spectrum of cancers[END_REF][START_REF] Hu | Prognostic Value of Basic Fibroblast Growth Factor (bFGF) in Lung Cancer: A Systematic Review with Meta-Analysis[END_REF].

Cell adhesion molecules (CAMs)

Cell adhesion molecules (CAMs) are glycoproteins on the cell surface which mediate the interactions between adjacent cells and between cells and the surrounding extracellular matrix (ECM). The adhesion interactions of cell-to-cell and cell-to-ECM play a key role in angiogenesis, and members of CAMs are strongly involved in the each step of tumor vascularization by mediating the adhesion interactions and participating in related intracellular signaling pathways involved in the maturation of newly forming vessels [START_REF] Stromblad | Cell adhesion and angiogenesis[END_REF][START_REF] Ramjaun | The role of cell adhesion pathways in angiogenesis[END_REF].

Under the stimuli of pro-angiogenic factors, the functional state of ECs will change and some of them will acquire the specialized properties to convert into endothelial tip cells and/or stalk cells. Tip cells are the main leaders in the process of vessel sprouting, which are crucially involved in the degradation of BM, changes in adhesive properties of ECs and ECs migration [START_REF] Hillen | Tumour vascularization: sprouting angiogenesis and beyond[END_REF]. Changes in the ECs adhesive capacity are mainly due to the dynamic regulation of CAMs involved in multiple angiogenic steps. In addition, ECs also need to degrade the ECM (Folkman,1971), then proliferate, arrange themselves and migrate into the perivascular space. During this initial phase, ECs need to adhere to one to another and to the ECM to construct and extend the primary neo-forming vessels.

Cell adhesion molecules include four families: integrins, cadherins, immunoglobulin superfamily members and selectins. Among them, integrins are the major members of CAMs responsible for adhesion interactions between cells and the ECM. Apart from helping cell anchor to the matrix, integrins can also connect to the cell cytoskeleton. Hence, the integrin binding indeed plays a critical role in a variety of cellular biological process, such as cell adhesion, cell migration and cell cytoskeletal organization [START_REF] Karimi | Integrin Clustering Matters: A Review of Biomaterials Functionalized with Multivalent Integrin-Binding Ligands to Improve Cell Adhesion, Mgration, Differentiation, Angiogenesis and Biomedical Device Integration[END_REF]. 

Integrins

Integrins play a critical role in tumor angiogenesis, tumor progression and metastasis. The adhesion interactions between ECs and ECM proteins, are mainly mediated by integrins expressed on cell surface [START_REF] Weis | Evaluating integrin function in models of angiogenesis and vascular permeability[END_REF]. Integrins can bind to ECM proteins specifically such as collagen, laminin, fibronectin, and vitronectin. Integrins have been implicated in both angiogenesis and vasculogenesis. Previous studies have demonstrated that endothelial -specific knockout of various integrin α and β subunits results in embryonic lethality, indicating the important role of integrins in angiogenesis, therefore called the "key" to switch on angiogenesis [START_REF] Giancotti | Integin signaling[END_REF]. The interactions with ECM proteins can promote integrin clustering and subsequent integrinmediate intercellular signal transduction pathways. Integrin binding has become an essential step in multiple intracellular signaling pathways [START_REF] Humphries | Integrin ligands at a glance[END_REF][START_REF] Hynes | Integrins: bidirectional, allosteric signaling machines[END_REF]. Integrins have been identified as a common target in cellspecific adhesion where they promote different cellular functions. Most recently, several reviews have shown the details that integrins can activate the principal signal transduction pathways relevant in cancer initiation and tumor angiogenesis, tumor progression and metastasis, including the the Rho family

GTPases, phosphoinositid-3-kinase (PI3K)/AKT, the Rat Sarcoma (RAS)mitogen activated protein kinases (MAPKs) and the Nuclear Factor kappa B (NF-κB) pathways [START_REF] Thorpe | PI3K in cancer: Divergent roles of isoforms, modes of activation and therapeutic targeting[END_REF][START_REF] Montor | Receptor tyrosine kinases and downstream pathways as druggable targets for cancer treatment: The current arsenal of inhibitors[END_REF][START_REF] Tang | PKB/Akt-dependent regulation of inflammation in cancer[END_REF][START_REF] Yaeger | Targeting Alterations in the RAF-MEK Pathway[END_REF][START_REF] Cooper | Integrin Signaling in Cancer: Mechanotransduction, Stemness, Epithelial Plasticity and Therapeutic Resistance[END_REF]. But there are still some previous studies that need to be elaborated as below.

Focal adhesions (FAs/ cell-matrix adhesions) are the principle structures in promoting the interaction of cells with the ECM [START_REF] Petit | Focal adhesions: structure and dynamics[END_REF][START_REF] Burridge | Focal adhesions: transmembrane junctions between the extracellular matrix and the cytoskeleton[END_REF], as the important signal transduction centers, through which integrins can transduce signals from the ECM to regulate cell survival, cell growth and invasion [START_REF] Wozniak | Focal adhesion regulation of cell behavior[END_REF]. Focal adhesion kinase (FAK) locates in focal adhesions structures and plays a crucial role in integrin-mediated signal transductions, which also is involved in signaling pathways by other cell surface receptors [START_REF] Zhao | Focal adhesion kinase and its signaling pathways in cell migration and angiogenesis[END_REF]. Cancer cell metastasis is a dynamic and multistep process in which turnover of focal adhesions is an essential and necessary step [START_REF] Ridley | Cell migration: integrating signals from front to back[END_REF][START_REF] Lauffenburger | Cell migration: a physically integrated molecular process[END_REF]. There exists excessive activation of FAK in multiple human cancers [START_REF] Cohen | Mechanisms of focal adhesion kinase regulation[END_REF][START_REF] Golubovskaya | Focal adhesion kinase and p53 signaling in cancer cells[END_REF][START_REF] Mclean | The role of focal adhesion kinase in cancer-a new therapeutic opportunity[END_REF]. Active FAK can promote cancer cell migration through several downstream signaling pathways such as Src, or PI3K mediated pathways [START_REF] Zhao | Focal adhesion kinase and its signaling pathways in cell migration and angiogenesis[END_REF].

Integrins can interact with focal adhesion kinase (FAK) or non-receptor tyrosine kinase Src through the intracellular domain to regulate the Rho A signaling pathway. It can also be linked to the cytoskeleton via binding proteins such as actinin [START_REF] Lo | Focal adhesions: what's new inside[END_REF][START_REF] Mitra | Integrin-regulated FAK-Src signaling in normal and cancer cells[END_REF]. Integrin β1 subunit can directly activate FAK through the cytoplasmic tail domain [START_REF] Schaller | Focal adhesion kinase and paxillin bind to peptides mimicking beta integrin cytoplasmic domains[END_REF].

Studies have demonstrated that endothelial specific deletion of FAK resulted in a mid-late embryonic lethal phenotype due to largely impaired blood vessel development [START_REF] Shen | Conditional knockout of focal adhesion kinase in endothelial cells reveals its role in angiogenesis and vascular development in late embryogenesis[END_REF]. Src is one of the targets of FAK that functions during angiogenesis. The integrin-induced Src pro-angiogenic activity has been observed in ECs [START_REF] Courter | Src kinase activity is required for integrin alphaVbeta3-mediated activation of nuclear factor-kappa B[END_REF][START_REF] Zaric | Integrin-mediated adhesion and soluble ligand binding stabilize COX-2 protein levels in endothelial cells by inducing expression and preventing degradation[END_REF]. Because VEGF receptor-mediated signaling can also activate Src and induce the interaction between FAK and integrins through the phosphorylation of FAK [START_REF] Eliceiri | Srcmediated coupling of focal adhesion kinase to integrin alphaVbeta5 in vascular endothelial growth factor signaling[END_REF], which makes the signal transduction of FAK-Src even more complex.

PI3-kinase is another key target of FAK in ECs. A previous study has shown that embryonic death between E9.5 and E10.5 can be induced in mice due to the deletion of PI3-kinase [START_REF] Bi | Proliferative defect and embryonic lethality in mice homozygous for a deletion in the p110alpha subunit of phosphoinositide 3-kinase[END_REF]. And It has been also demonstrated also that an endothelial-specific deletion of PI3-kinase isoform can largely reduce ECs migration and impair angiogenesis [START_REF] Graupera | Angiogenesis selectively requires the p110alpha isoform of PI3K to control endothelial cell migration[END_REF]. In addition, PI3-kinase also plays a key mediator function during lymphangiogenesis. It has been demonstrated also that there was a developmental lymphangiogenic defect caused by the breakdown of the interaction between PI3-kinase and its activator, Ras [START_REF] Gupta | Binding of ras to phosphoinositide 3-kinase p110alpha is required for ras-driven tumorigenesis in mice[END_REF].

Integrins-induced PI3-kinase activity functions through the well-established AKT-mTOR-4E-BP1 pathway and controls cap-dependent translation, which plays a key role in ECs survival and proliferation [START_REF] Sudhakar | Human tumstatin and human endostatin exhibit distinct antiangiogenic activities mediated by alphaV beta 3 and alpha 5 beta 1 integrins[END_REF]. Forkhead box protein O1 (FOXO1), a downstream target of the PI3-kinase/AKT signaling pathway, has also been shown to be involved in angiogenesis. FOXO1, globally deleted in mice, can lead to embryonic lethality at E11 due to impairment of the vascular development [START_REF] Furuyama | Abnormal angiogenesis in Foxo1 (Fkhr)-deficient mice[END_REF]. The activity of PI3-kinase induced can lead to the activation of PLC-γ/PKC cascade in addition to activation of Rac1 and NF-kB [START_REF] Tzima | Activation of Rac1 by shear stress in endothelial cells mediates both cytoskeletal reorganization and effects on gene expression[END_REF][START_REF] Sasamoto | Mechanotransduction by integrin is essential for IL-6 secretion from endothelial cells in response to uniaxial continuous stretch[END_REF].

Another important signal transduction involved in angiogenesis is the ERK/ MAP pathway. The activation of RAF, MEK and ERK can be induced indirectly by integrin combination to fibronectin [START_REF] Sudhakar | Human tumstatin and human endostatin exhibit distinct antiangiogenic activities mediated by alphaV beta 3 and alpha 5 beta 1 integrins[END_REF], and it also has been reported that integrin can directly activate ERK [START_REF] Roberts | ERK1 associates with alphaV beta 3 integrin and regulates cell spreading on vitronectin[END_REF], which initiates the cascade of ERK signaling pathway. A previous study has shown that MEK1-deficient mice died at E10.5 due to extensive developmental vascular defects [START_REF] Giroux | Embryonic death of Mek1-deficient mice reveals a role for this kinase in angiogenesis in the labyrinthine region of the placenta[END_REF]. FAK may also play a role in associating integrin activity with growth factor-induced ERK signaling [START_REF] Hood | Differential alphav integrin-mediated Ras-ERK signaling during two pathways of angiogenesis[END_REF].

Currently, it has been shown that the activation of the RAS/RAF/MEK/MAPK cascade can promote cancer cell survival, proliferation, invasion and angiogenesis by regulating gene transcription [START_REF] Martinelli | Cancer resistance to therapies against the EGFR-RAS-RAF pathway: The role of MEK[END_REF]. MEK1/2 has been considered as a transducer of the growth factor receptor (such as EGFR) /RAS/ RAF/ MAPK signaling cascade, which is related to the development and progression of human cancers [START_REF] Martinelli | Cancer resistance to therapies against the EGFR-RAS-RAF pathway: The role of MEK[END_REF].

Integrins are formed by heterodimers composed of alpha-subunits and beta-subunits. The important involvement of αvβ integrins in angiogenesis was elucidated firstly in 1994 (Brooks et al., 1994). Currently, it has been observed that there exists a differential expression of integrins in cancer cells and the healthy tissues, especially of α3β1, α4β1, αvβ5, αvβ6, αvβ8, α6β4, α5β1 and αvβ3 [START_REF] Nieberler | Exploring the Role of RGD-Recognizing Integrins in Cancer[END_REF]. Integrins implicated in tumor angiogenesis mainly includes αvβ5, α2β1, αvβ3 and α5β1. Currently, many experimental studies have demonstrated that the inhibition of α1β1, α2β1 and α5β1 can suppress tumor angiogenesis and reduce tumor growth [START_REF] Ruegg | Vascular integrins: Therapeutic and imaging targets of tumor angiogenesis[END_REF][START_REF] Jahangiri | Beta integrin: Critical path to antiangiogenic therapy resistance and beyond[END_REF].

Among of the many integrins identified, αvβ3 was the first integrin reported to be preferentially expressed in angiogenic endothelial cells (Brooks et al., 1994), subsequently considered to be strongly involved in angiogenesis. Integrin αvβ3 was selectively expressed on tumor vessels but not on quiescent blood vessels in normal cells. Integrin αvβ3 can interact with matrix metalloproteinase-2 (MMP2) [START_REF] Brooks | Localization of matrix metalloproteinase MMP-2 to the surface of invasive cells by interaction with integrin alpha-v/beta-3[END_REF] to promote tip cells migration, which plays an important role in the initiation of tumor angiogenesis. It has been shown also that integrin αvβ3 expressed on lymphokine-activated killer cells can bind to platelet endothelial cell adhesion molecule (PECAM1/ CD31) [START_REF] Piali | CD31/PECAM-1 is a ligand for alpha-v/beta-3 integrin involved in adhesion of leukocytes to endothelium[END_REF], a member of the immunoglobulin superfamily that plays various roles in cell adhesion and angiogenesis. Integrin αvβ3 as the receptor of ECM component vitronectin, mediates the adhesion of ECs-to-ECM to promote ECs survival. It has been shown that the binding of αvβ3 to vitronectin can protect ECs from apoptosis through the activation of the FAK/ PI3K/ AKT signaling cascade, ERK and NF-kB signaling pathways [START_REF] Scatena | NF-kappaB mediates alpha v beta3 integrin-induced endothelial cell survival[END_REF][START_REF] Wang | Fibronectin promotes brain capillary endothelial cell survival and proliferation through alpha5beta1 and alphavbeta3 integrins via MAP kinase signalling[END_REF].

Apart from angiogenesis, integrin αvβ3 also can be expressed in many cell types such as tumor cells, leukocytes, fibroblasts and smooth muscle cells, and may bind to different ligands in many settings hence to mediate different biological processes.

Integrin α5β1, the fibronectin receptor, is another key player in ECs adhesion signal transduction. It has been shown that α5β1 is up-regulated during angiogenesis [START_REF] Kim | Inhibition of endothelial cell survival and angiogenesis by protein kinase A[END_REF], which can activate intracellular signal transduction and protect ECs from apoptosis, and further regulate ECs proliferation and migration. Studies in mice also demonstrated that antagonists of α5β1 can inhibit angiogenesis further leading to tumor regression [START_REF] Kim | Regulation of angiogenesis in vivo by ligation of integrin alpha5 beta1 with the central cell-binding domain of fibronectin[END_REF]. Integrin α5β1 can also activate the FAK/RAF/MEK/ERK signal transduction and the P38 signaling pathways [START_REF] Sudhakar | Human tumstatin and human endostatin exhibit distinct antiangiogenic activities mediated by alphaV beta 3 and alpha 5 beta 1 integrins[END_REF][START_REF] Wang | Fibronectin promotes brain capillary endothelial cell survival and proliferation through alpha5beta1 and alphavbeta3 integrins via MAP kinase signalling[END_REF]. The deletion of relevant elements of the P38 pathway caused developmental vascular defects in an in vivo mouse model [START_REF] Mudgett | Essential role for p38 alpha mitogenactivated protein kinase in placental angiogenesis[END_REF].

As well as the αvβ3, α5β1 can also regulate ECs proliferation via PI3kinase and ERK signaling pathways [START_REF] Wilson | Fibronectin fragments promote human retinal endothelial cell adhesion and proliferation and ERK activation through alpha5 beta1 integrin and PI3-kinase[END_REF]. α5β1 has been considered to be involved in the vascular remodeling and maturation of newly forming vessels [START_REF] Ramjaun | The role of cell adhesion pathways in angiogenesis[END_REF]. Additionally, integrin α1β1 and α2β1 have been shown to be upregulated by VEGF-mediated during early phases of tumor angiogenesis [START_REF] Hong | VEGF-A promotes tissue repair-associated lymphatic vessel formation via VEGFR-2 and the alpha1 beta1 and alpha2 beta1 integrins[END_REF]. Their binding to both collagens and laminins, can protect ECs from apoptosis and enhance EC proliferation through growth factor induced ERK signaling [START_REF] Perruzzi | Functional overlap and cooperativity among alpha v and beta1 integrin subfamilies during skin angiogenesis[END_REF][START_REF] Senger | The alpha1 beta1 and alpha2 beta1 integrins provide critical support for vascular endothelial growth factor signaling, endothelial cell migration and tumor angiogenesis[END_REF]. Integrin αvβ5 binding to vitronectin, can promote ECs survival and proliferation also again via the growth factor-activated ERK pathway [START_REF] Perruzzi | Functional overlap and cooperativity among alpha v and beta1 integrin subfamilies during skin angiogenesis[END_REF], and it can also enhance ERK signal transduction downstream of the VEGF receptor [START_REF] Hood | Differential alphav integrin-mediated Ras-ERK signaling during two pathways of angiogenesis[END_REF]. Integrin α6β4, the laminin-5 receptor, has also been involved in angiogenesis through the activation of the ERK and NF-kB signaling pathways to promote ECs migration [START_REF] Nikolopoulos | Integrin beta4 signaling promotes tumor angiogenesis[END_REF]. Finally, even if integrinmediated cell-cell and cell-ECM adhesion play an extremely important role in tumor angiogenesis, the other CAMs also function as a necessary part.

Cadherins

The cadherin family are calcium-dependent CAMs responsible for cell-tocell recognition and cell-to-tissue adhesion [START_REF] Yagi | Cadherin superfamily genes: functions, genomic organization and neurologic diversity[END_REF][START_REF] Gumbiner | Regulation of cadherin-mediated adhesion in morphogenesis[END_REF]. The classic cadherins, calcium-dependent homophilic adhesion molecules, have been considered to be linked to specific junctional structures, namely "adherens junctions" (AJs) [START_REF] Niessen | Molecular components of the adherens junction[END_REF]. Cadherins anchoring to the actin cytoskeleton can stabilize the junctional structure, maintain cell morphology and control cell motility [START_REF] Francavilla | The functional role of cell adhesion molecules in tumor angiogenesis[END_REF]. The expression of cadherins is tissue specific. E-cadherin is mostly expressed in epithelial cells, N-cadherin in ECs, smooth muscle cells, fibroblasts and the nervous system [START_REF] Gumbiner | Regulation of cadherin-mediated adhesion in morphogenesis[END_REF][START_REF] Cavallaro | Endothelial cadherins and tumor angiogenesis[END_REF]. Vascular endothelial (VE)-cadherin, also known as cadherin-5 (CDH5/ CD144), is an endotheliumspecific adhesion molecule located at adherens junctions in endothelial cells and plays an important role in regulating vascular permeability, which is also a potential target for tumor angiogenesis [START_REF] Dejana | The role of adherens junctions and VEcadherin in the control of vascular permeability[END_REF]. VE-cadherin can associate with VEGFR2 and modulate its signaling pathways. It has been shown

that the absence of VE-cadherin can cause endothelial cell growth regulated by VEGFR2 in an uncontrolled way, affecting the process of vascular development [START_REF] Zanetti | Contact inhibition of VEGFinduced proliferation requires vascular endothelial cadherin, beta-catenin, and the phosphatase DEP-1/CD148[END_REF]. The interaction between VE-cadherin and the cytoskeleton can mediate strong cell-cell adhesion [START_REF] Dejana | The role of adherens junctions and VEcadherin in the control of vascular permeability[END_REF]. Many experimental studies have suggested the potential involvement of VE-cadherin in tumor angiogenesis, and the specific antibodies have long been shown to suppress cancer vascularization and tumor growth [START_REF] Corada | A monoclonal antibody to vascular endothelial-cadherin inhibits tumor angiogenesis without side effects on endothelial permeability[END_REF]Liao et al., 2002).

It is important to note that E-cadherin, also known as CDH1, has a crucial role in epithelial cell behavior and cancer suppression (Van Roy & Berx, 2008).

N-cadherin is commonly found in cancer cells and provides a trans-endothelial mechanism in EMT process. Loss of function of E-cadherin has been largely linked to cancer cell invasion and tumor metastasis (Beavon, 2000;Cheung et al., 2013). p120, p120-catenin; α, α-catenin; β, β-catenin. VE-cadherin can mediate intercellular adhesion through trans-interactions formed by its extracellular domain, its cytoplasmic domain anchoring to the actin cytoskeleton via α-and β-catenins, which leads to the stabilization of VE-cadherin at cell-cell junctions. The cytoplasmic tail of VE-cadherin binding to p120-catenin and β-catenin, β-catenin further interacts with α-catenin, which associates with the actin cytoskeleton (Image from [START_REF] Rho | Dynamic regulation of vascular permeability by vascular endothelial cadherin-mediated endothelial cell-cell junctions[END_REF].

B. Signal transduction pathways involved in VEGF-mediated phosphorylation and increased vascular permeability.

VEGF stimulating VEGFR2 can induce vascular permeability through activation of nonreceptor tyrosine kinase Src. T cell-specific adaptor (TSAd) binding to phosphor-Y951 The phosphorylation of VE-cadherin and its associated catenins can cause dissociation of the VE-cadherin/catenin complex, which finally leads to the increased vascular permeability [START_REF] Rho | Dynamic regulation of vascular permeability by vascular endothelial cadherin-mediated endothelial cell-cell junctions[END_REF] (Image from [START_REF] Rho | Dynamic regulation of vascular permeability by vascular endothelial cadherin-mediated endothelial cell-cell junctions[END_REF]. MCAM (CD146/ MUC18) was initially identified as a marker of melanoma progression, and also shown to play a key role in melanoma progression and metastasis [START_REF] Shih | Isolation and functional characterization of the A32 melanoma-associated antigen[END_REF]. It was also reported in the same year that MCAM was overexpressed in tumor blood vessels and its upregulation largely correlated to tumor angiogenesis. It has been also shown that expression of CD146 not only exists on melanoma cells but also on the vascular ECs of primary and metastatic melanomas, indicating a complex role of CD146 involved in tumor angiogenesis, tumor progression and metastasis [START_REF] Sers | MUC18, a melanoma-progression associated molecule, and its potential role in tumor vascularization and hematogenous spread[END_REF]. Later, a study in 2003 further demonstrated that MCAM may exert a critical role in angiogenesis of multiple tumor types and it had been clearly identified as a target for inhibition of tumor angiogenesis [START_REF] Yan | A novel anti-CD146 monoclonal antibody, AA98, inhibits angiogenesis and tumor growth[END_REF]. MCAM has also been shown to inhibit EC proliferation, adhesion and migration, implicating its potential involvement in the initial steps of angiogenesis and a crucial role in vascular EC behaviour [START_REF] Kang | Knockdown of CD146 reduces the migration and proliferation of human endothelial cells[END_REF]. MCAM has been implicated in several oncogenic signal transduction pathways including PI3K/AKT (Li et al., 2003), VEGF/VEGFR [START_REF] Jiang | CD146 is a coreceptor for VEGFR2 in tumor angiogenesis[END_REF][START_REF] Jouve | CD146 mediates VEGF-induced melanoma cell extravasation through FAK activation[END_REF] and NF-kB [START_REF] Zheng | Endothelail CD146 is required for in vitro tumorinduced angiogenesis: the role of a disulfide bond in signaling and dimerization[END_REF], which is a key driver in tumor progression and metastasis. MCAM can also promote tumor angiogenesis and metastasis by increasing the levels of VEGF, VEGFR2 and CD31 expression [START_REF] Wu | Enforced expression of METCAM/ MUC18 increases tumorigenesis of human prostate cancer LNCaP cells in nude mice[END_REF]. It has been found to promote the epithelial-mesenchymal transition (EMT) process [START_REF] Luo | Recognition of CD146 as an ERM-binding protein offers novel mechanisms for melanoma cell migration[END_REF][START_REF] Zeng | METCAM/MUC18 augments migration, invasion and tumorigenicity of human breast cancer SK-BR-3 cells[END_REF], an initial step for invasion and metastasis of malignancies through regulating the cytoskeleton remodelling. Overexpression of MCAM has been shown to promote EMT and to activate AKT signalling pathway, and high levels of MCAM expression are largely correlated with poor prognosis of patients with breast cancer [START_REF] Liang | MCAM/CD146 promotes tamoxifen resistance in breast cancer cells through induction of epithelial-mesenchymal transition, decreased ERalpha expression and AKT activation[END_REF].

Immunoglobin-like cell adhesion molecules

Selectins

Selectins have been considered to promote tumor metastasis, and to contribute to tumor progression [START_REF] Borsig | Selectins in cancer immunity[END_REF][START_REF] Läubli | Selectins promote tumor metastasis[END_REF]. Selectins are vascular cell adhesion receptors mainly including P-selectins, L-selectins and E-selectins. P-selectin is expressed on activated platelets and ECs, Lselectin on leukocytes and E-selectins on activated ECs [START_REF] Mcever | Selectins: lectins that initiate cell adhesion under flow[END_REF]. Major carriers of selectin ligands are mucins correlated with tumor progression that have been used as diagnostic markers in cancer [START_REF] Hollingsworth | Mucins in cancer: protection and control of the cell surface[END_REF], including MUC1.MUC2, MUC4, MUC16 and MUC18. Tumor cells carrying selectin ligands can enter into the blood circulation and then encounter the selectins on the leukocytes, platelets and ECs [START_REF] Läubli | Selectins promote tumor metastasis[END_REF]. It has been shown that the absence of P-selectins can weaken tumor metastasis [START_REF] Borsig | Heparin and cancer revisited: mechanistic connections involving platelets, P-selectin, carcinoma mucins, and tumor metastasis[END_REF]). E-selectins has also been shown to be involved in tumor cell extravasation through loosening the VE-cadherin junctions in endothelium [START_REF] Hauselmann | Monocyte induction of E-selectinmediated endothelial activation releases VE-cadherin junctions to promote tumor cell extravasation in the metastasis cascade[END_REF]. More recently, a study has also demonstrated that Eselectins in the bone vascular niche can facilitate metastasis by the induction of mesenchymal-epithelial transition (MET) of breast cancer cells and the activation of Wnt signal transduction [START_REF] Esposito | Bone vascular niche E-selectin induces mesenchymal-epithelial transition and Wnt activation in cancer cells to promote bone metastasis[END_REF]. In conclusion, cell adhesion is a critical step in tumor angiogenesis, and/or directly plays an important role in tumor progression and metastasis.

Matrix metalloproteinases (MMPs)

The MMP family mainly includes collagenases (MMP1, MMP8, MMP13 and MMP18), gelatinases A (MMP2) and B (MMP9), stromelysins (MMP3, MMP10, and MMP11), matrilysin (MMP7), macrophage metalloelastase (MMP12), and the membrane type MMPs (MT-MMPs and MMP14, MMP15, MMP16, MMP17, MMP24, and MMP25) [START_REF] John | The role of matrix metalloproteinases in tumor angiogenesis and tumor metastasis[END_REF][START_REF] Chang | Matrix metalloproteinase 14 modulates signal transduction and angiogenesis in the cornea[END_REF] [START_REF] Carragher | Focal adhesion and actin dynamics: a place where kinases and proteases meet to promote invasion[END_REF].

Upregulation of MMP expression has been considered to promote the induction of malignant angiogenesis. MMP9 has been proven to be directly involved in tumor angiogenesis (Bergers et al., 2000;[START_REF] Giraudo | An amino-bisphosphonate targets MMP9expressing macrophages and angiogenesis to impair cervical carcinogenesis[END_REF].

MMP2 and MMP9 play an important role in degradation of the main structural protein in ECM and BM. Some previous studies have shown that high levels of MMP2 and MMP9 correlate with increased tumor metastasis.

There exists a complex crosstalk between VEGF-mediated tumor angiogenesis and the regulation of the MMP system. The expression of MMP2 and MMP9 is associated with the VEGF expression, and the expression of VEGF and MMPs is largely correlated to the tumor angiogenesis and metastasis in patients with gastric cancer (GC) [START_REF] Zheng | Expressions of MMP-2, MMP-9 and VEGF are closely linked to growth, invasion, metastasis and angiogenesis of gastric carcinoma[END_REF]. VEGF secreted by distant tumors can promote lung cancer metastasis through the induction of MMP9 in VEGFR-positive ECs and macrophages involved in the formation of premetastatic niches [START_REF] Hiratsuka | MMP9 induction by vascular endothelial growth factor receptor-1 is involved in lung-specific metastasis[END_REF]. Tumor-associated macrophages (TAMs) have been implicated as the major cell types to deliver MMP9 to the sites of angiogenesis and to enhance tumor progression [START_REF] Giraudo | An amino-bisphosphonate targets MMP9expressing macrophages and angiogenesis to impair cervical carcinogenesis[END_REF].

Moreover, VEGF via VEGFR2 signal transduction and STAT activation, has been shown to significantly decrease the production of MMP9 in B-cell leukemia cells [START_REF] Ugarte-Berzal | VEGF/VEGFR2 interaction down-regulates matrix metalloproteinase-9 via STAT1 activation and inhibits B chronic lymphocytic leukemia cell migration[END_REF].

However, some MMPs produced by tumor and stromal cells can also regulate the VEGF expression. It has been shown that overexpression of MMP14 in tumor cells can increase VEGF secretion and angiogenesis in breast cancers and glioblastomas [START_REF] Sounni | Upregulation of vascular endothelial growth factor-A by active membrane-type matrix metalloproteinase through activation of Src-tyrosine kinases[END_REF][START_REF] Deryugina | Upregulation of vascular endothelial growth factor by membrane-type 1 matrix metalloproteinase stimulates human glioma xenograft growth and angiogenesis[END_REF].

Interestingly, MMP9 identified in ECM and BM is consistent with the localization of matrix-bound VEGF released by the proteinase (Bergers et al., 2000). MMP9

expressing tumor-associated macrophages plays a key role in prepping premetastatic sites for eventual malignant cell growth in VEGFR1-dependent manner ( [START_REF] Van Kempen | MMP9 potentiates pulmonary metastasis formation[END_REF]. In addition, it has been demonstrated that MMP2 can induce the VEGF expression in epithelial cells by binding to integrin αvβ3 and subsequently activating integrin signal transduction [START_REF] Chetty | MMP-2 alters VEGF expression via alphaVbeta3 integrinmediated PI3K/AKT signaling in A549 lung cancer cells[END_REF].

MMP14, also known as MT1-MMP, is a critical membrane-anchored MMP involved in ECM proteolysis, cell migration and cell invasion, which plays a key role in tumor angiogenesis and cancer progression. MMP-14 is also involved in leading the directional migration of tip cells and regulating matrix remodelling of the developing vasculature [START_REF] Yana | Crosstalk between neovessels and mural cells directs the site-specific expression of MT1-MMP to endothelial tip cells[END_REF]. There are several complex pathways correlated to MMP14 signal transduction, which includes VEGF, PDGF and bFGF pathways, PI3k/Akt and Src pathways, RhoA/ROCK and ERK pathways, further Integrin pathway, Notch and Wnt/β-catenin pathways [START_REF] Chang | Matrix metalloproteinase 14 modulates signal transduction and angiogenesis in the cornea[END_REF]. The activity of MMP14 is absolutely necessary to break the relevant matrix barriers for cancer cell invasion [START_REF] Sabeh | Protease-dependent versus -independent cancer cell invasion programs: three-dimensional amoeboid movement revisited[END_REF].

Selective inhibition of MMP-14 with a function-blocking monoclonal antibody can inhibit tumor induced angiogenesis and slow tumor progression and metastasis [START_REF] Devy | Selective inhibition of matrix metalloproteinase-14 blocks tumor growth, invasion and angiogenesis[END_REF]. In addition, it has also been reported that there exists a significant reduction of mural cell density and the abnormal vessel wall morphology in brain tissues of MMP14 deficient mice [START_REF] Lehti | An MT1-MMP-PDGF receptor-beta axis regulates mural cell investment of the microvasculature[END_REF], indicating the key role of MMP14 in vascular mural cells.

MMPs can either directly promote pericyte invasion through degradation of ECM and stimulate pericyte proliferation and protect them from apoptosis, or activate pericytes through release of growth factor bound to ECM and transactivate related angiogenic cell surface receptors, eventually contributing to tumor pericyte recruitment [START_REF] Chantrain | Mechanisms of pericyte recruitment in tumor angiogenesis: a new role for metalloproteinases[END_REF], which indicates a role of MMPs in tumor vessel maturation. It has also been observed that there exists expression of MMP9 in VSMC and pericytes at the proliferating tumor borders, and pericytes can also express MMPs in vivo in multiple human tumors [START_REF] Nielsen | Expression of matrix metalloprotease-9 in vascular pericytes in human breast cancer[END_REF][START_REF] Forsyth | Gelatinase-A (MMP-2), gelatinase-B (MMP-9) and membrane type matrix metalloproteinase-1 (MT1-MMP) are involved in different aspects of the pathophysiology of malignant gliomas[END_REF]. It has been suggested that the proteolytic degradation of ECM by proteases, such as MMPs, is the requirement for pericyte invasion in vascular remodeling in vitro [START_REF] Wang | Vascular endothelial growth factor upregulates the expression of matrix metalloproteinases in vascular smooth muscle cells: role of flt-1[END_REF][START_REF] Cho | Matrix metalloproteinase-9 is necessary for the regulation of smooth muscle cell replication and migration after arterial injury[END_REF].

MMP7, also known as matrilysin, can promote cancer cell invasion and tumor angiogenesis by accelerating EC migration and proteolytic cleavage of ECM substrates [START_REF] Ii | Role of matrix metalloproteinase-7 (matrilysin) in human cancer invasion, apoptosis, growth and angiogenesis[END_REF]. MMP7 is upregulated in some invasive cancers.

Some MMP inhibitors have been considered to suppress cancer metastasis and tumor angiogenesis [START_REF] Huo | MMP7 (matrilysin) accelerated growth of human umbilical vein endothelial cells[END_REF]. Tissue inhibitors of metalloproteinases (TIMPs) can inhibit angiogenesis by decreasing the MMP activity [START_REF] Huo | MMP7 (matrilysin) accelerated growth of human umbilical vein endothelial cells[END_REF]. TIMPs can also suppress angiogenesis by blocking α3β1 integrin signal transduction in a MMP-independent manner [START_REF] Seo | TIMP2 mediated inhibition of angiogenesis: an MMP-independent mechanism[END_REF].

A Disintegrin and Matalloproteinase and a Disintegrin and

Metalloproteinase with thrombospondin motifs (ADAM and ADAMTS)

MMPs are major regulators responsible for the ECM protein degradation and tissue remodelling. Apart from MMPs, two families of enzymes termed respectively ADAM (a disintegrin and metalloproteinase) and ADAMTS (a disintegrin and metalloproteinase with thrombospondin motifs), have also been implicated to be involved in ECM modulation and cardiovascular function regulation [START_REF] Zhong | A disintegrin and metalloproteinase (ADAM) and ADAM with thrombospondin motifs (ADAMTS) family in vascular biology and disease[END_REF]. ADAMs and ADAMTS both belong to the adamalysin protein family closely related to the other metalloproteinases such as MMPs and MT-MMPs. ADAMs and ADAMTS own very similar structural domains and share highly conservative protein sequence. Both of them have a metalloproteinase and disintegrin domain.

ADAM and ADAMTS family members play a key role in vascular biological functions such as cell survival, proliferation and migration, angiogenesis, tissue repair and wound healing [START_REF] Zhong | A disintegrin and metalloproteinase (ADAM) and ADAM with thrombospondin motifs (ADAMTS) family in vascular biology and disease[END_REF]. ADAMs can be activated by VEGF during angiogenesis. It has been demonstrated that ADAM10 and ADAM17 implicated in Notch signal transduction seem to have different role even opposite effects on sprouting angiogenesis [START_REF] Caolo | ADAM10 and ADAM17 have opposite roles during sprouting angiogenesis[END_REF]. ADAMs have been also implicated as important components in the development of malignancies [START_REF] Duffy | Role of ADAMs in cancer formation and progression[END_REF].

Among the ADAMs implicated in cancer, ADAM12 is one of the most strongly associated members, and upregulated in multiple human cancers (Wewer et al., 2005). Some studies have suggested that the main source of ADAM12 expression in human tumors are the tumor cells [START_REF] Kveiborg | A role for ADAM12 in breast tumor progression and stromal cell apoptosis[END_REF].

ADAM12 has two natural splice variants, named ADAM12-L and ADAM12-S.

ADAM12-L, the prototypical transmembrane ADAM protein, with a highly conserved disintegrin domain involved in cell adhesion and binding to integrins, and a cytoplasmic tail that can interact with proteins containing the Src homology domain. ADAM12-S, the soluble splice variant, also contains the same domains as ADAM12-L, except that the transmembrane and cytoplastic domains are replaced by a unique stretch of 33 amino acids in the C-terminus [START_REF] Kveiborg | Cellular roles of ADAM12 in health and disease[END_REF]. Although most of the studies reported did not distinguish two isoforms of ADAM12 between the transmembrane and soluble form, a few studies have shown the increased expression of both forms (Le [START_REF] Pabic | ADAM12 in human liver cancers: TGFbeta-regulated expression in stellate cells is associated with matrix remodeling[END_REF][START_REF] Frohlich | Molecular profiling of ADAM12 in human bladder cancer[END_REF], it has been demonstrated that the ADAM12-L, the long transmembrane variant was specifically upregulated in human glioblastomas and non-small-cell lung carcinomas (NSCLC) [START_REF] Kodama | ADAM12 is selectively overexpressed in human glioblastomas and is associated with glioblastoma cell proliferation and shedding of heparin-binding epidermal growth factor[END_REF][START_REF] Rocks | Expression of a disintegrin and metalloprotease (ADAM and ADAMTS) enzymes in human nonsmall-cell lung carcinomas (NSCLC)[END_REF].

ADAM12 has both protease and adhesive activity, and both functions are likely to be involved in tumor development and progression. It has been suggested that ADAM12 can stimulate tumor cell growth. Most recently, a study demonstrated that ADAM12-L participated in focal adhesion turnover and promoted FAK activation, a positive feedback loop between ADAM12 and FAK initiated from cancer cells, eventually to facilitate esophageal cancer metastasis [START_REF] Luo | An ADAM12 and FAK positive feedback loop amplifies the interaction signal of tumor cells with extracellular matrix to promote esophageal cancer metastasis[END_REF].

ADAMTS1 has also been implicated to be involved in angiogenesis in mouse Lewis lung cancer through different signal transduction pathways [START_REF] Tang | Effect of tetramethylpyrazine combined with cisplatin on VEGF, KLF4 and ADAMTS1 in Lewis lung cancer mice[END_REF]. ADAMTS1 was first shown to display anti-angiogenic properties [START_REF] Vazquez | METH-1, a human ortholog of ADAMTS-1, and METH-2 are members of a new family of proteins with angioinhibitory activity[END_REF]. Currently, the contribution of ADAMTS1 to tumorigenesis is still controversial. Various studies have also reported that ADAMTS1 is important for tumor progression and metastasis [START_REF] Lu | ADAMTS1 and MMP1 proteolytically engage EGFlike ligands in an osteolytic signaling cascade for bone metastasis[END_REF][START_REF] Ricciardelli | The ADAMTS1 protease gene is required for mammary tumor growth and metastasis[END_REF][START_REF] Rocks | ADAMTS1 metalloproteinase promotes tumor development through the induction of a stromal reaction in vivo[END_REF]. Increased expression of ADAMTS1 was accompanied by increased proteolysis of both Nid1 and Nid2 (nidogens) and their removal from vascular BM, which caused major changes in tumor vascular morphology and a decreased tumor vessel density [START_REF] Martino-Echarri | Contribution of ADAMTS1 as a tumor suppressor gene in human breast carcinoma. Linking its tumor inhibitory properties to its proteolytic activity on nidogen-1 and nidogen-2[END_REF]. Thus, elevated levels of ADAMTS1 may result in inhibition of tumor growth through the cleavage for its substrates to disrupt tumor vessel integrity.

Extracellular Matrix and Basement Membrane (ECM and BM)

The ECM (extracellular matrix) is non-cellular and protein-rich and provides a support for cell and tissue organization. It controls cell quiescence, survival, cell differentiation and growth. The ECM also can facilitate diverse cellular functions by providing attachment sites for cells [START_REF] Hynes | Cell-matrix adhesion in vascular development[END_REF]). It has been

shown that ECM proteins such as fibronectin, and BM proteins such as Laminin, both play distinct and overlapping roles in angiogenesis [START_REF] Jarvelainen | Extracellular matrix molecules: potential targets in pharmacotherapy[END_REF][START_REF] Hielscher | Engineering approaches for investigating tumor angiogenesis: exploiting the role of the extracellular matrix[END_REF].

The BM (vascular basement membrane) is a specific extracellular matrix layer that provides structural support for both endothelial cells and perivascular cells, which plays an important role in maintaining tissue organization, regulating cell behaviour, especially forming a barrier to filtration and tumor metastasis, and mediating angiogenesis. During neovascularization, new vessel formation needs to undergo the disassembling of the EC layer and its re-anchoring to BM, and individual EC proliferation and migration, followed by subsequent BM reassembled during vessel maturation and stabilization [START_REF] Kalluri | Basement membranes: structure, assembly and role in tumour angiogenesis[END_REF]. The BM in mature blood vessels can provide better structural support to promote EC adhesion, survival and migration [START_REF] Davis | Extracellular matrix mediates a molecular balance between vascular morphogenesis and regression[END_REF]. The BM structural integrity also can help to establish a solid biological barrier to prevent tumor progression.

BM is mainly composed of type IV collagen, perlecan, laminin and nidogen.

Nidogen, also named as entactin, comprises two forms encoded by two genes, nidogen-1 (Nid1) and nidogen-2 (Nid2). Nidogen can bind to the centre of the cross-shaped laminin molecule, specifically to the gamma chain, and probably further regulate the interaction of laminin with the integrin receptors [START_REF] Mayer | Structural and genetic analysis of laminin-nidogen interaction[END_REF][START_REF] Mak | Basement membrane type IV collagen and laminin: an overview of their biology and value as fibrosis biomarkers of liver disease[END_REF]. As one of the components of BM, the nidogen family plays a key role in maintaining BM integrity and being involved in BM assembly.

Nid2 is a ubiquitous component in the BM, which also plays an important role in tumor angiogenesis and development. It has been reported that there was elevated Nid2 concentration in serum of ovarian cancer patients. Both Nid2 and CA125 were highly elevated in serious ovarian cancer and late state disease.

Nid2 has been implicated as a potential biomarker for ovarian cancer closely related to CA125 [START_REF] Kuk | Nidogen-2: a new serum biomarker for ovarian cancer[END_REF]. CA125 (carbohydrate antigen 125) encoded by MUC16 gene, is often used for early detection of ovarian cancer. Studies have also shown that there were significantly higher levels of Nid2 in serum of oesophageal squamous cell carcinoma (ESCC) patients compared to the healthy controls. Patients with elevated levels of serum Nid2 were prone to have significantly higher risk of death compared to those with lower levels of serum

Nid2. Nid2 levels have potential diagnostic and prognostic significance for ESCC patients [START_REF] Chai | Elevated levels of serum nidogen-2 in esophageal squamous cell carcinoma[END_REF]. Most recently, a study has also reported that expression levels of Nid2 significantly correlated with overall survival of patients with gastric cancer (GC). GC patients with lower Nid2 expression had longer overall survival rates, while those with higher Nid2 expression showed reduced overall survival. The upregulation of Nid2 also was largely associated with tumor lymphatic metastasis and TNM stage. Most tumors have their own TNM classification in which T describes the size of the primary tumor, N represents nearby lymph nodes involved, M describes distant metastasis formation.

Knockdown of Nid2 in vitro significantly inhibited GC cell invasion and migration.

Overexpression of Nid2 therefore seems to be associated with the GC progression and prognosis [START_REF] Yu | NID2 can serve as a potential prognosis prediction biomarker and promotes the invasion and migration of gastric cancer[END_REF].

Laminins are a large family of extracellular matrix glycoproteins found in the BM. Laminins are heterotrimeric glycoproteins, composed of one alpha-, one beta-and one gamma-chain. As a main structural component of BM, they play an important role in BM assembly. Laminin molecules also possesses a G protein domain, the major cell adhesion site of laminin that can bind to the integrin receptors on the cell surface, further triggering cellular signal transduction cascades, facilitating cell adhesion and modifying cell behavior. It is reported that nidogen can bind to the center of the cross-shaped laminin molecule, specifically to the gamma chain, which possibly regulates the interaction of laminin with the integrin receptors [START_REF] Mayer | Structural and genetic analysis of laminin-nidogen interaction[END_REF][START_REF] Mak | Basement membrane type IV collagen and laminin: an overview of their biology and value as fibrosis biomarkers of liver disease[END_REF]. Moreover, both of Nid1 and Nid2, can bind to the laminin molecule through the gamma-chain short arm, possibly as a bridge linking to the collegen IV network [START_REF] Yurchenco | Basement membranes: cell scaffoldings and signaling platforms[END_REF]. Previous studies have shown that Laminin alpha-4 (Lama4) null mice presented hemorrhages during the embryonic and neonatal period due to impaired microvessel maturation [START_REF] Thyboll | Deletion of the laminin alpha4 chain leads to impaired microvessel maturation[END_REF]. Depletion of the Lama4 chain may change the structure of vascular BM, resulting in increased tumor angiogenesis. Lama4-deficient mice showed hyperneovascularization and increased tumor growth and metastasis, indicating a key role of Lama4 in the regulation of pathological angiogenesis [START_REF] Zhou | Deletion of laminin-8 results in increased tumor neovascularization and metastasis in mice[END_REF].

More recent research has demonstrated that Lama4 can directly regulate endothelial tip/stalk cell selection through modulation of the Notch/Dll4 signal transduction in vivo. The interaction of Laminin with integrin can induce endothelial Dll4 expression, further regulate the critical Notch/Dll4 signalling pathway involved in cell fate determination and differentiation, and thus modulate the collective EC behaviour, tip/stalk ECs conversion during sprouting angiogenesis [START_REF] Stenzel | Endothelial basement membrane limits tip cell formation by inducing Dll4/Notch signaling in vivo[END_REF].

Other key signal molecules

Ets1, known as E26 avian leukemia oncogene 1, 5' domain in mouse or ETS proto-oncogene 1 in human, belongs to Ets protein family that have been shown to play important roles in regulating biological processes including vascular development and hemopoiesis, especially in angiogenesis [START_REF] Oettgen | Regulation of vascular inflammation and remodeling by ETS factors[END_REF]. Ets1 expression can be upregulated by pro-angiogenic and/or proinflammatory stimuli, such as PDGF, TNFalpha, HIF (hypoxia inducible factor-1)

and HGF (hepatocyte growth factor) (McLaughlin et al., 1999;Oikawa et al., 2001;Dittmer, 2003). It has been shown that Ets1 can induce the expression of VEGF and its receptors VEGFR1, VEGFR2 in endothelial cells [START_REF] Hashiya | In vivo evidence of angiogenesis induced by transcription factor Ets1: Ets1 is located upstream of angiogenesis cascade[END_REF][START_REF] Dutta | Activation of the VEGFR1 chromatin domain: an angiogenic signal-ETS1/HIF-2alpha regulatory axis[END_REF][START_REF] Elvert | Cooperative interaction of hypoxia-inducible factor-2alpha (HIF-2alpha) and Ets-1 in the transcriptional activation of vascular endothelial growth factor receptor-2 (Flk-1)[END_REF]. Interestingly, in turn, VEGF as a major pro-angiogenic factor also can induce the Ets1 expression in endothelial cells via activation the either PI3K/AKT pathway or the MEK/ERK1/2 signal cascade [START_REF] Watanabe | Transcription factor Ets-1 mediates ischemia-and vascular endothelial growth factor-dependent retinal neovascularization[END_REF][START_REF] Lavenburg | Coordinated functions of Akt/PKB and ETS1 in tubule formation[END_REF]. In addition, Ets1 has been shown to promote cancer cell invasion through upregulation of MMPs [START_REF] Singh | ETS proteins and MMPs: partners in invasion and metastasis[END_REF]. Consistent with this, silencing of Ets1 in highly invasive breast cancer cells can decrease the expression of MMP1 and MMP9 [START_REF] Vetter | Ets1 is an effector of protein kinase Calpha in cancer cells[END_REF]. Ets1 has been shown to be involved in the induction and maintenance of the epithelial-to-mesenchymal transition (EMT) process. Ets1 can interact with Slug to induce EMT in cranial neural crest cell delamination, and the overexpression of Ets1 also can induce upregulation of N-cadherin (mesenchymal adhesion protein) and downregulation of E-cadherin (epithelial cell-cell adhesion protein) in pancreatic cancer cells (Théveneau et al., 2007;Li et al., 2015). In summary, Ets1 can cooperate with multiple molecules to promote tumor angiogenesis and cancer cell invasion.

Wilms' tumor suppressor (WT1) was originally identified as a tumor suppressor that encoded a zinc-finger transcription factor with crucial functions in development (Haber et al., 1990). Due to the overexpression of Wt1 found in various solid tumors and leukemia, it has currently been considered as a potential oncogene (Sugiyama, 2002). Importantly, WT1 has been shown to promote tumor angiogenesis and tumor progression. Firstly, elevated both VEGF and WT1 expression levels were observed in prostate cancer cells (Mazzucchelli et al., 2000). It was further shown that hypoxia stimulated Wt1 expression through direct transcriptional activation of WT1 by Hypoxia inducible factor 1 (HIF-1). A HIF-1 binding site in the Wt1 promoter was identified to explain the responsiveness of Wt1 to hypoxic stimuli [START_REF] Wagner | Oxygen-regulated expression of the Wilms' tumor suppressor Wt1 involves hypoxiainducible factor-1 (HIF-1)[END_REF]. Subsequently, it was postulated that WT1 could activate an angiogenic switch in prostate cancer cells by transcriptionally upregulating the VEGF expression (Hanson et al., 2007).

Finally, WT1 has been shown to be expressed in the majority of tumor vessels of most human cancer types, but not in the vasculature of healthy surrounding tissues. WT1 regulates EC proliferation, migration and tube formation, in partial via direct transactivation of ETS1 (Wagner et al., 2008). Later, Wt1 expression was correlated to an increased level in pro-angiogenic molecules including VEGF in vascular cells (Scholz & Kirschner, 2011), and it was demonstrated that WT1 can directly regulate VEGF expression and increase tumor response to hypoxia in Ewing sarcoma cells (McCarty et al., 2011). Importantly, the use of Wt1 peptide vaccination in patients with hematological malignancies and solid cancers has produced positive outcomes in clinical trials (Oka et al., 2008).

Moreover, studies have shown de novo expression of Wt1 in the myocardial blood vessels of the ischemic rat heart, suggesting a role of Wt1 in coronary vessels growth after myocardial infarction and in vascular cell proliferation involved in this neovascularization process [START_REF] Wagner | The Wilms' tumor suppressor Wt1 is expressed in the coronary vasculature after myocardial infarction[END_REF]. Importantly, the transactivation of TrkB neurotrophin receptor gene, Ntrk2, by Wt1 has been demonstrated to be essential for normal coronary vessel development in the heart (Wagner et al., 2005). Wt1 has also been shown to promote cell adhesion via transcriptional activation of alpha4 integrin, implicating a regulatory mechanism in epicardium formation in the developing embryo [START_REF] Kirschner | The Wilms tumor suppressor Wt1 promotes cell adhesion through transcriptional activation of the alpha4 integrin gene[END_REF]. Wt1 has been demonstrated to be involved in cardiac progenitor cell formation via upregulation Snail and downregulation of E-cadherin, two key molecules responsible for EMT (Martínez-Estrada et al., 2009). Furthermore, Wt1 has been demonstrated to promote non-small-cell lung carcinoma (NSCLC) metastasis and invasion via suppression of E-cadherin [START_REF] Liang | The C-Kit receptor-mediated signal transduction and tumor-related diseases[END_REF].

Importantly, an in vivo study demonstrated that conditional knockout of Wt1 in endothelial cells, hematopoietic and myeloid-derived suppressor cells resulted in reduced tumor vascularization, an enhanced immune response, decreased metastasis, and subsequent tumor regression, suggesting a crucial role of Wt1 in tumor angiogenesis and progression [START_REF] Wagner | The Wilms' tumor suppressor Wt1 is a major regulator of tumor angiogenesis and progression[END_REF].

Recently, a study showed that telomeric repeat binding factor 2 (TRF2) is transcriptionally regulated by WT1 in ECs, and is important for EC proliferation, migration and tube formation (EI Maï et al., 2014). Moreover, in this study, TRF2

has been shown to regulate PDGFR beta expression via a direct transcriptional activation mechanism, further suggesting a functional role of TRF2 in neoangiogenesis (EI Maï et al., 2014). Most recently, a study has demonstrated that Wt1 can affect angiogenic VEGF splicing isoform distribution in tumor endothelium isolated from mice through activation of Srpk1 (Serine/ argininerich protein-specific splicing factor kinase) and Srsf1 (Serine/ arginine-rich splicing factor 1) (Wagner et al., 2019). In summary, the potential for WT1 to promote tumor angiogenesis and progression to lethal metastatic disease suggests that therapies targeting WT1 may block metastatic spread and increase the overall survival for patients with cancer.

Interleukins (ILs) are secreted by macrophages and leukocytes and regulate various biological processes and immune responses. Currently, ILs have been identified as modulators involved in tumor-mediated angiogenesis, such as IL1, IL6 and IL8. It was reported that pro-angiogenic activity of IL1 was mediated by VEGF and its inhibition reduced tumor growth, angiogenesis and metastasis [START_REF] Voronov | The role IL-1 in tumor-mediated angiogenesis[END_REF]. IL1beta (isoforms, alpha and beta) can also inhibit fibroblast growth factor (FGF) -induced angiogenesis, and less tumor vascularization can be observed in IL1 beta deficient mice injected with B16 melanoma cells (Cozzolino et al., 1990;[START_REF] Voronov | The role IL-1 in tumor-mediated angiogenesis[END_REF]. IL1 has also been regarded as an "alarm", upstream pro-inflammatory mediator that can initiate and disseminate inflammation by inducing a local interaction network and enhancing inflammatory cell infiltration and by increasing adhesion molecule expression on endothelial cells and leukocytes, which plays a key role in tumor-mediated angiogenesis [START_REF] Voronov | The role IL-1 in tumor-mediated angiogenesis[END_REF]. IL6 has been shown to stimulate angiogenesis and vasculogenesis. IL6 can enhance endothelial progenitor cells proliferation, migration and tube formation in vitro in a dose-dependent manner, indicating its role in vasculogenesis (Fan et al., 2008). IL6 also stimulates angiogenesis by transcriptionally upregulating VEGF via activation JAK/STAT3 signaling and HIF1alpha [START_REF] Nilsson | Interleukin-6, secreted by human ovarian carcinoma cells, is a potent proangiogenic cytokine[END_REF]Xu et al., 2005). IL6 has been identified as an angiogenic target in multiple solid tumors (Middleton et al., 2014).

A study using the ex vivo aortic ring model demonstrated that IL6 directly induced vessel sprouting formation and promoted endothelial cell proliferation and migration, whereas the vascular structure had defective pericyte coverage compared to VEGF-induced vessels [START_REF] Gopinathan | Interleukin-6 stimulates defective angiogenesis[END_REF].

IL8 has been originally proposed as an angiogenic factor mainly in angiogenesis-dependent diseases including tumor growth, rheumatoid arthritis and wound repair (Koch et al., 1992). Subsequently, however, IL8 was identified as a transcriptional target of Ras signal cascade, and the upregulation of IL8 by oncogenic Ras-dependent manner was identified as an essential initial step for tumor neovascularization (Sparmann et al., 2004).

IL18 was previously reported to inhibit FGF2-stimulated capillary endothelial cells proliferation in vitro and was considered to have the potential to suppress the FGF-induced corneal neovascularization in vivo, thus identifying IL18 as an antiangiogenic and antitumor cytokine (Cao et al., 1999). In contrast, in subsequent studies, IL18 was reported to stimulate angiogenesis by binding to CXCR2 (C-X-C motif receptor 2) (Li et al., 2003). And it was further shown that IL18 functioned as an angiogenic mediator to contribute to inflammatory processes via upregulation of endothelial cell adhesion molecules in rheumatoid arthritis (Volin & Koch, 2011). Taken together, ILs may modulate angiogenesis via distinct mechanism including pro-angiogenic and/or anti-angiogenic activity.

Sirtuin 1 (Sirt1) has been shown to control the angiogenic activity of endothelial cells, and loss of its function can block sprouting angiogenesis with downregulation of genes involved in blood vessel development and vascular remodeling (Potente et al., 2007). Sirt1 has also been suggested to be involved in angiogenic and hypoxia-induced responses in human mesenchymal stem cells (Botti et al., 2015).

SRY-related HMG-box 18 (Sox18) is a transcription factor involved in blood vessel development. Sox18 is involved in the induction of angiogenesis during wound healing and tissue repair [START_REF] Darby | Sox18 is transiently expressed during angiogenesis in granulation tissue of skin wounds with an identical expression pattern to Flk-1 mRNA[END_REF]. A study in vivo revealed that a reduced tumor growth and fewer tumor vascularization in Sox18-null mice injected with B16 melanoma cells, indicating the potential of Sox18 as an antiangiogenic therapeutic target (Young et al., 2006). Several studies in mouse and in zebrafish also showed that there exists specific expression of Sox18 in the endothelial cells of blood vessels that plays a key role in blood vessel development process (Sakamoto et al., 2007;Herpers et al., 2008).

Furthermore, Sox18 has also been associated with cancer progression and metastatic spreading by mediating tumor lymphangiogenesis, suggesting the potential of Sox18 as a therapeutic target for tumor metastatic blockade [START_REF] Duong | Genetic ablation of SOX18 function suppresses tumor lymphangiogenesis and metastasis of melanoma in mice[END_REF]. Most recently, an interesting study reported that specific endovascular progenitors of endothelial origin reactivated the expression of Sox18, initiating a vasculogenic process and differentiating into more mature endothelial phenotypes consisting of arterial and venous but also lymphatic subtypes within the core of the in growing tumors [START_REF] Donovan | Endovascular progenitors infiltrate melanomas and differentiate towards a variety of vascular beds promoting tumor metastasis[END_REF].

Thrombospondin 1/ TSP-1 (Thbs1) has been identified as an inhibitor of neovascularization and tumorigenesis. It has been shown that downregulation of Thbs1 expression can alter tumor growth by regulating angiogenesis in various tumor types. Upregulation of Thbs1 expression can be induced by tumor suppressor genes such as p53 (Ren et al., 2006). CD36 as the cellular receptor for Thbs1 on vascular endothelium, is required for its antiangiogenic activity.

Furthermore, hyper-vascularized ovaries can be observed in CD36-null mice with increased levels of VEGF and VEGFR2 expression (Osz et al., 2014).

Tumor necrosis factor alpha (TNF-alpha) has been shown to promote angiogenesis in vivo (Leibovich et al., 1987).TNF-alpha was further suggested to drive blood vessel remodeling and lymph-angiogenesis in inflammation (Baluk et al., 2009).

Chemokine C-C motif ligand 2 (CCL2) induces angiogenesis through activation of Ets1 in a ERK1/2 signaling-dependent manner in endothelial cells [START_REF] Stamatovic | CCL2 regulates angiogenesis via activation of Ets-1 transcription factor[END_REF]. Furthermore, it was shown that CCL2-dependent macrophages promoted an inflammation-associated angiogenesis during liver fibrosis progression [START_REF] Ehling | CCL2-dependent infiltrating macrophages promote angiogenesis in progressive liver fibrosis[END_REF]. The chemokine-chemokine receptor axis has been suggested to regulate tumor growth, invasion and metastasis and tumor angiogenesis [START_REF] Lazennec | Chemokines and chemokine receptors: new insights into cancer-related inflammation[END_REF]Müller et al., 2001).

C-C motif chemokine ligand 5/ receptor 5 (CCL5/CCR5) promote tumor angiogenesis via activation of the PKC/c-Src/HIF1alpha signaling cascade in a VEGF-dependent manner in human osteosarcoma (Wang et al., 2015).

Role of c-KIT in Tumor Progression

c-KIT (KIT/ CD117) belongs to the typical type III receptor tyrosine kinase (RTK) family, also including PDGF receptors (PDGFR), colony stimulating factor-1 receptor (c-FMS), colony-stimulating factor 1 receptor (CSF-1R) and FLT3

(Fms-like tyrosine kinase receptor-3) [START_REF] Lemmon | Cell Signaling by Receptor Tyrosine Kinases[END_REF][START_REF] Ke | Germline mutations of KIT in gastrointestinal stromal tumor (GIST) and mastocytosis[END_REF]. C-KIT, and the other type III RTKs, are key players involved in cellular processes to maintain biological functions such as cell survival, cell proliferation, cell growth and metabolism, cell migration, cell differentiation and apoptosis [START_REF] Stankov | C-KIT signaling in cancer treatment[END_REF][START_REF] Wheeler | Receptor Tyrosine Kinases: Structure, Functions and Role in Human Disease[END_REF].

c-KIT as well as stem cell factor (SCF, c-KIT ligand) have important roles in normal stem cell differentiation and maintenance [START_REF] Ashman | The biology of stem cell factor and its receptor c-kit[END_REF][START_REF] Oliveira | Stem cell factor: a hemopoietic cytokine with important targets in asthma[END_REF][START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF]. Previous studies have demonstrated that the expression of c-KIT exists in various kinds of stem cells, and especially, c-KIT plays a critical role in the ability of the hematopoietic stem cells (HSCs) to proliferate and differentiate (Linnekin,1999). Hematopoietic stem cells can selfrenew and divide or differentiate into all hematopoietic cell lineages, including lymphoid (B-cells, T-cells, and NK-cells) and myeloid (macrophages, monocytes, eosinophils, basophils, neutrophils, dendritic cells, erythrocytes, megakaryocytes and platelets) lineages (Abbaspour [START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF][START_REF] Haller | The role of Kit-ligand in melanocyte development and epidermal homeostasis[END_REF]. C-KIT is mainly expressed in immature HSCs characterized in humans by expression of CD34. However, during differentiation, as the cells mature and differentiate, they gradually start to lose the expression of c-KIT with the stemness lessened [START_REF] Huizinga | W/kit gene required for interstitial cells of Cajal and for intestinal pacemaker activity[END_REF]Ward & Burns,1995;[START_REF] Soriano | Abnormal kidney development and hematological disorders in PDGF beta-receptor mutant mice[END_REF]. It also has been shown that c-KIT only exists in less than 1% of peripheral blood cells, indicating a weak role of c-KIT in differentiated hematopoietic cells (Abbaspour [START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF][START_REF] Ashman | Therapeutic targeting of c-KIT in cancer[END_REF]. Studies have also shown that deletion of c-KIT in the bone marrow and spleen caused the loss of erythrocyte and lymphocyte lineages [START_REF] Kimura | c-Kit-mediated functional positioning of stem cells to their niches is essential for maintenance and regeneration of adult hematopoiesis[END_REF], thus indicating that the existence of c-KIT is essential for the differentiation of several HSC lineages.

Importantly, the bone marrow stem cells have the potential to proliferate and differentiate into blood cells and interstitial cells, also including endothelial cells, indicating an important role in inducing angiogenesis [START_REF] Asahara | Isolation of putative progenitor endothelial cells for angiogenesis[END_REF][START_REF] Kocher | Neovascularization of ischemic myocardium by human bone-marrow-derived angioblasts prevents cardiomyocyte apoptosis, reduces remodeling and improves cardiac function[END_REF]Li et al., 2003). In fact, it has been reported that c-KIT expression existed in fetal endothelial cells of lungs, placenta and soft tissues (Miettinen et al., 2000). It was further observed in vivo that the c-KIT positive stem cells fraction in bone marrow played a crucial role in the therapeutic angiogenesis induced by bone marrow cell implantation, implicating the correlation to better endothelial differentiation from stem cells (Li et al., 2003).

Furthermore, it was shown that c-KIT was commonly present in endothelial cells of juvenile brain tumors. The presence of phosphorylated c-KIT that was determined in tumor microvessel endothelial cells suggested activated endothelial c-KIT expression, thus implicating a role of c-KIT in angiogenesis in tumors (Puputti et al., 2010). Moreover, it also has been demonstrated that a genetic deficit of c-Kit expression in endothelial cells in vivo leads to impaired ECs proliferation and angiogenesis and delayed tumor growth, indicating a functional role of c-KIT in vascular endothelial stem cells that reside in the endothelium of blood vessel wall (Fang et al., 2012). Subsequently, stem cell factor (SCF) has been identified to mediate increased endothelial permeability through activation of its cognate receptor c-KIT [START_REF] Kim | Stem cell factor is a potent endothelial permeability factor[END_REF]. The internalization and focal loss of VE-cadherin can be also observed in SCF-induced HUVECs and retinal tissues in vitro, suggesting that SCF-mediated c-KIT activation can disrupt the endothelial adherens junction and enhance vascular leakage [START_REF] Kim | Stem cell factor is a potent endothelial permeability factor[END_REF].

Recently, diabetic c-Kit-mutant mice have been demonstrated to be resistant to the development of retinal vascular hyperpermeability, whereas diabetic wild type mice display enhanced retinal vascular leakage, suggesting the critical role of c-KIT in diabetes-induced retinal vascular leakage. Moreover, a potent and selective c-KIT inhibitor, masitinib, can block SCF-induced increased retinal vascular leakage in vivo [START_REF] Kim | The cKit inhibitor, masitinib, prevents diabetesinduced retinal vascular leakage[END_REF]. Most recently, hypoxia, a key driver of angiogenesis, has been suggested to result in the upregulation of c-KIT expression in ECs, and further enhance SCF-mediated angiogenesis in ECs in vitro. SCF as a ligand of c-KIT has been shown to induce pathological ocular neovascularization via activation of GSK-3β (glycogen synthase kinase)/ beta-catenin signals and enhancement of the transcription of beta-catenin target genes related to angiogenesis (Kim et al., 2019).

In addition to the importance of c-KIT in normal stem cell maintenance, c-KIT is correlated with tumor progression. There is the hypothesis that tumor recurrence at the primary site is due to the existence of cancer stem cells (CSCs) gaining drug resistance. And, metastatic CSCs can maintain circulating tumor cells (CTCs) survival and drive tumor growth at a secondary site [START_REF] Lobo | The Biology of Cancer Stem Cells[END_REF]Foster et al., 2018). Currently, there is still no effective intervention to prevent tumor recurrence and metastasis. But to understand a potential molecular mechanism on how tumor cells enter into the circulation then survive, and further grow at the metastatic sites could provide a hint of hope to patients with cancer. Many efforts have been undertaken to characterize these cancer stem-like cells which drive tumor recurrence and metastasis. C-KIT has been identified as a potential marker of the cancer stem-like cells, it has been demonstrated that the expression of c-KIT exists in CTCs, in aggressive, recurrent and resistant tumors [START_REF] Landuzzi | The metastatic ability of Ewing's sarcoma cells is modulated by stem cell factor and by its receptor c-kit[END_REF][START_REF] Wiesner | C-Kit and its ligand stem cell factor: Potential contribution to prostate cancer bone metastasis[END_REF][START_REF] Harris | CTC Marker CD117/c-Kit represents a prostate cancer stem-like subpopulation driving progression, migration and TKI resistance[END_REF]. Studies have also shown that c-KIT overexpression exists in ductal breast cancers and undifferentiated breast carcinomas, and especially, these cancers present the features of stem-like cells [START_REF] Carvalho | c-KIT and PDGFRA in breast phyllodes tumours: overexpression without mutations?[END_REF][START_REF] Tsuda | Correlation of KIT and EGFR overexpression with invasive ductal breast carcinoma of the solid-tubular subtype, nuclear grade 3, and mesenchymal or myoepithelial differentiation[END_REF]. A recent study also demonstrated that stem-like tumor cells are involved in heterogeneous vasculogenesis in breast cancer, possibly causing the poor outcome of antiangiogenic therapy [START_REF] Mao | Stem-like tumor cells involved in heterogeneous vasculogenesis in breast cancer[END_REF]. Thus, the activation of c-KIT in CSCs may regulate the stemness to control tumor progression and drug resistance to tyrosine kinase inhibitors (TKIs) (Foster et al., 2018).

Deregulation and mutation of c-KIT exist in several different types of tumors, and various types of c-Kit abnormalities can result in tumorigenesis. These deregulations often occur through different ways including point mutations, loss of function, gain of function and overexpression [START_REF] Huang | Differential expression and processing of two cell associated forms of the kit-ligand: KL-1 and KL-2[END_REF][START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF]. Gain of function mutations of c-KIT have been associated

with several malignancies, including acute myeloid leukemia (AML), gastrointestinal stromal tumor (GIST), and melanoma [START_REF] Longley | Classes of c-KIT activating mutations: Proposed mechanisms of action and implications for disease classification and therapy[END_REF].

c-KIT mutations were first reported in human mast cell leukemia (Abbaspour [START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF][START_REF] Corless | Biology of gastrointestinal stromal tumors[END_REF], subsequently as a marker of human acute myeloid leukemia (AML) [START_REF] Ashman | The biology of stem cell factor and its receptor c-kit[END_REF]. Previous studies have found that there exists the expression of c-KIT in 68% of patients with AML, and in 80% of patients in blast phase with chronic myelogenous leukemia [START_REF] Shen | Analysis of CD117 expression on leukemia cells[END_REF]. It has also been shown that c-KIT receptor positive AML patients survive shorter than the cKIT receptor negative AML patients [START_REF] Tsao | c-Kit receptor expression in acute leukemias-association with patient and disease characteristics and with outcome[END_REF].

The expression of c-KIT in AML cells is significantly associated with the malignant phenotype of this cancer [START_REF] Yavuz | Evidence for the involvement of a hematopoietic progenitor cell in systemic mastocytosis from single-cell analysis of mutations in the c-kit gene[END_REF][START_REF] Ashman | Therapeutic targeting of c-KIT in cancer[END_REF].

C-KIT mutations have also been detected in gastrointestinal stromal tumors (GIST) (Blume [START_REF] Jensen | Increased Kit/SCF receptor induced mitogenicity but abolished cell motility after inhibition of protein kinase C[END_REF]. C-KIT and PDGFR mutations are two main factors in GIST, and in the 20%~80% of patients with GIST exists the gain of function mutations of c-KIT [START_REF] Gomes | Molecular alterations of KIT and PDGFRA in GISTs evaluation of a Portuguese series[END_REF]. C-KIT has also been identified

a key indicator for the diagnosis of GIST (Miettinen et al., 2000). Loss of function mutations of c-KIT were found in melanoma [START_REF] Hongyo | Specific c-kit mutations in s sal natural killer/Tcell lymphoma in China and Japan[END_REF][START_REF] Büttner | Identification of activating ckit mutations in adult-, but not in childhood-onset indolent mastocytosis: a possible explanation for divergent clinical behavior[END_REF], and it has also been demonstrated that gain of function mutations of c-KIT in metastatic melanoma can induce apoptosis [START_REF] Beghini | c-Kit mutations in core binding factor leukemias[END_REF][START_REF] Babaei | Receptor tyrosine kinase (cKIT) inhibitors: a potehtial therapeutic target in cancer cells[END_REF]. Additionally, it has been reported that low expression of c-KIT is correlated with the progression of some breast cancers [START_REF] Tsutsui | A loss of c-kit expression is associated with an advanced stage and poor prognosis in breast cancer[END_REF]. Therefore, it is still necessary to clarify the complex roles of c-KIT mutations in tumorigenesis, and the clinical relevance of differential c-KIT expression and its impact on the progression of some certain cancers.

In conclusion, a variety of studies have indicated the crucial role of c-KIT in tumor progression of multiple cancers, as well as in endothelial cell activity and pathological angiogenesis. More importantly, SCF-mediated c-KIT activation can initiate various downstream signal transduction cascade involved in cell proliferation, survival, migration, differentiation, apoptosis, cell adhesion and angiogenesis.

c-KIT as a monomer is inactive on the cell surface, and its activation occurs when SCF binds to its extracellular domain. SCF binding to the c-KIT receptor can induce the dimerization, which results in phosphorylation of specific tyrosine residues in the intracellular domain of c-KIT [START_REF] Philo | Human Stem Cell Factor Dimer Forms a Complex with Two Molecules of the Extracellular Domain of Its Receptor, Kit[END_REF][START_REF] Jensen | Activation of the human c-kit product by ligand-induced dimerization mediates circular actin reorganization and chemotaxis[END_REF]. The activation of c-KIT subsequently can initiate downstream multiple signaling transduction pathways including PI3K/AKT (phosphatidylinositol 3 kinase/ protein kinase B) pathway, RAS/ERK (rat sarcoma/ extracellular signalregulated kinase) pathway, JAK/STAT (Janus kinase/signal transducer and activator of transcription protein) and proto-oncogene tyrosine-protein kinase Src signaling pathway, which further regulates a variety of crucial biological processes, including normal cell survival, cell proliferation and differentiation, tumor occurrence and recurrence, cell motility and migration, cell adhesion and angiogenesis [START_REF] Huizinga | W/kit gene required for interstitial cells of Cajal and for intestinal pacemaker activity[END_REF][START_REF] Linnekin | Early signaling pathways activated by c-Kit in hematopoietic cells[END_REF][START_REF] Liang | The C-Kit receptor-mediated signal transduction and tumor-related diseases[END_REF]Foster et al., 2018). PI3K pathway is a crucial pathway for cell survival by regulating mTOR activity and AKT-mediated phosphorylation. PI3K/AKT pathway also plays a key role in cell proliferation, cell motility and migration [START_REF] Vosseller | c-Kit receptor signaling through its phosphatidylinositide-3′-kinase-binding site and protein kinase C: role in mast cell enhancement of degranulation, adhesion, and membrane ruffling[END_REF], and further activates NF-kB (nuclear factor-kappa B) to regulate angiogenesis [START_REF] Sansal | The Biology and Clinical Relevance of the PTEN Tumor Suppressor Pathway[END_REF].

RAS/ERK signal pathway is also very important pathway to regulate cell proliferation, survival and differentiation [START_REF] Yasuda | Regulation of lymphocyte fate by Ras/ERK signals[END_REF]. The RTK (receptor tyrosine kinase)

role of c-KIT can also recruit and associate with the GDP/GTP (guanosine diphosphate/ guanosine triphosphate) guanine nucleotide exchange factor SOS (Son of Sevenless), which further leads to the RAS activation [START_REF] Kitamura | Kit as a human oncogenic tyrosine kinase[END_REF][START_REF] Duronio | p21Ras activation via hemopoietin receptors and c-kit requires tyrosine kinase activity but not tyrosine phosphorylation of p21ras GTPase-activating protein[END_REF].

RAS can also activate RAF (Rapidly Acclerated Fibrosarcoma) kinases, which regulate tumor cell proliferation and angiogenesis [START_REF] Hood | Tumor regression by targeted gene delivery to the neovasculature[END_REF].

PLCγ (phosphoinositide phospholipase C) can catalyze PIP2 (phosphatidylinositol 4,5bisphosphate) to generate DAG (diacylglycerol) and IP3 (inositoltrisphosphate), then DAG binds to PKC (protein kinase C), causing its activation [START_REF] Hendriks | Drug discovery: New Btk inhibitor holds promise[END_REF].

PLC-γ/PKC signal plays an important role in regulation of cell proliferation, survival and cell adhesion [START_REF] Stankov | C-KIT signaling in cancer treatment[END_REF][START_REF] Lennartsson | Normal and Oncogenic Forms of the Receptor Tyrosine Kinase Kit[END_REF].

SRC family kinase pathways (SFK) are associated with several crucial cell functions including cell proliferation and survival, cell motility and migration, especially angiogenesis and cell invasion [START_REF] Summy | Treatment for Advanced Tumors: Src Reclaims Center Stage[END_REF][START_REF] Bromann | The interplay between Src family kinases and receptor tyrosine kinases[END_REF].

JAK/STAT, c-KIT receptor can activate JAK2, then activated JAKs can mediate the phosphorylation and dimerization of STATs. STAT, a transcriptional factor, can transfer to the nucleus and binds to its target genes to regulate the gene activity, which is involved in several biological process such as cell proliferation, differentiation and apoptosis [START_REF] Silva | Role of STATs as downstream signal transducers in Src family kinasemediated tumorigenesis[END_REF][START_REF] Brizzi | Convergence of signaling by interleukin-3, granulocyte-macrophage colony-stimulating factor, and mast cell growth factor on JAK2 tyrosine kinase[END_REF] (Image from Foster et al., 2018). JAK/STAT and RAS/MAPK (mitogen-activated protein kinase) [START_REF] Galanis | Inhibition of c-Kit by tyrosine kinase inhibitors[END_REF][START_REF] Di Gion | Clinical Pharmacokinetics of Tyrosine Kinase Inhibitors[END_REF][START_REF] Hu | Comparison of antitumor effects of multitargeted tyrosine kinase inhibitors in acute myelogenous leukemia[END_REF]. Sorafenib is also a multi-targeted inhibitor of VEGFR, PDGFR, c-KIT and RAF kinases [START_REF] Gordon | Tumor angiogenesis and novel antiangiogenic strategies[END_REF].

Dasatinib mainly inhibits the BCR-ABL and SRC activity [START_REF] Galanis | Inhibition of c-Kit by tyrosine kinase inhibitors[END_REF][START_REF] Wong | New dosing schedules of dasatinib for CML and adverse event management[END_REF]. Pazopanib is an inhibitor of FGFR, VEGFR, PDGFR [START_REF] Galanis | Inhibition of c-Kit by tyrosine kinase inhibitors[END_REF][START_REF] Deng | Bioavailability, metabolism and disposition of oral pazopanib in patients with advanced cancer[END_REF]. Multi-target agents such as sunitinib and sorafenib can inhibit multiple receptors. Multi-target agent therapy may help to improve the treatment efficacy, such as the ability to inhibit both the early stages of angiogenesis by disrupting EC via VEGFR inhibition and late angiogenesis by impairing pericyte recruitment and maturation via PDGFR inhibition [START_REF] Gordon | Tumor angiogenesis and novel antiangiogenic strategies[END_REF]. Thus, it is hopefully possible to achieve an increased efficacy of cancer treatment by combination of antiangiogenic agents with chemotherapeutic therapies.
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Chapter II

Peroxisome Proliferator Activated Receptors

PPARs and angiogenesis: focus on PPAR beta/ delta

Peroxisome proliferator activated receptors (PPARs), ligand-activated transcription factors, belong to the steroid receptor superfamily (Moraes et al., 2005). PPARs include three isoforms, PPAR alpha, PPAR beta/delta and PPAR gamma (Dreyer et al., 1992). PPAR alpha (NR1C1) is expressed in brown adipose tissue, liver, heart and kidney (Braissant et al., 1995). PPAR gamma (NR1C3) is mainly present in adipose tissue, colon and macrophages.

PPAR beta/delta is the most ubiquitously expressed in many tissues such as colon, heart and skeletal muscle (Kliewer et al., 1994;Mukherjee et al., 1997).

PPAR beta/delta governs various cellular biological processes including differentiation, inflammation, lipid metabolism, extracellular matrix remodeling, and angiogenesis in multiple tissues and has been suggested to be involved in several chronic diseases such as lipid metabolism disorders and cancer.

PPAR alpha and angiogenesis

Many studies demonstrated that activation of PPAR alpha inhibits angiogenesis. The clinically used PPAR alpha agonist fenofibrate was shown to inhibit human dermal endothelial cell proliferation, migration and tube formation through inhibition of the key ECs survival factor Akt (protein kinase B or PKB)

and disruption of the cytoskeleton (Varet et al., 2003).

Activation of PPAR alpha inhibits VEGF-induced EC migration and FGF2induced corneal angiogenesis in vivo and in vitro (Panigrahy et al., 2008). In this study, it has also been further shown that systemic treatment with PPAR alpha ligand can inhibit primary tumor growth and reduce the number of microvessels in mice implanted with melanoma, lewis lung carcinoma (LLC), fibrosarcoma and glioblastoma. Moreover, the antiangiogenic state induced by PPAR alpha activation was associated with elevated thrombospondin-1 (TSP1) and endostatin levels (Panigrahy et al., 2008).

However, in the same year, it was demonstrated in another study that activation of PPAR alpha stimulated neovascularization in vivo with increased phosphorylation of eNOS (endothelial nitric oxide synthase) and Akt via VEGFdependent manner [START_REF] Biscetti | Selective activation of peroxisome proliferator-activated receptor (PPAR) alpha and PPAR gamma induces neoangiogenesis through a vascular endothelial growth factor-dependent mechanism[END_REF]. Furthermore, Zhang and Ward also suggested that PPAR alpha activation induced proangiogenic responses in human ocular cells [START_REF] Zhang | WY-14643, a selective PPAR alpha agonist, induces proinflammatory and proangiogenic responses in human ocular cells[END_REF]. In another study, it was shown that a newly PPAR alpha agonist (R)-K-13675 had no effect on angiogenesis [START_REF] Kitajima | Newly developed PPAR alpha agonist (R)-K-13675 inhibits the secretion of inflammatory markers without affecting cell proliferation or tube formation[END_REF]. Recently, PPAR alpha activation is further shown to have antineovascularization effects with downregulation of VEGF and angiopoietins expression in a rat alkali burn model (Arima et al., 2017).

In summary, the role of PPAR alpha in angiogenesis is still controversial.

Some observations showed that ligand activation of PPAR alpha had antiangiogenic effects mediated not only through upregulation of anti-angiogenic factors such as TSP1 and endostatin, but also via downregulation of proangiogenic factors including VEGF, FGF2, AKT and angiopoietins. Others also reported the opposite results showing a proangiogenic role upon PPAR alpha activation. Thus, the specific molecular mechanism is still unclear and needs to be further studied.

PPAR gamma and angiogenesis

Ligand activation of PPAR gamma was previously shown to inhibit human umbilical vein endothelial cells (HUVEC) tube formation in collagen gels (Xin et al., 1999), and VEGF-induced choroidal neovascularization in vitro and in vivo (Murata et al., 2000). Another study also demonstrated that EC apoptosis was induced through treatment with PPAR gamma ligand 15d-PGJ2 (Bishop & Hla, 1999). Furthermore, rosiglitazone, a potent PPAR gamma agonist, was shown to inhibit primary tumor growth and metastasis through both direct and indirect antiangiogenic effects in vitro, and bFGF-induced corneal neovascularization in vivo (Panigrahy et al., 2002). Moreover, similar observation also displayed the inhibition of VEGF-induced angiogenesis in the chick chorioallantonic membrane model (Aljada et al., 2008). In a mouse model with ischemia-induced retinopathy, pioglitazone, a PPAR gamma agonist, also showed a protective effect against pathological neo-angiogenesis through upregulation of anti-inflammatory adipokine adiponectin (Higuchi et al., 2010). Additionally, a PPAR gamma antagonist GW9662 was shown to reverse Omega-3 long-chain polyunsaturated fatty acids (ω3-PUFAs)-induced reduction of E-Selectin, angiopoietin-2, vascular cell adhesion molecule-1 (VCAM-1) and intracellular adhesion molecule-1 (ICAM-1) (Stahl et al., 2010), implicating an antiangiogenic potential of PPAR gamma itself. However, opposite results also showed that pioglitazone enhanced neovascularization and inhibited apoptosis of EPC in vitro and in vivo via Phosphoinositide-3-Kinase (PI3K)-dependent manner (Gensch et al., 2007). (Nadra et al., 2010), suggesting a crucial role of PPAR gamma in placental vascular development. The major antiangiogenic properties on PPAR gamma activation were also reviewed here (Kotlinowski & Jozkowicz, 2016).

Notably, in most cancers, the canonical Wnt/beta-catenin pathway is upregulated, on the contrary, PPAR gamma is downregulated. Interestingly, in numerous tissues, activation of PPAR gamma inhibits beta-catenin pathway, whereas the stimulation of canonical Wnt/beta-catenin signal cascade also inactivates PPAR gamma (Lecarpentier et al., 2017).

In summary, PPAR gamma displays predominantly an anti-angiogenic effect.

In view of the cross-talk between PPAR gamma and canonical Wnt/beta-catenin signaling in an opposite manner, it might still be useful to develop new PPAR gamma agonists not only to inhibit canonical beta-catenin pathway but also to activate PPAR gamma, thus possibly offering a new therapeutic solution in cancers.

PPAR beta/delta and angiogenesis

Using the ligand prostacyclin (PGI2), it has been reported that PPAR beta/delta promoted ECs apoptosis [START_REF] Hatae | Prostacyclindependent apoptosis mediated by PPAR delta[END_REF]. In contrast, another study provided evidence that activation of PPAR beta/delta with the selective ligand GW501516 induced human umbilical vein endothelial cell (HUVEC)

proliferation and increased expression of VEGF and its receptor VEGFR1 (FLT1) (Stephen et al., 2004). PPAR beta/delta activation with its ligand PGI2 can also stimulate upregulation of 14-3-3 alpha expression, an anti-apoptotic and antiinflammatory protein, which protects ECs from H2O2-induced apoptosis and oxidant injury (Liou et al., 2006).

Furthermore, PPAR beta/delta activation with GW501516 has been shown

to induce angiogenesis in human and murine endothelial cells in extracellular matrix cultures in vitro and in a murine matrigel plug model in vivo; GW501516induced VEGF release was considered as a major trigger for EC proliferation and morphogenesis (Piqueras et al., 2007). In addition to VEGF, Cdkn1c (cyclindependent kinase inhibitor 1c) encoding the cell cycle inhibitor p57 Kip2 , has been identified as a target gene of PPAR beta and possibly mediates the inhibition of LLC and B16 melanoma cell proliferation in PPAR beta/delta -/-mice (Müller-Brüsselbach et al., 2007). In fact, Cdkn1c has been shown to suppress tumorigenesis by a direct inhibitory effect on tumor cell proliferation [START_REF] Kuang | Differential tumor suppressor properties and transforming growth factor-beta responsiveness of p57KIP2 in leukemia cells with aberrant p57KIP2 promoter DNA methylation[END_REF].

Müller-Brüsselbach and colleagues also demonstrated that PPAR beta/delta -/-mice implanted with LLC and B16 melanoma exhibited a diminished blood flow and immature hyperplastic microvascular structures compared to wild-type mice. Moreover, re-expression of PPAR beta/delta into the matrigel-invading cells could trigger microvessel maturation and restore a normal vascularization (Müller-Brüsselbach et al., 2007). It is also worth noting that PPAR beta/delta has been reported to play an essential role in placentation and PPAR beta/delta-null mice die between E9.5 to E10.5 due to abnormal cellto-cell communication at the placental-decidual interface [START_REF] Barak | Effects of peroxisome proliferator-activated receptor delta on placentation, adiposity, and colorectal cancer[END_REF]Nadra et al., 2006). However, a defect in angiogenesis was not observed in these studies during development in PPAR beta/delta knockout mice (Barak et al., 2002;Nadra et al., 2006;Wieser et al., 2008).

Additionally, the expression levels of CLIC4 (calcium intracellular channel protein-4) were reduced in migrating ECs from PPAR beta/delta-null mice, while the expression of CRBP1 (cellular retinol binding protein-1) enhanced (Adamkiewicz et al., 2007). These two proteins, CLIC4 and CRBP1, have both a role in tumorigenesis and/or tumor vascularization. CLIC4 plays a crucial role in tubular morphogenesis, and CRBP1 can inhibit cell survival pathways through blockade of the Akt signal cascade (Bohman et al., 2005;Kuppumbatti et al., 2001).

PPAR beta/delta has been suggested as a critical "hub node" transcriptional factor which governs the tumor "angiogenic switch" (Abdollahi et al., 2007;Bishop-Bailey, 2008, 2011;Bishop-Bailey & Swales, 2008) (Abdollahi et al., 2007).

Further studies indicate a role of PPAR beta/delta in physiological angiogenesis. For instance, skeletal muscle-specific PPAR beta/delta overexpression can lead to an increase in the number of oxidative muscle fibers and running endurance in adult mice (Luquet et al., 2003;Wang et al., 2004;Narkar et al., 2008). Pharmacological activation of PPAR beta/delta can promote a rapid muscle remodeling via a calcineurin-dependent manner and induce muscle angiogenesis after 24h or 48h using the highly selective PPAR beta/delta agonist GW0742 (Gaudel et al., 2008). Furthermore, pharmacological PPAR beta/delta stimulation has been demonstrated to induce rapid cardiac growth and cardiac angiogenesis via a direct activation of calcineurin (Wagner et al., 2009). The cardiac angiogenic response to PPAR beta activation can be observed after 5 h and 24 h in GW0742-treated animals, and the same cardiac phenotype also can be induced after treatment with another PPAR beta/delta agonist, GW501516, indicating specificity for PPAR beta/delta stimulation.

Calcineurin activation also leads to the activation of NFATc3 (nuclear factor activated T cells c3), enhanced protein levels of HIF-1alpha (hypoxia inducible factor 1 alpha), and Cdk9 (cyclin dependent kinase 9) (Wagner et al., 2009).

Rapid induction of cardiac angiogenesis and cardiac hypertrophy have been observed in an inducible conditional vascular endothelial-specific PPAR beta/delta overexpression mouse model developed by Wagner et al (Wagner et al., 2016;[START_REF] Borsig | Selectins in cancer immunity[END_REF]. Overall, the remodeling in skeletal muscle and cardiac was exactly same to the phenotype observed with exercise and both was mediated through activation of calcineurin.

COX-2 (Cyclooxygenase-2) is considered to regulate angiogenesis and tumorigenesis through production of active prostanoids, and overexpression of COX2 can also induce an angiogenic switch and transform epithelium into invasive carcinoma. In COX-2-TG/PPAR beta/delta -/-mice, weaken lobuloalveolar differentiation and occurrence of epithelium hyperplasia and adenocarcinoma can be observed, implicating a crucial role of PPAR beta/delta in epithelial tumorigenesis [START_REF] Ghosh | PPAR delta is pro-tumorigenic in a mouse model of COX-2-induced mammary cancer[END_REF]. In addition to epithelium carcinogenesis, PPAR beta/delta may also have the potential to mediate pathological angiogenesis. PPAR beta/delta has been shown to regulate retinal angiogenesis in human retinal microvascular endothelial cells (HRMECs) and in an in vivo model of preretinal. Pharmacological PPAR beta/delta activation enhances, and its inhibition reduces preretinal neovascularization possibly in an Angptl4-dependent manner, implicating a potential role of PPAR beta/delta in regulating pathological ocular angiogenesis (Capozzi et al., 2013). Another study showed that PPAR beta/delta knockdown in both retinal pigment epithelial and choroidal endothelial cells caused an anti-angiogenic phenotype in vitro, and laser-induced choroidal neovascular (CNV) lesions were less pronounced in knockout mice in vivo. Moreover, pharmacological inhibition of PPAR beta/delta with the antagonist GSK0660 resulted in a significant decreased CNV lesion size in vivo, suggesting a functional role of PPAR beta/delta in the development of CNV lesions (Choudhary et al., 2016). In contrast to all these studies, the PPAR beta/delta ligand L-165041 was shown to inhibit vascular EC proliferation and migration in vitro and angiogenesis in vivo, however, this was an unspecific effect not related to PPAR beta/delta activation [START_REF] Park | The PPAR delta ligand L-165041 inhibits VEGFinduced angiogenesis, but the antiangiogenic effect is not related to PPAR delta[END_REF]. PPAR beta/delta is therefore involved in both, physiological and pathological angiogenesis.

PPAR beta/delta activation can directly regulate the number and functions of early endothelial progenitor cells (EPCs) via activation of the Akt pathway and induce an enhanced vasculogenesis (Han et al., 2008). The pro-vasculogenic effects of PPAR beta/delta were also observed on late EPCs (He et al., 2008).

PPAR beta/delta activation with GW501516 induced EPC proliferation and tube formation, and EPCs treated with an inhibitor of COX or COX-1, or PGI2 synthase, or PPAR beta/delta specific siRNA, displayed decreased cell proliferation and tube formation (He et al., 2008). Furthermore, it has been shown that PPAR beta/delta can activate EPCs to induce angiogenesis and skeletal muscle regeneration through MMP9-mediated IGF-1 (insulin-like growth factor -1) paracrine networks (Han et al., 2013). MMP9 is known to be the most generously secreted from early EPCs [START_REF] Yoon | Synergistic neovascularization by mixed transplantation of early endothelial progenitor cells and late outgrowth endothelial cells: the role of angiogenic cytokines and matrix metalloproteinases[END_REF]. And IGF-1 is considered to be a potent mitogen for induction of angiogenesis and skeletal muscle regeneration [START_REF] Conti | Insulin-like growth factor-1 as a vascular protective factor[END_REF][START_REF] Philippou | Type I insulin-like growth factor receptor signaling in skeletal muscle regeneration and hypertrophy[END_REF]. In that study of Han et al., it was observed that PPAR beta/delta activation promotes rapid wound healing with increased angiogenesis in a mouse skin punch wound model.

Moreover, these pro-angiogenic and muscle-regenerating effects can be abolished in MMP9 KO mice (Han et al., 2013). Overall, PPAR beta/delta is a crucial regulator of EPC pro-angiogenic functions, or even acts as an initiator to activate EPCs to further induce vasculogenesis and/or angiogenesis.

Recently, some observations also focus on the function of PPAR beta/delta (Zuo et al., 2017).

In conclusion, a variety of studies have indicated that PPAR beta/delta functions as a key regulator in angiogenesis including physiological and pathological angiogenesis. Due to the impact on EPCs, PPAR beta/delta also plays a key role in vasculogenesis. Given the crucial role of angiogenesis in metastasis (Folkman, 2002;Hanahan & Weinberg, 2011), PPAR beta/deltamediated angiogenesis might further facilitate tumor progression and metastasis through upregulation of various pro-angiogenic factors. Apart from this, PPAR beta/delta also may directly functions on some other pro-metastatic mechanisms such as promotion of EMT and tumor cell invasiveness.

Role of PPAR beta/delta in cancer

PPAR beta/delta functions as a transcription factor that regulates some important physiological processes including cell survival and proliferation, cell differentiation and metabolism, inflammation and tumor biology. PPAR beta/delta expression is upregulated in many major human cancers such as colon, lung and breast cancer (Gupta et al., 2000;Pedchenko et al., 2008;Yuan et al., 2013), but its specific role for tumor progression and metastasis still remains to be fully elucidated. Currently, the functional role of PPAR beta/delta in tumorigenesis still remains controversial. There already existed some conflicting studies that indicated opposing roles of PPAR beta/delta in tumorigenesis.

For instance, one study has identified PPAR beta/delta as a downstream target of APC/beta-catenin/Tcf4 signaling. In this study, PPAR beta/delta expression is upregulated and can be repressed by the APC pathway in human colorectal cancer cells [START_REF] Xu | Molecular Recognition of Fatty Acids by Peroxisome Proliferator-Activated Receptors[END_REF], indicating a pro-tumorigenic role of PPAR beta/delta in colon cancer. However, another study showed that compared with the human colorectal cancer cell lines with wild-type APC (adenomatous polyposis coli) and CTNNB1 (catenin beta-1), there was no change in PPAR beta/delta expression observed in human colorectal cancer cell lines with mutations in either APC or CTNNB1 (Foreman et al., 2009). It was also reported that PPAR beta/delta may promote differentiation and inhibit the cellfibronectin adhesion of colon cancer cells, implicating its inhibitory role in carcinogenesis and colorectal cancer progression [START_REF] Yang | Knockdown of peroxisome proliferatoractivated receptor-beta induces less differentiation and enhances cellfibronectin adhesion of colon cancer cells[END_REF].

Subsequently, it was further demonstrated that PPAR beta/delta expression was lower in human and mouse colon cancer models compared to normal tissue, whereas higher CYCLIN D1 expression was observed. Furthermore, in this mouse model study, the expression of CYCLIN D1 was markedly increased in colon tumors from mice with mutant APC gene, while the expression of PPAR beta/delta was markedly lower in the tumors as compared to control colon tissue in wild-type mice [START_REF] Peters | Dissecting the role of peroxisome proliferator-activated receptorbeta/delta in colon, breast, and lung carcinogenesis[END_REF]. These findings from both human and mouse colon cancer models demonstrate that PPAR beta/delta expression is lower during colon tumorigenesis, and meanwhile supports the hypothesis that activation of PPAR beta/delta could prevent colon tumorigenesis. Interestingly, another study showed that survival of the patients with colorectal cancer was markedly higher in patients with increased expression of PPAR beta/delta in comparison to patients with relatively low expression, indicating that an increased PPAR beta/delta levels could predict a favorable outcome in patients with colorectal cancer [START_REF] Xue | PDGF-BB modulates hematopoiesis and tumor angiogenesis by inducing erythropoietin production in stromal cells[END_REF].

Recently, however, a study demonstrated that PPAR beta/delta strongly promoted APC gene mutation-driven colorectal cancer progression and invasion through multiple important pro-tumorigenic pathways, including PDGFR beta, AKT1 (AKT serine/ threonine kinase 1), EIF4G1 (eukaryotic translation initiation factor 4 gamma), CDK1 (cyclin-dependent kinase 1) and BMP7/TAK1/betacatenin pathway. In this study, colorectal cancer tumorigenesis was enhanced by treatment with the PPAR beta/delta agonist GW501516 in APC-flox mice, whereas tumorigenesis was also suppressed by the PPAR beta/delta antagonist GSK3787. The study, from in vivo and in vitro models with genetic or pharmacologic modulations of PPAR beta/delta expression and activation, demonstrated that PPAR beta/delta enhanced beta-catenin activation in intestinal epithelial cells via upregulation of BMP7/TAK1 signaling, and promoted colorectal cancer progression and invasiveness by increasing the expression of multiple important pro-tumorigenic proteins [START_REF] Zuo | PPARD and interferon gamma promote transformation of gastric progenitor cells and tumorigenesis in mice[END_REF]. To some extent, this study gives a different answer to the unclear questions related to the potential role of PPAR beta/delta on beta-catenin promotion in APC gene mutation-dependent colorectal tumorigenesis.

Importantly, PPAR beta/delta activation has been demonstrated to induce colonic cancer stem cell (CSC) expansion and promotion of colorectal cancer (CRC) liver metastasis through direct transactivation of Nanog gene (Wang et al., 2019). In fact, Nanog has been identified as a key transcriptional factor governing self-renewal and pluripotency of stem cells (Yu et al., 2007). Elevated

Nanog levels have been considered to be associated with poor overall and recurrence-free survival in patients with CRC [START_REF] Meng | Overexpression of Naong predicts tumor progression and poor prognosis in colorectal cancer[END_REF]. Nanog has been identified as a potential marker for CRC liver metastasis, and its expression is correlated to advanced cancer stages and liver metastasis in patients with CRC [START_REF] Xu | Naong: a potential biomarker for liver metastasis of colorectal cancer[END_REF]. Cancer cells expressing Nanog also show stem cell properties (Shan et al., 2012). In that study, Nanog has been considered to be required for PPAR beta/delta induction of CSC expansion and promotion of CRC liver metastasis in vivo (Wang et al., 2019).

Also in other cancer types, some conflicting observations still existed about the role of PPAR beta/delta on carcinogenesis. A comprehensive analysis related to many tumor types presented decreased expression of PPAR beta/delta protein levels in many cancer types, including gliomas, ovarian, prostate, skin, urothelial, melanoma, pancreatic, liver, lung and breast cancers [START_REF] Peters | Establishing the role of PPAR beta/delta in carcinogenesis[END_REF].

For instance, in melanoma, a study in vitro in human cancer cell lines demonstrated that ligand activation of PPAR beta/delta inhibited cell growth and proliferation (Girroir et al., 2008). Moreover, PPAR beta/delta activation was shown to inhibit melanoma cell proliferation via direct transcriptional repression of WT1 (Michiels et al., 2010). But a subsequent study indicated also in vitro that ligand activation of PPAR beta/delta promoted melanoma cell migration, invasion, and an aggressive phenotype in highly metastatic melanoma cells by upregulating Snail expression (Ham et al., 2014). PPAR beta/delta inhibition in a

Pparb/d -/-mouse model has been shown to promote lung metastasis of melanoma cells in vivo [START_REF] Lim | The role of PPAR beta/delta in melanoma metastasis[END_REF]. And in pancreatic cancer cells, it was also observed that the ligand activation of PPAR beta/delta inhibited cytokineinduced cell migration and invasion in vitro (Coleman et al., 2013).

In breast cancer cells, a study demonstrated that inverse PPAR beta/delta agonists inhibited cell invasion into a three-dimensional collagen matrix by blocking ANGPTL4 transcription (Adhikary et al., 2013). But interestingly, human breast cancer cell (MDA-MB-231) invasion was not enhanced by PPAR beta/delta agonists in this study. Here, it's worth reminding that ANGPTL4 as a common target gene of PPAR beta/delta can enhance angiogenesis and promote tumor progression and metastasis (see ANGPTL4 part 2.3.).

Nevertheless, opposing observations have described an inhibitory role of ANGPTL4 in angiogenesis and cell invasion (Galaup et al., 2006;Yang et al., 2008). In a transgenic animal model, it was shown that PPAR beta/delta activation induced mammary tumorigenesis, promoted breast cancer progression and metastasis (Yuan et al., 2013). Upregulation of PPAR beta/delta expression in breast cancer cells has been considered to be associated with more aggressive clinical behavior. High levels of PPAR beta/delta can enhance cancer cell migratory and metastatic properties to confer them with the ability to survive in harsh metabolic conditions such as low glucose [START_REF] Wang | PPAR delta promotes survival of breast cancer cells in harsh metabolic conditions[END_REF].

However, another study showed that ligand activation of PPAR beta/delta inhibited c-Myc-dependent cancer cell proliferation and breast cancer progression through interaction with c-Myc (a proto-oncogene product) in vivo (Ham et al., 2018).

In human non-small cell lung carcinoma (NSCLC), it is reported that ligand activation of PPAR beta/delta increased expression of prostaglandin receptors, and decreased expression of PTEN (phosphatase and tensin homolog, acts as a tumor suppressor by negatively regulating AKT1), which stimulated the PI3K/AKT and NF-kB signaling pathway to promote cell proliferation (Han et al., 2008). It was also shown in mice with a disrupted PPAR beta/delta gene that RAF-induced lung tumorigenesis was attenuated (Muller-Brusselbach et al., 2007b). However, in the same year, another study in vitro reported that ligand activation of PPAR beta/delta had no effect on cell proliferation and the expression of PTEN and AKT in human lung cancer cells (He et al., 2008).

Subsequently, it was demonstrated that PPAR beta/delta promoted NSCLC cell survival and proliferation, which also implicated its potential role affecting multiple critical pathways involved in lung carcinogenesis [START_REF] Genini | Transcriptional and non-transcriptional functions of PPAR beta/delta in non-small cell lung cancer[END_REF].

Downregulation of PPAR beta/delta expression has been shown to inhibit

highly malignant prostate cancer cell growth [START_REF] Morgan | Involvement of fatty acid binding protein 5 and PPAR beta/ delta in prostate cancer cell growth[END_REF]. Recently, however, PPAR beta/delta has been reported to exert a tumor suppressive activity in prostate cancer independent of ligand-mediated activation. PPAR beta/delta can suppress trefoil factor family gene TFF1 expression to further inhibit prostate cancer aggressiveness [START_REF] Martín-Martín | PPAR delta elicits ligand-independent repression of trefoil factor family to limit prostate cancer growth[END_REF].

Most recently, it was reported that PPAR beta/delta overexpression in villinexpressing gastric progenitor cells (VGPCs) can cause inflammation and tumorigenesis. PPAR beta/delta can upregulate CCL20 and CXCL1 expression to increase immune cell infiltration of gastric lesions in mice, which promotes gastric chronic inflammation and VGPCs expansion and transformation, eventually leading to tumorigenesis (Zuo et al., 2019). PPAR beta/delta can also interact with YAP1/ TEAD (yes-associated protein-1/TEA domain family member-1) complex to promote SOX9 (SRY-box transcription factor 9)

expression and further facilitate gastric cancer progression [START_REF] Song | PPAR delta interacts with the Hippo Coactivator YAP1 to promote SOX9 expression and gastric cancer progression[END_REF].

Elevated levels of PPAR beta/delta expression can be observed in liposarcoma, and PPAR beta/delta can promote liposarcoma cell proliferation and migration (Wagner et al., 2011). In contrast, ligand activation of PPAR beta/delta with GW501516 inhibited cell proliferation and induced a G2/M phase arrest in the undifferentiated nasopharyngeal carcinoma (NPC) cells. And PPAR beta/delta expression was reversely correlated to the degree of differentiation in the NPC cell lines, suggesting an anti-tumorigenic effects of GW501516 in NPC cells via activation of AMPK (AMP-activated protein kinase) alpha [START_REF] Ji | PPAR beta/ delta agonist GW501516 inhibits tumorigenicity of undifferentiated nasopharyngeal carcinoma in C666-1 cells by promoting apoptosis[END_REF].

Some studies also investigate the role of PPAR beta/delta in promotion of tumor progression. PPAR beta/delta expressed in tumor myeloid cells is considered to be critical to tumor growth and tumor progression (Park et al., 2015). A study showed that PPAR beta/delta expression in cancer cells promoted tumor angiogenesis by the regulation of VEGF and IL8 in vivo and in vitro (Zuo et al., 2017). PPAR beta/delta expression in cancer cells was considered as a critical driver for metastasis, by promoting EMT and cancer cell invasion and migration, suggesting a specific role of PPAR beta/delta in cancer cells in promoting metastases (Zuo et al., 2017). PPAR beta/delta has been shown to directly trans-activate neutral amino acid transporter SLC1-A5 (solute carrier family 1 member 5) and glucose transporter-1 (Glut1), further leading to mTOR signaling activation, which promotes increased cancer cell metabolism and tumor progression (Zhang et al., 2017). Moreover, inhibition of PPAR betamediated metabolic signaling with antagonist GSK0660 can also suppress tumor progression and increase chemotherapy sensitivity (Zhang et al., 2017).

In summary, PPAR beta/delta may have context-specific oncogenic or tumor-suppressive roles depending on the various tissues, cell types and/or tumor types. Hence, to focus on the common pro-tumorigenic or pro-metastatic mechanisms, such as angiogenesis, EMT or cancer cells invasion and migration and metabolism mechanism, may provide a more reliable evidence for the potential of PPAR beta/delta in tumor progression and metastasis formation.

2.3.Molecular Mechanisms of transcriptional regulation by PPAR beta/delta and PPAR beta/delta target genes

PPAR beta/delta can directly regulate the transcription of target genes by forming a heterodimer with RXR (retinoid X receptor) and binding to PPRE (peroxisome proliferator response element) sequences in the promoter of the target genes through DBD (DNA binding domain). PPAR beta/delta functions both in a ligand-dependent and ligand-independent manner. In the absence of ligands, the PPAR beta/delta /RXR heterodimer can interact with co-repressors, leading to recruitment of HDAC (histone deacetylase) and subsequent transcriptional repression (Neels & Grimaldi,2014). The interaction of ligands with the LBD (ligand-binding domain) of the PPAR beta/delta can subsequently induce conformational changes, which can cause a release of the corepressor complex and the attachment of coactivators or associated proteins, such as PGC-1 (peroxisome proliferative activated receptor gamma coactivator-1) and SRC-2 (steroid receptor coactivator-2), further stimulating the transcription of the PPAR beta/delta target genes [START_REF] Lim | Transcriptional cofactors exhibit differential preference toward peroxisome proliferator-activated receptors alpha and delta in uterine cells[END_REF][START_REF] Wang | Peroxisome-proliferator-activated receptor delta activates fat metabolism to prevent obesity[END_REF].

PPAR beta/delta also can indirectly regulate the transcription of the target genes by interacting with certain specific transcription factors. For instance, the activation of PPAR beta/delta can increase the transcriptional activity of FoxO1 (forkhead box protein O1) by direct PPRE-driven mechanism, a transcription factor involved in some cellular functions [START_REF] Nahle | CD36-dependent regulation of muscle FoxO1 and PDK4 in the PPAR delta/betamediated adaptation to metabolic stress[END_REF]. Furthermore, it has been reported that there exists an inhibitory action of PPAR beta/delta activation on the NF-kB (nuclear factor kB) pathway via multiple mechanisms in various cell types also depending on the different biological condition [START_REF] Westergaard | Expression and localization of peroxisome proliferation-activated receptors and nuclear factor kappa B in normal and lesional psoriatic skin[END_REF][START_REF] Rival | PPARalpha and PPARbeta activators inhibit cytokine-induced nuclear translocation of NF-kappa B and expression of VCAM-1 in EAhy926 endothelial cells[END_REF]. NF-kB heterodimer is composed of two subunits, p65 and p50, and is a ubiquitously expressed transcription factor implicated in multiple biological processes such as cell survival and apoptosis. PPAR beta/delta can interact with the p65 subunit of the NF-kB dimer, which can decrease association of the NF-kB dimer to its responsive elements on respective target genes in cardiomyocytes and microglial cells [START_REF] Planavila | Peroxisome proliferator-activated receptor beta/delta activation inhibits hypertrophy in neonatal rat cardiomyocytes[END_REF][START_REF] Schnegg | PPARdelta prevents radiationinduced proinflammatory responses in microglia via transrepression of NF-kappaB and inhibition of the PKCalpha/MEK1/2/ERK1/2/AP-1 pathway[END_REF], thus inhibiting the transcription of the target genes by NF-kB. In addition, PPAR beta can directly regulate the transcription of IkBa (inhibitor-kBa), which is an important inhibitor of the NF-kB, by a direct PPRE transactivation mechanism [START_REF] Buroker | The IkappaBalpha gene is a peroxisome proliferator-activated receptor cardiac target gene[END_REF].

Apart from this, PPAR beta/delta can indirectly regulate gene transcription by interacting with the associated corepressor B-cell lymphoma 6 (Bcl-6) (Lee et al., 2003). PPAR beta/delta is expressed together with Bcl-6 in VSMCs and ECs (Fan et al., 2008;[START_REF] Zhang | Peroxisome proliferator-activated receptor delta is up-regulated during vascular lesion formation and promotes post-confluent cell proliferation in vascular smooth muscle cells[END_REF], and PPAR beta/delta also plays a critical role in regulating EC survival and proliferation [START_REF] Takata | PPARdelta-mediated anti-inflammatory mechanisms inhibit angiotensin II-accelerated atherosclerosis[END_REF][START_REF] Lee | Transcriptional repression of atherogenic inflammation: modulation by PPARdelta[END_REF]. In this case, the inactive PPAR beta/delta binds to Bcl-6 and thereby hampers its function, whereas the activation of PPAR beta/delta can result in the dissociation of Bcl-6 to perform its function and further suppress the transcription of the target genes [START_REF] Neels | Physiological functions of peroxisome proliferationactivated receptor beta[END_REF].

Taken together, PPAR beta/delta can affect the transcriptional expression of various genes not only by the direct PPRE (PPAR response elements) transactivation mechanism through binding to specific responsive elements on the target genes, but also by indirectly regulating the activity of other associated transcription factors. to their respective transcription factor binding sites (TFBSs) and subsequently activate the transcription of Bcl-6 repressed genes (b6rgs) encoding for macrophage-associated chemokines or cytokines. The binding of ligands to PPAR beta/delta leads to a release of Bcl-6, and subsequent trans-repression of b6rg under the presence of a corepressor complex. Corepressors, including SMRT (silencing mediator for retinoid and thyroid hormone receptor) and NCoR (nuclear receptor corepressor), have been shown to be involved in the PPAR beta/delta-mediated trans-repression. Furthermore, in the presence of either the PPAR beta/delta agonists or antagonists, it can be observed that the heterodimerization of PPAR beta/delta with the RXR and subsequent binding of the heterodimer complex to PPREs of respective target genes. A coactivator or corepressor complex can be recruited depending on the ligands bound to PPAR beta/delta, which thus leads to the respective transactivation or trans-repression of the target genes by PPAR beta/delta (Image from [START_REF] Tan | Transcriptional control of physiological and pathological processes by the nuclear receptor PPAR beta/delta[END_REF].

PPAR beta/delta Target Genes

PPAR beta/delta regulates the transcription of target genes via a direct PPRE-dependent transactivation mechanism. The peroxisome proliferator response elements (PPRE) comprises a direct repeat (DR) of AGGTCA separated by one nucleotide (DR1) as AGGTCA (N) AGGTCA (Palmer et al., 1995). But currently, it is investigated that only PPAR alpha binds to this sequence; and whether ligand activation have an impact on PPARs binding to DNA response elements is still controversial [START_REF] Wagner | Peroxisome proliferator-activated receptor beta/delta (PPAR beta/delta) acts as regulator of metabolism linked to multiple cellular functions[END_REF]. A variety of genes have been identified as PPAR beta/delta direct targets to be involved in various cellular biological processes such as fatty acid oxidation, cell survival, inflammation, angiogenesis, cancer cell metabolism and tumor progression. ANGPTL4 (angiopoietin-like protein 4) is a well-known target gene of PPAR beta/delta (Staiger et al., 2009), and belongs to a superfamily of secreted proteins structurally relative to factors named as ANG (angiopoietins) regulating angiogenesis. A combination of microarray and ChIP-seq analysis has identified ANGPTL4 as a common target gene regulated by both PPAR beta/delta and HIF-1 (hypoxia-induced gene-1) in endothelial cells (Inoue et al., 2014).

ANGPTL4 is a secreted protein cleaved by extracellular proteases through the blood stream, including nANGPTL4 (N-terminal) and cANGPTL4 (C-terminal) fragments [START_REF] Ge | Oligomerization state-dependent hyperlipidemic effect of angiopoietin-like protein 4[END_REF]. Besides the major involvement of nANGPTL4 in the inhibition of lipoprotein lipase, cANGPTL4 has been shown to have a role in tumor progression and metastasis (Mandard et al., 2006;Tan et al., 2012).

Hence, ANGPTL4 can promote cell migration [START_REF] Li | Hypoxia-inducible factor 1 αlpha-activated angiopoietinlike protein 4 contributes to tumor metastasis via vascular cell adhesion molecule-1/integrin β1 signaling in human hepatocellular carcinoma[END_REF][START_REF] Padua | TGFbeta primes breast tumors for lung metastasis seeding through angiopoietin-like 4[END_REF], cancer cell invasion (Adhikary et al., 2013) and angiogenesis [START_REF] Gealekman | Enhanced angiogenesis in obesity and in response to PPARgamma activates through adipocyte VEGF and ANGPTL4 production[END_REF]Le Jan et al., 2003). ANGPTL4 also can inhibit anoikis that is essential for the survival of circulating tumor cells [START_REF] Zhu | Angiopoietin-like 4 protein elevates the prosurvival intracellular O2(-): H2O2 ratio and confers anoikis resistance to tumors[END_REF] and increase the permeability of lung capillaries to promote extravasation [START_REF] Li | Hypoxia-inducible factor 1 αlpha-activated angiopoietinlike protein 4 contributes to tumor metastasis via vascular cell adhesion molecule-1/integrin β1 signaling in human hepatocellular carcinoma[END_REF][START_REF] Huang | Mechanisms involved in biological behavior changes associated with Angptl4 expression in colon cancer cell lines[END_REF], thus further facilitating metastasis formation. In view of these protumorigenic features of ANGPTL4, multiple oncogenic signaling pathways have been shown to regulate the ANGPTL4 gene, including HIF-1 [START_REF] Belanger | Hypoxia up-regulates expression of peroxisome proliferator-activated receptor gamma angiopoietin-related gene (PGAR) in cardiomyocytes: role of hypoxia inducible factor 1alpha[END_REF], AP-1 (activator protein-1) [START_REF] Kaddatz | Transcriptional profiling identifies functional interactions of TGFbeta and PPARbeta/delta signaling: synergistic induction of ANGPTL4 transcription[END_REF] and TGFβ (transforming growth factor beta) induced SMAD (Sma and Mad proteins from Caenorhabditis elegans and Drosophila, respectively) factors [START_REF] Kaddatz | Transcriptional profiling identifies functional interactions of TGFbeta and PPARbeta/delta signaling: synergistic induction of ANGPTL4 transcription[END_REF][START_REF] Padua | TGFbeta primes breast tumors for lung metastasis seeding through angiopoietin-like 4[END_REF]. It has been shown that an increase of ANGPTL4 levels in breast cancer cells leads to an activation of SMAD transcription factors, promoting the transendothelial migration of cancer cells by disrupting the ECs junctions [START_REF] Nakayama | Expression of angiopoietin-like 4 (ANGPTL4) in human colorectal cancer: ANGPTL4 promotes venous invasion and distant metastasis[END_REF][START_REF] Padua | TGFbeta primes breast tumors for lung metastasis seeding through angiopoietin-like 4[END_REF]. ANGPTL4 can also facilitate trans-endothelial migration and metastasis in hepatocellular carcinoma cells by upregulating VCAM-1 on ECs and activating VCAM-1/integrin β1 signaling pathways [START_REF] Li | Hypoxia-inducible factor 1 αlpha-activated angiopoietinlike protein 4 contributes to tumor metastasis via vascular cell adhesion molecule-1/integrin β1 signaling in human hepatocellular carcinoma[END_REF]. In addition, it has been shown that cANGPTL4 can activate integrin β1 and β5 subunits to modulate cell migration through the FAK/PAK (focal adhesion kinase/ p21-activated kinase) signaling cascade (Goh et al., 2010). cANGPTL4 may directly associate with integrin α5β1, VE-cadherin and claudin-5 to induce vascular disruption and favor tumor invasion and metastasis [START_REF] Huang | ANGPTL4 modulates vascular junction integrity by integrin signaling and disruption of intercellular VE-cadherin and claudin-5 clusters[END_REF].

There already exist evidences that cANGPTL4 can bind to some specific matrix proteins and intervene the proteolytic degradation of metalloproteinases (Goh et al., 2010). In a summary, many studies have pointed to the role of ANGPTL4 in angiogenesis and in promoting tumor progression and metastasis.

Pyruvate dehydrogenase kinase 4 (PDK4) belong to PDKs family (PDH kinases) that can inhibit PDH complex (pyruvate dehydrogenase complex) by phosphorylating one of its subunits. PDH complex is an enzyme located in mitrochondrial matrix and plays a key role in the glucose oxidation by catalyzing the conversion of pyruvate to acetyl-CoA. PDK4 levels are increased in the process of oxidative phosphorylation through which glucose is converted to fatty acids for utilization with the release of energy. PDK4 gene transcription can be induced by multiple stimuli such as insulin and fatty acids that function as PPAR agonists [START_REF] Jeong | Transcriptional regulation of pyruvate dehydrogenase kinase[END_REF]. PDK4 has been considered to be involved in tumor metabolism by promoting glycolysis during oxidative phosphorylation. Studies have demonstrated that there exists the high need for fatty acids for membrane biogenesis for tumor cells to maintain survival (Menendez et al., 2007;Zaidi et al., 2013). Tumor cells also need effective respiration dependent on glycolysis for energy production [START_REF] Tan | Mitochondrial genome acquisition restores respiratory function and tumorigenic potential of cancer cells without mitochondrial DNA[END_REF]. In addition, PDK4 has been identified as a key regulator in the EMT process and in resistance mediation against the EGF-RTK inhibitor erlotinib in human lung cancer cells (Sun et al., 2014). PDK4 therefore seems to play an important role in cancer progression by modulating EMT and cell metabolism, which has been identified as PPAR beta direct target gene [START_REF] Di-Poi | Antiapoptotic role of PPAR beta in keratinocytes via transcriptional control of the Akt1 signaling pathway[END_REF]Degenhardt et al., 2007;[START_REF] Stockert | Reverse crosstalk of TGF beta and PPAR beta/delta signaling identified by transcriptional profiling[END_REF].

Fatty acid binding protein 4 (FABP4/ A-FABP4) belongs to the fatty acidbinding protein family, and plays a critical role in inflammation and lipid metabolism. FABP4 also affects cell proliferation and apoptosis by regulating glucose and lipid metabolism (Wolfrum, 2007;De Santis et al. 2004). FABP4 has been reported as a target gene of PPAR beta/delta (Shin et al., 2009) FoxO1 (forkhead box protein O1, also known as FKHR) is a transcription factor that plays an important role in regulation of adipogenesis, gluconeogenesis and glycogenolysis [START_REF] Nakae | The forkhead transcription factor Foxo1 regulates adipocyte differentiation[END_REF]. The activation of FoxO1 is involved in the regulation of cell cycle progression and apoptosis [START_REF] Lu | FOXO1: a potential target for human diseases[END_REF]. The activation of FoxO1 in C2C12 muscle cells can recruit the CD36 (fatty acid translocase) to the plasma membrane and increase fatty acid uptake and oxidation [START_REF] Bastie | FoxO1 stimulates fatty acid uptake and oxidation in muscle cells through CD36-dependent and -independent mechanisms[END_REF]. Another study also showed that FoxO1 can in turn regulate CD36 and PDK4, which enhanced the action of PPAR beta/delta, thereby increasing the dependence of muscle on fatty acids [START_REF] Nahlé | CD36dependent regulation of muscle FoxO1 and PDK4 in the PPAR delta/beta-mediated adaption to metabolic stress[END_REF]. FoxO1 plays an important role in fatty acid metabolism linked to diabetes and obesity. PPAR beta/delta has been shown to induce expression of FOXO1 via a direct transcriptional mechanism [START_REF] Nahlé | CD36dependent regulation of muscle FoxO1 and PDK4 in the PPAR delta/beta-mediated adaption to metabolic stress[END_REF].

Importantly, endothelial FOXO1 has been shown to be an essential regulator of EC proliferation and vascular growth, and its inactivation results in uncontrolled overgrowth of ECs (Wilhelm et al., 2016). Moreover, FOXO1 has been also suggested to help maintain endothelial quiescence by antagonizing MYC, leading to a coordinated reduction in the proliferative and metabolic activity of ECs (Wilhelm et al., 2016). Furthermore, it is firstly indicated that FOXO1 directly regulates VEGFA expression and is required for normal angiogenesis during wound healing (Jeon et al., 2018). And keratinocyte-specific Foxo1 deletion in vivo reduces VEGFA expression in skin wounds and results in reduced EC proliferation and angiogenesis, and impaired re-epithelialization and granulation tissue formation (Jeon et al., 2018).

Most recently, an endothelial MST1 (Mammalian sterile 20-like kinase-1)/

FOXO1 cascade has been shown to be required for directional migration of endothelial tip cells towards hypoxic regions (Kim et al., 2019). In fact, MST1 has been demonstrated previously to mediate oxidative stress-induced neuronal cell death via phosphorylation of FOXO1, which results in a disruption of the association between FOXO1 and 14-3-3 proteins, enhancing the nuclear import of FOXO1 [START_REF] Yuan | Regulation of neuronal cell death by MST1-FOXO1 signaling[END_REF]. In this study, endothelial MST1/FOXO1 pathway has also been suggested to be essential for revascularization and neovascularization, and importantly coupled to extracellular hypoxia in establishing the polarity of tip ECs during developmental angiogenesis and pathological angiogenesis (Kim et al., 2019).

Cyclooxygenase-2 (COX-2) is an important precursor of prostacyclin, and mainly involved in the conversion of arachidonic acid to prostaglandin H2. COX-2 has been suggested to be a key mediator of angiogenesis and tumor growth through multiple downstream proangiogenic mechanisms such as production of VEGF and induction of MMPs. And selective inhibition of COX-2 activity has been shown to suppress angiogenesis in vitro and in vivo (Gately & Li WW, 2004). COX2 has been identified as a target in hepatocellular carcinoma cells (Glinghammar et al., 2003). VEGF as a common proangiogenic factor, has been previously identified as PPAR beta/delta target genes (Wang et al., 2006;Zuo et al., 2009). WT1 has been previously shown to be suppressed directly by PPAR beta/delta in melanoma cells (Michiels et al., 2010). PPAR beta/delta can directly transcriptionally repress leptin expression in liposarcoma cells (Wagner et al., 2011). Leptin is an endocrine hormone synthesized by adipocytes, and its primary function is the regulation of adipose tissue mass through effects mediated by hypothalamus on hunger and energy balance. But then, leptin has been shown to play a role in cardiovascular diseases and angiogenesis [START_REF] Tahergorabi | Leptin and its cardiovascular effects: Focus on angiogenesis[END_REF]. Especially, leptin has been previously shown to induce ECs proliferation and elevate MMPs expression to mediate angiogenesis in vitro and in vivo. Leptin also indirectly facilitates angiogenesis via induction of MMP2 and MMP9 activity (Park et al., 2001). Leptin has been further shown to promote ECs proliferation, differentiation and directional migration via enhancement of COX-2 activity, and lead to a rapid VEGFR2 phosphorylation (Garonna et al., 2011).

Cyclin-dependent kinase inhibitor 1C (CDKN1C) gene, which encodes the cell cycle inhibitor p57 KIP2 , has been suggested to be involved in the regulation of several cancer hallmarks such as inducing angiogenesis and activating invasion and metastasis. And p57 KIP2 has been also tested as a prognostic factor for various cancer (Kavanagh & Joseph, 2011). Cdkn1c has been identified as a PPAR beta/delta target in mouse 2H11 ECs (Müller-Brüsselbach et al., 2007a).

Importantly, PPAR beta/delta has been reported to induce MMP9 expression via direct transcriptional activation in EPCs (Han et al., 2013). Glucose transporter 1 (GLUT1/ SLC2A1), as a member of GLUT family, is widely expressed in many types of cancer cells, which plays an important role in glucose uptake for cancer cell growth and proliferation (Zhao & Keating, 2007;Young et al., 2011). Neutral amino acid transporter B (SLC1A5) is one of the important glutamine transporters in regulation of essential amino acid influx, and importantly, depletion of SLC1A5 has been shown to abolish tumor progression (Nicklin et al., 2009;Jeon et al., 2015). PPAR beta/delta has been shown to directly regulate the gene transcription activity of Glut1 and SLC1-A5 to facilitate tumor progression (Zhang et al., 2017). PPAR beta/delta can also induce colonic CSC expansion and promote CRC liver metastasis through direct transactivation of Nanog gene (Wang et al., 2019).

Calcineurin A (also known as PPP3CA/ PP2B) is a calcium/ calmodulindependent serine/ threonine protein phosphatase. Calcineurin A has been identified as a direct PPAR beta/delta target gene which can induce cardiac growth and increase cardiac vascularization (Wagner et al., 2009). Oncogene Src has been shown as a direct PPAR beta/delta target gene and its tyrosine kinase activity can trigger the EGFR/ErK1/2 signaling cascade, which promotes the development of UV radiation (ultraviolet)-induced skin cancer (Montagner et al., 2014). It has also been demonstrated that PPAR beta/delta can directly trans-activate Edg2 (endothelial differentiation gene 2) in late EPCs (endothelial progenitor cells), thereby leading to an enhanced vasculogenesis (Han et al., 2016). Recently, IL8 has been suggested to be regulated directly by PPAR beta/delta to promote angiogenesis in vivo and in vitro (Zuo et al., 2017). 

PPAR beta/delta Agonists and Antagonists

Natural Ligands for PPAR beta/delta mainly includes polyunsaturated fatty acids such as arachidonic and linoleic acid, and their metabolites such as prostacyclin, 13S-HODE (13S-hydroxyoctadecadienoic acid) and 15S-HETE (15S-hydroxyeicosatetraenoic acid) [START_REF] Xu | Molecular Recognition of Fatty Acids by Peroxisome Proliferator-Activated Receptors[END_REF][START_REF] Shureiqi | The 15-lipoxygenase-1 product 13-Shydroxyoctadecadienoic acid down-regulates PPAR-delta to induce apoptosis in colorectal cancer cells[END_REF]Gupta et al., 2000;[START_REF] Naruhn | 15-hydroxyeicosatetraenoic acid is a preferential peroxisome proliferator-activated receptor beta/delta agonist[END_REF]. FATPs (fatty acid transport proteins) and CD36

(fatty acid translocase) can help to deliver the natural ligands, facilitating entrance of extracellular lipids into the inside of the cell to exert biological effects [START_REF] Glatz | Membrane fatty acid transporters as regulators of lipid metabolism: Implications for metabolic disease[END_REF][START_REF] Nakamura | Regulation of energy metabolism by longchain fatty acids[END_REF]. However, most of the natural ligands known to cooperate with PPAR beta/delta can also interact with the other PPAR subtypes. It has for example been reported that an exogenous fatty acid, ombuine (ombuin-3-O-beta-D-glucopyranoside) can activate both PPAR beta/delta and PPAR alpha [START_REF] Malek | Ombuin-3-O-beta-D-glucopyranoside from Gynostemma pentaphyllum is a dual agonistic ligand of peroxisome proliferatoractivated receptors alpha and delta/beta[END_REF]. Thus, it cannot be ignored that most of the natural ligands could produce off-target effects.

Synthetic ligands can bind selectively to PPAR beta/delta, thereby to some extent avoiding off-target effects. Currently, synthetic PPAR beta/delta agonists and antagonists have been continuously applied in in vivo and in vitro studies, and some of them are presently being tested in clinical trials. However, it is worth to note whether synthetic ligands at a safe dose can exert effects possibly partially dependent on distinct cell types or species such as human and mouse.

Agonists

L165041 was the first synthetic compound that can activate human PPAR beta/delta, but also initiate PPAR gamma activation at a high dose [START_REF] Berger | Novel peroxisome proliferatoractivated receptor (PPAR) gamma and PPARdelta ligands produce distinct biological effects[END_REF]. Selective PPAR beta/delta agonists GW501516 and GW0742 are very potent and more selective activators of PPAR beta/delta [START_REF] Sznaidman | Novel selective small molecule agonists for peroxisome proliferator-activated receptor delta (PPARdelta) -Synthesis and biological activity[END_REF]. EC50 values assessed with human recombinant PPAR beta/delta are approximately 1 nM both for GW501516 and GW0742, with 1000-fold selectivity over the other human subtypes PPAR alpha and PPAR gamma [START_REF] Sznaidman | Novel selective small molecule agonists for peroxisome proliferator-activated receptor delta (PPARdelta) -Synthesis and biological activity[END_REF]. The compound GW501516 and GW0742 are mostly published in experimental works both in in vivo and in vitro studies. Both of them have been suggested as a treatment for some disorders such as muscular dystrophy and atherosclerosis [START_REF] Takata | PPARdelta-mediated anti-inflammatory mechanisms inhibit angiotensin II-accelerated atherosclerosis[END_REF][START_REF] Bueno Junior | Combined effect of AMPK/PPAR agonists and exercise training in mdx mice functional performance[END_REF].

Concerning their safety, there are several conflicting studies showing that activation of PPAR beta/delta with GW501516 or GW0742 has either proproliferative or anti-proliferative effects on human carcinoma cells. For instance, activation of PPAR beta/delta with GW0742 was shown to inhibit keratinocyte proliferation in human skin carcinoma, whereas activation with GW501516 increased intestinal polyp number and size in human colorectal carcinoma [START_REF] Kim | PPARbeta/delta selectively induces differentiation and inhibits cell proliferation[END_REF][START_REF] Gupta | Activation of nuclear hormone receptor peroxisome proliferator-activated receptor-delta accelerates intestinal adenoma growth[END_REF]. MBX-8025 as a novel PPAR beta/delta agonist has been reported to affect multiple metabolic parameters such as reduced liver enzyme levels [START_REF] Bays | MBX-8025, a novel peroxisome proliferator receptor-delta agonist: lipid and other metabolic effects in dyslipidemic overweight patients treated with and without atorvastatin[END_REF]. KD3010 has liver protective effects in animal models of liver fibrosis [START_REF] Iwaisako | Protection from liver fibrosis by a peroxisome proliferator-activated receptor delta agonist[END_REF].

PPAR beta/delta agonists have displayed pro-proliferative or inhibitive effects on the cancer cells. In melanoma, specific pharmacological activation of PPAR beta/delta using GW0742 or GW501516 with a lower concentration has been shown to inhibit melanoma cell proliferation in human and mice (Michiels et al., 2010). But in lung cancer, ligand activation of PPAR beta/delta with highly specific GW501516 was shown to stimulate proliferation and inhibit apoptosis in NSCLC cells (Pedchenko et al., 2008). And another study also displayed that PPAR beta/delta agonists, cPGI2 and L165041 promoted proliferation and survival of NSCLC cells. Moreover, PPAR beta/delta activation with GW501516 also induced the expression of COX2 and VEGF [START_REF] Genini | Transcriptional and non-transcriptional functions of PPAR beta/delta in non-small cell lung cancer[END_REF]. However, previous study reported that PPAR beta/delta activation had inhibitive effect on NSCLC cell proliferation [START_REF] Fukumoto | Peroxisome proliferator-activated receptor delta as a molecular target to regulate lung cancer cell growth[END_REF]. And interestingly, neither growth promoting nor inhibiting effects were observed upon PPAR beta/delta activation in another study (He et al., 2008).

Additionally, in prostate and breast cancer, PPAR beta/delta activation with GW501516 has been firstly suggested to lead to enhanced breast and prostate cancer cell growth. Moreover, GW501516 displays a pro-proliferative effect on HUVEC, and also regulates the expression of VEGFA and FLT-1 (Stephen et al., 2004). Importantly, pharmacological PPAR beta/delta activation has been demonstrated to induce a rapid boost of tissue vascularization. For instance, it has been shown that PPAR beta/delta activation with GW501516 can induce ECs proliferation and angiogenesis (Piqueras et al., 2007). Furthermore, PPAR beta/delta activation with GW0742 has been demonstrated to induce rapid cardiac growth and angiogenesis (Wagner et al., 2009). In skeletal muscle, pharmacological activation PPAR beta/delta with GW0742 has also been shown to promote rapid muscle remodeling and angiogenesis (Gaudel et al., 2008).

Most importantly, given the animals with vascular-specific PPAR beta/delta overexpression display bigger infarct lesions, higher cardiac fibrosis and reduced cardiac function after myocardial infarction, it poses a question to consider whether PPAR beta/delta agonists treatment would be sufficiently safe in cardiovascular diseases, implicating that they should be regarded to be more careful for heart health maintenance especially under ischemic conditions (Wagner et al., 2016(Wagner et al., , 2018)).

In conclusion, the conflicting effects of PPAR beta/delta agonists on cancer cells may partially dependent on the kind and concentration used or cancer cell types. Thus, it is necessary to explore the effects of PPAR beta/delta agonists on tumor microenvironment such as tumor vessels.

Antagonists and Inverse Agonist

GSK0660, the first selective PPAR beta/delta antagonist, was identified and characterized in vitro, and was reported to reduce the basal expression of the PPAR beta/delta target gene ANGPTL4, suggesting its selective activity on different gene regulatory regions [START_REF] Shearer | Identification and characterization of a selective peroxisome proliferator-activated receptor beta/delta (NR1C2) antagonist[END_REF]. However, GSK0660 did not show a good bioavailability in in vivo studies.

In contrast, GSK3787, a potent PPAR beta/delta antagonist, was shown to have a good bioavailability and pharmacokinetic properties, and can be applied in animal studies. This compound is an irreversible antagonist. In addition, the antagonist can exert an effect through inverse agonists, which can bind to PPAR beta/delta as an agonist but induce an opposite response. It decreases the basal expression levels of PPAR beta/delta target genes such as Angptl4, and increases the corepressors recruitment [START_REF] Shearer | Identification and characterization of a selective peroxisome proliferator-activated receptor beta/delta (NR1C2) antagonist[END_REF][START_REF] Palkar | Cellular and pharmacological selectivity of the peroxisome proliferator-activated receptor-beta/delta antagonist GSK3787[END_REF].

DG172 as an inverse agonist, is bioavailable in mice after oral treatment. DG172 displays a high affinity and potent inverse agonistic properties, which causes enhanced recruitment of the transcriptional corepressors and the downregulation of transcription levels of the PPAR beta/delta target genes [START_REF] Lieber | Z)-2-(2-bromophenyl)-3-{[4-(1-methylpiperazine) amino] phenyl} acrylonitrile (DG172): an orally bioavailable PPARβ/δ-selective ligand with inverse agonistic properties[END_REF].

Another study further demonstrated that decreased expression of Angptl4 by the inverse agonist DG172 was associated with inhibition of human breast cancer cell invasion, indicating the potential of the inverse agonists to interfere with cancer growth and progression (Adhikary et al., 2013).

Taken together, the development of synthetic ligands has made great progress, and provided an effective and suitable tool to activate or inhibit PPAR beta/delta function at a pharmacological level. However, it remains important to note that there still exists considerable complexity linked to the molecular mode of PPAR beta/delta in present host cells and possibly various interactions with its endogenous agonists, antagonists and/or inverse agonists. Moreover, their clinical applicability may be strengthened by uncovering how PPAR beta/delta functions in tumorigenesis or carcinogenesis in multiple tissues and diverse cell types. Importantly, PPAR beta has been suggested as a critical "hub node" transcriptional factor which governs the tumor "angiogenic switch" (Abdollahi et al., 2007;Bishop-Bailey, 2008, 2011;Bishop-Bailey & Swales, 2008). In the transcriptional network analysis on angiogenic switch, it has been demonstrated that tumor growth and tumor angiogenesis are markedly inhibited in PPAR betanull mice subcutaneously implanted with LLC and B16 melanoma compared with the wild type mice (Abdollahi et al., 2007). And the elevated PPAR beta/delta expression levels were considered to be highly correlated with advanced pathological tumor stage, increased risk for tumor recurrence and distant metastasis in pancreatic tumors patients, indicating a key role of PPAR beta/delta in tumor angiogenesis, tumor progression and invasiveness (Abdollahi et al., 2007).

Aims to study PPAR beta/delta in tumor angiogenesis

Most recently, it has been further demonstrated that PPAR beta/delta expression in cancer cells can regulate tumor angiogenesis in vitro and in vivo by promoting the secretion of pro-angiogenic factors including VEGF and IL-8 (Zuo et al., 2017). In addition to angiogenesis, PPAR beta/delta expression in cancer cells also acts an essential player in metastatic development such as promotion of EMT and cancer cell migration and invasion (Zuo et al., 2017).

In summary, some studies have shown the involvement of PPAR beta/delta as a key regulator in tumor angiogenesis and/ or tumor progression. However, until now, as it is still not clear to what extent the expression of PPAR beta/delta in the tumor endothelium influences tumor progression and metastasis formation;

the aim of our study is to clarify the specific role of vascular-endothelium-derived PPAR beta/delta in tumor angiogenesis and progression.

Objective 2: What is the specific effect of vascular PPAR beta/delta for tumor angiogenesis and progression?

As known, vascular ECs play an important role in regulating vascular permeability and maintaining normal blood dynamics. PPAR beta/delta has been suggested to be involved in tumor angiogenesis and progression. Then, vascular PPAR beta/delta realizes vascular-endothelium specific PPAR beta/delta expression; In this way, the effect of vascular-derived PPAR beta/delta on tumor angiogenesis and progression can be observed more intuitively in ECs.

On the contrary, non-vascular PPAR beta/delta may also have effects on tumor angiogenesis and/ or tumor progression; However, variation of key targets could not be observed with the alteration of PPAR beta/delta expression in endothelium. As mentioned above, PPAR beta/delta can act directly on ECs to promote proliferation and migration. Vascular endothelium-derived PPAR beta/delta expression more intuitively reflects ECs behavior and expressional differentiation of downstream signal molecules in ECs related to angiogenesis.

Moreover, as the direct and indirect tumor progression-promoting role, PPAR beta/delta, expressed in tumor vascular-endothelium, may further facilitate tumor growth and metastatic spread.

In summary, vascular-derived PPAR beta/delta helps to clarify the specific impact of PPAR beta/delta on ECs for tumor angiogenesis and cancer growth, and to identify novel molecular pathways in angiogenesis.

Objective 3: What are the molecular mechanisms of vascular PPAR beta/delta expression on tumor angiogenesis?

In this point, vascular endothelial cells can be isolated to perform further analysis such as observation of the differential expression of some downstream signal molecules. Through qRT-PCR and RNA-seq analysis, the differential expression of some vascular endothelium-derived key molecules can be observed. As mentioned above, PPAR beta/delta can act directly on ECs to promote proliferation and migration, and/or modulate downstream signal molecules including but not limited to target genes transcription to indirectly affect ECs behavior and facilitate tumor angiogenesis.

In conclusion, it is extremely interesting and important to investigate the potential molecular mechanism of vascular PPAR beta/delta expression in tumor

angiogenesis and to open the way for future approaches to modify the vascular response in tumors and tumor progression, further in order to clarify the specific impact of vascular PPAR beta/delta on cancers.

It is also hopefully to define novel approaches for tumor therapy by inhibition of tumor vessel formation, and the question of whether the pharmacological use of PPAR beta/delta agonists for the treatment of metabolic syndrome could induce increased cancer risk still needs to be answered urgently.

Introduction

Peroxisome proliferator activated receptors (PPARs) as ligand activated transcription factors, belong to the steroid receptor superfamily, which include three isoforms PPAR alpha, PPAR beta/delta and PPAR gamma [1]. PPARs form heterodimers with retinoic X receptors and regulate various genes expression upon ligand binding. PPARs also interact with corepressors or co-activators to modulate the transcription of its downstream target genes. PPARs as important transcriptional regulators have been suggested to be involved in lipid metabolism and multiple cellular function. For instance, PPAR alpha also functions in fatty acid beta-oxidation and vascular inflammation [START_REF] Van Raalte | Peroxisome proliferator-activated receptor (PPAR)alpha: a pharmacological target with a promising future[END_REF]. PPAR gamma acts as a regulator in adipocyte differentiation and type 2 diabetes [3]. PPAR beta/delta is a key player in cardiac energy production, angiogenesis and particularly in cancer progression [START_REF] Wagner | Peroxisome proliferator-activated receptor beta/delta (PPAR beta/delta) acts as regulator of metabolism linked to multiple cellular functions[END_REF]. PPAR alpha and PPAR gamma exert predominantly an anti-angiogenic effect, but there still exist conflicting studies showing opposite results. On the contrary, PPAR beta/delta produces more obviously proangiogenic effects. In this review, I will mainly focus on the promoting role of PPAR beta/delta in angiogenesis, especially in tumor angiogenesis. The network of interplay between PPAR beta/delta and its downstream various signal molecules, and also between those key molecules, will be further discussed and established. Remarkably, diverse important signal molecules involved in tumor angiogenesis and progression, and cancer cell metabolism have been identified as direct PPAR beta/delta target genes.

Angiogenesis

Angiogenesis is the physiological process through which new capillary network forms from preexisting vasculature [START_REF] Carmeliet | VEGF as a key mediator of angiogenesis in cancer[END_REF]6], whereas vasculogenesis denotes de novo blood vessel formation mostly during embryogenesis in which endothelial progenitor cells (EPC) migrate to sites of vascularization, then differentiate into endothelial cells (EC), and coalesce into the initial vascular plexus [START_REF] Carmeliet | Angiogenesis in health and disease[END_REF]8]. Besides interaction between proangiogenic factors and antiangiogenic factors, angiogenesis is also a multiple step biological process during which a variety of molecules cooperate including cell adhesion molecules, matrix metalloproteinases (MMPs), extracellular matrix (ECM) and basement membrane components.

Angiogenesis is a physiological and vital process in development and growth. An imbalance of proangiogenic and antiangiogenic factors causes angiogenesis in pathological conditions such as diabetic retinopathy and tumor growth. Thus, when the imbalance comes to a point at which angiogenesis is triggered by tumor cells, then an "angiogenic switch" of tumor cells is turned on; during tumor progression, the "angiogenic switch" is often activated and remains on [START_REF] Hanahan | Patterns and emerging mechanisms of the angiogenic switch during tumorigenesis[END_REF][START_REF] Bergers | Tumorigenesis and the angiogenic switch[END_REF][START_REF] Baeriswyl | The angiogenic switch in carcinogenesis[END_REF]. Inducing angiogenesis is known as a hallmark of cancer [START_REF] Hanahan | Hallmarks of cancer: the next generation[END_REF], and angiogenesis is also a fundamental step by which most of benign tumors transit malignant ones.

Tumor Angiogenesis

Tumor needs to sprout new vessels and further develop a vascular network in order to supply nutrients, oxygen and remove waste products, support a continually high proliferative rate and ultimately expand neoplastic growth [START_REF] Hanahan | Patterns and emerging mechanisms of the angiogenic switch during tumorigenesis[END_REF][START_REF] Mcdougall | Mathematical modeling of dynamic adaptive tumorinduced angiogenesis: clinical implications and therapeutic targeting strategies[END_REF]. Hence, angiogenesis is essential for helping sustain tumor growth and facilitate tumor progression [START_REF] Folkman | Tumor angiogenesis: therapeutic implications[END_REF][START_REF] Figg | Angiogenesis: an integrative approach from science to medicine[END_REF]. Besides requiring for angiogenesis, abnormal vasculature also helps to promote tumor progression and metastasis. Tumor vascular wall is imperfect and prone to leakage, so it is much easier for tumor to directly penetrate into the blood vessels or lymphatic vessels and then proliferate at another distant site to form metastasis [START_REF] Folkman | Tumor angiogenesis: therapeutic implications[END_REF].

Due to intensive abnormal neovascularization in tumor tissues, most malignant tumors grow rapidly and acquire the ability to spread to adjacent and distant organs, which makes them more malignant even life threatening. Therefore, angiogenesis indeed plays an important role in tumor progression and metastasis, and the intervention of this process would obviously prevent tumor development and spread, which then has been regarded as a critical target for anti-tumor therapy.

PPAR alpha and Angiogenesis

It was reported firstly that a selective PPAR alpha agonist WY14643 did not show effect on angiogenesis or EC proliferation [START_REF] Marx | PPAR alpha activators inhibit cytokine-induced vascular cell adhesion molecule-1 expression in human endothelial cells[END_REF]. But some subsequent studies showed that activation of PPAR alpha inhibited angiogenesis in vitro by using fenofibrate, a clinically used PPAR alpha agonist [START_REF] Varet | Fenofibrate inhibits angiogenesis in vitro and in vivo[END_REF]; Moreover, fenofibrate suppressed EC proliferation, migration and tube formation through inhibition of the protein kinase B (Akt) and disruption of the cytoskeleton [START_REF] Varet | Fenofibrate inhibits angiogenesis in vitro and in vivo[END_REF]. Furthermore, PPAR alpha activation was shown to inhibit vascular endothelial growth factor (VEGF)-induced EC migration and basic fibroblast growth factor (bFGF/FGF2)induced corneal angiogenesis in vitro and in vivo [START_REF] Panigrahy | PPAR alpha agonist fenofibrate suppresses tumor growth through direct and indirect angiogenesis inhibition[END_REF]. Especially, in vivo, reduced tumor growth and microvessels numbers were observed in mice implanted with melanoma, lewis lung carcinoma (LLC), fibrosarcoma and glioblastoma due to systemic treatment of PPAR alpha ligand, and the antiangiogenic state induced through activation of PPAR alpha with elevated thrombospondin-1 (TSP1) and endostatin expression [START_REF] Panigrahy | PPAR alpha agonist fenofibrate suppresses tumor growth through direct and indirect angiogenesis inhibition[END_REF].

However, in the same year, it was demonstrated in another observation that activation of PPAR alpha stimulated neovascularization in vivo with increased phosphorylation of endothelial nitric oxide synthase (eNOS) and Akt via VEGF-dependent manner [START_REF] Biscetti | Selective activation of peroxisome proliferator-activated receptor (PPAR) alpha and PPAR gamma induces neoangiogenesis through a vascular endothelial growth factor-dependent mechanism[END_REF]. Furthermore, Zhang and Ward also suggested that PPAR alpha activation induced proangiogenic responses in human ocular cells [START_REF] Zhang | WY-14643, a selective PPAR alpha agonist, induces proinflammatory and proangiogenic responses in human ocular cells[END_REF]. In another study, it was shown that a newly PPAR alpha agonist (R)-K-13675 had no effect on angiogenesis [START_REF] Kitajima | Newly developed PPAR alpha agonist (R)-K-13675 inhibits the secretion of inflammatory markers without affecting cell proliferation or tube formation[END_REF]. Recently, PPAR alpha activation is further shown to have anti-neovascularization effects with downregulation of VEGF and angiopoietins expression in a rat alkali burn model [START_REF] Arima | Peroxisome proliferator-activated receptor alpha agonist suppresses neovascularization by reducing both vascular endothelial growth factor and angiopoietin-2 in corneal alkali burn[END_REF].

In summary, the role of PPAR alpha in angiogenesis is still controversial. Some observations showed that ligand activation of PPAR alpha had anti-angiogenic effects mediated either through upregulation of anti-angiogenic factors such as TSP1 and endostatin, or downregulation of proangiogenic factors including VEGF, FGF2, AKT and angiopoietins. Others also reported the opposite results showing a proangiogenic role upon PPAR alpha activation. Thus, the specific molecular mechanism is still unclear and needs to be further studied.

PPAR gamma and Angiogenesis

Ligand activation of PPAR gamma was previously shown to inhibit human umbilical vein endothelial cells (HUVEC) tube formation in collagen gels [START_REF] Xin | Peroxisome proliferator-activated receptor gamma ligands are potent inhibitors of angiogenesis in vitro and in vivo[END_REF], and VEGF-induced choroidal neovascularization in vitro and in vivo [START_REF] Murata | Peroxisome proliferator-activated receptor-gamma ligands inhibit choroidal neovascularization[END_REF]. Another study also demonstrated that EC apoptosis was induced through treatment with PPAR gamma ligand 15d-PGJ2 [START_REF] Bishop-Bailey | Endothelial cell apoptosis induced by the peroxisome proliferator-activated receptor (PPAR) ligand 15-deoxy-Delta12, 14-prostaglandin J2[END_REF]. Furthermore, rosiglitazone, a potent PPAR gamma agonist, was shown to inhibit primary tumor growth and metastasis through both direct and indirect anti-angiogenic effects in vitro, and bFGF-induced corneal neovascularization in vivo [START_REF] Panigrahy | PPAR gamma ligands inhibit primary tumor growth and metastasis by inhibiting angiogenesis[END_REF]. Moreover, similar observation also displayed the inhibition of VEGF-induced angiogenesis in the chick chorioallantonic membrane model [START_REF] Aljada | PPAR gamma ligands, rosiglitazone and pioglitazone, inhibit bFGF-and VEGF-mediated angiogenesis[END_REF]. In a mouse model with ischemia-induced retinopathy, pioglitazone, a PPAR gamma agonist, also showed a protective effect against pathological neo-angiogenesis through upregulation of anti-inflammatory adipokine adiponectin [START_REF] Higuchi | Thiazolidinediones reduce pathological neovascularization in ischemic retina via an adiponectin-dependent mechanism[END_REF]. Additionally, a PPAR gamma antagonist GW9662 was shown to reverse Omega-3 polyunsaturated fatty acidsinduced reduction of E-Selectin, angiopoietin-2, vascular cell adhesion molecule-1 and intracellular adhesion molecule-1 [START_REF] Stahl | Short communication: PPAR gamma mediates a direct antiangiogenic effect of omega 3-PUFAs in proliferative retinopathy[END_REF], implicating an antiangiogenic potential of PPAR gamma itself. However, opposite results also showed that pioglitazone enhanced neovascularization and inhibited apoptosis of EPC in vitro and in vivo via Phosphoinositide-3-Kinase (PI3K)-dependent manner [START_REF] Gensch | The PPAR-gamma agonist pioglitazone increases neo-angiogenesis and prevents apoptosis of endothelial progenitor cells[END_REF]. Nadra et al. observed that PPAR gamma-null embryos displayed vascular structural defect at E9.5; Moreover, disorganized placental layers and altered placental microvasculature were observed in pregnant wild-type mice treated with PPAR gamma agonist rosiglitazone, and reduced expression of proangiogenic factors including VEGF, proliferin and plateletendothelial cell adhesion molecule-1 (PECAM1/CD31) [START_REF] Nadra | PPAR gamma in placental angiogenesis[END_REF], suggesting a crucial role of PPAR gamma in placental vascular development. The major antiangiogenic properties on PPAR gamma activation were also reviewed here [START_REF] Kotlinowski | PPAR gamma and angiogenesis: Endothelial cells perspective[END_REF].

Notably, in most cancers, the canonical Wnt/beta-catenin pathway is upregulated, on the contrary, PPAR gamma is downregulated. Interestingly, in numerous tissues, activation of PPAR gamma inhibits beta-catenin pathway, whereas the stimulation of canonical Wnt/betacatenin signal cascade also inactivates PPAR gamma [START_REF] Lecarpentier | Thermodynamics in cancers: opposing interactions between PPAR gamma and the canonical WNT/beta-catenin pathway[END_REF], implicating a negative regulatory role of PPAR gamma in carcinogenesis where tumor angiogenesis might be a fundamental step.

In summary, PPAR gamma predominantly displays an anti-angiogenic effect that may be mediated through inhibition of VEGF or bFGF-induced neovascularization and reduction of expression level of some proangiogenic factors.

PPAR beta/delta and Angiogenesis

Unlike PPAR alpha and PPAR gamma, on the contrary, many studies have shown explicitly the proangiogenic effects of PPAR beta/delta on physiological and pathological angiogenesis.

The first evidence provided in a study is that activation of PPAR beta/delta with GW501516, a highly selective PPAR beta/delta agonist, induces HUVEC proliferation and an increased expression of VEGF and its receptor VEGFR1 (FLT1) [START_REF] Stephen | Activation of peroxisome proliferator-activated receptor delta stimulates the proliferation of human breast and prostate cancer cell lines[END_REF]. Besides inducing ECs proliferation, PPAR beta/delta activation by its ligand prostacyclin (PGI2) also stimulates upregulation of 14-3-3 alpha expression, an anti-apoptotic and anti-inflammatory protein, which thereby protects ECs from H2O2-induced apoptosis and oxidant injury [START_REF] Liou | Protection of endothelial survival by peroxisome proliferator-activated receptor-delta mediated 14-3-3 upregulation[END_REF]. Moreover, a subsequent study further provides evidence that activation of PPAR beta/delta with GW501516 induces angiogenesis during which VEGF release is considered as a major trigger factor [START_REF] Piqueras | Activation of PPAR beta/delta induces endothelial cell proliferation and angiogenesis[END_REF], firstly suggesting the promotion for angiogenesis upon PPAR beta/delta activation.

Müller-Brüsselbach et al. show that PPAR beta/delta -/-mice implanted with LLC and B16 melanoma exhibit diminished blood flow and immature microvascular structures compared with wild-type mice; Moreover, re-expression of PPAR beta/delta into the matrigelinvading cells triggers microvessel maturation and restores normal vascularization [START_REF] Müller-Brüsselbach | Deregulation of tumor angiogenesis and blockade of tumor growth in PPAR beta-deficient mice[END_REF], indicating a crucial role of PPAR beta/delta in tumor vascularization. Additionally, another study also observed reduced levels of calcium intracellular channel protein 4 (CLIC4) while enhanced expression of cellular retinol binding protein 1 (CRBP1) in migrating ECs from PPAR beta/delta-null mice [START_REF] Adamkiewicz | Proteomic profile of mouse fibroblasts with a targeted disruption of the peroxisome proliferator activated receptor-beta/delta gene[END_REF], both of which play a role in tumor vascularization [START_REF] Bohman | Proteomic analysis of vascular endothelial growth factor-induced endothelial cell differentiation reveals a role for chloride intracellular channel 4 (CLI4) in tubular morphogenesis[END_REF][START_REF] Kuppumbatti | CRBP suppress breast cancer cell survival and anchorage-independent growth[END_REF]. It was reported that PPAR beta/delta was required for placentation [START_REF] Barak | Effects of peroxisome proliferator-activated receptor delta on placentation, adiposity, and colorectal cancer[END_REF], and most of PPAR beta/delta-null mutant embryos died at E9.5 to E10.5 due to abnormal cell-to-cell communication at the placental-decidual interface [START_REF] Nadra | Differentiation of trophoblast giant cells and their metabolic functions are dependent on peroxisome proliferator-activated receptor beta/delta[END_REF]; However, in these studies [START_REF] Barak | Effects of peroxisome proliferator-activated receptor delta on placentation, adiposity, and colorectal cancer[END_REF][START_REF] Nadra | Differentiation of trophoblast giant cells and their metabolic functions are dependent on peroxisome proliferator-activated receptor beta/delta[END_REF][START_REF] Wieser | PPAR action in human placental development and pregnancy and its complications[END_REF], a defect in angiogenesis was not observed during normal development in PPAR beta/deltaknockout mice.

Some observations show also the important role of PPAR beta/delta in physiological angiogenesis. For instance, skeletal muscle-specific PPAR beta/delta overexpression leads to an increase in the number of oxidative muscle fibers and running endurance in adult mice [START_REF] Luquet | Peroxisome proliferator-activated receptor delta controls muscle development and oxidative capability[END_REF][START_REF] Wang | Regulation of muscle fiber type and running endurance by PPAR delta[END_REF][START_REF] Yuan | PPAR delta induces estrogen receptor-positive mammary neoplasia through an inflammatory and metabolic phenotype linked to mTOR activation[END_REF]; Moreover, PPAR beta/delta activation promotes a rapid muscle remodeling via calcineurin-dependent manner, and induces muscle angiogenesis in highly selective PPAR beta/delta agonist GW0742-treated animals [START_REF] Gaudel | Pharmacological activation of PPAR beta promotes rapid and calcineurin-dependent fiber remodeling and angiogenesis in mouse skeletal muscle[END_REF]. Furthermore, in heart, pharmacological PPAR beta/delta stimulation with GW0742 induces rapid cardiac growth and cardiac angiogenesis through direct transcriptional activation of calcineurin [START_REF] Wagner | Peroxisome proliferator-activated receptor beta stimulation induces rapid cardiac growth and angiogenesis via direct activation of calcineurin[END_REF]; Interestingly, the same cardiac phenotype was also observed after treatment with PPAR beta/delta agonist GW501516, implicating a response specificity for PPAR beta/delta stimulation [START_REF] Wagner | Peroxisome proliferator-activated receptor beta stimulation induces rapid cardiac growth and angiogenesis via direct activation of calcineurin[END_REF]. Calcineurin activation further leads to the stimulation of nuclear factor activated T cells c3 (NFATc3) and an enhanced expression of hypoxia inducible factor 1 alpha (HIF-1alpha) and cyclin dependent kinase 9 (CDK9) [START_REF] Wagner | Peroxisome proliferator-activated receptor beta stimulation induces rapid cardiac growth and angiogenesis via direct activation of calcineurin[END_REF]. Overall, the remodeling in skeletal muscle and heart is perfectly same to the phenotype observed with exercise, and both of them is mediated through activation of calcineurin.

PPAR beta/delta may act as key regulator in mediating pathological angiogenesis. For instance, PPAR beta/delta was shown to regulate retinal angiogenesis in vitro and in vivo, and its inhibition reduced pre-retinal neovascularization possibly via Angiopoietin-like protein 4 (Angptl4)-dependent manner [START_REF] Capozzi | Peroxisome proliferator-activated receptor-beta/ delta regulates angiogenic cell behaviors and oxygen-induced retinopathy[END_REF], implicating the potential of PPAR beta/delta in modulating pathological ocular angiogenesis. Recently, an observation reported that PPAR beta/delta knockdown in both retinal pigment epithelial and choroidal endothelial cells caused an antiangiogenic phenotype, and PPAR beta/delta promoted laser-induced choroidal neo-vascular (CNV) lesions in PPAR beta/delta +/+ mice [START_REF] Choudhary | PPAR beta/delta selectively regulates phenotypic features of age-related macular degeneration[END_REF]; Moreover, pharmacological inhibition of PPAR beta/delta with antagonist GSK0660 also resulted in a significant decreased CNV lesion size in vivo, suggesting a functional role of PPAR beta/delta in the development of CNV lesions [START_REF] Choudhary | PPAR beta/delta selectively regulates phenotypic features of age-related macular degeneration[END_REF]. This indicates that the important association of PPAR beta/delta with pathological angiogenesis.

Besides inducing angiogenesis, it is demonstrated that PPAR beta/delta directly acts on early EPC through activation of AKT pathway and induces an enhanced vasculogenesis [START_REF] Han | Peroxisome proliferator-activated receptor-delta agonist enhances vasculogenesis by regulating endothelial progenitor cells through genomic and nongenomic activations of the phosphatidylinositol 3kinase/ Akt pathway[END_REF]. Similarly, the pro-vasculogenic effects of PPAR beta/delta-mediated is also observed on late EPC [START_REF] He | Angiogenic function of prostacyclin biosynthesis in human endothelial progenitor cells[END_REF]. He et al. showed that PPAR beta/delta activation with GW501516 induced EPC proliferation and tube formation, whereas EPC treated with an inhibitor of cyclooxygenase (COX) or PGI2 synthase, or with PPAR beta/delta specific siRNA also displayed an opposite effect [START_REF] He | Angiogenic function of prostacyclin biosynthesis in human endothelial progenitor cells[END_REF]. It is further demonstrated that PPAR beta/delta induces angiogenesis and skeletal muscle regeneration through matrix metalloproteinase (MMP)-9 -mediated insulin-like growth factor-1 paracrine networks upon EPC activation [START_REF] Han | Peroxisome proliferator-activated receptor-delta activates endothelial progenitor cells to induce angio-myogenesis through matrix metalloproteinase-9-mediated insulin-like growth factor-1 paracrine networks[END_REF]. Han et al. also observed that PPAR beta/delta activation a rapid wound with enhanced angiogenesis in a mouse model with skin punch wound [START_REF] Han | Peroxisome proliferator-activated receptor-delta activates endothelial progenitor cells to induce angio-myogenesis through matrix metalloproteinase-9-mediated insulin-like growth factor-1 paracrine networks[END_REF]. Overall, in addition to EC, PPAR beta/delta is also a key regulator of EPC, or even may act as an initiator of activation of EPC to induce vasculogenesis.

PPAR beta/delta and Tumor Angiogenesis Linked to Tumor Microenvironment

PPAR beta/delta expression is often upregulated and promotes cancer progression in many major human cancers such as colon, lung, breast and gastric cancer [START_REF] Gupta | Prostacyclinmediated activation of peroxisome proliferator-activated receptor delta in colorectal cancer[END_REF][START_REF] Pedchenko | Peroxisome proliferator-activated receptor beta/delta expression and activation in lung cancer[END_REF][START_REF] Yuan | PPAR delta induces estrogen receptor-positive mammary neoplasia through an inflammatory and metabolic phenotype linked to mTOR activation[END_REF][START_REF] Zuo | PPARD and interferon gamma promote transformation of gastric progenitor cells and tumorigenesis in mice[END_REF], which suggests a crucial role of PPAR beta/delta in cancer cells even though there exist some conflicting studies indicating that the functional role of PPAR beta/delta in tumorigenesis or carcinogenesis still remains to be highly controversial [START_REF] Peters | Dissecting the role of peroxisome proliferator-activated receptorbeta/delta in colon, breast, and lung carcinogenesis[END_REF][START_REF] Peters | The role of peroxisome proliferator-activated receptors in carcinogenesis and chemoprevention[END_REF][START_REF] Peters | Establishing the role of PPAR beta/delta in carcinogenesis[END_REF], dependent on specific tumor or cancer cell types. Thus, here discussed the promotion of PPAR beta/delta in tumor progression through facilitating tumor angiogenesis.

PPAR beta/delta has been suggested as a critical "hub node" transcriptional factor which governs tumor "angiogenic switch" [START_REF] Abdollahi | Transcriptional network governing the angiogenic switch in human pancreatic cancer[END_REF][START_REF] Bishop-Bailey | A role for PPAR beta/delta in ocular angiogenesis[END_REF][START_REF] Bishop-Bailey | PPARs and angiogenesis[END_REF][START_REF] Bishop-Bailey | The role of PPARs in the endothelium: Implications for cancer therapy[END_REF]. In the transcriptional network analysis, it was reported that tumor growth and tumor angiogenesis were markedly inhibited in PPAR beta/delta-null mice in comparison with wild-type mice [START_REF] Abdollahi | Transcriptional network governing the angiogenic switch in human pancreatic cancer[END_REF]; Moreover, the elevated PPAR beta/delta expression level was also considered to be highly correlated to pathological advanced tumor stage, increased cancer risk for recurrence and distant metastasis in patients with pancreatic cancer [START_REF] Abdollahi | Transcriptional network governing the angiogenic switch in human pancreatic cancer[END_REF], indicating the crucial association of PPAR beta/delta with tumor angiogenesis, progression and cancer invasiveness.

PPAR beta/delta may indirectly facilitate tumor angiogenesis and progression through function on tumor microenvironment (TME) where tumor angiogenesis is fostered. Moreover, tumor also releases some extracellular signals to closely communicate and constantly collaborate with TME to facilitate tumor angiogenesis, in order to further enable tumor growth and progression. For instance, it was shown that colon cancer cells with PPAR beta/delta knockout failed to stimulate EC vascularization in response to hypoxic stress, whereas wild-type cells exposed to hypoxia were able to induce angiogenesis [START_REF] Jeong | PPAR delta deificiency disrupts hypoxia-mediated tumorigenic potential of colon cancer cells[END_REF], suggesting that PPAR beta/delta is required for promotion of angiogenesis in hypoxic stress-mediated TME. Moreover, in the TME, tumor-infiltrating myeloid cells are considered as the most important cells for fostering tumor angiogenesis among the multiple different kinds of stromal cells [START_REF] Condeelis | Macrophages: obligate partners for tumor cell migration, invasion, and metastasis[END_REF]. Besides stimulating tumor angiogenesis, tumor myeloid cells also support tumor growth by suppressing tumor immunity and promoting tumor metastasis to distinct sites [START_REF] Schmid | Myeloid cells in the tumor microenvironment: modulation of tumor angiogenesis and tumor inflammation[END_REF]. Interestingly, it is demonstrated that PPAR beta/delta activation in tumor-infiltrating myeloid cells stimulates cancer cell invasion and facilitates tumor angiogenesis via Interleukin (IL)-10 dependent manner [START_REF] Park | M-CSF from cancer cells induces fatty acid synthase and PPAR beta/delta activation in tumor myeloid cells, leading to tumor progression[END_REF]; Moreover, impaired tumor growth and angiogenesis were observed in PPAR beta/delta KO BMT mice due to PPAR beta/delta deficiency in tumor myeloid cells [START_REF] Park | M-CSF from cancer cells induces fatty acid synthase and PPAR beta/delta activation in tumor myeloid cells, leading to tumor progression[END_REF], suggesting that PPAR beta/delta plays a key role in tumor angiogenesis and progression in tumor myeloid cells of TME.

Most recently, Zuo et al. demonstrate that PPAR beta/delta in cancer cells regulates tumor angiogenesis in vivo and in vitro by promoting the secretion of proangiogenic factors including VEGF and Interleukin (IL)-8 [START_REF] Zuo | Metastasis regulation by PPARD expression in cancer cells[END_REF]. Most importantly, in our recent works, it is shown that conditional inducible vascular endothelium-specific PPAR beta/delta overexpression in vivo leads to enhanced tumor angiogenesis, tumor growth and metastasis formation, further indicating vascular EC specific PPAR beta/delta action mechanism in tumor progression, independent on some controversial observations of PPAR beta/delta in specific tumor or cancer cell types [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF]. Wagner et al. also firstly reported the mouse model in which rapid induction of cardiac angiogenesis and cardiac hypertrophy were observed [START_REF] Wagner | Inducible conditional vascular-specific overexpression of peroxisome proliferator-activated receptor beta/delta leads to rapid cardiac hypertrophy[END_REF][START_REF] Wagner | Erratum to "Inducible conditional vascular-specific overexpression of peroxisome proliferator-activated receptor beta/delta leads to rapid cardiac hypertrophy[END_REF].

6.1. Cross-talk between PPAR beta/delta and Signal molecules PPAR beta/delta activation or overexpression may upregulate the expression of its downstream various signal molecules involved in tumor angiogenesis including proangiogenic factors (such as VEGF, PDGF, FGF), pro-invasive matrix-degrading enzymes (such as MMP9), pro-inflammatory mediators (such as COX2), cytokines and chemokines ( such as IL1, CXCL8), even some of which has been further identified as PPAR beta/delta direct target genes. Besides a leading role of PPAR beta/delta among the signal molecules, PPAR beta/delta may function in TME linked to diverse kinds of cells through direct or indirect modulation of its downstream molecules.

Interplay between PPAR beta/delta and inflammatory angiogenesis

Inflammatory angiogenesis is a crucial process in tumor progression. For instance, proinflammatory mediator cyclooxygenase (COX)-2 is considered as a key regulator of angiogenesis and tumor growth through multiple downstream proangiogenic mechanisms such as production of VEGF and induction of MMPs; Moreover, selective inhibition of COX2 is also shown to suppress angiogenesis in vivo and in vitro [START_REF] Gately | Multiple roles of COX-2 in tumor angiogenesis: a target for antiangiogenic therapy[END_REF]. As known, VEGFA plays a critical role in both angiogenesis and vasculogenesis [START_REF] Nagy | VEGF-A and the induction of pathological angiogenesis[END_REF], and leads the directional migration of tip cells and stalk cells proliferation in microtubule branches [START_REF] Gerhardt | VEGF guides angiogenic sprouting utilizing endothelial tip cell filopodia[END_REF][START_REF] Hellstrom | VEGF and Notch signaling: the yin and yang of angiogenic sprouting[END_REF]. It is also demonstrated that MMP9 triggers the "angiogenic switch" during carcinogenesis and enhances the availability of VEGF to its receptors [START_REF] Bergers | Matrix metalloproteinase-9 triggers the angiogenic switch during carcinogenesis[END_REF]. Furthermore, it is reported that inflammatory cell MMP9 initiates the onset of tumor neovascularization during which there exists functional links between VEGF and MMPs including MMP9 [START_REF] Deryugina | Tumor angiogenesis: MMP-mediated induction of intravasation-and metastasis-sustaining neovasculature[END_REF]. LEPTIN is shown to mediate angiogenesis in vivo and in vitro through induction of EC proliferation and expression of MMP2 and MMP9 [START_REF] Park | Potential role of leptin in angiogenesis: leptin induces endothelial cell proliferation and expression of matrix metalloproteinases in vivo and in vitro[END_REF], and to further promote EC differentiation and directional migration through enhancement of COX2 activity [START_REF] Garonna | Va scular endothelial growth factor receptor-2 couples cyclooxygenase-2 with proangiogenic actions of leptin on human endothelial cells[END_REF]. LEPTIN could also induce angiogenesis via transactivation of VEGFR in ECs [START_REF] Lanier | Leptin-induced transphosphorylation of vascular endothelial growth factor receptor increases Notch and stimulates endothelial cell angiogenic transformation[END_REF]. Additionally, besides inducing angiogenesis, PPAR beta/delta also functions in chronic inflammation-facilitating tumorigenesis through induction of COX2 and its product prostaglandin E2 (PGE2) in vivo [START_REF] Wang | Peroxisome proliferator-activated receptor delta promotes colonic inflammation and tumor growth[END_REF][START_REF] Wang | Therapeutic potential of peroxisome proliferator-activated receptors in chronic inflammation and colorectal cancer[END_REF]. Interestingly, COX2, VEGF, MMP9 and LEPTIN have been identified as PPAR beta/delta target genes via direct transcriptional activation mechanism respectively in hepatocellular carcinoma cells [START_REF] Glinghammar | PPAR delta activation induces COX-2 gene expression and cell proliferation in human hepatocellular carcinoma cells[END_REF], colorectal cancer cells [START_REF] Wang | Crosstalk between peroxisome proliferator-activated receptor delta and VEGF stimulates cancer progression[END_REF][START_REF] Zuo | Targeted genetic disruption of peroxisome proliferator-activated receptor-delta and colonic tumorigenesis[END_REF], EPCs [START_REF] Han | Peroxisome proliferator-activated receptor-delta activates endothelial progenitor cells to induce angio-myogenesis through matrix metalloproteinase-9-mediated insulin-like growth factor-1 paracrine networks[END_REF] and liposarcoma cells [START_REF] Wagner | Peroxisome proliferator-activated receptor beta/ delta (PPAR beta/delta) is highly expressed in liposarcoma and promotes migration and proliferation[END_REF].

In the TME, tumor-infiltrating inflammatory cells also help to induce and sustain tumor angiogenesis, and further to facilitate tissue invasion and tumor metastatic spread by releasing some signal molecules such as pro-invasive MMP9 and inflammatory chemokines [START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF][START_REF] Coffelt | Angiopoietin-2 regulates gene expression in TIE2-expressing monocytes and augments their inherent proangiogenic functions[END_REF][START_REF] Coffelt | Elusive identities and overlapping phenotypes of proangiogenic myeloid cells in tumors[END_REF]. Chemotaxis is also a crucial process for inducing angiogenesis in tumors, either directly by attracting ECs towards tumor cells to form new vessels, or indirectly by mediating immune inflammatory cells to infiltrate, eventually promoting tumor angiogenesis [START_REF] Roussos | Chemotaxis in cancer[END_REF]. Chemotaxis of tumor cells and stromal cells in TME is also required for tumor dissemination during tumor progression and metastasis [START_REF] Roussos | Chemotaxis in cancer[END_REF].

CXC chemokines such as CXCL8 (encoding IL8) and CXCL5 are also involved in COX2-associated angiogenesis to contribute to non-small-cell lung cancer progression [START_REF] Põld | Cyclooxygenase-2-dependent expression of angiogenic CXC chemokines ENA-78/CXC ligand (CXCL) 5 and interleukin-8/ CXCL8 in human non-small cell lung cancer[END_REF]. It is further shown that IL8 regulates directly angiogenesis via recruitment of neutrophils [START_REF] Tazzyman | Neutrophils: key mediators of tumor angiogenesis[END_REF], which further drives VEGF activation [START_REF] Nozawa | Infiltrating neutrophils mediate the initial angiogenic switch in a mouse model of multistage carcinogenesis[END_REF]; Moreover, IL8-responding neutrophils are considered as the major source of angiogenesis-inducing MMP9 [START_REF] Deryugina | Tumor angiogenesis: MMP-mediated induction of intravasation-and metastasis-sustaining neovasculature[END_REF][START_REF] Deryugina | Tissueinfiltrating neutrophils constitute the major in vivo source of angiogenesis-inducing MMP-9 in the tumor microenvironment[END_REF]. Chemokine C-C motif ligand 2 (CCL2), in addition to the promotion of angiogenesis [START_REF] Stamatovic | CCL2 regulates angiogenesis via activation of Ets-1 transcription factor[END_REF][START_REF] Ehling | CCL2-dependent infiltrating macrophages promote angiogenesis in progressive liver fibrosis[END_REF], also enhances tumor metastasis [START_REF] Roblek | CCL2 is a vascular permeability factor inducing CCR2-dependent endothelial retraction during lung metastasis[END_REF]; Furthermore, myeloid monocytic cells such as myeloid-derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs) and dendritic cells are recruited to the tumor site mainly by CCL2 and produce many proangiogenic factors such as VEGF, CXCL8, platelet-derived growth factor (PDGF) and transforming growth factor beta (TGF beta) [START_REF] Joyce | Microenvironment regulation of metastasis[END_REF]100,101]. In fact, TGF beta and hypoxia, both of them are potent inducers of VEGF expression in tumor cells, and collaborate with the TME, providing the foundation of tumor angiogenesis and cancer cell invasion [102]. Importantly, IL8 has been reported as a key target gene of PPAR beta/delta to promote angiogenesis in vivo and in vitro [START_REF] Zuo | Metastasis regulation by PPARD expression in cancer cells[END_REF], and CCL2 expression is also significantly upregulated upon vascular PPAR beta/delta overexpression in vivo [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF].

COX2 also mediates IL1 beta-induced angiogenesis in vitro and in vivo [103,104]. IL1 beta supports neovascularization through regulation of the expression of VEGF and its receptor VEGFR2 (FLK1/KDR) on ECs [105]. IL1 acts as an upstream pro-inflammatory mediator that initiates and disseminates inflammatory state by inducing a local interactive network and increasing adhesion molecules expression on ECs and leukocytes, which facilitates tumor-associated angiogenesis [106]. In the TME, inflammatory IL1 beta recruits myeloid cells from bone marrow and activate them to produce proangiogenic factors such as VEGF; VEGF further activates ECs and myeloid cells, promoting tumor invasiveness and fostering tumor angiogenesis [106]. In addition, IL6 also stimulates angiogenesis and vasculogenesis [107,108]; However, Gopinathan et al. observed IL6-induced newly forming vascular structure with defective pericytes (PCs) coverage ex vivo [109], thus facilitating cancer cells infiltration and tumor metastasis through vascular leakage. Interestingly, IL1 and IL6 expression levels are significantly upregulated in the PPAR beta/delta overexpression mouse model reported recently [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF].

In summary, PPAR beta/delta seems to act as a key leader in inflammatory mediatorsdriven tumor angiogenesis linked to the TME in which many pro-inflammatory mediators, chemokines and proangiogenic factors closely communicate with each other, and also associate with tumor-infiltrating myeloid cells such as neutrophils, TAMs and MDSCs.

PPAR beta/delta-mediated other key proangiogenic factors

Wilms' tumor suppressor WT1 is demonstrated as a major regulator of tumor neovascularization and tumor progression [110]. E26 avian leukemia oncogene 1 (ETS1) also plays a key role in regulating vascular development and haemopoiesis, particularly in angiogenesis [111]. In addition, ETS1 promotes cancer cell invasion through upregulation of MMPs [112]. Consistent with this, silencing of ETS1 in highly invasive breast cancer cells also reduces the expression of MMP9 and MMP1 [113].

ETS1 also acts as a key regulator of MMPs such as MMP1, MMP3 and MMP9 in human cancer-associated fibroblasts (CAFs) [114,115]. CAFs support tumor growth by secreting growth factors such as VEGF, FGF, PDGF, and chemokines to stimulate angiogenesis and thereby promote cancer cell invasion and metastasis formation [116,117]. CAFs, as metastatic tumor stroma, is a crucial component in tumor progression through remodeling of the ECM structure, thus helping tumor to acquire aggressive phenotype [118]. PPAR beta/delta in CAFs also exhibits a pro-tumorigenic effect. It was reported that ablation of PPAR beta/delta in CAFs attenuated tumor growth by altering the redox balance in the TME [119], suggesting that PPAR beta/delta in CAFs is also an important player in tumor development. ETS1 induces the expression of VEGF,VEGFR1 and VEGFR2 in ECs [120,121,122]; In turn, VEGF is also a major inducer of ETS1 in ECs through activation of either the PI3K/AKT pathway or the MEK/ERK/1/2 signal cascade [123,124]. WT1 is also reported to regulate tumor angiogenesis via direct transactivation of ETS1 [125].

SRY-related HMG-box 18 (SOX18) was also reported previously to induce angiogenesis during tissue repair and wound healing [126] and cancer progression [127]; And most recently, it was further shown that specific EC-derived endovascular progenitors initiated a vasculogenic process and differentiated into more mature endothelial phenotypes within the core of the growing tumors through reactivation of SOX18 [128]. Interestingly, these important proangiogenic molecules including WT1, ETS1 and SOX18 are also significantly upregulated in the vascular PPAR beta/delta overexpression model in vivo [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF]. And, WT1 is also identified as a target gene of PPAR beta/delta in melanoma cells [129].

PPAR beta/delta may facilitate cancer progression at diverse cellular levels in the TME

PPAR beta/delta activation is shown to induce colonic cancer stem cells (CSCs) expansion and to promote the liver metastasis of colorectal cancer in vivo via direct transactivation of Nanog gene [130]. NANOG as a key transcriptional factor governs self-renewal and pluripotency of stem cells [131], and cancer cells expressing NANOG also often exhibit stem cell properties [132]. Proto-oncogene c-KIT/ CD117, as known mast/stem cell factor receptor and receptor tyrosine kinase, its activation in CSCs may regulate the stemness to control tumor progression and drug resistance to tyrosine kinase inhibitors [133]; Moreover, c-KIT has been identified as a potential marker of the cancer stem-like cells [133]. In addition, c-KIT not only functions on ECs [134,135], but belongs to the tumor angiogenesis-promoting molecule [136,137,138,139], which also involves in pathological ocular neovascularization [140] and is regulated transcriptionally by WT1 [110] and PPAR beta/delta [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF].

PDGFB and its receptor PDGFR beta, as also known angiogenic factors are suggested to enhance angiogenesis and vasculogenesis via function in ECs [141,142,143] and EPCs [144], and to regulate vascular permeability and vessel maturation through recruitment of pericytes (PCs) [145,146] and smooth muscle cells (SMCs) [147] in newly forming vessels. Moreover, PDGFB and PDGFR beta, also interact with other proangiogenic factors such as FGF2 [148,149], VEGFA and its receptor VEGFR2 [142]. Furthermore, PDGFB and PDGFR beta may also affect cancer growth and progression by directly acting on TME. Besides the crosstalk with CAFs [150,151,152], PDGFR beta in stromal fibroblasts may mediate PDGFBinduced TAMs recruitment [153], thus implicating a role of PDGFR beta in tumor stroma to facilitate tumor progression. Most recently, it was further shown that specific targeting of PDGFR beta kinase activity in TME inhibited cancer growth and vascularization in cancers with high PDGFB expression such as LLC [154]. Therefore, this indicates the diverse role of PDGFB and PDGFR beta in facilitating tumor angiogenesis and progression at different cellular levels in TME. PDGFR beta is demonstrated as a target of telomeric repeat binding factor 2 (TRF2) that is further activated transcriptionally by WT1 [155]. PDGFB and PDGFR beta have further been identified as critical targets of PPAR beta/delta via direct transactivation mechanism in vivo [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF].

In conclusion, a variety of key signal molecules involved in tumor angiogenesis and tumor progression and metastasis have either been identified as PPAR beta/delta direct targets or largely upregulated in the vascular PPAR beta/delta overexpression model in vivo reported recently [START_REF] Wagner | Vascular PPAR beta/delta promotes tumor angiogenesis and progression[END_REF]. Thus, PPAR beta/delta activation seems to give rise to a highly angiogenic phenotype, even plays a "hallmark" role in promoting tumor angiogenesis and progression. Interestingly, it appears that there could also exist a widely interactive network between the downstream pro-tumor-angiogenic molecules as described above. Therefore, the cross-talk network is established between PPAR beta/delta and the various signal molecules, also between those molecules (Figure 1A).

Moreover, in addition to cancer cells, PPAR beta/delta may also produce pleiotropic effects in TME by modulating downstream key molecules to act on ECs, EPCs, PCs, SMCs, CSCs, CAFs and tumor-infiltrating inflammatory cells, indirectly facilitating tumor angiogenesis and further promoting cancer development (Figure 1B). In turn, VEGF is also a major inducer of ETS1. TRF2 transactivate PDGFR beta and c-KIT may affect angiogenesis through promotion of VEGF production. There exists the cross-talk between VEGF and MMP9, between VEGF, VEGFR and PDGFB and PDGFR beta. Oval shape: they represent these molecules that have been identified as direct target genes of PPAR beta/delta; Rectangle shape: they represent those molecules that are significantly upregulated upon PPAR beta/delta overexpression. (B) Function of PPAR beta/delta at diverse cellular levels in the TME. In the TME, multiple distinct cells communicate and collaborate to enable tumor growth and progression. These cells include cancer cells, CSCs, ECs, EPCs, PCs, SMCs, CAFs and tumor-infiltrating inflammatory cells. PPAR beta/delta can directly function on ECs and EPCs, or directly action on them by regulating downstream signal molecule such as VEGF, MMP9, PDGFB, PDGFR beta and SOX18. PDGFB and PDGFR beta regulate vascular permeability and maturation through recruitment of PCs and SMCs. c-KIT also functions on ECs, c-KIT and NANOG may regulate the stemness to control cancer progression. ETS1 regulates MMP9 expression in CAFs, the cross-talk between CAFs and PDGFR beta also exists. PPAR beta/delta may act on tumorinfiltrating myeloid cells through modulation of the IL10, IL8, CCL2 and PDGFR beta expression. As mentioned above, PPAR beta/delta stimulates cancer cell invasion and facilitates tumor angiogenesis in a IL10 dependent manner in tumor-infiltrating myeloid cells. IL8 can regulate directly angiogenesis via recruitment of neutrophils. CCL2 is also a major regulator of recruitment of the myeloid monocytic cells such as MDSCs, TAMs and dendritic cells. Also, PDGFR beta in stromal fibroblasts may mediate PDGFBinduced TAMs recruitment. Among these molecules, the SOX18, IL10, CCL2 and ETS1 are overexpressed upon PPAR beta/delta activation, and the others have been reported as direct targets of PPAR beta/delta.

PPAR beta/delta

Other Target Genes PPAR beta/delta regulates the transcription of target genes via direct PPRE-dependent transactivation mechanism. The peroxisome proliferator response element (PPRE) comprises a direct repeat (DR) of AGGTCA separated by one nucleotide (DR1) as AGGTCA (N) AGGTCA [156]. But currently, it is investigated that only PPAR alpha binds to this sequence; And whether ligand activation has an impact on PPARs binding to DNA response elements is still controversial [START_REF] Wagner | Peroxisome proliferator-activated receptor beta/delta (PPAR beta/delta) acts as regulator of metabolism linked to multiple cellular functions[END_REF]. A variety of genes have been identified as PPAR beta/delta direct targets to be involved in various cellular biological processes such as fatty acid oxidation, cell survival, inflammation, angiogenesis, cancer cell metabolism and tumor progression. Until now, direct PPAR beta/delta target genes identified already include Calcineurin A, COX2, VEGF, MMP9, LEPTIN, IL8, WT1, NANOG, c-KIT, PDGFB, PDGFRB, ANGPTL4, PDK4, FABP4, CDKN1C, SRC, EDG2, FOXO1, GIUT1 and SLC1-A5 (Table 1). [START_REF] Gaudel | Pharmacological activation of PPAR beta promotes rapid and calcineurin-dependent fiber remodeling and angiogenesis in mouse skeletal muscle[END_REF][START_REF] Wagner | Peroxisome proliferator-activated receptor beta stimulation induces rapid cardiac growth and angiogenesis via direct activation of calcineurin[END_REF] [48]

COX2

An inflammatory angiogenic mediator, key regulator of tumor angiogenesis [START_REF] Gately | Multiple roles of COX-2 in tumor angiogenesis: a target for antiangiogenic therapy[END_REF]103,104] [84]

VEGF

A key regulator of vasculogenesis and angiogenesis [START_REF] Nagy | VEGF-A and the induction of pathological angiogenesis[END_REF][START_REF] Gerhardt | VEGF guides angiogenic sprouting utilizing endothelial tip cell filopodia[END_REF][START_REF] Hellstrom | VEGF and Notch signaling: the yin and yang of angiogenic sprouting[END_REF] [ [START_REF] Wang | Crosstalk between peroxisome proliferator-activated receptor delta and VEGF stimulates cancer progression[END_REF][START_REF] Zuo | Targeted genetic disruption of peroxisome proliferator-activated receptor-delta and colonic tumorigenesis[END_REF] MMP9 A pro-invasive matrix-degrading enzyme, key regulator of tumor angiogenesis and metastasis [START_REF] Bergers | Matrix metalloproteinase-9 triggers the angiogenic switch during carcinogenesis[END_REF][START_REF] Deryugina | Tumor angiogenesis: MMP-mediated induction of intravasation-and metastasis-sustaining neovasculature[END_REF] [53] LEPTIN Regulation of endothelial cells behavior and angiogenesis [START_REF] Park | Potential role of leptin in angiogenesis: leptin induces endothelial cell proliferation and expression of matrix metalloproteinases in vivo and in vitro[END_REF][START_REF] Garonna | Va scular endothelial growth factor receptor-2 couples cyclooxygenase-2 with proangiogenic actions of leptin on human endothelial cells[END_REF][START_REF] Lanier | Leptin-induced transphosphorylation of vascular endothelial growth factor receptor increases Notch and stimulates endothelial cell angiogenic transformation[END_REF] [87]

IL8

A key angiogenic chemokine, pro-inflammatory mediator, key regulator of tumor angiogenesis and progression [START_REF] Deryugina | Tumor angiogenesis: MMP-mediated induction of intravasation-and metastasis-sustaining neovasculature[END_REF][START_REF] Põld | Cyclooxygenase-2-dependent expression of angiogenic CXC chemokines ENA-78/CXC ligand (CXCL) 5 and interleukin-8/ CXCL8 in human non-small cell lung cancer[END_REF][START_REF] Tazzyman | Neutrophils: key mediators of tumor angiogenesis[END_REF][START_REF] Deryugina | Tissueinfiltrating neutrophils constitute the major in vivo source of angiogenesis-inducing MMP-9 in the tumor microenvironment[END_REF] [69] WT1 As mentioned above, most of them have been suggested to be involved in tumor angiogenesis and progression. ANGPTL4 as a well-known target gene of PPAR beta/delta [157,158], promotes angiogenesis [159,160] and cancer cell invasion [161], and tumor progression and metastasis [162,163]. Pyruvate dehydrogenase kinase 4 (PDK4) may promote cancer progression by regulating epithelial-mesenchymal transition (EMT) [164] and cancer cell metabolism [165,166,167]. Fatty acid binding protein 4 (FABP4) may affect cell proliferation and apoptosis by regulating glucose and lipid metabolism [168,169]. Both PDK4 and FABP4 are the established targets of PPAR beta/delta respectively [170,171].

Cyclin-dependent kinase inhibitor 1C (CDKN1C) gene, which encodes the cell cycle inhibitor p57 KIP2 , has been suggested to be involved in the regulation of several cancer hallmarks such as inducing angiogenesis and been tested as a prognostic factor for various cancer [172], also as a target of PPAR beta/delta [START_REF] Müller-Brüsselbach | Deregulation of tumor angiogenesis and blockade of tumor growth in PPAR beta-deficient mice[END_REF]. Oncogene SRC is reported as a direct PPAR beta/delta target and its tyrosine kinase activity triggers EGFR/ERK1/2 signal cascade, which promotes the development of ultraviolet radiation-induced skin cancer [173]. Endothelial differentiation gene 2 (EDG2) is also transactivated directly by PPAR beta/delta in late EPCs and leads to enhanced vasculogenesis [174]. Forkhead box protein O1 (FOXO1) is required for ECs proliferation and vascular growth [175], and directly regulates VEGFA expression during wound healing [176]. In addition to the physiological angiogenesis, FOXO1 is suggested to be involved in developmental and pathological angiogenesis [177], which is also activated transcriptionally by PPAR beta/delta [178].

Finally, glucose transporter 1 (GLUT1/ SLC2A1), as a member of GLUT family, is widely expressed in many types of cancer cells, which plays a key role in glucose uptake for cancer cell metabolism to enable tumor cell growth and proliferation [179,180]. Neutral amino acid transporter B (SLC1-A5) is an important glutamine transporter in regulation of essential amino acid influx [181]; And importantly, depletion of SLC1-A5 is demonstrated to abolish tumor progression [182]. Both GLUT1 and SLC1-A5 have been suggested to facilitate tumor progression and are transactivated directly by PPAR beta/delta [183].

Conclusion

Until now, I can conclude, PPAR alpha and PPAR gamma seem to tend to produce an antiangiogenic role, but there still are conflicting observations. Unlike them, PPAR beta/delta exerts more explicitly proangiogenic effects. Especially, there exists an intensive cross-talk between PPAR beta/delta and the various signal molecules including the target genes identified, and also between those molecules. PPAR beta/delta plays a leading role in the network of interplay by directly and indirectly modulating the downstream pro-inflammatory or pro-tumorigenic angiogenic molecules which further act on multiple different cell types in the TME, thus indicating a potent "hallmark" role of PPAR beta/delta in tumor angiogenesis, tumor progression and metastasis.

Discussion and Conclusion

In our study, Tie2-CreERT2 mice were crossed with PPAR beta/delta-flox+/-to generate the Tie2-CreERT2; PPAR beta/delta-flox+/-mice in order to realize the PPAR beta/delta overexpression in vascular endothelium after Tamoxifen injection. Tumor growth and metastasis formation were analyzed in the transgenic mice implanted subcutaneously with LLC1 tumor cells. In this case, we observed the specific PPAR beta/delta overexpression effects on tumor progression. Strikingly, we observed enhanced tumor growth, tumor neovascularization and metastasis formation in animals with PPAR beta/delta overexpression in ECs. Thus, this respond well to the Objective 1; PPAR beta/delta is involved in tumor angiogenesis and progression.

In order to further identify new PPAR beta/delta-dependent molecules, we isolated ECs from mouse LLC1 tumors in the Tie2-CreERT2;PPAR beta/delta-flox+/-mice with Tamoxifen or Oil using CD31 beads, then RNAs were extracted from these cells. In this way, we firstly observed PPAR beta/delta expression level was significantly upregulated in the transgenic mice with Tamoxifen injection upon qRT-PCR analysis, indicating the effective system in vivo of PPAR beta/delta overexpression in tumor endothelium. Moreover, PPAR beta/delta expression in the tumor endothelium largely influences tumor progression and metastasis formation. The PPAR beta/delta agonist GW0742 also increased LLC1 cancer progression in vivo. So, the next step, we curiously eager to know how PPAR beta/delta overexpression influences tumor progression, and what the specific molecular mechanism is.

With this question, we further found that many of the genes involved in angiogenesis were also overexpressed upon PPAR beta/delta activation, suggesting PPAR beta/delta overexpression in the tumor endothelium gives rise to a highly angiogenic phenotype. This to some extent gives an answer to the Objective 2; the specific effect of vascular PPAR beta/delta on tumor angiogenesis and progression.

In addition to the qRT-PCR, we also performed the RNA-seq analysis. We then identified a variety of differentially expressed genes in the transgenic mice with Tamoxifen versus the control. We did the enrichment analysis on the gene function (GO terms) and signaling pathway (KEGG pathways). We found the majority of them mainly focus on the cell survival, cell adhesion, angiogenesis or cancer-associated functions or pathways. This also very in line with the potential role of PPAR beta/delta in cancer. Furthermore, from the protein-protein interactive networks (PPI) analysis, we identified downstream potential key signal molecules including VEGF, VEGFR1 and VEGFR2; PDGFB, PDGFR beta and c-KIT. Likewise, in vitro, we observed similar results that treatment of human endothelial cells with PPAR beta/delta antagonists GSK3787 and DG172 also diminished the expression of many of angiogenic genes such as VEGF, VEGFR1 and R2, PDGFB, PDGFR beta and c-KIT. Given the consistent observations in vivo and in vitro, we further performed the promoter prediction analysis for the selected molecules and luciferase transfection assay. As VEGF has already been suggested to be a target gene of PPAR beta/delta (Wang et al., 2006;Zuo et al., 2009), we selected PDGFB, PDGFR beta and c-KIT as potential candidates. By ChIP assay, we confirmed all of them as direct targets of PPAR beta/delta. Here, this responds well again to the Objective 3; The tumor-angiogenesis promoting effects of vascular PPAR beta/delta mediated is due to the activation of the PDGFB/PDGFR beta pathway, c-KIT, and possibly via the VEGF/VEGFR pathway. In addition, given the consistent observations on tumor angiogenesis and progression of PPAR beta/delta agonist and antagonists, we think, the use of PPAR beta/delta agonists should be considered as dangerous and a balance in dosage should be mastered. This also respond to the urgent question on the pharmacological use of PPAR beta/delta agonists for treatment of metabolic syndrome.

However, there still exists an interesting problem in our study. We firstly observed enhanced tumor neovascularization and progression in vivo. And subsequently, through the analysis on the downstream signal molecules, we selected several key factors and further confirmed PDGFB, PDGFR beta and c-KIT as direct targets. A question is whether PPAR beta/delta promotes tumor angiogenesis and progression exclusively via activation of the PDGFB/PDGFR beta pathway or c-KIT. PPAR beta/delta overexpression in tumor endothelium gives rise to a highly angiogenic phenotype. Is it possible that PPAR beta/delta produces tumor-angiogenesis-promoting effects not only exclusively via activation of the PDGFB/PDGFR beta pathway or c-KIT, but also including the other pathways or signal molecules?

If we want to give an answer to this question, mice deficient for PDGFB or PDGFR beta or c-KIT are needed. In this way, we can observe whether the promoting effects of PPAR beta/delta on tumor angiogenesis and progression might be abolished due to the deficiency of these specific molecules. But, that is impossible! As previous studies have reported that mice with PDGFB-deficiency die perinatally and display hematological and cardiovascular abnormalities, and most of embryos with PDGFB mutant develop fatal hemorrhages prior to birth (Levéen et al., 1994). PDGFR beta mutant mice also show abnormal kidney development and hematological defect, and die before birth [START_REF] Soriano | Abnormal kidney development and hematological disorders in PDGF beta-receptor mutant mice[END_REF]. c-KIT is also reported as essential for maintenance of adult hematopoietic stem and progenitor cells (HSPCs), and c-KIT deletion causes the demise of adult mice due to hematopoietic failure [START_REF] Kimura | c-Kit-mediated functional positioning of stem cells to their niches is essential for maintenance and regeneration of adult hematopoiesis[END_REF]. Thus, PDGFB, PDGFR beta and c-KIT are required for maintenance of the physiological function. PPAR beta/delta-mediated promoting effects on tumor angiogenesis and progression could possibly dependent on the PDGFB/PDGFR beta, c-KIT or VEGF/VEGFR pathways.

Another limit is that it is unlikely to treat tumor-bearing animals with PPAR beta/delta antagonist. The effects of PPAR beta/delta agonists and antagonists on tumor cells are controversial. In in vitro experiments, we observed the opposite effects on LLC1 tumor cells. PPAR beta/delta agonist GW0742 reduced and antagonist GSK3787 enhanced LLC1 tumor cell proliferation. Thus, the results obtained in vitro cannot support us to perform further studies in vivo.

Therefore, it cannot be observed if treatment of tumor-bearing mice with PPAR beta/delta antagonist might reverse the promoting impact on tumor angiogenesis and progression.

In conclusion, selective overexpression of PPAR beta/delta in ECs leads to faster tumor growth and larger tumor size, and enhanced metastasis formation, indicating a vascular-endothelium specific mechanism for PPAR beta/delta function in tumor progression, independent on specific tumor or cancer cell types.

The pharmacological use of PPAR beta/delta agonists for the treatment of metabolic syndrome seems to be dangerous. PPAR beta/delta antagonists for inhibition of tumor angiogenesis and cancer growth is not likely to present a meaningful direction as their conflicting observations on distinct tumor or cancer cell types. Finally, PPAR beta/delta inhibition might become a novel approach for a certain subset of tumors.

Cross-talk between PPAR beta/delta and signal molecules involved in angiogenesis

PPAR beta/delta activation has been demonstrated to upregulate various angiogenesis related gene expression, some of which has been identified as its target genes such as VEGF, MMP9, WT1, Calcineurin A, COX2, EDG2 and IL8 (see Target genes In our recent works, we also show that PPAR beta/delta overexpression in endothelial cells isolated from mice in vivo upregulates the expression of multiple key proangiogenic factors, including Vegf, Vegfr1 and 2, Cd31, Vwf, Pdgfb, Pdgfr alpha and beta, cKit and Sox18 (Wagner et al., 2019).

Moreover, tumor angiogenesis related gene such as Ets1 and Wt1, both of them also are overexpressed. However, interestingly, Wt1 has been shown to be repressed by PPAR beta/delta in human melanoma cells via a direct transcriptional mechanism resulting in decreased melanoma cell proliferation (Michiels et al., 2010). Here, the upregulation of Wt1 upon the PPAR beta/delta overexpression in mice endothelial cells we observed, could be due to cell type and/or species-specific expression of PPAR beta/delta and/or its endogenous ligands or co-activators/ co-repressors. The potential mechanism is still unknown and requires further studies.

. Additionally, given the key involvement of MMPs in angiogenic process, we also detected MMP1, 8 and 9. Even though MMP9 has been identified as a critical target gene and can be directly transcriptionally activated by PPAR beta/delta in EPCs (Han et al., 2013). The expression of MMP9 in our model is COX2 activity can suppress angiogenesis in vitro and in vivo (Gately & Li, 2004).

Calcineurin A as a direct PPAR beta/delta target gene, has been shown to be involved in physiological angiogenesis to induce cardiac growth and increase cardiac vascularization (Wagner et al., 2009).

In addition to these upregulated signal molecules, we have also identified several important cell adhesion molecules overexpressed in our model. Given the major involvement of CAMs in angiogenesis, we also selected some cell adhesion molecules identified by GO (Gene Ontology) terms analysis. And subsequently, some potential targets further were identified by qRT-PCR methods in vivo and in vitro, including CDH5, PTPRM, ADAM12, LAMA4, MCAM and NID2. CDH5, is an endothelium-specific adhesion molecule and has been suggested to play an important role in regulating tumor angiogenesis [START_REF] Dejana | The role of adherens junctions and VEcadherin in the control of vascular permeability[END_REF]. PTPRM (Protein Tyrosine Phosphatase Receptor Type M, also known as PTPu), is a homophilic cell adhesion via plasma membrane adhesion molecules in cells including epithelial cells and cancer cells. ADAM12 is upregulated in multiple human cancers (Wewer et al., 2005). Moreover, ADAM12 has both protease and adhesive activity which most likely functions involving in tumor angiogenesis and tumor development. NID2 is an ubiquitous component in the basement membrane (BM), which may play a potential role in tumor angiogenesis and progression. LAMA4 has also been reported to regulate tip/ stalk cell selection through induction of endothelial cell Notch/Dll4 signaling pathway in vivo [START_REF] Stenzel | Endothelial basement membrane limits tip cell formation by inducing Dll4/Notch signaling in vivo[END_REF], indicating a crucial role of LAMA4 in determination of cell differentiation and cell fate in the initial stage of angiogenic process. MCAM has been reported to be overexpressed in tumor blood vessels and its upregulation is largely associated with tumor angiogenesis [START_REF] Sers | MUC18, a melanoma-progression associated molecule, and its potential role in tumor vascularization and hematogenous spread[END_REF]. The expression of these potential important molecules is largely upregulated in our vascular-specific PPAR beta/delta overexpression model in vivo and downregulated in HUVEC-treated with PPAR beta/delta antagonist GSK 3787 in vitro, which is also in line with the results of other angiogenic factors observed before.

In conclusion, for several established proangiogenic factors or potential cell adhesion molecules, we observed elevated expression levels in our model in vivo. Moreover, the expression can also be inhibited in vitro through treatment with PPAR beta/delta antagonist. This further indicates that vascularendothelium PPAR beta/delta overexpression can specifically promote a highly angiogenic phenotype, which can be suppressed by downregulation of PPAR beta/delta expression.

Figure 9. The expression of various signal molecules is largely upregulated in PPAR beta/delta overexpression model.

The expression of many genes related to angiogenesis is significantly upregulated in endothelial cells with PPAR beta/delta overexpression from mouse injected with lung carcinoma cells (LLC1) (Image from Wagner et al., 2019).

Role of PPAR beta/delta activation on the hallmarks of cancer

The hallmarks of cancer consist of six biological capabilities acquired of human cancers, which includes resisting cell death, sustaining proliferative signaling, evading growth suppressors, activating invasion and metastasis, enabling replicative immortality, and inducing angiogenesis. Two emerging hallmarks, including deregulating cellular energetics and avoiding immune destruction, enable cancer cells to reprogram cellular metabolism to effectively support neoplastic proliferation and allow cancer cells to evade immunological destruction from T lymphocytes, B lymphocytes, NK cells and macrophages.

Two enabling characteristics of cancer, including genome instability and mutation and tumor-promoting inflammation, endow cancer cells with genetic alterations that further drive tumor progression and provide cancer cells with bioactive molecules to the tumor microenvironment (Hanahan & Weinberg, 2011). PPAR beta/delta could have pleiotropic effects on the hallmarks of cancer to promote carcinogenesis. PPAR beta/delta expression in cancer cells can regulate several critical pro-metastatic mechanisms including angiogenesis, EMT, and cancer cell invasion and migration. For instance, PPAR beta/delta most likely functions on the hallmarks such as sustaining proliferation, inducing angiogenesis and activating metastasis to promote tumor progression. The potential molecular mechanism may be due to the transcriptional regulation for its downstream various signaling molecules, referred to as target genes and/or the other signal molecules that have not been identified as target genes. PPAR beta/delta has been demonstrated as a critical "hub node" transcriptional factor which governs the tumor "angiogenic switch" (Abdollahi et al., 2007;Bishop-Bailey, 2008, 2011;Bishop-Bailey & Swales, 2008). Alternatively, PPAR beta/delta has also been shown to play an important role in pathological or tumor angiogenesis or cancer stem cell and to promote cancer cell invasion and tumor progression directly not due to the regulation of the downstream signal molecules. But the role of PPAR beta/delta on carcinogenesis or tumorigenesis is highly controversial dependent on the specific cell type and/or tumor type.

Angptl4 as a common target gene of PPAR beta/delta has been shown to enhance cancer cell migration and invasion, which plays an important in tumor progression and metastasis. And inverse agonist of PPAR beta/delta such as DG172 also can downregulate the Angptl4 mRNA and protein levels, further interfering with cancer growth and progression (Adhikary et al., 2013). PPAR beta/delta may induce angiogenesis by multiple pathways. Apart from Angptl4, for instance, the common angiogenesis inducer VEGF has been identified as PPAR beta/delta target gene in several studies (Wang et al., 2006;Zuo et al., 2009). Some other key pro-anigogenic or pro-metastatic signal molecules have been identified as targets of PPAR beta. Such as Cdkn1c, it has been shown to be involved in several cancer hallmarks, including apoptosis, cell invasion and metastasis, tumor differentiation and angiogenesis (Kavanagh & Joseph, 2011).

In fact, approximately 90% of cancer related deaths are caused by cancer metastasis, mainly through breakdown of cell-cell adhesion such as the loss of E-cadherin, and/or through deregulation of ECM components and MMPs and increased cell motility. In our vascular-specific PPAR beta/delta overexpression model in vivo, chemokine Ccl2 expression level is also largely upregulated. In addition to the role of Ccl2 in promotion of angiogenesis [START_REF] Stamatovic | CCL2 regulates angiogenesis via activation of Ets-1 transcription factor[END_REF][START_REF] Ehling | CCL2-dependent infiltrating macrophages promote angiogenesis in progressive liver fibrosis[END_REF], it has also been shown to enhance tumor metastasis (Roblek et al., 2019). Moreover, Myeloid monocytic cells such as TAMs, MDSCs and dendritic cells can be recruited to the tumor site mainly by CCL2, and can produce many proangiogenic factors such as VEGF, PDGF, TGF beta and CXCL8 (encoding IL8) (Joyce and Pollard, 2009;[START_REF] Mantovani | The chemokine system in cancer biology and therapy[END_REF]. IL8 can also directly regulate angiogenesis through recruitment of neutrophils (Tazzyman et al., 2009), which can further drive VEGF activation through MMP9 secretion (Nozawa et al., 2006). Interestingly, except the upregulated CCL2 in our model, these key signal molecules VEGF, PDGFB, IL8 and MMP9 have been identified as PPAR beta target genes to promote angiogenesis (Wang et al., 2006;Zuo et al., 2009;Wagner et al., 2019;Zuo et al., 2017;Han et al., 2013), suggesting a leading role of PPAR beta/delta in inducing angiogenesis and activating invasion and metastasis of cancer hallmarks.

And importantly, our recent work also demonstrated that conditional vascular-specific PPAR beta/delta overexpression enhanced tumor angiogenesis and metastasis formation in vivo through direct transcriptional activation of the PDGF/PDGFR pathway and stem cell factor receptor cKit, indicating an endothelial cell-specific pro-angiogenic mechanism for PPAR beta/delta function in tumor progression and metastasis formation, independent -162 -on the conflicting observations for PPAR beta/delta role in tumorigenesis (Wagner et al., 2019). For instance, PPAR beta/delta could sustain pro-proliferative signaling and activate invasion and metastasis in carcinoma by transcriptionally regulating downstream target genes. It has been reported in many human cell lines and mice studies. Besides target genes involved in angiogenesis, PPAR beta/delta may upregulate some other key prometastatic signal molecules that have not been identified as targets. Or PPAR beta/delta could directly promote angiogenic process or EMT process or other unknown pro-tumorigenic or pro-metastatic mechanism in the intracellular environment (Image from Hanahan & Weinberg, 2011). Cancer cells, as the foundation of the assemblage, carry the oncogenic and tumor suppressor mutations, which can initiate tumors and drive tumor progression forward (Hanahan & Weinberg, 2011). There exists heterogeneity in distinct cell types containing diverse degrees of cell differentiation, proliferation, vascularity and invasiveness in many human tumors. Thus, this concept of cancer stem cells (CSCs) emerged. CSCs are cancer cells within tumors that possess characteristics of self-renewal and differentiation associated with normal stem cells, which have the ability to produce multiple cell types found in a tumor sample. CSCs were initially implicated in hematopoietic malignancies, such as human acute myeloid leukemia (Bonnet & Dick, 1997;Reya et al., 2001), subsequently were identified in some solid tumors, especially in glioblastoma and breast carcinomas (Al-Hajj et al., 2003;Gilbertson & Rich, 2007).

Endothelial cells, more related to the concept of the "angiogenic switch", which can activate quiescent endothelial cells, triggering them enter into a cell dynamic program that allows them to construct new blood vessels (see Angiogenesis part). Pericytes can collaborate with the endothelial cells to firm the vascular basement membrane anchored both pericytes and endothelial cells and help vessel walls to withstand the blood pressure, which plays an important role in supporting tumor endothelium (see PDGFB/PDGFRB part 1.2.2).

Immune inflammatory cells, including tumor-antagonizing and tumorpromoting leukocytes. Here only elaborates tumor-promoting inflammatory cells.

In addition to lymphoid cells, tumor-infiltrating myeloid cells are considered as the most important cells in the TME for fostering tumor angiogenesis such as tumor-associated macrophages (TAMs), dendritic cells, neutrophils and myeloidderived suppressor cells (MDSCs) (Murdoch et al., 2008;Coffelt et al., 2010;Condeelis & Pollard, 2006). These inflammatory cells can release some signaling molecules, including tumor growth factor EGF, pro-angiogenic factors such VEGF and FGF2, cytokines and chemokines to amplify the inflammatory state, and pro-invasive matrix-degrading enzymes such as matrix metalloproteinases MMP9 (Murdoch et al., 2008;[START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF]. In addition, it has also been shown that tumor-infiltrating inflammatory cells can help to induce and sustain tumor angiogenesis, to stimulate tumor cell proliferation, and further to facilitate tissue invasion and tumor metastatic spread (Murdoch et al., 2008;[START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF]Coffelt et al., 2010).

Cancer-associated fibroblastic cells (CAFs) are one of the most dominant components in the tumor stroma that can build up and remodel the ECM structure (Kalluri, 2016), thus helping the tumor to acquire an aggressive phenotype. And many studies have shown that CAFs have emerged as important regulators of the anti-tumor immune response [START_REF] Ziani | Alteration of the antitumor immune response by cancer-associated fibroblasts[END_REF][START_REF] Lambrechts | Phenotype molding of stromal cells in the lung tumor microenvironment[END_REF]. CAFs have been shown to support tumor growth by secreting growth factors such as VEGF, PDGF, FGF and other chemokines to stimulate angiogenesis and thus further promote tumor growth, cancer cell proliferation and metastasis formation [START_REF] Weber | The tumor microenvironment[END_REF]Erez et al., 2010;Giannoni et al., 2010).

How does PPAR beta/delta work in the TME?

TME has also been linked to the hallmark capabilities of cancer [START_REF] Hanahan | Accessories to the crime: functions of cells recruited to the tumor microenvironment[END_REF]. Tumor also can release extracellular signals to communicate with TME to facilitate tumor angiogenesis. PPAR beta/delta may promote angiogenesis, cancer cell proliferation and invasion through multiple molecular mode associated with cancer cells, CSCs, endothelial cells and pericytes, immune inflammatory cells and carcinoma-associated fibroblasts.

PPAR beta/delta has been shown to promote multiple cancer progression, including colorectal cancer [START_REF] Zuo | PPARD and interferon gamma promote transformation of gastric progenitor cells and tumorigenesis in mice[END_REF], breast cancer (Yuan et al., 2013), gastric cancer (Zuo et al., 2019) and lung carcinogenesis [START_REF] Genini | Transcriptional and non-transcriptional functions of PPAR beta/delta in non-small cell lung cancer[END_REF], indicating a crucial role of PPAR beta/delta in cancer cells though controversial and possibly dependent on different cell/cancer types. PPAR beta/delta has also been shown to induce CSC expansion and promote CRC liver metastasis in vivo via direct transcriptional activation of Nanog (Wang et al., 2019). Moreover, c-KIT has been identified as a potential marker of the cancer stem-like cells, and it has been demonstrated that the expression of c-KIT exists in CTCs, in aggressive, recurrent and resistant tumors [START_REF] Landuzzi | The metastatic ability of Ewing's sarcoma cells is modulated by stem cell factor and by its receptor c-kit[END_REF][START_REF] Wiesner | C-Kit and its ligand stem cell factor: Potential contribution to prostate cancer bone metastasis[END_REF][START_REF] Harris | CTC Marker CD117/c-Kit represents a prostate cancer stem-like subpopulation driving progression, migration and TKI resistance[END_REF]. Furthermore, the activation of cKIT in CSCs may regulate the stemness to control tumor progression and drug resistance to tyrosine kinase inhibitors (TKIs) (Foster et al., 2018). PDGFB and PDGFRB as known angiogenic factors have been suggested to enhance angiogenesis [START_REF] Battegay | PDGF-BB modulates endothelial proliferation and angiogenesis in vitro via PDGF beta-receptors[END_REF]EI Maï et al., 2014), and to regulate vascular permeability and vessel maturation through promotion of pericyte recruitment of newly forming vessels, also indicating its critical role in tumor angiogenesis. Also, c-Kit has been shown to be expressed in endothelial cells (Broudy et al., 1994) and implicated in tumor angiogenesis (Sihto et al., 2007), and increase ECs migration and tube formation (Matsui et al., 2004). Interestingly, our recent works have identified PDGFB, PDGFRB and c-KIT as new target genes of PPAR beta/delta. PPAR beta/delta can promote tumor angiogenesis and progression through direct activation PDGFB/PDGFRB signaling pathway and stem cell factor receptor c-KIT independent on the different tumor cell types.

Apart from this, the role of chronic inflammation in facilitating tumorigenesis has been considered to be a hallmark of cancer progression (Hanahan & Weinberg, 2011). PPAR beta/delta has been shown to action on inflammationpromoted tumorigenesis through induction of pro-inflammatory mediators such as COX2 and PGE2 in vivo (Wang & DuBois, 2014;Wang et al., 2014). COX2/PGE2 signaling pathway plays a crucial role in the context of inflammation-driven tumorigenesis, which has been well-studied in the report of colonic tumorigenesis [START_REF] Backlund | Mechanisms for the prevention of gastrointestinal cancer: The role of prostaglandin E2[END_REF]. PGE2 also can enhance PPAR beta transcriptional activity through activation PI3/AKT pathway to promote colon cancer survival in vitro and intestinal tumorigenesis in vivo (Wang et al., 2004). Furthermore, Wang et al also indicates that promotion of PPAR beta/delta in colonic inflammation and colitis-associated tumor growth mediates a crosstalk between tumor epithelial cells and macrophages. In addition, the COX2/PGE2 signaling pathway is often upregulated in tumors [START_REF] Backlund | Mechanisms for the prevention of gastrointestinal cancer: The role of prostaglandin E2[END_REF]. And COX2 has been previously identified as a PPAR beta/delta target gene (Glinghammar et al., 2003). Interaction of activated PPAR beta/delta with these key signal hubs can promote cancer development and enhance neoplastic processes in cancer cells themselves and non-cancer cells in TME.

Moreover, tumor-infiltrating myeloid cells have been reported to be the most important cells among the multiple stromal cell types in the TME for fostering tumor angiogenesis (Condeelis & Pollard, 2006). And myeloid cells can support tumor growth by stimulating tumor angiogenesis, suppressing tumor immunity and promoting tumor metastasis to distinct sites (Schmid & Varner, 2010). Interestingly, PPAR beta/delta activation in myeloid cells has been shown to stimulate cancer cell invasion and facilitate tumor angiogenesis in an IL-10 dependent manner. Moreover, PPAR beta/delta deficiency in tumor myeloid cell results in the impaired tumor growth and angiogenesis in PPAR beta/delta KO BMT mice, suggesting a critical role of PPAR beta/delta in tumor progression and tumor angiogenesis in tumor myeloid cells (Park et al., 2015). Thus, this also further provides a reasonable evidence of PPAR beta/delta potential in tumorpromoting inflammatory cells.

It was previously reported that carcinoma-associated fibroblasts (CAFs) can direct tumor progression of an initiated human prostate epithelial cell [START_REF] Olumi | Carcinoma-associated fibroblasts direct tumor progression of initiated human prostatic epithelium[END_REF]. Moreover, CAFs-derived CXCL12 secretion not only can stimulate tumor growth directly through activation of its cognate receptor CXCR4, but also recruit EPCs into carcinomas, thus promoting angiogenesis [START_REF] Orimo | Stromal fibroblasts present in invasive human breast carcinomas promote tumor growth and angiogenesis through elevated SDF-1/ CXCL12 secretion[END_REF].

In addition, CXCL12 binding to CXCR4 has been also shown to play an important role in trigger ECs proliferation and migration, and to increase the number of newly forming vessels by interacting with VEGF [START_REF] Kryczek | CXCL12 and vascular endothelial growth factor synergistically induce neoangiogenesis in human ovarian cancers[END_REF]. Furthermore, CXCL12/CXCR4 signal activation by CAFs has been suggested to facilitate gastric cancer progression by enhancing integrin beta1 clustering [START_REF] Izumi | CXCL12/CXCR4 activation by cancerassociated fibroblasts promotes integrin beta1 clustering and invasiveness in gastric cancer[END_REF]. PPAR beta/delta in CAFs also exhibits a pro-tumorigenic effect. It was reported that ablation of PPAR beta/delta in CAFs attenuated tumor growth by altering the redox balance in the TME (Tan et al., 2018), suggesting that PPAR beta/delta in CAFs is also an important player in tumor development.

Importantly, in our works, the expression levels of various key signal molecules are significantly upregulated in the conditional PPAR beta/delta overexpression mouse model, such as Ets1, MMPs and ILs (Wagner et al., 2019). Ets1 has also been shown as a key regulator of MMPs such as MMP1, MMP3 and MMP9 in human CAFs (Nakamura et al., 2004;Hahne et al., 2011).

Interestingly, Il1 expression is significantly upregulated in our PPAR beta/delta overexpression model. And Il1 isoform, Il beta has also been demonstrated to enhance tumor growth and metastasis via angiogenesis along with inflammatory cell infiltration around cancer cells [START_REF] Saijo | Proinflammatory cytokine IL-1 beta promotes tumor growth of Lewis lung carcinoma by induction of angiogenic factors: in vivo analysis of tumor-stromal interaction[END_REF][START_REF] Voronov | IL-1 is required for tumor invasiveness and angiogenesis[END_REF]. IL1 beta can also stimulate ECs proliferation and migration, adhesion-molecule expression, inflammatory mediator production and leukocyte recruitment, which has been considered to be essential for tumor angiogenesis, tumor growth and metastasis [START_REF] Yano | Multifunctional interleukin-1 beta promotes metastasis of human lung cancer cells in SCID mice via enhanced expression of adhesion-, invasion-and angiogenesis-related molecules[END_REF][START_REF] Saijo | Proinflammatory cytokine IL-1 beta promotes tumor growth of Lewis lung carcinoma by induction of angiogenic factors: in vivo analysis of tumor-stromal interaction[END_REF][START_REF] Voronov | IL-1 is required for tumor invasiveness and angiogenesis[END_REF]. Moreover, it is reported that IL1 beta can induce angiogenesis in vivo and in vitro through COX2/prostanoid signaling pathway (Kuwano et al., 2004), suggesting a key role of COX2 and prostanoids in IL1 beta-induced angiogenesis. In addition to IL1 beta, CXC chemokines and VEGFA has been involved in COX2-associated angiogenesis [START_REF] Williams | Host cyclooxygenase-2 modulates carcinoma growth[END_REF]Põld et al., 2004). Interestingly, apart from the upregulated IL1 in our model, COX2 and VEGFA has been identified as PPAR beta/delta target genes (Glinghammar et al., 2003;Wang et al., 2006;Zuo et al., 2009).

In conclusion, various key signal molecules involved in tumor angiogenesis, progression and metastasis such as Ets1, Il1 and Ccl2, are significantly upregulated in our PPAR beta/delta-overexpression model in vivo. Interestingly, many molecules identified not only are associated with cancer hallmarks such as activating invasion and metastasis and inducing angiogenesis, but also linked to TME such as chemotaxis of tumor and stromal cells. Especially for PDGFB, PDGFRB and cKIT, has been identified as key target genes in our works. In addition to this, other key proangiogenic molecules have also been previously identified as targets of PPAR beta/delta, such as VEGF, MMP9, COX2 and IL8 (encoded by CXCL8). Thus, it indicates a potential hallmark role of PPAR beta/delta in tumor angiogenesis, progression and metastasis, and this point is also further strengthened in our works.

Figure 11. (A). Distinct cell types contribute to the TME. (B). Various key signal molecules collaborate and communicate in the TME.

Inflammatory angiogenesis is a crucial process in tumor progression. Tumor cells can also produce chemokines that act directly on ECs, and ECs can express the chemokines receptors including CXCR2, CXCR3, CXCR4 and CXCR7 to further induce ECs chemotaxis [START_REF] Lazennec | Chemokines and chemokine receptors: new insights into cancer-related inflammation[END_REF]. Chemotaxis of tumor cells and stromal cells in TME is required for tumor dissemination during tumor progression and metastasis. Chemotaxis is also a crucial process for angiogenesis in tumors, either -171 -directly by attracting ECs towards tumor cells to form new vessels, or indirectly by inducing immune infiltrate to promote angiogenesis (Roussos et al., 2011). Colony stimulating factor-1 (CSF-1), also known as macrophage colony-stimulating factor (M-CSF), has been shown to be associated with an enhanced tumor angiogenesis in leiomyosarcoma [START_REF] Espinosa | CSF1 expression in nongynecological leiomyosarcoma is associated with increased tumor angiogenesis[END_REF]. Tumor cells can secret various growth factors to accelerate tumor development through induction of angiogenesis, such as TGF beta [START_REF] Roberts | Transforming growth factor-beta: Possible roles in carcinogenesis[END_REF]. In fact, TGF beta and hypoxia, both of them are potent inducers of VEGF expression in tumor cells, and can collaborate with the the TME, providing the foundation of tumor cell invasion and angiogenesis (Breier et al., 2002).

In summary, there are various cytokines or chemokines or proangiogenic factors communicate with each other and with the TME to facilitate cancer invasiveness and metastasis via induction of angiogenesis. (Image from Hanahan & Weinberg, 2011).
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 6 Figure 6. A. Schematic representation of VE-cadherin-mediated endothelial cell

  Ig-CAM superfamily mainly includes endothelial cell specific adhesion molecule (ESAM), junctional adhesion molecule (JAM), intercellular adhesion molecule (ICAM), carcinoembryonic antigen related cell adhesion molecule (CEACAM), vascular cell adhesion molecule (VCAM), platelet endothelial cell adhesion molecule (PECAM) and melanoma cell adhesion molecule (MCAM/ CD146). Ig-CAMs have been implicated in tumor angiogenesis, however, the extent of involvement in tumor progression and metastasis still remains unclear and needs to be further elucidated.
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 7 Figure 7. Downstream signal transduction pathways by c-Kit stimulation-
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 72 Figure 7-2. A schematic representation of TKIs blocking target in c-KIT signalling

  Nadra et al. observed that PPAR gamma-null embryos displayed vascular structural defect at E9.5; Moreover, disorganized placental layers and altered placental microvasculature were observed in pregnant wild-type mice treated with PPAR gamma agonist rosiglitazone, and reduced expression of proangiogenic factors including VEGF, proliferin and platelet-endothelial cell adhesion molecule-1 (PECAM1/CD31)

Figure 8 .

 8 Figure 8. Overall mechanism of transcriptional regulation by PPAR beta/delta.
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 11 Objective 1: Is PPAR beta/delta involved in tumor angiogenesis and progression?Müller-Brüsselbach et al. showed that PPAR beta/delta -/-mice implanted with LLC and B16 melanoma exhibit a diminished blood flow and immature hyperplastic microvascular structures compared to wild mice. Re-expression of PPAR beta/delta into the matrigel-invading cells triggers the microvessel maturation and restores a normal vascularization. An obvious tumor growth inhibition and prolonged survival can be also observed in the PPAR beta/deltadeficient mice(Müller-Brüsselbach et al., 2007).
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 1 Figure 1. The "hallmark" role of PPAR beta/delta in tumor angiogenesis and progression. (A) Interplay between PPAR beta/delta and downstream key signal molecules. In the signal network of proangiogenic molecules, COX2 promotes the secretion of VEGF and MMPs including MMP9; COX2 infiltration also mediates IL1 beta-induced angiogenesis, which further activates VEGF; COX2 also contribute to cancer progression through enhancement of the angiogenic chemokine CXCL8 (IL8) expression. IL8 drives the VEGF activation and induces the MMP9 expression. LEPTIN induces the MMP9 expression, enhances the COX2 activity or transactivates VEGFR to facilitate angiogenesis. WT1
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 10 Figure 10. The hallmarks of cancer.
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 3 Potential involvement of PPAR beta/delta in the tumor microenvironment PPAR beta/delta may exert diverse effects on different cell types involved in tumor microenvironment. Tumor microenvironment (TME) is the environment around by tumors including surrounding blood vessels, non-cancer cells such as immune cells and fibroblasts and their stroma, and some key signaling molecules and ECM, which plays a major role in contribution to tumor growth and cancer progression. Tumors are not composed of single cancer cells. Tumor is an assemblage of multiple distinct cell types that communicate and collaborate to enable tumor growth and progression. Tumors are closely related to and interact constantly with the surrounding microenvironment.

  

  

  

  

  

  . It has also been shown that PDGFR beta can stimulate proliferation, migration and tube formation of differentiated ECs (Wyler von Ballmoos et al., 2010).

PDGF-BB was shown to induce EPO expression that promoted tumor growth and tumor angiogenesis through direct induction ECs proliferation, migration and sprouting and tube formation. PDGF-BB can directly act on stromal cells, mural cells such as pericytes or VSMCs that express its receptor PDGFR beta to activate EPO expression, leading to enhanced tumor angiogenesis

  It has also been further demonstrated that PPAR beta/delta activation in myeloid cells of TME can stimulate cancer cell invasion and facilitate tumor angiogenesis in a IL-10 dependent manner(Park et al., 2015). Moreover, PPAR beta/delta deficiency in tumor myeloid cell results in an impaired tumor growth and angiogenesis in mice transplanted with bone marrow from PPAR beta/delta KO mice (PPAR beta/delta KO BMT mice) with LLC1 tumor, suggesting a critical role of PPAR beta/delta in tumor progression and tumor angiogenesis in tumor myeloid cells(Park et al., 2015). Recently, it has been further demonstrated that PPAR beta/delta expression in cancer cells can regulate tumor angiogenesis in vitro and in vivo by promoting the secretion of pro-angiogenic factors including VEGF and IL-8. In addition to angiogenesis, PPAR beta/delta expression in cancer cells also acts an essential player in metastatic development such as promotion of EMT and cancer cell migration and invasion

	in tumor microenvironment (TME) fostering tumor angiogenesis, and in
	epithelial-mesenchymal transition (EMT) to further facilitate tumor progression
	and metastasis. A study showed that PPAR beta/delta knockout colon cancer
	cells failed to stimulate EC vascularization and macrophages proliferation or
	migration in response to hypoxic stress, whereas wild type cells exposed to
	hypoxia were able to induce angiogenesis and macrophage activation, indicating
	an essential role of PPAR beta/delta in promotion of angiogenesis, macrophage
	recruitment and proliferation in hypoxic stress-mediated TME (Jeong et al.,
	2014).

Table 1 . List of genes identified as direct targets of PPAR beta/delta. PPAR beta/delta Target Genes

 1 

		Cellular Biological Function	References
			(for as target
			genes)
	ANGPTL4	Promotion of angiogenesis,	Staiger et al., 2009
		tumor progression and metastasis	Inoue et al., 2014
	PDK4	Regulation of EMT and cell metabolism,	Degenhardt et al.,
		and cancer progression	2007
	FABP4	Regulation of glucose and lipid	Shin et al., 2009
		metabolism, cell proliferation, apoptosis	
		and inflammation	
	FOXO1	Regulation of adipogenesis and	Nahlé et al., 2008
		angiogenesis	
	COX2	Promotion of angiogenesis and tumor	Glinghammar et al.,
		growth, inflammation	2003
	VEGF	Key regulator of vasculogenesis	Wang et al., 2006
		and angiogenesis	Zuo et al., 2009
	WT1	Promotion of tumor angiogenesis	Michiels et al., 2010
		and tumor progression	
	LEPTIN	Regulation of endothelial cells behavior	Wagner et al., 2011
		and angiogenesis	
	CDKN1C	A prognostic factor for many types of	Müller-Brüsselbach
		cancer, and regulation of angiogenesis	et al., 2007a
	MMP9	Key regulator of angiogenesis	Han et al., 2013
	Calcineurin A	Induction of cardiac vascularization,	Wagner et al., 2009
		and cardiac growth	
	SRC	Promotion of angiogenesis, cancer	Montagner et al.,
		invasion and tumor progression	2014
	EDG2	Enhancement of endothelial cells	Han et al., 2016
		differentiation and vasculogenesis	
	IL8	Key regulator of tumor	Zuo et al., 2017
		neovascularization	
	GIUT1	Promotion of cancer cell metabolism,	Zhang et al., 2017
		and tumor growth	
	SLC1-A5	Promotion of cancer cell metabolism,	Zhang et al., 2017
		and tumor progression	
	NANOG	Regulation of self-renewal of cancer	Wang et al., 2019
		stem cells in many types of tumors	

Table 1 . List of Target genes of PPAR beta/delta
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unchanged. There could be different mechanisms of transcriptional activation possibly dependent on specific cell types such as ECs and EPCs. But we found elevated levels of MMP8 expression, which is known to positively regulate angiogenesis [START_REF] Fang | An important role of matrix metalloproteinase-8 in angiogenesis in vitro and in vivo[END_REF]. Furthermore, ILs have been considered as important regulators involved in tumor-mediated angiogenesis. Il8 has been suggested to promote angiogenesis in vivo and in vitro via a direct transcriptional activated mechanism (Zuo et al., 2017). In our works, it can be observed that the expression levels of Il1 and Il6 are largely upregulated.

Most importantly, PDGFB and its receptor PDGFRB as crucial factors with established functions in angiogenesis, and stem cell factor receptor cKit, both of them have been identified as key PPAR beta/ delta targets in our works (Wagner et al., 2019). It appears that vascular-endothelium PPAR beta/delta overexpression specifically promotes a highly angiogenic phenotype in our model.

Apart from this, some other molecules involved in angiogenesis have been suggested as targets of PPAR beta/delta, such as VEGF, a common gene as proangiogenic factor. And COX2 and Cdkn1c, both of them involving in tumor angiogenesis (Gately & Li, 2004;Kavanagh & Joseph, 2011), have been identified as target genes of PPAR beta/delta (Glinghammar et al., 2003;Müller-Brüsselbach et al., 2007a). The proangiogenic effects of COX2 are mediated primarily by its products of metabolism, PGE2 and PGI2. The downstream proangiogenic mechanisms by these products mainly include promotion of VEGF production, vascular sprouting, migration and tube formation, and induction MMPs (Gately & Li, 2004). COX2 has been demonstrated as an important mediator of angiogenesis and tumor growth, moreover, selective inhibition of